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Study of Welding Toughness Characteristics on the Root-pass Welding Process of
High Tensile Steel at Tower Production for Offshore Wind Power Generation
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Abstract

As the world wind energy market grows rapidly, the productions of wind power generation equipment have recently
increased, but manufacturers are not able meet this requirement. Particularly offshore wind energy industry is one of the
most popular renewable energy sectors. To generalize welding processes, the welding automation is considered for steel
structure manufacturing in offshore wind energy to get high quality and productivity. Welding technology in construction
of the wind towers is depended on progress productivity. In addition, the life of wind tower structures should be considered
by taking account of the natural weathering and the load it endures. The root passes are typically deposited using Gas
Tungsten Arc Welding(GTAW) with a specialized backing gas shield. Not only the validation consists of welders experienced
in determining the welding productivity of the baseline welding procedure, but also the standard testing required by the
ASME section IX and API1104 codes, toughness testing was performed on the completed field welds.

This paper presents the welding characteristics of the root-pass welding of high tensile steel in manufacturing of
offshore wind tower. Based on the result from welding experiments, optimal welding conditions were selected after
analyzing correlation between welding parameters(peak current, background current and wire feed rate) and back-bead
geometry such as back-bead width(mm) and back-bead height performing root-pass welding experiment under various
conditions. Furthermore, a response surface approach has been applied to provide an algorithm to predict an optimal

welding quality.

Key Words : Offshore wind tower(3[14} =2 E}$), Root-pass(Z3-8-7), Welding toughness characteristics(-&78%- £-4J), High tensile
steel( AFE7AY)
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Table 1 Efficiency of process analysis

1di R
Welding Time | Weldability |Budget| o°" &P
process type tolerance
GTAW|  Long Very | High | width
good
Manual GMAW
(Co2) Commonality | Commonality | Low Width
Low Limited
GTAW L - High
ong probability 18 (U-Groove)
Auto GMAW | Commonality | Commonality| Low | Limited
STT Short Good Low Width

Table 2 The optimal welds conditions obtained through preliminary

experiment
Peak current | Background |Wire feed speed| Welding speed
(A) current (A) (cm/min) (cm/min)
330~390 60~ 80 250~350 13~17
200mm ‘
E Groove angle
g o/
T Root-face
T — ::i: 16mm Root-gap

Fig. 1 Configuration of welding specimen
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Table 3 Welding parameter and level for experiment

Level
-1 1
Peak current(A) 330 390
Background current(A) 60 80
Wire feed speed(cm/min) 250 350

Table 4 Experimental layout by composite design

# 5 2919] Aol Aslalslch 21 14
‘;&% Wire feed speed2 ¢l3] 88 0]—;(45]7."
of WrlA| o] feto] walslgon 27 4vle] 4

Wir feed speed& 013 thetgAto & © OH _g‘;g o] O]—r

< 3}olatgitt. ofef o] Table 5= A3

s uT o

P4 0 24 2308 e sl

Table 5 Measured bead geometry

No. PICA) BICA) | W/Fem/min) 360/70/300 360/86.33/300 360/70/300

n 360 - 71835 B/W : 4.002 B/W : 4.54 B/W : 4.738
BH : 0.85 BH : 0.63 BH : 1232

2 360 70 300

3 360 86.33 300

4 360 70 381.65

5 360 70 300 360/53.67/300 311.01/70/300 408.99/70/300

6 360 53.67 300 B/W : 473 B/W : 2.551 B/W : 5.018

7 330 70 300 BH : 1232 BH : 0257 BH : 0.859

8 390 70 300

9 390 60 350

10 360 70 300

T 330 %0 350 390/60/350 360/70/300 330/80/350

= 330 50 250 B/W : 5.074 B/W : 2.005 B/W : 3.785
BH : 1.031 BH : 3.981 BH : 1.06

13 390 80 250

14 360 70 300

15 390 80 350

16 390 60 250 330/60/250 390/80/250 360/70/300

17 360 70 300 B/W : 5.158 B/W : 2.77 B/W : 4289

18 330 60 350 BH : 1375 BH : 039 BH : 1432

19 330 80 250 2

20 360 70 300

E -
R —
PR R S

Fig. 2 Measuring equipment for bead geometry
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390/80/350 390/60/250 360/70/300
B/W : 3.58 B/W : 5.158 B/W : 4205
B/H : 1.78 B/H : 0.74 B/H : 1.232

330/60/350 330/80/250 360/70/300
B/W : 417 B/W : 5.635 B/W : 4551
B/H : 0.63 B/H : 1.63 B/H : 1.21
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Table 7 Root-pass welding by process of weldability rating

W/ (com)+2/C i) WL/ (A) B/C AWP/C(H) Speci f
\Qﬁ N pecnmeTls © Welding method Welding result
e . // y weldability
330 \ “ AN 350” o // 80 -
“ zo\ Failed
“ Manual TIG 1 + .
,F\\ N e ,/ | O/ / 1 anua pass (Welding affected burn,
00 N\ | e 70 15 FCAW 2pass ~ Spass .
- AU n / / Welding defects)
o ) \ % \ 25
HEEN Manual TIG 1~2 +
234N ! ) | ) Ao N / / ) ua pass Good
1 \ 10 R FCAW 3pass—~ Spass
T T T T T T T T T T T
34D 3O 0 4D B0 T 80 20 0 ;0 B[O 40 STT 1 + FCAW
3 ) pasi 4 Good
Fig. 3 Contour plots of back-bead height(mm) Pass — 2pass
W (o) F/C (4 W (com)BaC (A B/C (APAC ()
// /56 D 41 41 g )5‘7 I 11
=50 / 530 / \ " |
/ ~ 46 \
49

49
wf 300 \ \/ 70 O
L — 4 \\\ // - -
250—\ \oo | yd eo—//

25 33 49 i3 33 / 33 25 —

T T T T T T T T T T T
320 340 360 380 400 30 70 30 320 240 30 380 400

Fig. 4 Contour plots of back-bead width(mm)

Table 6 The predicted optimal value of process parameters

Optimal conditions Predicted response

Peak Background | Wire feed Back Back

current current speed -bead -bead

(A) A) (cm/min) width height
397.5 57.46 315 5.0 1.0 Fig. 6 Examine the surface of the weld bead appearance

352



S MAM ZA|ARIES|X| Vol.21 No.2 2012. 4.

4.2 QA
SRR AT 2 S
718 AHgstel AdE 3T 2
LR F3E el
=7k BAj o] gE7FEQ] 235MPa o)A,
oS gelatict. Eat
Fob &4 HEsE obd mAjol A WAstg o st E wj7tA]

HAs17] $istel o
N E R
o AL AdEe 38
QA7 == 400MPa
Aol 84 s §HAY

Fig. 7 Macro test(TIG+tFCAW, STT+FCAW)

Stress - Displacement Curves for SS400
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Fig. 8 Stress-strain diagram

Table 8 Tensile test results

Specimen| Welding ;{::;;; Breaking Breaking
No. 1
s No process (MPa) parts Samples

Manual TIG
1~2pass + Base
M FCAW 481.88 metal
3pass ~ Spass
Manual TIG
1~2pass + Base
@ FCAW 482.92 metal
3pass ~ Spass
STT 1pass +
B
©) FCAW | 48698 | ¢
metal
2pass ~ 4pass
STT 1pass +
B
@) FCAW | 487.56| ¢
metal
2pass ~4pass
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Fig. 9 The hardness of manual TIG+FCAW and STT+FCAW

Table 9 Bend test results

Specimens . Weld
No. Welding process defects
Manual TIG
(1) |1~2pass + FCAW| \°

b defects
3pass~5pass
Manual TIG
No
?2) 1~2pass + FCAW
defects
3pass ~ Spass
STT 1pass +
3) FCAW
2pass ~ 4pass
STT 1pass +
“) FCAW
2pass ~ 4pass
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