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Make Your Own Shunts
By Dean F. Poeth, I

"While they might not be as accurate as the commercial units, these easyake shunts are more
than sufficient for many uses, and cost far less."

0-ImA Meter Using a modern multimeter to measure current can sometimes be
2 difficult. Many of these meters will only measure up to one amp.
However, may 112-volt DC powered projects draw a lot more than
that. If you have ever thought of purchasing a commercial shunt to
solve the problem, your know just how expensive they can be.
Commercial shunts, while very precise, frequently cost more than
the projects they are measuring!

However, there is a better and cheaper alternative that will work

Rm = Meter Resistance perfectly well in most situations: With only a few cents worth of
Rzh = Shunt Resistance . .
Ry = Load Resistance wire and a little know-how, you can make your own shunts. It only
I = Current Flowing to Load takes a few minutes, and it's fun!
Fig. 1. A shunt is simply a ; . o :
resistor of very low resistance What isa shunt: A shunt is simply a resstor of very low value
value frequently less than one (frequently less than one ohm) that is used to help measure

ohm) that is used to help measure ¢, rant As shown iffig. 1., the shunt resistordRis placed in

current. It is places in parallel with . ] o

a meter to decrease its sensitivity  parallel with a meter to decrease its sensitivity by a known amount.

by a known amount. The shunt does that by bypassing or "shunting" most of the current
around the meter. The shunt resistor there fore lets your take a

standard meter, such as a 0-1miliammeter, and turn it into, say, a 0-20-amp meter.

The Shunt Meter: Before you can make a shunt, you must find a suitable shunt meter. Surplus analog
meters can be found at hamfests or mail-order sources for only a few dollars eachy amakthe

excellent shunt meters. For a list of mail order sources of surplus analog netezh,cs new ones, see
the sidebar.

When selecting a meter, try to pick a 0-1mA meter in good physical condition and one with a ecanvenie
scale on the faceplate. For example, if you need the meter to read 10-amps full stakletitea meter
graduated from 0-1. If you need a full scale reading of 30 amps, select one with a 0-3 graduiation. T
way the job is easy!

To make a shunt, your will need to know the internal resistance of your meter. Therefotey salethat
has its internal resistance printed on it, most likely in small letters on tlee fae¢ or on the back near

the terminals.

If you already have a meter on hand but do not know its internal resistance, there is a smiptanvae
determined. If you have a modatigital multimeter, set it to its highest resistance range. Connect the
multimeter's red (positive) lead to the positive analog meter terminal andattke(bbmmon) lead to the
analog meter's negative terminal.

Digital multimeters measure resistance by passing a small amount ¢hroamgh the device under test.

Do not attempt to use @malogmultimeter to make this measurement. These older multimeters use much
more current to test resistance, enough to potentially destroy some mA meters.

Watching your analog meter, work your way down the DMM's resistance ranges (remgembegan at

the highest range) until the analog meter's needle moves to a full-scale. .rslatinthe reading on your
DMM, and write it on the back of the meter using a permanent marker. Be careful and tatkee.oliir

you go too fast and accidentally pin the meter, it could easily be damaged.

(Tony's Note: | checked a dozen or so meters of different variety and found that this method of
measuring the internal resistance of a particular meter is flawed and does not always work tBes
obtain a meter with this resistance (Ri) written somewhere on the meter.)
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M aking the Shunt: The shunt is made from a short length of copper wire. All wire has resistance, so we
can use that property to make a shunt resistor. To make a shunt, you first need to determine how much
current will flow through it. For example, if your meter is going to measure 20 ampsdiel] then the

shunt wire must be safely able to carry that amount of current.

Let's say you are going to make a 20-amp shunt using a surplus analog 0-1 miliammgiegh¢seface
plate is graduated from 0-1. Go to a copper-wire table (there is one inAdRBtyHANDBOOK for

Radio Amateursf you don't have a copy, it is available at almost any public library) and select an
appropriate gauge wire. Remember that the smaller the wire gauge, the menéitaan safely carry.

For most hobby applications, 250 circular mils per amp is more than adequate.

To find the circular mils per amp for the shunt wire, divide the circular mils foreleeted wire (found in

the copper wire table) by the current you intend to pass through the wire:

Circular Mils per amp = (circular milsfor wire) / (current through thewire) (Eq. 1)

By using the copper wire table, you will find that 12-gauge wire has a cross-seatgmaf &530 circular
mils. By dividing that by 20 amps, we get 326 circular mils/amp, which should work fine. 12 gaege wir
very common, and can be purchased in most hardware stores.

To find the resistance of the shunt, use this equation:

Rei=Rm/ (n-1) (Eq. 2)

Where Rsh is the resistance of the shunt, Rm is the resistance of the surpluandetes the shunt's
multiplication factor. In our example, since we are using a 0-1mA meter and 1 mA=0.001a2@asnps
/ 0.001amps, or 20,000.

Next, let's suppose that the resistance of your meter was 81 ohms. Plugging thatesaisd n=20,000
into equation 2 (EqQ.2) yields:

Rsh =81/ 20,000 - 1) = 0.00405 Ohms.

That's not very much resistance, is it! A shunt having that resistance will pass 19@9%augh it, and
0.001A (1 mA) will pass through the meter for a full scale reading.

Next, we need to calculate the lenth of our copper wire shunt. Note that as stated in thavcegpble,
12 gauge wire has a resistance of 1.619 ohms/1000ft. Therefore, the length of the shuig} eare (L
therefore be determined using:

L <=Rsh / (XV/1000ft.) = 0.00405 / (1.619/1000ft.) = 2.5 ft.

So the 12-gauge wire shunt should be 2 feet 6 inches long when using a 0-1mA meter having an internal
resistance of 81 ohms to measure 20 amps full-scale.

If we made this shunt too long, however, we might have trouble with contact resistands bEcatise

even a good solder joint has a lot of resistance when compared to a 0.00405-ohm shunt. To make sure t|
the circuit's contact resistance is not part of the shunt resistance, two sesseay be used. These

sense wires are spacegldpart on the shunt wire as showriig. 2. Any type of wire may used for the

sense wires; they are noncritical. This simple feature will greatlyaserthe accuracy of your shunt.

Now we are ready to make our shunt. Cut a length of 12-gauge solid copper wire (also cgiietl Ma

Wire) about 3-feet long. Remove the insulating coating from the wire with a hobby knifedgpagaer,

being careful not to nick it. Now measure about 2 inches from one end and solder one senseswire ther
Carefully measure 2 ft 6 inches from that sense wire and solder the second semspaosit®n. Connect

the shunt to its meter as shown in flg. 2, and you're ready to measure current! If you want teemake t
shunt a little more compact, you can wind it over an insulated screwdriver handle, or soswgiifang

such as a non-conductive wood dowel.
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Move this sense wire up
of down the shunt wire

to calihrate>
L Calibrated

5 A t
Current IN |"'_"'| Current DUT mmeter

solder joint - :Rﬁ
Fig. 2 T

0-ImA meter Fig. 3

Calibrating the Shunt: Shunts made using this method can be very accurate. However, improved
accuracy can be achieved by calibrating the shunt to a known standard, i.e. a calibratéla e tiis,
build the circuit shown irig. 3. Make sure that the load resistancg, &n safely handle the power. |
have found that car tail light lamps make a convenient load for the circuit.

To calibrate the shunt, solder one sense wire into position as described above. Power eiyttaactir

slide the second sense wire up and down the shunt wire until you find the spot where the shunt meter
reads the same current as the calibrated meter. Remove power from therursoidar the second

sense wire at that spot.

Dian. Circular Ohmsf1000ft Closest
AWG| Mills Mills at 25 °C mim British SWG

14 40,3 1624.09 6.35860 1.024 20
20 3z.0 1024.00 10,1280 0.513 22
21 28.5 812,25 12,7700 0.724 23
22 25.3 640,09 16.2000 0.643 2
2 20.1 404,01 25.6700 0.511 26
26 15.9 252,81 41,0200 0.404 29
28 12.6 158.76 65,3100 0.320 a1
a0 10.0 100,00 103.7100 0.254 2
3z g.0 &4.00 16z.0000 0.203 37
S 6.3 39.69 261.3000 0.142 a35-39
36 5.0 2%.00 414 .,5000 0.127 41
af 4.0 16.00 648 . 2000 0.102 43

The table above&ig. 4. shows the most common wire types | use myself. If you need other AWG or wire
information | suggest to purchase the ARRL Radio Amateur Handbook. It contains a HlaG ¢rof

all kinds of information. | will answer no emails in regards to the Copper Wire Bagdioins. Buy the

ARRL Handbook, you will be impressed!

Conclusion: Using these methods you can make shunts for almost any rangecofi@6ts. What's

more, with a little care your should be able to make shunts accurate to within 5-10% if you keep the
near room temperature. Of course, these shunts are not nearly as precise oruesrgiakd¢ as the
commercial versions. Still, if you need one for a non-demanding application(like a vaoae supply),
or just want to have some fun, grab a few cents worth of wire and make your own shunt!

| fully support this project, since my unit has been in operation for quite a few years now aisahgtil

the same battery. Most parts can be obtained via your local electronics storanswélr all questions

but via the message forum onlypny's Message Foruncan be accessed via the main page, gadgets, or
circuits page.

Copyright and Credits:

Source: "Electronics Now", August 1998, page 51. Copyrigbean F. Poeth Il, Ph.D.,K8TM and
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