Current and current sensing

Accurately sensing or measuring
an electrical current can get tricky.
Especially when AC is involved or
when breaking the primary circuit is a
no-no. Let us do a quick review of
several of the current-sensing funda-
mentals and see which hacking op-
portunities it leads us to.

In general, there are two main
methods of sensing current. With the
direct method, you will place an ap-



propriately low resistance or an im-
pedance in series with your load and
then measure the voltage drop
across that impedance. With the
indirect method, you try to accurately
measure the strength of the magnetic
field created by a conductor carrying
your load current.

Figure 1 shows us three stock di-
rect-current ammeter schemes. In 1-
a, a low-value resistor known as a
shunt is placed in series with the
load. You then measure the voltage
drop across it with a "perfect” high-
impedance voltmeter. For instance,
an 0.01-ohm shunt will give you a
tenth of a volt out for ten amps in.

Shunts can be anything from a
piece of paper clip (thank’s to Steve
Ciarcia) to precision and tempera-
ture-compensated devices. Sources
of shunts include Simpson, Triplett,
and various advertisers found in



high impedance voltmeter
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(A) The standard way of measuring a DC current is to place a very
small valued shunt resistor in series with your power load. The
voitage drop across the shunt and Ohm's Law will tell you the
current. In this example, an 0.01 Ohm shunt gives you a tenth
of a volt out for a measured current of ten amperes.

R (internal meter resistance)
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R/999

(B) If an ordinary meter is used, its internal resistance must be
included in the calculation of the shunt value. As shown here,
to convert an 0-1 DC milliameter with an internal resistance of
R into an 0-1 DC ammeter, you have to add an external shunt
of Rr999 Ohms. Note that the term "shunt” applies to the
meter, and not to the load being measured.
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(C) When ultra-low shunt values or high currents are involved, a
tour terminal Kelvin mesurement scheme should be used. This
prevents unavoidable drops across the power connections from
trashing your readings. Four terminal techniques are also used
for remote load regulators and in superconductor research.

FIG. 1—SOME OF THE FUNDAMENTALS involved in DC current measurement.
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FIG. 2—THIS SIMPLE CURRENT LIMITER
is adjustable over a 50-mA to 1-ampere
range. Use the collector current to puli
down a reference or otherwise reduce
your input current or source voitage.

those Measurement & Control and
Sensors trade journals.

It gets slightly trickier when you
use a shunt to increase the range of
an ordinary milliammeter, rather than
a “'perfect’” high-impedance volt-
meter. Details per Fig. 1-b. Say you
have an 0—~1 DC milliammeter of inter-
nal resistance R. Your shunt to con-
vert it into a 0—1 DC ammeter should
have a value of exactly R/999. Such
that the combined parallel resistance
of your shunt and the meter resis-
tance ends up precisely R/1000.

The amount of voltage drop across
your shunt will depend on the input
current, your shunt resistance, and
Ohm’s law. The lower the R value of
your meter, the less voltage drop you
will get across your shunt when you
measure high currents.

Since all high-current shunts are
extremely low impedances, you have
to be very careful that voltage drops
across your meter and all your load
connections do not inadvertently get
included in your measurement.

That leads us to the four terminal or
Kelvin connection shown in Fig. 1-c.
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You measure only the voltage drop
across a precisely known portion of
your shunt. That guarantees any ex-
ternal high-current connections are
outside of the voltage drop being
accurately measured.

A variation on the fourterminal
technique can let you use a voltage
regulator remote from its load. By
feeding back your voltage-sensing
leads, you could include your main
current drops inside your regulator
and get more precision results. The
trick, of course, is to make absolutely
certain that none of the load current
travels through the sensing leads.

A simple current limiteris shown in
Fig. 2. It's adjustable over a 50-milli-
ampere to a 1-ampere range. It is
based on a silicon NPN transistor
needing a 0.6-volt drop before it con-
ducts. Whenever your transistor

starts conducting, its collector cur

rent gets used to pull down a reg-
ulator or whatever, thus safely limiting
your current.

As Fig. 3 shows us, current sen-
sors for AC circuits often use a
current transformer. That is a special
transformer with a very low-imped-
ance primary and having a high step-
up ratio. The AC voltage that is deliv-
ered to the load resistor is propor
tional to the primary current.

There are some very important
rules for current-transformer use.
The load must neverbe disconnected
from a current transformer! Dan-
gerous and possibly lethal voltages
could result. Also obviously, you must
never disconnect the primary in any
live circuit. Only the specified load
resistor can be used or calibration will
suffer.

OUTPUT AC VOLTAGE
IS PROPORTIONAL
TO THE PRIMARY

LOAD CURRENT
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FIG.3—A CURRENT TRANSFORMER is just a transformer that has a very low-impedance
primary (often ONE turn or less) and a high step-up ratio. The voltage across the
secondary is proportional to the primary current.
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Often, the primary can simply be a
single wire through the core of the
transformer. If you do use a single
wire, some care is needed to get an
accurate and repeatable reading. The
wire should go straight through the
exact center of your current trans-
former. It should extend straight and
normal for a few inches in either direc-
tion. It must not be allowed to move or
vibrate.

On the other hand, sensitivity and
accuracy can be improved by using
several primary turns. But there may
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not be room in the core.

If the current-transformer core can
be opened in some manner, you can
connect or disconnect your current
transformer without physically dis-
connecting the current-carrying load
wire. That gets very important when
making any service and test mea-
surements. Or when you want to
avoid an electrician.

A snap arourid ammeter is one ex-
ample of an openable core. When you
snap around your wire to be sensed,
you are closing the core and complet-

ing a current-transformer magnetic
circuit.

Two important points: You must
snap around a single wire. If you snap
around a wire and its return path at
the same time, the two currents will
largely cancel out, leading to a
useless measurement. And the mag-
netic path must be identical for each
snap. Thus, your core must snap to-
gether exactly and precisely. The
same way each and every time.

I've found three good sources for
low prices and eminently hackable
current transformers. They include
Amecon, CR Magnetics, and Toroid
Corporation. The latter two offer
toroidal current transformers, similar
to-Fig. 4. They are priced in the ten- to
twenty-dollar range. Some models in-
clude built-in LED safety monitors.

But by far the most hackable cur
rent transformer | have ever seen is
the Amecon LD-50 load detector.
That beauty costs under three dollars

in quality. Samples are available.

Now for the unusual part. Their
LD-50 comes apart so you can install
it snap-around style, without breaking
your primary load wire. Wires of #8
size or smaller are acceptable.

With a 50-ohm load, the LD-50 pro-
duces 50 millivolts per ampere and is
useful over a 5- to 50-ampere range.
Which is ideal for most home power
monitoring uses.

Home energy monitoring

Most people can save hundreds of
dollars a year on their power bills,
simply by finding out what electricity
gets used when and by whom. And
then attacking the worst of the power
gobblers in a logical and a cost effec-
tive way. Step number one in this pro-
CEess is one or more current sensors
connected to your home computer or
microcontroller.

Probably the one single greatest
obstacle to wide acceptance and use
of home energy monitoring involves
the hassles of current sensing. You
do not want to rewire your house, hire
an electrician, or go to any expensive
and fully approved devices.

Figure 5 shows you one home en-
ergy monitor scheme that | call the
isopod. A fully insulated and split ten-
nis-ball shaped pod gets snapped
around one insulated line of a power
cable. Inside the pod is a current
transformer and some black magic
chips. Possibly from such outfits as
Dallas Semiconductor, Maxim, LS|,



or one of the other good guys.

The isopod derives all the power it
needs from the sensed current. A
separate control receiver/transmitter
is located a safe few feet away. The
control box uses a lower-frequency
radio waveform to interrogate your
isopod. If properly addressed, the
isopod responds by returning a high-
frequency code burst equal to the
current presently being measured. Fi-
nally, the control box intercepts the
data burst and converts the sensed
current into standard serial data that
a computer can understand.

As shown, the isopod would only
measure and monitor current. That
should be good enough for typical
home energy monitoring uses. But,
by carefully synchronizing the start of
your data burst to the a positive-go-
ing current zero crossing, your con-
trol box could measure its own
voltage to determine the lag or lead
and your actual real and reactive
power.

Several channels could be made
available by using different isopod ad-
dresses. That solves the dilemma of
simultaneously monitoring both legs
of the normal 220-volt, center-ground
home power system. Or of monitor
ing individual breaker lines.

You can probably snap the pod di-
rectly onto your incoming power
leads ahead of the meter—up on the
roof where they are easily open and
accessible. The tiny extra power
“stolen” from your utility would add
half a cent to a $200 monthly power
bill. And the potential utility benefits
in load shedding and load leveling
would be much higher.

| can think of lots of other uses fora
cheap and fully isolated, snap-on cur-
rent sensor. Safely measuring high-
voltage industrial systems can be one
obvious use. Getting info onto or off
of a rotating shaft or moving machine
is a second.

And last summer | had a slightly but
infuriatingly intermittent frost sensor
in my heat pump. It sometimes insis-
ted on switching over to high emer
gency heat during the middle of an
Arizona desert summer afternoon.

The several wasted service calls
and the perfectly good parts that
were unnecessarily replaced could
have been eliminated by several
snap-on isopods that monitored and
recorded what was going down.

But why don't you tell me instead?
For this month’s contest, just tell me
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FiG. 4—A TOROIDAL CURRENT trans-
former is economical and accurate. It is
also self-shielding. But you physically
have to disconnect and thread the primary
wire through the core center.

what you would do with one or more
isopods. Or else contribute some-
how to our home-energy dialog.
There will be all of those usual newty
revised Incredible Secret Money Ma-
chine books going to the dozen best
entries, with an a great expense-paid
(FOB Thatcher, AZ) tinaja quest for
two going to the best of all. Be sure to
send your written entries directly to
me at Synergetics, and not to Ra-
dio-Electronics editorial.

Getting standards info

Where do you go to get a copy of
EIA standard RS-2327 Two obvious
places to start include the
Encyclopedia of Associations on the
reference shelf of your local library.
Or, for government standards, the

f

FIG. 5—THE “ISOPOD” CONCEPT greatly
simplifies home energy management. The
Isopod clamps on one of your incoming
power cables. Inside is a current trans-
former and some micropower electronics.
On any addressable VLF radio inquiry
from a nearby control module, the isopod
returns your present current consump-
tion as a UHF radio signal. Response is
synchronized to current zero crossings
so that both real and reactive power can
be remotely measured.
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main Federal Information Center
phone number of (800) 359-3997.

To make things easier for you, I've
gathered up most of the standards
associations and resources of hacker
interest together for you into our re-
source sidebar for this month.

Two quick notes. ANS! is just the
American arm of the international
ISO. They are pretty much one in the

Natl. Electrical Manuf. Assoc.
2101 L Street NW
Washington, DC 20037
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Natl. Fire Protection Assoc.
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NIST (US Bureau of Standards)
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National Standards Assoc.
1200 Quince Orchard Blvd.
Gaithersburg, MD 20878
(800) 638-8094
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Federal Information Center
(800) 359-3997

same. And the US National Bureau of
Standards has long ago changed
their name over to the National In-
stitute of Science and Technology, or
NIST.

Actually, RS232 has been largely
replaced by the MacDonald inter-
face. Jerome R. MacDonald is the
senior member of a design team in
the dairy science division of the US



Department of Agriculture who came
up with a fast, convenient, error-free,
and fully networkable serial com-
munication setup.

The great MacDonald interface is
presently up for Electronic Industries
Evaluationary (EIE) status. Thus, the
old MacDonald farm interface is now
an EIE I/0.



