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 1. Introduction
This methods provides fоr the condition, meth-

od, technical means for metrological check and a 
method of processing and presenting the results 
from the check of measuring generators owned 
by Kozloduy NPP.

The measuring generators are used to generate 
a signal with the required amplitude and frequen-
cy. The check consist of direct measurement of 
frequency and amplitude with a frequency counter 
stabilized with frequency standard / hereinafter 
referred to as frequency counter / and with a mul-
timeter, a power meter and an oscilloscope.

The methods is designed for measuring gener-
ators which

· generate a signal in the frequency range from 
1 µHz to 350 МHz with accuracy of 1ppm

· are having the range of the measuring ampli-
tude from 0 to 20 Vpp, allowable absolute error at 
amplitude measurement ≥ ± 0,15 %

· frequency of quarz generator 1, 5, 10 МHz 
with allowable error 1 ppm;

· Harmonic distortion ≤ (- 70 dBc ÷ - 40 dBc)

2. Background
The measuring generators provide signals with 

different frequency, amplitude and shape for the 
needs of radiotechnical measurements. They are 
applied to the performance of frequency counters, 
measuring devices and other electronic devices.

The generators consists of an active element 
connected to the selection system in which oscilla-
tions with different shape and frequency are excited 
and maintained. The amplitude and the frequency 
of the established oscillations in the generator are 
defined in the operation mode of the active ele-
ment, the parameters of the selection system, the 

feedback and the load.
The metrological check of measuring generators 

includes the determination of:
· reference frequency of the internal quartz 

generator
· relative instability of quartz generator
· frequency error 
· AC level error
· DC Offset error
· Flatness
· harmonic distortion for sine wave
· THD harmonic distortion for sine wave
· spurious factor of non-linear distortions
· rise/fall time of rectangular impulse tr and tf
· e impulse amplitude.

2.1. Applied reference equipment
The reference equipment used during the check 

should comply with:
· Digital frequency counter Agilent 53220A, 

frequency range from 1 Hz to 350 MHz, uncer-
tainty ± 1*10-10.

· Rubidum Frequency Standard  Symmetricom 
8040 with annual stability of frequency 1*10-11;

· Digital Multimeter Wavetek 1281, amplitude 
range: 0.1 ÷ 1000 V, uncertainty  ± 500 ppm

· Power meter NRP power sensor with frequen-
cy range from 10 Hz to 3 GHz; accuracy 0,05  
dB;

and auxiliary means.
· thermal moisture tester

2.2.Safety measures and requirements to 
the personnel
The specialist from the Metrology Support 

Department who performs the check shall
· have been trained and passed successfully the 
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exam for technical operation
· have the qualification class 4 for Industrial 

Safety
· have passed industrial safety briefing
· have  been familiar with the methods.

2.3. Performance of the check

2.3.1. Administrative check 
It will detect
· the availability of technical description and 

operating procedure, designation signs on the 
checked generator, presence of conductors and 
connection terminal

· if an elements from the above listed parts 
of the generator unit is missing, then the check 
is cancelled and the non-compliance is written 
down in the metrological check report (hereinafter 
referred to as “the report”), item  5 and the 
generator is declared unfit, which is written in the 
report conclusion.

2.3.2. Technical check
After a visual inspection of the measuring 

generator, it will be checked whether
· there is no damaged or unfixed parts
· there are constant impurities. 
Through testing:
· testing of the buttons for the different 

parameters 
· successful functional test.
When non-conformity to the requirement 

indicated in item 5 of the relevant report is 
identified, it will be put down "non-compliance 
with the requirements" and the generator will be 
declared unfit, which is written down in the report 
conclusion and the check will be cancelled. 

When compliance with the indicated 
requirements is identified, the generator will be 
considered functionally fit and in item 5 of the 
report it will be written down "compliance with 
the requirements".

2.3.3. Metrology check
· For metrological check a number of actions 

are performed, which should define the compliance 
of the checked measuring generator with the 
requirements for measurement accuracy indicated 
in the technical description and operating procedure 
following their rules and consequence.

· Measuring the reference frequency of the 
internal quartz generator 1; 5 or 10 МHz. The 
checked generator generates an output signal 

with a sinusoid shape, amplitude 1Vpp and value 
of the frequency depending on the generator 
type. We measure the reference frequency of the 
generator with the frequency meter. We perform 10 
measurements whose mean value is the obtained 
values of the reference frequency. 

· Measuring the relative instability of quartz 
generator: frequency instability is a check while 6 
measurements are performed every second hour. 
The highest and the lowest frequency values are 
defined.

·  Measuring the frequency error: the check is 
performed as at the input of the frequency meter 
a signal is set from the checked generator. The 
frequency of the sino output generator signal is 
checked. For generators with a frequency range, 
divided into subranges, the check is performed 
for three frequencies in each of the subranges - at 
the beginning, in the middles and at its end. For 
generators without frequency subranges - at least 
5 equally distributed frequencies on the scale. For 
generators with frequency decade setup - at least 
3 frequencies of each decade.

· Identification of the error at the level of the 
output signal. It is performed through a direct 
measurement of the amplitude of the output sino 
signal through the reference multimeter or power 
meter. The amplitude is measured at frequency of 
1 kHz and other frequencies, if it is indicated in 
the technical description and operating procedure, 
but not less than 5 times the voltage value.

· Measuring the DC Offset error (DC Offset) A 
DC offset mode is set at 50 Ω and at high output 
impedance (if there is such a function). The error is 
checked at least for three values of the DC Offset, 
equally distributed in the range of the quantity. 
The check is performed for different frequencies 
including the highest in the frequency range upon 
connected load of 50 Ω. The relative instability 
is checked as 10 measurements of the level at 
the characteristic frequency points are carried 
out. The value of the amplitude of the harmonics 
is measured at 20 kHz, 40 kHz, 60 kHz, 80 kHz 
and 100 kHz in dBm. The power of the main 
signal is calculated in dBc and is compared to 
the power of the harmonics from 20 kHz to 100 
kHz. It is compared to the value indicated in the 
manufacturer's specification.

·   Measuring the non-linear THD distortions 
A sino signal from the generator with amplitude 
of 1 Vpp and frequency 20 kHz is set up. The 
used reference equipment, spectrum analyser, is 
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set with amplitude of 8 dBm, central frequency 
of 100 kHz, Span 200 kHz and RBW 1 kHz. The 
power of the main signal is calculated in dBc and 
THD factor, then it is compared to its value from 
the specification.

· Measuring the spurious factor of non-linear 
distortions. The output signal is set up a sino 
signal with amplitude 1 Vpp and frequency 100 
kHz, 1 MHz, 10 MHz and 30 МHz. The spectrum 
analyser is set up according to the manufacturer's 
requirements as in the table. The amplitude of 
the main signal (the first harmonic) in dBm, the 
frequency and the amplitude of the spurious is 
recorded. It is calculated in dB with the amplitude 
of Spurous and these values are compared to those 
indicated in the manufacturer's specification.

· Measuring the spectral purity of harmonics 
Upon a sino signal of the checked generator, a sino 
signal with amplitude of 1Vpp and  frequency of  
20 kHz, 100 kHz and 1 МHz is generated; the used 
reference equipment, spectrum analyser, is with 
amplitude of 8dBm and frequency set-ups. central 
frequency Fc in 100 kHz, Span 200 kHz and RBW 
1 kHz; Fc 500 kHz, Span 1 МHz and  RBW 2 kHz; 
Fc 5 МHz, Span 10 МHz и RBW 20 kHz.

· Measuring the rise/fall time of rectangular 
impulse tr and tf and overshoot β The output signal 
of the generator is set as rectangular with frequency 
of 10 MHz and amplitude of 1 Vpp and 10 Vpp. 
The time trise (tr) and tfale (tf) is measured with 
the oscilloscope, compared to the measured time, 
tr and tf to the time in the specification defined by 
the manufacturer. The overshoot β is calculated 
and compared to its value of the specification.

· Measuring the impulse amplitude An output 
signal with amplitude of 1 and 10 Vpp , and 
frequency of 1 MHz is generated. The amplitude 
of the impulse is measured and compared to the 
one defined by the manufacturer.

· Processing of calibration results
· The average value of the frequency of the 

internal oscillator is measured according to the 
formula:
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whereas iactualF  is the indication of meter for the 
ith measurement, [Hz];;

действF  - mean value of frequency measured 
with the frequency meter in [Hz].

The absolute error is determined j∆ , whereas:

iдействзадi FF −=∆   (2),

whereas задF  – is the value of frequency of the 
internal oscillator in  [Hz].

j∆  and доп∆  are compared according to the 
formula:

допj ∆≤∆     (3),

whereas доп∆  is the absolute allowable value, 
according to the technical description and 
operating procedure.

· From the data obtained during the frequency 

measurement, 
minизмF  and 

maxизмF  are defined, which 
the highest and lowest measured value at 8 hour 
of the measuring cycle. The relative error is also 
calculated. 
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The relative stability is defined according to the 
following formula:

γ = βmax - βmin   (6)   

It is verified whether the condition is true

γ ≤ γдоп (7),

whereas  γдоп is defined in the manufacturer's 
specification.

· From the measurement data, the set value of 
frequency is calculated according to the formula
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where  value of the frequency 
iдействF   frequency 

meter is the indication of the frequency meter, at 
the ith measurement of the set frequency value 
in [Hz], and  действF   - is the mean value of 
frequency measured with the frequency meter  
[Hz]. The absolute error is defined in J∆  [Hz] and 
its multiple units for every measurement according 
to the formula:

действзадj FF
j

−=∆  (9)

j∆  and доп∆  are compared according to the 
formula:

допj ∆≤∆  (10),

whereas j – is the number of the measurement
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j∆    - is the absolute error for the jth  checked 
reference frequency

доп∆  - is the absolute allowable error according 
to the technical description and operating procedure.

· the set value for the amplitude is measured 
with multimeter in rmsV  and absolute error is 
calculated:

jj действзадj UU −=∆   (11)

where 

j∆  is the absolute error, [ rmsV ], 
jзадU  is the 

value of the amplitude set at the generator, [ rmsV ], 

jдействU  is the value of the amplitude measured by 
the reference, [ rmsV ] is checked whether it is valid 

допj ∆≤∆  (12)

where

доп∆  is the absolute allowable error according  
to the technical description and operating procedure.

· From the data obtained through the 
measurement by reference multimeter, the output 
DC voltage, V at high output impedance is recorded 
(if there is an option to do so from the generator 

menu) or W= 50.товR . It is checked whether the 
measured value of the DC voltage complies with 
the condition:

jj допDCзадDC UU 〈  (13)

where

 
jзадDCU  is the set value, DC Offset of generator, 

jдопDCU  is the value according to the specification.
· From the data  obtained during the 

measurements, for different frequency values, the 
amplitude is set in Vrms or dBm depending on the 
manufacturer's recommendations. The absolute 
error is defined in 

j∆   [Hz] or [dBm] and its 
multiple units for every measurement according 
to the formula:

jj действзадj UU −=∆  (14),

whereas 
jзадU  is the measured jth value of the 

amplitude

jдействU  is the actual jth value of the amplitude.
It is verified whether the condition is true: 

допj ∆≤∆  (15),

whereas доп∆  is the allowable absolute value 

according to the technical description and 
operating procedure.

The level disparity is calculated:

minmax jjдействU ∆−∆=γ , Vrms                 (16), 

whereas 
maxj∆  is the maximum and  

minj∆  is the 
minimum absolute error.

· The measured values of the amplitude dBm, 
obtained during the measurement, from the first 
to the fifth harmonic are used to calculate the 
amplitude in dBc, whereas

1измизмj UUB
j

−=  (17),

whereas

jB  - calculated value of the amplitude in [dBc] 
from the second to the fifth harmonic

jизмU
 
 -the value of the amplitude in [dBm] 

measured with spectrum analyzer

1измU  - the value of the amplitude of the first 
harmonic in [dBm] measured with spectrum 
analyzer

2010
jB

jC =  (18),

whereas

j
C  is the calculated value of the amplitude in  

[dBc] for every harmonic.
· The measured results and calculated values 

are used to calculate the total harmonic distortion 
(THD) factor.
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The THD  calculated value is compared to the 
value in the specification.

· When defining the spurious fact of non-
linear distortion, the results from the previous 
measurements.

It is measured with the spectrum amplitude Cj 
of the first harmonic, amplitude and spurious.  

2010
LjisL

jC
−

= , dBc (20),

whereas 
isU  is the ith value of the amplitude of the 

noise (Spurious);

jU  is the value of the jth amplitude of the first 
harmonic.

The results from the measurement are used and 
an output rectangular signal with amplitude AC 1 
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and 10 Vpp and a frequency 10 МHz is generated. 
Tr and tf are defined. It is verified whether the 
conditions are true:

𝒕𝒕𝒓𝒓𝒊𝒊 ≤  𝒕𝒕𝐫𝐫доп  , 

𝑡𝑡𝜋𝜋𝑚𝑚 ≤  𝑡𝑡fдоп  (21),

whereas 𝑡𝑡𝑓𝑓𝑚𝑚   and 𝑡𝑡𝜋𝜋𝑚𝑚    are the measured and  𝑡𝑡rдоп   
and   𝑡𝑡fдоп  are defined in the specification.

The value of the overshoot β in per cents is 
calculated

𝛽𝛽 =  
∆𝑈𝑈
𝑈𝑈

. 100%  (22),

whereas ∆U, [V], is the difference between the 
amplitude of the overshoot  and the established 
value of the previous characteristics U. It is verified 
whether the condition is true:

β ≤ βдоп , (23),

whereas βдоп is defined in the manufacturer's 
specification.

Based on the obtained  measurement results, 
the following is defined:

∆𝑚𝑚= 𝑈𝑈импизм −  𝑈𝑈импдейств  (24)

It is verified whether the condition is true:

∆i  ≤ Δдоп (25)

whereas Δдоп is allowable value according to the 
specification.

In the event of non-compliance with the 
requirements of any of the checked characteristics 
of the generator, in item 5 of the report, it is written 
down "non-compliance with the requirements" and 
in conclusion the check generator is declared unfit.

3. Conclusion and presenting the check 
results
The data from the performed check of the 

measuring generator are put down in a metrological 
check report.

For generators which comply with the 
requirements of the current methods, a metrological 
check certificate is issued according to the 
requirements and they are labelled for validity.

For generators which do not comply with the 
requirements of the current methods, a metrological 
check, a notice for unfitness is issued and they are 
labelled with a prohibition sign.

For the needs of the plant, mainly measuring 
generators in the area of low and intermediate 
frequencies to 100 MHz are used. 
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