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A Study on Super-MAG Process Development
for Ultra-high Deposition Rate

Min-Woo, Kim

Dept. of Materials System Engineering,
The Graduate School, Pukyoung National University

Abstracts

In recent years, it focused on cost reduction through improved welding
productivity in order to improve cost competitiveness in the manufacturing
sector. Therefore, the groove design changes to increase productivity and high
deposition rate process such as applying various methods have been tried.
The welded to excessively high current in order to improve productivity in
the workplace. In the work environment, which cause excessive spatter caused
by such a strong emitter flammable materials are commonly used easily lead
to fires.

Thus, TIG and GMAW Spray Transfer to prefer in the manufacturing sector.
But, it is difficult to spot low productivity limitations apply.

So, it is necessary to develop a new welding process in the area GMAW
Spray Transfer is less spatter is produced during the arc welding.

Key Words : GMAW, Filler Wire, Deposited Metal, Strip, Heat input,
Super-MAG, Fillet, 1F
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2.1 GMAW(Gas Metal Arc Welding)2] ¥ % #-&d

GMAW(Gas Metal Arc Welding)® ARAFE AM&35)

AR g golold UAT SEE FEA S

FFEE B 3572 (Shielding gas)ol 98] 919 W7 256 naHchY

H Ry
L BZAIIAE ALEEE A$-E MIG(Metal Inert Gas)&3, =4 A7
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- Deposited metal
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Fig. 2.1 Schematic of gas metal arc welding
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Fig 2.4 Various type of metal transfer in GMAW
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2.3.1 Pulse energy A<

RPC (Relative Peak Current)= Fronius £7%7] 2338 #AF 9@ HXxA]

7Hel AtA I7]1E Aolsk= pulse parameter®2A4, -5~+5AF0]9] S U}

Ak,

Pulse EnergyE +5%0o = F7} Al7|W HAA9y A7 379k H2AZH

of A or AXA =i,

zrel 2717k geiA oz HolAe 3

g2 74

Current

5o FaA Y HaTy AR R WA

Time

Fig.2.7 Schematic of pulse energy
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2.3.2 Comparative arc length (& ot=3Z0o]) A<

ALC (Arc Length Correlation)2 Fronius &7%7] ofadolE Alofsl+=
pulse parameter24, -30~+30A}o]9] k& 7FAt}. Comparative arc
lengths +30% o2 Z7} Al7|W oladol= Aty o=z AX A Har, -30

mow FaAYY ofadel FulH o ol PR s,

Arc length
+a%o Arc length

-0%

Fig. 2.8 Schematic of comparative arc length
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A 3 F MAGol=Z9| $J 3= Filler Wire®} C-Strip<]
H DA g

31 A

2 Aol M= GMAWS] 83455 7.1ke/hrZ U5 ot A 3 &
L

ol A E7FA 02 Filler?! Wire®t C-StripS 1.6kg/hre] Fd3h &34
2 Fgste] 9y B onEL, TS B3l olactdds wdsial vas}
oﬂq

PN .

3.2 Parameter 23

B o= 71F£9 GMAW of=o] F714 2 Fillers ¥+
AT AlE A GMAWY] thkgt ®ig 5 A<l oAl 714
483193 Fig. 3.1 o5 vepdt)

A WA W5 EA Shield gas”E Ar 100%, CO: 100%, Ar 80%+ COs
20% % Spray Transferg A4z Al7]= Ar 80% + CO. 20%E ©5t
A, T WA WFZA Transfer mode®= Short Circuit Transfer, Spray
Transfer, Globular Transfer % o}=37} 7} b4l Spray TransferZ
st A WA WHEEA Weld Modex Continuous Wave, Pulse &
Peak Current®} Base CurrentE %<2 T35 &3l ol= FHAdo] Ui
o2 %& Pulse® @agith vl MA W52E 212, @14, 81.679 9]
of A7 F ofa ARl S-Fotal, FUHAA &VHAE O Z Fol7] sl
Halmoy 2]'V¢] ZAdte] o}z wddo] & 21.6% ®a3le). mixwtow
Arc Lengthi VoltageE &A=Z &7 A”EEAJE 7ITgkdA +, 7]+
7k, - = 8712 <8 Arc Length7F + 7} H& ¥ek = Voltage?} =7}8F
= WEgor g5l
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Fig. 3.1 Parameter selection
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3.3 Filler Wire A%

331 Ad A=

H

R

1=}
RN

Ao A

A A

15mm SS400
Filler Wirex @1.2 Z0-26< AM&3ith A9
2 7)1 A A AAL Table 3.1, 3.20] YERASIT

Table 3.1 Chemical composition of base metal

wt.%
C Si Mn P S Cr Ni Mo
Mild
teel 0155 | 0163 | 0455 | 0.0071 | 0.009 | 0.019 | 0.0101 | 0.0006
stee
Table 3.2 Chemical composition & Mechanical property of ZO-26
wt.%
C Si Mn p 3 ar
0.06 0.80 1.53 0.014 0.010 0.18
. =AU
PEHEMPa) | IAREMPa) | A& |
AWS A5.18 Min. 400 Min. 480 Min. 22
EN ISO . .
Min. 390 490 ~ 670 Min. 18 = 27
14341-B
490 570 30 110
A
520 590 31 120

_19_




332 A3 Wy

Table 3.3 Filler Wire?] 3245 Yelydch Ao &4 A9L&
Fronius TPS-7200& A}&3t3tt. A48 742 Fig. 3.2¢] YeEFATLT

Table 3.3 Welding condition & Filler Wire condition

Power source Fronius TPS-7200
Wire SM-1N(©1.6)
Mode Pulse
Base metal SS400
Current(A) 400
Fixed Voltage(V) 35
Feeding speed(cpm) 750
Welding speed(cpm) 50
Shield gas Ar 80%+CO, 20%,
& flow rate(L/min) 25
CTWD (mm) 20
Melting rate(kg/hr) 7.1
Wire Z0-26(01.2)
Fixed | Feeding speed(cpm) 300
Melting rate(kg/hr) 1.6
Varied | Feeding direction Front Back

_20_



Fig. 3.2 Filler Wire feeding




333 AY Az 9@ uF

Table 3.4, Table 3.5, Table 3.6 ZtZ} Only GMAW, Front feeding,
Back feeding® 383} vj=<e]Fo]a, Fig. 3.3, Fig. 3.4 Front feeding™
Back feeding®] &74%< Ablelt},

Table 3.4 Waveform & Bead appearance(Only GMAW)

(a) Only GMAW

_22_



Table 3.5 Waveform & Bead appearance(Front feeding)

,-:..._.:-

r Current : 418 A

Coment & e

Fig. 3.3 Filler wire Front feeding(Welding direction Right -> Left)
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Table 3.6 Waveform & Bead appearance(Back feeding)

Fig. 3.4 Filler wire Back feeding(Welding direction Left -> Right)
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@ 1.2 Filler Wire % 3 5% &5 4% A3 da3 2ol sl

1) @ 1.2 Filler Wire A% % %% &5 A3 23, A% 2 % & ¢
Filler Wire7} Arc7} 2AstE GMAWS Wire #= & =43dto] Spray
Transferol] FekS Fo ~dg 7} @o] ¥ o]= Table 3.5¢ Table 3.6
o] Hl=9|Ho| A #F 3 = gtk 3 Table 3.49 Only GMAWS] ¢t
&g ®]3] Table 3.5 9 Table 3.69 A 2 T &5 Agol|A At}
o] Auldoz BorAs o7 Ho|il T Fig. 3.3 ¥ Fig. 3.4 £74
8 T APKIo R olze] A7|7h WEtHA ESHge &3o] He AS #F
E IS A=

2) @ 1.2 Filler Wire2] 2% &&4&% 1.6kg/hre 4 4 w, 300cpme]
e FEEER Qs Eohge Yatold] B iAo R GMAWS &4 o
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34 Filler C-Strip A% 2 &% &3 4
341 A¥ As

EoAFoA BAE F7 16mm SS400 ©A7 HES AFRslgl o
Filler C-Strip& 6.7mm* ¥4 9] SAW Wire KD-43<
b 2Ae] 24 9 C-Stripe] 83 AR 2 7|AA AL Table 3.7, 3.8°1
e AT

[o
oX
o it
ol
o
s
>
=
o
ol
o
2

Table 3.7 Chemical composition of base metal

wt.%
C Si Mn P S Cr Ni Mo
Mild
tocl 0.155 0.163 0.455 | 0.0071 | 0.009 0.019 | 0.0101 | 0.0006
stee

Table 3.8 Chemical composition & Mechanical property of KD-43

wt.%
C Si Mn P S
0.04 0.80 1.65 0.022 0.012
FAA40
T+ FE = (MPa) | AFZEMPa) | &%) ?_wgo
A7 560 610 28 70
F7AO0-EM13K

_26_



342 A3 WY

Table 3.9% Filler C-Strip®] €HZAS Yehfgich AdoA &4 A4
2 Fronius TPS-7200& A3t A8 42 Fig. 3.5 YeERASIH

Table 3.9 Welding condition & Filler C-Strip condition

Power source Fronius TPS-7200
Wire SM-1N(©1.6)
Mode Pulse
Base metal SS400
Current(A) 400
Fixed Voltage(V) 35
Feeding speed(cpm) 750
Welding speed(cpm) 50
Shield gas Ar 80%+CO, 20%,
& flow rate(L/min) 25
CTWD (mm) 20
Melting rate(kg/hr) 7.1
C-Strip 6.7 mm?
Fixed | Feeding speed(cpm) 50
Melting rate(kg/hr) 16
Varied Feed direction Hdk =g}

_27_



Fig. 3.5 Filler C-Strip feeding
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343 AY dx 4 33

Table 3.10, Table 3.11, Table 3.12&= ZZ+ Only GMAW, Front
feeding, Back feeding® 333} v|=¢]#o]la1, Fig. 3.6, Fig. 3.7< Front
feeding¥} Back feeding®] &7%¢<l Alxlo|t},

Table 3.10 Waveform & Bead appearance(Only GMAW)

w

L Loen "

(a) Only GMAW
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Table 3.11 Waveform & Bead appearance(Front feeding)

- LAl

Current : 404 A

(b) Front feeding

Fig. 3.6 Filler C-Strip Front feeding(Welding direction Right -> Left)
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Table 3.12 Waveform & Bead appearance(Back feeding)

= lomm |

(c)Back feeding

Fig. 3.7 Filler C-Strip Back feeding(Welding direction Left -> Right)
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Filler C-Strip 4% 3§ &3 29 23 v} o] uzdsisin.

1) Filler C—Strip ﬁﬂo]— g‘l —?‘Ho]— '/;o\‘% /\Elé;:qr 7531’, ﬁﬂo]— g‘l —?‘Ho]— % E} Filler
C-Strip> Arc®] 2 HFg oA 3] &F5o] AAFACE EFEE FF
He AS #F @ 5 AL, o]= Fig. 3.6% Fig. 3.7¢14 S<toz g4l

S 2~
F 5 Ak,

2) Table 3.11 ¥ Table 3.129] v]|=9]#& ®HA C-Stripe] Arcel] A
¢l s Fx Yol A A o T HEQHS A= AS

9o % Table 3.109 Only GMAW®] Aga18 3} v]=3 ejo] <HA
Ql At -S YERSIT

3) Filler C-Stripe] 4% Strip 4%
I e 7t of s E oA ok A9l = ,

Strip WS g1 g7t AS Plasma ~E#o] X38= a7
SF A1 &4 o] <tk
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3.5 Super-MAG &3¢ A9

Fig. 3.8 Super-MAG &3¢ R =& YeN ST Super-MAG &3o| &,
& 71X GMAW ol=9 Filler C-StripE F712 o2 Qo] ¢h4

ARA

&)

ARl A o|PREA & BHAEEE JHAE 4ot

71E2 GMAWA &§HEES S87H

ZE=d 1A FIHoA e EHOIE o]f & A7 ~uE e} EQHAT ol

7h AT vk o) Super-MAGE] 7% GMAWSHS] &&= tin] v 3
1

7 gdom Ao ~iHE YU, e SRFOR s
3

(n
e
(2
in)
o)
o
oz

42 = High speed & High current welding®ll A 3 33H]
A& Ak

?1.6 Wire

o0 Ol ]

Fig. 3.8 Schematic of Super-Mag
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36 24

MAGo}F=e| 433l Filler Wire ¥ Filler C-Stripe] Ad#} 2 &d} 2g
Ay &3 2o A9E A

) @ 1.2 Filler Wire ™% 2 39 &35 23 Ay
Filler Wire”7} Arc7} 2A3= Aol Wi
FES Fol AFEIL ol HiE Eobgd 3o HE AL #F I F
Atk =S 300cpme] wWhE FHELEZ 3 L5
o},

=
D
2
N
)
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(o]
ki
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2
o
09:,"
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& 5 SISt} Filler C-Strip
o] gaol Stripe] ¢S B lHBM 0}"51 W Jé&“ﬂ kil

i&

3) @ 1.2 Filler Wire ¥ C-Strip& AW 2 31 &3 A9 3 2y Ao

o 7 Filler C-Stripe] Filler Wireol H]&] 7] GMAWS] &% o]gjo] oF

HAHolx A9E7 A He 2 #F & F I 2l
AA =

o} ol Zg=ut 7F
ArcE dhve] dfdojgtar e wl, Arce] WA ®Wol| thdt Filler Wire ¥
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Al 4 & Super-MAG £3 93 71 43
41 A4

Bt E GMAWS g4 = 747F 8kg/hr(450A), 11.5kg/hr(550A),
15.4kg/hr(650A) 2 1.43}o], Filler C-Stripe AWdgoz

2~ OcpmolA Ht| 700cpm7+A] 100cpm

T AEATCE

o HT== -%]
A getuA 7 §ASEAT
M) AASAEES Y % wsolw, FURs Fa Ssgi
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4.2 Super-MAG &34 ZHFo| & Filler C-Strip $F&=
HE A3

421 A Uy
Table 4.1 % 4.2% Super-MAGS] &48x271S YepYAY. Ao A &4

HAYLS Fronius TPS-72008 AF&3skSlth A3 42 Fig. 4.1¢] YERSL
=3

Table 4.1 Welding condition

Power source Fronius TPS-7200
Mode Pulse
Current(A) 450 550 650

Feeding speed(cpm) | 850 | 1220 | 1640
Melting rate(kg/hr) 8 115 | 154

Fixed Voltage(V) 35 39 43
Base metal SS400
Wire SM-1N(©1.6)
Welding speed(cpm) 50
Shield gas Ar 80%+C0O, 20%
& flow rate(L/min) & 25
CTWD (mm) 25
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Table 4.2 Filler C-Strip condition

. C-Strip 6.7 mm?
Fixed e
Feed direction Front
_—— Feeding speed(cpm) | 100 | 200 | 300 | 400 | 500 | 600 | 700
rie
Melting rate(kg/hr) 31 | 63 | 94 |125|15.7 | 18.8 | 21.9

Fig. 4.1 Super-MAG
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422 Ag 45

Table 4.3 ~ 4.13& Z}7Z} £x%2%% 8kg/hr(450A), 11.5kg/hr(550A),

15.4kg/hr(650A)°l Filler C-Strip= Ocpm%-¥ 700cpm 7FA] AW %33}
Ao 9g @ H=ely, Fdwoltt Table 4.14% 1 A3 HolHEZ A7 3dh

Folt},

Table 4.3 Waveform, Bead appearance & Cross section

450A(8 + 0 kg/hr)
= ~ 1~ Current : 427.5A

1= Current :421.3A

" ———
i~ Voltage : 35.4V 17 Voltage : 35.1V

'"' Feeding speed : 856.9cpm ; = Feedinglspeed : 859.8cpm
S ¢ e~ :

e
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Table 44 Waveform, Bead appearance & Cross section

450A — 200cpm(8 + 6.3 kg/hr) 450A ~ 300cpm(8 +9.4 kg/hr)
| ~== Current : 432.4A |} ~=current : 435.7A

Voltage 34.7V

P Feeding speed : 859.5cpm '™ Feeding speed : 858.3cpm
P R e e e R R I
nyj N | J

Table 4.5 Waveform, Bead appearance & Cross section

450A —400cpm(8 + 12.5 kg/hr) 450A — 500cpm(8 + 15.7 kg/hr)

(T Current : 428.2A - ||i=T " Current : 435.1A I
-

?:Jim -

§ — Feeding speed : 858 Bcpm = = '

§ In e i b _“mt'mmwv:ﬁ ;;
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Table 4.6 Waveform, Bead appearance & Cross section

550A(11.5 + 0 kg/hr) 550A — 100cpm(11.5 + 3.1 kg/hr)
i~ Current : 506.5A | |j~==current : 518.7A
[re—— W— || | ——
" = - -]

i1 Voltage : 39.7V

;-— Feeding speed : 1228.3cpm =| ==
i e i

U J ) Voltase :40.2V I|

R T

Table 4.7 Waveform, Bead appearance & Cross section

550A — 200cpm(11.5 + 6.3 kg/hr) 550A — 300cpm(11.5 + 9.4 kg/hr)

|~ Current : 527.3A ~— ||f*—current:5233a TEITOTT
b ene— B EEE=ITE
I Voltage : 39.3V L T | Voltage : 39.6V f ' |
u'J—. - - \In?" e _“:;r-‘!
! —-=== Feeding speed : 1231.2cpm | !~™Feeding speed : 1229.5cpm
s - e ; ]
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Table 4.8 Waveform, Bead appearance & Cross section

550A —400cpm(11.5 + 12.5 kg/hr)

550A — 500cpm(11.5 + 15.7kg/hr)

|~ Current : 535.9A

=

i -t Current : 540.1A

: Voltage : 39.2V

- Voltage : 38.9V

‘:“ T Feedmg speed 1232 9cpm

Ty

e

= . Feeding speed :1235.4cpm

Table 4.9 Waveform, Bead appearance & Cross section

550A 600cpm(11.5 + 18.8 kg/hr)

550A — 700cpm(11.5 + 21.8 kg/hr)

|~ Current :538.8A

IW 0 _ 3 N
i . Current : 542.3A

L — T

i T Voltage : 38.9V

= — _Feeding speed :1234. lcpm

aad —_—— = —— — =
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Table 410 Waveform, Bead appearance & Cross section

650A(15.4 + 0 kg/hr) 650A — 100cpm(15.4 + 3.1 kg/hr)

|~ Current : 617.6A | ; ~= Current : 622A

i ~r Voltage : 43.8V ~ |77 Voltage : 43.5v ~
B | i

;‘;:_‘_ Feeding speed : 1676.6cpm
L

-

Table 411 Waveform, Bead appearance & Cross section

650A — 200cpm(15.4 + 6.3 kg/hr 650A — 300cpm(15.4 + 9.4 kg/hr)
. ~=— Current :637.5A —==cCurrent : 629.9A

" P — =

- Voltage : 42.7V
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Table 4.12 Waveform, Bead appearance & Cross section

650A —400cpm(15.4 + 12.5 kg/hr)

650A — 500cpm(15.4 + 15.7 kg/hr)

i"" Voltage : 42.8V ||i 7 Voltage : 42.6V I

J : . : =

Table 4.13 Waveform, Bead appearance & Cross section

650A — 600cpm(15.4 + 18.8 kg/hr)

|~ Current : 652.37A

| Voltage : 42.3V

650A — 700cpm(15.4 + 21.9 kg/hr)

;E = Voltage : 42.1V
R RN

i
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Table 414 A7 Strip TFEE B8 §AEE,
PEFH], FT 8 2 A&
gxzc [ ogge [ 2 [ -1 [ o [ 1 [ 2 [®a#g9 [ aEWA [ 202
450 kg/hr |49.18)/mm*|5.32 | 6.55 | 6.96 | 6.55 |5.60 6.20 0.63 6.96
4-1 11.1kg/hr |35.47)/mm® 4.37 | 5.03 | 5.23 | 4.85 [3.50 4.60 0.62 5.23
4-2 14.3kg/hr |27.74)/mm® 4.25| 4.75 | 5.23 | 4.75 [3.70 4.54 0.52 5.23
4-3 17.4kg/hr |22.78)/mm?| 2.65 | 3.20 | 3.45 | 3.15 |2.55 3.00 0.34 3.45
4-4 20.5kg/hr [19.32)/mm*| 2.40| 2.75 | 3.05 | 2.55 |1.75 2.50 0.43 3.05
4-5 23.7kg/hr |16.77)/mm*| 2.80 | 4.00 | 4.68 | 4.40 |3.25 3.83 0.70 4.68
550 11.5kg/hr |47.72)/mm*| 7.60 | 8.85 | 9.23 | 8.75 |7.15 8.32 0.80 9.23
5-1 14.6kg/hr |37.60)/mm*|7.35| 8.10 | 8.32 | 7.80 |6.25 7.56 0.73 8.32
5-2 17.8kg/hr |31.02)/mm?| 6.20| 6.95 | 7.34 | 6.85 |5.70 6.61 0.58 7.34
5-3 20.9kg/hr |26.40)/mm®| 5.30| 6.35 | 6.65 | 6.30 |5.30 5.98 0.57 6.65
5-4 24kg/hr |22.98)fmm*|4.60| 5.35 | 5.60 | 5.20 | 4.35 5.02 0.47 5.60
5-5 27.2kg/hr [20.34)/mm?|3.50| 4.58 | 4.94 | 4.32 [2.90 4.05 0.74 4.94
5-6 30.3kg/hr [18.25)/mm’ 3.05| 3.15 | 3.33 [ 3.10 |2.90 3.11 0.14 3.33
5-7 33.4kg/hr 16.54]/’mm3 2.20| 3.40 | 3.73 | 3.50 |3.05 3.18 0.53 3.73
650 15.4kg/hr |46.97)/mm’| 9.98 | 11.45 | 12.00 | 11.40 | 9.65 10.90 0.91 12.00
6-1 18.5kg/hr [39.13)/mm’| 9.70 | 10.75 | 11.10 | 10.70 | 9.30 10.31 0.69 11.10
6-2 21.7kg/hr |33.54)/mm?| 7.30 | 10.80 | 11.30 | 10.60 | 7.80 9.56 1.66 11.30
6-3 24.8kg/hr |29.34)/mm’| 7.60 | 10.40 | 10.90 | 10.45 | 8.05 9.48 1.37 10.90
6-4 27.9kg/hr |26.08)/mm?| 6.40 | 8.80 | 9.37 | 8.70 |7.60 8.17 1.06 9.37
6-5 31.1kg/hr |23.47)/mm*|6.13 | 7.83 | 8.47 | 7.88 |6.68 7.40 0.86 8.47
6-6 34.2kg/hr [21.33)/mm>|6.20| 6.75 | 6.97 | 6.55 |5.45 6.38 0.53 6.97
6-7 37.3kg/hr [19.56)/mm?|5.08 | 5.55 | 5.80 | 5.55 |5.25 5.45 0.25 5.80
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423 13

Fig. 4.2% Filler C-Strip®] &< %0 th3t Super-MAGY ZF AFA A

H A A5 EE AY del”HE vRte® oz E yEhd Zlo|tt Fig.
42014 7]1¥& @1.6 Wire2] GMAW Hd 8245 740A0A 20.4kg/hr ©]
=3

Super-MAG 23S E&] 450A9d A= Ho] 23.7kg/hr, 550A A= U
33.4kg/hr, 650A° A= H] 37.3kg/hre] &FAELEE A8 5 )9},

40

E
2
H e il s 1‘ =
& ||:H_Q_7C!-_._
R’ (740A)
00
—=— 450A
| —e— 550A
°T 1 1 1 1 = = 650A
0 5 10 18 20 25

Strip &= (kg/hr)

Fig. 4.2 Filler C-Strip & <&50] W& AF W E Total 82&%
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Fig. 4.3 ~ 5% Filler C-Strip §&<%0] w2 450A, 550A, 650AY )
71—71—9/] o1oda‘cu]_e_ Zﬂ]ﬁi L}E}LH‘}*E}

Fig. 4.3°14 AF7} 450AY W Filler C-Strip 9% %7} Ocpm¥ 7%,
JgenlE=  49.18)/mm’e] 3 Filler C-Strip®] 434 %7F 500cpmZ7HA|
100cpmo. 2 Z7}ste] uwleg} g2 o] Zvlate] Jd#ulE 16.77)/mm’
A expA o7 7 A e ATFS H )

Fig. 4.4°l4 AF7} 550AY W Filler C-Strip €94 %7} Ocpm¥ 7%,
dd@ul= 47.72)/mm’] 3L Filler C-Strip®] $H%%7F 700cpmZHA
100cpme 2 7kl wel §2gu o] Friste] Yd@knlE 16.54)/mm’
A EAPA o2 A ATES BTt

Fig. 4.5914 #&7} 650AY W Filler C-Strip w4 %7} Ocpm¥ 745,
AL = 46.97)/mm’0]aL Filler C-Strip®] $#%%7F 700cpm7HA|
100cpme. & 7kl mel §2gu o] Frhste] Jd#knlE 19.56)/mm’

—_

mlo

N

2}
A Ao gasts 4FE wah
55 [
50 o 450A
45 |-
40 L

35 L

25 :— .\
20 H\‘&.

15

o] AU 2| (J/mm’)
%
T

10 I L 1 L 1 L 1 L 1 L
0 5 10 15 20 25

strip 2&=c(kg/hr)

Fig. 43 Filler C-Strip 82& 50 W& AF 450A ¢ of JE =
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550A

30 -— \
25-_ M‘a
20 | ]

L T
15 |

o] AU 2| (J/mm’)

1 |:| 1 1 1 1 1 1 1 1
0 5 10 15 20 25
Strip 222 ¢ (kg/hr)

Fig. 4.4 Filler C-Strip &< 50 W& AF 550A & wf JL A

" 650A

a0 [ L

01 2 2kH| (J/mm’)

20 | e

15

10 I L 1 L 1 L 1 L 1 L
0 5 10 15 20 25

Strip 222 ¢ (kg/hr)

Fig. 45 Filler C-Strip &< 50 W& AF 650A & o JL A



Fig. 4.6 ~ 4.8 Z}Zto] AF 99 tjolA] Filler C-Strip &&4%0] u}
e, Hd 84S 2Y9=Z=2 e

i

Fig. 4.6914 A&F7} 450A< Filler C-Strip $3% %7} Ocpm¥ 74
H&99L 6.2mmola HdlE8YL 6.96mmlt). Filler C-Stripe] &4
7F 500cpmZ7tA] 100cpmo. 2 Z7}ahol| whe} fFeko] Z7)slal o=
Ao Z wholF= C-Stripe] $9&E7F 2718k Hi 2 Hog
= A4S ®Bla 500cpme] 49 BHE&HS 3.83mmolar HAEH
4.68mmol At A3 FRA S A3 F &Y R-Squaredk 09
Ao 849 R-Squaredt 0.912 C-Strip9] $w&%7F 57k wek 3
3 HAYgde AAHor fadts S BT

r{o

=
a& 4
[e]
de 7
O

_4

r13 bRy

5‘.:

»o

Fig. 4.7°14 AF7} 550AY W Filler C-Strip €94 %7} Ocpm¥ 7
B8PS 8.32mmolal HHEYPL 9.23mmSAt}. Filler C-Stripe] 3
=7} 700cpmZ7}A| 1OOCDm—°—i 7Vl whel &2 gFo]l Frtstar o2 E A

r{o

4
AAPOE wolFE C-Swip) $HEE/ Fohte] W U ASYL @
4be A%E WD 700cpme] 4§ AFEAL 3.18mmoln HrjEYL
3.73mmeleh. AHAARAS & A3 B

€49 R-Square#t 0.99,
Hol 899 R-Squaregta 0.99% C-Strip®] $H5E5%=7F S7Hg el ot 3

Stripe] %
9 A aRe Ao asts A% N

Fig. 4.8+ &7} 650A%Y ® Filler C-Strip $ 3% %7} Ocpm¥d 4,
Ha8YLS 109mme] 2 HPEUES 12mmA Tl Filler C-Stripd £3&%
7} 700cpm7Z7}4] IOOcme_i Z7}Valol| wel & eko] Z=rtela ofaE A7t
A o7 wolF = C-Strip®] $9E%7F S7kste] B 2 H&4S A
e AFS B3 700cpm® BF- HBAE YL 5.45mmeolil HoE e
5.8mme| et A3 AR S 3 23 Hd &9 R-SquaredtS 0.96,
o &%°] R-Squaregt> 0.89% C-Stripe] $9HE7F S7Hstel whe} Lt

3 Ageqe quHoR gashs 43S with
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Equation y=a+bx
121 Weight Mo Weightin
| Residual 0.51338
E‘rum of
10k Pearson's 1 -0.98961
L Adj. R-Sguar 092019
Value Standard Err
E N BOP-A=1 Inter cept 598104 0.32042
= I 80OP:A=1 | Slope -0.2868 0.04178
ol gL m
&0
1 .
-
2k
" R-Square: 0.92
0 1 L 1 N 1 . 1 L 1 N
0 5 10 15 20 25
Strip 2= (kg/hr)
Equation y=a+b%
12 |- Weight No Weighting
Residual Sum 0719859
of Squares
Pearson’sr 056299
10 - Adj. R-Squar 080215
L Value Stndard Error
TROPA=1 Intercept 6.8553 D.3T944
‘E 8 I F0PA=1 | Shope 030628 004545
E | =
5 &l
(80
|
E 4
M o4f
2k
R-Square: 0.91
U 1 L 1 I 1 i 1 i 1 L
0 5 10 15 20 25

Fig. 4.6 Filler C-Strip &#&50l whE A7 450A o = Fo, o &

Strip 2= T(kg/hr)
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12
10
€ 8
E
3l ¢
i
3=
30 4
2
0
12
10
T 8
E
3l ¢
(0
=
o4
2
0

- R-Square : 0.99

Equsticn y=a+b%

Weight Nao W eightin
Residual 002884
Sumof

Pearson's r -0.99853

Adj. R-Sgquar 099832

Value |Standard Em
TIOPA=1 Intercept 82677 0.0835
SOPA=1  Slope -D.26898 0.00732

0

]

10 15 20 l 25
Strip S & =(kglhr)

- R-Square: 0.99

Equation v=a+b*x

Weight No Wighting
Residual Sum 0.04237
of Squares

Pearson’s r 055830

Adj. R-Square 0.90557

Value Standard Emo
TROF A=1 Intercept 917354 007442
TEOP A=1 Slope -0 2T584 000784

0

5

10 15 20 25
Strip &= (kgl/hr)

Fig. 47 Filler C-Strip &2<&50 ©WE AF 550A & o H<, H) &<
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12
10
= &
E
d e
x0
I3
B 4
2
0
12
10
T 8
E
ol ¢
(%0
(ma)
W4
2
0

R-Square: 0.96
L |
Equation y=a+bx
Weight Mo Weightin
Residusl 048466
@um{}f
Pearsons r -0.5846
Adj. R-Squer 098333
Walue Standard Em
TBORA=1 Imeroept 11.1072 021203
1 TEOPA=1 Slope -0.23832 001876
] 10 14 20 25
Strip 2% & S(kg/hr)

R-Square : 0.89

Equation y=a+b%%
Weight Mo 'Weightin
Residual 193728
Sum of
?Peas.c;rrs r -D.oamey
Adj. R-Squar 0.858282
Value Standard Em
RWOP: A= Intercept 12,4004 04217
L 80P A=1 | Slope -D.2538 0pxFaz
a 10 14 20 25

Strip S &= (kg/hr)

Fig. 48 Filler C-Strip &2<&50 ©WE AF 650A & # Ha, Hd) &<
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43 A4

Super MAG%— Mol HAFo wE Filler C-Strip £9%x: WA Ay

1) GMAW A5 450A, 5504, 650A°] we} Filler C-Stripg 4338t &%
g &5 Y-S w, 450AE  £3&% 20.5kg/hr, 550AE
27 2kg/hr, 650AE 34.2kg/hr7}A] 29 E] §lo] Ao 2 &-§= Y 7+7}
A &FEHEE 450A0 A 23.7kg/hr, 550A0 A 33.4kg/hr, 650A0] A

37.3kg/re) SAEES AL F gl

2) 7t Aol weh Filler C-Strip] §A4%27} Qb Ael Meloln: §24%
%9 F7bl mel 4hBust PFastam §99 FIH A Hugow

Hashs ddFe 2l
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Al 5% Super-MAG &7l &3 Fillet 4 2& 43

¥ AT A= Super-MAG €75 3749 Fillet 84 A8 A &3] 71%
AEgAFE St §FEHEEE 21kg/hraA o] &AHEEE 40cpmol A
150cpmZ7FA] 10cpme. & 27l A 8-S 2 3)s o}

|19 & AAL vl Jud, A4 vE BE5 HLEE F3l 53
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52 £34& % 21kg/hrol Al €840 W2 Fillet MAG €3
a3 #F

521 A% WY

Table 5.1 Super-MAGY] €dZ7AL YeEMUL Ao &3 A9
Fronius TPS-7200% AF&3l¢lth A %= Fig. 5.16 YESLTH

Table 5.1 Welding condition

Power source Fronius TPS-7200, Pulse
Shield gas(301/min) Ar-20%C0,
CTWD(mm) 25
Melting rate(kg/hr) 21
Wire feed rate(cpm) 1240
Current(A) 570
Voltage(V) 38
Welding speed(cpm) 40 50 60 70 80 920 100 | 110 | 120 | 130 | 140 150
Oscillation width(mm) 24 | 28 32 36 4 46 52 6 7 84 | 102 | 128
Deposited metal area(mm?) | 30 | 321 | 346 | 374 | 408 | 449 | 499 | 562 | 64.2 | 749 | 89.9 | 1123
Heat Input(k)/mm) 32 | 26 22 19 16 14 13 12 L1 10 09 09

Fig 5.1 Fillet weld - 1F
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522 Agdst

Table 5.2 ~ 5.4 &42% 40cpmP¥ 150cpmZ7tA] 10cpmA <& 714
A gAstel 2 WEeda Jevolrh. Table 5.5v= A% Ads A
tlo] el 3ol

Table 5.2 Bead appearance and cross section area by welding speed

(Welding speed 40~70cpm)

Cross
section area

Welding speed

Bead appearance
(cpm) o

40

50

60

70
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Table 5.3 Bead appearance and cross section area by welding speed

(Welding speed 80~110cpm)

Welding speed Cross
(cpm) Bestl A pensarice section area

80

90

100

110

Table 5.4 Bead appearance and cross section area by welding speed

(Welding speed 110~150cpm)

Welding speed Bead Cross
(cpm) appesSaLe section area

120

130

140

150

_56_



Table 5.5 Result date

kg Current | Voltage | Leg length BFad Penetration Mearakzed Heat Input

ol I I o R 0 e s
40 5719 36.9 133 18.8 3.2 0.05 3.25 Good
50 562.3 37.5 115 16.3 2.6 0.10 2.60 Good
60 578 36.5 104 147 4.0 011 217 Good
70 574.4 36.7 9.9 14.0 27 0.12 186 Good
80 5715 36.6 9.5 134 2.6 0.12 162 Good
920 546.7 384 7.8 11.0 38 0.16 144 Good
100 5516 38.2 74 105 25 0.22 130 Good
110 546.7 38.4 6.3 8.9 2.5 0.27 118 Good
120 552.2 38 6.7 9.5 2.8 0.23 1.08 Good
130 557.5 37.8 6.4 9.0 2.2 0.23 1.00 Good
140 556.2 38 - 21 - 0.93 Undercut
150 550.9 383 - 2.0 - 0.87 Undercut
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Fig. 5.2¢ §4% %0 e 2248 222 Jeigth 21ke/hro)
$HEE N §HEET S el §ATw o] Faste] A
Wt

15

1l
13|
12|
1 |

10 F &

Leg length{mm)
9]

_ o
6 & o

5 L L ] L L
40 60 a0 100 120 140

Welding speed(cm/min)

Fig. 5.2 Leg length by welding speed
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Ho] FuatA
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i vl

03

0.3

% 40cpm, 50cpm®] H=H ol A qt wF=319 o)

gojd mAA =

4=
==

i

=

AJIXaAU0D peag pez|leuloN

80 100 120 140

Welding speed(cm/min)
— 59 —

60

=74 Normalized Bead convexity @ %

o

40

Fig. 5.3 Normalized Bead convexity by welding speed
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53 HE 93 FAL 93 Fillet MAG €3 AYg WA A

531 43 4
Table 5.6 H|= 9|7 A4S 913 Fillet MAG &7 zst W4 A lA
SHE0E JEhiddth. 48455 50cpm, 100cpm, 150cpm @2 433 it
747t A 37HAR o] 39V~41VE ARS At
Table 5.6 Welding condition
Power source Fronius TPS-7200, Pulse
Shield gas(301/min) Ar-20%CO0,
CTWD(mm) 25
Melting rate(kg/hr) 21
Wire feed rate(cpm) 1240
Current(A) 570
Welding speed(cpm) 50 100 150
Deposited metal area(mm?) 924 46.2 30.8
Heat Input(kJ/mm) 2.60 1.30 0.87
Voltage(V) 39 |40 | 41 |39 |40 | 41 (39 |40 | 41
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532 Agds}

Table 5.7 ~ 5.9 Zt7} 844 % 50cpm, 100cpm, 150cpm ©f, =<t
39V~41VE AYste] AfS 8gste] 92 H=fy Judelt}y, Table
5102 A3 A& Al dlojy xo|th

Table 5.7 Bead appearance and cross section area by ALC

(Welding speed 50cpm)

Welding speed | Mg Cross
section area

Bead appearance

(cpm) M)

50 40

41
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Table 5.8 Bead appearance and cross section area by ALC

(Welding speed 100cpm)

Welding speed | HE Cross
(cpm) ) Biead Appeariints section area
39
100 40
41

Table 5.9 Bead appearance and cross section area by ALC

(Welding speed 150cpm)

Welding speed | HE Cross
(cpm) ) B e section area
39
150 40
41




Table 5.10 Result date

V:‘*'::(‘;Q Voltage | Current Leg(;nLenr:?th ‘Eie;t: Penetration Normalized
(Epm} \ ® Vertical | Horizontal | (mm) (mm) Bedicommnaiy
39 584.1 14.3 13.2 194 4.6 0.07
50 40 606.9 12.2 134 18.1 4.4 0.06
41 612.5 15.5 13.8 20.7 3.2 0.03
39 5894 10.8 9.5 144 5.0 0.14
100 40 600.2 111 10.0 14.9 37 0.09
41 604.1 11.6 10.5 15.6 3.6 0.05
39 597.5 9.4 9.1 13.1 2.7 0.10
150 40 601.2 9.2 9.2 13.0 2.7 0.08
41 602.9 9.3 8.3 124 3.9 0.12
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Fig. 5.4 Leg length by welding speed
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Fig. 5.5 £4H&xd wW&E H= B ARE a2z Yehyddoh
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- 11
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Fig. 5.5 Bead convexity by welding speed
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