CKOpPOCTHbI€ UCKaXXeHUSA
Velocity distortion (Speed error)

PaccMoTprM NposiBNeHne CKOPOCTHbLIX MCKaXXeHUI Ha NpMMepe Moaenu

yeunutens Apex HD5O0, puc. 1
Let's consider the manifestation of speed distortions on the example of the

Apex HD50 amplifier model, Fig. 1
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[narpamma boge nokasaHa Ha puc. 2
The Bode diagram is shown in Fig. 2
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Fig. 2

Tak Kak ycunurtenb NOCTOAHHOIO TOKa, TO ero rpynnoBoe BpeMs 3alepXKKu
NMOYTN NOCTOAHHO OT MH(PpaHM3kmx YyactoT o 200 kl'y, rpynnosoe Bpems
3agepxkn Ha yactoTe 20 kl'y coctasnseT 316 He. Mpu C1=0 GD=200 Hc.



Since the amplifier is a DC amplifier, its group delay is almost constant from
sub-low frequencies to 200 kHz, the group delay at 20 kHz is 316 ns. If
C1=0,GD=200 ns

[MpoBepuM NeTneBoe ycuneHue 1 3anacbl yCTOM4YMBOCTH, pUc. 3
Let's check the loop gain and stability margins, Fig. 3
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[MeTneBoOe ycuneHue B 3ByKOBOW nosioce 4yacTtoT He meHee 70 ob Gnarogaps
BbICOKOM YacToTe nepBoro nomntoca pasHoun 20 Kl u.

Loop gain in the audio band of at least 70 dB due to the high frequency of
the first pole equal to 20 kHz.

[MpoBepunm cnekTp nckaxkeHnn Ha Yactote 20 kl'u, puc. 4
Let's check the spectrum of distortions at a frequency of 20 kHz, Fig. 4
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3 pucyHka 4 BUOHO 4YTO B YCTAHOBUBLLEMCS PEXMME B CNEKTPE NCKaXKEHUN
curHana 4Yactoton 20 k'Y npy amnnuTyge BbIXO4HOro HanpsbkeHnsa 32 B(nuk)
NnpakTU4Yeckn ogHa BTopasi rapmMoHuka yposHem 0,0033%.

Figure 4 shows that in the steady-state mode, in the spectrum of signal
distortions with a frequency of 20 kHz and an output voltage amplitude of 32 V
(peak), there is practically one second harmonic at a level of 0.0033%.

Mogaanm Ha Bxof yeunutena curHan Yyactoton 20 kly amnnmMtyga KoToporo
MEHSIETCSA BO BPEMEHMU CTYNEHAMU U U3SMEPUM BEKTOPHbIE U CKOPOCTHbLIE
NCKaXXeHUs, puc. 5

Let's apply a signal with a frequency of 20 kHz to the ampilifier input, the
amplitude of which changes in time in steps and measure the vector and speed
distortions, Fig. five
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KpacHbIiM uBeTOM 0TOBpaXXeH BbIXOAHOW curHan. Ha BTopom rpadumke
nokasaHbl BEKTOPHbIE UCKaXXeHUs nsamepeHble MeToaom [1], n Ha TpeTbeMm
rpadomke nokasaH pesyristar U3MepeHUss CKOPOCTHLIX UCKaXXEHUN METOAOM [2].
3 pucyHka BUOHO YTO CKOPOCTHbIE UCKaXXEHUHA BO3HUKAKOT B MECTaX N3MEHEHUS
aMmnnMTyabl cUrHana, T. €. B y3nax curHana rge npoucxoamT OTKITOHEeHWe curHana
OT CUHYCOMbl NOCTOAHHOM aMMANTyabl.

The output signal is displayed in red. The second graph shows the vector
distortions measured by the method [1], and the third graph shows the result of
measuring the velocity distortions by the method [2]. It can be seen from the figure
that the rate distortions occur at the places where the signal amplitude changes,
i.e., at the signal nodes where the signal deviates from the sinusoid of constant
amplitude.

Yem MeHblle amnnuTyada curHana, Tem 6onblue OTHOCUTENbHBIM YPOBEHD
CKOPOCTHBbIX UCKaXkeHU. Hanpumep, npu nepexoge amnnntyabl curHana c 15 B
Ha 4 B (1 BaTT, y3en 2) nMKoBoe 3Ha4YeHne CKOPOCTHbIX UCKaXXEHU COCTaBnAeT
0,25 B unu 6,25%! A B y3ne 3 no4uTtn B Tpu pasa 6onblue! B To Bpems Kak
rapMoHun4eckmne nckaxeHmns Ha vdactote 20 kl'y, npu BbIXogHOW MoOLHOCTK 1 BatT
He npeBbiwatoT 0,002%, a npu nonHon mowHocTn He 6onee 0,004%. N ato B



ycunurene y Kkotoporo 6e3 kongeHcatopa C1 Bpems 3aep>KKn NpoXoxaeHus
curHana scero 200 Hc.

The smaller the signal amplitude, the greater the relative level of speed
distortion. For example, when the signal amplitude goes from 15 Vto 4 V (1 Watt,
node 2), the peak value of the rate distortion is 0.25 V or 6.25%! And in node 3 it
is almost three times more! While harmonic distortion at a frequency of 20 kHz
with an output power of 1 W does not exceed 0.002%, and at full power it does
not exceed 0.004%. And this is in an amplifier with no capacitor C1, the signal
propagation delay time is only 200 ns.

AHanornyHbiM ob6pasomM MOXHO NMPOMOAENMPOBaTb CUrHan B KOTOPOM
aMnnuTyada NOCTOSIHHA, a UBMEHSIETCS TONbKO ero YacTtota n ydéeanTbcs 4To B
y3nax n3ameHeHus1 YacTOTbl TaKKe BO3HMKAKOT CKOPOCTHbIE UCKaXXEHWS.

In a similar way, you can simulate a signal in which the amplitude is
constant, but only its frequency changes and make sure that speed distortions
also occur in the nodes of frequency change.

A Tenepb npeacTasBbTe cebe YTO B My3blKaslbHOM CUrHasne nocTositHHO
N3MEHSIETCH KaK aMnnnMTyda curHana Tak u ero 4yactora, npu 3TOM HENpepbIBHO
BO3HMKAKOT CKOPOCTHbIE UCKAXEHNSA 3HAYMTESNbHOIO YPOBHS, NpuyemM 4yem bornbLue
BpeMS 3aflePXKKN NPOXOXAEHUSA curHana, TeM 6onbLue 3TN UCKaXKEeHUS.

Now imagine that both the amplitude of the signal and its frequency are
constantly changing in a music signal, while high-speed distortions of a significant
level continuously appear, and the longer the Propagation Delay time, the greater
these distortions.

CrnenyeTt OTMETUTb YTO HEPEAKO MOXHO BCTPETUTL YCUNUTENN NMEIOLLNE
Marnble HEMNHEHbIE UCKAXXEHUS1 KOTOPbIE HUKAK He KOPPEenupyoT C Ka4eCTBOM
3ByKa. B TO e BpeMsi ycunutenun ¢ BpeMeHeM 3a4epXKu NpoxoXxaeHnsa curHana 1
MKC 1 ©onee He peaKocCTb.

It should be noted that you can often find amplifiers with small non-linear
distortions that do not correlate with sound quality in any way. At the same time,
amplifiers with a signal transit time of 1 us or more are not uncommon.
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