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Study on copper end-tab shape for maximum heat discharging performance
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Abstract: When implementing butt joint welding of two plates, it is useful to attach end-tabs made of a metal with high heat con-
ductivity (e.g., copper) at the front and back sides of the welded plates to prevent the bead from rolling down and prevent defects
that may occur at the tips of the weld zone. In this study, the fin shape, which is known to have good heat discharging character-
istics by natural convection, has been applied to enhance the cooling performance of the end-tab. From both experiment and nu-
merical analysis, it was confirmed that end-tabs with fin-shaped holes have better heat discharging performance than end-tabs with-
out holes. Through thermal and fluid flow analysis, the cooling rates of end-tabs with different hole shapes were estimated in order
to figure out characteristics of shape factor that are important for the heat discharging performance. As a result, we found that the
structure including vertical fins with optimal fin gap was the best-performing shape.
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(a) Solid type (b) Plate type
Figure 1: Design drawings for two types of end-tab

Table 1: Total surface area, mass, and specific surface area
of end-tab
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Table 2: Welding conditions

Article Value
Base Metal SM490A
Welding type CW
Shield gas C02 100%
Current (A) 400
Voltage (V) 40
Arc length (mm) 5
Filler metal 70-27 $1.2
Welding speed (cm/min) 35
Arc efficiency 0.7

. Type of end-tab
Article
Solid Plate
Total surface area (cm?) 380.3366 | 567.237
Mass (kg) 2.73 1.49
Specific surface area (cm’/kg) 139.3 380.6

Figure 2: Schematic diagram of the movement of the torch
on plate type end-tab in welding process
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Figure 3: Indication of the location where temperature varia-

tion of end-tab is measured. (indicated by a black cross point)
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(a) solid type (b) plate type
Figure 4: Measurement of the temperature variation of two

types of end-tab using non-contact thermometer during and
after the time heat is applied
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Figure 5: Temperature variation at the measuring point on
the surface of two types of end-tab according to time
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Figure 6: Isometric and top view of 5 types of the end-tab
according to geometric factor

(a) Case 1, 2, 3 (b) Case 4, 5
Figure 7: Classification of two types of end-tab according to

the existence of the parallel hole
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Table 3: Total surface area of 5 cases of end-tab

Case number Total surface Area (cm?)
Case 1 380.3
Case 2 718.4
Case 3 854.4
Case 4 492.9
Case 5 490.4
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(a) Specification of planes for boundary conditions
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(b) Heat flux on Side plane
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(c) Heat flux on Bottom plane
Figure 8: Boundary conditions applied for each plane of

analysis model of the end-tab

Figure 9: Locations of three monitor points for investigation
of the temperature variation
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(a) Temperature variation at point Bottom

(b) Temperature variation at point Side
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Figure 10: Temperature variations of Case 1, 2 and 3 at

point Bottom and Side during the analysis time
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(a) Case 1 (b) Case 2 (c) Case 3
Figure 11: Examples of temperature contour for Case 1, 2

and 3 in y-direction at 100 second after initiation of the
analysis

I 43 P e Case 5 Al EES HwS T
Figure 12+ Al 2o A Bottom % Center 2] &% W3}
£ Bk slojrh 7} Relo] % W3t 432 Bottom §
7} Center Ao A= T2 A YERAT) WA Bottom 4l
A= 422 30k Q1= Case 27} TS F RUlHT 2%-7)

TRl Zeele Alfe] o] M2 Hi S% g =
=A sk e 8] 3 Yol 9)\t Case 4, 5& <=7}
FHagel meshs Aol oF 100~200% %
#He A Frh ol 8 ol &

B9 AlAe] o
T 53] 74 23 3 o] BT U= Case 4

[s}
A 2d F 7Pg o Ha 2y B o

|
ol

oo o
o
A Q

o
N rle
[l
ki
)
ol
T
v}

Case 29} Case 5
2ol 7F ot 1
W& o] Case 59 %W

e

&)



m

59] A9 dol] d= 7 Ao JFHER F7] Foll Y&
Center Aol &x¥x 18 =/ 2874 &EEr)

(a) Temperature variation at point Bottom

80

50 {34 =3

Temperature, °C

40 4

20

Time, s

(b) Temperature variation at point Center

sevess cggpd == == r@sed Cases
Figure 12: Temperature variations of Case 2, 4 ,and 5 at

point Bottom and Center during the analysis time

(a) Case 2 (b) Case 4 (c) Case 5
Figure 13: Examples of temperature contour for Case 2, 4

and 5 in y-direction at 100 second after initiation of the
analysis
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