$35% 2 SO = S Vol. 35 No. 2
2020 4F 4 A JOURNAL OF EXPERIMENTAL MECHANICS Apr. 2020

XEHS:1001-4888(2020)02-259-08

Q235 MM R {h E & GHRZN SR M LWHR
KA FA BB, IR

LMK, HH 2131645 2. RILA IR E . KK 1633185 3. RPIM M TR ARA R, KIK 163318)

A

HE. 2B m LB AR A RSN ARG, A R F ARG RTRES B A K
89158 A2 T E Y AL TALG F 8L A A B RHAZ 82 RN 2B A6 m L4 A B AR,
AL H SEMtesterl000 BRAZFAD X I AL MZ1000 £ E R 44 PCI-2 B F R S0l 2 %
S BETFAHARDENNER AL, 2L Q235 M T AL RAL I AR 5 B k4], FI T dh4k 69 78
Bk e W B A A B R SR EAR AT e B AR S, B RE AR T
ST BB A —ANABFENIR,ALGEFBEDL T AL ERRNFLARES. L HH A
ABESAR,FARANRAREFARET RERAESLET IS, REFAFRIAULELE
REBEG A EZT AT E LKA 4 Q235 4R 2m M ARAH AR,

KR FASR; AR ; BEHH; @I

FESES: TG115. 28 X ERFRINAD : A DOI: 10.7520/1001-4888-18-169

0 5|87

43 J B % WUAR 25 AT R g 4% 1] [ (L HG 200 00 AR 25 552 o Sy R 0K | 2% S AR L — ARDAE 7 45 2 [ 21
A AR — A . FESM AT A T« 2% BOM 45 OO LA AN 3 S Ak oh T B 3 4R A5 285 A AT 2 i i AL 7™
PEBUG B S R SR RO, Ty B T R S S BT A AR IR S L — R R R 4
O e Y e

LT [ P9 b2 3 T ek S5 6 9 7532 068 A () AR5 4 e R 1) 7 S 5 R AP 2 S DR AT F 5 O
WAS T —E Mkt T RIRBIEE T AR, 32 B o AR I R GHE S B 4 b B R R U
F8 A5 P o o i ok 00 B PR T R I 1 83 25 75 15 5 O LA IR A Rk P e S 40 47 2 i e ) JRE R AR Y
PUAT 1 75 I R Ay o L S | e 2y 1 T 28 L 20 i A A Ay S A R SRR L R T 3
TP R B8 IR TG 5 S LA LI DRI 7 R P P 2 S B0 4 3 AR A A AR 1 v i = A A EDUL S 5
WL 45 R AT ARE

BEOXF b 3 ) A SCHEST T U P A e AR R i S R Sl A LI S 4 R 4 Q235 B a1 Iz i
il S 8 7 Ok S s OO0 5 3K 00 L 4 451 405 T AR A UL A 45 5 IR LA s 3 R ) P R S R PR R
RSHE S AT B IR K SRR S B ROBURRIE . R DGR RE b 255 A UL ) S L R TR T R L
T Y 4 B B sk At UL 45 A5 A AR

1 FERHEENSUNER SR

1.1 KBRRGAK
WA 75 S I B Sy 1 S S A ae R R R S DR Sl A LN S AR T ek I AR WL 5 AR 43 R R G

* WFRBHI: 2018-07-22; €@ HHEH: 2018-09-25
HEEWAB: BRILA ARBFE4TH (E2018015) ¥ Bl
BIRESE: KBQ972—), B, WL, 282, B hm . SRS Z 2N &S BTN . Email: aezyl63@163. com



260 S (2020 4E) 45 35 %4

MZ1000 TF 14 5 8 DR o =3 o R W& 1,
- T 2838 4> ¥ i SEMtester1000 J A7 fir
i' —" AL P A AL e 2 S B A F KRG Fir 2 2R
PICO B ILBE: +— BbIOA| HEaL 0.0lmm/min, 5 %% B (8 % B m] L S2 i
i WA 4 2ok A P R SRR A B A T AL .
: T :i‘F ALk 56 A R sF 8 173mm X 120mm X
R ——— A9mm. A LLE TR MEEY S L. KA

[—— MTI R E RS, A TRERESH. W
‘——I |__ W IR T
== LI 43 ¥ B MZ1000 1F B 5 1065 . [

jt U‘xﬁfﬂun'-'"]-ff:rt MTI EUE T R 45
& 4855 DIG300 8 fg k. 1%
M1 R S 5 2 R 52 0 4 B KA1 SU 5 2
Fig. 1 Experimental system Ab B A A5, AS 55 2 vp T S B8 S SR 4E /AL L R AIE

S o AR Y ST PR N M | (R I R A DR IR R AR R Y SE I SR Y — Btk . 2 0 U A BOR A AR
10X ) H B MR A543 514 10 X .50 X, 100 X ¥ % .

P SRR A3 e 4 PCT-2 A 5@ 8 75 R Rl R Ge . AR SR RGEBCA 2/4/6-AST Hij K
KAk 2 A2 250k Hz (9 PICO A% 8 A3 24 200kHz~750kHz, K/N R 5mm X 4mm,
RAF8N &G AT/ W, 7RG S REZRESERE R 1 PR,

#1 HENRERKSHOLE

Tab.1 Parameters of acoustic emission acquisition system
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Fig. 2 Correlation diagram of acoustic emission signal amplitude
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Fig.3 Flow diagram of acoustic emission source image acquisition and analysis
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Fig.4 Slip acoustic emission source
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Fig. 5 Inclusions rupture acoustic emission source
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Fig. 6 Signal S; from slip acoustic emission source at 340s
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Fig. 7 Signal S; from slip acoustic emission source at 1831s
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Tab. 2 Parameters of acoustic emission signals from slip
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Fig. 8 Signal from fracture of inclusions S;
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Fig. 10 Mesoscopic damage model of Q235 steel based on acoustic emission sources dynamic observation
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Experimental study on dynamic observation of acoustic
emission source for mesoscopic damage of Q235 steel

ZHANG Ying', LI Yue’, ZHOU Jun-peng®, CHEN Xiao-long®
(1. Changzhou University, Changzhou 213164, China; 2. Northeast Petroleum University, Daqing 163318, China; 3. Daqing Oilfield

Engineering Construction Co. Ltd, Daqing 163318, China)

Abstract: The mesoscopic damage process of metal materials is accompanied with the release of
transient stress waves, which can be collected by acoustic emission testing technology. However, due
to the lack of directly visual means, it is difficult to evaluate the mesoscopic damage of metal materials
quantitatively by acoustic emission information. In this work, the SEMtester1000 in-situ tensile
testing machine, MZ1000 microscope and PCI-2 acoustic emission detection system are combined to
build up an experimental system for acoustic source dynamic observation. Taking the Q235 steel as an
example, two typical acoustic emission sources including the slip of the crystals and the fracture of the
inclusions are obtained, and the corresponding acoustic emission information is collected. The
experimental results show that the slip of the crystals is a continuous process, and the complex slip
activity produces multiple types of acoustic emission signals. The fracture of the inclusions is a
transient process, which produces typical sudden acoustic emission signals. The comparison between
the two sources reveals that the signal energy generated by the fracture of the inclusions is higher.
Based on the results of acoustic emission signal analysis and image analysis, a model is established to
describe the mesoscopic damage mechanism of the tensile process of Q235 steel.

Keywords: acoustic emission source; dynamic observation; image analysis; mesoscopic damage



