creative
commons

C O M O N § D

Ol2XtE= otele =2E 2= R0l 8ot 7S

o Ol == SH, HHE, 85, Al SH L 58 = U
o OIXH MAEESE HdE = UsLICH
Ol HHES del SR 0|8 = AsU T

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

o 7lot=, Ol M& =2 MOISO0ILE HHEZ2l H<, 0l A =0l HE= 0125
S Bt LIEHLHO10F B LICH
o MNAEAXNZRE EE2 3IIE &2 0lE ZHE2 HEL X ZSLICH

AEAYH OHE 0I8XA2 dele f12 W20l 26t gets 2 X ZSLICH

01X 2 0l Ed = 772 (Legal Code)S OloiotIl &Ml kst 23 LI CY.

Disclaimer |:|._'|

Collection



http://creativecommons.org/licenses/by/2.0/kr/legalcode
http://creativecommons.org/licenses/by/2.0/kr/

[ UCI]1804: 24011- 200000263716

No A Tlagl

TSR A

SRR AN BFr dermirtem R BH
BHER Zs><CO Toxu odo

o w B



20139 2¥
HAGY] =R

ZAdsta djshed
AORF2AZFHI AN ALAZHAF

g # 4



A

A

38 NAYAG HolAE ol &&
NRAA =7 SS419]
SASA #E A7

Welding characteristic of the secondary battery pole SS41
using Continuous-Wave Nd:YAG laser

201349 29 25¢

AR EFEATHIHA L 7IALA A S)

g 3 4



%3919 Nd:YAG oA & o] &3
o];‘(};sl_x] Sz 53414

ol =S T MAANNY =Eow ASF

20123 10¢

ZAdstal ojshd
AR FLATHH(FLNALAZ AT

g 3 4



&)

A 7]

Al

E
E

A st

il

A9

(<)

L2

20123 114



LIST OF FIGURES errerrrmmimin I
LIST OF TABLE cerreerrmr v
ABSTRACT  crrerrerrmmn v
Al 1A A B s 1
1.1 AFHPTD 1
1.2 QATFEIETE oot e 3
1.3 AFEF T R s 6
Al 2F O]E A H|Z s 7
21 A8 NdYAG Fo]A L BEA i 7
22 FIOJA B e 10
A 3FA AR D " 12
3.1 AF AT s 12
3.2 AFHIE 13
3.3 CW NA:YAG F O A ] omrsmmsimmssmmssiressressiressioessn 15

3.4 A3 BAZX] D BB e 16



341 AIAANFAA AF L BA 16
342 38t D ARFAUA BA 18

A 47 AFAAI D TF s 19
41 %=Z Ao Uit vl & ZFolE &£ EA . 19
411 2AYA A3l B2 UA] B4 EA 19
412 =& FAPWE H= & EZFolE LHEA 29
413 T2:Z Yusle) BE SHEA s 36
42 SS41 BR 7] SAEA s 45
421 ABAEZO] LA YTE s 45
422 BE2EZ0] KA YTE s 49
43 JAGTZ A SS419] AX7] £ EA s 55
431 ABAEZO LA YTE s 55
432 BE2XZ0] KA YTE s 59
44 x=Z FJAH THA 8- EA 64
Al 5FF Z B ottt 67



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

2.1

3.1

3.2

3.3

3.4

3.5

3.6

3.7

4.1

4.2

4.3

4.4

4.5

4.6

4.7

List of Figures

High laser power is obtained by mounting several cavities in line

(CW NdYAG |aser) ............................................................................. 8
Welding cross-section area of argon arc welding «e-seeeseerreereeemenerecnneenneens 14
Schematic diagram of the experimental nozzle type «--eeeseereeerererererenenenene. 14
Laser oscillator and optic head of welding processing «rresrresreesreesreereneces 15
Linear precision GOV  *+eeeeeerreenncenteetiietiietiottiottiociicatiictiieiticttcettiottantatans 17
Hot mounting preSS ............................................................................. 17
Automatic grinder/pOIiSher .................................................................... 18
Micro analysis system of optic-materials «-««+=-«esssssressserseseerrnereaeneennne 18
The beam spot size configuration of focal position «sreeseeeseeeseeereeeraeenaiens 20
The depth configuration of focal POSItION «r++seeesseereseneesmineiinieiiineinnne 21
Variations in Aspect ratio with focal position of the welding lens ----:-:---- 21
Comparison of welding bead and penetration bead with nozzle type and
|aser pOWGr ........................................................................................ 23
Cross-section of welding zone after nozzle type and laser power --s-:-s=:-:-+ 25
Aspect ratio of nozzle type and laser POWEr «re--eeererreessersanneennereaenneens 26
Heat input of nozzle type and laser POWEr «:eesssereseseessineinnneiiinicnniennes 27



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

4.8 Power densny Of nozzle type and |aser power ....................................... 28

4.9 Comparison of welding bead and penetration bead with nozzle type and

4.10

411

412

4.13

4.14

4.15

4.16

4.17

4.18

4.19

4.20

421

4.22

laser POWVET  +oseremerenesenssennsesnstentenettuettuntuttaestaeetansteneteaettattattastasstanss 30
Cross-section of welding zone after nozzle type and laser power «::e-:--- 31
ASpeCt ratio of nozzle type and laser POWEL  sesesemeremereessressrenerenerenreneses 32
Heat input of nozzle type and laser POWEL srresrresrresenenennenentnntantaatanns 33
Power density of nozzle type and laser pOwWer -«eessseeesseereseneeernereeenneens 34
Schematic diagram of Coaxial nozzle height change «:::s:seeeeeeseeeeeeeneeeeees 37
Comparison of welding bead with coaxial nozzle height change and

shielding gas pressure, (Welding bead with shielding gas pressure,
Albar’ szar) ................................................................................. 39

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

Shielding gas Pressure:-«««+s=-«sssseresesseermmneranrucinintieiteenn ettt 41
Aspect ratio of Coaxial nozzle height change :-:sssseeeresreessseeiiniennnnens 43
Heat input of Coaxial nozzle height change «:---:essseereseseessineiinicinineees 44
Comparison of welding bead with beam welding speed --:--seseseseeeeeeesees 45
Cross-section of welding zone after beam welding speed -«---s-sesesereserese 46
ASpeCt ratio Of beam Weldlng Speed ................................................... 47
Heat input of beam welding Speed -««r++--sresssererssmeeminnrennieenintieieeeee 48



Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

4.23

4.24

4.25

4.26

4.27

4.28

4.29

4.30

431

4.32

4.33

4.34

4.35

4.36

4.37

Comparison of welding bead with coaxial nozzle and beam welding speed,
(Welding bead with shielding gas pressure; A:lbar, B:2bar) ---:-eseeeeeeeses 49

Cross-section of welding zone after coaxial nozzle and beam welding speed

........................................................................................................ 52
Aspect ratio of coaxial nozzle and beam welding speed -::-esseeseeereeereeeses 53
Heat input of coaxial nozzle and beam welding speed «resreesrresrmesreenceees 54
Comparison of welding bead with beam welding speed -re--seereesreeerereense 55
Cross-section of welding zone after beam welding speed -«-seereeereserenene. 56
Aspect ratio of cross nozzle and beam welding speed -«---sesseeseeemerenenene: 57
Heat input of cross nozzle and beam welding speed «:-:sc-seeeseeereeereeeneee 58

Croparison of welding bead with coaxial nozzle and beam welding speed,
(Welding bead with shielding gas pressure; A:lbar, B:2bar) --reeereeereeeses 59

Cross-section of welding zone after coaxial nozzle and beam welding speed

........................................................................................................ 61
Aspect ratio of coaxial nozzle and beam welding speed «::eesseeeeeeeeeereeenes 62
Heat input of coaxial nozzle and beam welding speed -:---:-esssesreesreeereees 63
Comparison of Argon TIG welding and laser welding --:«-sceeseeeeeemeeeneees 64
Comparison of welding bead with nozzle type and beam welding speed

........................................................................................................ 65
Cross-section of welding zone with nozzle type «-:ee-reereerreeerereenecncnneen, 66



List of Tables

Table 1.1 A recent research of low carbon steel welding by laser--««---«-=-+ssssseeereeeeeee 5
Table 2.1 Surface reflexibility of metal materialg::«+ss-««ssesseessseeresruesiniiiiniiiniiniinneen 9
Table 3.1 Chemical compositions of low carbon steel SS4L:reecreesreerreereeerienreeneeencen, 12
Table 3.2. Mechanical properties of low carbon steel SS4L--:c-ereeereeereeeneoneenecneenenes 12



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.



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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Fig. 2.1 High laser power is obtained by mounting several
cavities in line(CW Nd:YAG laser)



Table 2.1 Surface reflexibility of metal materials

Y Laser | Nd:YAG (A=0.9~1.1m) CO, (A=0.9~11/m)
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%
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A 2HEole wele] SHMEE WA "k 1dn
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NESHEe 71E oa) dolAWe] ThFWA @ FrAgel BT wEol
AEgA BT HolANe F4 xgol AT wA JELH A FEEUA
WAHE Tepznle] zdo] FREL o Tezuh(Plasma)rt FolAWL WA
=% dof @0 ddFo] AUAA Z ASole 22 2 Tzes} AL
d 2he am Besve Apad dEd AEeded EAde Has
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2% 4802 Ad o
St HUA oHT 7

H3 EAHLS Bgstuxt 2847129 Ar, He, N5 S BRE7MAZ Adstd
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B

|5 e 71 2 == AAstEA §4& AAEd. a2ty EE=
BtE EEHoE AXEE oA F& WFE 5o B/ Hx &R
o] T2 F1 ol A E7HA HHh

AR S dolA S4L nAvA BE=R SRV diel &9holrt &

£ Adol Atk 53] A &L IF oA 7HEE HAAE AHe| FEA
A A7l= TALEE o1&yl "ol Wl ede ¥A {3, Yo A
A, dgFol Haon, "ol HA dojub= Hol FHelrh ARt Ao HA
7 X9 e ®el 7] "ol AV dFE e FELS dolA §HLE
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1. dlo] A= A4 (Monochromaticity), ] 3kAd (Directivity), 7+43 43 (Coherence) 52

AU o Ay FFAdol Fdta advA Bxe ddoz HUEH] 7t

2. AiEAHo s TheES 7HEsl] wWEe HS Al 2ASA He FHHEIH

5 AAE £-8AE AFANEI Bex ¢1, g7] FoA vz &3] 7t
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A3G 2d3A 2 T

aduk PzE A3 A (Rolled steel for general structure) 5 A &A7; SS418 A|H
o= ARS F, ANY] &4 FANSE BAS%uA @tk ANY) H4AA 2
A FTFAYUTE 7EOE 3t TYHNSE fHstnA st ddt +28& 4A74A

1

o] Aojx EA7E HA gol IR AT M AF F

SEAT A WRe EF $P¥L wE RE YRZE 2o|A B
@3 JAS AgsFEs Booju xerh dukdoz ARy o] g
A B AT Yol &HAel T, Fol Ax, 7HFEY] HAAAM EFA
gol] ol Agolw =ZFdoly Aoz, wlF o]R T AF AL
SS(Steel-Structure) A &t 1= &8 =6}, SS41& SS4007 FF=AZo)H 400 FHAQAF
7% 400N/mm?o]golgtE AL ofu g},

o}7] Table 3.1, 3.2 SS419] =L BHAS vehd Rol).

fa

Table 3.1 Chemical compositons of low carbon steel SS41

SS41 C Si Mn P S
(wt, %) 0.1511 0.222 0.749 0.0158 0.0086

Table 3.2 Mechanical properties of low carbon steel SS41

Yield point Tensile strength .
SS41 (N/mm?) (N/mm?) Elongation
245 400~510 17%
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e =59 A= wE §HEAEE vudr] A ARExEH FExES A
439 =EY o) T2y Wi HIJtre FE55A tEA YEd Ao
31, olz A3 &FAel gdd Aol #ddy] "WiEelth AHE 8- #HolA
W] 3L 00WHEH #HF8&H He= 1500W7kA] S ettt ojw oA o
m/ming 3to] &3,
< AHEES e S-S sy s AHEE TExES =T
9] EolWstel mat RE7FA7F EAME = F3 A (Flow field)e] FFs 245
2 4% =59 FH = Fig. 329 YA

et

2

ol

ol

rl

WA T Aol AR ol EEEE W
2 3erh

Ao AT AFoE ABLZY SSALEHEAL S AT v FAV] 33
Ko AA7) 8HE W RSV Arn lbare] hE o EARAIA oA H ¢ 01%
5 BSAIIHA HX7] EHEALS EAIY. 55258 AMEste Rt
25 BAAZ 9o lbar, 2barE ¢S
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I gL Aea7}el SS41¢ RHE NiZs e u FAY EHEAS A+
f8) AHEHA NiEFT s folA AP 54 27002 a2A2:F9 F
SR BIVtEE BANIIHA ZA7] &HsIAH. ASAE oA Ao A
Ao FAHA EE IYARZ AFESE YAol =gd Afde HolAWUY &
Ax=Aoly uA] RRALLEZE f27] wiEe] &FHAZAA Xel7t vyed Few A

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

Laser beam

Shl\.ldm,g gas A

&

Coaxial nozzle type Cross nozzle type

Fig. 3.2 Schematic diagram of the experimental nozzle type
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3.3 CW Nd:YAG d#°|A #H

B Ao AL&E CW Nd:YAGH o] A1 (TRUMPF-HASS LASER HL 2006D)¢] 1%
= 1064nmo) i, A NEH L 2.8kW, BT EE L 2kWF #HolAot}h Folx L&
600ime] 44 +(Optical fiber)E &3l ol&3ti =HAEL ¢ 600umolch. #HolA &
A A AR BEgdAl=E x2FAR f=200mme]i, F=e] APL 60mmE  F#
(F-number : F/D)= 3.330]t}. FZ(LASMA 1054)= ZAo| &3 dAFo ¢z, 2+
ddle IAFE WA A3l G2 FAH U

dolA 7tE de=e AEY g 2ed 5 /M AAZ Ho doH, x vy, 259
ol&Ag = 77+ 1000, 500, 400mmeltt. #Hol# &7 Al EFFG 7] T 29
EA Atole] A3E&E WA A AtEE 4574 =4 EolFIHh ot
Fig. 332 Add] A8d AF FXE BT Ut

Beam transmissron

Welding head

Focal length @ 2

Welding jig

Fig. 3.3 Laser oscillator and optic head of welding processing
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3]

2]
HAAANFHL oA W AAF Eo7le 272 AZE T HolA &HE
ST Adw 2 Z
= o 3omz stk Fig. 34% &89 A]wuu T & 2
At7](Linear precision saw, Buehler)& o] &3l - EZ HdddAdd. dd X+
Z 60mme] &3 HoldA 45mmA| P& HstPom Fig. 359 3t mh®(Hot
mounting)& E3) ul<¥ 33, Fig. 3.6 AEdnl7|(Polishen)E& o] &3l THANE
stttk Eddal © A|HE o A H(Nital 2%, 2% AAF + 97% HELA )2 9

dste] gRRAe Fvsgc
AQAHE BN g8 TP, 99 2 FYUES U A Og 48
o} &3ty TS Wl tig EFEALS XA
, DEPEIL | reeeeveeeeeeereereereeteereereeseessessessessesessessesseesenenas
§(Aspectratio) TWidth 1)
E(Heatinput) [>< 103 J/CmQ] ......................................................... (2)
PO — %[W/CmQ] ......................................................................................... (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

342 %% 2 AAEM A 24
EWgHYY BUE Fig 379 BAARAL ol &3k Ha 25wl £¢H)
BHSGY. T2 2AT WEe §4uHY 37, $dgol, 90U A%

439 AAAE Bt AL APH UAEE S W

o]
$REAL BHS YA 82 W dolA $h0 s 93 RS,

Fig. 3.7 Micro analysis system of optic-materials
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ala 2AAECAA ol AMFLE Hojd T2 YA lAMe =AY
7t HEA FEHL de AFEAE 9T F Avh dE 7 39 HAA} -39
AAANA 272717 B2A FPHJT. 2ZAGRT 52 XA oA o]
Aol AN AT 92 ARAA 2AME FEERG AA FHHJG. ol
2ol FAE o= 2FAYE FTHLE HojAHo YT F A= FHE
AgHE golAe Ade] 7] WEQ ez Aztdrt. golAo]l FHsEA
Ao ZALEH AR FHA FRHOZ WA E A HT ooz g
g ddAgel 87 WEdd AesE A4d. wHdE oA el ARG
oL FosE NP AlHRH| AT A|ARHAA o|AYe] T3}
ZAE 7] wj ol AlBEHEAA oA A7 TR AJAEH F9 W
o= do] A=Hr} oY Aol 2As YElvE dFde

Focal position (mm)

Laser power
- -2 -1 +1 +2 +
(W) 5| Sl I I I A

500

600

700

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

Lase(r V\r/))ower 3 2 1 0 +1 +2 +3
500
600
700
Fig. 4.2 The depth configuration of focal position
| Focal length : 200mm
o A = 500W e  600W
= —A— 700W

Fig.

Aspect ratio
o o o
| oo w
| L | L |
: L1 2
\ |
[ ‘
./

e “\
E \ >“=_ o _,,’-:“,‘
R —— F%fﬁ‘ —n
- . .
] I I I I I I
-3 -2 -1 0 1 2 3

Focal Position ( mm)

4.3 Variations in Aspect ratio with focal position of the welding lens
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Beam welding speed : 1.2m/min, Shielding gas : Ar, lbar
Bead Power Nozzle type
(Watt) Cross nozzle Coaxial nozzle
900W
1100W
Front
bead
1300w
1500W
900W
1100w
Back
bead
1300W
1500W

Fig. 4.4 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, lbar

Power
(Watt)

Nozzle type

Cross nozzle

900W

1100W

1300W

1500W

Coaxial nozzle

Fig. 4.5 Cross-section of welding zone after
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1.8

Beam welding speed : 1.2m/min
1—=— Cross nozzle
1.6 J @ Coaxial nozzle -
® — e ——
| e ol
1.4 - e
i) T ,/"ﬂi
E 12 | "",..A.. 4
s ;
[eh)
2 i
$ 1.04 w~
0.8 -
- .
0.6 'I T l T l T l T l T l T l
900 1000 1100 1200 1300 1400 1500
Power (W)
Fig. 4.6 Aspect ratio of nozzle type and laser power
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13 {Beam welding speed : 1.2m/min
|—=— Cross nozzle
12 4@ Coaxial nozzle
S 114 m— .
5 ] = "
= T . E
o 101 Sy
w o4 AN
e & %
5 1 AN
£ 87 N
-ag- i \\
- ..
6
I ] T T T T T T T T T T T
900 1000 1100 1200 1300 1400 1500
Power (W)
Fig. 4.7 Heat input of nozzle type and laser power
azswEd $3eE2 SRS W 49D wsE B48Y] 9 Fig 479
vehdth dd3e dolAe 298¢ WA IHEA $HULe W AW A
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0.06 Beam welding speed : 1.2m/min
"~ |—=— Cross nozzle
—e— Coaxial nozzle
0.08
o
NE 1 I
S 0.07 -
E 0.06 O
2 { ™ T
D — @ _
C 0.05 -
o) | ]
T | 5
2 0041 N
(=] ™y
8 | Y
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002 I T [ L) I T | L) | T l T |
900 1000 1100 1200 1300 1400 1500

Power ( W)

Fig. 4.8 Power density of nozzle type and laser power
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Beam welding speed : 1.2m/min, Shielding gas : Ar, lbar
Bead | Power Nozzle type -
Cross nozzle Coaxial nozzle
900w
1100W
Front
bead
1300W
1500W
900w
1100W
Back
bead
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, lbar

Nozzle type

Power -
Cross nozzle Coaxial nozzle

900W

1100W

1300W

1500W

Fig. 4.10 Cross-section of welding zone after nozzle type and laser power
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1.8 q1Beam welding speed : 1.2m/min
|—=— Cross nozzle

@ —&— Coaxial nozzle
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Aspect ratio
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900 1000 1100 1200 1300 1400 1500
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Fig. 4.11 Aspect ratio of nozzle type and laser power
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15 {Beam welding speed : 1.2m/min
{—a— Cross nozzle
14 -1 e  Coaxial nozzle
oo 134 @
E -
L 124 :
= | i
% "] ™
w10 = aal Bl S N
85 el . e
g ] = :
‘EJ' 8 b Py
O ] "
T =
5
. m
6_ .
| ¥ I . | L I ¥ I ' | L I
900 1000 1100 1200 1300 1400 1500
Power (W)
Fig. 4.12 Heat input of nozzle type and laser power
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0.28 { Beam welding speed : 1.2m/min
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Fig. 4.13 Power density of nozzle type and laser power
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Power : 1800W, Power : 1800W,
Beam welding speed : 1.2m/min, Beam welding speed : 1.2m/min,
Shielding gas : Ar Shielding gas : Ar
Coaxial nozzle Coaxial nozzle
H(mm) 1bar H(mm) 2bar
3 %.-r-‘\:&.p'”"lﬂk'ﬁ{—— .am ﬁ-"b‘_- 3 -
6 6 -
9 9 -
12 12 -
15 15 -
18 18
21 21
24 24
27 27

(A)

Fig. 4.15 Comparison of welding bead with coaxial nozzle height change and
shielding gas pressure, (Welding bead with shielding gas pressure, A:lbar, 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

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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Power : 1800W, Beam welding speed : 1.2m/min
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Fig. 4.17 Aspect ratio of Coaxial nozzle height change
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11 4Power : 1800W, Beam welding speed : 1.2m/min
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Fig. 4.18 Heat input of Coaxial nozzle height change
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Power : 1800W, Shielding gas : Ar, lbar
Cross nozzle
Beam welding speed (m/min)

Beam welding speed (m/min)

1.2
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Fig. 4.19 Comparison of welding bead with beam welding speed

_45_



Power : 1800W, Shielding gas : Ar, lbar

Cross nozzle

Beam welding speed (m/min)

Beam welding speed (m/min)
12 1.8
14 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
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681 Power : 1800W
6.6 4| —m— Cross nozzle

644 m
6.2 - %
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5.0 %

Heatinput ( E, x10° J/cm?)

4.8 4

4.6 -
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Beam welding speed ( m/min )

Fig. 4.22 Heat input of beam welding speed
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Power : 1800W, Power : 1800W,
Shielding gas : Ar Shielding gas : Ar
Coaxial nozzle Coaxial nozzle
Beam Beam
Welding _ Welding _
Speed lbar (H=21mm) Speed 2bar (H=24mm)
(m/min) (m/min)
1.2 1.2
1.4 1.4
1.6 1.6
1.8 1.8
2.0 2.0
2.2 2.2
(A) (B)

Fig. 4.23 Comparison of welding bead with coaxial nozzle and beam welding speed,
(Welding bead with shielding gas pressure; A:lbar, B:2bar)
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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)
1.2
14
1.6




Power : 1800W, Shielding gas : Ar

Coaxial nozzle

lbar (H=21mm) 2bar (H=24mm)
Beam welding speed (m/min) Beam welding speed (m/min)
1.8
2.0
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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- 1Power : 1800W, Shielding gas : Ar
~1-=— 1bar (H : 21mm)
25 1—*—2bar (H =24mm)
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Beam welding speed ( m/min )

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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Fig. 4.28 Cross-section of welding zone after beam welding speed
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Fig. 4.32 Cross-section of welding zone after coaxial nozzle and beam welding speed
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