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PANORAMIC CURVE-TRACING OSCILLOSCOPE MARKER BLOCKS AND
RELATIONSHIP BETWEEN FREQUENCY SWEEP NONLINEARITY PARAMETERS

The paper presents the generator of frequency markers and a block diagram of the sweep generator frequency
determinant.

The principles of operation , the timing diagrams and the peculiarities of harmonic oscillator frequency change are
presented and analyzed. The analytical expressions that define the relationship between the coefficient of non-linearity and
sweep non-linearity multiplier are presented.
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BiHHMIbKMH HAllIOHATBHUNA TEXHIYHUN YHIBEPCUTET

BJIOKHU MITOK TAHOPAMHOI'O XAPAKTEPOI'PA®A 1 B3AEMO3BA30K MI’K TIAPAMETPAMHM
HEJIHIAHOCTI PO3rOPTKHA YACTOTH

B po6omi 3anponoH08aHO 2eHepamop YACMOMHUX MIMOK ma CMpyKmypHy cXemy U3HAYHUKA Yacmomu cein-zeHepamopa.
Pozeasinymo npuHyun ix po6omu, HagedeHi ma npoaHa.izosaHi yacosi diaepamu pobomu, ocobaugocmi 3MiHU Yacmomu zeHepamopa
eapmoHik. HagedeHi aHanaimuyHi upasu, siki 8UHAYAHOMb 83AEMO38 30K Midc KoediyieHmoM HealHIliHOcmI | MHOJNCHUKOM HeAiHiliHocmi
p0O320pmKU.

Katouosi caosa: zeHepamop yacmomHux Mimok, aHa10208Ull nepeMHOXCy8ay, ONOpHULl 2eHepamop, cein-2eHepamop, yacmoma
MIMKU, HeAIHITTHICMb p0320pMAHHS, MHONMCHUK HeAiHIlIHocmi, koediyieHm HeAiHilHocmi

Introduction

The generation of known frequency in panoramic radio measuring device is important when determining
the frequency characteristics of electrical circuits. In modern devices of sweep generator frequency determination a
great disadvantage is the increase of error with nonlinearity increasing of sweep generator frequency dependence on
the readjustment unit control voltage.

The aim of the paper is the development of panoramic radio measuring device marker block with reduced
sweep generator frequency error and and the determination of non-linearity coefficient and non-linearity factor of
sweep generator correlation.

Frequency marker oscillator
The reduction of frequency marker determination error is achieved by using a known frequency marker
generator [1] (fig. 1), consisting of the first 1 and second 7 analog multipliers of signals, low-pass filter 4, reference
generator 2, the summation block 11, the frequency divider 5 and of the first 8 and second 9 pulse shaper. A second
reference generator 3, the third analog signal multiplier 6, the third pulse shaper 10 and the computer unit 12 are
additionaly used in such frequency marker generator.
The frequency marker generator operates as follows (fig.1). A test signal with a linear variable frequency

f (t) is fed on the first input of analog signal multiplier 1 from the sweep generator. The reference generator 2

creates a sequence of short rectangular pulses with the duration 7 =————, where F,,, — the maximum
MAX
frequency of the test signal. The range of reference generator 2 voltages is discrete and consists of the first and

higher harmonics [2] nearly equal by amplitude, that have frequency f;,2f;,3 fgss BypxSfo» Where

F,
Ny = 2% _ maximum number of the reference oscillator harmonic with a frequency f; .

o

A lowpass filter 4 with a bandwidth A is connected to the first analog multiplier 1 output. The voltage

frequency in the voltage low-pass filter 4 output is changed in time according to the triangular law (fig.1, b).
The pulse frequency marker M sequence is formed in the output of the first pulse shaper 8 (fig.2, ¢). Pulse
shaper 8 consists of series-connected narrowband lowpass filter, detector and univibrator. Marker pulses occur when

measuring frequency f° (t) is multiple to the frequency f, .

A frequency divider 5 in the output generates the short pulses with duration 7,, =—— and frequency
0
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So

ﬁ’ where f, — the frequency formed by the first reference generator, 2N =2,4,6... — coefficient of

frequency division. Accordingly, the marker pulses M ,, will be formed when the frequency of the voltage at the

output of the second analog signal multiplier 7 is multiple to the frequency ﬁ , at the output of the second pulse

shaper 9 marker pulses (Fig. 1, ¢ for the case N = 2).
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Fig. 1. The frequency marker generator a, The time diagrams of the frequency marker generator b-f

The marker pulses M and M ,, (fig.1 ). For example, when N =2 the number of frequency markers

increases fourfold. Adding coefficient according to the second input of summing block 11 is higher because the
amplitude of the output markers are different.

Frequency step of markers equals Zf_](i/ , and large amplitude markers have step fo .

The second reference generator 3 generates the frequency fy+ £, where F — shift frequency, which is

fo

Myax
will be formed when the voltage frequency at the output of the third analog signal multiplier 6 is a multiple with

fo + F (fig.1,f).

The marker frequency M is determined by formula:

fo2 [Z
=——|—=+k| 1
fMl 2NF ,Z.l ( )

where 77 — the time interval between the markers on the output of summing block 11;

chosen according to the condition F' = . The marker pulses M  at the output of the third pulse shaper 10

75 — the time interval between the previous marker at the output of summation block 11 and marker at the

output of the third pulse shaper 10;
k — the number of markers at the output of second reference generator 9 before marker appearance at the
third pulse shaper output 10.
Determinant of the sweep generator frequency
The block diagram of the frequency sweep generator determinant, which solves the problem of determining
a reduced error rate in the case of non-linear the sweep generator frequency deployment in time [3], is shown in Fig. 2.
From the control and calculation unit (CCU) to the input of readjustment unit (RU) comes impulse voltage

U,ccy (fig. 2, b). In the absence of a pulse the readjustment unit forms linear variable voltage with direct sweep
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course. At the time of the pulse U, there is reverse movement of sweep readjustment block.
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Fig. 2. Sweep generator frequency determinant a, the time dependence of voltages and frequencies b-f

The output voltage frequency f, ru Of the sweep generator (SG) connected to the inputs of stroboscopic
mixers (SM) is changing during the linear variable voltage direct movement of the readjustment unit linearly from
the minimum to the maximum value (fig. 2, c).

The harmonics of harmonic generator (HG) output voltage are uniformly distributed in the operating

frequency range with the step fo , fo + F, respectively. At the output of mixer NW 1 the "zero beating " will be
present, then the marker shaper (MS) generates the marker pulses at the input of the control and computation unit
(fig. 2, g), corresponding to frequencies nf, and (n + 1) ., where n - number of harmonic of harmonic generator.
After the first marker appears from marker generator a control and computing unit feed switching voltage (fig. 2, e)

to the control switch (CS), so that takes effect of the first harmonic frequency regulation feedback of the harmonic
generator HG 2.

Its frequency is beginning to change from the initial f, (F = O) to the final f, + F (fig. 2, ). The

process of adjustment is completed with the introduction of the second marker from marker shaper (fig. 2, b-f).
Regulation feedback supports "zero beating" at the output of low-pass filter (LPF). As a result, at the time of second

marker appearance (fig. 2, d) performs the condition (n + 1) /o = n( fo+F ) abo n = %. The frequency of sweep

2
generator, which corresponds to the first marker in time f,, = nf,,. Thatis why f,, = fFO .

The frequency /' which is the difference between the frequencies of the first harmonic of harmonic
generator is measured in the control and calculation unit. The considered process is repeated with the frequency that
is reverse to the period of the sweep.

The relationship between the parameters of nonlinearity
Consider the normalized time dependence of the sweep generator frequency f according to the ordinate

t
axis to ¥y = ——, the axis of abscissas — to X = —— where fm - the maximum frequency, and 7’ b - the sweep
m p
period of sweep generator [4] (fig. 3).
n—1 2 ™1
yEo @
Pyux  Pyax €~
Non-linearity multiplier is marked by a factor of N in (2), it can be either more or less than zero.
There are two definitions of the coefficient of frequency sweep nonlinearity of sweep generator. In the first
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definition [5] of the nonlinearity coefficient it is determined by the derivative of the function (2):
- 20)-y0)
= p ) 3)
»'(0)
if the nonlinearity multiplier N < 0.
We find the derivative of the sweep function in general:

, 2 e™ 2 1 n-—1 2 Ne™
V) =| == || e | = 4
Myuy € —1 Myay € —1 Pyrax My € —1
Substitute the values of the derivatives in equation (3) and get:
K, =1-¢". ®)

In case of sweep function non-linearity multiplier N > 0, nonlinearity coefficient should be determined by
the formula:

~
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Analysis of the relationship (5, 6) shows that when |N | <0,2, then K, = |N | (fig. 4). If another

nonlinearity multiplier is within 0,2 < |N | < 3 then correlation of nonlinearity coefficient and the multiplier is as

follows K, ~(0,32...0,86)-|N

The second definition of the coefficient of nonlinearity can be found in [6]. According to it the coefficient
of nonlinearity is defined by the expression:

K _ Aj‘MAX

H2 —
HMAX

where  Af, wax — the maximum frequency deviation from the linear law of sorting;

, )

11,,, — the maximum swing band of sweep generator.
Fig. 3 shows the maximum deviation of the normalized values of the sweep function from the linear law

Af,,.x and the maximum normalized value of the swing band . Accordingly:
Myax
K — Ay MAX
H2 2 ( 8)
Max

We find the the relationship between the coefficient of nonlinearity K,,, and non-linearity multiplier V.
Fig.3 shows that the current deviation of the sweep function from the linear:
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Figure 3. Frequency deviation from the linear law Figure 4. nonlinearity parameter K ;|
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After transformations we obtain:

2 [eM™ -1
Ay = -x | 10
SENEEIN o

Y

If condition Ay'(x)z 0, then deviation of the sweep function from the linear law will be maximum

Ay = Ay,,,y - We find the analytical expression of the derivative:

, 2 ( Ne™
Ay(x): ( ~ —1} (11)
My € —1
o .. Ne™
The derivative is zero if I -1, or
e —
N
xozilne ! (12)
N N

Analysis (12) suggests that when multiplier of nonlinearity |N | <1 maximum deviation of the sweep
function from the linear law is observed when X, = 0,5 . If the nonlinearity multiplier|N | >1, then x, >0 or
x, — 1 at different multiplier signs N .

Find maximum deviation of the sweep function for x, = 0,5 . We have:

2 (™Y -1
AY yiax sz(xo)z ( I -0,5| (13)
Pyax \ € —
Substitute the resulting expression in (8):
K. = & —-05 (14)
2 e o1 o

Fig. 5 shows the dependence K,;, of the nonlinearity multiplier N, which varies from -1 to 1. We can see
that the coefficient of nonlinearity K, is associated with the non-linearity multiplier as
follows: K ,;, = 0,124|N|.

We find an expression for the coefficient of nonlinearity K, in the case of an arbitrary value of

nonlinearity multiplier:
N
-1

lnN N
e —l_ilne —1. (15)
eV -1 N N

Fig. 6 shows the corresponding dependence of K, on NV .
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Figure 5. nonlinearity parameter KHZ Figure 6. The exact dependence of KHZ on N

Fig. 6 shows that if the sweep generator has a coefficient of nonlinearity K, up to 30 %, then it

corresponds to a change of the nonlinearity multiplier |N | ranging from -3 to 3. Also with a good accuracy of
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calculations you can use relationship K ,;, = 0,1 24|N | .

Conclusions
Error reduction of sweep generator frequency determination in the marker generator is achieved by
decreasing the marker step and by the transition to the analysis of ratios of short time intervals 7], 7 at the same

time based on the number of pre-generated markers & .
The introduction of feedback into the sweep generator frequency determinant and creation of frequency
regulation circuit reduces measurement error in the case of nonlinear sweep generator frequency deployment.
Analytical expressions that connect three parameters of nonlinearity N, K1, Kpp are proposed, which

will help to formulate the requirements for the basic characteristics of the frequency marker generator and of sweep
generator frequency determinant in their design.
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B.B. 'PABKO, M.IT1. PO3BO/IIOK, C.M. JIEBULIbKNI

BiHHMIBKHI HAI[IOHATBHUN TEXHIYHUN YHIBEPCUTET

BIPTYAJIbHUI JIABOPATOPHUI KOMILJIEKC IS TOCJIIXKEHHS
INEPETBOPIOBAYA YACTOTHU ALTIVAR 71 10 ETHERNET

PoszasiHymo cnoci6 po3pobKku 8ipmya/sbHO20 /1a60paAMOPHO20 KOMNAEKCY 05 00CAIOHNCEeHHS 4acmOmHOo-
pezy/1b08aH020 eAeKmponpugody 3 BUKOPUCMAHHAM 8iddasieHo20 docmyny do daHux npoyecy no Ethernet.
Karouosi caosa: gipmyaavHuli 1abopamopHuli kKomnsekc, nepemeaoprosay yacmomu, Ethernet.

V.V. GRABKO, M.P. ROZVODIUK, S.M. LEVITSKIY

Vinnitsa National Technical University

VIRTUAL LABORATORY COMPLEX FOR THE FREQUENCY INVERTER
ALTIVAR 71 RESEARCH THROUGH ETHERNET

The papre present the method of virtual laboratory complex development for the frequency variable drive research with remote
access to the process data through Ethernet.
Keywords: virtual laboratory complex, frequency inverter, Ethernet.

Beryn. BuxopucranHs BipTyanbHHX ja0opatopHux komiuiekciB (BJIK) mist mocmimkeHHs peabHHX
NpOLIECIB 3 BHUKOPUCTAHHSM CYYacHOTO OOJIaJHAHHS Ta MPOTPAMHOIO 3a0E3MeYeHHs PO3LIMPIOE TOPH30HTH
eHeproe()eKTHBHOI eKCIUTyaTallii MPOMHUCIOBUX EJIEKTPOMEXaHIYHUX CHCTEM, a TaKOX y CTPYKTypi mpodeciitHol
OCBITH TINTOTOBKM (haxiBIiB IH)KEHEPHUX CIENialbHOCTEH, BHPOOHWYOTO TIEPCOHATY NpPH MNPOBEICHHI
MEPEMiATOTOBKY a00 MiIBUINICHHI KBamiikaii 31 3HAYHIM SKOHOMIYHUM e(DEKTOM.

AHaniz gochaimkens Ta myOJikaniid. HaiiOinmpm Omusekumu mo crpykrypi moOymosu € BJIIK, sxi
3anpoBamkeHi B KpemMeHuyIIpkoMy HallioHaTFHOMY YHiBepcuTeTi iMeHi Muxaitna OcTporpaacbKoro, i siki MaloTh
CYTTEBY BIIMIHHICTH BiJl BIIOMHX — II¢ HE MPOCTO MOJENb EJICKTPOIPHBOAA i3 3pydHHM iHTepdericoM, a MOAETb
EJIEKTPOMEXAHIYHOTO O0JamHaHHs a00 eJeKTPOMEXaHIYHOI0 KOMIUIEKCY 3 TEXHOJIOTIYHMM MeXaHi3MOM, MI0
JI03BOJISIE 3pOOUTH MPUHIMIIOBO SKICHUHM CTPHOOK B HAIpsIMy BUPIIICHHS 3aJad €Hepro- Ta pecypco3beperxeHHs,
3a0e3neyeHHs e(EeKTHBHOIO KepyBaHHS IPOIecaMH NEPeTBOPEHHS eHEeprii, pO3BUTKY HAyKOBHX HOCHIMIKEHb Ta
MIABUINCHHS SAKOCTI MATOTOBKH (paxiBirie. [eski npukiaau peartizaiii takux BJIK npuseneni B pobdorax [1-7].

ToMy mepCrieKTHBHUM B HANPSIMKY PO3BUTKY Ja00paTOpHOTo oOnanHaHHs € cTBopeHHs BJIK.
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