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Non-destructive Cooling Rate Evaluation of 0.4 C-5 Cr-Mo-V
Hot-work Tool Steel by Barkhausen Noise Analysis

Norihiko NAKAI and Mitsuo OBATA

Synopsis :

The purpose of this paper is to develop a non-destructive method for evaluating cooling-rates (time for
cooling from austenitizing temperature to 500°C (Ht)) from 0.4C-5Cr-Mo-V hot-work tool steel specimens
after tempering procedure. For this, the authors tried to employ Barkhausen noise (BHN) signals which
were induced during magnetization process. The BHN signals were measured on surfaces of specimens
which were cooled with various Hi and were tempered to adjust hardness (H). The experimental results
indicated that two BHN parameters, the total energy ( Vp) and the maximum output (Vh) of BHN signals
were strongly related with microstructure which changed depending on Hi. These relationships could be
successfully summarized as experimental expressions, Ht=f (H, Vp) and Hi= f(H, Vh). These results
made it clear that non-destructive evaluation of Ht could be achieved by using a hybrid method combining

the BHN method with an ordinary hardness test.

Then in this paper, the authors confirmed the possibility

of estimation of charpy impact values (Ch) through the relationship between Hi,H and Ch.
Key words : non-destructive evaluation ; hot-work tool steel ; barkhausen noise ; cooling rate; toughness;

hardness.

1. ##

0.4 C-5Cr-Mo-V £ T HG 2, ZMILHSAM
ELTHELAHWSNRTWS, K v oz
13, BV L Einkhib 2 ER L 2055, Friflo &R
RETEMANERTELEE (H) 8% (v r VE—F
BAE (Ch) #METAHI L2 HBLERS TV,

i

La L, BEORLERE MG, FRFRAREL
BENTES S U2 S LENBITDRTVBELETTH -
D, GRSEORRILEI LD, SRBEAGEEEOR
THLUAERCIBCTE LY. 0k, #%0TLY
HEORERE & BIPEASER T 5 ¥, &5 & LTHMRRI

LMK E BN ES SR LY s D
DL BB A RRT S 72013, BTG

TWah,
DHETN BT, R & M % JEREE ¢ & % Hik
HRET SNALENH L., L 2s0, BENEZAHE

%

BEMfis N Twb 00, HHIZOoWTREDHEFL
Wi, FEBESMMI S N TV RV ORBIRTH B2,

b L, HE&R oMM 4 IEREEEC & 5 X 5 ITh i,
KELEIN R S LVITHOMMELERL 2056, &
SR CELARE LD C LBELIERTAZL
HTEBLILBLLAANDIE, TROLDERELT L
s, RBELRSRMHEHLRETLIELTE, &
BOSERIES L OBEGLEHEs ¢l LhTSE

CEROMAE L B BT 2RO K g, #

PR & B AR B S RO L S
MTCwB, LenoT, SMOBELRET S L &b
B AT HIERE % O JEBUEFEANT B I £ ATT & L, &R

OB OIFHEEFME L LB T 5 EAUEEICE S D

EEZBND.

DLEo@lisr s, KTk, £ROBMOIERIREY

IEF0 63 4£ 8 A 15 BZf+ (Received Aug. 15, 1988) .

*  HAAEEHSE () (Nippon Koshuha Steel Co., Ltd:, 3-10-15 Hachimanmachi Shinminato Toyama pref. 934)
*2 FILKFETSEH T (Faculty of Engineering, Tohoku University)



834 B & # % 75 4F (1989) &£ 5 5

i O FEREFF & LT, 0.4 C-5Cr-Mo-V #418 THH
DBEABES & LM% b b WT, BEAGHEE % IEEET
flid B HEOKREEIT>/. FOHEE LTz, s
KTHOSM I D EERAGHEE L RET S I &I
WEETHDHDT, BEAGEHEE G TELT MO
M b2 @ L C, BEAGEEE 23FMT % iz A A
. ZO70ONEE LT, £ROMEBELE BEICR
HTaho, FRBENLEHETHL NNV NGEY ) A
Z (BHN) #9719 (2% H L7, #ORKE, BEAGHE
Brt+oiHlicisZ ermRsN, T/, BEHNEE
COFMEEHTAZ LI 08K (Vv VY —HE
) OHEELWEETH L Z LiTbrD7k.

2. & B hk

2.1 #EH

it 412 0.4C-5Cr-Mo-V 8T, {LFEBRD %
Tablel (23, 7— 7 RERFCHERL, BEHFL
6 DL, FHWE-FiE 250 mm X 400 mm (2 B8
%, 860°C THEZ T LALBEZ U/, HERFRIUIE I,
L L RS E OWBALE T, SIPAENCERILL, EERIC
L 7.

2-2 HBROFRKE#NE

BHN B R L o v VE—HERH % #4E L 7-. BHN
HAERF »~FEEE 3mm X 24 mm X 62 mm T, BHALPREE
RER S ¥ WK 320 FTHETH. Yy VE—HE
HAERR &, JIS3 B BRH Z H -

Table 1. Chemical composition of specimen (wt%).
C Si Mn Cr Mo v
0.38 0.92 0.41 5.25 1.07 0.51
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Fig. 1. Continuous cooling transformation
diagram.

Austenitized at 1020°CX 30 min, Hi : Half temperature time

a) Hi 3 min, HRC 46.8
¢) Ht 45 min, HRC 45.7

Photo. 1.

b) Ht 15 min, HRC 47.0
d) Ht 110 min, HRC 48.4

Typical optical micrographs of specimens quenched at various cooling rates and tempered.
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Table 2. Conditions of magnetization.

Magnetization frequency 1 Hz

Magnetization voltage wave Triangular wave

Maximum magnetization voltage 0.5,1,1.5,2,2.5,3V

[FuNcTioN GENERATOR]

|
| POWER AMPLIFIER |

| TRIGGER _ I™SPECTRUM ANALVZER |
1

1

{MPLIFIER} FILTER |

Fig. 2. Block diagram of measurement and analy-
sis aparatus of Barukhausen noise (BHN) signals.
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-1.6 e
60 460
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Fig. 3. Induced voltage-time curve (a) and

Barkhausen noises (BHN) signals (b).
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Vp = Z Vpk
k=1
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ta : Total measurement time length

tb : Generating time length of BHN signals in ia
tc : Each input time length

Vpk : Power of BHN signals in ic

Vp : Total energy of BHN signals in ia

Fig. 4. Process for total energy of BHN signals
(Vp).
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Fig. 5. Variations of maximum output of BHN
signals with time.
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Fig. 7. Variations of BHN parameter (dVp) with
hardness and half temperature time (Solid lines are

calculated by eq. (3-2)).
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Fig. 8. Variations of BHN
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%8, DIEEORK O dVA™ BRI L2°T A 575,
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DEFRRER/DERECIVFEST L LRDI IR
ni.
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Half temp. time
® 3min
O 15min
© 45min
9 110min

1.0 t
\<'- by Eg. (3-5)

1.8

dvh

Hardness H (HRC)

Fig. 9. Variations of BHN parameter (dVh) with
hardness and half temperature time (Solid lines are
calculated by eq. (3-5)).
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"g Half temp. time
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o O 15min
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S J o 110min
[&]
£ o
2 4 \ &by Eq. (4-1)
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£ \QO
0

[24]

40 45 4

Hardness H (HRC)

Fig. 10. Variations of charpy impact value with
hardness and half temperature time (Solid lines are
- calculated by eq. (4-1)).
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WKET AL EZDNS.

Lo L, Rk, SEOEEOMM % KILP AT
LTBY, £RILMO dp 2 EBILTHZ L 3HETH
27z, 2T, BHN @#iR{ibtWoEH I X5k &
ST TAH L EZ, EHEMNC Vp & dp DBRE
EELTHRI, T bbb, Fig.6 (a), (b) IREND
X Vpid, HPWERWIEE T2 HiSKEWIEE, K
EWHAE/RL TV A, —F, HHEWIZEHFHRIL
WOBREMRKILIEITL, T/, HIAEKEWVIZY,
Photo. 1 IZ/RT L D12, N4+ A4 VRFERPRA—RF
F A4 MRREICREHMAEL T VRIS T L
TWAHBEEZONLD, dp 3 KEVWHLDEHEEE N
B, L7zh2TC, dp BPKEL 2 BIZoN, Vp bKT
BL0E KK S hS.

5-2-2 Vh &H#EE DRBEMR
- Fig. 8 (a), (b) T/RY Vh & HB XU Ht &L D4R
X, Vp DA EFERE, HPBEWIEIE TR, HIAFKEW
BE VAP KREW, LP2T, T &, dp& Vp
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840 % o W 8 75 4 (1989) £ 5 %

OB ERIRE, dpDSKELRBE VRBFKREL LB
EERBLTVWASEEZ LR,

XC, ThFTH~XTE7/ BHN (P) 8 X 0 BHN
(H) #&, a8 LU0BRAREF—EOREIIO2WT
THhH, ThoyEbsr e, HETHMEOERED H
£ Ht 25 U CH R OGAIRERERNEIE DS
END, VpBIU VREEDD, TOKE, Zhbd
OFECEVMEE L HHIZBR 2 A EBbhBD, Lizd
DT, TNHZOOHEN, W58 X TRARENIZED
DREBEORE T TESTH LIRS HOMAERETDH
D, ZoZ ik, RILYOGAIRRE R SNES ORI
AR ERMXORE EBEORE) 2B XITTRELIE
BITAZEILNHLIPIITAHIENTELLDEER
5.

6. # £

0.4C-5Cr-Mo-V B T BMOBEALEDS & L %
BAwT, muvrznaw¥y 4 X (BHAN) E5 % BT
AT Eizkn, BEAPGERN (H) % IEBRarET &
BTODNG A—F—#RE L. —oiE, bR
BTRETSEL BHN E50 2 V¥F¥—-0HH (Vp) %
EpEL 3550 THY, b —2ix, BHN EEREKLH
JIE (VR) VB LD THH. $7:, BELHIEL,
Vpb L VREBERTAZLIZED, Yy VE—TF
BETEETEL I EFbID.

Bbyil, KR ERTAHICH, HYL2YPEE
B0 - IKH T EBSEEMEEREBH P AZIRICKLUR

JERFE - EFR AR BB IOEHH 2 L LT,
FRERICH DL T Runio REREFER—K (B
B AP RFEFTHRASH) CEHH LT
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