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1. INTRODUCTION

Thermal imaging has evolved into one of the modtialsle diagnostic tools used for predictive
maintenance. Thermal imaging, also called thernpalgrais the production of non-contact infrared;twrat”
pictures from which temperature measurements camdme. By detecting anomalies often invisible t th
naked eye, thermography allows corrective actidoreecostly system failures occur. Portable infda¢eR)
imaging systems scan equipment and structures,itiséamtly convert the thermal images to visibletynies
for quantitative temperature analysis [1].

Quantitative infrared thermography NDE methodsrame—contact fullfield techniques whereby an
IR camera with digital sensors is used to detedllsananges of temperature due to different souf2gs
The later can be in the form of an irreversiblelagbelectro-mechanical load. The overall goabistibject
the structure or the material to thermo mechardefdrmation that produce spatial variations in sheface
temperatures and allow correlation between mead&dikld and the stress or strain on the surfabeder
adiabatic and reversible conditions in isotropictemnals, the application of a small cyclic load Ivisiduce
small and repeated variations in temperature tteapeportional to the sum of principle stresses.

At present the Railway automation still uses ugtadlay systems for train traffic management.
There have been used relays with specific constructefined as elements with asymmetrical failure.
Within these elements the probability for failuppé 0— 1 (instead of logical 0 in case of failure in et
to appear logical 1) is slightly small, comparegbtobability for transition 1- 0. Based on that, the securing
systems are synthesized in way that when systelordadccurs to avoid danger-out development of the
transport process. This leads only to motion susiperof the machine, but not to crash. In a sydikerthis,
for middle sized train stations are used over hedidelays. A problem of significant importance tioe train
traffic is the contacts wearing-out and performiqgimal regime for replacement.
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The diagnostics of relays (functional test, cafilmaand control of degree of wearing-out of cohtac
closures) usually includes removal of the relayrfreervice to a test environment. Injecting currzmd/or
voltage into the relay and observing the respogserding to the manufacture’s test procedure \esithe
recommended settings. Calibration of electro-meidaarrelays is recommended fairly frequently since
operating mechanisms can wear and get out of aaigurt

2. RESEARCH METHOD PRECONDITION FOR THERMOGRAFY STUDY OF RELAY
CONTACT CLOSURES

There are four working regimes of the contacts. difference is result of the electrical conditions,
physical processes and the wearing-out. Two ofetipesiciples are in our scope of interest: closetacts
and opened contacts.

Closed contact main parameter is the transienégtaase B. Common ground point of the contacts
is not extended over the whole covered surfacemdtter how good the contacts are polished, thexe ar
some protruding spots in which exactly the contect been made. Currents/electricity lines are gathat
the contact areas. This defines the density resisfac. It depends of the material of the contacts, ttalt
shared surface and the contacts pressure. By Bingethe contact pressure, the numbers of contziotg
are also increased. The contact resistance depdsdsirom the resistance of thin layers formed loa t
surface of the contacts. Transience resistanagcigasing in the working process with the contaearing
out. A thermographic can display the gathering h# tines, respectively the count and the total acint
surface. In this manner back at producing stagéd#tecontacts can be removed, in order the reliagey
work to be guaranteed at high voltage commutatianthe exploitation process the thermographic can
provide information of contacts wearing-out dega@el to determine which contact closures are sulgfect
replacement.

Under contact opening the resistance is changimg RO too. When opening contacts a tension
between them occurs. In the beginning the distdmemveen the contacts is small and it is possible
occurrences of discharge phenomena. Those phencanerannected to destroying or carrying out malteri
from one contact towards another. If demolitionsinet occur, then occurs high increasing of thghoess,
respectively to the transience resistance of tbeed contact. This stands behind the conceptiontécts
wearing-out”.

At circuit commutation with inductive characteregtiwhen contacts has been open, a jump in the
voltage is been observed. This increasing is dubdsaved within inductivity magnetic energy. Hime of
the occurring tension is directly proportional tmluctivity, of the speed of the decreasing voltagd it is
inversely proportional to the active resistancetted circuit. The inductive characteristics sub esrthe
arising of discharge phenomena and the wearingbtite contacts. Total avoidance of those phenongna
not possible. The question is conditions to betek#or quick suspension of these undesired events.

3. METHODOLOGY OF THE THERMOGRAFY EVALUATION OF THE EL ECTRO-
MECHANICAL RELAY

Two types of electro-mechanical relays have beseamrhed: neutral relays of thEMIII1-400
type, which are designed to work in DC electrideddt and which are used for signaling, centralmaand
interlock devices in railway automation and neutstdrter relays of théIMIILI-900 type, which are
designed to work in DC electrical circuit and whiate especially developed for switching systemsl lise
railway automation.

Signatures of thermographic measurements wereteegisat various active loads (05 1A, 3A,
and &) and at various frequencies and commutated pos&rA, 150VA, and 300\A).

The degree of wear-out has been determined by aimgphermographic signatures of new carbon-
metal and metal-metal contact closures and usedacorlosures. This comparison was also used to
determine remaining resource values of contactichss

For the thermographical researches it is used tReca type FLIR P640 with 24ens and close up
lens 50um [1]. Thermography is based on relays real-tineess of working. The image has been taken as
sequences with different frequency of reiteratiod or different volt-ages of commutation. An aereted
test of the wearing-out of the relays was alsoiedrout. The criterion of wearing-out is the altgian of the
resistance, respectively temperature under equahtdation voltage. Under data processing was rézedn
the fact that the heat is generated buried dedgbeigsrelays structure with loss of thermal insatabetween
the heat source and the surface the IR camergisd@gct measurements). After identifying the zenéth
increased temperature and defining the possibloresa the tested relays were disassembled forrowatfon
of the reached conclusions.
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Fig.1 shows thermograms of an unsealed relay vdtbecup lenses.
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Figure 1. Thermograms of new contact closures cotaimg at idle: a) contact type metal-metal and b)
contact type

Fig.2 shows thermograms of contact closures ot#rbon-metal and metal-metal type loaded with
reactive load and commutation frequency 3.5 Hz.
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Figure 2.Thermograms showing a) an old contact closure ¢gpbon-metal and b) a new contact closure
type metal-metal

For the thermographical processing of image seqsembermaCAM Researcher Pro 2.9 was used.
Fig. 3 shows data of thermograms of hermeticallglez relays with new contact closures which are
processed with this software.

Fig.4 shows results of the study of carbon-metalmwaut contact — a 3D image, thermogram, and
contour analysis. In the research process a dependetween the power of a commutated circuit dued t
temperature of the contact system was establiSttedresearch was conducted using hermetically deale
unsealed relays.

Research was done for both hermetically sealed wmskaled relays using synchronized and
unsynchronized frequency of frames and commutatioeasuring the temperature of a specific commugatin
element at a specific power of commutation in adavimg circuit when the relay is commutating.
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Figure 3. Results of 200 sequences of a new codiastires for hermetically sealed relay.
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Figure 4. On the left is shown 3D view of a nonk@aye contact closure. On the right (up) are shdwen t
thermogram and contour picture (down) of the saawkaged relay contact closure.

A solution was found to the problem of estimatifg ttommutating power when commutating
elements that are not worn-out are used.

The wearing-out of commutating elements leads ¢oemsed temperatures that are 38=50igher
than the normal temperature at one and the sammutated power.

For non-contact characterization and identificatbdérthe critical contact closures is used additiona
specially developed software for IR image processiith 24-bit color dept. The process speed isiBagmt
500 000 pixels are fully analyzed for 1-5 secoritlise CTE controls the pollution levels by managing
separately the color channels for each pixel.
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The developed approach is a comparison of imagentiiehistograms for one and the same object
under different load stage. On Fig. 5 is shownvieey of the software and on the Fig. 6 - thermatdgram
of the same contact closure for temperature rang€°a and 49.4C respectively.

([-‘"_:lR Image Tweaker, version 1.03.03 build 0061

IR Source Batch Processing

IR Image File
IC:\Documents and Settlngs\annl\Desktop\Se‘il

Load Source Image |

" Single Image Processing

Min, Temp, Max. Temp.

B [

Refl, Temp Abm, Temp.

] White Emitkance Transmittance:
e fm

Color Paollution: 20%

Update Source Palstte |

(+ Temperature Range Filter

From To |
Range 1 29 38

Rangez |38 42

Range 3 42 45

Range¢ |45 49,4

40 é’ Histigram Color Probes

| Generate Thermal Histogram I

Image Thermal 30 Yiew |

Figure 5. A view of the software of relay contaldtstres evaluation
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Figure 6. Thermal histograms: a) for a single thegram and defined temperature ranges and b) batch
thermal histograms of a good contact for sequences.

The thermal histograms can be compared in foutrarby selected temperature ranges. In case of
batch processing of series of thermograms of odesame object is carried out under different wagkiates
(respectively to different surface temperatures).atcordance of the duration of transitions prgocess
individual snapshots can be generated after theynadic equilibrium is occurred, or automatically by
setting interval of time between the individual gsiaots with frequency up to 30 Hz. When the cangra
controlled through computer, snapshots can be takéme interval larger than 10s.

In this manner a criteria for diagnostics and resewvaluation of the tested relays was formed on
the base of the outcome thermal histograms [3].

Hot spots are formed in the areas around the cnieading to the appearance of locally increased
temperatures on the surface. On-line thermal sognof these surfaces will identify the hot-spotsl an
severity of the fault (see Table I). Attending #dault points will, of course, reduce the breakdaf the
signal system and reliability can be improved.
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Table 1. Criticality criteria of thermographic sagvof the electro-mechanical relay

Severity Criteria Criticality Recommended action
load (differential temperature above ambient) condition
1 Up to 16C Non No action is needed
2 Between 1T and 26C Less Regular monitoring is needed

Close monitoring needed. Should be attended in
the next opportunity.
Should be attended immediately as per the
severity.

3 Between 28 and 46C Semi

4 Above 46C Critical

4. CONCLUSION

In this article are presented results from theiappk of thermo-monitoring methods and processing
of IR images for diagnostics of relays contacts nmgpout. In great significance for Railway safety
equipment stands the solving of the problem withdhtimal regime for replacement.

On the thermographic image the areas of increasgdtance and worn-out contact closures can be
monitored. In such manner using periodical inspactbad relay contact closures can be detectedyvenn
or replaced. A methodology and software to forghmation of the resource of contact closuredexftio-
mechanical relays were developed.
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