Pe3ynbraTti 009YHCIICHHS Yepe3 PEECTp 3CYBY MIKPOIIpoIecop rmoAae Ha mudpoBuid inaukarop. Ilpu
IbOMY MOXX€ BUBOJIMTHCS 3HaYCHHS! EMHOCTI IEPBUHHOTO MEPETBOPIOBaYa, 3MiHa HOTO €MHOCTI, BiTHOCHE
abo aOCONIOTHE 3HAYCHHS BOJIOTOCTI cepemoBwima. JIjs CHpoIeHHS CXeMH iHAWKAIii 1 3MEHIIECHHS
KUTBKOCTI BUBOZIB MiKpOTIPOLIECOPa BUKOPUCTAHO AWHAMIYHUHA TOPO3PSIIHUA METOA 1HAUKALI.

OrnrcaHa CTPYyKTypa BUMIpIOBada BOJIOTOCTI O3BOJISIE€ YCYHYTH TTOXUOKH Bif BIutnBY cTpymy C3C 1
3pa3koBoi Hampyru Uj. TouHICTh BUMipIOBaHb NMPH IIbOMY BU3HAYAETHCS TOYHICTIO KOHAEHCATOpa 3pas-
KOBOi €MHOCTI 1 IIEPBHHHOTO MTEPETBOPIOBAYA.
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OnucaHo cneniani3oBaHMil CEHCOP CHJIN JISi BUMIPIOBAHHS HABAHTAKEHHA HA KoJieca B
3aJi3HHYHUX BaroHax. CeHcop BOYIOBYIOTH SIK eJIeMEHT 3aJi3HULI AK YACTHHY CTAHIAPTHOL
P49 pesbeu | MOHTYIOTH HA pesibCOBUI 0OJIT A5 3a3eMJieHHs. /IBa BUMipoBaJIbHI MOCTH A5l
BUMIpPIOBAHHSI TONEPEeYHOI CHJIM MOHTYIOTh HA pejibci HA 3aJaHUX BiACTaHfX Big KiHIIB
peibcu. IIpakTHYHO 3alPONOHOBAHMII iHTEJIEKTYAJIBHUH CEHCOP BHKOPHCTOBYE JIOKAJIBLHY
30Hy Aii cuan. CeHCOp BUMIpIO€ MPHUKJALEHY CHJIY i OWiHIOE peajibHY MO3MIII0 Aii CHJIH.
IIponoHoBaHuMil iHTEJEKTYAJIbHHH CEHCOP TeCTYIOTh pPa3oM 3 eJeKTPOHHOK YacTHHOIO.
3anponoHOBAHO TEXHOJIOTiI0 /i BUPIBHIOBAHHSI YYTJMBOCTI BUMIPHBAJbLHUX MOCTIB Ta
KaJiOpyBaHHs ceHcopa. CeHCOp 3aCTOCOBYKOTH /Jisi BUMIPIOBAHHS CTATMYHOIO TA JUHAMI4-
HOI'0 HABAHTAKEHHS HA KOJeco BaroHa.

The subject of the paper is a specialized strength sensor for measuring the wheel load of
railway carriages. The sensor is built on an element of the railroad, as a part of standard P49
type rail mounted on standard rail clamps. Two strain gauges measuring bridges for the
tangential forces are mounted on the rail at a certain distance from the both ends. Physically
the proposed smart sensor uses the zone where the local effect of the force applied by the force
on the sensor spreads. The sensor measures the applied force and estimates the real position
of the force. The offered smart sensor is tested together the proposed electronic measuring
part. Appropriate technology for equalizing the sensibility of the two measuring strain gauges
bridges and for calibration of the sensor is proposed. The smart sensor has been applied in
devices for static and dynamic wheel load determining of railway carriages.

1. Introduction

The differences in the static load on the railway vehicle wheels cause substantial negative changes in the
process of their interaction with rails. These changes influence on the traffic safety and on the values of the basic
reliability characteristics of the running part of locomotives and carriages as well as of the track.
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As a result of the locomotive’s spring system parameters changed in the process of exploitation,
differences in the static load of wheels deviating from the minimal ones could occur as well [1]. The
differences could be reduced near to their minimal values by corrections in the spring system. To do that,
it is necessary to preliminarily establish the particular load on each wheel in the vehicle static position.
With freight cars, the load of their wheels mostly depends on the load disposition. For this biggest group
of railway units the problem of the differences of the load on different wheels is particularly significant in
connection with the traffic safety and reliability. The quite serious problems can be solved by a system of
measurements of the vehicle wheels load in condition of movement.

2. Strength Sensor Construction

A wide range of world-renowned companies offer strength sensors with approved structures [2, 3]. Those
classical structures cannot directly be employed for the purposes of wheel load measuring in railway transport.
In [4] is presented a smart strength sensor for load measuring of railway carriage wheels (fig.1).
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Fig. 1. Construction of the smart strength sensor

The wheel load measuring is done on a special stand that, according to modern concepts, is with
immovable sensors of wheel load. A variant of such a stand is the strength-receiving rail being the wheel
load sensor itself [5]. That means, the strength sensor is an element of rail-road (part of rail), mounted on
standard rail clamps at both ends.

From mechanical point of view (see fig.2) the strength sensor is built on a peace of standard rail type P49
with length of 1140 mm. Strain gauges are mounted in the niche area of the peace of rail at its end zones on the
two journal sides milled symmetrically to the rail axle beforehand. Electrically they are connected in a two full
bridge circuit. The scheme of the strength gauges connection provides the signal received by bridges to be
proportional to the tangential force at the section where the bridge is located. The distance between the bridges is
700 mm. To increase the transfer factor, at the places of strain gauges the rail journal thickness is symmetrically
decreased. The bridges are built of XK 11K 3/350 type strain gauges and are applied according to the complete
mounting technology recommended by Hottinger Baldwin Messtechnik Co (HBM).
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Fig. 2. Scheme of strength sensor load
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The smart strength sensor includes an embedded microprocessor system that enhances the signals
from the strain gauge bridges, transforms them into digital code and does a digital filtration of the signal.
For that purpose AD7730 integral circuit produced by Analog Device Co. has been used. Both strain gage
bridges are connected with two separate channels of AD7730 integral circuit. That allows reading
individually the signals coming from the two bridges. The sensors are included in a local network built
with a data bus topology.

3. Strength Sensor Testing

The main prerequisite for strength sensor application is to determine the sensor zone which is
remote enough from the places where the internal forces in the rail are measured. That helps to avoid the
local effect of the force applied (the zone where the principle of Sen Venan is applied), i.e. to determine
the zone where the wheel can be positioned and its load measured [6].

The zone where the local effect of the force applied onto the sensor spreads is an object of study in
a theoretical paper that with the help of analytical and numerical methods in the theory of elasticity
(generalized methods of finite integral transformations and the methods of finite elements) has established
its value of 0.14 m for a certain sensor. From the practical point of view one of the most interesting results
of the study mentioned above is that the zone of force local effect gets larger with the decrease of the rail
journal thickness at the places of strain gauges mounting.

To obtain experimentally the data necessary for the study, a test set presented in fig.3 has been used.
It consists of a metal frame inside which the sensor to be tested is put. A hydraulic jack is used to load it.
The force of the jack is measured by C15BC4 standard sensor of HBM. The standard sensor is for the
nominal force value of 200 AN with a maximal permissible error of 0.05 %. It is connected into the local
network together with a personal computer and the tested strength sensor (fig.3).The method proposed
reflects the main results of the study carried out to determine the zone where the local effect of the force
applied onto the rail by the wheel spreads.

The realized values of the force applied are within the range of 50 + 120 kN with a step of 10 kN.
Ten measurements are done for each force value. With the frame moving, loads with a step of 0,05 m are
realized along the rail length between the places where the strain gauges are mounted.
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Fig. 3. Experimental strength sensor test stand
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The received from the two force-measuring bridges of the sensor tested signals N; and N are in a
function of the value and the point of force application P (fig.2). They are processed in the following way:

— the reactions Py and P; in the supports of the force sensor are determined as a function of the
value and the point of force application P;

— the relations of the signals by the bridges and the relevant reactions are computed N;/P; and Ny/Px;

— the obtained values of relations N;/P; and Ny/P; are regarded to those obtained for the case when force
P is applied to the middle of the sensor Ny/Pyo, Nro/Pro, the obtained numbers being marked with &; and Az

(1

— for equal distances of the bridges to the point of force P application the values of coefficients k;
and &y are averaged as the coefficient k,,

ke = @5 2

—values N;/P; and Ny/P; are averaged in the zone out of the local effect one, as coefficients m; and mpg

1 1
m, =— E ﬂand m, =— E &, 3)
n P n P,

where 7 is the number of averaged relations of N;/P; and Np/Prg;
— the ratio ¢ of m; and my, is determined, that shows what corrections in the sensitivity of the both
sensor measuring channels have to be made in order to be with equal sensitivity and the sum of their

signals be proportional to force P:
_m
q= A (4)
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Fig. 4. Signals from strain-measuring bridges depending on the point of force sensor load

4. Locomotive spring system adjustment ideology

The wheel static load measuring is done with immovable sensors being part of railway. That allows
the load of all the railway vehicle wheels to be measured at one and the same time. The technology of
locomotive spring system adjustment consists of a specific measurement channel and a computer based
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data acquisition system as shown in fig.5. The measurement channel is a typical railway channel with
force measurement devices placed under each locomotive wheel. The number of measurement devices is
12 (for a 6-axles locomotive). They are laid on a horizontal surface with diversions of + 0.3 mm.

Fig. 5. Structure scheme of the locomotive spring system adjustment

The methods developed give a possibility to achieve the condition of the best spring system
regulation by corrections in the dimensioning spring distances and selecting springs of certain force
features. Fig. 6 is an illustration of the methods of regulating a six-axle locomotive.

The data of the loads of individual wheels (lines 4 and 5), the absolute (lines 3 and 6) and relative (lines 2
and 7 in percentage) deviations from the average loads of wheel, wheel axles and bogies compared with the
accepted tolerance are displayed. The percentage deviations for the condition of the best regulation (lines 1 and
8) have been worked out as well as the calculated values of the corrections to achieve that condition.

Fig. 6. Displayed information by technology of the locomotive spring system adjustment

5. Measuring Load on Wheels of Running Vehicle

The system of measuring the load on the wheels of running railway vehicles is implemented in a
track section in the region of a locomotive shed or station. The track section with a length of not more than
50 meters is characterized with:

— small differences in the levels of the two rails;

— small changes in the railroad elasticity.

It is appropriate to use a section with a dense sleeper grid. A fundament with a length of 2 m is built
in the middle. Two force sensors are mounted on that fundament with the help of rib bases. Each sensor
measures the load on the wheels of one wheel axle (fig.7).
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Modified strength sensors with a length of 1360 mm have been used. Each modified sensor contains two
independent analog-to-digital converters for each strain gauge in order to increase the speed of passing vehicle.
On the basis of the theoretical analysis and the experimental test under lab conditions it has been established that
the band where the output signal does not depend on the wheel position on the rail is approximately 400 mm.
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Fig. 7. Equipment for dynamic wheel load measuring of railway carriages

Fig.8 shows the record of measuring the load on a certain wheel on a sensor in the direction of
“going in” and “going out”. There are present the signals of each of the strain gauges separately and the
load summed and registered by the censor. The load on the wheel is determined as an average value of the
load summed in the field of the censor position insensitivity.

A specific algorithm for processing the collected data is created. It aims to localize the zone of
insensitivity. The algorithm is one-directional, i.e. it processes the signals in the sequence as they arrive.
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Fig. 8. Experimental results for tree sequential passing of the locomotive wheel

6. Conclusion

The stand equipped with the sensor mentioned has considerable advantages with respect to indices
of economic, technological and operational character compared with other possible solutions. Its
metrological indices can be high in principle and can satisfy the needs with measuring the wheel load on
the base of the expected differences in their load.

There are 8 stands built for the needs of the Bulgarian railways where the measurement devices are
connected to the central computer by networking. From a technical point of view, the advantages offered
by this technology are the low price, good metrological qualities and high reliability of the system. The
continuous improvement of the smart measurement devices has a substantial influence on all repairing and
operational locomotive enterprises. That is the reason for the perspectives of building such stands or
modernizing the existing ones.
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DYNAMIC TEMPERATURE STATES
IN THICK - FILM MICROELECTRONICS ELEMENTS
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Onucano TeopeTHYHMI aHAMI3 (MOPIBHAHMIA 3 eKMIIEPUMEHTAJIbHUMHM JOCTiIKeHHIMU)
AHMHAMIYHUX TeMIEePATypPHHUX CTAHIB 0araTomiapoBHMX MiKpocxeMm (BHI'OTOBJIEHHMX 3a TeXHO-
JIOTiISIMH HM3bKO- i BUCOKOTeMIIepaTypPHOI Kepamikn). TemnepaTtypa Ma€ BaskJiMBe 3HaAYeHHS B
0e3BiAMOBHII po0OTi eJIeKTPOHHUX NPUCTPOIB (AJIs1 MPUKJIALY, B TAa30BUX CEHCOPaxX, BUTOTOB-
JICHUX 32 TOBCTOILTIBKOBOIO TEXHOJIOTi€I0, TeMIepaTypa BU3HAYA€ OCHOBHI ImapamMeTpH, Taki
SIK YYTJMBICTh i CeJIeKTHBHICTB) i 3HAYHO MiABHINY€E PH3UK NOABHU JedeKTiB y CTPYKTypax.
Hageneno 0a30Bi MojeJi Ta npoueaypy po3B’si3aHHsI cMcTeMH piBHsIHb. Po3B'A130Kk U1 THUIIO-
BOI TOBCTOILTIBKOBOI CTPYKTYPH MOPiBHIOBAJIM 3 eKCIIePUMEHTATbHUMH J1aHUMHU. Po3riasinyTo
0araro ¢gaxkTopis, sIKi BIVIUBAIOTH HA TOYHICTh OTPUMAHMX pPe3yJIbTATIB.

The theoretical analysis (compared with experimental investigations) of dynamic
temperature states in layer microcircuits (made in LTCC or HTC technology) has been described
in the paper. Temperature plays a very important role in proper operation of microelectronic
devices (for example in gas sensors — made in thick-film technology — it determines the basic
parameters like sensitivity and selectivity) and significantly increases the risk of various defects.
The basic models and solution procedures of analytical equations system have been presented. The
solution for the typical thick-film structure (active layer placed on alumina substrate) has been
compared with the experimental results. The many factors which have influence on accuracy of
obtained results have been taken into consideration and discussed. The results of analysis can be
used in researches with reliability and tolerance aspect of microsystems (intensity of degradation
processes) as well as in determination of thermal properties of the designed systems.

1. Introduction

The intensive development of modern electronics, especially the significant extension of
miniaturization is causing the high values of thermal power density generated in particular elements of
microcircuit. Moreover, the bigger numbers of microcircuits operate in pulse regime. The emitted heat in
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