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Abstract

This research described to the determine a mathematic model using artificial neural network (ANN) for predicting
the of tensile strength in the pressure vessel steel ASTM A537 Classl grade with submerge arc welding process.
The following welding parameters were studied: the welding current, voltage and travel speed. The resulting
welding samples were examined using tensile strength tests which were observed microstructure with scanning
electron microscopy (SEM) and determine a suitable mathematic model. The research results reveal that using a
neural network model with the proposed mathematical model, which tensile strength represents 3 neurons for
the input 14 neurons and 1 output neurons (3-14-1). The Levenberg-Marquart training algorithm was also train for
weight and bias network. The neuron of log-sigmoid for input layer, tan-sigmoid for hidden layer and purelin for
output layer activation function was assigned. The mean square error (MSE) and coefficient of determination (R2)
for tensile strength predict was showed that of 0.284. The welding conditions which have the highest tensile
strength was showed that microstructure phenomenon could be that fine pearlite and spheroidized pearlite with
distribute intensity in heat affected zone. The mathematical model that can be effectively applied to predict and
quality control of welds to obtain tensile strength according to the standard requirements, which was reduce

production costs and increase work efficiency.
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woLfies wuudiastAugUkuvenidd@eadia R? winfu
98.40 LUasiaus uazen R,y iy 98.00 wWoesiyus 1Ju

#uUszansnisenaulanuinala

Residual Plots for Tensile Strength
ility Plot of the Versus the Fitted Values

~
o o
.

Residual
eele
X
.
.
M 4
*

0.0
Residual

25 600 610 620

Fitted Value

630 640

Residuals Versus the Order of the Data

: ”\ I alat sl T\M[

u ‘W VW“VVV V

-4 -2 0 2 1 5
Residual

Histogram of the Residuals

10.0

7.5

>

Frequency

Residual

AN

5.0

25

0.0

100 15 20 25 30 35 40 45
Observation Order

sUn 8 ﬂ’]iﬁli?ﬂﬁ’dUﬂ’)'}NQﬂéf@ﬂ%@ﬂEULLUUﬂW‘J‘ﬂﬂa@ﬂ

il

N3ANTUNITNAGDIIABITN1IATINADUAIUYNAB
LLazm:uwamaaﬁﬁagaﬁlé’mmiwmaaqImaﬁmmnmﬂm
N1SUANUIITRYAUUUUNAVBIAIAIIULAULT IR
(Probability Plot of Tensile Strength) fifid1 P-value
0.063 fetundarn P-Value vosni1snaaeuiiAiuannin

1Y o w

futisdn(a

@
o

3 = 0.05) Yoyadaiinnuuanuasnuulns
Lagfinnsugudl 8 wuindeyafinisnszanednuuund
(Normal Probability Plot of the Residuals) a1ngalens-
WNTUTBIAALARIAATOY (Histogram of the Residuals)
finsnszaredanduzunsauuuund viliuszanaladnen

ANUABIALARDUINITLINLAILUVUNR LLNUQﬁf‘I’ﬁﬂﬁBﬁ]']‘&l



TNI Journal of Engineering and Technology
Vol.7 No.2 July - December 2019

WiguduatUszuna (Residuals Versus the Fitted Values)
‘W‘U’ngﬂLLUUmmizm&J&\’aﬁuaqmmwﬁmwamlﬂé’ﬁ
anvaziuunTIgUaelUn v3egukuudlng n13n5IaeU
& a | A
AU UUBdTE (Independent) UBIATAIINAAIALARDU
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wazanuilumsiden 24 lwudunssioundi
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AMAULAULTIAY WERIAIANNIST (8)

Y, =-1103.23+53.919(X,) +29.043(X,) +118.053(X,) —
0.069(X,)* +2.104(X,)* —0.874(X,)* —0.143(X,)(X,) —
0.027 (X ,)(X ;) —2.669(X,)(X;)

(8)
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380 wouuds, usesuladinex) 7 22 89 26 Iaasﬁ WAy

AMSluNTIeN(X,) 91 24 fi9 30 WwuRWATABUNT 1D
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Yio = AIAINLAULTIAS (LunzUidnia, MPa) X, =
nszualnin (wonuus, Ampere) X, = wsssuldn (ad,
Voltage) uag X; = Ausalunisitou (wuRiunsneud,

cm/min)

4.2) HanTIEUVUTIAlATNT IS A LTI
LUUT1a09lUNITEIUIgAIAIULAULS SAIEI RS UNS
Lﬂ?iaumﬁﬂﬂé'm,ﬁaé’uaq LNTA ASTM A537 Classl %’GL’TJui’a@
Al4lunsvinus LUIIUEN sndusosdinundused
disanalunisfuanuduludnvarene dieldlianau
Fomeiinturazyiinisldiy wwusaedaseieusyam
Wienfimanzdmsunsiueaianudulseie fe Siseu
Tududune 3 flaseu Swuliseulududoud 14 Saseu
wazswauiseulutunania 1 Shseu (3-14-1) nsiseus
wuulaludsn-unia susuuilendunisnsedu Ae aan-an
wegs dmdutuid Haiduunu-Snuees dmdududeu

wazanTuieSudmSUTUNAANS

--&--Target

J 3

—8— ANN Pradict

1.3 5 7 9 111315 17 19 21 23 25 27 29 31 33 35 57 39 41 43 45

Welding Samples Number

JUT 10 wansnsieuieuaanuiruussdatmanefuailaan

wuudaealasengUsyanniiey

mﬂgﬂﬁ 10 mswUSeufisuAwadnsiildainuuusians
TaseneUszamiieufuatmanesiuau 45 a1 wuiend
IFannuuushaeslasenessamifisudailndidosiuan
nadgwsuan eiinsnadeudszanininaenuusians
syrawuuinasdlasetneUsyamifien warkuudiaaafal
sUnuvenindsans drurudeyadldlunisnaasy
UsyAvBamaasiuuinaesdivinun 13 a1 lneidudeyafiss
Lilgfinsldlunsmadey nuhmaueisrainniouses
wuusandlassneUszaiioy wiatu 0.284 Feeunin
ﬂ'maéamwmmmLﬂﬁaumﬂquaﬁ’waauﬁugﬂl,l,waﬂﬁwé’q
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LUU1a89A59918US T MU NS 19TU @11159IUNAN

ANLLAULSRTlANsBelndlAestoyadsewn

A ~ a a a ' o f = ° I o w
H1TNN 5 LU?EJ‘ULME’J‘U‘IJ?BﬁWﬁﬂ']W?ZM'J’NLLUU?]’W@ENIWN‘U']EJIJ?BE‘I'MLWEJE.ILLEWLLUUR)’]a@QLWNEULLUUSﬂﬂ’]ﬁﬁﬁ@\‘i

No. Welding Tensile Tensile Strength Predict
Parameters Strength
X4 X Xs Target FQM SE ANN SE

1 340 22 27 607.227 606.799 0.428 606.935 0.292

2 340 24 27 615.573 616.984 1411 615.210 0.363

3 380 22 27 616.640 616.750 0.110 616.490 0.150

4 380 26 27 630.480 631.050 0.570 631.100 0.620

5 340 24 24 617.933 616.810 1.123 617.933 0.000

6 340 24 30 601.157 601.422 0.265 601.157 0.000

7 380 24 24 619.573 618.600 0.973 619.365 0.208

8 380 24 30 596.210 596.625 0.415 595.121 1.089

9 360 22 24 624.393 624.883 0.490 624.393 0.000

10 360 22 30 638.290 638.241 0.049 638.055 0.235

11 360 24 24 643.630 645.361 1.731 643.943 0.313

12 360 26 30 632.463 631.956 0.508 632.463 0.000

13 360 24 27 644.370 643.888 0.482 643.952 0.418

MSE 0.658 0.284

FOM fie wuudiaeafiugunuuenidsaes (Full Quadratic Equation)
ANN @9 5n1slassineUszaniiien (Artificial Neural Network)
MSE A9 ANLaasueiaIuAaInlAaeusniIasdss (Mean Square Error)

SE A9 AIALAAIALARDULNATAIEDY (Square Error)
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NAB3aNIIAUBANATEULUUABINTIA AENAIaINNISL
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Aansuandaniena nisasiaasunkuuldvinans tusu
audeimualuinasgiuaina lnglanizegadeunsgiu
ASME BPVC Section IX - Welding, Brazing, and Fusing
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