Electus Distribution Reference Data Sheet: SHUNTMUL.PDF (1)

METER SHUNTS & MULTIPLIERS

How do you turn a 0-ImA panel meter into one that reads
IA full scale? Or one that reads 100mA full scale? Or into a
voltmeter that reads 0-100V? It’s not hard to adapt almost
any panel meter in this way, once you understand the
concepts of current shunts and voltage multipliers.

Let’s look at current shunts first. A current shunt is
basically just a resistor that is connected directly across the
meter movement you want to adapt — so that it shunts a
significant proportion of the total current around it. This is
the way to adapt a meter into one that measures higher
currents.

Fig.| shows the basic idea. M is our basic meter movement,
while Rs is the shunt resistor. As you can see it’s connected
directly across the meter’s terminals, so that all of the
current the meter can’t handle is able to pass through the
shunt instead.

+
M
(Meter)

t is connected in parallel

So in our example
00mA, the shu

urning the meter into one reading
ould need to have a resistance of Rm

How do you work out the value of the shunt? It’s easy once
you understand exactly what a shunt does. Let’s say we
want to adapt our 0-ImA panel meter into one that
measures 0-1A. That means that we want the meter tg
indicate full-scale deflection (FSD) when | A is flowing
right? But the meter itself will read FSD when it ha
ImA flowing through its coil, of

course. So the way we can make this

Clearly, thou ou need to know:the resistance of the
meter itself'in"order to work out the value of the shunt
you’re going to need.
Luckily the internal resistance of most
meters is specified when you buy them
happen is by arranging for the shunt to new. For example the resistance of the
take the remaining 999mA of current. MU-45 type 0-ImA meter movement
Or putting it in more general terms, sold by Electus (QP-5010) is specified
as 200 ohms, while the more sensitive
Is = IToTAL - IM "‘l " 0-50uA model (QP-5012) has a
where Is is the current taken by the §|?ecified resistance of 3500 ohms. So
shunt, ITOTAL is the total current equal it's,not hard to work out‘the value of
to the new effective FSD we want to shunts needed to adapt either of these

give the meter), and IM is the meter’s meters to read higher currents.
own basic FSD.

But what if you have a meter movement
salvaged from a piece of equipment, and
you don’t know its resistance! Or even
[TOTAL its current sensitivity? (It might already
have an internal shunt, for example.)
The simplest way is to measure it —
shunt bypasses a large but don’t just slap a multimeter across
on of the total current it, because that could damage the

the meter, leaving it with meter by passing too much current

e current it can handle... through it. The best way is to use the
simple test circuit shown in Fig.3.

So that’s the easy way to work o
how much current we want our
to carry, compared with the me
itself.

As another example, how'm
current would the shunt need
to turn our 0-ImA meter into one
reading 100mA? That’s right, 100mA
minus ImA, or 99mA.

Now what we have to do is work out
the value of the shunt resistor in order

Here the meter is connected to a 12V
battery via.a DMM (set to a suitable current range) and
adjustable resistor RV, which is carefully adjusted until the
meter is just giving its full-scale reading. The DMM will then
be showing the current needed to produce this current

we persuade say 999mA of nt to go through FSD = in other words, the meter’s sensistivity.
the shunt, an

make it/ carry
Fig.2, you see
that because the m cted in parallel;

Right again istance of the shunt

circuit, th i i :| RV1

DMM T

+ —_
- = +<—10 O~
Im . RV2

or in a more convenient fi for our present purposes, 12V

. [1s =

ts = o [ ,

Im - = e

In other words, the value of our shunt resistor'Rs can be

found by dividing the meter resistance Rm by the desired
ratio of shunt current to meter current.

Fig.3: A simple circuit used to measure a meter’s
internal resistance.
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Now switch SW1 is closed, to connect the second
adjustable resistor RV2 directly across the meter, as a
shunt. RV2 is then adjusted until the meter reading is
reduced to exactly half scale, while monitoring the total
current via the DMM, and if necessary adjusting RVI to
maintain it at the original FSD figure.

When the meter reading is exactly 50%, the value of RV2
will be equal to the meter’s own resistance, because the
current is being split equally through the two paths. So you
can then disconnect the battery and use the DMM to
measure the value of RV2 (by itself), to learn the meter’s
resistance.

Note that even if the meter should have a current shunt
built inside it already, this test will still give you its effective
sensitivity and resistance — including any internal shunt.
So the figures you get will allow you to work out the value
of any new shunt you need to adapt it for measuring higher
currents, regardless of what may be inside the meter case.

Practical shunts

Because a current shunt is generally designed to take'm
of the current, leaving only a small amount to pass throug

200Q/999, or 0.20Q. Similarly the shunt needed
for reading 0-100mA would need a resistance of,
200Q/99, or 2.02Q.

And these values need to be quite accurate,
accuracy of the resulting 0-1A or 0-100mA ™ m
directly on the shunt taking 999/1000ths or 99/100ths of
the total current, respectively.

So practical shunts often have to have
be quite accurate. And of course they
carry the necessary current level (i.e.
current being measured), without ov

For this reason, current shunts used

needed.

This isn’t very practical fo
need moderately low sh
to read 0-10mA or 0-100m
value you need simply by using
standard low value resistors — pre
type, for stability.

For example to get a shunt of 2.02Q, to a
QP-5010 met

one of 20Q

MULTIPL

Now let’s look at ers;, which are used to adapt
meters for measuring er/voltages. Unlike a current
shunt, which as we’ve seen is wired in/parallelwith the
meter, a multiplier is a resistor connected in series with the

meter.

To understand how a multiplier works, first:think about the
meter itself. As we've already seen, a meter has two key
parameters: its sensitivity, usually specified in terms of the

current needed to indicate FSD, and its internal resistance.

Now using Ohm’s law, it’s easy to work out the voltage
drop across the meter when it’s carrying its FSD current:

Vm = Im x Rm

So when-our 0-ImA meter with a resistance of 200Q is
, for example, it will have a voltage drop of
Similarly a 50uA/3500Q meter
ill have a voltage drop of

alled holtage sensitivity

cause they basically.show the
lied directly across the:meter
ading. As you can.see the voltage
movements is /typically quite low:

eter for measuring much higher voltages
50V — the simplest.approachis to

AV
RmuLt +
(Multiplier)

Rm

Fig.4: A multiplier is connected in series with the
meter, not across it.

connect a resistorin series with it, to drop the excess
voltage. This is exactly:the idea of a multiplier resistor: it
effectively ‘multiplies” the voltage sensitivity of the basic
meter to allow measuring higher voltages, without affecting
its current sensitivity.

But how do we work out the value of the multiplier
resistor? It’s not hard.

First, work out the total resistance necessary to pass the
FSD current of the meter, knowing the full-scale voltage we
want our voltmeter to read:

Rt = VFsD / Im

where RTis the total resistance, VFsD is the FSD voltage
we want for our voltmeter, and Im is the meter’s current
sensitivity.

For example, let’s say we want to turn our 0-ImA meter
into a 0-50V voltmeter. RT will need a value of 50V/ImA,
or 50kQ — right?

Similarly if we want to use a 0-50uA meter as a 0-20V
voltmeter, the value of RT will need to be 20V/50uA, or
400kQ.

Now the meter itself has its own internal resistance, of
course. And this will form part of the total resistance,
whether we like it or not. So in order to find the required
value of multiplier resistance as accurately as possible, we
need to subtract the meter resistance from the total
resistance we just worked out:

RMuLT = RT - Rm

So because our 0-ImA meter has a resistance of 200Q, the
actual value of multiplier we’ll need to turn it into a 0-50V
voltmeter will be (50kQ - 200Q), or 49.8kQ. Similarly the
multiplier needed to turn our 50uA/3500Q meter into a
0-20V voltmeter will be (400kQ - 3.5kQ) or 396.5kQ.

Get the idea?
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Needless to say these multiplier values again need to be
quite accurate, because the accuracy of the resulting
voltmeter will depend on them quite heavily. Luckily
because multiplier resistor values are much higher than
those for current shunts, it’s generally much easier to make
up the value you need using standard |% metal film
resistors — this time series combinations.

For example to make up our 49.8kQ multiplier, you'd use
say a 47kQ resistor (RR-0612) and a 2.7kQ (RR-0582) in
series, giving very close to the correct value. Similarly to
make up the 396.5kQ multiplier you'd use say two 180kQ
(RR-0626) resistors and a 36kQ (RR-0609) in series, again
giving very close to the correct value.

If you work out the exact figures, you’ll find that they're
within 0.2% or so of the correct figure. There’s no point in
striving for higher accuracy, because meter movements
themselves are generally only rated to an accuracy of 2.5%,
and metal film resistors have a tolerance of 1%.

When you want to make the meter into a voltmeter for
high voltages, it’s actually a good idea to split the multiplie
into two or more physical resistors so they share the
voltage drop. Metal film resistors are generally not designed
to drop more than 200V or so, and they may break dowi
more than this is applied. So bear this in mind too wh
you're choosing the resistor values.

Choosing a meter

It’s not difficult then, to turn almost any meter/in
voltmeter, simply by connecting a suitable multip
resistance in series. But does this mean that we ¢
any meter we like for use as a voltmeter — is-a 0-ImA

meter just as good as a 50uA meter, given the appropriate
multiplier?

No, for a very simple reason. In most circ
want to measure a voltage, we want do
the absolute minimum disturbance to th
not surprisingly there will be less distur!
current needs to be drawn by the meter.

needs less current: say the 50uA
meter.

Remember when we worked o
for example. To turn the Im
voltmeter we ended up with

resistance of IMQ — much higher than 5
therefore much less likely to disturb the circu
measuring in.

On the other han
better to use ales
This is because these

use as a current
ive meter like

generally nee
higher curre

resistance, the lower the voltage drop or ‘voltage burden’
that will be produced in the circuit when the meter and
shunt are being used. Remember that to measure a current,
the circuit must be generally be broken to connect the
meter in series — so in this case, it’s the voltage drop of
the meter and shunt that will cause the disturbance.

Digital panel meters

at what you need to adapt

g iron) meters so they will
es. B ore and more,

r (DPM)

s! Can you use current
em, in the samé& way?.Not

sensitivity of 200mV;.which is very
ter movement,/but on the other

tend to have an internal resistance of
uch higher than a. meter movement.
uch higher resistance, we need to
adapt a DPM for either current or

ent. But often it makes things easier
rather than harder:

When you want to measure/a current, for example, you
’t have to worry about the DPM’s internal resistance

¢ it./All you need to do is work out the value of
‘shunt’ resistor necessary to drop the DPM’s full-scale
reading voltage, when/the desired full-scale current is
flowing through it (Fig.5). So. by Ohm’s law:

Rs = VFsr / IFsR

here RS is the required shunt resistor value, VFSR is the
PM’s voltage sensitivity for full-scale reading, and IFsR is
the full-scale current reading we want to give it.

So to adapt either the Electus QP-5570 or QP-5580 DPMs
(both of which have a voltage sensitivity of 200mV) to read
say 0-100mA, for example, you'd need a shunt resistor of
(200mV/100mA) or 2.00Q. Similarly to make them read
0-10mA, you’d need a shunt of 20.0Q. As you can see, it’s
even easier torwork out the shunt value than it was before.
The values are likely to be ‘rounder numbers’ too, and
easier:to achieve as a result.

There’s even.more reason to be accurate in achieving the
right shunt value, though, because DPMs are much more
accurate themselves than meter movements — typically
0.1%. So it’s worth going to a bit more trouble to get the
correct shunt value, to make sure that this higher accuracy
isn’t degraded.

When it comes to adapting your DPM for measuring higher
voltages, though, things are a little more complex. In most
cases we can’t use a simple series multiplier resistor any

DPM

&
<

Fig.5: A shunt is also used to adapt a DPM for
current measurement, but its value is easier to
work out...
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Fig.6: For voltage measurement, though, you need
a resistive divider rather than a simple multiplier.
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SHUNT VALUE MULTIPLIER VALUE
(FOR CURRENT RANGE) (FOR VOLTAGE RANGE)
10mA | 20mA | 50mA | 100mA | 500mA | 5v | 1ov | 20v | 50v | 100v | 500v
This table will QP-5010 2220 {10532 | 4.08Q2 | 2.02Q2 | 0.4002 | 4.80k<2 [ 9.80k2 | 19.8kC2 | 49.8k2 | 100k | 500k
save you having (0-TmA/20002) -
to work out QP 5012
common shunt - 17.6Q | 8770 | 35002 | 1.75Q2 | 0350 | 965k | 197k | 397k | TMQY | 2MQ | 10MQ
and multiplier (0-50uA/3500€2)
values for the
= Ri= | Ri= | RI= =
meters and DPMs QP-5570 MO : H\]AQ Mo/l e 1§;MQ
stocked by (LCD DPM. 20002 | 10.0©2 | 4.00¢2 | 2.00: RI— R= | R2= | Ra="b-R2=
Electus. 200mV/10MQ2) \ 41.8k ke | 10.1kQ | 4.00k2| 2.00k0 | 61220
Ri= | Ri= | Ri= | RI= | RI= | RI=
QP-5580
(LED DPM. 200 | 1000 | 40002 | 2000 | 040y | o | I | P | IS | I 1S
200mV/10MQ) 1.8k | 205k | 101k | 4.00k2 | 2,00k | 612202

0V meter, for .example, it would probably
le‘in terms of circuit loading to have the

more, because the DPM’s own internal resistance is already
so high (I0MQ). You'd need a whopping 40MQ seri
resistor just to turn it into a 0-1V meter, for examp
circuit loading would be absolutely negligible, but fi
making up an accurate and stable 40MQ multiplie
be easy.

So with a DPM, we need to use a voltage divi

it for measuring higher voltages, rather than a
multiplier. It’s still fairly straightforward, thoug

resistor for R1,:and a value of 4.0kQ for R2. Since RM is
I0MQ, it’ll have a very small shunting effect on R2 — about
0.04%. This can probably be ignored.

t with'R| fixed at' IMQ, you can probably ignore the
of RM across R2 for any division ratio larger than 150
— corresponding to a 0-30V range or higher. You only
need to take RM into.account for lower ratios; i.e., lower
voltage ranges.

If you like, you can think of resistor Rl as our original

multiplier resistor, and R2 as an extra resistor added across
the DPM to bring its 10MQ internal resi down t
suitably lower value. Or if you prefer, an think of
and R2 simply as a voltage divider acrgss the input voltag
and designed to ‘break it down’ to th
the DPM. To make the DPM read 0-2
ratio of 20V/200mV or 100:1, for exa

The formula relating division

Vi = (RI + R2)

Finally, you again need to remember resistor voltage ratings
when you’re making a voltage divider to adapt a DPM into a
voltmeter. So when you’re building a divider for very high
input voltages (say above 200V), it’s again a good idea to
split Rl into a number of series-connected resistors so
they share the voltage drop.

Obviously most of the divider’s voltage drop is across Rl
(i.e., all'but 200mY), and as we mentioned before metal
film resistors generally aren’t designed to withstand more
than'about 200V. So for a voltmeter designed to measure
up to say 500V full scale, it would be a good idea to use

A ) ; say three 510kQ resistors in series for Rl, giving it a value
resistor R2 'and the NG . y of '1.53MQ but with the three resistors able to share the
The only thing you have to bear in'h O MINIMISe — f5ad. Your corresponding value for R2 would be 612.2Q, so
the voltmeter’s loading on the circuit asuring, the £, shunting effect of RM would of course be negligible.
total resistance of the voltage divider should be as high as Using a 620Q resistor in parallel with one of 47kQ would

possible. But that may call for impractically‘high resistor
values, especia that you will need
to take the DP unt when you’re

probably be close enough.

To save you time and effort, the table above shows the
shunt and multiplier values for adapting Electus meters and

its shunti
Sinlqt;; Pulzlillrrlé a pair DPMs for many common current and voltage ranges.
vision ratio. (Copyright © Electus Distribution, 2001)

If you want to make




