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K HERZ FL 3t — [m] B E A TEARORE, R E R Y (PR
58, %) : Fe 68.142, C 0.027, S 0.014, Si 1.27,
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Fig. 1. Specimen and macrostructure of Z3CN20-09M: (a) Schematic sampling (unit: mm); (b) macrostructure.
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B2 Z3CN20-09M WA AAME  (a) FHIGEX; (b) HREX

Fig. 2. Crystal orientation profile of Z3CN20-09: (a) Equiaxed crystal; (b) columnar crystal.

3 BRFEARMRIEOESA SR (a) ALE 1, OB E; (b) ALE 2, B E

Fig. 3. Typical morphology and crystal orientation of ferrite grains: (a) Position 1, mainly bar; (b) position 2,

mainly island.
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dr AT, P AL ARG, AT R AR 22 8 AR IR
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FAT AR R T LRI

K4 S rh i K-S K&

(a) FHEE A, (b) {111},//{110}a; (c) (110),//(111)q

Fig. 4. K-S orientation relationship in equiaxial crystal: (a) Surface inverse orientation figure; (b) {111},// {110}a;

(c) (110)5// (111)a.

B 5 SRR N-W KR

(a) REHFATE; (b) {111},//{110}a; (¢) (112)//(110)a

Fig. 5. N-W orientation relationship in equiaxial crystal: (a) Surface inverse orientation figure; (b) {111}, // {110}4;

(¢) (112)5//(110)a.
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TR e B, S RMEB2FH. BRREEERN
7897 kg/m?>, B AR 4 8150 kg/m? [0,

FIFH A BIR 22 43 7 50T B4 30 i 3 A 13 0
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b, C MR RAEE R T IIRIRESERE, C oA
KRR T IR AERE, Rp 5 (2) 307 16 4% 3506 1
RAFMI6 x 6555 R A1 R 2 [ 5 5 2 4
(4) RFFR, R Rp (.

2R11R13 2R12]:€13
2R21R33 2R22R23
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A d 9 IRRE R, AL A1 Ay 43 i 9 — YRR T [ 3
A R JETHI B MR, 45 Rk 3 pr g, ERRIR
il T, FORER R AR TE ZUR B K-S 58 R FIN-W ¢
RO R IR R EE N 0.51 dB/mm, BAREEER
A R 1) 7 g R B ZE AN 0.1 dB/mm, JLF AR
[l KR A P 0 R B e A R R R AR T 3 d K
TR R BUE, 1320 A7 R O 5 2 S T B AR N e 22
53 5N 26% A1 7%. TR R ARSI, AR
s R K-S SR RIS, SRRk 3 A4 IR Bk 36 A40oxt
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20, Ay
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Table 1. Elastic constants of ferrite (unit: GPa).
Cij a b c d e f g h Avg.
Ci1 232.2 231.4 226 230.0 228 233.1 230.4 231 230.3
Ci2 135.6 134.7 140 134.6 132 135.5 134.1 134 135.1
Claa 117.0 116.4 116 116.6 117 117.8 115.9 116 116.6

K2 PIRRALIA SR FR P B PRI R AT IR R WK R 35

Table 2. Euler angles and elastic constants of austenite and ferrite with two orientation relationships.

Euler angle/(°) Elastic constant/GPa

Grain shape Orientation relationship Phase

01 é P2 C11 Ci2 Caa
KS ~v-[116] 296.6 13.0 44.9 285.0  99.7 101.7
a-[146] 74.4 342 17.1 237.8 133.4 101.3

Columnar crystal
NW ~v-[126] 290.6 22.1 324 308.5 80.7 84.5
a-[106] 287.3 8.1 75.9 236.2 134.3 113.5
K. ~v-[215] 270.2 224 61.1 306.7 89.0 87.3
a-[135] 270.9 30.8 16.4 252.7 1174 91.9

Equiaxed crystal
NW ~v-[223] 338.7 45.0 43.5 299.9 94.9 75.9
a-[236] 257.3 36.7 36.0 2777 104.4 79.8
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Table 3. Attenuation coefficient corresponding to two orientation relationships of different ferrite morphologies.

Grain shape Orientation relationship

Ferrite morphology

Attenuation coefficient /dB-mm™

1

mainly bar 1.46
K-S
mainly island 1.38
Columnar crystal
mainly bar 1.97
N-W
mainly island 1.48
mainly bar 1.35
K-S
mainly island 1.19
Equiaxed crystal
mainly bar 1.08
N-W
mainly island 1.04
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N 2 PR 56 AL A AR N 2R X AN T
IR S5 S (101) KR A RS B R HOn P I8
Merkulov 34 45 H 8 75 I8 1) 5503 568 Uok < e 1t 75
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HUBCT A8 . Smith 35 25 B 7 48 75 B0 28 08
R Bs SR fOBSHAR RS D Z IR 1% &

RS Bs = CiD3f* (kD <1),  (6)
BN Bs = CoDf* (kD=~1),  (7)
BEU Bs=C3D™' (kD > 1), (8)

Hp O, Oy, Cs /2 5 RIS 40 % R 75 )%
PR R E . A N SARN 15 MHz I X R
PP KL R 0.4 mm, IR IERZ A4 SR B kD
1E0.13—4.7 Z 8], 75 5 W0 35 B2 5 R #5UH A pE
LB POl M kD RN (InED = 0.13), A
BRF A RLIHU BE TS, T LT AU 5 (KA

(a) ---- Ferrite with bar shape

Ferrite with island shape

First echo
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Second echo

-15 ' ' '
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©
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. _ i
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e

Ferrite with

@
i
T
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©
o
7

30 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Distance/mm
6 FEARBIOA IR (a) SERIATS A S (b)
TR R

Fig. 6. Ultrasonic testing of columnar crystals: (a) Time

domain waveform; (b) attenuation coefficient.
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Abstract

Cast austenitic stainless steel (CASS) is widely used in important engineering components, which has a two-phase
microstructure, i.e.austenite and ferrite. With slow cooling rate during solidification procedure, the austenite grain is
coarse and the morphology of ferrite is complex. Due to the remarkable elasticity anisotropy of austenite, the resulting
structural noise makes the recognition of macroscopic defects quite difficult in ultrasonic testing. To improve the signal-
to-noise ratio, the ultrasonic testing frequency is generally small, about 0.5-2.0 MHz, and the ultrasonic scattering effect
of ferrite is ignored. However, for submillimeter or even smaller defect and damage near the surface, the ultrasonic
testing frequency should be increased to achieve a higher resolution. In these cases, how the ferrite influences the
ultrasonic wave propagation behavior and the testing result is still not conclusive. Therefore, CASS Z3CN20-09M is
studied as an example in this paper. Based on ultrasonic propagation modeling and “in situ” experimental design, the
crystal orientation relationship between ferrite and austenite in CASS is studied and the factors influencing the ultrasonic
scattering attenuation are clarified. The results would be helpful for clarifying the ultrasonic response mechanism of
CASS and critical for the quantitative evaluation of small defects and early-stage damage.

The orientation relationship between ferrite and austenite and its influence on ultrasonic scattering attenuation in
CASS are studied. The crystal orientations and their relationships between two phases are characterized by the EBSD
technique. A two-dimension anisotropic model is built based on the morphology of ferrite, and the ultrasonic propagation
is calculated by the time domain finite difference method. The influences of orientation relationship and morphology on
the longitudinal wave attenuation are analyzed and verified by “in-situ” experiments. Results show that ferrite grains
with bar or island shape are distributed on the austenite grains. The orientation relationship between ferrite and austenite
is mainly Kurdjumov-Sachs relationship, and only a minority of ferrite and austenite satisfy the Nishiyama-Wassermann
relationship. Numerical simulation of the ultrasonic propagation under a testing frequency of 15 MHz indicates that
the orientation relationships between two phases and ferrite morphologies present collaborative effects on the ultrasonic
scattering attenuation, which could not be ignored. The factors influencing the ultrasonic attenuation in (101) austenite
grain are quantitatively analyzed. It is found that in single austenite grains of CASS, the inhomogeneity of crystal
orientation, the orientation relationship between austenite and ferrite and the ferrite morphology play an important role
in determining the total ultrasonic attenuation.

The results would provide supports for clarifying the ultrasonic response mechanism of CASS and developing the

quantitative evaluation methods.

Keywords: cast austenitic stainless steel, ultrasonic, ferrite, ultrasonic attenuation

PACS: 81.05.Bx, 43.20.4+-g, 62.65.+k DOI: 10.7498/aps.67.20181251

* Project supported by the National Natural Science Foundation of China (Grant Nos. 51775087, 51405061).

1 Corresponding author. E-mail: linli@dlut.edu.cn

238102-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20181251

	1引    言
	2实    验
	Fig 1

	3结果与讨论
	3.1 CASS的组织结构
	Fig 2
	Fig 3

	3.2 铁素体与奥氏体位向关系
	Fig 4
	Fig 5

	3.3 考虑两相位向关系的声学建模计算
	Table 1
	Table 2
	Table 3


	4声衰减实验测试与讨论
	Fig 6

	5结    论
	References
	Abstract

