B.G. Shabashkevych, Yu.G. Dobrovolskyi

UDC 551.510.534:621.383.52:004.9

DOI: 10.24027/2306-7039.3.2017.114703

DEVICES OF RPC “TENZOR” FOR INVESTIGATION OF
PHYSICAL ENVIRONMENTAL FACTORS

MPUJIAAN HB® “TEH30P” I TOCJIUTKEHHS
®I3NYHUX ®AKTOPIB 30BHINTHLOTO CEPEJIOBUIIA

B.G. Shabashkevych,
Yu.G. Dobrovolskyi,

candidate of technical sciences, director of RPC “Tenzor”, Chernivtsi
doctor of technical sciences, deputy director of RPC “Tenzor”, Chernivtsi

B.G. Shabashkevych

The results of multi-year research of Research &
Production Company (RPC) “Tenzor” on creating meas-
uring instruments to perform measurements of radiometric
and photometric characteristics of optical radiation in the
ultraviolet, visible and infrared regions of the spectrum,
measurements of microclimate parameters, measurements
of noise and vibration metrology equipment are presented.
The issue on measuring the luminance of LED sources using
a photometer Ecotenzor-03, illuminance measurement range
of which is from 107? to 2x1(P lux, is considered in detail.

Keywords: photometer, ripple coefficient, measurement,
radiometer, lightning engineering.

Hasedeno pezynvmamu  6aeamopiunux — 0ocaiodncen
Hayxoeo-eupobnu4oi gipmu “Tenzop” 3i cmeopenHs 3acobis
BUMIDHOBANBHOT MEXHIKU 051 BUMIPIOGAHHS PAOIOMEMPUMHUX Mda
PomoMempUMHUX XapaKMePUCuK ONMUHHO20 GUNPOMIHIOBAHHS
8 ynompaghionemosiil, eudumiii ma iHgpauepeomiii ooaacmsx
cnekmpa, — GUMIDHOGAHHA — napamempie  MIKpPOKAIMamy,
BUMIDHOBAHHS WIYMY Ma 8ibpauii, a makoxic ix mMemponoeiuHoeo
3a0e3neuerts. JlemanvHo poseasHymo NUMAHHS GUMIDHGAHHS
sAckpaseocmi  c8iMA00ioOHUX Oxcepen i3 BUKOPUCMAHHAIM
gdomomempa  Exomenzop-03,  Odianazon  eumiproeaHs
ocgimaenocmi siKk0eo cmanogums 6i0 1072 do 2x 1P arokc.

Karouosi caosa: pomomemp, koeghiuienm nyavcauii,
BUMIpIOGaHHsA, padiomemp, CEIMAOMexHIKA.

Problem statement

Nowadays the actual task is the control of physi-
cal factors that affect people in particular and the en-
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vironment in general. To ensure such control measuring
equipment the RPC “Tenzor” for 26 years develops and
manufactures measuring devices to measure physical en-
vironmental factors, including radiometric and photomet-
ric characteristics of optical radiation in the ultraviolet,
visible and infrared regions of the spectrum, measuring
microclimate parameters and metrological equipment.
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Fig.1. Photometer Ecotenzor-03

Goal of the article

To highlight the experience and the results of de-
velopment of measuring instruments created by RPC
“Tenzor”.
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Results

By working closely with the NSC “Institute of Me-
trology”, especially in the metrological direction, our
company developed a number of devices, installations
and stands, which control photometric and energy pa-
rameters of optical radiation in the range of 0.2—25 mi-
crons. In particular, there are luxmeters and photometers,
radiometers of ultraviolet and heat radiation.

To measure the illumination created by natural and
artificial sources of light, brightness of self-luminous and
non self-luminous objects as well as the coefficient of ripple
light sources, we produced the photometer (digital luxme-
ter-brightmeter-pulsmeter) Ecotenzor-03 (Fig. 1). Its illumi-
nation measuring range is 10-2—2-10° lux and brightness is
1-2-10° cd/m?, the limits of permissible basic relative error
of illumination measurement are = 5 % and brightness is
+ 7 % [1, 2]. The device is characterized by achieved high
accuracy, including the use of specialized photodiodes and
light filters, in accordance with the Standards of Ukraine
of Ministry of Industrial Policy 29.200—024 to the 1% & 2™
class converters with the following accuracy:

e in the wavelength range from 0.4 microns to
0.75 microns (|A__ |) not more than 3 % for the 1 class
and 5 % for the 2" class;

e in the wavelength range from 0.3 microns to
0.4 microns (a, ) not more than 0.5 % for the 1* class
and 1 % for the 2" class;

e in the wavelength range from 0.75 microns to
1.2 microns (a,) not more than 0.5 % for the 1% class
and 1 % for the 2" class.

Measurement range ripple coefficient is 1—100 %
in the frequency range from 10 to 300 Hz. The limits of
main permissible relative error of measuring the ripple
coefficient are = 10 %.

One of the main problems in measuring environ-
mental parameters of lighting is the problem of correct
range ripple coefficient R, which is one of the main
criteria for evaluating the relative depth of illumination
fluctuations [3]. In our case, the ripple coefficient is
defined as the ratio of maximum to half the sum (£ _ )
and minimum (£ ) values of light, measured over a
discrete time interval to the same value on middling
measured light (£ ).

E max— E min

Re -100 %.

mid

The middling value is the sum of all measured va-
lues of light divided into the number of measurements. In
this case, software allows setting time intervals digitization
measurements, number of measurements per second, the
total time of measurement, and setting thresholds of illumi-
nation to be set for the removal of abnormal quantities of
sample illumination, which are not repeated within the du-
ration of the measurement. In addition, the increased fre-
quency ripple factor measurements accurately measure the
middling value of light, which in turn improves the measu-
ring accuracy. Frequency range of measurements is up to
300 kHz.

Coefficient of authenticity in the developed device
is similar to authenticity of photometer TEC 0693, as
all of the optical and photometric part of the device is
made under the scheme of its prototype TEC 0693. So,
its coefficient of authenticity is close to 1. This fact is
very significant when measuring characteristics of white
LEDs, since these light sources in their light characteristics
are different from the type A, and virtually all existing
luxmeters are calibrated on such sources [4]. Thus, de-
veloped photometer “Ecotenzor-03” is the most suitable
for measuring light waves generated by LED light sources.

PR a0

Fig. 2. Installation OHM4.023.000.000

To measure low levels of illumination (from 103
lux) the luxmeter-brighmeter Tenzor-25 is created [2].

To measure the intensity of light we created the
devices Tenzor-26 with measuring range 0.1-2-10° cd
at acceptable limits of basic relative measurement error
+ 5 % and Tenzor-26M for measuring the intensity
of external light devices of road vehicles in accordance
with State Standard of Ukraine 3649—97 [2].

Photometer Tenzor-27 provides the measurement of
brightness in the range of 10-3—2-10° ¢d/m? [2].

To control a specific coefficient of light intensity (K)
materials with optical effect according to State Standard
of Ukraine 2586—94 and 4100—2002 a special installation
MJIHM4.023.000.000 is developed (Fig. 2) [2]. It consists
of illuminator, photometer Ekotenzor-03 luxmeter with
low levels of illumination (measuring range of illumina-
tion is from 1073 lux to 2-10° lux), bracket for bonding
photometric head of luxmeter on the illuminator, rotating
table, light power supply, ammeter, alignment mirror and
a flashlight. By moving photometric head of luxmeter in
a bracket, the measuring of K sample is provided with
the observation angles (a) 0°12°, 0°20” u 1°30’. Range
luxmeter data show low levels of illumination from 1-10-3
to 2-10° lux. The limits of basic relative permissible error
of luxmeter are not more than = 10 %. The limits of
basic relative permissible error of measuring the specific
coefficient of light intensity are = 15 %.

Measuring of transmission coefficients and reflec-
tion window glass in the visible range provides Ten-
zor-21 [2] which carries out measurements of these
coefficients with the limit of absolute error not more
than 1 % and 2 % respectively.

To make similar measurements in the ultraviolet
and infrared ranges of the spectrum the appropriate
Tenzor-22 [2] and Tenzor-21 IR [2] are produced.

The control of energy light in the ultraviolet spectral
range of 0.2—0.4 microns posed by mercury, deuterium
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and arc sources provides UV dosimeter-radiometer Ten-
zor-71 [2]. The device provides measurement of energy
illumination separately in each of the UV ranges A, B,
C by one device in the range of 10-4—2-10> W/m? with
the limit of permissible basic relative measurement error
of + 10 %. Working as UV radiation dosimeter the de-
vice provides the following spectral measurement ranges:
280—400 nm as erythemal and 200—400 nm as bacteri-
cidal. Measurement range of energy dose is 107 J/m?. The
range of setting time of dose accumulation is from 1 sec.
up to 100 hours. Limits of basic relative permissible error
of luxmeter are not more than £ 15 %. The device allows
you correctly to measure the light energy and dose posed
by any source of ultraviolet radiation.

To measure energy illumination (intensity) of glow
mercury germicidal lamps with working wavelength of
254 nm at the UV dosimeter-radiometer Tenzor-71 we
created an appropriate tester [2]. Measurement range of
device energy illumination at a wavelength of 254 + 2
nm is 0.5—1.5 W/m? (50—150 mW/cm?) at basic relative
error limits of = 10 %.

For control of microclimate parameters we created
the corresponding meter Ecotenzor-MC which includes
a probe for measuring temperature, air humidity, pres-
sure, air velocity, index of heat load environment and the
probe to measure the intensity of thermal radiation [2].

To measure the energy illumination from 10 to
2-10* W/m? in the range of 0.2—25 microns a modi-
fied digital version of radiometer PAT-2I1 (Fig. 3) is
created [2]. The limits of basic relative permissible error
of measurement are £ 6 %.

Measuring blocks of mentioned devices are made in
the same type of portable frames with indication based
on liquid crystal displays, combined power (from the net
and battery) having low power consumption.

Fig. 3. PAT-2IN

For certification, calibration, primary and periodic
testing of devices produced by Research and Produc-
tion Company “Tenzor” in cooperation with Chernivtsi
Center of Standardization, Metrology and Certification
and NSC “Institute of Metrology” (Kharkiv) a complex
of installations is created:

e installation for testing means of measuring energy illu-
mination MJIHM4.009.00.00 which is completed by standard

means of measurement like type HC (Hollow Converter)
with the basic relative error of measurement + 1,0 %;

e device for measuring photometric parameters of
optoelectronic devices UJIHM4.003.00.00 [5], completed
by self produced standard photometric measuring heads
with the basic relative error of measurement + 1,5 %;

e stand to create a stable flow of radiation in meas-
uring energetic characteristics and sensitivity nonlinear-
ity of electronic & optical devices UJIHM 4.004.00.00
[5]; the instability of created radiation flow is = 0,5 %;

e device for measuring the coefficient of ripple
sources of optical radiation MITHM4.024.00.00 [2];

e installation for forming flows of radiation in the
UV range (UV illuminator range) MJAHM4.020.00.00 [6];

e automated measuring spectral range (upgraded
Complex Spectral Calculating, Universal — CSCU-23),
completed with self produced standard radiometric heads
with the basic relative error of measurement + 6,0 % [2].

Conclusions

To control physical factors affecting people and
environment, the measuring equipment to measure
radiometric and photometric characteristics of optical
radiation in the ultraviolet, visible and infrared regions
of the spectrum, measuring microclimate parameters
and metrological equipment is developed.
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