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In this study, acoustic emission (AE) signals associated with the behavior of materials in the magnesium alloy (Mg AZ31B)
tensile test were analyzed. The AE sensor was attached with the material to measure the AE signals. During the tensile
experiment, the AE sensor measured the elastic waves generated inside the specimen. The AE parameters, such as, the
signal energy, duration, and frequency centroid, were studied. We also analyzed the effect of the materials size and tensile
speed on the AE signals. As a result, the lowest frequency centroid value occurred at the yield and fracture points. As the
width and length of the specimen increased, the number of hit counts increased and the peak frequency occurred. Other
AE parameters, such as, the duration and frequency centroid, were not affected. As the tensile speed increased, the hit
decreased and the frequency centroid decreased in the elastic region. It was found that in the detection of the yield and
fracture deformation, the number of counts, and frequency centroid were appropriate.
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Fig. 1 Specimen specification of tensile test specimen (unit: mm)

dB Duration time

Rise time Count

Energy

Amplitude [ | .0 ':‘ 1.
\17\/\/ v v \/vv

Fig. 2 Schematic figure showing the main AE parameters
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Fig. 3 Experimental set-up for the tensile test for measuring AE
signals

Table 1 Experimental conditions

Case No. Gage length Gage width ~ Cross head speed
[mm] [mm] [mm/min]

1 25 6 5

2 25 12.5 5

3 50 6 5

4 50 12.5 5

5 25 12.5 05

6 25 12.5 50
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Fig. 4 Number of hit according to the stress-strain diagram of Case 1

wol S| ujiel] $i9k gre Aol WGk o Tk
A},

Fig. 5= 0h1ul4 @29 7148 750 UE AE stebulg
% Signal Energy, Peak Amplitude®?} Durations £45F Ax}o|
t}. Signal Energy(l eu = 104V %sec)= 3t 7]2] AE AT E A
7ro g ARt 7o, Peak Amplitude (V)= 3t 7119] AE A&
oA Hof AZS oju]3tct. Duration 3k 7§ AE A5 7}
A& EE A7 ou]sin, X Fo] ARG R 57t AT

B tA] AAskEY &89 AJ7to|t). Signal Energy?] 7ho] =

(e

W AE A1Z7F =2 oUAE 2= Z& 9Jnigitt. Duration©]
A5 AR 427 e A&EE AS ofneith

Signal Energy®} Peak Amplitude 2+ 739 Zke] Aol =2
B2 Log Scale2 1|ZTE FFs}ch E3t, HI}F oS 3
QIst7] f1sl Z42ke] AE wietuld glolEE ol sHate® ALt
sho] Wizk Ao ® yehleh 1 Ay 2 ghefu|E 7t gy
WY oA FEA7HA] 7Pt T3t #isks Bl 44w
3 oA E HithEe Wl S Holort sbetdolA 7t
E& gho] AR ahoA = ahdyt FAlo] AE AT
st o] A|HelA 7 w2 Wt Y HAEE
k. o] A=Y, Y7o ) spcto] WAYE= Al
Al =2 AE U7 Ak, 7P =& AE A7) st A
oA Wgst= AS o 4= sk

Fig. 62 nl1ul¢ T2 71414 A%l me AE wapule)
% Frequency Centroidgs £4¢F Z3}o|t}. Frequency Centroid
L AE A& A% F0(Frequency)® B3 g TS A%
o] o2 e grolch. ehAl Agst F mhepu|Eel o] g
HollA 71 gt Wt oMt d=S Helth 28y =
dehEs FEHoA &2 @S 7FAIAIE,  Frequency

=]

Centroid Z+-&

o oflt

b

_l

T

g T RT =
sfetulg o] B54& Bgdte] YEPS ST & 9 Aol



42 / January 2023

sEEISEX| M40H M1 E

10

Signal energy (-)

©  Signal energy
Moving average

oo

©  Peak Amplitude
54 Moving Average °
o
-
@
=
£ o .
= o o °
£ ° °
< 34
=<
<
5
=™
2_
0 1I0 2I0 3I0 4'0 5I0 6IO 7I0 80
Time (s)
(b)
12004 Duration
Moving average
1000 - o
@
3 800 -
=
=
= 600 -
5
a 400
200 4
0- T T
0 50 60 70 80
Time (s)
©
Fig. 5 AE parameters according to time of Case 1:
Energy, (b) Peak Amplitude, and (c) Duration
. 600 -
N C
e o
== o
= ,,
= 500 4
= g
e o
= o
8 400 - 9
5} 0
g ;
£ 300 8
g o Frequency Centroid
E Moving average
200 T T T T T T T
0 10 20 30 40 50 60 70 80
Time (s)

Fig. 6 Frequency centroid according to time of Case 1

(a) Signal

T T CEC R
3] = X% 9] FFT (Fast Fourier Transform) ©]5% 2

150

1354
= 120
2 105
90
75
60
451
30
159

Moving average

Amplitude (d

1000 1500 2000

Frequency (kHz)
(a)

0 500 2500

150
1354
120
105+
90
75
60
45
30
154

—— Moving Average

Amplitude (dBpV)

0 500 1000 1500 2000 2500

Frequency (kHz)
(b)

Fig. 7 Fast fourier transform (FFT) spectrum of the AE signal of
Case 1: (a) At the yield point, and (b) At the fracture point

Fig. 70| upeblch. 3H-E70) 79 200 kHzol Al 90 dBuVE |
gk Holal o]f uFuR AR HY Hishe AT 2
et mhhol A= 200 kHzo A ZthghS Hol=d], 2L gto]
140 dBpvE AjH oz & 3rE 7k B3, FupTt 52
Jodo)| 4] 1,000 kHz7}2] 120 dBuV Zro| Whigict, shctol 4] ]
AE 415 = ek} FAlof whAggic), ouf, g 2702 Lo
Zl Aefolct. gtk Aldels AE 4137} w2 Fukg JA7tA]

-
R CX

I

32 AIE 27(0]l T2 AE AlS LA 24 24

AE A= Thabet Qo] kg W] mhitel Alo]x o] 7]
o whet Aat pato] Tebd 4= ik olol whet Aol 9] 27
o W AE AlE AE B 98] 4749 B ol
Q14 AHE WA A0 7] WEHE 2 Gage Length)e]
ofgt AE A% WA 54 A3 Fig. 83 Pk Aolx] |7t
S715H Hit 4= oF 28 S715He 4% Rolch E3 Al]
X Zo| Z7tshul oF 3uhel Hit 57} Z7Hsdct ol Alwel
2717k Z7¥atel) weh Wg WAl yolAl 1919) o)l o B
o] Qlolyt Asleti wekect.

Fig. 9% Al#le] 7)) ujet xjol2

F

Hol= AE AlS WAl

E24 % Peak FrequencyS H-43t Zvlolc}. Cased H|IE &
o[atA| F7] QI xFH- 24719 Case®| Altol| wE A t3=

RePsidet. 3t y & 22 B9 4 7HA9 Case T 7HE &
e EgkE Uehs Case 45 1 o8 Atk askel
ok 22 Aqteks AR ol E oz eIt
1 Aak, Alo]A] do|e} Zo] F7E4=E &2 Peak Frequency
7h Wgsllal, e Caseolld A& Aol e W3} S




January 2023 /43

400
= CASE#1 of Hits : 1491 L 600
[-™ Eng.Stress-Eng. Strain Curve
£ Hi
E 300 I Number of Hit L 500 -
§ =
F400 «=
% 5]
4 —
gﬂ 200 L300 g
£ E
) F200 2
2 100 Z
5 [
5 100
0 ' T T 0
0.00 0.05 0.10 0.15 0.20
Engineering Strain (-)
(a)
400
'a\ CASE#2 of Hits : 5076 L 600
= Eng.Stress-Eng.Strain curve
s -
Number of Hit
E umber of Hi | 500 -
§ 400 =
F S
g °
g‘) 300 E
B 200 E
) L
@ Z
Bo |
é 100
t T 0
0.00 0.05 0.10 0.15 0.20
Engineering Strain (-)
(b)
400 .
—~ Case#3 of Hits : 3483 L 600
n‘: Eng.Stress-Eng.strain Curve
2 I Number of Hit
< 300 500 o
2 =
F400 =
Z E
%D 200 L300 g
o— £
b L200 3
2 100 Z
Bo [
’5 100
0- ot T T 0
0.00 0.05 0.10 0.15 0.20
Eng. Strain (-)
(c)
400
CASE#4 of Hits : 12685 L 600
= Eng.Stress-Eng.Strain Curve
E I Number of Hit 500 .
s o)
F400 “=
z s
£ L300 &
% g
Y 200
g z
= 100
-0

0.00 005 0.0 015 020 0.25
Eng. Strain (-)
(d)

Fig. 8 Number of hit distribution according to the material size: (a)
Case 1, (b) Case 2, (c) Case 3, and (d) Case 4

ARSI ©|F A Z7)e] ofs) st Auks B A7k
sl ekt dlolEE 7152i LIETA 5L

Fig. 10& AE Al&
Peak AmplitudeE- E-45t
7ol wk2 Hol= Holx o

WA EA] = Signal Energy, Duration,
Atolct. 3717 mletule] B AlH 3
Forct. E3h, ukvls T2 71AH

1.0
= CASE1
=== CASE2
0.8 = CASE3
= CASE4

0.6

0.4

0.2

k ‘, A e S ——
0.0 T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Normalized Peak Frequency (kHz)

Normalized Time (-)

Fig. 9 Peak frequency distribution according to the material size

o
- —— CASEL
& —— CASE2
S 0.8 —— CASE3
é = CASE4
= 0.6+
=
20
7
= 044
Y
N
= 0.2
E
St
2 0.0 . , .
0.0 0.2 0.4 0.6 0.8 1.0
Nomalized Time (-)
(2)
1.0
—— CASEl
—— CASE2
0.8 —— CASE3
—— CASE4

Normalized Duration (-)

(R s
0.0 0.2 0.4 0.6 0.8 1.0
Nomalized Time (-)

(b)
O
~ 1.0
% = CASE1
2 —— CASE2
= 0.8 —— CASE3
g" —— CASE4
< 0.6
i
g
A 0.4
=
g
= 0.2
]
£
S 0.0 T T T r T
Z 00 0.2 0.4 0.6 0.8 1.0

Normalized Time (-)

(©

Fig. 10 AE parameter according to the material size: (a) Signal
energy, (b) Duration, and (c) Peak amplitude

N
o

g

=
T

of whet fAket WSk e Bolck 3714 sheulE w
e 9 FEelA 7 2 AE el E 7L sk,

o hal

B



44 | January 2023

sEEISEX| M40H M1 E

400 600
0.5 mm/min
= Eng.Stress-Eng.Strain Curve
? I Number of Hit -
&£ 300+ =
> 400 -
et =
] S
@
g 200 - é
[72]
- F200 =
on
= 100 - z
=
0 LS T T 0
000 0.05 010 015 020 025
Eng. Strain (-)
(@)
400 300
5 mm/min
Eng.Stress-Eng.Strain Curve
? B Number of Hit
& 300+ =
= 200 =
N S
@ =
@ | S
g 200 g
[72]
o L 100 E
£ 100+ z
=
0- b . —0
000 0.05 010 015 020 0.25
Eng. Strain (-)
(b)
400 150
50 mm/min
= Eng.Stress-Eng.Strain Curve
~ I Number of Hit
& 300+ *==
= F100
~ =)
4 .
7]
g 200 - é
e 50 2
< 100 -
=
0+ -0

0.00 005 010 0.15 020 0.25
Eng.Strain (-)
(©)
Fig. 11 Number of hit according to the tensile speed of (a) 0.5 mm/
min, (b) 5 mm/min, and (¢) 50 mm/min

axddolME AE setulE st 34s] Bolst e w
%Ak, o]re] 2ok ARZFEoARE TR o] AE et
B 7o) waeR] ok Aow uepict. ) AuE Sa) A
Ho| 27| tjiie] AE sletu|e| Afe] e A P
Ao gk},

33 Q1A £5H AE M5 UM EM BM

W AT AR S} e Aze] 4o] ekx]
w0l AE Al e ol ujel Azt bl ekl 4 9)
th. o]o] o1& &wof W AE Al A% ATE 24817 98]
Case 1 AJHE o]-&35}] 3714(0.5, 5, 50 mm/min)2] &==2 <l
4 e WS, A S0l g AE A5 w54

180
V=0.5(mm/min), L=25(mm), W=6(mm)
160 count
140 - Moving Average
120
= 100
g 4
=)
Q
0.0 0.2 0.4 0.6 0.8 1.0
Normalized Time (-)
(a)
180
V=5(mm/min), L=25(mm), W=6(mm) o
160 Count
1401 Moving Average
N
=
=
=]
Q
0.0 0.2 0.4 0 6 0.8 1.0
Nomarlized Time (-)
(b)
180
< V=50(mm/min), L=25(mm), W=6(mm)
1601 s9) o Count
140 4 Moving Average
-
=
=
=]
Q

0.0 0.2 0.4 0.6 0.8 1.0
Normalized Time (-)

(©

Fig. 12 Count according to the tensile speed of (a) 0.5 mm/min, (b)
5 mm/min, and (¢) 50 mm/min

Fig. 113} 2tk Fig. 11(2)9] 2 Hit 22 5,1817]0]] S Ao|A]
ZPE BES: Hit 571 9PIc. ol 24elol X qhashs A
2 Wt} Fig 11(0)2] A5 SUsHA G0N 71 B Hit
S oD ol Agaeloln sk Aae wach o)

A9k & Hit = 2,8437|2 Fig. 11(a)Q] A¢HE ) o 22 Hit 4=
7t AEESA Fig. 110 7%, B0 71 e Hit 47}
SPYRAR 1 Bt o2 /b ARtk o WA ekt
3 2 Hit &= 22 5 mm/min2 e ¢ ZA A&sic)
Hit = Q1% S0 S48 4sts A2 4 4

Counti= 3+ 7119 AE 413 oA oA AYS de 339
APt} Fig. 12+ I ko we AE Az T 54 5

o
=



ro

ZHLUSSSX| M40H M1 E

January 2023 /45

600

550
500
450

400¥

94 o

© V=0.5(mm/min), L=25(mm), W=6(mm) ©

300 o Frequency Centroid

Moving Average

250 + T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Frequency Centroid (kHz)

Normalized Time (-)
(a)
600

550-
500;

450

Frequency Centroid (kHz)

350 N

¥ © V=5(mm/min), L=25(mm), W=6(mm) ©
300 & ©  Frequency Cntroid

§° Moving Average
250 4

0.0 0.2 0.4 0.6 0.8 1.0

Normarlized Time (-)
(b)
600

550-
500

4501

350"

L V=50(mm/min), L=25(mm), W=6(mm)

300+ o Frequency Centroid

Moving Average o

250 T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Frequency Centroid (kHz)

Nomarlized Time (-)

(c)

Fig. 13 Frequency centroid according to the tensile speed of (a) 0.5
mm/min, (b) 5 mm/min, and (¢) 50 mm/min

CountE 24 ZAgfolth. /b4 4% B upiuls T2 7]
AR Aol the AFE fAsITh BTN FEE7A
7V E3ta WS Ui, 247 L0IAE sl 4
Holthrh ShehgelH 714 2 Countr} ST} Zjol
= % FZ7t SIS AT JFEe EAgT). Fig
12(c)ollA19F o] WAYst= Hit = FaxshAle, 1709 AE 4l
% We] Countr} F7ketch,

Fig. 132 QI &ko] wE AE Az WY 54 F
Frequency CentroidS B3l Auto|t}. 371K &£ ®%: wpl
Ul kel 71K Aol the AR SAlslel BTTIolA

SO
=
el

oo

00 0O o0®

o
oo

0
0 10 20 30 40 50 60 70 80

Time (s)
(@)

o 600 f
E &

o o
T 5004 o
- -
[=] o
}
- o
5 400+ .
U ¢}
> o}
2 300 ,
[5) ¢}
= o
=y o
£ 200 o
=

0 10 20 30 40 50 60 70 80
Time (s)
(b)

Fig. 14 Frequency centroid of any AE signal of (a) Count, and (b)
Frequency centroid

AR 7P Estah Web U Ale Counte} wheheis
A%e BTk ARl Mgk WAISIIL 447l
= STzl A4 o)

5ok %'%oh% . S s
= A

Al @7gelA AE Al 7} HEJ Uy 7EE =she 4
T, o] wgo] FEE vA= ofF afle] @Rt = vt
ohebA ot o) alvkes FkehA Ame] MEe A4
e HAE T 4 9= AE AT 24 o] atErh 2
ATolrle, dofef Al =719k 1 Hr eE HAE

oA T AE A5 S E4ste] F5 9wk o5 118
kTt o5 sl Al =71 5L QI ol BAglo] FuA

ol A %%_]3‘_} EALS HojFY Count ¥ Frequency Centroid=
A5 A&Ysieict. 71 A3k Fig. 149F 2t

5.36 soﬂf\ﬂ =2 Count?} @2 Frequency Centroid7} THAY
S, o] % Z} whetnlE = Wit e AR H it 78.9 sof
e 71 =& Count@} & Frequency Centroid”} H"*“é]—‘}i
o} wheba] 5.36 s= i AlHO] B, 78.9 si= mpho] YR



46 / January 2023

ror
Hl
o2
ne
0F
o
o
>
x
N
o
H
x
fo

ZolehaL S|Ssieich. AAl 3 shdie eelstr] 98w
gl 0.2% Off-Setsto] AAgh Ax} 538 sofla] 4,
79.5 sollA] mgto] WHAYBLGITh ol AE TR o S%k Alzhk
AR olAE e B gehdellA £3g Wss Hol:
AE "letn|g] 2 ol gate] Aae] 379} QA Lol A glo]
dZo] 753 AS Ikt

&
My
T

2 Aol M= vl A EAA s A
4 BATE 4TS 53 1
1 £EWE AE sebule T BAeioc Aol
oRg it 2}

A 7ol e AE B 54 BARE Ay, 5 Ale] Hit,
Signal Energy, Duration ¥ Frequency Centroid”} HJEL@—% X
ik auiao] Zlago] uel A vhEhs AFe
Wt s}ct Ao Signal Energy®} Duration 2-2 7%~ 714+ }'ﬁ—% e
= HArh

A 2718 AE A5 A SAL Alolx] Z3} hol7t 27
=% Hite} Peak Frequencys= #|o]|A] Zo|7} F7lslH oF 2uj,
o] F7kety 3ul7E S7kshs A K3l Signal Energy,
Duration?} Peak Amplitude Z-2 9= AJH F7]0] w2 *}o]
glo] AR Mol HAAth ol diF29] AE vt S
= Ao A7]of FFE WA = Aloletarl detE

&md AE 9 S4S &wsh webdd Hits 454
© 2, Frequency Centroid 72 -9+ B4 Q] Fro] &
ash AR BT ole} Wl counts A% %57} W
Awl F7leke Aae ot s Qg St ek )
2 k5ol 1 SR AT Rl Stelsigl. ol <1y
8 VI o S Yol sl

]

o]xl—

AE HIAE ol g3 32 9 stk 4]
ol 71%@% st olo] wet prgel 3
o, 4% 34 A 2412 i o] 7

3t A Au AHda AR IRE B
M= 2 Avel vleet AFS Belckn g#A ek uf
F7PHoR fu, ol Go) Tag e B 47 B
Al 2FA85= AE Alsof digk A7) XsiE a7} Q)
Zhglet.,

ACKNOWLEDGEMENT

@09 Aoz 43

REFERENCES

10.

Park, J., Kuwabara, T., You, B., Kim, Y. (2005), Plastic
deformation characteristic of AZ31 magnesium alloy sheet,
Transactions of Materials Processing, 14(6), 520-526.

Kim, H. Y., Ahn, J. H., Kim, S. R., (2005), Development of
acoustic emission monitoring system for fine machining-
application to cutting state monitoring in a fine fixed-abrasive
machining, Journal of the Korean Society for Precision
Engineering, 22(6), 109-117.

Jeong, S.-M., Kim, J., Jeon, K. H., Hong, S., Oh, J.-S., (2020), A
new method of health monitoring for press processing using AE
sensor, Journal of the Korea Convergence Society, 11(11), 249-
255.

Kwon, O, Y., (1995), A study and application of acoustic emission,
Journal the of Korea Institute of Electronics Engineers, 22(5), 72-82.
https://scienceon.kisti.re.kr/commons/util/original View.do?cn
=JAKO199511920667477&0Cn=JAK0199511920667477&dbt=
JAKO&journal=NJOU00290673

Nam, K., Lee, S., (2003), AE characteristic under tensile of
carbon steel for high-pressure pipe, Journal of the Korean
Institute of Gas, 7(2), 48-53.

Kim, J.-T., Woo, S.-C., Sakong, J., Kim, J.-Y., Kim, T.-W.,
(2013), Analysis of compressive deformation behaviors of
aluminum alloy using a split hopkinson pressure bar test with an
acoustic emission technique, Transactions of the Korean Society
of Mechanical Engineers A, 37(7), 891-897.

Yun, Y, S., Kwak, J, H., Kwon, O, H., (2006), The evaluation of
interlaminar fracture toughness and AE characteristics in a plain
woven CFRP composite for 3 point bending test, Proceedings of
the Spring Conference on The Korean Society for Power System
Engineering, 182-186.

Joo, Y, Im, S, Um, H., Kim, J., (2004), Generation
characteristics of acoustic emission during tensile test of SA508
and SS304 materials, Proceedings of the Spring Conference on
the Korean Nuclear Society. https://www.kns.org/files/pre_paper/
19/472%EC%A3%BC%EC%98%81%EC%83%81.pdf

Lee, J.-O., Ji, H.-S., Ju, N.-H., (2009), A principle and
application of acoustic emission, Machine Element, 21(2), 156-
164.

Woo, C.-K., Rhee, Z.-K., (2008), Case study on the load-
deflection and acoustic emission analysis of SM45C coupons
with a circular hole defect under tensile loading, Transactions of
the Korean Society of Machine Tool Engineers, 17(1), 50-58.



Yong Ho Song

Undergraduate student in the School of
Mechanical System and Design Engineer-
ing, Seoul National University of Science
and Technology. His research interest in
material properties and plastic processing.
E-mail: songyh9988@seoultech.ac.kr

So Chan An

Undergraduate student in the School of
Mechanical System and Design Engineer-
ing, Seoul National University of Science
and Technology. His research interest in
machine fault analysis and plastic processing.
E-mail: aammss7@seoultech.ac.kr

Jae Hyeong Yu

Received ML.E degree in Department of
Mechanical Design and Manufacturing
Engineering in Seoul National University of
Science and Technology. His research inter-
ests include simulation and development of
the metal forming process and lightweight
materials.

E-mail: jhyu9190@seoultech.ac.kr

Wan-Jin Chung

Professor in the Department of Mechanical
System and Design Engineering, Seoul
National University of Science and Technol-
ogy. His research interests include simula-
tion (FEM) and sheet metal forming.
E-mail: wjchung@seoultech.ac.kr

Chang-Whan Lee

Assistant Professor in the Department of
Mechanical System and Design Engineer-
ing, Seoul National University of Science
and Technology. His research interests
include simulation and development of the
metal forming process and lightweight
materials.

E-mail: cwlee@seoultech.ac.kr

January 2023 /47



	Analysis of Acoustic Emission (AE) Signal Characteristics of the Magnesium Alloy Sheet (AZ31B) in the Tensile Deformation
	1. 서론
	2. 실험 방법
	3. 실험 결과
	4. 결론
	REFERENCES


