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Development of pulse GMAW process to improve the fatigue

strength in Semi—narrow gap butt welds

Jae Gyu, Byun

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

Abstracts

The problem occurred that the Fatigue strength. has been dropped
substantially in the changing course of existing welding joint groove from R4
to R3 in order to improve the productivity of the Semi-narrow gap Butt
welds area in hydraulic eylinder tube. In this study, the stable Pulse Gas
metal arc welding (GMAW) process has been developed using 'the wire @
1.4mm from the CW process using the existing wire ®1.2mm in order to
improve this' problem.

It has been 'designed to expand the bead gradually by forming the welding
bead and the slope using. 502 of this welding current of the-start current
when the arc start and the tack welding are.done in order to prevent the
defect in the arc start area and the tack welding—area easy to occur the
defect. Therefore, the process decreasing the deviation of Fatigue strength to
remove the defect part sufficiently by remelting the area designed by the low
current has been established.

The stable Pulse Gas metal arc welding (GMAW) process has been
established to make the Fatigue strength equals or superiors to R4 groove by
changing the length and Root face of Notch area in the R3 groove of welding
joint and by mitigating the increase of degree of hardness of welding metal

by decreasing the melting rate in the part of SM45C.

Key Words : Fatigue strength, Narrow gap, Pulse GMAW, Butt welds
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Al 2% o€ w7

2.1 GMAW(Gas Metal Arc Welding)9 €3

Hol ot Ve s AA AR o|FHA HH, ot 7T} &FHAE
Nt ES Bd FHEE B3I 7 A(shielding gas)ol o8] F99 7=
HE ®sgc?

o] M AR HE Hoztze FRol wet ERHL =, Ardt

A
2o EFGAVIAE AMEEE A S MIG(Metal Inert Gas)&4, <=5 &
A7raRbE AR st AR E COx83, BAbZE:9F Arvtas Edste] A
43 498 MAG (Metal Active Gas)&F o]z} i,
HE Plag A7400.971.6mm)el A= etololE ALgstER i
T 97t e Al Heol AL ETE wa, SRR E U AEstrVE
Abgste]l &3 AbEskzt vad gl 2 84 BUAS =Y + 3

B ATl = 80%Ard 20% COE Ab&shs MAGEHS AHEshSl



Deposited metal

‘Base metal

Fig. 2.1 Schematic of molten pool with electrode angle
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Table 2.1 The classification of transfer of molten. metal (ITW)

o8} &'E) " (transfer type) ey = 59
1. &) B free flight) T A7 FCAW
1.1 4784 (globule)e] 3}

(1) Y3k(drop)©] A FGMAW

(2) "kt (repel)o] 8 A 7FCO. 84
1.2 2= o](spray)°| 3

(1) =24 E(project)©] 3 SHAF MAG, MIG
(2) 2~E ¢} (streaming)©] 3} S AF MAG, MIG
(3) 3] A (rotating)o] 3 47 MAG, MIG
1.3 Zto] g} SMAW

2. o] gy

2.1 ¥k (short circuit)©] 3 AAF GMAW
292 Az ero] TIGE 74 7}
3. €1 B3 (slag protect)©] 3} SAW

3.1 " (wall)e] 33 SMAW, FCAW,
32 7]ete] RE= Electroslag &4




(c) Rotating transfer

(d) Drop transfer (e)-Repel transfer (f) Short circuit transfer
Fig-2.2 Various type of metal transferrin GMAW



2.3 Pulse €73

GMAW £HNA pulseEs AFE3+= o]F+= CW(Continious Welding)&
Hell vishs G oz v AFolr dAH]D Lz o] o]yL 7hs st
A & dve Aol drk I HA Axyo] o &FE W7
gH7F giep?

AT FolM= etelo7t &8F3 HEot= deto] WAL, &
st 91t didez w2 yadFrr HAAH L

Al, thEFel 2~ 7 WA (Fig. 2.3)38h7] wiof, ©eto] doju] &+
Zyo] olge] FololF FQas. B RBHNA THF o] A< o] F
°] One Pulse, One Drop? = 1709 HAF7lo|A 1718 &2 0] mAgZ
ol &= Aoltt (Fig. 2.4)
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2.3.1 Pulse energy A9

RPC (Relative Peak Current)® Fronius £%7] @238 AF ¢ =
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7}z
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Fig.25 Schematic of pulse energy
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2.3.2 Comparative arc length (& o= 4 o)) A9

ALR (Arc Length Ratio)< Fronius £%37| o}=34do]lE A|o]3}= pulse
parameter=4], -307+30A}e] o] kS 7R Y. Comparative arc lengthES
+30Fo2 F7F A7IWA ofadols AUl oe=r AXA Hi, -30%o=

AW kel Aoy ow Hopt 4P spch

[e]

Arc length
+0%o Arc length

-a%o

Fig. 2.6 Schematic of comparative arc length
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Mode | Mode I Mode Il
Opening mode Shiding mode Tearing mode
Fig. 2.7 _Schematic of fracture mode

T dy AF & ol Al Fig. 283 o] RHES S WA HW

Fig. 2.8 Fatigue crack initiation and propagation to repeated load
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Table 2.1 Weldment fatigue strength to improve techniques

Weldment fatigue strength to improve
No. ) e.g
techniques
. . Weld joint
1 Structural stress concentration mitigation
shape change
) Local stress concentration remove to remove Peening,
local defects Grinding
Fatigue crack initiation location in the
3 ) ) ) Overlaod, Press
formationof compressive residual stress
4 Softening of.the hardened structure in fatigue | Heat treatment,
crackinitiation area Heat input limit
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Fig. 2.10 Mitigation methods of stress concentration in two kind of
butt joint”
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Fig. 2.11 Comparison of fatigue life improvement to post processing
after welding®
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Fig. 2.12 Decrease of horizontal notch length
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322 43dAs 2 U

D A3 A8
B Ao = Zo] 450mm x ¥ 150mm x F7 19mm 9 ©427 =
Aol dl4Amm 7 solid golol & ol R 7| AR AH S A A 69T
2) A3 Wy
Ha oy o A AU oladolE ZA sto] HAHHS st
Table.3.1 Experimental conditions
Power source Fronius. TPS-4000
Mode Pulse
Base metal SS400
Wire Mild Steel/(®1.4mm)
Setting current 340 A
Shield gas & flow rate ArR0% + CO, 20% & 25 ¢ /min
Welding position Flat
Welding method Bead on plate
CTWD(mm) 20
RPC (Relative Peak Current) Min =57 Max +5
ALR (Arc Length Ratio) Min -30 Max +30
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Fig. 3.2 Pulse frequency to PRC
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I —[1— Voltage
335
33.0
I O
32.5 / \
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g sile g D\
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> 315 o—"
31.0
305
3[][] I 1 1 1 1
0 1 4 5
REC
Fig. 3.4 Voltage to PRC
Table 3.2 Welding parameters and ALR to RPC
Current | Voltage Ip Ib Droplet diameter
RPC | ALR Hz
(A) (V) (A) (A) (mm)
5 -17 344 31.7 505 182 242 1.30
4 -16 344 31.5 505 182 246 1.29
3 -15 346 2=, 507 181 250 1.28
2 -12 344 2 505 180 254 1.27
1 -12 344 31.9 501 182 260 1.26
0 -11 348 32.2 489 187 270 1.25
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331 Agd HAAE 2 74 54

2 A5 Semi-narrow gap €HF AE+ Fig. 3604 HolXo]
SHT55%F SM45C o] & Al &5 F-olt},

Z & A7 9loloje] 3RS Table 3391 WeEE=d SHTSS
9} SM45C9] Ceq.& HW ¢F 0.6° 24 SHTH559 0.49F <Fo]o]e] 0.365¢
Hlate] 2 How WMS AEE Eole 98-S Al ¥k SM45CY]

S dol Frtdrs DA H el Ceq= S7Fskal o] wet

Fig. 3.6 Schematic of dissimilar materials

Table 3.3 Chemical ecomposition of weld material and wire

Material C Si Mn P S Ceq.
0.030 0.035
SM45C | 0.4270.48 | 0.1570.35 | 0.6070.90 0.57070.705
max max
0.04 0.040
SHT55 | 0.25max | 0.35max | 0.3070.90 0.32570.475
Omax max
70-26 0.06 0.80 1.53 0.014 0.010 0.443
70-27 0.07 0.62 1.18 0.014 0.010 0.365
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Table 3.4 Mechanical property of weld material and wire

. Yield strength Tensile strength .
Material Elongation(%)
(N/mm2) (N/mm2)

SM45C 746 855 16

SHT55 560 650 23

70-26 490 570 30

70-27 490 560 31
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= shlem,

D1.2¢90)o]E AL CWEH FAHOE Table 3.59F 7o)
Z} passBE 2 SHEZAS vhA] &3 8-S AAFA L

Fig. 3.7-Schematic design of R4 multi-layer

Table 3.5 Experimental conditions

Power source Fronius TPS-4000
Mode CW
Base metal SHT55 / SM45C
Wire Mild Steel/(®1.2mm)
Shield gas & flow rate Arl0% + CO, 20% & 25 ¢ /min
CTWD(mm) 20
Pass Passl Pass2 Pass3
Setting current 320 A 320 A 320 A
Tracel speed 43cpm 43cpm 43cpm
WEFR 1180cpm 1180cpm 1180cpm
Deposited area 30.4mm° 30.4mm° 30.4mm°




z

™

342 4943 4

Fig. 3.8 Appearance of R4 cross section
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3.5 Passl A&€EES Y3 R3IIANIH FJZFA 8
351 A8 € &3=x4

R31& FEXR HlA4o] 3mmolil FEHOA7F Immel IFEE 71X+
2 AZFL Fig. 399 #o] passle &xHAL oA pass?

o A passlS LS A7]= HAFAAE A} dl4m

Fig:3.9 . Schematic design of R31 multi~layer

Table 3.6 Experimental conditions

Power source Fronius TPS-4000
Mode Pulse
Base metal SHT55 / SM45C
Wire Mild Steel/(P1.4mm)
Shield gas & flow rate Arl0% + CO, 20% & 25 ¢ /min
CTWD(mm) 20
RPC 4
Pass Passl Pass?2 Pass3
Setting current 170 A 320 A 320 A
Tracel speed 50cpm 45¢cpm 45cpm
WEFR 400pm 800cpm 1050cpm
Deposited area 12mm?* 26.82mm?> 35.22mm?>
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Fig. 3.10"Appearance| of R31 cross section
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3.6 Passl A&&< A% R2AFH HFAY

351 H3AY 2 &H=A
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Fig.3.11 Schematic design of R31 multi-layer
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Table 3.7 Experimental conditions

Power source Fronius TPS-4000
Mode Pulse
Base metal SHT55 / SM45C
Wire Mild Steel/(®1.4mm)
Shield gas & flow rate Arl0% + CO, 20% & 25 ¢ /min
CTWD(mm) 20
RPC 4
Pass Passl Pass?2 Pass3
Setting current 320 A 320 A 320 A
Tracel speed 43cpm 43cpm 43cpm
WFR 1180cpm 1180cpm 1180cpm
o Inclined up
Position Flat 10° Flat
Progressive angle 0° -10° 0°
Deposited area 30.4mm° 30.4mm° 30.4mm°

352 43¥dZdy 9 1

;:l (Y A
i, %% Notchdld 2% §9& 92 F JAonz A=AIL 93
HzAgHe R dd7tE AT

Fig. 3.12 Appearance of R4 cross section
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4.3 R4, R3-1, R3-2 A1¥¥ ¥H HE
4.3.1 RAc H I

Fig. 4.2¢9} #Zo] R4¢ &HHF dHddlA Ad, At, AcgE F43to] RAcE

AlLke A 30%°] SM45C E3FEo] e

Fig. 4.2 Cross section of R4

Table 4.2 Experimental conditions

Ad 26.2mm”

Ac 13.5mm*

At 5.2mm°
RAC 30%
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Fig. 439 #o] R319 &HF THolA Ad, At, AcE 545t RAcE
Akst A3 11%9 SM45C = L}%O] YESTE o]= passlolA W&
do= Acst At7b HobA il pass2 thA AG§H WA AdY Fe w
Aoz ool 2 Asrt Ygrhi e

L oop ol

Fig. 4.3.Cross section of R31

Table 4.3:Experimental-conditions

Ad 38.2mm”

Ac 5.3mm?

At 3mm*
RAcC 11%
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Fig. 449} 7o) R32¢9 &HF d@HoA] Ad, At, AcS =A3lo] RAcE
ALet A3} 23%2] SM45C &3rE°] YEWtTh o= R31¥ vzl =
pass2Z passlS AME§ AlFoZA Aoj Axpz Fotd

Fig. 4.4 Cross section of R32

Table 4.4 Experimental conditions

Ad 38.2mm?

Ac 13.5mm?

At 7.1mm”
RAc 23%
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Fi. 4.5 Microstructure of R4 (x500)
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Fig. 4.8 Hardness distribution of R4
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Fig. 4.9 Hardness distribution of R31
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Fig. 4.10 Hardness distribution of R32
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Fig. 5.1 Fatigue testing machine
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Fig. 5.2 Design of fatigue test specimen

Table.5.1 Fatigue test conditions
Stress ratio 0.1
Waveform Frequency Sine curve, bHz
Cross section area 96mm”~
Load 14.71kN 17.66kN 23.52kN
St 153.2MPa 183.9MPa 245.2MPa
ress

(15.6kg/mm?) | (18.8kg/mm?)| (25kg/mm?)
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Fig. 5.3 S-N curve of R4
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