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Abstract: Ultra-thin metal plate welding presents several formidable challenges, including a high
susceptibility to deformation, difficulties in precisely controlling weld depth, and significant fluctuations in
joint performance. Traditional welding methods frequently fall short in overcoming these obstacles to
achieve high-quality welds. To overcome the limitations inherent in conventional welding processes, the
constrained tungsten inert gas (TIG) arc welding technique is adopted. A comprehensive and comparative
analysis 1s conducted on the weld quality and performance of three ultra-thin metals: 304 stainless steel,
5052 aluminum alloy, and T2 copper. Through in-depth metallurgical analysis, the microstructure of the
welds is thoroughly examined. Moreover, laser confocal microscopy is utilized to quantitatively characterize
the weld morphology and surface roughness. Tensile tests and the four-point probe method are employed to
assess the mechanical properties and electrical conductivity of the welds, respectively. The results
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demonstrate that the constrained TIG arc welding process successfully achieve stable welding for all three
ultra-thin metal materials, yielding well-formed welds with relatively excellent mechanical properties. A
comparative analysis of the tensile strength of the welded joints reveal that the tensile strength of 304
stainless steel welds can reach 90% of that of the base material, while the tensile strengths of 5052
aluminum alloy and T2 copper welds are approximately 50% of the base material’ s. Metallurgical
examination show no obvious defects in the welds of 304 stainless steel and T2 copper, but minor
undercutting is detected in the 5052 aluminum alloy welds. Conductivity tests indicate only a slight increase
in weld resistivity compared to the base material, which still satisfies application requirements. The
constrained TIG arc welding process exhibits significant advantages in ultra-thin metal plate welding, with
the resulting weld quality and performance effectively meeting the needs of practical applications. This
validates the promising application prospects of this process in ultra-thin plate welding and offers theoretical
guidance for its practical implementation.
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aluminum alloy ; T2 pure copper
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Fig.1 Welding experiment setup

(a)welding test platform; (b)vertical cross-section of nozzle structure ; (¢)horizontal cross-section of nozzle structure
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Table 1 304 stainless steel welding parameters
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Slit structure
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Table 2 5052 aluminum alloy welding parameters

. Electric Velocity/
Thickness/mm Frequency/Hz o
current/A (mm-min~ ")
0.50 55 70 1000
0.20 50 120 3500
0.10 23 120 4500
0.08 20 120 5000
0.05 12 120 7000

R3 T2EFERESH

Table 3 T2 copper welding parameters

. Electric Velocity/
Thickness/mm Frequency/Hz o
current/A (mm-+min~ ")
0.50 135 70 800
0.20 72 120 2000
0.10 41 120 3100
0.08 37 120 4800

1.2 1REEFEMMERE

1.2.1 S

SalkawA*E

) Electric Velocity/
Thickness/mm Frequency/Hz o
current/A (mm-min ')
0.50 55 70 800
0.20 28 120 2000
0.10 16 120 3200
0.08 12 120 3800
0.05 10 120 7000

N T VARG AR A BRI =t T SR D A
VA0 b BEL L W00 R B A 60 mum, ST P A 150 A ] 2
()R, MR 2 AR 10s, TR FIRPTE,
IR 10 HAE . XA 2 Rl R AR 1) L TR AHLUEA TP 4



316 BT R

2026 4= 8 H

HEPFEI R U, MRS R B AR5, T B AR v
BRI RR S R AT R R Rk B AR A S . A
2400 FiL BEL < A9 B A DO HC A A ) Pl O A R
Fe o FR AR Sk R s v i O A4 A ], L H 3t
Aok B4 TR AR 458 , AR DA 13, M T4 B9~ 3 B U
E AT 5 RS L R, K R .S
LFE&KE) AL (D), iR B o,
i 5 RERE B B AR AT LE, AT LTS R0
FHPERERYRE I . T AE S X RE B R SE X Sy
BIFEAT T HLBH I

= (1)

~

(@)

Weld
seam

1.2.2 J32E B S TOW 4 8L BT

Fie M GB/T 228—2002 5 , I BE A FIAE A4 L A%
WAL RE Cn &l 2(b) B ), )&y ) i 5 T 4%
4 . {1 WDW-50 H1F 75 BBk 86 4L, L 2 mm/min [
PLA R B AT AR S0 . S e R e R FH e L e
AR, DR IR 4 . SEI0ARAS T BEM RS2 1 e hr
S RN o AR T X I e AR S I AR A I Rk
fdi 71 Olympus FV3000 OG5 A8 WG 46 HfHon
T B, VA58 42 3k T i R S0 AR B o e Ah , R
KC-X1000 #1141 5 £ b S B8 AR B T SR 4% T2 501
(14 3D &5, T W58 A5 4% 35 181 IO 80 2 AR T &4k
LR R B

(b) DICdevice  gpecimen

on water

Load cell
Liner

stage

Stages for XYZ
movements

90
—_ é 2|0 ~ -
L ; & Ja

Pl2 O 300 i B 14T () B st RS (b)

Fig.2 Schematic of four-point method resistance measurement(a) and diagram of tensile specimen size(b)
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and T2 copper at different thicknesses

1 1) T2 8 1 5052 456 4 T B 1 8 5 i R 4%, T4 mid
R AT REAT 304 R IE R T B AR

P4 R AS ) JEEJE 304 NN A4 1 R TS0 . Bl
MU BN A 6 B R AR A8 | 3K 2 2 TR
JEFZ At A AR D FLG /NP . R AR 4 (0.5
mm A10.2 mm ) 5 BHHH A X R0 F) T2 DR 077 B %) A 4%
B R 5 A 4% (0.1.0.08 mm H10.05 mm) T & B 4
ANFRN P FRE R AR SE T8 B R 5] H AR MRS . 88
JEL (1 R B0 7 LR AT LI B R PG B 4 TR Y
S 4 U] AR ) e S 2 B R e S I B
ZE L iR e TIG B SIUR 3 A GE F T 304 AN 4N
MR EZ o Bl 304 NG5 AR S B A o/ ) | AR 2
AR HPR R R A R R N, L, kA
50 O A ARG WA AR R AN [ Al R 6 G 3 A KRR S L
FE R R () T 25 15t

& 5 R AN [R] JBE B2 304 AN 85 A M 5 1 3D JE 50 /= B
B A . Hop, 0.5 mm A1 0.2 mm J& Mg it 47 245 FR B



Ho4ds S

=R A AR PR TG H AR 4 o i FIE RERIF

317

S

B4 ORERRE 304 ANG IRk R TP 51
(2)0.5 mm;(b)0.2 mm;(c)0.1 mm;(d)0.08 mm;(e)0.05 mm
Fig.4 Surface morphology of 304 stainless steel
welds at different thicknesses
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Fig.6  Spatial geometric dimension distribution of 304 stainless steel welds with different thicknesses

(a)radial height; (b)edge axial height; (c)center axial height
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0.05 9.600 526.500
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Fig.7 Surface morphology of 5052 aluminum alloy

welds of different thicknesses

(a)0.5mm;(b)0.2 mm;(c)0.1 mm;(d)0.08 mm;(e)0.05 mm
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(a)radial height; (b)edge axial height; (¢)center axial height
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