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Fig. 1. Overall development diagram of the backscattering

coefficient quantification of grain size.
MR PR J7 25 5E S, ] 0 23
(ACijrACapys) = (CijniCapys) = (Cijr) (Caprs) »
()
A, () FIRFE, Cujr 1 Copre 8 B TURREY
SRR AR AEGE A ) R 22 A A TR
B AL ) 3 R AR &) A, SR ICEEA
W AR IR, X TS0 07 i R A5, SR v
B A] AR R 129
Cijkl = Clzéijékl + C44 (6ik6jl + 6il5jk)

3
—l—cg a;'ajayaj, (3)
n=1

074301-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 73, No. 7 (2024) 074301

K, ¢ =c11 — c12 — 2c40 HEPIFHEREL 11, o
Hl o RNETT R BBFR R EEL, 6 RS N
YL PREL (Kronecker delta PR%X), al 2 NI f 2R
TR BERE AR . (8 Voigt 3497 AT 195744
PVERTE

(Cijm) = <C12 + ) 80k

+ (644 + ) (61j61] + 5lj51j) (4)
B (3) A (4) A (2) AT LIS E] 4
(ACi i ACapys)

= ﬁCZ[(éijdkl + 0651 + 6udjk)

X (5,)@575 + 5,17555 + 5,15557)]
180 (6za5]ﬁ§k'y§l6 + - )

1
— ——? (000K 015+ ), (5)

630

K, S5 A0 2 Wirh 4 X T8 N S R R bR R
T 74,5, k, L FZ IS5 o, 8,7, 0 & HEBI 44,
A 24 0. M5 3 Wik 4 X508 N TR AR A
TR I RS — X iR 22 1A
HEF—Xhr TFR A, A 72 .

(1) 2040 H 5 B R B — e Uid T AN
A%ﬁ&k%%ﬁﬁ%mmﬁﬁﬁﬁ%ﬁ%ﬂﬁ,
T HC T 5 B PR 22 A AR L FR s v e i L SR
PERE AN ffoRr RT FIE R AH Y 23 mmﬁﬁﬂﬁﬂ

RAE , 5 S BR A R UG

2.2 MNRRHFEW == EHEK L]

wheE (1) A BB B 25k S

NSRBI 5 FIHIUI R O () N AR PR R, B

I Pom = (ACi31ACwpys) DiDjSkS1DaPp5~5s,  (6)
K, TPom FHNFRRREL, T h5 Q Fl M43l 7R A
ST RS TT DR BE . anfal 2
i, JC SRR B AL HE 7 Il il p Al s
— b, R A ST 3 IR syl p, P
Fp” . N, 5SS N, AZ4E T ) iR 5
TR p s AR, AL b, I
PRITm I REN p'Ep”, PN SHERSAX, p' 5
SV BIAT . [FIBE, FURE = wdiR Ty 1m0 5
SIS WA 2 PR, HENL AR RS R, ASFHE
R 7 1) R B 7 1) A] o3ty

K2 ASIE RN R B IR

Fig. 2. Diagram of incident wave and scattered wave.
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Fig. 3. Normalized backscattering amplitude versus normal-
ized frequency within the Rayleigh limits and stochastic

limits.
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Fig. 4. Backscattering amplitude versus grain sizes in differ-
ent frequencies: (a) 0-100 MHz; (b) 0-20 MHz, where c11 =
250 GPa, c12=160 GPa, c44 =118 GPa, p=8240 kg/m3 .
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Fig. 5. Experimental setup.
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Table 1.  Chemical composition of GH4742.

JAr Ti Cr Mo Co

Mn Fe C Al B Ni

F 4% 2.52 14.0 5.12 9.95

il

0.2 0.5 0.06 2.54 0.01 Bal.

074301-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 73, No. 7 (2024) 074301

4.2 BEXESBMRTIENER

WE 5 Fr, SR ki [l =R S H
SHES. 0T PRI sk, SCI6 R FHAH 48 R e 75
KRG, MR RS H Olympus FOCUS
PX Jikih /302 5k | 12 g B FUE 15 %
AR, o A4 R R 3L A Olympus 5 L16-A10
B3, O %k 5 MHz, MEICECRE R 16 4>, B
JTlAlBEN 0.6 mm, KA ALK EHN 9.6 mm.
wE 5 s, iz s wr G, B ik il
TN, HHPE 0.2 mm, f4lik
HORAE 1000 A7 T ECHE 5. SRk
40 V, 554 50 dB, RAEEMIZE R 100 MHz. HA>
TS R BERT ] A 14 ps, 25 BR A & DR JR T [
W, $EEL 4—10 ps U FE T BEE S, WiE 6
FiR.

& 6 BEALZS H = 4L Hezs ) 5o s 547 1 7
BHES. T B =i B SR A %
WEAR, 3 i HE SRR K, Hik oy 2 5
15, 2 5 k5 1 S G S IWE L. Ead
WEELRT HE AT DL SE PRS2 = 23R e itk R /N2
KAMKIK N : No.1 < No.2 < No.3. #F—H, g
(15) =A% 2P AT 5 2 H U ) 15 U 5 3
D5 HRATRE, Wi 7 TR, BT S0 BT AR Sk
HUL AR SR 5 MHz, T LA EL 7 AT LU 2453
E 4—5 MHz Z[H], 4 %fE 0—10 MHz Z [a]. 5
s U S 5 2800, 3 Sk fE SiRlEmok, H
YO 2 515 RS (18) X, ZAE IS H i
et s2as RMS S35 FERE 15 o 2080, 545 2
BN GHAT42 i i ST B R

0.4

— No.1
i --- No.2
i P No.3

Amplitude/arb. units

—0.4

t/ps

Bl 6 AR B B HUHE 5 0T
Fig. 6. Comparison of backscatter signals of different test
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Abstract

GH4742 nickel-based superalloy exhibits excellent mechanical properties, and grain size is a key factor
affecting its performance. A physical model-based ultrasonic backscattering method makes grain size
measurement accurate and efficient. Nevertheless, it is constrained by complex models or multiple
measurements taken from various beam angles. As a result, a backscattering coefficient method that requires
only a single measurement for grain size evaluation is proposed. In contrast to the existing methods, the
proposed method solely focuses on the backscattering coefficient component of the backscattering signal. It
effectively eliminates the influence of unrelated factors, such as the measurement system and the acoustic field,
through the utilization of reference signals.

The independent scattering model is employed to derive the backscattering coefficient, which solely pertains
to the material itself. The relationship between grain size and backscattering coefficient is described by using a
spatial correlation function. To consider the irrelevant factors, an experimental measurement method is
developed by using the reference signals. Through numerical calculation and analysis, it has been observed that
the backscattering coefficient is closely related to the frequency. When the product of the wavenumber and the
grain size is significantly greater than 1 (ka > 1), a Stochastic scattering limit is reached. Conversely, when
ka <1, a Rayleigh scattering limit is observed. Furthermore, the backscattering coefficient is directly
proportional to the grain size. As a general trend, larger grain sizes result in higher backscattering coefficient.

Three sets of GH4742 specimens with different grain sizes are prepared for phased array ultrasound
experiments. It can be observed that the experimental backscattering coefficients, root mean square (RMS)
values, and the amplitude trend of time domain signal are consistent. To perform grain size inversion, the
backscattering coefficients in the effective bandwidth range of the probe are selected. By utilizing the least-
square method, the theoretical backscattering coefficient is employed to fit the curves of the experimental
backscattering coefficients. The evaluation results are compared with those obtained by metallographic analysis.
The results show that the grain sizes obtained by the proposed method have a maximum relative error of

—-22.7% and a minimum relative error of —3.7%.
Keywords: ultrasonic evaluation, backscattering coefficient, GH4742, grain size
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