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Non-destructive Evaluation of Cooling Rate and Toughness in Hot-work
Tool Steel Quenched from Various Austenitization Temperature by

Barkhausen Noise Analysis

Norihiko NAKAI and Mitsuo OBATA

Synopsis : , :

The purpose of this paper is to develop a non-destructive method for evaluating the cooling-rate (time
for cooling from austenitization temperature (T) to 500°C (Ht)) generally in tempered specimens
0.4C-5Cr-Mo-V hot-work tool steel after quenching from a constant austenitization temperature within
1015~ 1035°C. For this, the authors tried to employ Barkhausen Noise (BHN) signals which were
induced during magnetization process. The BHN signals were measured on the surfaces of specimens,
which were quenched with various T and Hi, and were tempered to adjust the hardness (H). The
" experimental results indicated that the total energy (Vp) of BHN signals was strongly related with
microstructure which changed depending on T and Hi. These relationships could be successfully
generalized as experimental expressions in the form of Hi=f(H, Vp, T). These results made it clear
that non-destructive evaluation of Hi could be achieved generally by using a hybrid method combining the
BHN method with an ordinary hardness test when specimens were austenitized at a constant temperature
within 1015~1035°C. The authors also confirmed the possibility of general estimation of Charpy impact
values (Ch) through the generalized relationship between Hi, H, T and Ch when austenitization
temperature was set at a constant temperature within 1015~1 035°C.

Key words : non-destructive evaluation; hot-work tool steel; Barkhausen noise effect; cooling rate;
austenitization temperature ; toughness ; hardness.
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Table 1. Chemical composition of material
(wt% ).
C Si Mn Cr Mo \Y%

0.38 0.92 0.41 5.25 1.07 0.51
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Fig. 1. Block diagram of measuremént and analy-
sis apparatus of Barkhausen Noise (BHN) signals.

—{AMPLIFIER}— FILLTER |
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Table 2. Conditions of magnetization. ‘

Magnetization frequency 1Hz

Triangular ‘wave
1,1.5,2,2.5,3,3.5V

Magnetization voltage wave
Maximum magnetization voltage
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2T A; T=1020°C, Ht=3min, H=HRC51.4 #t
® Vp*, B; T=1020°C, Ht=3min, H=HRC37 #f

: k T Ht H

> A 93 3 47.8
~100 A 990 45 A8.2
® W 1050 3 472
2 0 1050 45 47.2

7
L
E

50— —=

T; Austenitization temp. (C)
Ht; Half temp. time(min)
H: Hardness (HRC)

0 L L I
0 1 2 3

Maximum magnetization voltage Vm (V)

Fig. 2. Variations of BHN parameter ( Vp) with
maximum magnetization voltage ( Vm) and austen-
itization temperature (T').
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(a) T=390C — |[(6) T=1050C
2.0k Half temp. time}l Half temp. time
® 3min ® 3min
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Q 110min |} QD 110min

2 o
-
1.0 -
b © by Ea. (3-2)
®
by Eq. (3-2) O
O
0 1 : 1 N
40 50 40 50
Hardness H (HRC)

Solid lines are calculated by eq. (4)
T : Austenitization temperature

Fig. 3. Variations of BHN parameter (dVp) with
hardness (H) and half temperature time (Ht).
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Fig. 4. Variations of BHN parameter (dVp) with
austenitization temperature ( T) and half tempera-
ture time ( Hi) at the hardness of about HRCA47.
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Hi= al+ﬂ1‘de ....................................... (4)
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Ap= —325—13.0-(T—1020)+ 0.310

«(T—1020)%

A =11.6 +0.532-(T—1020)— 0.0123
-(T—1020)?

Ay = —0.102 — 0.00503+( T— 1 020)+ 0.000109
-(T—1020)?

ﬂ]z B0+ BI.H+ Bz'I'I2
By=—440+10.2-(T—1020)

2
Austenitization temp.
N A 990C 0
© - FAN
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@
=3
= J 10507C
>
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©
=
(%]
“
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0 H; Hardness
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0 r_' s 1 L
0 1 2

Experimental value dVp

Fig. 5. Variations of calculated value (dVp) with
experimental value (dVp).
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WERFT I P TENE, BFEOBRARELREA (1015~
1035°C) 2BV, Ht ##EETEDL I LIThAD. 2
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&

0 L 1 1 ]
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Solid lines are calculated by eq. (5)
T : Austenitization temperature

Fig. 6. Variations of BHN parameter (dVp) with
hardness and half temperature time.
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Fig. 7. Variations of Charpy impact value (Ch)
with austenitization temperature (T) and half
temperature time (H:) at the hardness of about
HRCA47.
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Ch=32+72'H ......................................... (5)
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Dp=—2.14—0.0157-(T—1020)— 1.29-107°
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2 A 990
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s [ 2

(&}

H; Hardness
HRC43=H=HRC51

! ' !
2 4
Experimental value Ch (kg:m/cm2 )

Fig. 8. Variations of calculated value (Ch) with
experimental value ( Ch).
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T=1020°C, Ht = 3 min, HRC 46.8
T=1020°C, Ht = 45 min, HRC45.7
T=1020°C, Ht = 110 min, HRC 48.4
T =960°C, Ht = 3 min, HRC46.9

e) T=1080°C, Hi = 45 min, HRC47.6

Austenitized at T X 30 min

Ht : Half temperature time
Photo. 1. Typical optical micro-
graphs of tempered specimens
after quenching from various
austenitization temperature and

with various cooling rates.

a)
b)
c)
d)

Austenitized at 1020°C X 30 min

Ht : Half temperature time

a) Ht =3 min, HRC46.8 b) Hi=45min, HRC45.7 ¢) Hit= 110 min, HRC48.4
Photo. 2. Typical electron micrographs of extraction replicated carbides of tempered specimens

after quenching with various cooling rates.

# 500A) OEAHIML TWwAH. —F, dVp ik, Fig 4
WREND LI, HOBME & bIHML, Chid,
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DENBE,GBEEX ARSI RBICBVTbEBBTh
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MEHE L, ZOBRITBRIPES B LB E L
b2, RIS HOAREH—LL Db, —F, dVp i3,
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372, Ht=45min ® T=1020°C, 1080°C #f % &
5 &, Photo. 3 iIZ/REN B LK HIZ T=1080°C # D
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L72RALAHTH L, X 0 AR — 2 kAL 5 REC
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LTWhY, ZOEIEEFTHV. —7%, dVp it Fig
4ICREND LD, T=1080°C DFHMKEL, Ch
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Austenitized at T X 30min Hi : Half temperature time

a) T=1020°C, Ht = 3min, HRC46.8

b) T=960°C, Ht = 3 min, HRC46.9

¢) T=1020°C, Ht = 45min, HRC45.7 d) T=1080°C, Ht = 45 min, HRC47.6
Photo. 3. Typical electron micrographs of extraction replicated carbides of tempered specimens
after quenching from various austenitization temperature.
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LELTNMTF YA M THLDIZITL, dVp id,
Fig. 4 \ZREN 5 X 512 960°C DFATK & v,
INHDOZ EHNS, BXEEE HRCAT T—EDHE,
dVp BEMHZ DL DICRBLKELZVWEEZDS
nNa., 2oz tid, SMOEMABEEFMA (HRC43~
HRC51) THEN—EDOBEICB W THBBLARKET
»5b.

4-2-3  Vp & FHRACWRE (dp) # RALMERE (N)
& DR

HRB88.5~HRC37 2B 5K 2 HHWVT, Vp i
0.04 um DL EDRALM D dp * N L DE RN LBE L H
~N7KERE Fig 9, 10 IR Y. Sh ook, b
L7z dVp & dp* N L OEMMLBREFLTH 5.
I/, ThoOMRIE, Fig 9, 10 XHETRIAS X
312, EH S A TICHE L7z HRB8S.5~HRC28.2
WHICBIBREO Vp & 0.12um LLEORILBO dp
2 NOEEBMZBERDLLFELTHS. 72, Vp &
(dp)? BRI, & B ICIERBFBBRICHD, BERLD
BHN OE%)fE RMS & (dp)? DBURM VLA TH 5.
5T, Vpi, WAL hsuf~Tws L5 Rk
LEEICHR CARFEL, 1dp & NSNS 5 &, HfIRER
M- DH LT 290 A (BHN 2L ) BFAsHEhn
L, WWANRXOLZCELRDEI DI, BAFLZDOD
LHEFESND. 7/, BAL dp® NTH, RIibWwsH
=ML TWBED, FE—-ZGHMLTwAE LD D,
SORIBEDHEDH YT ¥ 7V ANE—ICREL,
ENH—ICELDES =D, Vpir/DEL kLR
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Fig. 9. Variations of BHN parameter (Vprith
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