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Abstract This study aimed to apply the GMAW narrow gap welding (NGW) to the welding process of
OOTank manufacturing. Generally, high-hardness armor steel is used in a tank to ensure the survival of
the passengers in the tank. In addition, the weld groove angle for the plates used in the tank components
manufacturing is set wide according to the welding joint design MIL-HDBK-21, so the welding volume
increases as the plate thickness increases. However, high welding volumes cause poor welding qualities,
such as increased brittleness and residual stresses of the welded part. Meanwhile, the NGW minimizes
welding deformations by narrowing the weld groove angle of the parts being welded. Also, the NGW has
already been used in industries to weld thick parts under different welding times. Therefore, this study
applied the GMAW NGW to the welding process of OOTank manufacturing. In particular, this study
confirmed and compared the soundness of the chosen X- and U-groove welded parts of the GMAW
NGW, respectively, through a comparative test (involving microstructure analysis, tensile test,
low-temperature impact test, etc., of the welded parts). The above confirmation and comparison showed
that there was no significant difference between the X-, U-groove welded parts, and the NGW could be
applied to the welding process of OOTank mass production.
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Table 1. Tacom 12479550 Prequalified Joint

Welding Groove Angle Root Face
Process

GMAW 20° 6.35 mm min
SMAW 45° 6.35 mm min
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Table 2. Fatique test specimen manufacturing conditions

Welding MIL-1008-1 Welding 9 1.2 mm
rod rod size
0,
Protective gas Ar 98% + 0y Amou.nt of 16 ~ 20 L/min
2% Protective gas
Welding G current/ 20 ~ 30A/ 200
position voltage ~ 240V

2.3 84 #d4y

AlEHe 84 134
ulA| 229 W3k gt ¢
Micro "A|ZZF £
A AEHT v gristelet
o 5% Aih FFE Gl AT T FEATHFOM:
Optical Microscope, °]5F OM)& 53l @iy} oAz
21 & TEetY o, Macro ©H £4 A3} Fig. 59 2
o] 7]& X-groove, NGW U-groove H|WA|EH HF
SRR Y5l A3HLE, d8A, 44, 715 5 191

1%

A=a A2 a2 SIstlt. 121 Fig. 63 o]
7]& X-groove A|ZW2 26 pass, NGW U-groove
AlFHL 20 passE NGW U-groove A8 HO| &1
gRQIsto], NGW -8 A ddf
53T

257} 6 pass 4TS

Q] gepo] Hoix]

L AL 3t

L

A= T

(b)
Fig. 5. Macro test result
(a) X-groove (b) NGW U-groove

Fig. 6. Welding pass comparsion
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Fig. 7. Optical micrographs of the weld metals
(a) X-groove (b) NGW U-groove
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Table 3. Comparison of tensile test results.

Identification Tensil Fracture Location
Strength(N/mm?) & Type
X-groove 683.6 weld & ductile fracture
u-groove 680.7 weld & ductile fracture
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Table 4. Comparison of Charpy notch impact test
results at -40C

Identification Fusion Line [|Fusion Line + 1[Fusion Line + 5
) mm()) mm(J)
X-groove 155 177 241
u-groove 185 185 234
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Fig. 9. Fatique test sample
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Fig. 10. Fatique test sample stress distribution
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Table 5. Fatique test condition

Test condition

Load Frequency
(kN) (H2) Note
- temperature : R.T. 23 + 5C)
550 10 - Waveform : Sine wave
~55 - Stress ratio : R=0.1
- Fatigue limit : 1x10° cycles
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