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Study on damage characteristics of aluminized 321 steel based
on acoustic emission /b-value analysis
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Abstract: The damage to aluminized 321 steel, which is the main material of solar thermal power heat exchange tube, will lead to the
shortening or even fracture of the life of the heat exchange tube. Therefore, the damage detection must be carried out. The damage
characteristics of aluminized 321 steel are analyzed by the acoustic emission (AE) method, and the online dynamic monitoring of heat
exchange tube performance is realized. The damage degree of aluminized 321 steel is characterized by using the AE [b-value feature, and
the self-organized mapping (SOM) neural network algorithm is used to cluster the AE characteristic parameters to analyze the damage
mode of the material. The results show that the number of AE events in the mechanical plastic stage increases sharply, and the peak
values of energy and ringing count indicate the fracture of the specimen. In addition, before the failure of the specimen, the /b-value is
significantly reduced and the density becomes dense, indicating that the variation characteristics of the Ib-value can be used as an early
warning signal for the critical failure of the material. Four clusters and their corresponding characteristic frequencies are obtained by
clustering analysis of the characteristic parameters through the SOM algorithm. The fracture morphology of the specimen is observed by
scanning electron microscope ( SEM ). The four clusters correspond to four types of damage modes, including hole growth and
coalescence,, micro-crack nucleation, macro-crack propagation, and fibrous fracture. This study aims to explore the damage evolution
behavior of metal pipes and provide a basis for damage analysis and health monitoring of pipes.

Keywords : aluminized 321 steel; acoustic emission; Ib-value; SOM neural network ; damage evolution

S H 197.2023-09-06 Received Date; 2023-09-06
* FEETH R A RRHAIE AT (51908064) (iR A AR ERE 4T H (2021)130717) Bl



212 f# £ ¥

a5k

0 3l

T

TET T BB IR A B AR A Wr €357 TH 7 5 T,
e R FHBE#A & HL ( concentrated solar power, CSP) AR
TN B AR 321 9 T LB B M | T ok
PEREIETERE, 75 CSP RS8P A P8 I Trp 435 1
P BEE B 321 YL A% B4R A0 B H 2%
Uz ] g AR A AR B o ) R A 52 O
FEA T £ i AR L B R 321 &t — R AN E A
TARIG R e R A S w A 0y Uk 4
BAER . SR, A R 2 S O R R AR S AR SE AN
IVAVZE: U RO b = 3R =0 T 8 Y ata o N 1 A2 P ]
TENRA SR v, B 40 321 45 1 B AN Wr 4 e 1 22 K 24
R, FTREE K v s i O S BUE A Rk, B
P A O A5 A I T B 458 A £ b U A P A U RE
XPE R 321 A HEAT i A G, T vk S i e I FG A ) &
FIIR AR 5k B ot R 3405

75 &5} (acoustic emission, AE) AR E—FhTCINT K
Jil B 7 A 3, LR M R R A L R TE
PRI T5 v | 7 R S A I B AR BLAT B g ) R AR T LS
FIRF 203 285 M 0 5 Ao DR/ B4 0 ARt % DR] I A T R 45 ) ot
TR A 505 TP N A A3 A B0 T AR T2 N
SR — R H T B RS R S 5 Wik
S I ARSI A FE A S B (HIX e S H R
TR R HME S B BEA TR 1, O B VA R B 45840
AL R, A& ST 1b {8 (improved b-value, Ib) J&—Fh 3
TR RGHE S IREMG T . 2Ok R A U
PPA S A HERZS OF UMV E A 305" . Wang 4510 %
G20MnS5QT $5H b 75 A [ °F- T 29 ST 4 Wy 2047 1
I, I B 1b RS W 245 0 18 A a7 22 18] A 7 58 2 4
HHAACHE . Tang 5510 R R S B AR XA [ TR B 1 1R
AR R A DR R T T WD, 2550 R0 b (A S
TREE LRI N B ORS Y J BRI C R, It
A, Jung S BRI —FRIET 1o {E R HERG TR E S bR
AT R AR T I

LIRRIBIETE R BT TR A b A B A IE B AR
Vo e HAT AN, SR, (XA 1o {870 BT 2K
SR ) A ] ) 43 P A X R AR IO, 1) 78 28 S 5 T T A 7 )
BRYE, O 1 SiRIX — BRI, = AT HI R 2R ok ) s
K SHE S AT AR 702, LA oA 52 4 A9 25
PRSI RRAE . Pei 5511 X AN [w) 45 449 1 F IR 4 B/
PSRRI A2 AU FEAT T i, R AR
W] C BMERHF S AT 2028 WS R AR 5 7T 43 3 Fhk
T EL R 3 ARG, SR A e A 1] L
KA AT GG T 3288, IF M AR BRI AL S 05

AT SHCR | LTy b X6 14 6 A6 46 Vb4 B E 9% 57 24 e d
RIS A B Be i AT 8405 43 2K . Calabrese %5 ] F 75 &
SRR W T RN 7 VR RE R T AN A AR U B v T
BOESON S T4 ( HASCC ) i e, I3 i a4
Mrs5 SOM vk 45 & 19 J7 i 58 A 3 WL, Zhang
VA R R S RNLT MR AR IR AR ST T BB/
WA B MRHE SRR PR AT T 1A 53 )2 BB b
B, 3z H K B 0 32 103 43 B 7 o6t 7 R S5 5 164 T
I AR 4 FORTR B i R

Lk LTIR R W e b P 2 2805 R G 5 O T
B B ENA M, RE K WEER JERE M
W C¥MEREFF WAL EA —ENH, HETER
S B BRI 7 T AT A A AS RV AR A8
LB ( self-organized mapping, SOM ) #1225 ¢ % D] A% /77 e
S AR RS E MR SRR AN S T 2 A R S e
BEEFERHR S A XFB A 321 4R S B AR 5 4
I, ABIE 5 5 0 P S 16 (B3 B (R 5 s, LA 7R
AR B A R, A SOM Bk X R AL (A 75 A 4t
{5 S SHEAT 2, AR AE R AR 2 far T 1 0 2 5 4
SRR BE A, 38 3 A B 43 4 i b S5 Xk
PR eSS T G b, ik — P IR R & RS M
P AT R PR AR

1 IBigHir

1.1 FEESHESH

7 R STRHE S ORI & S5 5 i R B LR REAE
1B, X SEREIE (H RE % S e A RHIE 45 19 F & (5 8 7R Ik
BB MR AH AT AR B 0015 5 s BE I RAE

A, =20lgV, (1)
XA, FoRiRME; vV, Fon aad B E RIS 15 2] 10 30p
e P

RE BRI A5 5 R 2K R D T 5 B el Ay i AR, T
PARAEAS 155 i) 3 B RS 1L

E, =fovz(z)dt (2)

P B, RAERE, V() 381 ¢ IR,
PRES TR IR #% Jok bl 2o B HRL e B U2, T 3R AT
P 1E 5 B BE R, XA AL 450 4 B B

o (V,
.

N, FORIRFE TR/, A BE RF O T Wi AR B
WPZRIE AR R KV, B EA R, mV

BEA A REAE R R (RMS) AP35 5 HLSP- (ASL) 3
FAEAGI 5| A PR 75 B 2 Bl B9 DR/ N RT3 553 5 35 4652 Pk i) 2 ke
TR SRS 7 A PR M JERIARRAE 5 P I ] S5 i 72 A4 Y88 A



%1

BEyik G5 T ARG b (AT B 321 SRS 213

JEFNTT [v) 5 WA 30 2 W75 5 B a7 e S 91 B 110 4 vh
JE AR T AR IRAE M EEE R
1.2 ERSE

b {H R EIR T HE Sy Gutenberg-Richter N,
Ho 3z b TR R R - R A

lgN =a - M (4)
Ao NV RoRREE R AL A MR SR s M R b
RS o M b SRR R0 LE N 0.8~1. 1,

YT HER UL S R S A AR AR AR,
TR b (RIS 7 125 0 28 7 R S s g i . AR B
Ib AEFEXT(4) b (B I BGHE , (AR R IR 75 A S S
AIE 77 T 5LV A

, IgN(E,) = 1gN(E,)

(o, + )6 (3)
N(E)= [ n(a)yda=n (6)
NE)=[ n(a)da=n (7)

Kb B BB — UGS E RN (E) HIREKRT
w—a,d R RS FMERZ AN (E,) HIEEKT
w— a8 A ESFFEARZ M, o, HELHEE, 55
HARME R PR R BN LR R o, = 1.0, = O30,
8 419 s P RSk A A R B 43 A 17 BB RN A o 25
niEE K FE R n(a) & do b BY RS FH M

Ib (B KNSR RN RS TE BRI & J A 2% D)
B, HARARIE B BEASRE L 2 b fEfeknt, &
A Rt (AT A7 5 = X S 7R 26 BB Y
WIRUINRSC R = A N T, AH R, Y 16 E /N, R W
AEAE /D ey W 2, 3038 5 0 B B 2 W 8 1) I
BUFARFRE Y AT e, ARSCR AT 100 W+ A 514 7 B0/
o 8, RO 16 {EBAT 265 1Y 2R BIRE, DURE v 6 R S RN
R I 25 A /INI P S S
1.3 SOM £z [ 4% # 5

W1 7, SOM it 25 o) 28 455 8 2 — Ff A 01N B ot
22 L8 EER ISR, RN i AR AR B S 3 — > 4 sl —
NS, AR N Rt 2 AR TT R T S
B, BRI AR S Hi A 23 [B) R — e AR, AR
RIA AR & N DA, i S 25003k T 4
ANBHRARAAE . 2 WA R e )2, oM A
PRZETCL N, BP0 RN — R 2R B B R e
Lo FEIERIHTE S HUEIU RN B AL 20 R 52 306 AH U
AFEAR A RIS

SOM S HAR AL BR AT - 1) WAL AE W, (i =
1, 2,5, Nsj = 1,2, -, M) G8LBEHLRIERL, S EA

1 SOM i 2 [ 45 4
Fig. 1 SOM neural network model

P2 TTT 2553 BCAT) L AN R [ o
2) P A PR — A R ARE R X, X, = X,
Xyps ooy X K HE AR I
3R E TR X, ST S Z A
WA PGB B k2 I I 2
4) FHREAR AL 0 T2 B B B b AL 3 A T A e
TUT A PR R AR 2 e s B A A 22T ¢, B
| X, =W, =min{d,! (8)
5) WB AL ARYE R AL 2 T 1o B FNAR I pR 4, T
B e e 2278 A B R T R o 28 7 R AR R ) o, BRI
W,(t+ 1) =W, (1) +n(t) - h(ij) - [X, - Wi(1)]
(9)
Hr W, (e+1) R T — WEACG 1AL E [1] 5
W, (1) R M HALE [ &y m (0) 2R 2 % 5 Ry 0~
1, BEE ER VBB s h (i, ) AR R, Fem i 45
JC(i, j) FRAAZIC ¢ (IFEES X, TR AKEA
6) B2 > SERNER I R B S 50 Bl A AR OB
T, 32 s N 2] SRR R B S B, LA il BLEE 1) B
e 2
NEELE2) ~6), HEIEFNE IR KM, kR
B0 B T (B B R ) S8
BAIYI GO RS A R B R AR H
R T WERR DA 2 B AR R SR F DBIAE A 1
645 SEE (B P AP FBetb A 19
DBI = % ; rr}gjx{j)’(ijl)/} (10)
bd, Fd, 3 BREE @ ASRER AN I B 5
o PO B S T B BB D (i) 5 0 SRR AN
B s Z TR A BE S
SSE=Y Y [p-m]| (11)

i=1 pec;

X p oo, WP REAR S ;m, & ¢, TR,




214 f# £ ¥

a5k

2 KW

2.1 SRIEHH

AOF R A e 321 NI REHE A
JT A Ek 68% MIERER A & K K (30% 1Y 48 Ak 40 R
DL 2% B E AL B G AL RN AL B A 0 b Bl S R A
AR EIEE T ARA b, 4% IR 10°C /min (9 i #4E
N ZE 500°C 345 1% 30 min, F-FHE & 950°C {5 iR
RhEAMEZE, KW s w1
FT7R .

#1 AE Sensor

e 670 %%
TSSOSO X0
OO X

x1 RGO ERS
Table 1 Chemical composition of the specimen
(wt. %)

C Co Si Mn Cr Ti Ni Mo Fe

0.04 0.16 0.38 1.07 17.03 0.22 9.05 0.09 Bal
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Fig.2 Standard rectangular section size of the specimen
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Table 2 Parameter settings of the AE acquisition device

WS BRI
WEAE 7€ LR TH] (PDT) / s 300
fiiki B SCAFA] (HDT) / s 600
$i¥ o AP S ] (HLT) / s 1 000

B{E/dB 55
A s 1024
SFAEZE/MSPS 1
RIS %5/ dB 40

EALL I 450 L/ k Hz 20~3 000
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Fig. 3 Diagram of uniaxial tensile test device
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Fig. 9  Visualization of clustering results of AE feature
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Fig. 10  The distribution of peak frequency and amplitude
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Table 3 The results of cluster analysis

AE B3 EE| H%2 RAE3 R4
FRER/kHz  21~75 104~142  143~181  234~316
e/ (mv-ms)  1~1461 1~4382  1~3484  1~80952

I{E/dB 55~96 58~99 59~99 55~99
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Fig. 12 The tensile ductile fracture diagram of the specimen
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