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Abstract- In the steel tube of a heating furnace iran oil-refining plant, its both surface and oppoge side is carburized. If these
carburization depths are increased, the steel tubavill be exploded siddenly and a big accident may occur. Therefore, &
inspection of these carburization depths is importat. The conductivity of the layer with carburization is larger than the layer
without carburization in the steel, and its permeallity is smaller than the layer without carburization. Therefore, e estimation o
both carburization depths is possible by using thédifferences of these electromagnetic properties. Ithis paper, the new techniqui
of measuring the both depths by using two kinds o&lternating magnetic field is proposed. Tie both depths are obtained b
evaluating the flux density in layers with and wittout carburization steel tube using the 3-D nonlineaFEM. It is shown that the
inspection of both depths is possible by using thdfferential electromagnetic characteristics.
Index Terms— Electromagnetic non-destructive inspection, carbiization steel tube, both surface and opposite sidgepth, 3D
nonlinear finite element method
figure denotes that the permeability in the steddetis

I. INTRODUCTION decreased by the carburization. The conductivitthefsteel
ith and without carburization is measured using elvin
bridge circuit. The conductivities of the steel éuith and
ithout carburization are 2.45x1®/m and 1.91x10S/m,

N recent years, the necessity for inspection of th
deteriorated oil-refining plant in Japan is inceghsin
particular, the non-destructive inspection of a tinga V!
furnace steel tube in the plant is important. la steel tube,
its both surface and opposite side are carburifethese
carburization depths are increased, the steel wihebe
exploded suddenly and a big accident may occunefbee,
the inspection for these depths is important. The

conductivity of the layer with carburization isdar than the
layer without carburization in the steel tube, aitd
permeability is smaller than the layer without eaibation
[1]. Then, the evaluation of these depths is possible by
detecting the difference of these electromagnetic / .
characteristics [2-4]. o
In this paper, the electromagnetic inspection nebtfuy
these carburization depths is proposed. In thidouktthe
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alternating magnetic field of the two kinds of di

frequency using one sensor is applied to the exasniteel 151

tube. These both depths are obtained by evalutgtsdux

density in layers with and without carburizatiosige steel E’l i

tube using the 3-D nonlinear FEM. In addition, the 051 with carburization steel
experimental verification is also carried out. ' (carbon concentration is 3.8%)
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) Fig.2. B-H curves of the specimens with and without carbtinnasteel
A. Model and Analysis Method (STFA26 steel). B .

Fig.1 shows the proposed model for inspecting tbén b
surface and opposite side of the carburizationdépsteel

tube. This sensor is composed of the yokes (lamimaif X
silicon steel plates) for alternating magnetic diednd a exciting coil
search coil. As for the search coil, the z-diremtitbux yokey Nyt i8]0 A
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density B,) on the surface of the steel tube is detected. The
distance (lift-off :L,) between the sensor and the surface of
steel tube is equal to 0.5mm. The exciting frequeot
500Hz and 15Hz is used. The outer diameter andkrtbgs

of the steel tube (STFA26) are 115mm and 6mm,
respectively. Fig.2 showB-H curves [5] of the steel tube
with and without carburization layer. The carbon
concentration in the carburization layer is eqoa3.8%. The

C\ilsvithout carburizat%on area’

Fig.3. Distribution of carbon concentration usirlgceron probe-micro
analysis (EPMA) when; andd, are equal to 1mm and 2.5mm.

respectively. The conductivity in the steel tube



is increased with the carburization. Fig.3 shoves @ékample TaABLE |

of measurement result of carbon concentration énsighel OBTAINED RESULTS OF THE CARBURIZATION DEPTH OF BOTHHE SURFACE
. . . AND THE OPPOSITE IN ACTUAL HEATING FURNACE STEEL TBE

tube using electron probe-micro analysis (EPMA) nvitee

surface carburization depth and the opposite side depth gjff;hczlgs acmi;gipth () nopectes fepth il e”%r‘(orgm)
are equal to Imm and 2.5mm, respectively. The domhet o, osite @) 0.64 0.63 0.01
the carbon concentration is more than 0.27% isnddfias “surface 6, 1 0.99 0.01
the carburization layer. The figure denotes that ¢arbon  opposite ¢, 1.87 1.86 0.01
concentration in the carburization layer is nordirg surface ¢ 0.96 0.95 0.01
distributed from about 3.8% to 0.27% (layer withoutopposite o) 15 1.55 0.05
carburization). In the 3-D nonlinear FEM, tBeH curve of _surfaceds) 1.16 1.06 0.1
the carburization layer is obtained by the nonlinea-2RRosited) L72 L6 0.12
interpolation as shown in Fig.3 using tBeH curves with z:gﬁgﬁfz) i'gi’ ;'37 322
and without carburization steel as shown in Fiiylareover, > . : :

the conductivity of the carburization layer is akimilarly
obtained by the nonlinear interpolation.

In this research, the carburizations depths of dg#ndd,
are inspected by the difference of these electroetig
characteristics using two kinds of exchange magrfitids.
The proposed inspection process is as follows:

denotes the rate of change from the measured #aloéthe
steel tube without the carburization. Moreover, thte of
flux densityB, for eachd, is also shown when eachis in
constant depth. Thd, is inspected using this figure, since
ds was inspected using Fig.4.

B. Inspection of Surface Carburization Depth I1l.  INSPECTIONRESULT OFACTUAL CARBURIZATION STEEL

Fig.4 shows the effect of the change of flux demBjtin a Table | shows the result of the estimated thé dpandd,
search coil by the 3-D nonlinear FEM when omly is inside the actual heating furnace steel tube hyguie Fig.4
changed. The exciting conditions are 500Hz and 24A®nd Fig.5. Thesel andd, are inspected by the proposed
respectively. The figure denotes the rate of chdrm®a the sensor. In the proposed method, these carburizatmths
measured valuB, of the steel tube without the carburizationare searched by the linear interpolation of thecudated
The figure illustrates thaB, is increased whertds is values as shown in Fig.4 and 5. This table derbisthese

increased. This is because, the leakage flux betvike carburization depths are in agreement with theiogtbones.
magnetic yokes of the sensor is increased wbgris

increased, since the permeability of carburizatayer is IV. CONCLUSIONS
lower than the non-carburization layer. Téheis inspected

using the high exciting frequency of 500Hz. The results obtained by this research are sumnia@ze

follows:
C. Inspection of Opposite Sde Carburization Depth (1) The permeability in the heating furnace steddet is

Fig.5 shows the effect of changein a search coil by the ~ decreased by the carburization. And, the conduygtiof
3-D nonlinear FEM when onlg, is changed. The exciting _(he steel tube is increased with the carburization.
conditions are 15Hz and 16AT, respectively. Theurfig (2) It is possible to estimate the carburizatiopttieof both
the surfaceals and the opposite sidk in the actual heating
furnace steel tube by the two kinds of excitingyfrency
using one proposed inspection sensor.
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Fig.5. Effect of chang®; in a search coil by 3-D nonlinear FEM when
only the opposite side depth is changed (15Hz, 16AT, calculated).



