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FEATURES OF INTERLABORATORY COMPARISON METHODS WHEN MEASURING
VIBROACOUSTIC PARAMETERS
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External quality control in the form of interlaboratory comparisons (ILCs) is an important criterion of the testing laboratory competence. The study was aimed
to summarize the approaches to developing objects for proficiency testing (OPT) based on physical simulation of acoustic noise sources, airborne ultrasound,
vibration, and the practice of their use for ILC. Analysis of the OPT effectiveness based on physical simulation of factors, the test benches (TBs), was performed
based on their testing and certification results, as well as on the results of appropriate ILCs. The results of using TB as OPT are considered for the following factors:
acoustic noise, airborne ultrasound, and vibration. When measuring acoustic noise, TB played back the acoustic noise record with high stability. ILC involving
measurement of airborne ultrasound was performed the same way, however, the frequency of the acoustic signal being reproduced was in the range of 11-22 kHz.
TBs, based on a manual mechanized tool and a platform equipped with electromechanical agitator, were developed for ILC involving the measurement of local
and general vibration. Stability of vibration generated was provided by means of the automated system for maintaining the set level with feedback and proportional
integral derivative (PID) controller. When arranging and performing ILCs involving measurement of noise and vibration, a crucial role is played by the methods
developed specifically for ILCs, allowing one to take into account all the conditions that affect the measurement results.
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OCOBEHHOCTW METOLOB MPOBEAEHNSA MEXXJIABOPATOPHbIX C/TMYEHUIA
MPU USMEPEHUN BUBEPOAKYCTUYECKUX NOKASATEJIEN

A. B. Ctepnvkos' =9 HO. B. KypuneHko?, A. A. BopoHKoB?

T Hay4HO-TEXHUYECKWI LEHTP paanaLOHHO-XYMUHYECKOK 6e30macHoCTY 1 rurversl, Mocksa, Poccust
2 000 «[MK® Lindposble npubopsl», Mockea, Poccus

BaXXHbIM KpUTEPUEM KOMMETEHTHOCTM MUCMbITATENBHBLIX TAbopaTOpPUii ABASKOTCS Pe3yNbTaTbl BHELUHEro KOHTPOSS KavecTsa B (hopMe MexiabopaTopHbIX
cnnduTenbHbIX UenbiraHuin (MCI). Lienbto paboTsl 66110 0606LLMTL NOAXOAb! K CO3AaHNI0 06 beKTOB A1 NpoBepkin kanudukaumm (OINK) Ha ocHoBe hran4eckix
Mofene NCTOYHNKOB aKyCTUHECKOrO LLyMa, BO3AYLLHOMO yNsTPassyka, B1uopaLmm 1 nx ncnonb3osaHus ans nposeneHns MCU. Ananns abdextneHocTr OMNK Ha
OCHOBE (PU3MHeCcKNX Mofenein hakTopoB — UcMbITaTeNbHbIX CTeHA0B (VIC) nponsBoauv Mo pesynsratam UxX UCTbITaHU 1 aTTecTaumn, a Takke No pesyssratam
MCW ¢ nx ncnonbsosaHviem. PaccMoTpeHbl peaynsTaTsl cnonb3oBaHus VG B kadecTse ONMK dakTopamim akyCTUHeCKOro Lyma, YasTpassyka v Brbpauum. Mpu
M3MEPEHUAX akyCTnHeckoro Lyma VIC BOCMPOV3BOAM ero 3anmcb C BbICOKOW CTabWUIbHOCTBIO. AHaNorM4HbIM 06pas3om ocyllecTsnsnm MCU ¢ nsmepervem
YPOBHS BO3AYLLUHOIO YbTPa3Byka, HO YacToTa BOCMPOM3BOAMMOrO akyCTUYECKOro curHana Haxogmnacb B avanagdoHe 11-22 k. Ona nposepeHus MCU ¢
M3MEpEHVEM NoKasbHO 1 obLLer BrbpaLwiv Gbinmn padpaboTaHsl VIC Ha 0CHOBE PyHHOMO MEXaHM3MPOBaHHOMO UHCTPYMEHTA U MAaTdopMbl C SMEKTPOMEXAHUHECKVM
nobyantenem. CTabunbHOCTb YPOBHS reHepUpyeMOoit BUOPaLm 06ecnevmBano NprYMeHeH1e CUCTEMbl aBTOMATU3NPOBAHHOIO MOAAEPKaHMS 3aAaHHOMO YPOBHS C
0b6paTHOIN CBA3BIO 1 MCMONb30BaHNEM NPOMOPLIMOHATBHO-MHTErpasibHO-anddepeHLmansHoro perynstopa. Mpu opraHmaaummn 1 nposeaeHn MCUY ¢ namepeHviem
LyMa 1 BUOpaLWI 3HAYMTENBHYIO POSIb UMPAKOT METOAVKM, pa3paboTaHHble creLwmansHo Ans nposeaeHyst MCU n no3BonsioLLme y4ecTb BCe YCNOBUS, BUSIOLLIE
Ha pesynsTaTbl USMEepeHW.
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The results of external quality control in the form of interlaboratory
comparisons (ILCs) are an important criterion of the testing
laboratory competence. The need for participation in ILCs is
one of the requirements for testing laboratories codified in the
law [1, 2]. Control over compliance with these requirements is
exercised by both Rosaccreditation, and executive authorities
in charge of accredited organizations [3, 4].

Among tests, studies, and measurements performed in
order to evaluate compliance to hygiene standards, there
are many direct measurements of physical factors, such as
acoustic noise and vibration. Over recent years there has been
an upward trend in the number of those [5].
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Conducting ILCs when measuring physical factors, affecting
humans in their living environment, such as acoustic noise and
vibration, has a number of features. The main feature is that
the object, the properties of which are being measured in the
laboratory, cannot be sent to participants for measurement.
Working place and residential development area can be
considered the examples of such objects. Thus, the model
objects are used for proficiency testing (OPT). It therefore
seems necessary to perform ILC at the premises of provider
ensuring availability of OPT and stability of OPT parameters.
The other feature of noise and vibration measurement is
impossibility of simultaneous measurement of one object by
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several laboratories, i.e. impossibility of conducting ILCs with
the use of parallel programs. That is why the ILC providers use
sequential programs with sequential access to OPT being the
source of the measured factor. Meanwhile, the measured OPT
parameters stability is controlled by reference laboratory [6]
authorized by ILC provider.

Such practice of ILCs has been carried out since 2016
within the framework of the PHYSFACTOR-TEST voluntary
certification system, as well as by other ILC providers [7, 8]. The
method for carrying out and arranging ILCs when performing
direct measurements has been reported [9].

The presence of OPT with appropriate characteristics
is a key requirement to performing ILC using the approach
described above.

Both natural and model objects may be used as OPTs. The
model objects’ assessed parameters stability is ensured by
specialized test benches (TBs).

When performing ILCs involving measurement of acoustic
noise and vibration, it is difficult to use natural objects due
to low stability, unpredictability of parameter changes during
measurement, and impossibility of setting specific parameters.

The study was aimed to summarize the approaches to
creation and the practice of using OPT based on physical
simulation of acoustic noise sources, airborne ultrasound, and
vibration for ILC, as well as to assess the effectiveness of using
the TB developed as an OPT for ILC with measurement of
acoustic noise and vibration.

METHODS

Analysis of the effectiveness of OPTs based on physical
simulation of factors, the test benches (TB), was carried out
based on the results of TB testing and standardization, as well
as the results of ILCs performed with the use of those.

The basic requirements for TB are as follows:

— the level of the factor generated should be in the range
from the value three times (or by 10 dB) exceeding the detection
threshold of the measurement systems, most commonly used
by laboratories, to the level around the threshold limit value;

— parameters of the studied feature (hereinafter the factor)
should remain stable for at least 20-60 min;

— susceptibility of TB performance to environmental factors
should be kept to a minimum; there should also be a possibility
of considering the impact of these factors;

— it is necessary to ensure carrying out ILCs by all
participants by way of a sequential access to TB;

— it is necessary to take into account the measurement
technique (direct measurement method) and the features of
using the measurement system;

— TB should adequately simulate the impact of the measured
factor on the environment (working place, working area);

— when constructing TB, it is necessary to strike a
balance between thorough simulation of the factor impact
on environmental objects and ensuring the stability and
reproducibility of measurements;

— TB should enable setting various modes and factor
intensities;

—TB should ensure reproducibility of levels being monitored
when performing repeated measurements during the TB
operation in the course of ILC;

— when using TB, it is necessary to ensure resistance to
externally acting interfering influences (interference immunity).

The results of using TB as an OPT were treated based on
the following factors:

— acoustic noise;

— airborne ultrasound;

— local vibration;

— general machinery and household appliances vibration.

ILCs and measurements in the course of TB testing were
carried out in accordance with the previously developed programs
using the methods that had successfully passed metrological
standardization. The ILC participants knew in advance the
documents and were provided additional training prior to ILC.

All measurements were performed using the following
measurement devices:

— Ecophysika-110A system (OCTAVA-ElectronDesign; Russia);

— AK-1000 acoustic calibrator (OCTAVA-ElectronDesign;
Russia);

—KB-160 portable vibration reproducing device (vibrocalibrator)
(OCTAVA-ElectronDesign. Russia).

RESULTS

Acoustical noise was the first type of ILC of physical factors.
Currently, distribution of acoustic signal record as a reference
for proficiency testing is being widely practiced. However,
first, under this approach it could not be said that OPT is the
same object the laboratory investigates. According to their
areas of accreditation, laboratories perform measurements
on various environmental objects (working areas, human
living environment) or equipment testing. Under the approach
discussed above, OPT is a speaker or digital recording; second,
such approach in its current form has outlived its purpose and
does not enable us to judge the ILC participant proficiency
due to impossibility to perform quantitative comparison of the
measurement results with the reproduced value. Furthermore,
the content of measurement tasks does not comply with the
changed regulatory framework.

In order to ensure interlaboratory comparison, we
constructed TBs, playing back the noise with high stability. TBs
consisted of waveform generator, power amplifier, and high-
quality full-range speaker. In order to assess the short-term
stability, we used the reproduced by TB noise parameters of
the model OPT, averaged during direct measurement. During
the short periods, corresponding to typical ILC duration (up to
120 min), this parameter varied within the limit of + 0.5 dB,
which provided the short-term TB stability appropriate for ILC.
Within the interval of several months with the same settings,
the noise level reproduced by TB varied within the limit of +
2 dB, which provided the long-term stability appropriate for
continuous operation of TB.

The area of the facility, in which the measurement is
performed, should be at least 40 m?, and the minimum linear
size of the facility should be at least 2.5 m2. Standard room
environment conditions for temperature, humidity, pressure,
and air velocity should be maintained.

Test points should be selected 1 m away from the sound
source at a height of 1.5 m from the surface of the floor. The
reference point should be no closer than 1 m from the walls,
window and door openings. Depending on the number of
measured noise parameters and measurement program, the
number of reference points may vary between 1 and 4.

Sensitivity of sound level meter (measurement system) was
tested prior to measurement. The testing was performed in
accordance with the sound level meter user guide. Sensitivity
test was carried out using class 1 acoustic calibrator by GOST
IEC 60942 having the verification certificate and approved by
the sound level meter manufacturer.

During the measurements, the acoustic level (acoustic
pressure) of background noise should be different from
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the acoustic level (acoustic pressure), provided by operating
source, by not less than 10 dB. There should be no random
noise in the facility.

The test duration was at least 1 min, and the number of
measurements for each reference point was at least 3.

Measurement accuracy in accordance with the method
used [10, 11] is characterized by expanded uncertainty of
measurements with a coverage factor of 2, corresponding to
95% confidence interval. Expanded uncertainty of measured
acoustic level with the method applied does not exceed 1.2 dB,
and the expanded uncertainty of measured acoustic pressure
does not exceed 2.2 dB.

More than 150 interlaboratory comparisons have been
carried out.

Performing ILC with the acoustic level (acoustic pressure)
measurement using the discussed TB met the need for correct
comparison of the results obtained by the ILC participants and
the reference laboratory, as well as for adequate simulation of
the real world conditions of acoustic noise measurement at the
working place or other object. The proposed ILC method made
it possible to set different levels for the factor to be measured.
When conducting measurement, it is necessary to maintain the
conditions required for prevention of erroneous results.

ILC with the airborne ultrasound level measurement was
performed the same way. Design of TB, being the object
for proficiency testing, was almost the same, however, the
frequency of the acoustic signal played back was within the
range of 11-22 kHz. High-frequency transducer with high pass
filter having a cut-off frequency of 7-9 kHz was used to play
back ultrasound signals.

TB simulated the source of airborne ultrasound at the
working place. The 1/3-octave-band acoustic pressure level
was measured. TB made it possible to achieve the acoustic
pressure levels of up to 85-87 dB.

The requirements for conducting measurements are generally
the same as for acoustic noise parameters measurement.
However, the important factor affecting the measurement results
is pointing the sound level meter microphone at the source of
ultrasound signal. In some microphones, it is necessary to consider
the parameter adjustment for ultrasonic frequency range.

All acoustic measurements during ILC were performed with
the microphone fixed in the reference point with a rack.

Interlaboratory comparisons, when vibration is measured by
testing laboratories, are no less urgent and much more complex
in terms of arranging and conducting. The measurement
results are influenced by numerous factors: vibration source
stability resulting from its design and operating mode, type
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Fig. 1. Flow chart for the physical model of TB for local vibration OPT with automated
maintenance of specified vibration acceleration level

and quality of the measurement system transducer fastening,
mechanical interaction of the “worker—instrument—processed
object” system, etc. That is why vibration measurement
during simple simulation of the working process with the use
of manual mechanized tool by the user would result in sharp
discontinuities in the results, i.e. actually, there no short-term and
long-term stability of measurements would be observed. This
would make it difficult to compare these during interlaboratory
comparisons. In addition, the user would be adversely affected
by vibration. Even greater difficulties can be expected while
ensuring measurement of general vibration, provided mostly by
massive equipment and transport.

The circumstances described above have made it
necessary to develop TBs that could be used as a part of OPT
to measure the general vibration levels during ILCs.

Initially, the possibility of measuring local vibration with
an instrument in idle or eccentric loading mode was studied.
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However, in this case, stability proved insufficient. Thus, TB
with automated specified mechanized tool vibration level
maintenance using the proportional integral derivative (PID)
controller was designed (Fig. 1). Multifunction tool or drilling
machine supported by hanger (bracing) was used as a manual
mechanized tool.

The results of comparative vibration level measurements in
the presence and absence of feedback are presented in Fig. 2.

The data presented demonstrate that the system with
feedback shows much more stable levels of local vibration
generated for vibration acceleration. This justifies the increased
complexity of TB for ILCs with measurement of local vibration.

To date, over 100 interlaboratory comparisons with the use
of discussed TB have been performed.

When performing ILC with measurement of local vibration, a
three-component vibration sensor was fixed on the instrument
handle with a cubicle adapter in accordance with GOST 31192.2
[12]. Sensitivity axes of the vibration sensors were oriented in
the Z, X and Y directions in accordance with the basicentric
coordinate system of the human hand doing the work [13]. The
absence of interference caused by electromagnetic fields and
sensor cable movement were checked prior to measurement.
Microclimatic conditions were consistent with the measurement
system operation conditions.

The measurement was performed during a number of
observation periods. At least four measurements of adjusted
acceleration for each direction in each reference point were
performed during each observation period. The duration of
each test was at least 15 s.

Measurement accuracy in accordance with the method used
[14] is characterized by expanded uncertainty of measurements
with a coverage factor of 2, corresponding to 95% confidence
interval. Expanded uncertainty of measurements performed
using the method does not exceed 3.8 dB.

TB made it possible to achieve the level of vibration
acceleration up to 135 dB.

The reported approach to performing ILC with the use
of TB to generate stable vibration met the need for correct
comparison of the results obtained by the ILC participants and
the reference laboratory, as well as for adequate simulation
of the real world conditions of local vibration measurement at
the working place. The designed TB made it possible to set
various levels of the factor to be measured, and ensured stable
vibration generation.

A number of testing laboratories need to perform
interlaboratory comparisons when measuring general machinery
or household appliances vibration. Hygienic characteristics
and standards of general machinery vibration, as well as the
procedure of general machinery vibration measurement, differ
from those of local vibration. General machinery vibration and
household appliances vibration are the low-frequency vibration
types, and are measured with the use of adapter, for example
the floor standing platform mounted on the surface, on which
the measurement is performed.

It is extremely difficult to perform ILCs with the measurement of
general vibration on the basis of the physical object, therefore,
it was necessary to develop the TB simulating the general
vibration source. Such TB was developed. It was a platform
sized 300 x 300 mm with a 3000 rpm electric motor fastened
from below. The electric motor was operated in the eccentric
loading mode, which resulted in vibration of the bench. In order
to ensure stability and set the level of vibration acceleration,
electric motor was included in the automatic control loop
with vibration acceleration feedback, as described above.
When performing measurement, the measurement system

accelerometer was mounted on the platform surface. The
platform itself was placed on a shock absorbing material.

TB made it possible to achieve vibration acceleration levels
of up to 180 dB. During TB standardization, it was found that
the average level of general vibration generated (Z-axis — Lz)
depending on the frequency (F) was as follows:

F Hz Lz, dB
4 60,1
8 81,6
16 103,1

31,5 109,4
64 94,5

Thus, maximum energy of vibration acceleration was
observed in octave bands of 16 and 31.5 Hz, which was typical
of general or household appliances vibration. For instance,
such range corresponds to vibration induced by subway trains,
and the 20-50 Hz frequency vibration is common to numerous
industrial sources of general vibration.

Vibration acceleration was measured for 6 days, 4-6
measurements with test duration of 5 min. It was found, that
during the entire observation period the measured equivalent
vibration acceleration levels fluctuated in the following way: for
X-axis within the limit of 0.7 dB; for Y-axis within the limit of
2.3 dB, and for Z-axis within the limit of 1.0 dB. During one
measurement session, the measured vibration acceleration
fluctuations did not exceed 0.2 dB for X-axis, 0.6 for Y-axis,
and 0.5 dB for Z-axis, which indicated the short-term stability
of measurements appropriate for ILC.

Thus, TB designed for ILCs with measurement of general
vibration factor ensures adequate simulation of the real
world conditions of the general vibration measurement and
makes it possible to perform measurements with sequential
ILC participants’ access to TB. The use of discussed TB
would enable correct comparison of the general vibration
measurement results obtained by the ILC participants, and the
reference laboratory. TB has been already introduced into the
work of the ILC coordinator acting under the authority of the
PHYSFACTOR-TEST voluntary certification system.

In case of small discontinuity of measured vibration
acceleration values the expanded uncertainty can be calculated
by classifying general vibration measurements as single
measurements [15].

DISCUSSION

Currently, simulation of technological processes and situation
at environmental objects is quite common for measurement of
standardized physical factors. Therefore, the development and
application of noise source physical models for the purposes of
ILC are consistent with the established practice of such factors’
measurement. The need for such simulation for the purposes
of ILC results from the requirements for OPT.

TBs described in this report ensure adequate simulation
of acoustic noise sources at the working place and other
environmental objects, and make it possible to ensure
interlaboratory comparisons for all the methods applied for
acoustic noise and vibration parameter measurement.

TBs contained microcontroller vibration agitator controls
with feedback, which provided appropriate stability of the
generated local and general vibration.

The methods developed specifically for ILCs play a crucial
role in arranging and conducting ILCs. The use of standardized
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measurement methods makes it possible to take into account all
the conditions affecting the measurement results, and provide
metrologically traceable measurements during ILC [10, 11,
14]. The measurement of acoustic pressure in the ultrasonic
range and general vibration acceleration is performed as direct
measurement in accordance with the ILC programs, however,
the methods for measuring these factors are planned to be
developed and standardized.

The ILC results are evaluated based in the |En| criterion [,
16], which ensures objectiveness of the judgment about the
participating laboratory proficiency.

When performing ILC, it is possible to evaluate both the
measurement results and the compliance with measurement
procedure, which can be also used to assess the participants’
proficiency.
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