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Academic Years 2018
ABSTRACT

Acoustic Emission testing for material failure is considered as a non-destructive testing
methode used for online material monitoring. It is the transient elastic wave in a material caused by
the rapid release of localized stress energy. This research aimed to develop Acoustic Emission
testing process and study the characteristic of its signals during crack propagation of 4 different
materials.

This Acoustic Emission system included a sensor, pre-amplifier, and Acoustic Emission
analyzer to monitor the work piece under tension force (moving speed of 5 mm./min). The
Acoustic Emission signal was recorded continuously from the beginning process through the
complete fractured phase of the work piece. This Acoustic Emission signal was also analyzed by
using Labview Program in order to identify the Acoustic Emission parameters such as Amplitude.
Steel S45C, Steel SCM440, Aluminum 5083-H112, and High-density Polyethylene (HDPE) were
compared for the testing.

The results showed that the Acoustic Emission signal of the work piece under tension force
related with its deformation. S45C Steel had the average amplitude values at 842 mV while
SCM440 steel had its average amplitude values at 460 mV. Aluminum 5083-H112 had its average
amplitude at 290 mV. Before yield point, the amplitude increased clearly when there was an act on
the material. However, for the High-density Polyethylene (HDPE), there was no clear change of

amplitude over threshold with an act on the material.

Keywords : acoustic emission, fractured, signal, tension force, amplitude, threshold
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A, Initial area

AE Acoustic Emission

Ag Silver

Al Aluminium
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A7ITISTR

THAILAND INSTITUTE OF SCIENTIFIC AND TECHNOLOGICAL RESEARCH (TISTR)
MATERIAL PROPERTIES ANALYSIS AND DEVELOPMENT CENTRE (MPAD)

Request No. S6200351 Date : 14 February 2019

Date of request : 11 February 2019 Page : 1 of §

REPORT ON ANALYSIS / TESTING

For
Rajamangala University of Technology Thanyaburi

39 Moo 1, Klong 6, Khlong Luang, Pathum Thani 12110

Testing/analysis/investigation of : 1. SCM440 (AISI 4140)
2.S45C (AISI 1045)
3.5083-H112

Method of testing/analysis/investigation : Chemical composition analysis followed the manual of SPECTROLAB M10

Result of testing/analysis/investigation :

The results are attached.

Tested/agly_?ﬂiglegti%ated by Approved by

(Sumate Poomiaplrgdj:. h.D.)

Director of Material Propertics and Failure Analysis Laboratory

Examined by

7
................ Nonegen. K.

(Ms. Chanpen Ruangyuwanon)

This report contains 5 pages, all pages must be signed by the authorized person for report approval.

FS-MPAD-GEN-708-1-09/05/61

Remark : The above results are valid exclusively for tested/analysed samples as mentioned in this report.

Publication of the results on testing and analysis is prohibited unless written permission is obtained from the governor of TISTR

anuiTeinmaniuazmalulaburiaUszmalne (22)
¢ vii o wAlustil A.Ae 8.ARBIVATY L.UNNSY] ebebo
Thailand Institute of Scientific and Technological Research (TISTR)
35 Moo 3, Technopolis, Tambon Khlong 5, Amphoe Khlong Luang, Pathum Thani 12120 Thailand
Tel. (66) 0 2577 9000  Fax 0 2577 9009  E-mail : tistr@tistr.or.th  Website : www.tistr.or.th
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2TISTR

THAILAND INSTITUTE OF SCIENTIFIC AND TECHNOLOGICAL RESEARCH (TISTR)
MATERIAL PROPERTIES ANALYSIS AND DEVELOPMENT CENTRE (MPAD)

Request No. : S6200351 Date : 14 February 2019
REPORT
Customer : Rajamangala University of Technology Thanyaburi Page : 2 of 5

Rajamangala University of Technology Thanyaburi has commissioned the Material Properties Analysis
and Development Centre, Thailand Institute of Scientific and Technological Research (MPAD/TISTR) to carry
out chemical composition analysis of

1. SCM440 (AISI 4140)

2. S45C (AISI 1045)

3.5083-H112

The results are as follows :

FS-MPAD-GEN-708-2-09/05/61

aouideinermaniuazmaluladvisusanalne (12)
o i @ WALLST 9.ARBIN B.AABIMAYY LUNLEI] eloe
Thailand Institute of Sciel
35 Moo 3, Technopolis, Tambon K

fic and Technological
5, Amphoe Khtong Luang, Pathum Thani 12120 Thailand
9009  E-mail : tsu@tstrorth  Website : www.tistr.or.th

Tel. (66) 0 2577 9000 Fax 0 2577
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ITISTR

THAILAND INSTITUTE OF SCIENTIFIC AND TECHNOLOGICAL RESEARCH (TISTR)
MATERIAL PROPERTIES ANALYSIS AND DEVELOPMENT CENTRE (MPAD)
MATERIAL PROPERTIES AND FAILURE ANALYSIS LABORATORY (MPF)

Request No. : S6200351 Date : 14 February 2019
REPORT

Customer : Rajamangala University of Technology Thanyaburi Page : 4 of 5

Temperature : 23.5 e v Relative Humidity : 51 %

Equipment : SPECTROLAB M10

Table 2 The chemical composition analysis result of S45C (AISI 1045)

Measurement report: 2/13/2019 11:08:37 AM Method : Fe-10 Model: Low alloy steel

Sample: S45C (AISI 1045)

Average of 3 measurements (% wt)
C Si Mn P S Cr Mo Ni Al Co Cu Nb Ti
0.496 0.252 0.780 0.0120 0.0103 0.105 0.0261 0.0449 0.0031 0.0075 0.0970 0.0015 0.0026
v w Pb Sn B N Fe

0.0013 0.0031 < 0.00020 0.0046 0.00028  0.0104 98.1

The values with “<” are less than the detection limit of the equipment.

FS-MPAD-MPF-708-1-09/05/61

anivideinemansuazmaluladuisUszmalne (92.)
od V] n IALUGTT] A.ARBIVN ©.ARDIVAII 3.UNNET ebelso
Thailand Institute of Scientific and Technological Research (TISTR)
35 Moo 3, Technopolis, Tambon K g 5, Amphoe Khlong Luang, Pathum Thani 12120 Thailand
Tel. (66) 0 2577 9000  Fax 0 2577 9009 E-mail : tistr@tistr.or.th  Website : www.tistr.or.th
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QTISTR

THAILAND INSTITUTE OF SCIENTIFIC AND TECHNOLOGICAL RESEARCH (TISTR)
MATERIAL PROPERTIES ANALYSIS AND DEVELOPMENT CENTRE (MPAD)
MATERIAL PROPERTIES AND FAILURE ANALYSIS LABORATORY (MPF)

Request No. : S6200351 Date : 14 February 2019
REPORT

Customer : Rajamangala University of Technology Thanyaburi Page : 3 of 5

Temperature : 23.6 °c Relative Humidity : 52 %

Equipment : SPECTROLAB M10

Table 1 The chemical composition analysis result of SCM440 (AISI 4140)

Measurement report: 2/13/2019 10:51:21 AM Method : Fe-10 Model: Low alloy steel

Sample:  SCM440 (AISI 4140)

Average of 3 measurements (% wt)
C Si Mn P S Cr Mo Ni Al Co Cu Nb Ti
0.412 0.174 0.692 0.0167 0.0039 0.922 0.202 0.0190 0.0323 0.0069 0.0367 0.0026 0.0021
Vv w Pb Sn B N Fe

0.0059 0.0033  <0.00020 0.0013 0.00017 - 0.0055 974

The values with “<” are less than the detection limit of the equipment.

anuidvinemaniuazmaluladuvieus

o i o Alus1 A.ARDIW BINAN 9.1 Ploeloo

Thailand Institute of Scientific and Technologic:

35 Moo 3, Technopolis, Tambon Khlong 5, Amphoe Khlong Luang, Pathum Thani 12120 Thailand
Tel. (66) 0 2577 9000 Fax 0 2577 9009 E-mail : tstr@tistr.or.th  Website : wwwtistr.or.th
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QTISTR

THAILAND INSTITUTE OF SCIENTIFIC AND TECHNOLOGICAL RESEARCH (TISTR)
MATERIAL PROPERTIES ANALYSIS AND DEVELOPMENT CENTRE (MPAD)
MATERIAL PROPERTIES AND FAILURE ANALYSIS LABORATORY (MPF)

Request No. : S6200351 Date : 14 February 2019
REPORT

Customer : Rajamangala University of Technology Thanyaburi Page : 5 of 5

Temperature : 23.3 °C Relative Humidity : 52 %

Equipment : SPECTROLAB M10

Table 3 The chemical composition analysis result of 5083-H112

Measurement report: 2/12/2019 12:36:48 PM Method : Al-01 Model: Al-base global program

Sample:  5083-H112

Average of 3 measurements (% wt)

Si Fe Cu Mn Mg Cr Ni Zn Ti Ag B Bi P
0.0768 0.275 0.0187 0.661 4.54 0.103 0.0063 0.0327 0.0274  0.00009  0.0021 0.00027  0.00021
Pb Vv Zr Al

0.00059  0.0121 0.0024 94.2

FS-MPAD-MPF-708-1-09/05/61

AnuNInemaniuaymaluladuissznalne (12)
aé Wy o WAlLSIH 7.ABIN 8.AABIMAN LUNISTT eloslbo
Thailand Institute of Scientific and Technological Research (TISTR)
35 Moo 3, Technopolis, Tambon Khlong 5, Amphoe Khlong Luang, Pathum Thani 12120 Thailand

Tel. (66) 0 2577 9000 Fax 0 2577 9009 E-mail : tistr@tistr.or.th  Website : www.tistr.or.th
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No. TRB_RE18/225

REPORT
SEMQuant results. Listed at 13:10:01 PM on 20/07/2018
Operator : TARA BUSINESS
Client : Do SEM Services.
Job : Rajamangala University of Technology Thanyaburi (RMUTT K6)

Spectrum label : High Density Polyethylene (HDPE)

System resolution = 59 ¢V
Quantitative method : ZAF (4 iterations).

Equipment : Do SEM-OXFORD INSTRUMENTS / Do SEM-LINK ISIS300

Analysed all elements and normalised results.

Elmt Spect. Element Atomic
Type Wit% %
CK ED 90.92 93.15
OK ED 8.76 6.73
SiK ED 0.10 0.04
CaK ED 0.23 0.07
Total 100.00 100.00

* =<2 Sigma

Counts

T
a 2 4 G = 10
Energy (keV)

¥ s fiaRiuad1in ® TARA BUSINESS Co. Ltd.
35/87 W2 AARBIATN B.ARBIUAD ﬂﬂuﬁﬂﬁ 12120 Tel. 02-832-3687 Fax. 02-832-3688
35/87 Mooz, Klongsaam, Klonglaung, Phatumtani, 12120 Tel. 02-832-3687 Fax. 02-832-3688
tarabusiness@hotmail.com, tarabusiness@gmail.com, www. Tarabusiness.com, wwwfaacebook.com/pages/tara-business

E-mail : dosem24hr@hotmail.com, dosem24hr@gmail.com, wwwdosem24hr.com, wwwfaacebook.com/pages/dosem24hr
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ﬂﬁNﬁ .1 Wﬁﬂﬁﬂﬂﬁ@ﬂl!ﬂﬁ\imaﬂﬂéﬁ S45C

Test No. | Test date Area Max. Load |Tensile strength | Yield point | Yield strength | Elongation
mm? kN N'mm? kN N/'mm? %

1 2019-01-0y 64.48 4938 765.85 2571 39877 19.00
2 2019-01-0f 6445 4892 755.45 2491 39547 18.80
3 2019-01-0f 64.88 4975 760.15 28.31 39471 20.10
50.00kN : Yleld:strength i ;

| e
UL 0),) S S - INSNS + S WU | U,

y h . | H 3
L e G T e s ST
s bl R e ae
30,007 g R S R e —

~ . H . | : H
s e e ar aan v
e Y

: : : : i : :
15.00} - ----- s STTITRR SR deennnn 3oeeeees b :

' H ‘ | H H
| S P S - L # < <35 {
e e s I -

: : : : ! : :

20 40 60 80 100 120 14

3 <
ﬂ"li"lﬁ‘ﬁ .2 NﬁﬂWiﬂﬂﬁ@Ul!ﬁ\?ﬁ\ﬂﬁﬁﬂﬂ'gW SCM440

Test No. | Test date Area Max. Load | Tenside strength| Yield point | Yield strength |  Elongation
mm? KN N'mm? kN N'mm? %
1 2019-01-00 65.78 4152 631.21 2940 447.00 21.05
2 2019-01-0| 65.44 42.21 63047 28.65 445.02 20.65
3 2019-01-0| 65.38 4102 63947 2890 44530 21.55
45,000 ; ; Yield: su'ength' T : : .
180 200
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ACOUSTIC EMISSION ANALYSIS ‘
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Analyzed File: S45C.ipt
Autodesk Inventor Version: 2018 (Build 220112000, 112)
Creation Date: 1/9/2019, 2:34 PM
Study Author: Ram Chatpuk
Project
Part Number S45C
Designer Ram Chatpuk cp
Cost =
Date Created 1/9/2017
Physical
Material |Steel S45C, High Strength
Density 7.85 g/cm”3
Mass 0.259149 kg
Area 16000.2 mm~2
Volume 33012.6 mm~3
oo
z=-0.0000000000546695 mm

Simulation:1

General objective and settings:

Design Objective Single Point

Study Type Static Analysis

Last Modification Date 1/9/2019, 2:32 PM
Detect and Eliminate Rigid Body Modes Yes

Mesh settings:

Avg. Element Size (fraction of model diameter) 0.01
Min. Element Size (fraction of avg. size) 0.1
Grading Factor 1.5
Max. Turn Angle 60 deg
Create Curved Mesh Elements Yes

101


../Images/Content/0/Result_0_1.png

Material(s)

Name Steel
Mass Density 7.85 g/cm~3
General Yield Strength 207 MPa
Ultimate Tensile Strength 345 MPa
Young's Modulus 210 GPa
Stress Poisson's Ratio 0.3 ul
Shear Modulus 80.7692 GPa
Part Name(s) S45C.ipt
Operating conditions Force:1
Load Type Force
Magnitude 49380.000 N
Vector X -0.000 N
Vector Y 0.000 N
Vector Z 49380.000 N

Results : Reaction Force and Moment on Constraints

Constraint Reaction Force Reaction Moment
Name |Magnitude Component (X,Y,Z) | Magnitude Component (X,Y,2)
_ ON -30.4431 N/m
Fixed | 48089.8 N 3095.13 N 30.4776 N/m -0.387078 N/m
Constraint:1
-47990.1 N 1.39697 N/m
. ON -205.057 N/m
Frictionless | 5305 ¥R -3097.56 N 206.007 N/m 6.40428 N/m
Constraint:1
-1398.85 N -18.6924 N/m
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Analyzed File:

SCM440.ipt

Autodesk Inventor Version:

2018 (Build 220112000, 112)

Creation Date:

1/9/2019, 2:29 PM

Study Author: Ram Chatpuk
Summary:
Summary
Part Number SCM440
Designer Ram Chatpuk
Cost - 1/9/2019, 2:29:03 PM
10330 Max
Date Created 1/9/2019 [y
Physical = 6198
=4132

Material | Steel SCM440, High Strength = af
Density 7.85 g/cm”3
Mass 0.259149 kg
Area 16000.2 mm~A2
Volume 33012.6 mm~3
Center of xi-0.57584 mm
Gravity =0 IR

z=-0.0000000000546695 mm

Simulation:1

General objective and settings:

Design Objective Single Point

Study Type Static Analysis
Last Modification Date 1/9/2019, 2:25 PM
Detect and Eliminate Rigid Body Modes Yes

Mesh settings:

Avg. Element Size (fraction of model diameter) 0.01

Min. Element Size (fraction of avg. size) 0.1

Grading Factor 1.5

Max. Turn Angle 60 deg
Create Curved Mesh Elements Yes
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Material(s)

Name Steel
Mass Density 7.85 g/cm~3
General Yield Strength 207 MPa
Ultimate Tensile Strength 345 MPa
Young's Modulus 210 GPa
Stress Poisson's Ratio 0.3 ul
Shear Modulus 80.7692 GPa
Part Name(s) SCM440.ipt
Operating conditions Force:1
Load Type Force
Magnitude 41520.000 N
Vector X 0.000 N
Vector Y 0.000 N
Vector Z 41440.476 N

Results : Reaction Force and Moment on Constraints

. Reaction Force Reaction Moment
Constraint pe .
Name Magnitude omppnch Magnitude |Component (X,Y,Z)
(X,Y,Z)
_ 2462.42 N -28.0252 N/m
Fixed 1464045 N 3181.6 N 374.655 N/m 373.589 N/m
Constraint:1
-40203.7 N 3.49242 N/m
102.168 N -213.645 N/m
Frictionless
Constraint:1 3421.41 N -3183.98 N 214.982 N/m 10.4863 N/m
-1248.16 N -21.5201 N/m
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Analyzed File:

AL5083-H112.ipt

Autodesk Inventor Version:

2018 (Build 220112000, 112)

Creation Date:

1/9/2019, 2:45 PM

Study Author: Ram Chatpuk
Summary:
Project
Part Number AL5083-H112
Designer Ram Chatpuk
Cost = 1/9/2019, 2:45:34 PM
Date Created 1/9/2017 4144 Max
Physical K
B2 2437
Material Aluminum 5083-H112 |
Density 2.7 g/cm”/3
Mass 0.0891339 kg
Area 16000.2 mm~2
Volume 33012.6 mm~3
Center of x=-0.57584 mm
Gravity Tl .
z=-0.0000000000546695 mm

Simulation:1

General objective and settings:

Design Objective Single Point

Study Type Static Analysis

Last Modification Date 1/9/2019, 2:39 PM
Detect and Eliminate Rigid Body Modes Yes

Mesh settings:

Avg. Element Size (fraction of model diameter) 0.01
Min. Element Size (fraction of avg. size) 0.2
Grading Factor 1.5
Max. Turn Angle 60 deg
Create Curved Mesh Elements Yes
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Material(s)

Name Aluminum 5083-H112
Mass Density 2.7 g/cm”3
General Yield Strength 275 MPa
Ultimate Tensile Strength 310 MPa
Young's Modulus 68.9 GPa
Stress Poisson's Ratio 0.33 ul
Shear Modulus 25.9023 GPa
Part Name(s) AL5083.ipt
Operating conditions Force:1
Load Type Force
Magnitude 21610.000 N
Vector X 0.000 N
Vector Y 0.000 N
Vector Z 21610.000 N

Results : Reaction Force and Moment on Constraints

Constraint Reaction Force Reaction Moment
Name Magnitude |Component (X,Y,Z) | Magnitude |Component (X,Y,Z)
ON -14.7186 N/m
Fixed
Constraint:1 21045.4 N 1494.02 N 14.735 N/m -0.169473 N/m
-21003.1 N 0.674514 N/m
8.6896 N -98.7659 N/m
Frictionless
Constraint:1 1615.68 N -1495.57 N 99.2242 N/m 3.03762 N/m
-611.248 N -9.02811 N/m
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M3199 2.4 Ham3 a5 es W ludledudnaiadn High density Polyethylene (HDPE)

Analyzed File:

HDPE.ipt

Autodesk Inventor Version:

2018 (Build 220112000, 112)

Creation Date:

1/10/2019, 10:19 AM

Study Author: Ram Chatpuk
Summary:
Project
Part Number |High density Polyethylene
Designer Ram Chatpuk 2
Cost . 1/9/2019, 1:36:05 PM
459.1 Max
Date Created |1/10/2017
= 367.3

Physical = 2756
Material Polyethylene, High Density ay 1508
Density 0.952 g/cm~3 25
Mass 0.0314279 kg = |
Area 16000.2 mm~A2
Volume 33012.6 mm~3
Center of x=-0.57584 mm
Gravity i Wl

z=-0.0000000000546695 mm

Simulation:1

General objective and settings:

Design Objective Single Point

Study Type Static Analysis

Last Modification Date 1/10/2019, 10:19 AM
Detect and Eliminate Rigid Body Modes Yes

Mesh settings:

Avg. Element Size (fraction of model diameter) 0.01

Min. Element Size (fraction of avg. size) 0.2

Grading Factor 1.5

Max. Turn Angle 60 deg

Create Curved Mesh Elements Yes
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Material(s)

Name Polyethylene, High Density
Mass Density 0.952 g/cm~3
General Yield Strength 20.67 MPa
Ultimate Tensile Strength 13.78 MPa
Young's Modulus 0.911 GPa
Stress Poisson's Ratio 0.392 ul

Shear Modulus

0.327227 GPa

Part Name(s) HDPE.ipt
Operating conditions Force:1
Load Type Force
Magnitude 1600.000 N
Vector X 0.000 N
Vector Y 0.000 N
Vector Z 1600.000 N
Results : Reaction Force and Moment on Constraints
Constraint Reaction Force Reaction Moment
Name Magnitude| Component (X,Y,Z) | Magnitude Component (X,Y,2)
_ ON -1.3198 N m
Con';'t’;‘;‘ijnt:l 1560.91 N 132.874 N 1.32123 N'm -0.0124837 N m
-1555.24 N 0.0601491 N m
o ON -8.77266 N m
C':;'rf:'t‘r’;'ﬁtssl 140.313 N -132.86 N 8.81133 N'm 0.196403 N m
-45.1221 N -0.800845 N m
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