Dr-Jordan-Design
professional digital signal processing

Tutorial: Power Measurements of a high Power Amplifier

Warning: Power amplifier contain high voltages of several
hundred volts. Setup errors can easily damage your health
or your equipment.

Purpose

This tutorial shows how to measure the output power of an amplifier. We put special focus on
distortion analysis.

Requirements

e  WinAudioMLS plus sweep/tracking plug-in
Signalgenerator PRO

Attenuator 10:1

High power load resistor (4Ohm)

Handheld Volt meter

Soundcard (Setup uses a M-Audio Firewire 1814)

Device under test
For this tutorial we use a cheap amplifier (Futuretec X-1250). This amplifier is specified as:

Output power RMS 2x625W @40hm

THD 0.05%

Setup

Set all gains to zero

Connect the output of your soundcard to input of the amplifier.

Connect the load resistor to the loudspeaker output.

Connect the input of the soundcard to the resistor to measure the output voltage. Do
not connect the soundcard directly. With power signal of around 1000W, the output
voltage over the 4 Ohm resistor is up to 63V RMS and 89V peak. This voltage can
easily destroy your soundcard. We recommend a attenuator used for oscilloscopes
with a factor 1:10 or better 1:100.
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Procedure

Output level calibration

Dr-Jordan-Design
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We set the reference point (0dB) to 1Watt at 40Ohm. This is equivalent to 2V RMS at the

output of the amplifier. We want to measure from 1Watt to 1000Watt, which is equivalent to
30dB dynamic. We use 35dB to have some headroom.
Set the generator to 0dB level and a calibration offset of —35dB. This level is 35dB below the
maximum output of the soundcard.

Wolume 1} dB

Calibration |-35 dE

Cahicel

Select 1000Hz, start and un-mute the signal generator

Settings DSP

range:
* coarse

10.000000 Frequency

" fine

RSI0 Generator #1 @

1000.0000
20000.000

e

- ol
waveform alume

0.004e

(% sine [ -3d8
" rectangular |~ [~ -&dB
" tiangular [~ 04
" white noize [ -20dB
" pink noize ™ 0dB
£ MLS S
" sine sweep | - Eh:lu‘E’fl
sweep settings] | 1800 —— \|—

Drelay [phasze 0.00 deg0.0000 seconds)

'7 lﬂi zamples

MLS length

1023 -

Balance

Carefully increase the gain at the amplifier until the output voltage matches 2V RMS which

is equivalent to 1Watt at 40Ohm.

The analyser window will show a picture similar to this
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@File Edit Options FPlug-Ins Filker ‘Wizards Presets Owverlays ASIO  View Windows Help
D | H| B|&| 2| [» u|R|[ws 14| [ la|ms|ar Qfnn| so|3| 0|mp| 0 [Mix|ave|

g Measurement ¥:1 Curve:l :

- CurEor
frequency 43.1Hz
lewel -32.45dE

~ peak
frequency 990 5Hz
lewel -41.84dB

in band level -39.9dE
THD+M 1.5470%=-36.21dB

FFT progress

1 1
Sooboodon
v I
1 1
1 1
' '

Ready 44100 1024 Z3ms Blackman
A

Input level calibration
We need to calibrate the input, so that the analyser shows 0dB RMS for this input signal.

Set the mouse to the left bar meter which shows the RMS level. Press the right mouse key.
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£ WinAudioMLS - [futuretec.wst] = B][X%]
@File Edit ©ptions  Plug-Ins  Filker  Wizards Presets  Owerlays  ASID  Yiew  Windows Help -0 x

D3| | (3| 2|[r n|R|[we 1|4 [rr la|ms{ar] Qmn| sg/30| 0/ M0 0 |Mex|avel

set bo 0dB

resize axis

-JIL-JI:--IL T CurEor
: ; frequency 59.3Hz
i 0 lenvel 95 2648
'E [ 'E r-r = peak
: . frequency 990.5Hz
i el -41 BEdE
) it band lewel -39.7dB
i THD+M 1.4602%=-36.71dB

set marker FFT progress

clear marker

'
U S S U T U IS DU (U U T S N
[ T | | 1 [

Dir-Jordan- Design
Set DdB at mouse position |44100 | 1024 [23ms |Blackman v

After rezooming you get the following plot

£ WinAudioMLS - [futuretec.wst]
@Eile Edit Options FPlug-Ins Filker ‘Wizards Presets Owverlays ASIO  View ‘Windows Help

D | H| B|&| 2| [» u|R|[ws 14| [ la|ms|ar Qfnn| so|3| 0|mp| 0 [Mix|ave|

l44100 | 1024 23ms |Blackman y
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Measurement ¥:1 Curve:l @

cursor
frequency 20218.0Hz
lervel -72.87dB
peak
frequency 990.8Hz
leseel 34748

in band level h.4dB

THD +N 0.9454%=-40.4548

FFT progress

We can now start the level sweep measurement.

Level sweep settings

Start level 0 4e
Cancel

Stop level 30 dp

Frequency 1000 Hz

Steps 40

Diuration per step 300 mg

This measurement starts at 0dB (1Watt) and stops at 30dB (1000Watt). We use 40 steps. The
measurement frequency is 1000Hz. For this setup we use a short sweep time of 300ms to
lower the energy to the load resistor. If you have an appropriate load you can user much larger
times to stress the amplifier. It is also interesting to measure with different times to monitor
how solid is the power supply of the amplifier.

The first plot shows the output level over the input level
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£ WinAudioMLS - [futuretec.wst]

@Eile Edit Options FPlug-Ins Filker ‘Wizards Presets Owverlays ASIO  View ‘Windows Help

D3| | ®(@[2| v n|R]| oe| T || [rer il ms|ar| Qfmn| sg|3D| T0[Mp| 0 [mex|ave|

Ready 44100 1024 Z3ms Blackman
A

You can clearly see a typical saturation curve. The maximum output voltage is 28.8dB which
is equivalent to 759Watt.

You can also plot THD+N versus input level

Plot sweep results

— zelect type
 gif Cancel |
 Level
 THD
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£ WinAudioMLS - [futuretec.wst]

@Eile Edit Options Plug-Ins Filker ‘Wizards Presets Owverlays  ASIO Wiew  Windows  Help

D||E| (32| v n|R]| os| 1 || [rer lt|ms|ar| Q| Sg[3D| R[] 0 [1ex|ave]

Ready la4100 | 1024 [23ms [Blackman v

The distortion drops until a minimum at 22.2dB=166Watt to —59.7dB (0.1%)
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At the rated power of 625Watt (27.9dB) we get —36.9dB (1.4%)

£ WinAudioMLS - [futuretec.wst]

@Eile Edit Options FPlug-Ins Filker ‘Wizards Presets Owverlays ASIO  View ‘Windows Help

D3| | ®(@[2| v n|R]| oe| T || [rer il ms|ar| Qfmn| sg|3D| T0[Mp| 0 [mex|ave|

Dir-Jordan- Design

Ready l44100 | 1024 23ms |Blackman
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Ready l44100 | 1024 [zams | Blackman 4

— Cursor

frequency 20744 2Hz

lexvel -64.90dE
— peak

frequency 930.5Hz=

lervel 30 85dB
in band level 32.8dB
THD+M 1.9583% =34 16dB

FFT progress
|
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Frequency response

The following picture shows the measured frequency response. Output power is 1 Watt
@A40hm. Cut-off frequency with —3dB is 20kHz.

£ WinAudioMLS - [PA_Futuretec.wst]
@File Edit Options Flug-Ins DSP  Wizards Presets Overlays ASIO  Wiew Windows Help

D | H| B|&| 2| [» u|R|[ws 14| [ la|ms|ar Qfnn| so|3| 0|mp| 0 [Mix|ave|

Ready 6000 32768 34ims FlatTop
A
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Intermodulation analysis
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We use a dual tone signal with 10kHz and 12kHz. Output power is 1Watt @4Ohm.

& WinAudioMLS - [futuretec.wst]
@Flle Edit ©ptions Plug-Ins Filter ‘Wizards Presets Owetlays ASIO  VWiew ‘Windows Help

ASIO Generator #2 [x]

Settings  DSP

D|S|E| 8@ 2|[» v|R||ee 1|4 [rer da|ms|as| Q| sqg/30| R/Me| 0 |nnx|.ws|

Dr-Jordan- Design)

Ready

1ang
| eomse e | 20000
I‘I 0.000000 Frequency IZUUDD.DUD

|
waveform “alume
-3.00dE

* sine v -3dB
" rectangular T |
 triangular I -10d8
 white noise [~ 2048
" pink noise [ 50de
MLS r
 sinesweep | - ] h:1ute ,
SWEED settingsl I 80 '—J—

Balance
Delay [phaze 0.00 deg/0.0000 seconds)

'— IU— samples

ASIO Generator #1 [x]
Settings  DSP

range
* coase (" fine |1I]I]I]I]I]I]I]
|1 0.000000 Frequency I2UDUD.DUD

b

waveform “alume

-3.00d8
o sine V3B
 rectangular | T I~ &de
" Hiangular I~ -10de
© bite noise [~ -20d8
" pink noise [~ 50de
T MLS
 sine sweep I~ Mute
IWEED settingsl I e -—J—

[44100 | 4096 [37ems [FlatTop

Balance

Please note that for this measurement, we set the FFT size to 4096 and use a FlatTop window.
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At low signal levels this unit showed significant distortion, which was also easily audible.

At —-20dB input level the distortion reaches almost 3%.

&9 WinAudioMLS - [PA_Futuretec.wst]

@Fﬂe Edit Options Flug-Ins DSP Wizards Presets Overlays ASIO  Wiew  Windows Help

- CurEor
frequency 10.8Hz
lewvel -89.77dB

— peak
frequency 1001.3Hz
lewvel 7. 26dB

in band lewel

THD+M
THD

FFT progress

-5.3dB

3.0329%=-30.36d8
2.8826%=-30.80dB

Oir-Jordan- Dezign

Ready

445 44?

D= | &2 u|Rr|[oe 1| Ful|ms|ﬁ=c|§2|m| 39|3D| |__| 0 |nnx|.wn|

Measurement ¥:1 Curve:1 [x]

44100

4096

93ms

[Blackman
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If we look at the signal with an oscilloscope we identify the distortion at the zero-crossings.
(We used 100Hz input frequency for better visibility).

£ WinAudioMLS - [PA_Futuretec.wst]
@Eile Edit Options Plug-Ins DSP Wizards Presets Overlays ASIO  Wiew Windows Help

D[ B[&| 2] » [0 r| s 1|4 rerlila|ms|ar Q| sg[30| mo|mp| o [ex|avel

Ready 44100 | 4096 93ms |Rectangular -

After calibration we get significant better results. The distortion is well with the
specifications.
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&% WinAudioMLS - [PA_Futuretec.wst]
@Fﬂe Edit Options Flug-Ins DSP  Wizards Presets Overlays ASIO  Wiew Windows Help

DS E B &[2]» n|R||oe 1[4 Ful|ms|ﬂuc|§2|m| Sg|3D| |__| 0 |Mn:|.wn|

Measurement ¥:1 Curve:l [x]

|
40
X

T GUrEor
frequency 20722 4Hz
level -85.694B

- peak
frequency 1001.3Hz
lenvel -E.E5dB

in band lesel

THD+M
THD

FFT progress

-4.7dB

0.3012%=-50.42dB
0.0530%=-65.52d8

Dir-Jordan- Design

Ready 44100 | 4098 93ms |Blackman y
Distortion analysis at 1W @ 4 Ohm

£ WinAudioMLS - [PA_Futuretec.wst] =13
@ File Edit Options Plug-Ins D3P Wizards Presets Owverlays ASID  Yiew Windows Help - a0 x

Measurement ¥:1 Curve:l

- cursor
frequency 243.7Hz
lewvel 67 77dB

- peak
frequency 1001.2Hz
lenvel 31448

in band lesel

THD+M
THD

FFT progress

5.1dB

0.1164%=-58.68d8
0.0180%=-74.30dE

Dir-Jordan- Design

Ready

D|=|@| (S| 2|[r n[R][we I%’IFHIIMLSIMIQImI 99|30||__|

3]

44100 |

4096

[93ms

|Blackman

A
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At +20dB (100W@ 4 Ohm)

& WinAudioMLS - [PA_Futuretec.wst]

@Fﬂe Edit Options Flug-Ins DSP Wizards Presets Overlays ASIO  Wiew  Windows Help

professional digital signal processing

Dr-Jordan-Design
Ready

Measurement ¥:1

THD

FFT progress

- CurEor
frequency 136.7Hz
lewvel -60.32dB

— peak
frequency 1001.2Hz
lewvel 21.52d8

in band level 23.5dB

THD+M 0.0744%=-62 57dB

0.0473%=-66.50d8

D= | B&[2[r u|R||oe 1[4 FM|HLS|M|Q|m| 39|3D| |__| 0 |nn=|.wn|

Curve:l (%]

1
.

B e B ST T S

____________________

44100 |

4096

[93ms

[Blackman Y
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At +27dB 500W @ 4 Ohm

&% WinAudioMLS - [PA_Futuretec.wst]
@Fﬂe Edit Options Flug-Ins DSP  Wizards Presets Overlays ASIO  Wiew Windows Help

DS E B &[2]» n|R||oe 1[4 Ful|ms|ﬂuc|§2|m| Sg|3D| |__| 0 |Mn:|.wn|

Measurement ¥:1 Curve:l [x]

[ i Tt St R S S | T S S SaS AT
frequency 1685 2Hz d
level -64.71dB becocecfoccoofooogocdoagedoqgepd|boccoocccfocccadac g e

pek N B :
frequency 1001.3Hz PR S S P S O ! I - . 0
lewvel 28.8448 - .

in band level 30.8dE : v : ' :
THO+M 0.1843%=54 £3dB ; el o di o ; N N A i ;
THD 0.140R%=-57 04dB : - : - :

..........................

.....................................

FFT progress

—————————————————————————————

Dir-Jordan- Design
Ready 44100 | 4098 93ms |Blackman

Summary

This power amplifier reaches the specified output power. But the distortion is high, especially
for lower levels, which is typical for such simple circuit design. This unit was basically not
factory calibrated. After calibration we get significant better results, which are well with the
specification.
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