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Abstract- The surface hardening steel is used forhe many parts of engine or crankshaft in automobileThe inspection of the
surface hardened depth is important in the intensif or the guarantee of quality of these partsEspecially,in order to raise the
productivity of these parts, the non-destructive ispection method is needed for the evaluation of thkardened depth. The
permeability and the conductivity of the hardened &yer are smaller than the non-hardened layer in thesteel. Therefore, the
non-destructive estimation of the surface hardened deptis possible by using the differences of these ellmmagnetic properties
In this paper, the high sensitivity inspection metbd using the detecting of the leakage fluon the surface of the steel

investigated. The leakage flux is estimated by B- nonlinear finite element method (FEM) taking accant of the magnetic
characteristics of the layers with and without harening. The usefulness of this proposal inspectionethod is shown also fron
comparison with a experimental verification.

Index Terms— 3-D non-linear finite element method, hardened deth, surface hardening steel

I. INTRODUCTION
composed of the magnetic yokes (lamination of gilisteel
JYates) with an exciting coil, and two search cofls for a
search coil-A in this probe, the x-direction ofkage flux
(By) on the surface of the steel plate is detectedrebieer,
as for a search coil-B in the probe, the flux dgnéB,)
inside the magnetic yoke is detectéthe arrangement of
this search coil-B is the conventional inspectiortimd
[2,3]. The comparison of the inspection sensitiwijth
these search coils A and B is evaluated. The distan
(lift-off : L) between the probe and the surface of steel tube
is equal to 0.5mm. The exciting frequency and
ampere-turns are 15Hz and 126AT, respectively. 2Fig.
Ehows the B-H curves of the layer with and without
ardening of the steel [5]. The conductivities loé tsteel
plate with and without hardening are 3.61%1%'m and
3.98x10 S/m, respectively. The permeability and
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The inspection of the hardened depth of surfa
hardening steel of automobile parts is very impuria the
intensity or the guarantee of quality. Especialtyprder to
raise the productivity of the parts, the non-degive and
the non-contacting inspection method is needed tiier
evaluation of the hardened depth. The permeabditd
conductivity of the hardened layer are decreasedpeoed
with those of the layer without hardening. Therefothe
evaluation of the hardened depth is possible byatieg the
difference of the electromagnetic characteristits [The
magnetic yoke with an exciting coil in which theoséd
magnetic circuit is formed between the specimen
approached to the surface hardened steel plate,trand
inspection method for hardened depth of detectiramge of
the total flux density inside the magnetic yokepisposed

[2,3]. However, the inspection sensitivity of thartlened 54 yoke

depth using this technique is not so high. o F <21 / T e e AN
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curves and conductivity of the layer with and witho

hardening of the steel are measured. Then, theiaiah of hardened domaib, (650HV)

interpolation domain

the flux density and eddy current between the layigr and
without hardening inside the surface hardening | sige
estimated by the 3-D nonlinear FEM. In this nordinEEM,
the B-H curve and conductivity inside the middlgea
between the layer with and without hardening i<wated
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Fig.1. Inspection model of the surface hardenieglgtlate.

taken into consideration of linear interpolatioringsthese 1'2: without hardening (250HV),
electromagnetic properties. The usefulness of ghigosal 1.4] e .,
. . . . . B .,/ ‘/‘/A
inspection technique is shown from comparison wiith ~1.2; 74
conventional inspecting method [2,3]. In additiothe 1.0 y with hardening
experimental verification of this method is carriad. 0.8 (650HV)
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II. INSPECTIONMODEL AND CALCULATION METHOD g-‘z‘:
Fig.1 shows the 1/2 domain of the proposed theeicts ' , ‘
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Fig.2. B-H curves of the steel with and withoutdeming (SCM440).



conductivity are decreased with the increase ohtdreness. 8o search coil-A @) 2
3-D FEM using the % order hexahedral edge element is =8 {calculatedO)
applied. The flux and eddy current are analyzedthsy 27 measured)
step-by-step method taking account of B-H curveshef =
layers with and without hardening as shown in Fig.Re o0 search coil-B &)
B-H curve and conductivity in the hardened area, %4 measure“)
. . < 3 g
non-hardened area and region between them area is 2, -
obtained as follows: ©
Fig. 3 shows an example of the measurement restlieo £ 06“‘" - .

hardness using the Vickers hardness tester when the harzdened dgpth (mm‘)l
hardening depthis 3mm. The figure denotes that the Fig.5. Effect of hardened depth on flux densiy pnd B,| of the search
hardness in 2.75 mm depth from the surface is abG0iYV, coil-A and -B (15Hz, 126AT).

the hardness in the domain from 2.75mm to 3.25mpthde
is decreased rapidly, and that of more than 3.25tepth
becomes about 250HV. The B-H curve of the domamfr
2.75mm to 3.25mm depth is obtained by the linea

interpolation using the B'H_ curves of the layer bwit surface domain in steel plate is decreased whehéatdened
(Omm-2.75mm depth) and without hardening (more thar&lepth is increased. Fig.5 shows the effect of theldned
3.25mm depth). The conducuvnw in the region from depth on the absolute value of the change ra@pénd B,|
2.75mm to 3.25mm is also interpolated similarly. in these search coils A and B. The figure dendbes |
and B,| are increased when the hardened depth is inctease
I1l.  INSPECTION OFHARDENED DEPTH INSTEEL PLATE Moreover, B,| is larger thanB,|. As for B, in the search

Fig.4 shows the distribution of leakage flB¢ near a coil-A, the calculated result is in agreement with
search coil-A and flux density inside surface hasdbesteel measurement. Therefore, the usefulness of deteation
plate when the hardened depshequal to Omm and 3mm, leakage fluxB,| was shown in this figure.

respectively. This figure denotes that leakage fRyxis
increased when the hardened depth is increased. i$hi
because the leakage flB from the impression magnetic
field is increased since the permeability and catidily in
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§ ggg ; peastre The results obtained are summarized as follows:

S 400 (1) The permeability and conductivity of the layeith

© a0l ; hardening in the surface hardened steel are Idveer that

%2502_66 """"""""""""" TV of the layer without hardening.

> 100 P (2) When the hardened depth is increased, thedansity
0 i inside surface hardened steel plate is decreasetheby

0 05 1 15 223%5/7°85 4 45 proposed inspection method, but the leakage fluthef
distance from surface, steel plate (mm) surface of the steel plate is increased. Thisdésabse the
650HV domain / 550HV domain permeability and conductivity are decreased in the

interpolation domain hardened laver
Fig.3. Example of hardness measured using Vickexnkeas tester when yer.

the effective hardened depth is equal to 3mm. (3) The inspection sensitivity of the detectingtiué leakage
flux on surface hardened steel is higher than #ieation

yoke of flux density inside the magnetic yoke when the
hardened depth is increased.
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