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Abstract — A method of eddy-current defectoscopy of
graphite eectrodes is considered in the article. Imitation
modeling of electromagnetic processes was performed, and a
device based on a microcontroller for monitoring the integrity of
the graphite electrodes was developed. The device has
electrotechnical characteristics with a smaller time cycle of
measur ement.

Keywords — nondestructive control, eddy-current analysis,
device for the control of the integrity, defectoscopy, honmagnetic
materials, graphite

I.  INTRODUCTION

The problem of nondestructive quality control and
integrity of graphite products is open now. There are various Fig. 1. Electrodes for arc steel smelting furnaces
methods of defectoscopy of materials. For the researching of
integrity, a nonconducting electric current of materials is
suitable: acoustic, radiation, infrared, radio wave, electron- Il. THEORY
optical (partial discharges), capillary defectoscopy, etc. For

researching the current-conducting materials, magnetic [1 raTrr:ﬁeE(r:ggggg):jo(gsTgtng:(acﬁlégnt%ean:astéizzp:rr?tlogagnce
eddy-current [2], electrospark [3] and thermoelectric P P P pp

defectoscopy [4] can also be used. of defect_s in the form of cavitigs and crac_ks. External defec_ts
are relatively easy to detect visually, which can not be said

The graphite, which is used as electrodes [5] in arc steehbout internal defects. For defectoscopy of graphite electrodes,
smelting furnaces, is the substance having high conductivity df is advisable to use more complicated methods [11-14]. The

about 0125MSI[m, which is smaller than that of copper abouteddy-current method implies a change in the penetration depth
400 times. by a variation of frequency of test current according to the

) ] ] expression:
Now ultrasonic (acoustic) defectoscopy is often used for

quality control of electrodes of arc steel-smelting furnaces 5 1
Fig. 1) [6]. N E— 1)
(Fig. 1) [6] 70f

Lack of the ultrasonic method is the high coefficient of
attenuation of acoustic waves in material, which is stronglyhere o - depth of current penetration, m;
complicating its application to electrodes, which diameter
exceeds 1 meter, causes increased wear of piezo-acoustic f - current frequency, Hz;
sensors of the control element as well [7].

= U, LU, - magnetic conductivity, H/m;
When choosing a method of defectoscopy, it is necessary H=Ho LAy gneti Hetvity

to take the most characteristic properties of a controlled O - electric conductance, 18:

product into account [8]. ) o )
An electric current penetration into graphite at a depth of

Graphite does not have transparency for diagnostics @f5 m characterizing a 2.71-time loosening of a current

clearance and hardness .for monitqring by frequency a”ﬂ'ensity at this depth, requires the frequency of 8 Hz.
acoustic resonance duration, graphite conducts an electric ] - ) ]
current well enough. When having cavities or foreign nonconducting

o £articulates of a product at some depth, the equivalent
The choice is due to the offered eddy-current method [$onductivity of this section will be changed in proportion to
10]. the relation:
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S-S, The prevention of side redistribution of currents, limited to
Ks = o (2)  the cylinder with an internal diametdd-2[d and external
= D will be able to strengthen change of electric conductivity
according to (2).

where S= /(DD -05%) - cross-sectional area of the

graphite electrode, streamlined by the main current; It is known that along with skin effect at an arrangement
. near conductors with opposite directed currents, the effect of
D - outer diameter of the electrode; proximity takes place according to which there is a

replacement of currents on side surfaces. Use of this
phenomenon in combination with the eddy-current method

From (2) it is seen that in case of occurrence of defet;'Dfant'ﬁiSr d(fu;rr?nt éjoenndslljté/tosgftv\llﬂhthgufgcr;tlonTﬁLE gtr;;l;P;lteiSc%rr?
which is close to the center of the electrode, when D /2, y pary ' ’

the conductance increment with the reduction of frequency quportunlty Of. special com_bl_natlon of currents in the metal
cores located in close proximity to the studied object to define

;:nu{rzeen;Ing:fter}(r)fjsov(\)/m:::]r?jrgei i'g?'g\/'gﬂgg;m of conductancqhe _Qiagnosed core sector that considerably increases
' ' sensitivity of an eddy-current method, as well as allows one to

The general factor, considering influence on electridocalize the defect place in graphite.
conductivity of a graphite electrode, as well as defect lengths

S, - cross-sectional area of the foreign inclusion.

along an electrode axis, is given as follows: IIl. SIMULATION
For receiving a possibility of localization of internal
Kk :&: ks [+1(L-1) - L-@d- ks) [l 3) damage place, and also the empowerment of the defect
g, L L ’ influence on electrical conductance of a graphitized electrode

near or around it, there are 6 thin metal rods distant from each
where 0, - equivalent electrical conductivity of a graphite other at angle7z /3. Current in each N-th rod is changed by
electrode in the presence of a defect; the function of a sine with changing frequendyand phase

0, - electric conductivity of a graphite electrode; ¢N :

L - length of a graphite electrode; Iy =1,t9n@2inlf it+¢,). (4)
| - defect length along an axis of a graphite core. Electrical conductance is measured with different
frequencies of current in it and combinations of currents in

So, for example, the defect in the form of a nonconductingnetal rods, which set desirable extrusion of current in the
cavity of cubic form with a size ofl = 0.1[D, located in the  graphite rod.

maximum proximity to a surface of the length of a graphite
product, L =3I[D, will change its resultant conductivity when
diagnosing by the eddy-current method wih= d only with

Using the eddy-current method at a frequency of 8 Hz
according to (1) sets, the 0.5 m penetration depth of current
and the effect of closeness, created by metal rods, distorts

0 .
0-11%: distribution of a current density on the sector in a transverse
K 70009D2 - 001[D?2 09646 section of the rod.
S 70O9D? . Fig. 2 presents the current distribution of density in a
K= 3 (+ 09646[0.1 _ 009882 transverse section of the graphite rod with defect at a
- 3 - frequency of 8 Hz. Simulation is executed in a FEMM4.2,

Current density distribution in a graphitized electrode,
Using in a formula of weight coefficients of length®f  depending on frequency and a phase of currents in rods, is
the defective and not struck sectbr-| of a core is true as Pprovided in Fig. 3.
distribution of currents before and after defect is practically
leveled.
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a) b)
Fig. 2. Current density distribution in a transverse section of an electrode with a frequency of 8 Hz: a) vertical current density distribution; b)
horizontal current density distribution. 1 — Graphite rod. 2 — Place of defect. 3 — The metal rod for current displacement
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Fig. 3. The diagram of current density distribution in a graphitized electrode: 1 — with a frequency of 8 Hz and horizontal current density
distribution; 2 — with a frequency of 8 Hz and vertical current density distribution; 3 - with a frequency of 80 Hz and horizontal current density
distribution; 4 - with a frequency of 80 Hz and vertical current density distribution

Operating with current distribution in an electrode, it iscurrent density was distributed vertically, as it is shown in Fig.
possible to direct electric current in a desirable trajectory s@, and it corresponds to the diagram in Fig. 3. In case of
that it crossed serially all areas of a graphite electroddiorizontal current density distribution (Fig. 2) with the
carrying out scanning. Comparing conductivity of a graphitediagram of a current density (Fig. 3) and other equal
core when finding the main electric current in various sectorgonditions, the electrode resistance will be 25.27 microOhm.
one can localize the place of damage. In this work, an eddy-current method was used with the use of

As a result of calculation, it turned out that resistance of 5he proximity effect at a frequency of 8 Hz.

graphitized electrode is equal to 27.07 microOhm if the
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As a result of the simulation, the electrical conductivity Fig. 4 similarly shows distribution of a current density in a
was determined transverse section of the graphite rod defect with a frequency
3 (- 09339001 _ _ of 80 Hz. Distribution of current density in a graphitized
—= 099778 times or was received for electrode, depending on frequency and a phase of currents in

3 rods, is provided in Fig. 3.
0.22%.
a b
Fig. 4. Current density distribution in a transverse section of an electrode with a frequency of 80 Hz: a) vertical current density distribution; b)
horizontal current density distribution. 1 — Graphite rod. 2 — Place of defect. 3 — The metal rod for current displacement
Further, an eddy-current method was used with the use of V. EXPERIMENT

the proximity effect at a frequency of 8 Hz. The prototype of the device, the structural diagram of

As a result of the simulation, the electrical conductivitywhich is shown in Fig. 5, allows detecting internal defects of
was determined: the graphite electrode.
3 (t 04418001
3

= 0981 times or for 1.86%.

= = = W

Fig. 5. A block diagram of the device for defectoscopy of electrodes: 1 - graphite electrode; 2 - metal rods; 3 - resistance meter; 4 - power supply
5 - generator; 6 - microcontroller; 7 - liquid crystal display

According to Fig. 5, generator 5, controlled in the phase bglectrode 1 by rods 2. Resistance meter 3 is a sweep-current
microcontroller 6, determines the current displacement igenerator and a synchronous voltmeter, adjusted to zero phase
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shift. Thus, the voltmeter readings are proportional to theesult of the operation of the device displayed on indicator 7 is
resistance of the electrode. The change of the frequency tife coefficient of asymmetry, characterizing the linear size of
sweep generator 3 according to the control signal fronthe defect in relative units, as well as the relative depth of the
microcontroller 6 determines the depth of penetration of theefect.

current into graphite electrode 1. As a result, for various The appearance of the device that performs defectosco
depths of current penetration, there are arrays of resistancefs h'tppl trodes is sh in Fi 6p Py
for different phases of the displacement current in rods 2. Thy draphite electrodes 1s snown in F1g. ©.

Fig. 6. The digital device for the control of the integrity of graphite electrodes

The generator that shifts the current distribution in thel2]
graphite electrode is made of a separate body. This geners
is connected to the main unit by a communication cable with
UART RS232 interface; it is shown in Fig. 6 at the top. The
operating mode of the device is set by the buttons on the frc
panel of the main module, located in Fig. 6 below.

(3]

V. CONCLUSIONS

For quality control of graphite cores, use of the eddy [4]
current methods has prospects (along with an ultrasonic on
It is shown that the proximity effect with the eddy-current
method increases the sensitivity of the recording an
measuring means. A device has been developed to dets
defects and various inclusions up to several percent of tl
linear size of the electrode. In comparison with the method «
ultrasonic diagnostics [15], which involves sensory scannin
of the entire surface, the application of the proposed methe
helps accelerate the quality control of graphite electrodes. [g]
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