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Abstract. A possibility of diagnosing the welded joints imet components of powered roof
supports used in longwall panels of hard coal miiesnalysed. It was found that the
magnetic-and-powder method is most useful for tpatpose. Devices which facilitate
assessment of technical condition of welded jamisanopies and bases are discussed. Design
and principles of operation of welded joints liquidtector adapted for operation in industrial
conditions are presented. Two ideas of a magnadiadtor for technical diagnosis of powered
roof support components by the magnetic-and-powdsthod is discussed.

1. Introduction

Conditions of the power roof support operation angwall panels of hard coal mines cause their
exposure to intensive destructive interactiongjileato the loss of functional properties and reigdunc

in their technical safety. High load from the roglass pressure, corrosion and abrasive wear are
synergetic, mutually increasing the intensity oftdéctive processes. This applies in particular to
canopies and bases, and especially to their wédilets [1, 2, 3]. The necessity of taking into agob

the synergy of destructive processes in assessaoietite roof support virtual prototype is also
emphasised by other researchers [4].

Variability of operational load to the roof supphb#s a typical zero-pulsating character with a high
amplitude of force and the main frequency resulfirgn the roof support operating cycle. These
loads generate high strain, leading to formatioth progress of fatigue cracks, typical for low-cycle
load. Low cycle fatigue is characterized by theunmnce of plastic deformations in the crack zone
and high rate of crack progress [5, 6].

The critical crack length at which the rapid accatien of the crack progress begins, leading to a
full fracture, in the case of low-cycle fatigue stbel components is much smaller than the critical
crack length in the case of fatigue destructiothef components operating in high cycle ranges. The
above applies in particular to the welded jointkjch, by their nature, constitute strong constorei
and structural notches causing the stress accuonla]. In addition, there are high welding stess
in the weld zone, often of unfamiliar distributi@md character. In the case of spatially complex
components such as canopies and bases, it is iffioplt to remove welding stress using known
technological procedures [5, 8].
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In the described situation for maintaining the techl safety of the roof support, it is necessary t
diagnose the technical condition of its compondm@guently, with special attention to the sensitive
welded joints. This diagnosis often takes placedifficult conditions of underground mines.
Therefore, the diagnostic methods used in thesalittoms must be simple and of low labour
consumption while maintaining high efficiency, aglwas low sensitivity to external operational
disturbances. Among many defectoscopic methodsiaafndsing the machine components, widely
described in [9, 10], the penetrating and the miagneethods deserve special attention.

Use of penetrants consists in covering the tesbeés with special liquid that penetrates fatigue
fractures and other surface defects. After a remol/axcessing liquid and lighting the tested zone
with special ultraviolet lamps, the penetrants ri@ing in fractures, are clearly visible, revealitigp
places of defects and cracks. Penetrative methodble only a detection of defects and cracks
occurring on the machine component surface and @mhaccessible places. This is the main
disadvantage of these methods. An additional daatdge of the methods is a need for a special
preparation of the tested surface, which is difficin the case of intensive corrosion and
contamination of the component’s surface in minekimgs. The penetrants are usually prepared in an
aerosol form, where the carriers are combustibleests, what makes their use in the workings
threatened by explosion hazard impossible.

The magnetic methods are free from the describgalddanteges. In particular, magnetic-powder
methods are very useful [10]. They use magneticdeowe.g. magnetite powder or other very fine
ferromagnetic particles), which gathers with greateensity in fatigue fractures of steel composent
revealing the cracks or structural defects. Thegmssing fatigue cracks in the steel components,
activate magnetically the fracture zones, so inyr@ses there is no need to use the external megnet
field. When the external magnetization is induaedhe cracks zone or structural defects zone, the
described effect of gathering the magnetic powdsurs more intensively, because the cracks and
material defects change the lines of magnetic figle main advantage of the magnetic-powder
methods, in addition to their simplicity, is theigh efficiency, even in the case of invisible &®and
subsurface defects

2. Liquid detector dedicated to the magnetic-powdemethod

In magneto-powder defectoscopy, dry and the wethaut are distinguished [10]. With the dry
method, a magnetic powder is applied to the testethce after properly oriented magnetisation of
steel component. A high consumption of magnetic ggwand a need to prepare the surface by
removing contaminants such as varnishes and layfec®rrosion, which may be difficult in mine
conditions, are the method disadvantages.

In the wet variant, the magnetic-powder method lg@ansists in applying a thin layer of quick-
drying white base coat on the tested componetatfanm of aerosol. Then, from the second container,
a suspension of black finely dispersed magneticdeovn the liquid carrier is sprayed on the coating
layer. However, the use of aerosol pressurisedagmarns with flammable carrier substances cannot be
accepted in the workings threatened by methaneardust explosion hazard.

In the situation described above, it may be bdtarse a special liquid detector whose design is
shown in figure 1. The detector is a vessel (1) enaflthin, flexible polymer (for example rubber)
containing a transparent liquid carrier (2) withraall amount of finely dispersed magnetic powder.
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Figure 1. Liquid detector for localization of cracks andustural
defects during testing the steel components by niagnetic-
powder method (explanation of markings in the text)

The vessel (1) is closed by a transparent lid (&) & seal (4) and a band (5). The elastomer plug
(6) is used to refill the liquid carrier and vehetcontainer inside. The band (5) is connectedhdo t
handles (9) for moving and fixing the detector.

Use of the detector requires shaking the contaimesbtain a homogeneous suspension of the
magnetic powder in the liquid carrier. The detedsothen placed on the diagnosed zone (e.g. weld).
As a result of free sedimentation of the magnetiwgter, it falls down to the vessel bottom, gathgrin
with greater intensity within the zones of magnéititd disturbance generated by permanent magnets
(10) or special inductors, a sample design of wisalescribed in Chapter 3.

An example of using a liquid detector to assesdebknical condition of a butt weld is presented
in figure 1. Weld defects, e.g. fatigue cracksi7a weld or in a heat affected zone, slagging ¢aj
bubbles, short-run castings - are signalled by eggions of black magnetic powder on the
container’'s white bottom. In the absence of weltecs, the bottom of the container has a uniform
grey colour.

The hydrostatic pressure of the liquid carrier éemla good adhesion of the flexible walls of the
container to the diagnosed surface. The surfacéheftested component does not require any
preparation, except for the possible removal ofsmampurities. Surface defects and cracks are best
visualized when the magnetic field lines are pedparar to the extent of defects or cracks.
Therefore, it is advisable to diagnose the welddi@mn at least with two mutually perpendicular
magnetization directions.

After a short time and after shaking it, the deiectan be used again to test another weld. An
observation of the vessel bottom (1) can be fatdd by the use of an optical magnifying glass in
place of the transparent lid (3) and additionatdrgitlighting. The detector facilitates a photodpiap
recording of the weld damage condition for keepting archieves of the damage or, for example,
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tracking the progressing fatigue crack. The deedriimuid detector enables a good assessment of the
crack size or structural defect of the weld. To eamtent, it is also possible to use foe an esiimat
of the depth of the subsurface defects

3. Magnetic inductors adapted for assessments of lde in powered roof supports by the
magnetic-powder method

Fully reliable results of diagnosing the technicahdition of welds, especially for monitoring the
development of fatigue cracks during the use ofgbeered roof support, are conditioned by the
retention of repetitive magnetization parametersuibsequent weld condition evaluation cycles.

It is difficult to obtain the required repeatabilitf the magnetisation state of the tested roopstp
zones using the standard inductors with rigid p@ena magnets or electromagnets with rigid pole
pieces because the surfaces of the roof suppompaoents, especially welds, are usually exposed to
intensive corrosive interactions, plastic deforimasi and abrasive wear. In addition, in the condlitio
of many mines, the powered roof support componarasoften covered by difficult-to-be-removed
crust of mineral impurities. Such a condition oé tloof support surface causes for example that the
Solver inductors with four flat joints [9], or Paddype DFN flaw detector [10], are of little useedto
their inability for ensuring repeatable adhesiontludir terminals to the tested surfaces. Besides,
inductors with flat joints, at the connections loéit segments, show a big loss of magnetic fluxeseh
losses are also dependent on the angle of the joartding.

Non-articulated inductor, presented in figure 2, fiee from the disadvantages described
above [11].
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o

Figure 2. Non-articulated inductor for the components
magnetization in  magnetic-powder method [11]
(expalnation of markings in the text).

The inductor core is made of a pack of loose rdgsof the square or regular hexagon cross-
section.

Each rod has a possibility of independent, free enment along its axis. The rods (1), made of
transformer silicon steel, are loosely mounteduidgs (2) and (2a) and held in starting position by
individual springs (3), supporting one end with o plates (4), and the other end with internal
guide bar (2a). The thrust plates (4) are clampedhe rods (1) guides (6). The cover (5) is
permanently connected to the guide (2) and thebatibin (8) by screws (9).
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Core rods can be monolithic or made of transforsherets glued together (figure 2, fragment “b”).
The side surfaces of rods (1) are covered by lastidn coating (e.g. Teflon) to reduce the friction
force and to isolate from eddy current inducedadsrafter switching on the inductor electric power
supply system.

Under pressure exerted on the tested surface @) @d slides partially to the inductor interior
and the springs (3) secure a permanent contactidttested surface. The current direction in thike c
(8) should be selected in such a way that an el@etgnetic force, acting on the core, is directeithéo
tested surface (10). After the test completion @mloving the inductor from the tested object, atls
return to the starting position automatically. doessary, there is a possibility to fix all thegad a
fixed or removable clamp (12) by the screw (13)aff¢an be useful e.g. during testing the numerous
identical components. The inductor can be usedmbination with another the same inductor or with
permanent magnets.

The method of using non-articulated inductors &sting welds is given in figure 3 [11]. A sample
position of a crack or other flaw is marked by .“x”
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Figure 3. Example of using two non-articulated inductors @iiagnosing the weld
[11] technical condition. "x" — position of cracks.

The inductor ensures a permanent contact of alidtie with the tested surface securing a constant
magnetization conditions despite a change in shafpéhe surface. Lack of articulated joints,
eliminating a loss of a magnetic flux, enables syifige inductor with a current of lower voltage, ath
increases the work safety and reduces the powesuogstion. A non-articulated magnetic inductor
(figure 2) can be used for a demagnetization of tdsted object at the proper power supply, if
necessary.

Another suggestion of an inductor design, intenidedliagnosing the components, such as welds
in powered roof support parts, is presented inrigt This inductor can be used in a version with
permanent magnets (1a) or in a version with a(@tj. An exchangeable and movable segment (2) is
attached to one of the fixed parts of the inductme (1), connected by the screw (12) with a pack
permanent magnets (1a) or the coil (1b). Its pwsis fixed by a clamp (8) with a screw pressiay (
Strong tightening of the screw (4) enables goodamirof the inductor's core components resulting in
small magnetic flux losses. Pole pieces (5) areentdidoose steel balls (9) of small diameter, ithestia
in a flexible enclosure (6), made of, for exampién rubber. The pole pieces are attached to tds en
of the core by clamps (8) with clamping screws (7).

A small amount of oil lubricating the balls (6) waslded to the enclosure interior for an
anticorrosion protection and for a better adaptadibpole pieces to the tested surface (10), (11).

In the case of using the coil (1b) an adaptatiopadé pieces to the tested components is enhanced
by electromagnetic forces generated after switchmghe electric feeder. The components (1) and (2)
of the core are made of transformer sheet packsembed with glue and additionally with rivets.
Clamps, screws and rivets are made of paramagmatierials such as brass.
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Figure 4. Inductor with a pack of permanent magnets (1a or
coil (1b) for the components magnetization in thegmetic-
powder method (explanation of markings in the text)

Examples of using the fluid detector (13), desdatilveSection 2, for testing welds in powered roof
support components of different spatial configunatand cooperating with the inductor with flexible

pole pieces are presented in figure 4 and 5.
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Figure 5. Example of using the inductor with flexible
pole pieces and the liquid detector for diagnosing
welds. (expalnation of markings in the text).
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A new design of the inductor gives a good repebtatmf a roof support magnetization during
diagnosing of welds technical condition. Due to khegses in magnetic flux, the inductor ensures a
high magnetization level at reduced voltage of posugply.

A liquid detector and magnetic inductors, descrilvethis article, can be used for testing different
components to detect cracks or structure flaws.

4. Conclusions

From a number of methods applied for technical mistjcs of powered roof support components,
especially those realized in underground mine ¢, the magnetic-powder method in the wet
variant is most useful.

The article describes a design of the fatigue @aaid structural defects liquid detector to be used
for diagnosing the condition of powered roof suppa@omponents, with special emphasis on welded
connections.

The described inductors, used for magnetizationramf support components, have many
advantageous functions especially for diagnosinghim& components in conditions of underground
hard coal mines.
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