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The Development of CFP GMAW Process for Quality
Improvement on Hardening Overlay Welding

Chan-SiK, Ko

Major of Malerials Processing Engineering, Graduate School,
Pukyong National University

Abstract

Wear plate is generally produced by SAW(Submerged Arc Welding),
FCAW(Flux Cored Arc Welding) and CMAW(Compound Metal Arc Welding).
In case of SAW, it has high deposition ratio but it has problem of deep
penetration due to high current. In.FCAW, .t is difficult to get high hardness
and the price of wire is highs Also CMAW has some problems of compound
powder loss and deep penetration.

In order to overcome those problems above, it is required to develop a
process for minimizing compound powder Loss and obtaining shallow
penetration to prevent reducing hardness which is due to increasing dilution
ratio.

Therefore, We had development of CFP GMAW ‘process to minimized
compound powder loss, to the-high hardness is obtained by reducing dilution
ratio

We experiment on CFP GMAW to find the welding condition for obtaining
optimum penetration by changing welding current, CTWD, and the thickness of
CFP. From the result of the experiments with Response Surface Method to find
the optimal condition, the penetration depth 0.76mm was obtained with current

330A, CTWD 30mm, and the thickness of CFP 5mm.

Key Words : Wear plate, Compound Metal Arc Welding, Compound Filler Plate, Gas Metal Arc
Welding, Penetration depth, Deposited metal hight, Cladding, Dilution ratio, Water glass ball
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Fig. 2.2 Cross section-of weld area
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* 3] 4 & (Dilution ratio)

I =

Fig. 2.3 Schematic of cross section

Dilution ratio(%0)= ——— %100 ~——=--—————- [2]
Ap+ Ar

Where, Ap : Deposited metal area
Ap : Penetration area (A, < Dp)



2.4 Wire melting rate <

-

M(kg!h)=6.5x10" <1 +2.88x10°x L I*/d* (3]

Wire
Contact tip NY
Gas cup

o=l 2§t LL010 AT Yo olst
2t0]0] melting 2+0|0] melting

Stickout

-«

Where,

oF ¢ d M : Melting rate, kg/h

E | - Set cumrent, A

Oy T Lg: Wire stickout, mm
\ ‘ Substrate ‘ d : Wire diameter, mm

Fig. 2.4 Wire melting rate by Eq. of Halmoy
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Fig. 2.5 Heat by arc and heat by wire resistance for wire diameters




2.5.1 Compound Metal Arc Welding
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1) Chieh Fan et al.”

Welding
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Cr.C allow i Base metal
r,C alloy filler
Inert gas —» / ) / » \
3mm '
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Welding —
trace
A7 4%
// H 30mm i3 /- o
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Fig. 3.1 The schematic diagram of the hardfacing welding
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2) Ming-Der Jeana et al.”
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3) Y-F. Liu et al?

DC source
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.|.| '_ Argon gas

-~ Cooling water

Cathode
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’-:j; Plasma arc beam
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Substrate

Fig. 3.3 Schematic diagram of the DRF-1 PTA cladding system
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4) Xiu-Bo Liu et al.””

DC Source
| 1
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Fig. 3.4 Schematic diagram of the plasma-arc cladding process
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A 4 AF 712 CMAWS} CFP GMAWS £ 38 Z A v

2 ZFdAE 7]1E CMAWS CFP GMAWY &4 ZAS vlwstgoh U

Mhmge] AN 4 FLF 9% A= vwstdeh

421 A9 A=

Table 4.1 Welding materials for experiments

CMAW CFP GMAW
Substrate Mild steel
Standard | 1219 X 2032 X 7 300 X 100 X 6

422 23 I

4% 7] : Fronius TPS-4000
A57] 0 ZYE(F) WAM 3000N
Table 4.2-Welding conditions. for experiments
CMAW e
Wire diameter, ® 2.4 1.6
Set current, A 400 330
Torch angle(backward), ° 30 15
. Welding speed, cpm 19.25 1.2
Fixed
CTWD, mm 40 40
Deposited metal height, mm 5 4
Oscillation width, mm 35.7 34
Substrate thickness, mm 7 6
Variable | Set voltage, V 33 35 | 36 | 37

_13_
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431 CMAW % CFP GMAW 54 nlx

1) obAEH ¥

=
=
AR W] FYghs FHEHL

338 B CFP GMAW7} ©@&ho] Zo)

'Currentj R e i dr e A M

.| Voltage -~ Short circuit time ratio: 1.49% ]

(b) CFP GMAW
Fig 4.1 Comparison of wave form by CMAW and CFP GMAW
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2) 71& CMAWS CFP GMAWSY £ Y4EA vu

— Depositéd Metal Height : 5mm |

S il | 11111

Deep and instable penetration
(a) CMAW

S T e

— DPeposited M

il

Shallow and stable penetration
(b) CFP GMAW
Fig. 4.2 Comparison of longitudinal sections by CMAW and CFEP GMAW

Table 4.3 Penetration depth of longitudinal section by CMAW and CFP GMAW

CMAW CFP GMAW
. Mean (mm) 1.93 0.62
Penetration
depth, D, Standard 059 0.93
deviation (mm)

Fig. 42 CMAW % CFP GMAW? &<954<& Yeuddth. CMAW
TEHE Ay A% & 4EE AL 9lew CFP GMAWS F9W
E FIdT &YS FASATE wEtA Table 44004 & 4 %] Ax
= CMAWZXRT CFP GMAWO A =3 879 TFHA £33k e A
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3) 71& CMAWS} CFP GMAW® A% EA un

Fig. 43914 CMAWS®} CFP GMAW?®| ZAEE vl vlola g
T 54718 A8 st 1 kgf, ELEFYS 15secE st SA 3}
t}. CFP GMAWS] HF 74 %=7} 865HvE CMAWS| 779HvRE T ®1 ¥
A} G Aobr FAHo] sttt AdE o

) )

Table 4.4 Hardness test result

- CMAW, CFP
T Hv GMAW, Hv
Eh 1000 F 4 1000 1 868.7 816.7
2 <t 2 722.8 837.6
o 800 - 7800 2 3 699.1 865.0
E g 4 683.1 878.2
T [ 5 803.1 859.4
= = 6 919.8 911.6
w400 -1 400 ©
° = 7 801.5 919.8
T
§ 200 F 4200 = 8 639.4 874.4
< 9 750.7 870.6
z o CMAW | CFP GMAW  CMAw ’ po S 820.1
e Ave. 779.4 865.3
StDev. 96.6 34.3

Fig. 4.3 Hardness test of CMAW and
CFP.GMAW
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B AodMe &8 =5 HEAZ AHEE SRt okl o3 CFPx
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Zfee solole) S43 BANAA DIt GA 2RE v
A7l BHE AEstAdt g@e gelds AMgsted  HAR{, CTWD,
CFPT(Compound Filler Plate Thickness)& W7ZAAIA A@S 3t =+
223 ojolo] &S WA 77 93 Table 50 48} o] As WAA

AT

52 29 A8 B Y

521 A3 As

2 Ao 218" A8 = F 50mm x A°S] 100mm x 57 6mm<e] A7
#AS A3 AY. a8 AgeEdEgs EREE HZE2 3 19 A A%
A7l Zo Algst AT
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Table 5.1 Welding condition for experiments

Wire diameter, ®

1.2
Torch angle(Forward), * 20
Welding speed, cpm 11.2
Fixed
Oscillation lead, mm 5.1
Oscillation width, mm 35
Substrate thickness, mm 6
Set Current, A 300 330 360
Set'Voltage, V 34.9 37.6 38.9
CTWD, mm 30 35 40
Compound Filler Plate Thickness, mm 5 6 7
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532 EREE $A 24

Table 53914 & F Axo] ofmazol7t A& we &
2k Al ok = 7F CFPE oA AAE7] wied A=
agla ofadoelrt AW EfEE ANFe] B v Hugse £4o
Zity, T3 ofmdolrt T Afole F ASY FUIHY AEFES U

B 2l

Table 5.3 Short circuit waveforms by each other voltage

Set

Welding wave form Note
voltage
Ciirrent - Water glass ball
g . Small
cobabiting Mt Mo b il s Al b A b b

? e = .l|— Compound loss
BV e e # High

“\Voltage Shorteircuit time ratio=1.49 % Short circuit ti i
L k1 £ 1 R 1B o . (S)rrn aC|I|rCU| Ime ratio
s e o 1 - water glass ball
byl otk e st ik b s el LC Medlumd I
4 — Compound loss
36V . Medium
— Short circuit time ratio
x High
: = Water glass ball
j:uuluwﬁjumﬂmﬂwm{iﬂwlhhﬁr:tnui m.w:m HJAA Sl kit £ ngh
37V e ek —LCoSmrT;])aoHund loss
=Voltage Short circuit time-ratio:-1.36-% Short circuit i i
n e DAk b (1 —
AT e el oS U e o
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Contact of Separation of Growth of
water glass ball and wire water glass.ball and wire Water glass ball

Big water glass ball

(=]

BN Gl ) o RE

«oCurrent

Resistance
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Fig 5.3 Principle of growth for water glass ball
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Approach
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the short circuit

e i
AT - M ALet
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Fig. 5.4 Principle of removal for-water glass ball
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Contaminated bead surface

(a) Inclusive of Shielding component

Clen bead surface

(b) Remove of Shielding component

Fig. 5.5 Weld bead of CFP GMAW
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- Substrate : Mild steel
- Standard : 300 x 100 x 6

Fig. 6.1 Preparation of experiment
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Table 6.1 Welding condition for experiments

Wire diameter, ® 1.2
Torch angle(Forward), ° 20
Welding speed, cpm 11.2
Fixed
Oscillation lead, mm 5.1
Oscillation width, mm 35
Substrate thickness, mm 6
Set Current, A 300 330 360
Set Voltage, V 34.9 37.6 38.9
CTWD, mm 30 35 40
Compound Filler Plate Thickness, mm 5 6 7

« A%, CTWD, CFPF/12 WalAlA §9< A,

623 A3 AE

Table 6.2 Experiment designs by RSM

Coded unit
Level Current. A | CTWD, mm (CFC; I:r;'clr(rrllr:SS)
-1 300 30 >
0 330 35 2
1 360 40 :
*EY U 8d A )23 A R

@ e xE BAY F 3 aduAY AS
3
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e Aot

H 42 Current A, CTWD mm, CFPT mmol| W& =39

Table 6.3 Response values by experiment design

No. MNatural variables Hle(g]g:‘;ﬂe
Current CTWD CFPT bl
1 330 35 g 0.20
2 330 35 g 027
3 330 35 6 0.24
4 330 30 6 0.33
5 330 35 b 0. 68
6 330 35 T 0. 21
7 3E0 20 T 0. 26
8 3E0 20 b 0.76
9 230 356 E 021
10 200 35 & 019
11 300 a0 ] 0.22
12 330 35 & 022
13 300 30 5 0.21
14 300 30 T 0.09
15 330 40 E 0.20
16 360 35 E 0.39
17 30 40 T 0.21
18 330 356 & 0.20
19 200 a0 T 011
20 3E0 a0 b 0. 41

_28_




6.24 CFP GMAW?] 34 &S 1#H3I} §YUZo FE

Table 6.4 Dilution ratio for penetration depth and deposited metal height

Penetrartrl]?rrll depth, De:;Z':]‘:fjrr:"r:ta' Dilution ratio, %
4 15.8
0.75 5 13.0
6 11.1

- Al 9
®
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alE
631 WrexA ZAYA 43 ALY F=
Table 6.5 Coefficient values for term
Term Value | Coefficients
i k
Constant 0.26255
= + X+ XX +&

Ve 2 Z;ﬁ : ;jﬁy " Current X4 0.121

: Current, x,: CTWD, x5: CFPT oTWO Xe 0.9

%y ¢ Current, X,: . Xyt CFPT Xa 014

______________________ (4] Current*Current | x;2 -0.03136
CTWD*CTWD x22 -0.05636
Where, »; 1 28 H2-=9| coded unit CFPT+CFPT x32 0.12364
v EH A2l B Current*CTWD_ | x;x2 | —0.05375
o/ L Current*CFPT | XiXs | . —0.05875
CTWOD*CFPT XoX3 0.03875
YP = 0.26255 + 0.121 x1 -0.05 x2 -0.14x3 -0.03136x12
-0.05636x22 + 0.12364 x32 -0.05375x1x2 -0.05875X1X3 . _ 00— 0——__
+0.03875X2X3

2 [4]2 RESEHEA Y oS A 23k 3] A2 o], A[5]=
S+ Table 65914 YEeEd A2 &EH AlFghs 240 LA F+3
A o]},

Fig. 6.2 2[5]& A}&3le] Current A, CTWD mm, CFPF7 mme] d
S W HTEYS Yed Aolg. FF/IF 57F CTWDZF 4 183
CFPFA7F gkeld uf §o] ZoAA= AL & & A =3 S A
FoF CFPFAZE & 94%S vzde 3As & 5 Ut



0 -
30040 S
Current

. CTWD

(a) Current and CTWD

(b) CFPT and CTWD

N 4

06 A

o4 -

0.2 A

360 340 320 007 ®

Current CEPT

(c) Current and CFPT

Fig. 6.2 Average penetrations by current and CTWD and CFPT
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91k : 0.7607mm

Optimal Current
..[360 0.
0.93695 (,‘}.“ {566'.61

Fig. 6.3 Optimized welding condition by minitab
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Fig. 6.4 CFP GMAW &3 =7 ¥ AlPdHS Yetd I Fig. 655
AN G2 71 HA §HEA AF 360A, CTWD 30mm . CFPT

smmz oMY AWE ¥ AR wEET ARy BBk

rhl

th6' 5 Configuration of weld ead with Overlap
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