Matching amplifier data and
specifications. by Pat Brown

I'VE DONE ENOUGH theorizing
and musing about power and power rat-
ings in parts 1 and 2 of this series (July,
August 2011 issues). Let’s convert some
utility power into audio power. First,
some details about the testing.

THE SOURCE, THE LOAD
“Source” and “load” are usually associ-
ated with amplifier and loudspeaker.
I had to zoom out another level and
consider the AC source to the ampli-
fier (these amplifiers need a lot of juice).
The amplifier has to get its power from
somewhere, whether it be the utility
power company, generator or a large
array of hamsters on treadmills.

I added a new power circuit to the lab
for the testing. The line voltage can be 120
volts RIMS or 240 volts RMS. The circuit
breaker is 30 amps. The electrical panel
for the lab is near the amplifier rack, so
line losses are small and tripped breakers
can be easily reset. The reason for all of
the fuss is that when you are attempting
to draw power that is at the limits of what
can be safely sourced from the utility com-
pany, details that one might normally take
for granted suddenly matter. The ampli-
fiers need a hardy supply. Remember that
when you design your power distro.

So now all I have to do is plug-in
the amplifier, right? At these higher cur-
rent ratings, there are several choices of
power cord plug for both the electrical
outlet and the amplifier inlet. For the
outlet, I chose a versatile, 4-conductor
connector that can be easily wired for
any voltage/grounding needed. The
amplifier inlet connector was different
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Figure 1: Inside the testing - four 1,800-watt water heater elements (purely resistive)
mounted into a 25-gallon steel tank.

for all three amplifiers tested. After a
trip to Home Depot, and some rum-
maging through the parts bin, I fabri-
cated a power cord for each.

The audio power must flow to some-
thing. The loudspeaker is the obvious
candidate, but they get really loud at
these drive levels and are expensive to
replace. I mentioned a somewhat crude
dummy load in Part 1, but it had some
shortcomings. As before, when you're
pushing the envelope, the details mat-
ter. I decided to build a new load.

Figure 1 shows “The Mother-
Load,” a 4-channel by 8-ohm dummy
load. There are four 1,800-watt water
heater elements (purely resistive) that
are mounted into a 25-gallon steel tank
filled with environmentally-friendly
mineral oil. All of the tests in the article
were performed driving the Mother-
Load. Yes, I know the name is sexist,
but “Father-Load” just doesn't feel right.

A feature of the Mother-Load is
switchable reactive circuits that can be
added to each 8-ohm element. I lifted
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Figure 2: The
“Mother-Load”
includes switch-
able reactive
circuits that can
be added to each
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8-ohm element.
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the schematic from the Rane Pro-
fessional Audio Reference. It is
shown in Figure 2.

Figure 3 shows the overlaid
impedances of the Mother-Load
configured at 4 ohms with and
without the reactive circuit. I
have also included the impedance
curve of a real-world 4-ohm load
to demonstrate that the average
impedance of a typical loudspeaker
is higher than its rated value.

H Mother-Load Resistive
W Mother-Load Reactive
H Full-Range Loudspeaker System

is analog by design. DSP processing
and control is available, but I don’t
have the required module, etc.

The second is a Crown I-Tech
9000 HD that I use in SynAudCon
training classes. It has extensive
on-board DSP and I monitored its
performance with the company’s
System Architect software.

The third is a Lab.gruppen PLM
20000Q_that is on loan for evalua-
tion. I used two of the four channels.

Why do I (perhaps) bore you
with these details about power
circuits and loads? Because they
matter. If someone lays out a bunch of
cash for an amplifier that they expect to
provide thousands of watts of power, they
had better think about where the power
is coming from and where it is going to.

If you can’t source or dissipate the
power, save some money and buy a
smaller amplifier. The voltage and cur-
rent from these amplifiers will challenge
the Mother-Load. What about a “mere

mortal” loudspeaker voice coil?

THE TEST SIGNALS

The power from an amplifier is completely
waveform-dependent. I tested these ampli-
fiers using three signal types. Here are the
signals and a few relevant attributes:

1) Continuous Sine Waves - simple,
unambiguous, and worst case with regard
to current draw and power dissipation.
Easy to generate, easy to measure. I
mentioned my affinity for power ratings
based on continuous sine waves in Part 1.

2) Pink Noise - more “real-world.”
The crest factor and bandwidth are
more “music-like,” yet there is still
enough stability to allow a “one number”
rating to be estimated from an analog
meter or bar graph.

3) Tone Burst - Music contains
transient events that can have very high
amplitude and very short duration. I
used Don Keele’s Peak Tone-burst test
for this purpose. The spectral content
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Figure 3: “4 ohm” loads compared.

and duty cycle can be sculpted to emu-
late a kick drum, staccato bass guitar, or
whatever, but in a way that is completely
repeatable and measurable.

I also used Don’s Tri-Tone Burst Gen-
erator, a program that runs under Igor,
to produce the tone bursts. A center fre-
quency of 80 Hz was selected to emulate
the spectral content of a kick drum. The
tone burst includes 6.5 cycles of three sine
waves spaced at 1/3-octave and centered
at this frequency.

THE AMPLIFIERS
I selected three amplifiers to test. They all
claim output power in excess of 1 kW, but
there are significant differences between
them in terms of ratings, features and
price. The measured data is mainly useful
for seeing how each performs under vari-
ous signal types and load conditions. Here
is a little background on each.

The first is a QSC PL380 that I use
for loudspeaker power testing on a regu-

lar basis (typically in bridged-mono). It

Power output
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While these models are apples,
oranges and pears, they are all multi-
kilowatt rated amplifiers and are at or
near the top of the product line for each
manufacturer.

Amplifiers have many power ratings,
based on load impedance, number of
channels driven, signal type, etc. Most
manufacturers provide a ratings matrix
for a sine wave signal. See Figure 4 for
an example.

It gets even more complicated when
you perform the testing for multiple sig-
nal types for both resistive and reactive
loads. Since this is an article, not a book,
I have only presented some of the results
in the data matrix (Figure 5).

I monitored the current from the
electrical circuit during the testing. The
30 amp breaker didn’t trip until about
40 amps. I should again emphasize that
these amplifiers need a lot of utility
power, along with special cabling and
connectors to produce their rated sine
wave wattages at 4 ohms.

I tested each amplifier’s open circuit
output voltage as the first test. This basi-
cally means “disconnect the load and see
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FT12000HD  6000W 3750W 3.750W  4.500W 2100W T7.500W 9,000W

Figure 4: An example of a ratings matrix for a sine wave signal.
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what the amplifier’s output voltage is
looking at air.” This is a useful reference
for considering what happens under load.

AN OPEN-CIRCUIT

SINE WAVE REFERENCE

None of the amplifiers had any problem
maintaining their open circuit sine wave
voltage into a 8-ohm load, even with
two channels driven. All of them could
produce their open-circuit voltage into 4
ohms, but fans were on “high.” Amplifier
ventilation would be a definite issue for
4-ohm loads and low crest factor signals.

PINK NOISE &

METERING ISSUES

Pink noise is the most real-world of the
test signals. It’s also the most difficult to
measure accurately and refine to a single
number. Sine wave clipping is trivially easy
to observe on an oscilloscope. Pink noise
clipping has to be pretty severe to see it

on a scope, so I had to rely on the meter-
ing of each amplifier. That’s where things
become gray. Consider the following:

1) Is clipping even possible? Most
modern amplifiers have algorithms that
prevent clipping. How fast does it kick
in? How much “over” does the ampli-
tude have to be before clipping suppres-
sion activates?

2) How often does the clip light
have to flash before I declare that I have
reached clipping? Once? Fairly often?
Continuous illumination? There is some
interpretation required here.

3) Once I have decided that I've
reached clipping, what is the measured
voltage? Even with an expensive True-
RMS voltmeter with both digital read-
out and bar graph, it is a judgment call to
assign a single number to something that
has a 12 dB difference between its peak
and RMS value. It’s another judgment call.

The clipping indicators of three differ-

ent brands are bound to use different cri-
teria for each of these. And no, you can't
detect the onset of clipping by listening.
In part 1, I showed how the peak pro-
gram meter (PPM) is designed to ignore
clipping that is likely inaudible (6-8 dB).
For these and other reasons, I wouldn’t
use the pink noise voltage and power
ratings for comparing various brands of
amplifiers. Errors of 3 dB or more could
be expected, and in this power range that
could be hundreds of watts.

As proof that all of this matters, just
look at the open circuit voltage compari-
son between the sine wave and pink noise
for each amplifier. The sine wave has a 3
dB crest factor and the pink noise a 12
dB crest factor. That’s a 9 dB differential.

Yet when I calculate the dB differ-
ence between sine and noise output for
each amplifier, I only get the expected
9 dB for the QSC. That tells me that

there is a difference in the metering of

aallol s

precision gRstrighaent

Staatsoper Stuttgart,
Germany

Non-compressed, 1:1 high-output sound reproduction with exceptional intelligibility, projection control and “throw”;
The characteristics that are making Alcons “The Ribbon” pro-ribbon line-arrays recognized around the world.

Now Alcons transplanted these specifications into the miniaturized LR7 line-array, consisting of the LR7Bass,
measuring 3 CD’s high by 3 CD’s wide and the LR7, measuring just 1,5 CD’s high by 3 CD’s wide. With Alcons’
patented pro-ribbon technology, delivering HiFi sound quality from a micro-sized package. As always without

“creative horn plumbing”...

The LR7 system is part of Alcons’ Sound Designers Toolbox; Precision tools for the discerning sound designer that

dares to look beyond the obvious.

the fg) rivbon networc
Visit for more information and technical details or é i

32 Live Sound International September 2011

for network information.

Central Academic Army
Theatre Russia

o
=" Now

= Qudllg ==
inthe

e

Chunma Art Centre,
South Korea

™

evolutionary audio solutions

www.ProSoundWeb.com



Resistive Load

1-ch Dwivan 2-ch Dwiven (par ch)
oc Bl 41} 210} B} 40
1 ke FM 1 kHz PN 1z PN 1 kHz PN 1 kMz FH
1kHz] PM W WidBW | v | W Vo WMEW | V| W WO W ] v W W Wl | v | W W WidBW | v | W
PL3ED 135 HT | AT (3 B4 | 1760 {37) . 105 | 1400 (32) 65 | 1050 {30)
TRO00 HD 14 130 | 2100 (1Y) 5 | 1800 [33) [ 125 | 1950 (33) 5 | 1800 (33)
P 20000 (e | 2500 (34 2 | 3930 (35 118 | 1880 a3 T | 1380031)

Burst Voltage and

Reactive Load “Instantaneous Power"
2-ch Driven (par ch) 2-ch Driven (per ch) 1<h
B} an oc Al 41 110}
PH FH BOHz BOHz Bl Hz B0 Hz
W W W W ¥ W W W L
PLIBD 172 Lrd 112 irz
1-Te000 HO 170 e 1T0 1ro
PLM Z0000 194 4 174 174

" Opin Circult (Mo Laad)
3 Lirwid' appansn] valtags dus 1o ohip gl aparalion and nbarpretascn

mportant
This is not @ comparsion of
“equivalent” amplifiers, There are significant
diffgrences in ratings, price and featune sals
Usa for refalive comparisons only!

Figure 5: Some of
the results of the
testing process.

the three amplifiers. If you look at the
ratings matrix it appears that the QSC
output voltage and power is significantly
lower than the other two with pink noise,
but this is obviously due at least in part
to differences in metering. I could have
easily produced a higher voltage from the
QSC using a different visual criteria for
clip. That’s why I hate “one number” rat-
ings when taken at face value.

THINGS AMPLIFIERS HATE

There are two conditions that none of
these amplifiers like - low crest factor
signals and 2-ohm loads. The continu-
ous sine wave testing was by far the most
revealing with regard to how much power
the amplifier (and the electrical outlet)

could source. I had to reset the circuit
breaker numerous times during the sine
wave testing into lower impedances with
two channels driven.

I should mention that all of the
amplifiers recovered nicely from circuit
breaker trips. Once they powered back
up they resumed working, and the PC-
controlled models re-established com-
munications. All of the amplifiers have
internal breakers, and none of them
tripped during any of the tests.

None of these amplifiers could main-
tain their output voltage into 2 ohms
with a sine wave source. The results var-
ied so dramatically that I removed that
data from the matrix. They sort of work
at 2 ohms with pink noise, although I

believe that the voltage limitations were
due more to the amplifier’s “smarts” than
due to their electrical current limitations.
The designers are trying to protect their
amplifier and loudspeaker. They are try-
ing to keep you from “running with scis-
sors” when you insist on overloading your
amplifier to get more watts.

None of the amplifiers cared if the
load was resistive or reactive. That is a
very good thing for a commercial power
amplifier, and something that hi-fi
amplifiers often have a problem with.

BURST TESTING RESULTS

These amplifiers get their largest power
ratings from tone burst testing. Ironically,
that was the easiest signal for all of the
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amplifiers to pass. None of them had a
problem producing their maximum volt-
age for a few tens of milliseconds, even
into 2 ohms with both channels driven.
I did trip the circuit breaker a few
times at 2 ohms, so this test was really
more about the utility power source than
it was the amplifier. It’s a shame that
this number wields so much influence

in the marketplace.

THE TRUTH ABOUT

2-OHM LOADS

If you want the maximum output volt-
age and most linear performance from
your amplifier, don’t load it to 2 ohms. I
believed this before doing these tests, and
I believe it even more now. You can see
how each amplifier’s voltage sags under
different loads in the matrix. Voltage sag
is bad. I would bet money that anyone
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who is conducting amplifier shoot-outs
for driving their 2-ohm monster sub
is mainly listening to each amplifier’s
protection circuitry. If you want fidel-
ity, design your subs to 4 ohms or higher
(that’s RATED impedance - actual will
be higher yet) and buy more amplifiers.

AN IMPORTANT TEST

THAT | OMITTED

While the data matrix is useful for
assessing the performance of each
amplifier, it is not the whole story. If you
change the program material to music,
and drive both channels into 4 ohms or
less, there will likely be significant dif-
ferences in the sound, due to the philo-
sophical underpinnings of the operation
of the protection algorithms.

The best way to assess the amplifier’s
performance under these conditions
may be the FTLC6P test. It requires
some Favorite Tunes, a Lawn Chair,
and a 6-Pack of your favorite beverage.
While the results are subjective, they
may the be most revealing test of all for
comparing overloaded amplifiers.

THE INEVITABLE
COMPARISONS
While I have stated that this was not an
amplifier shoot-out, people will inevi-
tably make comparisons. That is why I
suggested the dBW scale in part 1, as
opposed to “watts” and have included it
in the matrix for the sine wave ratings.
Differences of less than 1 dB are
negligible. A 3 dB difference may be
audible under controlled conditions.
The largest dB differences were for pink
noise, which I showed above to be the
most difficult signal to characterize with
a single number. When we are looking
at amplifiers rated at over 1 kW, the
relative differences will be small.

CONCLUSION
The testing validated some important
points from parts 1 and 2. Here’s a quick

summary:
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1) A 1 kHz sine wave rating into 8
ohms is the best measure of an ampli-
fier’s performance for a sound system
designer. The amplifier acts as a con-
stant voltage source into 8 ohms. The
voltage can be scaled to any crest fac-
tor by calculation. This makes accurate
sound pressure level calculations at the
drawing board possible.

2) Don't load your amplifiers to 2
ohms to “get more watts.” When the
voltage sags, you are losing output level
and engaging protection algorithms.

3) Amplifiers don't like low crest fac-
tor signals. If you excessively compress or
limit the program material, and drive the
amplifier to clipping, you are likely engag-
ing the amplifier’s protection algorithms,
with significantly audible ramifications.

4) Don’t compare amplifiers using
power ratings derived from burst test-
ing. These are vanity specs that look
impressive but reveal very little about
the amplifier’s performance.

5) Summing the instantaneous power
ratings of all channels and thinking that
you can get that much “power” is fan-
tasy. Doing so is misleading at best and
it promotes erroneous thinking and bad
behavior in the marketplace. It’s putting
a modern face on the peak power rating
wars of the 1970s.

I was truly impressed in different
ways by each amplifier that I tested.
The output capability and efficiency
given their size and weight is a true
miracle of modern technology. It’s my
hope that this series of articles sheds
some light on how modern amplifiers
operate and how their specifications are
determined. This should lead to better
correlation between the predicted and
actual performance of each in real-world
sound systems.
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