ISSN 1004-9037, CODEN SCYCE4 http:// sjcj. nuaa. edu. cn
Journal of Data Acquisition and Processing Vol. 35,No. 2,Mar. 2020, pp. 288—297 E-mail:sjcj@nuaa. edu. cn
DOI:10. 16337/j. 1004-9037. 2020. 02. 010 Tel/Fax: +86-025-84892742
© 2020 by Journal of Data Acquisition and Processing

BT ITZX GH738 &AL X B A 451422 M
B, BEE, K OB, bEH

(T3 B 25 2 TEARUR I 5 R 0 3 o 92 3 28, 7 ), 330063)

i AP R E #o T L% F GH738 44 A A8 41 4R 89 R ARG 19 22, 2 423t B R AR 2 AL . Bﬁtmf
k{-kﬁléﬁ/\/\/\ﬁ‘lkﬂ‘/\#ﬂ A8 B Kl ﬂ'ﬂ/r}#wull%’:}t%ﬂ‘/\#ﬁ]éﬂéﬂ\tfﬁ/ﬁ“ HFAEAR 49 % v
MeMARLEKERESHKZ MG AL, EREAN . AEARTANFEY M, &a‘wal A2
bR Fik TR BEAL ARG F R B, éfi—rkﬁ}‘)rié%f‘&éﬂf?&ﬂiiil]g@]\
M, FRAK FEABRZHAERBEABZGTNESL T8, MA#R 0 TR AT, ZIEEEN K
ik b+ ﬁ%‘;i‘ﬂﬁ/‘%%i‘“’,tﬂ‘ﬁ%;f*%iéﬁﬁﬁ“,ﬁé)ﬂ FmE LM ZRITA T AIEGHT3 &4 4 &
BABREAMRELS R,

XK GH738; iﬁKE,%/JULlE,éﬂmﬁ/%t

FESES: TG115.28 XERAR RS : A

Effects of Hot Working Process on Microstructure and Ultrasonic Characterization
of GH738

XIANG Ping, WU Guanhua, CHEN Xi, ZHAN Lianyang
(Key Laboratory of Non-destructive Testing Technology, Nanchang Hangkong University, Nanchang, 330063, China)

Abstract: In order to non-destructively evaluate the microstructure and strengthening state of GH738
forging products during the heat treatment and brazing production cycle, the GH738 alloy is heat-treated
under solution, stabilizing, ageing and braze welding treatment conditions. Metallographic and ultrasonic
tests are carried out. The metallographic structure and ultrasonic characteristics are established. The
mapping relationship between signal parameters is detected, and the influence mechanism of tissue changes
on the changes of ultrasound signal parameters is analyzed. Results show that the effect of grain diameter on
sound velocity is weak. During the hot working process, the sound velocity decreases after solution
treatment, and the sound velocity continues to increase after stabilization and aging treatments. After the
brazing process, the sound velocity starts to decrease and get minimum. The attenuation coefficient and
non-linear coefficient change with the grain diameter. Both of them rise to the stabilization process and then
slowly rise to flatten out. That means ultrasonic attenuation and non-linear coefficients can be used to
characterize the grain diameter and texture discontinuity of GH738 alloy.

Key words: GH738; ultrasonic parameters; hot working process; tissue morphology
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Fig.3 Heat treatment process of GH738 forged microstructure sample
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Table 2 Metallographic characteristics measurement data

- %iiﬂ.a%ﬁﬁﬂ/ %%ﬁtﬁ.*ﬁ o - %ﬂaa%.ﬁﬁ i/ %iﬁcﬁaﬁ A
pm’ HA%/pm pm’ H&Z/pm

45(JRLR) 1176 38.7 6.407 | 257 (RasEfL) 1477.4 43.37 6.583
27°(JFR) 1305.4 40.77 6.647 O350 1152.8 38.31 6.826
287 (JR ) 1491.4 43.58 6.455 12°(FH 580 1400.2 42.22 6.208
(%) 1213.4 39.31 6.752 177 (i 5%0) 1769.9 4747 6.144
167 ([ ) 1529.9 44.14 6.418 5CEFRE) 1422.6 42.57 6.503
247 () 1542 44.31 6.486 67 (4TI8) 1438.8 42.8 6.487
117 (e k) 1395 42.14 6.468 8 (547 1430.6 42.69 6.495
187 (FsE k) 1459.8 43.11 6.798 107 (BT 4R 1420.6 42.54 6.505

THEFEFBIRS ., MAHEAES R TR #£3 FAEAALERESTAENTEHSURNERRBRE
FE £ Pk 2 8050k 10°) 25 5 500 4 41k Table 3 Average equivalent grain diameter and grain size

AR 9—12 3k A [l #h B A F of samples at different heat treatment states

7 7 U I 2 75 Al 2 R e kW RUEfe B R
A DL MY A A 5ok A o 7 7 7 3 R E AR /um 41.02 42,59 42.87  42.67  42.9

(WIS T 5 T 2 A Ah 3 5 1 2k b 98 o Y A 6.609 6.501 6482 6.496 6.48

i [ A2 5 A KT B LLET IR S, A 43.5¢

PR AR R AR K E ., BT GHT38 &4 4 & ol
B RS 7E Ve R A KR B . T L A . —
T R B A A A X 7 AR R . A é“&

4 TC R4 7 2k T B 5 A 1 g X R £ a0

7 A B IR B K L S § T 7 B B R oh e |

(s AL 7 2 g

1 P10 AT L ¢« [ 34 Ak 90 Bt 5 0 R arof o

o A R R TR S T 9 B R e tosL_ , , , ,
oo T BT AR B T R R AR A B K ik @iﬁgﬁ RES

KRGS, 5 IR T SRR 00 IR BT ] 820, bt E8 ORI #Ab #R AT GH738 -4 i ki B A% A8 Ak il 26
JOPSRCHREA 35 o AR B ST IR i AL Fig.8 Variation of average grain diameter of GH738 at dif-
BT AT BT R S S TR 7 ferent heat treatment states
IS 58 S W AT T I

M L1 AT LA A L T 75 7 7 A Ak P A rp o 0L L ) AR A, 5 7 e el 2R R
AR, 7 AR L 1 AR BT S 2 ARk B AR b i Sl R AR, TR O S o A e AR B ) R R R R L
%, HARL M 5 8O0 T3 R U 5 UK

B b o B A BE T A R AT R B R RO R P R 0 R B AR R AR (AT R EOR [R] Y 2 A
B 5 AL AT & o fioRL AR T [P Ak B B R 3 R I R A LS A B BT N i
P, To . FARAL o iR RO B3R A5 R S R R B AR 2 M A B0 ]V Ak PR B B A SRR 2 1 T
1o S B AT T e A P el A B A e AR B R A B BT AT R R B T A
R BET e W B 0N o ASEADLBT R Ul RE T B4 R R ) DR TR 0 GH738 46 J 2 WL AU 36 1l I 5 5 )



294 B HRE B L Jowrnal of Data Acquisition and Processing Vol. 35, No. 2, 2020
60651 = JESH R 60551
6060 —o— EVAHA 6050k
~ 6055¢ 60549 “RAEMAS
2 6050F A A 50435 ikl I 6oast
. ¥ V," \4 L] J e ’/\ .
& 6oas} - I‘\.AA N &
= 6042.4 ~ 6040r
B 60401 N bt
P a M\JK‘V Y; 6036.4 603t
6030 W‘A P 4 6029.8 6030+ \
6025 e - -
0 5 10 15 20 25 30 ik B RREA B RO AT R
RS AT
(a) FAALIRILAE R 5 P I AR AL L (b) HKEERILAE ApF Yo A A AR AL 2%
(a) Changes of ultrasonic sound velocity (b) Change curve of average ultrasonic sound velocity
during heat treatment during heat treatment
B9 A HE R GH738 414U 75 7 AR b
Fig.9 Ultrasonic sound velocity changes of GH738 tissue during heat treatment
0.160 = B 0.1481
ré‘ 0.155} “e= Egﬁfﬁé}ﬂ —’g‘ 0.1461 -
- RE AR 0.144}
E oasor §:ﬁ§1 - g}z%eﬂ < ol
L . —— Zn 2
g 0.145 -l Jmnr -m--mm R A g o140l
5 0.140} o137 5 o
% oussy ‘-\f\[‘\/v \"\[ #® 0136
W o0.130f ® o 0.134}
0.125 ; 0,132 — ! : : !
15 20 25 30 JRaE B RaEil I RUEIET R

ﬂﬁﬁv

(a) PAEI SR E R BN
(a) Changes of ultrasonic attenuation coefficient
during heat treatment

E10  ub i B GH738 4141

Fig.10 Changes of ultrasonic attenuation coefficient of GH738 tissue during heat treatment

(b) FAAbHR 1L TR P28 P SRR B AL 26

(b) Change curve of average ultrasonic attenuation

coefficient during heat treatment

B P AR B A e

0.0020r - JRUHHR 0.001 61
0.001 8F —— BN 0.001 4t ol
0.001 6} i\ﬁ R\ . ‘\/] - REAL 0.001 2} ——
& 0.0014F ¥ F 0001 30~ HRLAR 8
W& 0.0012F 5 ¢ 4 . s 000114 FEAR W& 0.0010F
# 60010} \ V\*{‘] /k\/% M # 0.000 8}
Fad » Fd
it 0.0008F W vy w 0.000 85 i 00006}
0.000:G= \[ 0.000 4}
0.000 4 0.000 31
0.0002p = VW T ba et T 0.0002p . . . .
0 5 10 15 20 25 30 R B RE BB AR
RS ST R

(a) ARSI T AR I R R
(a) Variation of ultrasonic nonlinear coefficients of
samples different heat treatment states

E 11
Fig.11

(b) NAHPSEIIRE TP dE etk REARL
(b) Changes in the average nonlinear coefficient
at different heat treatment states

I Ta] FA A FRCR A5 TR U A P AR 2 M AR RO AR AL 20

Changes of ultrasonic nonlinear coefficients of samples at different heat treatment states



B ¥ F. AT TYAGHTISA MU R AR BFHRMEG Y h 295

2.3 XU

Pearson A 5 £ B Bt _E R GE T 7 15 v B0 — Bl 2 M AR OC R 8, AT LT SR ik R T A R AE (B 2 7]
AR L OCA  8 W s BUEE B N [— 1, 1], (A3 1, A Skl g

Kl P R IE S80S S S B IR BOIR 25 9 AN TR 2R AT 0 2RI, I3k 40 AR I 4% 002 B re FA 4k
T 28 ™ AR AR A R HLERL, 23 DI - R BLAR P T R B0 AR e AR S 4 Jm SURI AR G T 7
5 AR B AR AR A OE o XS R FA AR BRDR ST B9 4% S B AT MRS (18112, 13) DA R AR G
P Hr (4,50

0.148 ¢ , 1.67 i 1.6 '
-—g 0.146 2k -ﬁ.ﬁ 1.4} ﬁ-k* 1.4 ﬁ-@
0.144} 1.2} e 12
. = & 2 = FasE
g 0.142f R N 1.0} R W% 1.0
< 0.140¢ - FVE H .8} fE s
£ 0.138} , i ¥ o6l : ) ¥ s : i
N”‘ Equation y=a+bx == U. Equation y=a+bx == U. Equation y=a+bx
N 0136 r 1 Intercept -0.122 19 0 4 | JE Intercept -21.859 66 0 4 Intercept -10.779 02
'N]% 0 134 | JE;ID Slope 0.006 22 N Slope 0.539 08 N J?ﬁ& Slope 83.144 85
~ R-square (COD) = 0.816 49 0.2+ R-square (COD) = 0.866 72 0.2 AN AH R-square (COD) ~ 0.977 69
0.132 41.0 41.5 42.0 42.5 43.0 41.0 41.5 42.0 425 43.0 0.132 0.136 0.140 0.144 0.148
E AL ELAR / pm AL EAR / pm TR/ (dB » mm™)
(a) ARLELAE S R R (b) ERLEASIELMREL (c) BERBMAB SRR
KAWL E RAMEMENS RAMEMERE
(a) Linear fitting of the relationship (b) Linear fitting of the relationship (c) Linear fitting of the relationship
between grain diameter and ultrasonic between grain diameter between ultrasonic attenuation
attenuation coefficient and nonlinear coefficient coefficient and nonlinear coefficient
Fl12  GH738 4141 2 HUn i L&
Fig.12 Linear fitting between GH738 tissue ultrasound parameters
L e i £ £ R ek 6055 S
NI 12 o] D) B0 b R B AR 43 i) s o 2R AR AR
RE LA E 2 0.816 5 0.866, Ho AR 2k % R 40 5 ki o GOS0} "
. oY N ey S 0y S @ L " )(
AR ) A RS B B e R I R AT R L R ” 6045
[0 £ 84 D2 249 0.978 , 156 B335 W A 7 B 40 7E GHT38 & R T
G fE AL B AR R A 25 A R B 2 e AL A R TR B S f603sp 2 S e
0 O 1R Lt 7 BT LR U V0 6030} apfpp |tomcon s
J} 5% AT 1 . 36 37 38 39 40 41
e i v
(1)EH*ILE115%HE@§§&&HE%ZIﬁ/%ﬁZ“ﬂE/‘JEZ K13 R T 5 4 P LA A T
Foo T KH S N S YT ;
IRHLAR G AR A5  9 0.904 5 0.931, S UR BB FLI Fig.13 Linear fitting analysis of hardness and
B A5 K439 96.5% 5 97.8 %, 7 0.05 4 1l i A 2% . sound velocity
(2) /7 3 ol 3R 8505 AR M R B R B IR 3 AH G
T4 HRABALSHY
Table 4 Microstructure parameters of heat treatment
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Table 5 Correlation analysis of GH738 heat treatment cycle structure
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Table 6 Correlation analysis of ultrasonic sound velocity and sample hardness
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