creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

ola 293 FAT EAH B
e ol A P &3 Fdo| B

A7

Study on the arc stability and the weld quality based on
the statistical analysis of the arc power and the dynamic
resistance

20199 01¢



(<D

1

gyl

2019

Collection @ kmou



List of Tables

List of Figures
Abstract

LAE

11 95 w7 2 =3

12 95 =%

1.3 A+

o

2. o3 Y3} ofa FAIYe| g n @

2.1 &4 W= g%

22 84 A% 2 §4 AY

23 ot= =93 ot= A E

3. o2 A B &F FE WUt 7€

Collection @ kmou

vil

10



)
il

16
17
17
19
21

41 A9 714

E e

A

3z
i

423 AHE AE
424 &4 =4

22
23

4.2.5 B3 A}

5. 49 3 2%

24
37
38
39
42

SR E

=i
=

—~
__00

5.2.1 ARF-Hk vg HA=
522 MF-Ad HHel o

il

W A% 24 2w

A% 3

%

5.2.3 A7

44

No
pu

50

)

52

!
pk

e

il

ction @ Kmou

&
L

Coll



List of Tables

Table 1 Groove shape by plate thickness

Table 2 Parameter of arc stability and arc quality

Table 3 Welding materials

Table 4 Welding parameter

Table 5 Inspection results for each pass

Table 6 Selected specimen list

Table 7 Arc power and dynamic resistance value calculated with

average 79% data density

_iV_

Collection @ kmou

10
22
22
34
37

42



Fig
Fig
Fig
Fig

Fig
Fig
Fig
Fig
Fig

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

List of Figures

. 1 Cross section of butt joint welded (V-Groove)

2 Current-voltage distribution map

. 3 Normalized current-voltage distribution map

. 4 Normalized current-voltage distribution map with

arc power and dynamic arc resistance
5 HYOSUNG ProPAC600 welding machine

6 MONITECH welding expert multi

7 WELD GOOD WAVE software

8 Various logo of python library

9 Specimen carbon plate

10 Report of radiographic examination (a)

11 Report of radiographic examination (b)

12 Front of failure specimen 03

13 Back side of failure specimen 03

14 Radiographic examination of specimen 03

15 Front of failure specimen 04

16 Back side of failure specimen 04

17 Radiographic examination of specimen 04

18 Front of failure specimen 05

19 Back side of failure specimen 05

20 Radiographic examination of specimen 05

21 Front of failure specimen 06

22 Back side of failure specimen 06

Collection @ kmou

11
13

14
17
18
19
20
21
25
26
27
27
27
28
28
28
29
29
29
30
30



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

23 Radiographic examination of specimen 06

24 Front of failure specimen 07

25 Back side of failure specimen 07

26 Radiographic examination of specimen 07

27 Front of failure specimen 08

28 Back side of failure specimen 08

29 Radiographic examinamtion of specimen 08

30 Example of signal data before pre-processing

31 Example of signal data after pre-processing

32 Normalized current-voltage distribution map by Area -seeeesseseeees

33 Log normal distribution by area data percent

34 Cumulative distribution by area data percent

35 Distribution map at 22% arc power and dynamic resistance

section

36 Example of 125 distribution map with arc power and

dynamic resistance section

37 Specimen 2 - 2 pass weld quality analysis

38 Specimen 7 - 4 pass weld quality analysis

39 Specimen 11 - 3 pass weld quality analysis

40 Specimen 3 - 1 pass weld quality analysis

41 Specimen 5 - 2 pass weld quality analysis

42 Specimen 11 - 4 pass weld quality analysis

_Vi_

Collection @ kmou

30
31
31
31
32
32
32
38
38
39
40
41

43

44
46
46
47
48
48
49



Study on the arc stability and the weld quality based
on the statistical analysis of the arc power and the
dynamic resistance

Song, Sang Ho

Division of Naval Architecture and Ocean Systems Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

Welding techniques are applied as a major process in the manufacture
of most metal structures. In particular, the automotive, shipbuilding
and plant industries have been partially automated and are still
heavily equipped with manual and semi-automatic welding. In terms of
weld quality, the quality and stability of the arc can be considered
an important factor in order to produce a designer or a result of a
weld meeting specific criteria. However, there is a possibility of
weld defects even if these factors fall into the normal category, and
when assessing weld quality, they rely on the visual assessments and

manual testing through non-destructive testing.
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This study performed more than 80 welding times and detected welding
current and welding voltage using a welding signal detector during the
welding process. After converting the detected signals into data,
power and dynamic resistance related to the arc energy intensity were
calculated. It is like the energy to melt wires and parent metal, and
the arc dynamic resistance 1s generally associated with arc length and
at the same time a constant power 1s required to meet the desired weld
quality, making it an evaluation on weld quality and arc stability.
Probability and graph analysis based on the statistical method were
then performed by projecting the calculated values onto the
current-voltage plane trajectory. The relationship between these
results and the results of welding by wvisual and non-destructive
testing was 1nvestigated to establish objective and quantitative
criteria to assess how the quality and stability of arcs alone affect
weld quality. It is judged that this can be easily evaluated by a

person who is not a high-function or a non-destructive examination.
KEY WORDS: Welding current and voltage &% 5, %%}, Welding monitoring
43 EUHP; Arc stability oF284; Weld quality 875 F 4 Statistical method
FAA WY
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Table 1 Groove shape by plate thickness
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Table 2 Parameter of arc stability and arc quality
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Collection @ kmou



T ola EY9 FAFS T E flo ZASHE oA E YERE 7 UdTh
10.0 7
/
,I
7.5 /
/
5.0
U
o
8 25
O
-
©
O 0.0
N :
é -2.5
o :
-5.0
P | \'*— P1 6929.0
,/ " v—R10.1723...,
-7.5 ,/ . === P24619.4
- = R2 0:1149
~10 g ~
—'(10,0 -75 -5.0 -25 0.0 25 50 7.5 10.0
Normalized Current
Fig. 4 Normalized current-voltage distribution map
with arc power and dynamic arc resistance
Fig. 4= 5 749 oka 8% 54F& A Zolth 7hed A /&
o2 dAT FE B F e FAHL ola EH &, Me] AL o=
FAYGES e 4 A 479 Aoz TrEoR F3re W= ‘ol=vt M
rgel Wel' 2 wad)
THeF A &3 diolE ] AS s Mol &3tk dolH ] Hl&o] AF A

Collection @ kmou



oli A% &3 dolele A5 wHolgel ulgo] ol Zolth wehA o
293 FAG Aol A7 ML &4 AR Aol A A FRrol
g F4SAT o F ok AAAT &4 FAY By} FHoE Ayt

Collection @ kmou



A4 BE

41 43 744

2 A7l e 582 ASe A& ofet 22 Ve EdE Adde A
gstar Wy sk

L otz 9o §4 4% #ao) YT oka FAFL ofa Holsh #o|
o HAE uH e gE bk B4 FAY §4 AANES e F 9

O 3o

s ok ¥ FALES &4 AR} Aol Q5] WEel &4 FL) 3
Fe vlATh webA 23 FAGl weh &4 Fdol Db Zlelt

2 84 AR A WM ol A i A 1 FRN 87 Aol
WA THsAel

A% 8A A HEs AT B4 A HFo] FolshA tE AL fow
Ak webd e BAL sd 44 84T 2 84 Wy B

g =+

F7F 7bs g Aol

3. 838 A3 &, 71¥(Porosity), &YHF-=(Incomplete Penetration), & (Crack),
E£=2-9-ZBlow Hole) & &4 %—%Proﬂ BEFs = By o 7E &4 W
T EHAFTEY SRl WM E WA

SAHAFY Ao Wk 2 Aste] AU Ado] Ak WA AR
43t Weke Amnm A%

rN

Collection @ kmou



42 A3 A

421 AF A
® T/ ProPAC600 CO2/MAG &4 7]

SH7IZA d=E AL Stick-out

24 9 FEFd Esle trls 18s&
A E =€ HAZ ofmdolE FAStE

($HH 22707} WEs s

Fig. 5 HYOSUNG ProPAC600

welding machine

ol b5 §HOEE o, 84, MAG £4, ZHH: MIG &4 o] 7Fssh
o 72 &3 Wl 2= Jt2E A&kt o, 99.9% °©1%d, MAGe 7%
Ar + 5~20% CO, =+ 3F TV, zHJE 2 MIG 8489 A$ 4Ar + 2%

E Agaoksith A AFESS 100% ol glolo] FRHE FCAW &%
01] = A7 Folt gtolo] 1.2, 14, 1.6 mm v S AR S Atk

Collection @ kmou



$4 AE 4% FNEA §479 G A% veh £1 A= A9 Bk

1y MEHS HW| 200kS/solw, 3 whe] 7]7]o] ARC, RESISTANCE,

TIGPLASMA) 5¢] 3ol 7Hsguee Zuk 7hle $3 4% 7150 W3
AW 5 o

Collection @ kmou



422 B4 AZEY 9

e WELD GOOD WAVE

Fig.

grjel 18 2ZEdFg 424 &4 AR/ 2 &4 A4 #¥
5

Mz ¥2 o

B WELD GOOD WAVE [Version 3.5.7] - ARC

oE Az IE ELn IFE 27 2 E4dE 27N FTEEIRN ESZH

| PEHEHSE B-k | cRa>P-2/EBE ¥ 74 H
e e = Y ol 7 == '

@ -szne Z ks

O T

Z500 ] 1 i 1 1 1
Hil . i ) i----- N . ; : . . :

1875 f-- == remme o Ty - - . - s foomeas oen
AU oo T

f

Hi:-
Tz

,_
'
'
'
'
'
'
'
'
i
'
'
'
'
'
'
'
Lis
l
'
'
'
'
'
h
'
"
'
h
'
'
'
'
'
'
=
'
'
'
'
'
'
'
'
U
'
'
'
'
'
'
'

FZ.0000

rd

WeldGood Data Ver 1.2 | File : sp0i0l, wagw || A A

Fig. 7 WELD GOOD WAVE software

Collection @ kmou



® Jupyter Notebook

JEILEH o} % 3lel Python 7]uke] 7wk =Folth A w-ZEo|AE
S NA fFrepeAE FZQsta o JHA Ad=Es g mEA =T
A= Aol Atk ®=3F Pythondt 335 = gt dolHyzlE B
Aol o] Fopoll M ERHor HED F AT

[i

4

2 dAToAME 83 AR, & A T AAE HolHE FE U] o
of HolHE tF=d E3td golBg g9l pandas, 1P ZE HAZE = 9
g}o] B 2] ¢l matplotlib, X134 AE3F numpy 5& AF&3te] dloE &
of AR&3FA T

!

1

ZJupyter

pandas I..I": Wi '

matpl=tlib

Fig. 8 Various logo of python library

Collection @ kmou



423 A& A4
ANPA-L SS400 AFo 2 eAAA(Fig. Dolth. =7]= 250mm x 100mm X
0T2A FA7F Q7] W2l 5 &3S A8t V-groovest stth7] o] &

H(Butt join)E FRI ot B 7] M A 7R o] A =S HAEAT

Fig. 9 Specimen carbon plate

Collection @ kmou



424 &3 =4

o 4y A= R Ws
84 £ $HO2N ARl AW AP & 0ol AFAE A
ston, A¥W T F 4v)z0 $1E FYRAT Wire FAE Z2olA
F2 20o]& 14dmm 183, B37tA2E 100% co, & AH83al 7t %
& 25 min otk ARE F0 AF deiulZ Ao oF 260AE NEOR
ASHe AR Qefel sio] of 26V = MAsIATh
Table 3 Welding materials
Wire KISWEL 1.4mm Flux Cored Wire
Shielding gas 100% co,
Base Metal Mild Steel(250 % 100 < 10T)
Table 4 Welding parameter
Parameter Value Units
Current 260 A
Voltage 26 Vv
Gas Flow 25 1/min
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Fig. 10 Report of radiographic examination (a)
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Fig. 11 Report of radiographic examination (b)
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Fig. 12 Front of failure specimen 03

Fig. 13 Back side of failure specimen 03
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Fig. 14 Radiographic examination of specimen 03
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Fig. 15 Front of failure specimen 04

Fig. 16 Back side of failure specimen 04
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Fig. 17 Radiographic examination of specimen 04
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Fig. 19 Back side of failure specimen 05
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Fig. 20 Radiographic examination of specimen 05
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Fig. 23 Radiographic examination of specimen 06
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Fig. 26 Radiographic examination of specimen 07
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Fig. 29 Radiographic examination of specimen 08
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Table 5 Inspection results for each pass

Specimen - .
Bead Condition & Defect Type Grade

Pass Number
1-1 0.5/100] v]E 9FF, 4~6/10 o] TE, 7 9] I3 C
1-2 6/100] ¥]E ¥4 F7F A, 9/108 20| ME, 1 9] &5 C
1-3 4~6/10 M E, 2/10 M E, 7 9] ¥35 A/B
1-4 A d= A
2-1 0.5/10 v|& =, 1~3, 7~9/104]E C
2-2 8~10 ME, 1 9] ¢35 B
2-3 3,8/10 B]E ot ¥4, T 9] 3 B
2-4 435 A
3-1 3/10 &=, 7/10 v =E¥4A, D
3-2 3/10 oFgt S¢+A] H|E B
3-3 3/10 8]= ¥4, 8.5/10 Crack, AEHA E 1Al D
3-4 Aebs olAmE, 1 9] g5 B
4-1 7/10 NI E, T o] &5 B
4-2 3~4/10 7| & D
4-3 2~4 28 HIE, 5~6/10 7|3 ¥ H|E E14] D
4-4 6/10 2H 715, 2 9 ¥= C
5-1 1/10 v]E oF 3tZ, 1 9] ¢& B
5-2 2~4/10 8|2 4], 9/10 T & C
5-3 1~7 AR 2 =T, =4 &, 80 H|E F, o= D
5-4 5~6 2514 H]E, 9/10 AT, D
6-1 6~7 ME, 1 9] %43 B
6-2 2.5,4 ot A7, 8~9 AHAl, AFHA O &8 oFfF v|E F1A] C
6-3 6~7 EH7]Z, HE @4, 1 9 U5 C
6-4 7/10 735t 2H )%, 1 9 ¢35 C
7-1 0.5/10 & 7] 3(Ex= H|E oF), 1 9] 45 C
7-2 6~10 B]E SZ, AGA D
7-3 A 244 vlE D
7-4 9710 M E, 7 9] ¢ B
8-1 1~2 ¥]& md(E4) 3~4 v|E &=F 6~10 v|E E, Z1A D
8-2 2.5~3 v]E oFZ(uj¢]), 1 9] o D
8-3 1~7/10 v = A C/D
8-4 5~6 H|E Z 4 mE 1 Q] &5 B/C
9-1 1/10 9% oY B/C
9-2 Ké*o* IR B
9-3 1~2 AHA B/C
9-4 A A Spatter zbch B
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10-1 3 A
10-2 3 B
10-3 g%, 0]8gt vje A
10-4 g%, 0]8gt v A
11-1 9/10 EH7| & C
11-2 Zute gH7|S B
11-3 4/10 ME, 1 9] ¢35 B
11-4 3~6/10 W E, Spatter I} B/C
12-1 0.5/10 €3 M, 7 9 45 A/B
12-2 9/10 vl& &% ¥ S B/C
12-3 SR B
12-4 7~10 H]& #A, Spatter z}C} B/C
13-1 0.5/10 ¢¥3 W, 1 9o &5 A/B
13-2 5/10 497, 1 9] &5 B
13-3 4,6 A7 B/C
13-4 45 A
14-1 7-10 ¥]E 5% @ 72, 1 9] 45 B/C
14-2 3/10 v]E eRIPA, T 9] 4s A/B
14-3 8~9 H|E AA, 1 9] &3 A/B
14-4 3~5 oF7F A5j#, 5/10 Crack B/C
15-1 1/10 T, 1~2H]E@A, 7 9] IS B
15-2 9/10 H|IE@ A, T 9] U¥s A/B
15-3 3~6 IE, 1 9] %35 A/B
15-4 45 A
16-1 AR 2ol O 9] S A
16-2 2~3 HE Z @4, T 0 go A/B
16-3 3~4 H|E = H4, 7 9 ¥ B
16-4 45 A
17-1 AR 2o, O 9 g% A/B
17-2 1,35 g7, S8 435 C
17-3 1, 4/10 A9 A v|EdA, O 9 45 B
17-4 45 A
18-1 7/10 v]= AA A/B
18-2 4~5 AGZ, HE P4 B
18-3 3~4mWE, 71 9] 43 B
18-4 3-10/108] = 23%!, Spatter ¥ct C
19-1 AR 2o, 9-10/10 715, 1 9] 45 B/C
19-2 45 A
19-3 4/10 ¥|E = %2, 7-9/10 H|E & A7 A/B
19-4 45 B
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Table 6 Selected specimen list

Condition Specimen Number Pass Number Grade
1 4 A
2 4 A
10 1 A
10 3 A
10 4 A
13 4 A
A 15 4 A
16 1 A
16 4 A
17 4 A
19 2 A
20 2 A
20 2 A
zb 3 2=of dolHe AR, R AR, &R A Al 7R #dEo
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Fig. 30 Example of signal data before pre-processing
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Fig. 31 Example of signal data after pre-processing

Collection @ kmou



522 AR-AY Held BE 7IPE toly 9I= £4

10.0

7.5
Arc power 2% up

5.0 Arc resistance
2% up __,
[ & at
2.5 A g N Areal

o
o
s
;2 , Area2
) " Area3
T 00 2
N .
8 \ .
S -25 (
z 3 s
_5.0 \ ; Arc resistance
Arc power 2% down 2% 'down
-7.5

“10.850 75 =50 2.5 .00 25 50 75 10.0
Mormalized Current

Fig. 32 Normalized current-voltage distribution map by

Area

s wlolel o] shed gk 002RE 4 wERF F/h EE gads
otz Y FAYL ALY + Atk ® AFANE 37
o u) o}a 2 FAFORIE WEIAE shtel FeolA HolE WHYE

=
BAE S,

Lo

Collection @ kmou



— A Specimen 0104
= A Specimen 0204
0.10 —— A Specimen 1001
—— A Specimen 1003
—— A Specimen 1004
—— A Specimen 1304
0.08 —— A Specimen 1504
— — A Specimen 1601
C A Specimen 1604
Q —— A Specimen 1704
Y 0.06 —— A Specimen 1902
Q —— A Specimen 2002
(a —— A Specimen 2003
[{]
O 0.04
<T
0.02
0.00 ———a\\\W\s eoray

0 10 20 30 40 50
Area Number

Fig. 33 Log Normal distribution by Area data

percent

MR 13719 A dolEld) i 7 Fepd dele RASE TASAE
B¥E 27 47 Bxe] Fefoln, Area 0 ARE 49714 50708 4 F 5
WAl Gl A 2t s ze) B elolE AMEst 10%E 74 w3

Collection @ kmou



1.0
0.8
Q
&
[}
Yo.6
fh) — A Specimen 0104
> = A Specimen 0204
] —— A Specimen 1001
M 04 —— A Specimen 1003
= —— A Specimen 1004
E —— A Specimen 1304
=3 - A Specimen 1504
(@] 0.2 —— A Specimen 1601
5 A Specimen 1604
—— A Specimen 1704
— A Specimen 1902
—— A Specimen 2002
0.0 ‘i =—_ A Specimen 2003

0 10 20 30 40 50
Area Number
Fig. 34 Cumulative distribution by Area data

percent

B AFgME AHA 849 72E o3 =8I 543 Ho folg HE
I Z(Fig. 3DZEE A3 10UA] Yo
9%o)al, oluje] ol =¥ 9 E#3 H9

(ee]
S
SN
o
oy
o
u
N
S
ol
ol
4%
kl
o
1o
I

>
o
4]
-r
»
jnj
o
o

jus}
o
flo
©
\]

Collection @ kmou



523 AR-AY A AF 4 23

=)
il
2
™
oL
o

Fig. 332 ot2 &893 AFoz ¥ 3k

T 79%%) AF-Ad A Aotk A dlolH e B &9, $AY @<e

AR ol Tl THE B ol e Bdwk Z
3

FA T

o

i

4

O]

Table 7 Arc power and dynamic resistance value calculated with

average 79% data density

Specimen - Pass bata P1 R1 P2 R2
Percent
1-4 82 7044.5 0.175 4503.9 0.112
2 -4 81 6915.8 0.177 4421.6 0.13
10 -1 7 6850.8 0.178 4380.0 0.114
10 - 3 77 6700.8 0.183 4284.2 0.117
10 - 4 81 6882.4 0.177 4400.2 0.113
13 -4 84 7248.3 0.169 4634.1 0.108
15 -4 85 6879.1 0.179 4398.1 0.115
16 -1 73 6172.7 0.204 3946.5 0.130
16 - 4 83 6995.0 0.178 4472.2 0.114
17 - 4 79 7032.9 0.178 4496.5 0.114
19 -2 78 6924.5 0.182 4427.1 0.116
20 - 2 72 6666.7 0.190 4262.3 0.121
20 - 3 76 6812.8 0.185 4355.8 0.118
Mean 79.08 6,855.9 0.18 4,383.3 0.12

o
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Fig. 35 Distribution map at 22% Arc power and dynamic resistance
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