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ABSTRACT

Welding characteristic of the secondary battery pole 

SS41 using Continuous-Wave Nd:YAG laser

                                        Hwang, Chan-Youn

                                      Advisor : Prof. Yoo, Young-Tae, Ph.D.

                                                 Dept. of Advanced parts and materials engineering,

                                     Graduate School of Chosun University

It is difficult to process the cutting-edge industrial technologies with the conventional 

methods due to new materials and miniaturization. A laser manufacturing system 

requiring a high precision processing step based on the laser has come into the 

spotlight with the development of advanced machining process technologies. The laser 

process is widely used in welding, cutting, heat treatment and marking.

Although the price of laser devices is expensive, they work fast, and their materials 

barely transform. It is advantageous to use them in thin plate welding because of their 

fast speed with a contactless method. Especially, laser welding and cutting technologies 

are actively used in motor industry. However, the level of environmental pollution has 

become serious as the related industry has developed. Regarding this point of view, the 

motor industry focuses on developing electric or hybrid vehicles and researching key 

components in those cars.  As a representative research about a secondary battery, an 

Argon TIG welding method was applied; however, since the performance of its 

weldability was not enough, a laser welding method has been applied in order to 

complement it. In this study, we employ the T-joint welding technique between a pole 

plate and tap to increase the output of a secondary battery.



i

As a basic test, we tried to find the optimal condition for the lap joint welding 

between a pole plate in a secondary battery and a low carbon steel SS41, which is tap 

material. From this test, the weldability is measured in comparison with welding 

characteristics by using a Ni-coated specimen of SS41 and according to nozzle types. 

As a result, the laser power is 1800W, and the laser beam welding speed is 1.8m/min 

for the optimal welding condition in case of a cross nozzle when lap joint welding was 

applied to every speed. The above welding condition is good for a coaxial nozzle, and 

a laser beam welding speed is fine for 2.0m/min. However, since it is lap joint 

welding, porosity is made at welding areas.

Lap joint welding is applied to Ni-coated SS41. Overall, porosity defects were not 

found, but crack issues appeared on joint areas. It is considered that nickel has 

influence on the crack issues. For T-joint between a pole plate and tap as a research 

objective, we tested SS41 and a Ni-coated SS41 specimen with a coaxial nozzle and 

cross nozzle, respectively. For the test condition, the laser power was 1800W, and the 

laser beam welding speed was 1.8m/min. As a result, the cross nozzle shows a uniform 

welding bead and welding depth while the quality of welding at front bead is low in 

the coaxial nozzle due to the high pressure of shielding gas, and the molten pool is 

deeply formed by the shielding gas. It might be advantageous to increase pressure than 

to weld at the coaxial nozzle in cutting.
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(Ultrasonic welding)

(Plasma Arc welding) (Laser welding)
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(15)

(LASER, Light Amplification by Stimulated Emission of Radiation)
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(Stimulated Emission)
(16-18)
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1960 T. H. Maiman

(Ruby) (λ=694.3nm) 1961 A. Javan, W. Bennet D. 

Heriott  He-Ne
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1970 1980

CO2 Nd:YAG
(13,19-21)

CO2 10.6 Nd:YAG 1.06

(mode)

Nd:YAG CO2 10

Nd:YAG CO2

(22,23)

Nd:YAG (Low carbon steel) SS41

Table 1.1
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Writer/Year Study Substance

Lee. J. H

[1996] TIG

Eroglu. M.

[1999] (HAZ, Heat Affected Zone)

Katayama. S.

[2001]

Ahn, S. H.

[2005]

Miles, M. P.

[2006]

0.19%

DP

 Ueji, R.

[2006]

Gural, A.

[2007]

Oh, Y. S.

[2009]

T

Gharibshahiyan, E.

[2011]

Ruggiero. A.

[2011]

 CO2 316

Torkamany. M. J.

[2012]

304L

Zhao. Y

[2012]

Gap

Gap

Table 1.1 A recent research of low carbon steel welding by laser(24-35)
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Argon TIG

(36)

(Arc welding)

(Spot welding)

DB

SS41

2mm

Ni SS41

Ni

(Shielding gas)

 45° (Cross nozzle)

(Coaxial nozzle)
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(Solid-state laser) (Gas laser)

(Semiconductor laser) (Liquid laser)
(37,38)

YAG

YAG (Yttrium-Aluminum-Garnet)  Y  0.5-1.5% Nd

Nd:YAG

(Continuous wave, CW) (Pulsed wave, PW) Q

(Q-Switched mode) 3 Nd:YAG CO2

(Reflectance)

CO2

Nd:YAG (Laser rods)

YAG

kW  Nd:YAG

YAG CO2

Al, Cu

Nd:YAG 2 (2-end harmonic generation wave) 3

(3-red harmonic generation wave)

Fig. 2.1 Table 2.1

Nd:YAG  YAG CO2

(19)
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 Fig. 2.1 High laser power is obtained by mounting several 

cavities in line(CW Nd:YAG laser)
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              Laser
 Materials Nd:YAG (λ=0.9~1.1 ) CO2 (λ=0.9~11 )

Au(2.4) 94.7% 97.7%

Pt(10.6) 72.9% 95.6%

Ag(1.62) 96.4% 99.0%

Al(2.75) 73.3% 96.9%

Cu(1.72) 90.1% 98.4%

Fe(9.8) 65.0% 93.8%

Ni(7.24) 72.0% 95.6%

Zn(5.9) 49.0% 98.1%

Mg(4.9) 74.0% 93.0%

Cr(10.9) 57% 93%

Mo(5.6) 58.2% 94.5%

W(5.6) 62.3% 95.5%

V 64.5% 92%

T 48.5% 78%

S 54% 87%

Cast iron(10~20) 63.1% 93.8~96%

1%C 7% -

Constantan(50) 22.4% 94.2%

Table 2.1 Surface reflexibility of metal materials
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(39)

(Conduction)

(Key hole)

(37,40)

(Plasma)

(41,42)

Ar, He, N2

X

(20,43,44)
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(Monochromaticity) (Directivity) (Coherence)
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(Rolled steel for general structure)  SS41

T

C Si, Mn, P  S SS41

SS(Steel-Structure) SS41 SS400 400

400N/mm2 (45,46)

Table 3.1, 3.2 SS41

SS41
(wt, %)

C Si Mn P S

0.1511 0.222 0.749 0.0158 0.0086

Table 3.1 Chemical compositons of low carbon steel SS41

SS41
Yield point

(N/mm2)
Tensile strength

(N/mm2) Elongation

245 400~510 17%

Table 3.2 Mechanical properties of low carbon steel SS41
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Argon TIG

Fig. 3.1

(36)

500, 600, 700W

(Spot-size)

180ms

2mm

(BOP, Bead-on-plate) BOP

900W  1500W

1.2m/min

(Flow field)

 Fig. 3.2

SS41

Ar, 1bar

1bar, 2bar
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SS41  Ni

Ni

Fig. 3.1 Welding cross-section area of argon arc welding

Fig. 3.2 Schematic diagram of the experimental nozzle type
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CW Nd:YAG (TRUMPF-HASS LASER HL 2006D)

1064nm 2.8kW, 2kW

600 (Optical fiber) 600

=200mm 60mm F# 

(F-number : F/D) 3.33 (LASMA 1054)

 x, y, z

1000, 500, 400mm

Ar 45°

Fig. 3.3

Fig. 3.3 Laser oscillator and optic head of welding processing
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70×30×2mm

30 Fig. 3.4

(Linear precision saw, Buehler)

60mm 45mm Fig. 3.5 (Hot 

mounting) Fig. 3.6 (Polisher)

(Nital 2%, 2% + 97%

   


(1)

   × 


×    (2)

  

  (3)
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Fig. 3.4 Linear precision saw

Fig. 3.5 Hot mounting press
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Fig. 3.6 Automatic grinder/polisher

Fig. 3.7 25

Fig. 3.7 Micro analysis system of optic-materials



- 19 -

Fig. 4.1

180ms 500, 

600, 700W

0 (-), 

(+)

Fig. 4.2  500, 600, 700W

0

Fig. 4.2 (1)

Fig. 4.3
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+3 -3

(37)

Focal position (mm)
Laser power 

(W) -3 -2 -1 0 +1 +2 +3

500

600

700

Fig. 4.1 The beam spot size configuration of focal position
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Focal position (mm)
Laser power 

(W) -3 -2 -1 0 +1 +2 +3

500

600

700

Fig. 4.2 The depth configuration of focal position

Fig. 4.3 Variations in Aspect ratio with focal position of the welding lens
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SS41  2mm

(BOP, Bead on Plate)  1.2m/min

900W (back bead) 1500W

45°

Fig. 4.4 1bar 1.2m/min

900W 1500W

1500W

 Ar

21mm

900W

(Front bead)

 1100W

 1300W 2mm

1500W 900W
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11mm 5mm

 817.6 1056 200

Beam welding speed : 1.2m/min, Shielding gas : Ar, 1bar

Bead Power
(Watt)

Nozzle type
Cross nozzle Coaxial nozzle

Front
bead

900W

1100W

1300W

1500W

Back
bead

900W

1100W

1300W

1500W

Fig. 4.4 Comparison of welding bead and penetration bead with nozzle type and laser 

power

Fig. 4.4

Fig. 4.5

900W
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817.5 1056  100

(, Aspect ratio) Fig. 4.6

900W

1500W

1500W

1500W
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Beam welding speed : 1.2m/min, Shielding gas : Ar, 1bar

Power
(Watt)

Nozzle type
Cross nozzle Coaxial nozzle

900W

1100W

1300W

1500W

Fig. 4.5 Cross-section of welding zone after nozzle type and laser power
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Fig. 4.6 Aspect ratio of nozzle type and laser power

900W

 1500W 1300W
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Fig. 4.7 Heat input of nozzle type and laser power

 Fig. 4.7
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Fig. 4.8 Power density of nozzle type and laser power

(3)

Fig. 4.8 900W

1300W

1100W

1500W
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Ni

Ni SS41

 Fig. 4.9

Fig. 4.10 900W

 Ni SS41

Mn 300K  7.81⋅, 1244

Ni 90.9⋅, 1455

817.6 1025.9 200

1056.04

Ni  688.3

1500W Ni

 1333.3 1324.7

Ni 1451.2

 1416.8 40

900W  Ni

 751.4

820.4 Ni 734.3

719.8 1500W

1300W

 Ni

1485.6 1388.4

1396.6

1300.3

SS41 Mn (melting point) 1244

7.2,  7.81⋅ Ni 1455 , 8.845

 90.9⋅

 900W
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1500W Ni

Beam welding speed : 1.2m/min, Shielding gas : Ar, 1bar

Bead Power
Nozzle type

Cross nozzle Coaxial nozzle

Front 
bead

900W

1100W

1300W

1500W

Back 
bead

900W

1100W

1300W

1500W

Fig. 4.9 Comparison of welding bead and penetration bead with nozzle type and laser 

power
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Beam welding speed : 1.2m/min, Shielding gas : Ar, 1bar

Power
Nozzle type

Cross nozzle Coaxial nozzle

900W

1100W

1300W

1500W

Fig. 4.10 Cross-section of welding zone after nozzle type and laser power



- 32 -

Fig. 4.11 Aspect ratio of nozzle type and laser power

Ni

 Fig. 4.11 900W

0.732

1.004

1.067 0.682

1500W 1300W

Ni 1.626

1.676 Ni

1.6  1.563

 Fig. 4.6 Fig. 4.11

Ni 0.026~0.1
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Fig. 4.12 Heat input of nozzle type and laser power

Ni

 Fig. 4.12

 1500W

(2)
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Fig. 4.13 Power density of nozzle type and laser power

(3)  Fig. 4.13

900W

1300W

1500W
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1500W
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 Fig. 4.14

(H) H

(26,47,48)

 3mm  1bar 2bar

(Blowhole)

(Undercut) (Humping)

(22,49) 

Fig. 4.15

1800W, 1.2m/min Ar
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Fig. 4.14 Schematic diagram of Coaxial nozzle height 

change

1bar

(22)

 2bar 1bar
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Fig. 4.15

2bar 15mm

1bar  25~30 /min

1bar, 2bar

 3mm 18mm

1.15mm 8.034mm2

21mm

2bar 27mm
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Power : 1800W, 
Beam welding speed : 1.2m/min,

Shielding gas : Ar
Coaxial nozzle

H(mm) 1bar

3

6

9

12

15

18

21

24

27

(A)

Power : 1800W, 
Beam welding speed : 1.2m/min,

Shielding gas : Ar
Coaxial nozzle

H(mm) 2bar

3 -

6 -

9 -

12 -

15 -

18

21

24

27

(B)

Fig. 4.15 Comparison of welding bead with coaxial nozzle height change and 

shielding gas pressure, (Welding bead with shielding gas pressure, A:1bar, B:2bar)
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Power : 1800W, Beam welding speed : 1.2m/min, Shielding gas : Ar
Nozzle 

type Coaxial nozzle

H(mm) 1bar 2bar

3

6

9

12

15
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Power : 1800W, Beam welding speed : 1.2m/min, Shielding gas : Ar
Nozzle 

type Coaxial nozzle

H (mm) 1bar 2bar

18

21

24

27

Fig. 4.16 Cross-section of welding zone after coaxial nozzle height change and 

shielding gas pressure
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Fig. 4.16

(50)

18mm

1bar 2498.1 2bar

2844.8

(Deep 

penetration welding)

H=21mm
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(1 (2)

Fig. 4.17 Aspect ratio of Coaxial nozzle height change

Fig. 4.17 1.888

1bar

2bar 2bar, 24mm

1bar
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Fig. 4.18 Heat input of Coaxial nozzle height change

Fig. 4.18

1bar, 2bar

6.869×  3.99×  1bar

H=21mm, 2bar  H=24mm
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SS41 Fig. 4.19

Fig. 4.20

SS41 100 40

T

SS41

 T

1800W 1.2m/min 2.2m/min

 1.2m/min

320

2.2m/min

T 100

100

Power : 1800W, Shielding gas : Ar, 1bar
Cross nozzle

Beam welding speed (m/min) Beam welding speed (m/min)

1.2 1.8

1.4 2.0

1.6 2.2

Fig. 4.19 Comparison of welding bead with beam welding speed
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Power : 1800W, Shielding gas : Ar, 1bar
Cross nozzle

Beam welding speed (m/min) Beam welding speed (m/min)

1.2 1.8

1.4 2.0

1.6 2.2

Fig. 4.20 Cross-section of welding zone after beam welding speed
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Fig. 4.21 Aspect ratio of beam welding speed

(1) (2)

Fig. 4.21

1.8m/min

2.0m/min
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Fig. 4.22 Heat input of beam welding speed

(2) Fig. 4.22 (2)

Fig. 4.22

(2)
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1800W 1bar

21mm 2bar 24mm

Fig. 4.23

Power : 1800W, 
Shielding gas : Ar

Coaxial nozzle
Beam

Welding
Speed

(m/min)

1bar (H=21mm)

1.2

1.4

1.6

1.8

2.0

2.2

(A)

Power : 1800W, 
Shielding gas : Ar

Coaxial nozzle
Beam

Welding
Speed

(m/min)

2bar (H=24mm)

1.2

1.4

1.6

1.8

2.0

2.2

(B)

Fig. 4.23 Comparison of welding bead with coaxial nozzle and beam welding speed, 

(Welding bead with shielding gas pressure; A:1bar, B:2bar)
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Fig. 4.23  Fig. 4.24
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Power : 1800W, Shielding gas : Ar
Coaxial nozzle

1bar (H=21mm) 2bar (H=24mm)
Beam welding speed (m/min) Beam welding speed (m/min)
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Power : 1800W, Shielding gas : Ar
Coaxial nozzle

1bar (H=21mm) 2bar (H=24mm)
Beam welding speed (m/min) Beam welding speed (m/min)

1.8 1.8

2.0 2.0

2.2 2.2

Fig. 4.24 Cross-section of welding zone after coaxial nozzle and beam welding speed
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Fig. 4.25 Aspect ratio of coaxial nozzle and beam welding speed
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Fig. 4.26 Heat input of coaxial nozzle and beam welding speed
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Fig. 4.27 Comparison of welding bead with beam welding speed
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Power : 1800W, Shielding gas : Ar, 1bar
Cross nozzle

Beam welding speed (m/min) Beam welding speed (m/min)
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Fig. 4.28 Cross-section of welding zone after beam welding speed

Fig. 4.27  Fig. 4.28
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Fig. 4.29 Aspect ratio of cross nozzle and beam welding speed
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Fig. 4.30 Heat input of cross nozzle and beam welding speed
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Fig. 4.31 Croparison of welding bead with coaxial nozzle and beam welding speed, 

(Welding bead with shielding gas pressure; A:1bar, B:2bar)
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Fig. 4.31  Fig. 4.32
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Power : 1800W, Shielding gas : Ar
Coaxial nozzle

1bar (H=21mm) 2bar (H=24mm)
Beam welding speed (m/min) Beam welding speed (m/min)
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Fig. 4.32 Cross-section of welding zone after coaxial nozzle and beam welding speed
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Fig. 4.33 Aspect ratio of coaxial nozzle and beam welding speed
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Fig. 4.34 Heat input of coaxial nozzle and beam welding speed
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Fig. 4.35 Comparison of Argon TIG welding and laser welding
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Fig. 4.36
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Power : 1800W, Beam welding speed : 1.8m/min, Shielding gas : Ar, 1bar
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Fig. 4.36 Comparison of welding bead with nozzle type and beam welding speed

Fig. 4.37 40 T
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Power : 1800W, Beam welding speed : 1.8m/min, Shielding gas : Ar, 1bar
Nozzle type

Cross nozzle Coaxial nozzle
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Ni 
coated
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Ni 
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SS41

Fig. 4.37 Cross-section of welding zone with nozzle type
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