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ABCs of DMMs

Multimeter features and
functions explained

Digitel multimeters offer e wide selection of features. Choos=
ing the right meter for the job can be chalenging wnless you

Inovr what the

do. This

some of the most common features smd how they can be
used in actal applications,

Introduction

Multimetere. They've been
described as the tape measure
of the new millennium, But what
exactly is a digital multimeter
(DMM) and what can you do with
it? How do you make measure-
ments safely? What features do
you need? What is the easiest
way to get the most out of your
metsr? Which meter is best
suited to the environment you're
waorking in? These and other
questions are answered in this
application note.

Technology is rapidly chang-
ing our world. Electrical and elec-
ironic circuiiry seems to permeate
everything, and continues to get
more complex and smaller in
size. The communication indus-
try booma with cell phones and
pagers, and Internet connections
have put more pressure on the
electronicg technician, Servicing,
repairing, and Installing thig com-
plex aquipment requires diag-
nostic tools that provide accurate
information,

Let’s begin by explaining what
a DMM is. A DMM is simply an
electronle tape measure for malk-
ingy electrical measuramants. It
may have any number of special
features, but mainly a DMM mea-
sures volts, chms, and amperes.

Fluke DMMs are used for
gXamples in this application
note. Other DMMsg may oper-
ate differently or offer different
features from the ones shown
However, this applicelion note
aXplaing common uses and tps
for using most DMMs. In the next
few pages, we will discuss how
to use a DMM to malee maasure-
ments, and how DMMs differ from
one another.

Choosing your DNM

Choosing a DMM for the job
requires not only looking at bagic
specifications, but also looking at
features, functions, and the over-
all value represented by a meter's
design and the care taken in its
production.

Reliability, especially unds?
tough conditions, is maore impor-
tant than ever today. By the
time Fluke DMMz are ready to
be tosged into tool cases, thay've
undergone a rigorous testing and
svaluation prograt.

FLUKE.

Application Note

Uger gafety is a primary con-
sideration in the design of Fluke's
DMMSs. Providing adequate com-
ponent spacing, double insula-
tion, and input protecstion helps
prevent injury and meter damage
when they are used improperly.
Fluke designs its DMMs to the
latest, most demanding safety
gtandards.

Fluke oifers many DMMs with
differant combinations of fea-
tures like Touch Hold? analog bar
graphs, and enhanced resolution,
Accessories for high current and
temperature measurements are
avallable to extend the capabili-
tieg of DMMs.

Some baslcs

Rezolution, digils and counis
Regolution refers to how fine a
measgurement a meter can make.
By knowing the resolution of a
maeter, you can determine if it is
posgible to see a gmall change in
the measured signal. Por exam-
pla, if the DMM has a resolution
of 1 mV on the 4 V range, it iz
possible to see a change of 1 mV
{1161000 of a volt} while reading

You wouldn't buy a ruler
marked in one-inch {[or one-cen-
timeter] segments if you had to
measure down to a quarter inch
{or one millimeter]. A thermom-
eter that measures only in whole
degrees isn’'t much use when
your normal temperature is 88.6
degrees Fahrenheit. You need a
thermometer with one-degree
resolution.

The terms digits and counts
are used to describe & meter's
resolution. DMMs are grouped by
the number of counts or digits

they display.
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A 3'%-digit meter can display
three full digits ranging from O
to 9, and one “half” digit which
displays only & 1 or is left blank.
A 3'%-digit meter will display up
to 1,898 counts of resolution. A
4'—digit meter can display up to
19,999 counts of resolution.

It is more precise to describe
a meter by counts of resolution
than by digits. Today's 3%=digit
meters may have enhanced reso-
lution of up to 3,200, 4,000, or
6,000 counts.

For certain measurements,
3,200-count metera offer better
resolution. Per example, a 1,989=
count meter won't be able to
measure down 10 a tenth of a wolt
if you are measuring 200 volts or
more, However, a 3,200-count
meter will display a tenth of a
volt up to 320 volts, This is the
same resolution as a more expen-
give 20,000-count meter until
you exceed 320 wolts.

Accnracy

Accuracy 18 the largest allowable
emor that will ocour under spe-
cific operating conditions. In othar
words, it is an indication of how
close the DMM's displayed mea-
surement is to the actual value of
the signal heing measured.

Accuracy for & DMM is usually
expressed as a percent of read-
ing. An accuracy of one percent
of reading means that for a dis-
played reading of 100 volts, the
actual value of the voltage could
be anywhara between 89 volts
and 101 valta.

Specifications may also include
a range of digits added to the
basie accuracy specification. This
Indicates how many counts the
digit to the extreme right of the
display may vary. So the preced-
ing accuracy example might be
stated as £ (1 % + 2). Therefore,
for a display reading of 100
voltg, the actual voltage would
be between 98.8 volts and 101.2
volts.

Analog meter specifications
are determined by the error at
full seale, not at the displayed
reading. Typical accuracy for an
analogmeteris t 2% or£ 3%
of full scale. At one-tenth of full

scale, these become 20 percent
or 30 percent of reading. Typi-
cal basic accuracy for a DMM is
between £ (0.7 % + 1}and £
{0.1 % + 1) of reading, or better.
Ohm's lowr

Voltage, current, and resistance
in any electrical circuit can be
calculated by using Ohm's Law,
which states that voltage equals
current times resistance {see Fig-
ure 1). Thus, if any two values in
the formula are known, the third
can be determined.

A DMM makes use of Ohm's
Law to directly meagure and dis-
play either ohms, amps, or volts.
On the following pages, you will
see just how easy itis to use a
DMM to find the answers you
need.

For high accuracy and regolution,
the digital display excels, dis-
playing three or more digits for
each measgurement.

The analog needle display
18 less accurate and has lower
offactive resolution because you
have to estimate values between
the lines.

A bar graph shews changes
and trends in a signal just like an
analoy needle, but is more durable
and less prone to damage.

DC and AC voliage

Measuring voliage

One of the most basic tasks of a
DMM is measuring voltage. A typ-
ical de voltage source ig a battery,
like the one used in your car.

AC voltage is usually created by

a generator. The wall outlets in
your home are common Sources
of ac voltage. Some devices
convert ac to de. For example,
electronic equipment such as
TVs, stereos, VCRs, and comput-
erg that you plug into an ac wall
outlet use devices called rectiflers
to convert the ac vaoltage to a dc
voltage. This dc voltage is what
powers the electronic circuits in
these devices.

Testing for proper supply volt-
age is usually the firgt step when
troubleshooting a circuit. If there
ie no voltage present, or if it is
too high or too low, the volt-
age problem should be corrected
before investigating further,

FLUKE -
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Where:

V = Vilts
A = Current in Amps
1 = Rewdgtanes In Ohma

Ohm’a Law sxplains tha ralationship betweasn voltage,
current and resistance.

Put your finger over the value you want to find, Multiply
the remaining values if gide-by-side: divide if one iz over
the other. But it really ia much easier just to use your DMM,

Figurs 1.

The waveforms associated
with ac voltages are sither sinu-
goidal (sine waves|, or non-siou-
soidal {sawtooth, square, ripple,
ete.). Quality DMMs digplay the
"rms” (root mean gquare] vatue
of these voltage wavaforms,

The rms value is the effective
or equivalent dc value of the ac
voltage.

Most DMMs are "average
responding,” giving accurate rms
readinges if the ac voltage signal
is a pure sine wave. Average
responding meters are not capa-
ble of ing non-sinuscidal
gigmals accurately. Non-ginugaidal
gignals are accurately measured
uging DMMs designated “true-
rms” up to the DMM’s specified
crest factor. Crest factor is the
ratio of a signal's peak-to-rms
value, It'a 1.414 for a pure gine
wave, but is often much higher
for a rectifier current pulse, for
example. As a result, an average
responding meter will often read
much lower than the actual rma
value.
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