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Nondestructive Measurement of Case Hardening Depth
with Eddy Current Method

K. W. Lee, S. Y. Han and U. S. Park

Abstract The relationship between eddy current response and case hardening depth has been studied
on SM40C(KS D—3752) and SCM440(KS D—23711) steels which were surface hardened by high fre-

quency induction hardening. The results obtained in this study were as follows: 1) Case hardening

depth was successfully measured by observing the eddy current impedance changes of each steel. The

impedance decreased linearly with increasing case hardening depth. 2) For large impedance gradient

between the hardened surface and core metal, the eddy current response was more sensitive to case

hardening depth than for low impedance gradient.

1.4 £

7ol Jnprgdd Wislagds A7 f8ky
g o8 AUAI HaE Po] o
el BEQE Fdsn FEAo=H gwe
Martensite 2298 ¥ ALE 7124 g1 YR
7NNz ol FRG A4L #AEA Axle
Shaftst 28 A3} HEFo| 7A7TRE REoE
dg] 2olx gtk

* BgTetm FEHI
*% A2AA e e
A4 119919 39 29

oleg ERANFE EWANES Qolo wAY
=7h AFY F) 24 9YE WA P
A AzzA Rt ABS FRHE £o)7) 9
SEEIECERE N EEEEE R L E D
AES Wosle] RHeoRH AEE 34, o
@ARE ozt XAz ARk, o Al
& AAast B B ohzh AFUAE B
CEEIRER DS E R DR
w9 2 BARANAE Age) oAz ¥

of o I r &



g% FFohER Aqe AR AW

2. AE Aze 2t geinEd BdEE, ojFE

¥, Aazlole F7te) wet Frlste AFE

Bo|n 53 ANHE U3t

3. "2l 27ldle £AA viagy Fo8 3E
opgel A8 olof @& RMS #% 4% &

o 7 2@ FAdME o x7HEsE

aesfop ok

References

KEBLKR, “TI—-AT 477393321l &
3 VHLIANE#HLUBEHNL > Tut A
i B3 EBER) MR, RRAR TAE
BETEMER RE (B 55%), pp. 1~55.
KE R BE—8, F0 R, B OB KR
— “Ta-xF4 Vv xIyalil k3 F
YL RO 4 > 7ok AT, BREmES
RE(CHE) 51% 47255, pp. 3322~3328

. HE ®HE, “TI-XF4vrTiviakA
LV URIITROWHAGHET, #Ets TH, (1980
d 649), pp. 140~ 144.

Moriwaki T., “Detacktion for Cutting Tool Fra-
cture by Acoustic Emission Measurment”, CRIP
Vol., 29/1/1986 pp. 35~40

FREANE, ®EER, kM, "TkT UHIes #E4she
AES} BHE BETE", KEBEWEE RUE H10%
15, (1986), pp. 906~915.

FEM, “Acoustic Emissiono] #3+ WAA Vitri-
fied ® Resinoid 2%A A4 <& FyZs
ot A4A%F Hrto] #wE AT, Shgistw g
A+ehel=%73 pp. 83, 88, 6

HE A8, Luc Dieu Chuong, MHERE, “7a
—AF 4 YLy a itk TAEEBO®K
U Bk BERBEEG 46%3%, pp. 66~71
Iwata K., Moriwaki T,
" Acoustic Emission Measurement to In—Process
CIRP. Vol. 25/1, (19

“An Application of

Sensing of Tool Wear”,
77,) pp. 21~25.

oy, “dyrtEA BAse FFupda AEA
Zo} F% A7, sxnenNEd 87=E4, pp.
20~72

10.

1L

J13

14.

15.

16.

17.

18.

19.

20.

. ZpRE, “REINTOBERIC

#1998 Vol. 11, No. 1 (°91)

Kim K. J, Kim K. H. and Hwang H. Y., “Pro-
gressive Tool Wear Sensing in Turning Opera-
tion Via Acoustic Emission Signal Processing’,
KAIST(published by ASME, New York) PED—
Vol, 21, Book No. H00368 pp. 305~307.
NI, R —BR, =R, "TI-XT A4
713y ark FRALAEE 7ot 20ER,
BE BEBEe RUECE), 52%4745% pp.
799~808.

4% AED KE
A", TIEHER B RmEGR B, B 134
—1-1—10, BBF0 58, 7, 21

Diei E. N, Dornfeld D. A, “A. E. Sensing of
Tool Wear in Pripheral Milling”, Univ. of Cali-
fornia, Berkeley California, pp. 107~124.
Dornfeld D. A. & Kannatey—Asibu Elijah,
“Acousic Emission During Orthogonal Metal
Cutting”, Int. J. Mech. Sci. Vol. 22 (1986), pp.
285~296.

Ko Sung—Lim, Dornfeld David A, “A Study
on Burr Formation Mechanism”, Univ. of Cali-
fornia, Berkeley, pp. 1~12.

Liptai, R. G., Harries, D. O, Tatro, C. A, "An
Introduction to Acoustic Emission”, Acoustic
Emission, ASTM STP 505, (1972), pp. 308.
25, oz, AEE “dFA] BAdE
SToHEH AEN S #§ A7, g A e
=53 A129 A55 (1988), pp. 1035~1042,
RE, "2BUHERT RYE, He, (1985),
pp. 128~ 156.

E. N. Diei, D. A. Dornfeld, “Acoustic Emission
From the Face Milling Process — the Effects of
Process Variables” J. of Engineering for Indus-
try, Vol. 109, (1987), pp. 92~99.

T. Blum, 1. Inasaki: A Study on Acoustic Emi-
ssion from the Orthogonal Cutting Process,
Trans. ASME, Vol. 112, (1990).



BEREERREREGIE

3. Algan ¥ 2@

3-1 ZE2zo} H3Ee| Zo|

Photo. 1& 538 #§X=733}% SM40Ce SCM440
o] ¥ulA AT OZ 4RE Ferrite$} Pearlite®]
ZAo|n, ZA8}EE Martensite ZAYE ¢ F A
o dogge e F 239 HolgdHL Photo. 1
(B)9} #ol ueisteh ARRlolA] Hivieh o] o]
oggo] Eo SM40C7H SCMaq0ETh HA YElte
™, ol SM40C7} SCM4408.th Hjgo] w1, dA
57 B7] Eo2 RS

Fig. 29} Fig. 3& 133 f=3Y9 Asskel
o SM40CS} SCM4409] 7AstHe AZ=REE Y
ebd Rolt) SM40CY AS, Holgge] Henz
Axrt Sn3tA Aase ¥hA SCM4402) A%, A
ojgool Fo} Axrt FH3] HolAe A& B F
Atk

°]& ¥ Al¥9 Hv 390 7|Eo2% FAYSS
9 Zolx IYY As&Eol wel, SM40C7H 165,
195 210, 230mmA2" SCM4402 200, 2.20,
2.35, 250mm= W3l SCM440°14 FABEF
9] o7l o @A vehd e Cr, Mo § #54
Ao ggor SM40Col W& Aabsol Fx1O £
A7\Agghel AY nF HF FF ot H
R ES Rew AzrEny

Fig. 4= fE32Y9 As4550 & KE78E
9] ol HolPA7 R Zolo] WE THE Y
B Folth, ZYe) F5&xrt FUhed w7
320l olyt ZATS & F U SMaoCH A
S Fa73sE Yoo W AMn HolgAd7Ale
Zoloj) tigh HAo] MY ofzfel Aol ¥ A& &
A HEF Y& FHRLE A3 HoFe Ao
.

28)3 SM40CSH SCM4400] tigt e 71&7]
7t g A= Astsd A7NYge Aol WEgLE
Helth

i

3-2 Z2ise) Zojet Ysjpae) T
AAAARE AR A4 ek YD
Dol ¥ W AHl FERF 471D o) R

700

600

500
N
= 400
1]
w
[+
o
4
g 300
200
100
)
Fig. 2
700
600
500
~
= 400
0
w
@
i
o
5 300
x
200
100
0
Fig. 3

olAg, ¥5F, HeF

Coil speed(mm/s)
.

16.5

16.0

15.5

14.8

- 4
i 1 £ 1
0 1 2 3 b 5
Depth from surface (mm)
Hardness distribution in case hardened
zone.(SM40C)
L T T 1
| Coil speed(mm/s)
A;‘g:'?]" ) 16.5
16.0
|/ N
6 15.5
° 1h.8
- Spe -
1 1 - 1
[5} 1 2 3 4 5
Depth from surtace (mm)
Hardness distribution in case hardened
zone.(SCM440)



SGAFYE ol 8 o] EHAGF o -

b T T
)
3 r. -
!
]
P
a
3
=1
2 = -
QO SM40C Case
@ SMA0C Transition
A SCM440 Case
A SCM440 Transition
1 1 [
b 15 16 17

Work coil speed (mm/sec).

Fig. 4 Relation between work coil speed and the

depth of case hardened zone.
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Fig. 5 Display of the measured values at 32Hz on

the specimen with various case depths.
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the specimen with various case depths.
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