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Abstract By using propagation characteristics of ultrasonic surface wave, the depth of the surface
hardened layer of SCM440 steel with different high frequency induction heat treatments was measured
and the same was done on the carburized SCM415 steel. The propagation velocity of surface wave was
constant and independent of frequency in the specimens with identical microstructure, it was, however,
decreased by 59m/s in the hardened layers compared to the unhardened part. From the relationship be-
tween the effective case depth and the wave length of surface wave, the depth of the hardened layer

could be measured and evaluated nondestructively for both induction hardened and carburized steels.
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Table 1. Chemical composition of SCM 440/415 specimen steels.
(:Zfzifn T c s Mn Cr Mo S { Pl ke
SCM 440 o8| 0232 {"'70.656’7 0981 | 0160 | 0014 T 0.017 ‘W/bal.
 SCM 415 ] 0156 ]7'707.72712"' | 0704 T 1031 0174 | 0014 | 0.108 | bl
Aalol obal Al g A Al ol&,  § F 30Tl MR 30(/minel HER
BT0CO Al 24 § A wwelel itAs A wAbstel fueteirh W dEE el f
delelal, ot Asidel e slAeluld  mele] dEgni] s 5 gEE
Foatpatelde] @ iAol EWIAEY  fag 165, 160, 165, 14.2mm/siz ohal zb7)
olato]l ¥oAdle]l AlFylo g Eulslgieh Al vt AakEziolir vbd ARy A #eks
Gkt olg @ AvAs AU SOMI0G S vk Ha o) WakX A% Agas 150C
aolo] 45 4 Radyned® at7-sbfic g el 4l &) sk 6501l Al 100 (HA ot 1A (HY w
steith. ol el AR A0S 2ol IR dlel Wb abol g Aol dlab sl
o] 180W2] & dolA 30KHzol F-upi=ik o] dulE s zabslolul
o] g3lo] A& yle] il @-iit 850C L v}

Table 2. The conditions of induction hardening heat treatment for surface-hardening of SCM 440 specimen

steel.
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Iig. 1. Schematic diagram of carburization heating

) . , Hl sl ok
cyles for surface-hardening of SCM 415 specimen
steel. (T,, t,; preheating, & T, t; carburization, MosE B A EAD « x4
. . L o] = 9 =40l EE
& Ty, tq; diffusion, & T, ty; homogenization tem- IMZEA % datS0lel £
i Adsh W sl el 7 Algl e =28

perature and holding time respectively.)
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Table 3. The conditions of carburization heating cycles at Fig. 1.

Condition TPreheatmé n C arb rl/atlon - r:
Specimen Tp T o t C() T,
number () (mm (C

2 925 0.06 1 925
3 igso 30 | 930 | 2 370 0.05 | 930

9&)7?0 930 |”630 0.06 930

5 o300 [ 30 | 930 | 880 ooej%o
6 j%o 30 | 930 11260T006 | 930
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Fig. 2. Sketch of the transmitter-receiver-

techinquefor measuring ultrasonic time-of -flighi.
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Fig. 3. Hardness distribution in the case hardened

zone of induction hardened SCM 440 steel.
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Fig. 5. SEM micrographs of the surface hardened and tempered specimens at various tempering tempera-
tures (a) as hardened, (b) 150°C (c), 350°C, (d) 5507C tempering temperature.
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Fig. 6. Relationship between frequencies and the
change of surface wave velocity at various effec
tive case depth in the induction hardened SCM 440

steel.
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Table 4. The measured surface velocity using a 10MHz probe in the induction hardened and tempered SCM

440 steel at various tempering temperatures.
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