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A study on prediction of V-groove bead width in vertical GMA welding
Tae-Jong Yun' - Min-Ho Park® - Byeong-Ju Jin® - Chang-Gon Kim® - I1l-Soo Kim"
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Abstract: In general, welding is one of the most important processes to have a direct influence on the quality and productivity
of manufacturing-based industries, such as shipbuilding, automotive, and machinery. In addition, relationships between welding
parameters and quality for a vertical-position weldment and mechanical properties are complex because a number of welding
parameters are involved. In order to control the quality of products in gas metal arc (GMA) welding, it is necessary to study
the effects of welding parameters related to the mainfactors and welding quality from developedmodels. Therefore, a mathemat-
ical model that can understand the correlation between welding parameters and bead width in the GMA welding process as
welding quality was developed and verified. The developed neural network model by developing a backpropagation algorithm
could be predicted the bead width with high accuracy.
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Figure 1: Experimental setup for vertical GMA welding process
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Figure 2: A schematic diagram for vertical GMA welding
process
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Table 1: Mechanical properties of base metal
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Table 4: Experimental plan (2"~5" pass)

. Tensile Yield point| Elongation Impact Test Welding] Arc |Welding Test Weldingl Arc |Welding
Material | strength (ke/mm?) %) value o current |voltage| speed o current |voltage| speed
(kg/mm?) £ ’ (kgm/cm?) @A) | (V) [(em/min) | (A) | (V) |(cm/min)
SS400 44.53 30.1 25 6.2 1 250 25 46 9 260 25 53

Table 2: Chemical compositions of base metal

Element]
(%) C | Mn | P S Cu | Cr | Ni | Fe

Material

SS400 | 0.15|0.697(0.013|0.007(0.087{0.041|0.503| Bal.
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Table 3: Vertical GMA welding parameters and their levels
(2"~5™ pass)

. Level
Welding Symbol| Unit
parameter -1 0 1
Welding || 4453 | 250 260 270
current
Arc voltage V Vol. 23 25 27
Welding | s |cnvmin| 46 53 60
speed

- Contact tip to work distance : 15mm
- Groove angle: 20.0°
- Torch angle : 15°
- Shielding gas ratio : 18 l/min
- Welding direction : Down hill welding

Fixed
variable

shmbA A A Yol ehs X Al41@ A9E(2017.11)

270 23 53 10 | 260 25 53

270 27 53 11| 250 27 53

250 23 53 12 | 260 23 60

260 27 60 13 | 250 25 60

270 25 60 14 | 270 25 46

N (N | | W N

260 25 53 15 | 260 27 46

Root pass: 120A,20V,

8 260 23 46 30em/min
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Figure 3: Measurement of bead geometry
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By Bead width
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Figure 4: Measurement model of bead section

Table 5: Experimental results data of the vertical GMA

welding
Bead width(mm)
No. Bead geometery
Ist 2nd 3rd | Aver.
1] 13.56 | 13.59 | 13.38 | 13.51
2| 1522 | 1534 | 1492 | 15.16
3| 1575 | 1558 | 15.86 | 15.73
4| 13.71 | 13.59 | 13.11 | 13.47
51 14.82 | 15.01 | 14.60 | 14.81
6 | 15.14 | 1538 | 15.20 | 15.24
7 | 1427 | 1429 | 13.68 | 14.08
8 | 1392 | 14.11 | 13.46 | 13.83
9 | 1432 | 14.16 | 13.88 | 14.12
10| 1439 | 14.42 | 1496 | 14.59
11| 13.78 | 13.65 | 13.25 | 13.56
12| 13.44 | 13.57 | 13.73 | 13.58
13| 13.62 | 13.55 | 13.39 | 13.52
14| 1534 | 1520 | 1533 | 15.29
15] 1499 | 15.12 | 14.77 | 14.96
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Table 6: Analysis variance test

Predicted Standard | p> Coefficient of{Adjusted
Model | error of . 2
parameter . determination, %) | R* (%)
estimate
2nd
Bead width| regression | 0.031 98.5 98.1
model
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Table 7: GDBP algorithm parameter and their levels

GDBP (Gradient Descent

Neural network i
eural networ Back-Propagation)

Learning rate 0.01

Goal error le-10
Number of input nodes 3
Number of hidden nodes 8
Number of output nodes 1

Increase in learning rate 1.05
Momentum constant 0.9

Epochs 1,000

Transfer function of hidden Hyperbolic tangential
layer sigmoid function

Transfer function of output . .
Linear transfer function

layer
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Table 8: Result of GDBP algorithm prediction performance

Conficuration Training Testing CPU Time for|
ontiguratio RMS error RMS error | training (sec)
3-2-2 0.5332 0.15751 00:00:12
3-4-2 0.4225 0.11974 00:00:06
3-6-2 0.4210 0.54264 00:00:07
3-8-2 0.4453 0.11974 00:00:02
3-10-2 0.4115 0.10424 00:00:02
3-12-2 0.4658 0.15198 00:00:02
3-14-2 0.5561 0.15753 00:00:04
3-16-2 0.4332 0.26502 00:00:02
3-18-2 0.5843 0.11394 00:00:08
3-20-2 0.4762 0.61692 00:00:01
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Figure 7: Comparison and analysis of predicted values on

bead width (GDBP)
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3.3.2 LMBP(Gradient Descent Back-Propagation) &112|&

Levenberg-Marquardt ¢ 12]52 WEH A AITE =
o]7] $18l AR&3ISITh 7A€} HA(Bias)S Holdhrol
w2489,

A W=JTT+ul) 'J"e @)
o714 J= Zb eake] At digk ofmmleh Y
(Jacobian matrix), pu= 27 e= L

G E]ES o] g3l A AYe] Autrel HIw
Naap ek s B edgel £dEAY o
Epoch 7} £ o ®+=
AR Sl 14 a ol 5 v

37] $13}e] ‘%0 s iﬁgl it H]E =& 4835t
LMBP 2173|272 GDBP 41743293 FU3HA Epoch
7F 10009 ®, H3E0%

LMBP 21782 g5xaS 93 MEYT 72 A
Levenberg-Marquardt <A} §H=
gk A7 e] o 545 Table 100 YEFW
RMSLAFS vlul-FA3k A3} 3-14-2
2 & RMSSAHE 245l 14
F719 wel 0113601}, WA w
84 s WY gkl Q7] wi
£ o S3st=d o] &3kt

Table 9: LMBP algorithm parameter and their levels
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Table 10: Result of LMBP algorithm prediction performance

Configuration Training Testing CPU .Time for|

RMS error RMS error | training (sec)
3-2-2 0.6752 0.3185 00:00:01
3-4-2 0.3840 0.4566 00:00:01
3-6-2 0.8183 0.3569 00:00:01
3-8-2 0.9958 0.2567 00:00:01
3-10-2 0.9161 0.6718 00:00:01
3-12-2 0.5087 0.4593 00:00:01
3-14-2 0.2023 0.1136 00:00:01
3-16-2 0.3408 0.2428 00:00:01
3-18-2 0.6915 0.3652 00:00:01
3-20-2 0.5782 0.2685 00:00:01

LMBP
(Levenberg-Marquardt
Back-Propagation)

Neural network

Learning rate 0.01

Goal error le-10
Number of input nodes 3
Number of hidden nodes 18
Number of output nodes 1
Increase in learning rate 1.05
Momentum constant 0.9

Epochs 1,000

Transfer function of hidden Hyperbolic Tangential
layer Sigmoid Function

Transfer function of output

Linear Transfer Function
layer
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Figure 9: Comparison and analysis of predicted values on
bead width (LMBP)
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Table 11: PAM analysis of various prediction models

Predicted model Performance Bead width
o ) PAM(%) 60.00
2" regression
Max. error(%) 2.83
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GDBP
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PAM(%) 100
LMBP
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Figure 11: Comparison and analysis of predicted values on
bead width
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