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Abstract

Commercial pure titanium is highly reactive to the surrounding gas in the

atmosphere, oxygen, hydrogen, and nitrogen, especially at a high temperature. During the welding

process the gas prevents and obstructs the laser energy reaching the target metal. Less absorbed

laser energy brings shallow penetration depth. Moreover, the gases intrude into the molten metal

and create porosity, cracking, and brittle. In this study, butted joint titanium sheets thickness 1.0

mm were laser welded with various argon gas flow rates. With appropriate laser energy and argon

gas flow rate, the penetration depth, appearance, and strength of the laser welded titanium were

improved. However, when the gas flow rate and laser energy were too high, 15 L/min, and 3.5 kW,

respectively, the high gas pressure pushed the molten metal out from the melting pool, called

spatter. The welded strength was dropped.
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Gas Chemical symbol | Molecular weight | First ionization potential
(eV)
Argon Ar 39.95 15.68
Helium He 4.00 24.46
Nitrogen N2 28 15.65
Oxygen Oz 16 12.50
Aluminum Al 27 5.96
Titanium Ti 47.87 6.83
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Melting Thermal
Density laser beam
Tavie , Temperature conductivity
g/cm absorption
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coefficient
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M3 2.3 ueaaIsivazdenveenaduliaCommercialy Pure (CP) Inmiionuaazinsa

[William, 1998]

Tensile

FUAVDI O (max.) Fe (max.) Elongation Tensile Strength,

cp Tnnuiisy at Break (%) | Strength, Yield Ultimate

(MPa) (MPa)

NIn 1 0.18 0.20 24 170 240
NIn 2 0.25 0.30 20 275 345
N3IA 3 0.35 0.30 18 380 445
Nin 4 0.40 0.50 15 480 550




A UHUMIIVY

3.1 MIANISUNTNAADY

1 O' o
Tumsnaasamswan Innuilsudrsames 1dls cp Innudiswnsa 2 Tagldsins

o £ = Yy 9 9 A (% .
daruau Inmidleuiivnaniie 6 uu. x 812 20 VU, x WU 1 WY, AI8IATINEAA (Wire-cut

. g” ~ Y o A v 0 ~ A

machine) UL Idgnihanuazeaioaamalsy Wnde uazveseimaivziianINg
Wou aeaIIAlnAnIoU (Chemical etching) &8 Kroll’s reagent [Boyer, 1995] @13 Kroll’s reagent
¥ a . a " ?
Usznoulidrensa’lalasiossn (Hydrofluoric, HF) 2 wa. nsaluain (Nitric, HNO) 6 wa.uazin

AU (Distilled water) 92 wa. Iagldailsza 75 3w dmsulunsainldarlums Ewch 10

a a Y ?zj/ ' o = ?x’l d‘ o w %‘ v
Lﬂu"lﬂﬂﬁiaﬁgﬁ]%ﬂi”lﬂgiﬂﬂ]lﬁll nnduTaremumMsmaNuazeInonasuionIai 1Y
? o v a = ' v o v ~ 9

AN UAIEE Tau "hmmmEmﬂauuazwmmsmmmmzmmmmmgﬂm 3.1 IMNMUU

A o 4 ' o . o { o A { < o
Tanzdowtazihusouaeludnyazyod Butt joint  uaaeasgli 32  unameshlniuune
4 =) a I 3 4 [2) 4 2] 4 Y Y o T W
p15nou neuwesIFeNnIa lnlesiudvewndo1ineu 99.9% unaerineu ladaliegludumiisas
~ A A A a o 2 Y ° oA 9 2 ~ [y
JU7 3.2 ivermiwilszAnsamvesmstanadunuldegludumisigndes Fuaulnnuiienldgn

= a A a ~ = A 9 [ ] 4 1 1 [ 1 Qy
aananlaie (Uﬁl’Jﬂ!“lfllliJiJﬂWil“lffJiJ) maﬂnﬂmmuﬁllau Iﬂﬁl“ﬁ@\iﬂx‘]i@ﬂﬂ’E)i%‘l’i’JN“Ifu\ﬂulelfﬂ



23

= Y = o Y Y . . . v
luﬂugﬂﬂ?ﬂﬂquiﬂﬂmu’]ﬂ 30 — 50 Illlﬂﬁf]u Iﬂﬂuﬂ’]ﬁﬁﬂmu’]ﬂﬂ?ﬂﬂa@\‘] Dino-lite microscope Gl‘ﬁ

MaveegIgan 100 11 uaadnazlin 3.3

A = ' A (% o Y
sUN .1 uam”lwmmﬂuﬂau (VNHD) UAZHAINITNIANNTLDIAAIY Kroll’s reagent

Jun 3
Y A
R ELY)

~

0)

- [, 5DULFOU
SLEAALYOS

] 1 ) A
NOAIULNTINDY
o J
BENGNGISRE

<« >
14 1.

A o 2 = A A @ .. Yy o A
gﬂﬂ 3.2 mmmn%mm'lwmmamwaL%ﬂﬂuaﬂymx Butt joint Tﬂﬂi“ﬂlﬂﬁﬁlﬂﬂ



24

717 3.3 ndedlulnsalmlnldasrvaovvuinvessossosso
adl o A
3.2 IBAUUUNTNATD
A = oy s A A 2] s Y o
3.2.1 mswmmmsway'IwmmfmmmmcmsuTammmwmawai Tvinasau
A d‘ﬂ/ a A a Y o [ A
nyuwaazu LWeV 8o Z-tech HanNUsZmaemsN "lﬂgﬂmm“l%"lumimam Llﬁﬂﬂﬂﬂgﬂ‘ﬂ 34
@ 4 YA a v o A o oA
wmqmmmmmaigﬂiw 2.0, 3.0 g 3.5 nladaa  YuIRaLan 0.6 WY, aeINaan 2.5
a aa Py @ o I A A = @ 4 4 A
UAIUIMN nyzvINaal uaviaowy Gl‘uﬂ'li‘ﬂﬂﬂﬂ\mﬂ'lii‘lJi‘]Jﬂ'lillﬂa"]JﬂQLLﬂﬁﬂ'liﬂﬂu‘ifl 0, 5, 10,
a 1 =
Hag 15 ansaouIn
2 A Y A5 Aax o 7 o o
3.2.2 ﬂ'lﬂ!ﬁ'ﬂdWﬁ"U@dﬂ'Ii!‘b’@ll?Wﬂnuﬂllﬂ’muTﬂﬂlilflmtﬂﬂlﬁ!‘b’@ﬂ!lllmlﬁﬁ Wa
4 < ! . Yy _ . . . " Y
MINABDIVOIMIHBNLEAIN NN 1dIu Top View 1¥na93 Dino-lite microscope TIUNAD

dldo

Optical microscope NMAWEIBFIFA 1,000 M1 1FluMsgieazBeavossooyoulFednludiu

19

YOINNLUIAA (Cross section)  LANOUNFUNUNAIUATIVAOUTOUFOURIBNADITEIVEGA



25

2 ° a ¥ o . A a a I %’ o
Gb'u\‘]'lu%&’ﬁjﬂ\iﬁﬂu']"lﬂﬂﬂﬁ\iﬁlul!ujﬁﬂgllj']\i Cross section Tﬂﬂ!i“b’ut!ﬁgﬂaﬂ NWUNAUUTUULAS

9 ' ° o A A 19 Y A 7 o @ a
ﬂﬁgﬂﬂﬂ']ua']\‘mgﬂ']ﬂ'ﬁﬂﬂL]Jiijljcﬁuuluﬁlﬁhlﬂﬁﬂﬂﬂ%']ﬂwuw Wa\iﬂ'lﬂnﬁ']ﬂizu'lm 12 Glfjiﬂﬂlﬁc]fu%g

Y =K a Ia %’ @ 9 [ A g’/
!.L?N%\‘lﬁ']iJ']iﬂLlﬂZWllWﬂuu'liJu@@ﬂulﬂ Llﬁﬂ\‘lﬂﬂgﬂﬂ 3.5 NUU

=

A a A [ A A ~
34 mimuiaumﬂmwmamaiw“l%’clumiwﬂamwau"lvmwmau

&an
=
=D

A Qsl =< 9 A a
31N 3.5 FunugnaaarsssULazAal



26

Qy ~ =® 9 A @ = 9 1 o A 1 o [ qy
“Ifl!\‘ﬂu“lflgﬂﬂﬂﬂ?ﬂlﬁ%uﬂggﬂéllﬂvlﬂ%uﬂ\‘llﬁuﬂ1uﬁuElﬂﬁNﬂJ’tNi@Ell“lffJiJ ua lUNMSTATINYDITUIIY

HAZIRUIFONITNTLINAAINTLAIHNITWAANNALBIAAII MY (FUAIYNTZATHNTIENTAITHEYNN
~ 4 o o w A v A A 1Y Y < Y
Ngawes 80 wshmImiasu diuvesseuoutas Tangh hidesms ntuNAI0nTZATENT 1Y
4 = o Y v A ~ dy 9 4 o w ?1,
wosazdea nszinlnsesdaianuieuIn  lagldiues 180, 400, 600 ag 800 MNEINY INUY
14 o a Qy 3}/ a o
NSZATENT IS 1,000 Az 12,00 szvildmTunuiianun Tuaouganioniozgiiuilvuig 0.05
o v A YA A 1 A = [ A a K 9
Tuaseushmsvarinuliianuumiiounszan nouNIzinMIdunasoosenlurianaly
Optical microscope MAWEIwgs  UsHUTAFONIzgNI lUiANTARIE @15 Kroll’s reagent 1

Usznouldrensalalasiossn (Hydrofluoric, HF) 2 wa. nsaluain (Nitric, HNO) 6 wa.uazin

N (Distilled water) 92 Wa.



Han1InNaaoN

d
4.1 HAMINAADATNTIATIZH
o [44 4 { a 1 1
TumsnaassiidSunms lvaveanaosneui o, 5, 10, taz 15 ansaeui lasaziasy
24 14 a A 1 A [ A a
unao1ineulnaguuinuseseuthvanenoumaFoutazraimsontsem  2-3 UG
=} ' < (% A v A A = 9 @
MeanoUNTLEzNIMSENAIMINMIITeY  lananmsnaassnanmsyen Innufieumendsnuves
oA a o o v A Yy 9 ) . . ' .
oSN 2.0 uaz 3.5 nladed lagd5uiins 1¥naed Dino-lite microscope 818NN Top view LA
QU dl
AIR15197 4.1
A @ ~ Y 2 J 1 [ 1 =1 A 1
HAMSNARDINUAAIRIAIT19N 4.1 uaasliifiudedstanud lunsaimsiweu lagll
9 4 1 1 a 4 ) 1 [}
Tunaersneu  Teedaulngiiamsuan cracking  awnaiieannnmsiunaluusseimaniiog
il launsadudn ldsennamsasuanmveslaveiviaeuazate 1ag solidification  NIFMN
Aann o 1 < { 4 < @ J { 2] J
Ufnsenainauaadliimudnseadouniudnvazaid  dwlunsaindinmsdounnderinousos
A = Y A A 1 . A A 2] S Y )
weuvrlianuareta w1 uazlases¥oun i cracking Wieuan lesnnunaes mthunalu

Qy g‘; 9] 4 ) 1 4
UiﬁﬂWﬂWﬁiﬁ@ﬂﬂ%?ﬂ‘HuQWH Emﬂuul!ﬂﬁfﬂiﬂ@uﬂ1ﬂ1iLLW5ﬂﬁjN5@mﬂ1WN18ﬂ15l%®11h1'31 fAaon

J o 3 o 1 4 @ J
VUIUNTDNWINNANIY NITASANY LUASLIUA ﬂﬁTJﬁ’E] Lﬁ@Wﬁ\‘l\‘ﬂiﬂl@\ilaL“ﬁ@ﬁ@ﬂﬂigﬂﬂulﬂﬂ'llﬁﬂﬂ



28

a a @ o 4 U o 14 1 < 1 o
NANITNISLIN azﬁ’auﬂammwawmmwai ﬁ'J‘L!Wﬁ\‘]\‘l'l‘l!!.ﬁl“]ff)iﬂ'l\‘]ﬁ’)”ﬂ%%@ﬂfl'lflmﬁlﬁ}ﬂ‘ullﬂﬂ"l
= A =} Yo o I A <] ] %)
Uy LiJf]hlﬂﬂ'lluEliJ"lﬂi‘]JWiﬁ\‘l\‘l'luﬂ‘ﬂZL‘]JafJ‘L!ﬁﬂ']W%1ﬂGUENLL“U\1L‘]JuGUf]\‘]lflfiﬁﬁﬁluﬂﬂﬁﬁﬂﬂﬁgﬁ'lﬂllﬂﬁﬁlu

3 o < < Y A A ' ~
UITINA uaswumﬂmmﬂummum "lﬂ‘iflfllﬁlffm‘iflﬁ?df]'lﬂ N1 "lmmn“luvlqsﬂ

A vy Ay ¥ A a Y 7 o o
AT NN 4.1 ﬂ'I‘Wﬂ'Iflﬂ'I‘L!'1J‘Ll‘Vl]lﬂfl]'Iﬂﬂ'lil"lf@llnhﬂ‘VI'IL‘LIEmﬂﬁﬂlal%@iﬂi%ﬂﬂwaﬁﬂulmg

o 2] { 1 o
E]ﬁi'lﬂ'liUl‘l/m"ll’ﬂﬂLlﬂﬁ'@'lgﬂ’ﬂuﬁllﬁﬂ@nﬂﬂu

WA on31m3 lmaveuna (Gasaeunil)
4
1LY
0 5 10 15
(kW)

2.0

35

an

9 1] 9
mﬂuuﬁwmsgwaGu'eNm§L$ﬂu1ugguaﬂ1w¢1ﬂma1ﬁaﬂ metallographic specimen 11N

Y 9 ]
FUU (specimen) hl‘]JN'I‘L!GU‘]J’JHﬂ']i“UﬂLLZ“IZﬂﬂﬂiﬂVI'NLﬂﬁ mﬂuua1stwmm%iﬂuummmnﬁﬁﬂ

[

in o ! ; . ‘ ‘
optical microscope ﬁﬁmawmﬂqaqﬂ 1,000 M mm@ﬁ”lﬁ”l%'qﬂﬂsm Scanning Electron Microscope



29

] o o 4 [ 4 a o =4 I @
SEM) lu'ldagminmlszgnaldmedunasoaronluauitell  Wumsizldmavesnimmuiaauig
= [ kY . . = ?,‘, o 9 = 2 v A
ludmimsdaunadie optical microscope  dnNega I lumswsonduauuiu  Uszneununsos
SEM UT119U31A9
HAYDINTNAADINNAINUVDIAEDS 2.0 KW YUIAS WAL 0.6 VY. 1A1UDIWAE 2.5
a Aaa ~ 2] 4 A a 1 ~ ~ (J
Haaaui m3luavewunde1ineud 5, 10, 1ag 15 aasAoUIN AITNN 3.2 LAAINTNAAYINUDITOY
A4  Ayy < Y1 A A o ¢ ) A A A '
Wounla swiulddieliunaerinewd llUnaquuinagaren uenansoarouas luuan ulsy
A oy A Ay ya = A Y < yi A @ 7 A a \
Wsornuda  seaend lananuanmumniudls  smiulaluiounderinougn doud 5 dasae
= A A o . d 9 T A A A o o A
Wi sou¥ourzlianyme Conduction mode 1iugldie uaelimaiusasims lvavewnai 10
a 1 = A A Y I [ = 9 @ v 1 =
ey 15 ansaou seaoud lailudnyazuns keyhole FIaDANADINUNANITIANIAINANIDITOY
A A A g o A <3 = a s A I a 4
FouNnlimamumesasInsIang 1nawan 270 Tulasiwes mimilu 625 uaz 716 lulnsines

A 2] A a v ~ < a 1 = o w o Y Y1
WUNANNN 5 ansaou1n 1y 10 uag 15 ansaouin - mudiay Nﬁﬂﬁ“ﬂﬂaﬂﬂ‘ﬂﬂ‘ﬁﬂ?ﬂqﬂ’ﬂ

a0 Y

(%) 14 o Y =) o A =\ A ~ ]
UNTDITNDUNIUUIMN ﬂ’EJEJNﬂGl)uﬂTi’L]i‘U‘iJ'g’ﬂﬂﬂlﬂWWﬂlﬂx‘]ﬂﬁl‘]f@llvlﬂﬂnuﬁm Iﬂﬁli@&ll“ﬁ@hﬂ%ﬂh
o A =~ =2 2 dg! v o A a 1 = 1 o ]
UANUN HAZTBYLTDUUAITUANUINYIVY i’]@i”lﬂﬁ]lﬁﬂsllﬂﬂuﬂﬁi/] 5 aATAUIN maﬂmﬂuuawaﬂu
= o Aaan 1% Y 1
a8ﬂ”IEJGU’ENlIVWI”ImElllinﬂﬂ”lﬁfl”lﬂgﬂimﬂ‘].l‘].l’iiﬂWﬂTﬂﬂi@']J]lﬂﬂ (Wan1INAaDY NAITIN 3.1) LaN1T
A [ o =\ v Y Y o A a 1 =\
f]ﬂﬂﬂ‘thﬂN"IumLCb’ﬂiVIll‘VWI1!,1!Ellllﬂ”l-ﬁll"lflﬂﬂ‘l!@EJﬂ’J”I’E)@]i”Iﬂﬁ]lﬁaGIJE’NLLﬂﬁ‘V] 10 uag 15 ansaauIn

9
v W

[~ Y ' = A Ay ¥ =2 J Y1 A o
5]3lﬁu"l,ﬂﬁ]”lﬂﬂfnmt@ﬂ@n\isll@\iﬂfnuaﬂﬂlﬂﬂj@ﬂlﬁf@u‘ﬂ]lﬂ Quuﬁ]\‘]ﬁAliJ']iaﬂaT’]llﬂfJTLu@ﬂ@jTﬂ']ﬁ]lwa



30
% 4 ~ a v =\ ] o w A A dy 1 = a A I Y
YOIUNTDITNOUN 5 AATADUIN VIJJ’G’H?JTiﬂfn%ﬂwa1ﬁu1ﬂlﬂﬂﬂlu@81ﬂuﬂ§$ﬁﬂﬁﬂ1w LﬂuWﬂﬁlﬁﬂ’Nll
Y 9 @ P = Y 1 A AA (4 4 ~ Aa v
LﬂlNﬂluﬂl@ﬂWﬁﬂﬂuﬂl@%al“ﬁﬂﬁﬂul“Vl“VlHuEliJuf]EJﬂ'ﬂﬂiﬂ!“VliJﬂ1ﬁﬂ@ullﬂﬁ@15ﬂ@uﬂ 10 uag 15 ansne
= Y = A A A 9] 4 ~ a [ =
HUIN Llﬁ$Wafﬂi‘ﬂﬂaf]\‘]ﬁlWﬂWﬂ’NiJaﬂGU’E]\‘lﬁ'E'JEll“lff)ﬂJiJ1ﬂﬂq@mﬂﬂﬂul!ﬂﬁ@1iﬂ’ﬂu‘ﬂ 15 apsaauIn
A o A J @ R = )
A IMTINNAINA UV IALED 51U 3.5 kW Tﬂﬂumwmamm 0.6 Ju. LIV
v a aa ~ KL A a A o [44 4 ~ a 1
aa 2.5 yaaduay aaclugﬂuuu square (HUBDULAN N @]i”lﬂ”lillﬁa"lﬁ’]\ulﬂﬁﬂ”liﬂﬂuﬂ 5 R0
S 1A (3 1 A v A a . A
UIN W']J'J”IiJWi’N@”Iﬂ1ﬁQﬂﬂﬂﬂgﬂ"lfﬂui@ﬂﬁf@ll Llﬁﬂﬂﬂﬂgﬂ‘ﬂ 4.1 DINA porosity oI
a MY Ay = Yo ' o s Y ) o =
'Jmiiz‘ﬂllﬂ'n L‘L!’EN@’JleIVWl”IL‘LlEJilllﬂi‘]Jﬂ"lSﬂ18L°]/]Wﬂ\1\1\1"|1ﬁ]"|ﬂ!,al"lfﬂi AIYAIAITNEVNUDINAINIUNG
= [ ' = a A @ S ¥
o3 3.5 kw ﬂﬁ$ﬂﬂﬂﬂﬂﬂ1ﬂﬁluﬂﬂﬁaﬁhﬁ$ﬁ18 "l‘nmmﬂmmmiam@@ﬂﬂauwamuﬂlmgawai"lﬂum
3 ) % ' d v 4 1
VurUnmMINeuas tazmsvinw i Faduldaudnyarmsi¥enved keyhole Wosormah
(% 9 o v W o v ' A Li’
Llﬂiﬂ@nlelﬂulﬂfl\i molten metal WYY IUAUAIDDNNN V\Iﬂﬂ@WﬂWﬁgﬂﬂﬂ@Qi%W’JNi@ﬁll“ﬁ@hll'ﬁg!uﬂiﬁ‘ﬂg

a 1 1 a < @ v o J
"lﬂﬂWLﬁEJiJ@IHJﬂﬁVINGU’E]\‘]Llﬁ\?ﬁ\‘]'i$°l"i’JN“ﬁTaW%LﬂW’UU’JHﬂWiLUuﬁﬂ Usgnoununaavouaryeslu

Y o d’ [ I'4
31111 square 1HoasIMslasunlandsnuvesaryos



31

[

~ 1 % ~ A =\ 9 S A [
AT NN 4.2 ﬂTWﬂTﬂﬂﬂﬂl?W\?ﬂﬁ@ﬂl‘lﬂ@Nﬂlﬂﬂul“l/l“l/l'lluElll@')fllm“]ff]ﬁ NITAUNANTU

o o s { " W
2.0kWLLa$f]ﬁ5']fﬂﬁulﬁﬁ“llf)\illﬂﬁf]'liﬂﬂuﬁlmﬂﬂ'l\‘]ﬂu

WAIUIALTDS 2.0 kW
9035173 1Maveq
Adae1s ANVAN
uNa01I N p
ST sinmdarNveITOI T (Penctration depth)
a I'4
Tulasiimes
5 270
10 625
15 716




32
{ 2 < o 2 o 3 ' <
“lunmﬁiamm !JJqufi1ﬁ}ﬂlﬂﬂuﬂ1iiﬂﬂﬂﬁu1"lﬁﬁ1ullﬁzﬂ'l'i!.El’L!ﬁ’Jﬁllf]\iulﬂﬂ'llflEliJ!.‘lJuhl‘]Jf]EJ'N'iﬂm'i’J

=\

v v & A o A o=

ae aadulemainosemarzgninedmelusosenieiige
= < 2 [ ¢ < a 1 = o ¢
gﬂﬂ 4.2 UJ‘L!ﬂ'l'ilfWﬂJﬂ15ﬂ'€]ullﬂﬁ'ﬁ]1’iﬂﬂulﬂu 15 aaIaouUIn TﬂﬂWﬁ\?ﬂu“ll@\Hm“]fﬂﬁ

4 a 4 a A o v J a Aaa =1 Y RE-(
LAz IMNINNNDIAUANAD 3.5 kW VAT WA 0.6 UN. NAWBIWaA 2.5 Taaiuuazadly

a4 A X a A A o 4 o

gﬂgmumwaﬂu square W']J'J'ILHEJVI,TWI'ILHEJNTI?J'IﬂS@EJL“IfE]?JﬂQ;‘]J ﬁ'l!ﬂﬂ!uﬂﬂ3J'li]'lﬂﬁ]9]ﬁ'lﬂ'l§"l1/ia"1]’0\1
o A ] 24 4 nm 9 o Y A A 1o 44 Y
LLﬂf‘TTI?J'IﬂLLﬁ%VbJLWN'I%E‘TN Llﬂﬁ’@”liﬂ’f]uhlllllﬂ‘l/l'l‘ﬁuTVIL‘WENLL@]L']J'ILLﬂfﬂ‘L!Uiifﬂﬂ'lﬁuagv\lﬂ'lﬁllﬂﬂ

a 4 Vo < ]
pon lUnnusnuseudemthrune uadutTanz1ial molten metal 1¥n321AU splatter 000 1191010

4 o s v a 2 o & a
nasuacay Lﬁawawmmmmwaiulﬁ}ﬁuﬁ;fﬂm molten metal INANITLEIUAD Lﬂuwaiﬁlﬂﬂ splatter U943

X o 4 o
e Tavignihnsoaonaazili 4.2

=1 a . A =\ 9 4
E‘]J“VI 4.1 ngaamsnaneIe1ng (Porosity) ﬂ'lflﬁlu'ﬁ'é]ﬁl!.‘]ff]ﬂJhl‘Wﬂ'lLUFﬁJﬂ'Jﬂal"]f@'ﬁ

A

o o 7 { a
!JJf]@ﬂi1ﬂ151ﬂaﬂlﬂﬂllﬂﬁfﬂiﬂﬂu“ﬁ 5 aaT



33

v < &l 1 )
519 4.2 uEAINITATLIAY (Splatter) Vo uiiia Tavzilone luseaen Inniiouae

G
]

S A o I 7 A a
mmmma@mwmﬂwammLmﬁmiﬂ’ou‘n 15 aa3g



5.1 agUdmwamsIdy
a v A ) = Y 4 9y & 4 ] g’/ 1

MIIvemaraNale lnnudlsudleasos Iaoms lsunaesnousieiu wunlave n
= I =\ aan Y A v a . . [ o 2 a A %’
nudiouiluTanelimsdfnser lded@nueima msina oxidation nUeIMATagsoLNFIAINAT
] 3‘; 1 t:' o tﬂ' 9 I'4 < Y ] o 9 = tﬂ'
MDY ANUADUNIZIIMTFOUAIYALEDS AT ADINIUIVIUMTIIANVALDIAAITATIATLND

o w . . = ¥ Y = o w ? o A A A ' A A I ¥
M99 oxidation layer BNNIABINMIMIAATIVHINY ¥iToFansndua neum el 1nsae

d' A d’dd d' AR (] =\ a o Y 4

wounaunmnane  seulounan 1 hinan Wiovgusz lumsdvelddnsginaniznuves
o P o o 7 A = Vo Pl A Ao d
naMUaesiazen maveanaoisnoulumsron  msAnvImuNuNasnewluTanduilu

4 ] o a . . 'z: 4 4 (44
TumawenInnuilony  marzeinlnidosnsma oxidation NAIMTNToFDL lognnunalu
vssemegnithesnnnuinusesdouthnine  52HINIDIUMIMOMNGIIY  NITHADNAZAY

2w o q ¥ A 1 Yy Aa Y o ~ a2 o P
wazmadudd M ldsesren lulimsuandnaRiminadwaana1sg 4.1 annalSuaunaoiinou

dy 1 Y o A [ P = = dal a

WnIusIeIRoasIMIganaunaInuvesalres N Tanz Innuflsudsminiu MINANAIANIPN

o daf <3 dg! AN Yo A A =\ dd’! 1 A A A .
N1RANTNUU FIATIVU wa‘w"lmmaﬁam%uuﬂmmwmu na1ne 500U as1N conduction

< = A X @ A
11l keyhole AIUANVDITOULFINNINVU Llﬁﬂ\?ﬂ\igﬂﬂ 4.1



35

] < ( %) 4 A 42‘ @ @ A A A
@ﬂWQVliﬂ@nNﬂﬁJ1ﬂlllﬂﬁ@1§ﬂ@uﬂlﬁll’lgﬁllslluﬂUWaﬂﬂWHﬂlfJ%al%ﬂﬁﬂgﬂﬂ@uﬂi@Ell“lf@ll
= A4 A o 7 o o I
LﬂTﬁlﬂﬂ Gluﬂiﬂ‘lell@QﬂWiL%@NﬂWﬁQQWHLﬁL%@i 2.0 kW LLﬁ$@@I§Wﬂ']iulﬁﬁsllﬂ\‘lllﬂﬁ@15ﬂ@u 10 Lo 15
A ' ~a 9 A AY Y = A X o o A 2 1o o o
afNINDUIN Gl‘ﬁi@ﬁll“h’@mﬂVlﬂiJﬂ'J’lﬂJﬁﬂlWiJ“lluﬂuJﬂﬂﬁ'lﬂWiulﬁﬁGUfJ\‘]LLﬂﬁ‘ﬂﬂJ'lﬂsUu UATIHIUNAINIU
14 @ [44 14 a 1 = [ ~ A d‘ a
99 3.5 kW LLE‘]%@ﬁﬁTﬂTill‘Viasll@\‘iLLﬂﬁ@”liﬂﬂu 15 a9360UIN L!ﬁﬂ\‘]ﬂﬂgﬂ% 4.2 NTYUFDULNANIT
< X A v o s a 0 g ¥ a
NITIAU splatter GU’ENLUBIQW% !Llﬂ\‘li]”lﬂﬂ']”liJLsUﬂJGlJf’NWaﬂﬂTuLaL‘ﬁfﬂﬁV]q%ﬂu WTiﬁTaﬁgiJﬂTiﬁaﬂﬂJ
[ < [ 9 4 = 1 3 d’c @ 1q Y
ASANYVYNIIALTILAST UL Lﬁ\‘]ﬂ‘lﬁ]1ﬂLLﬂﬁ@1§ﬂ@‘HﬁNﬁ"lll"liﬂ&ﬂ"llu@ja‘ﬁg‘ﬂﬂ”l maauazmﬂag“l‘w
A g a 2 A [~ <
@i’]ﬂllﬂfl]”lﬂﬂﬂt‘]fﬂll Lu@jaﬁglﬂﬂﬂ"ﬁq‘iylﬁﬂ 3@&5])'@1][13%!,"“\1“5\1 ﬂTiﬂiglﬂumﬂﬂIaﬁ%@ﬂﬂﬁnﬂi@ﬂ
A = ' I A Y & = <
L%@Nu@ﬂﬂWﬂ‘ﬂguwaIﬂElﬂﬁ\‘l@l@ﬂ'ﬂllLlﬂlﬂlliﬂﬂlﬂﬂﬁﬂﬂlaﬁﬂﬂlla? !ﬁ‘]&lluﬂiﬁﬁgﬂﬂﬁmﬂu Spatter 'f]'f]ﬂulﬂ
a o A A ' Y A o Y o Y A a = A A o Y
o1 laanugnsaiouiieglndifies  vhldgunseilndiReunannudenes  soafouivgusziln
A A ' v & A A A = a da! =2 d v o A A Y o
5@8&%@“%1&%@138@’]5 PNUNINDNTOULBDNY splatter INAYY %\‘]HJuﬂ155$uﬁulﬂﬁm@ﬂﬂﬂ@uﬁlﬁﬂﬂ
sruuiySunaannnull
a . o q ¥ < A A Y 9
ﬂ’lﬁlﬂﬂﬂ@\i@’lﬂWﬁ porosity ﬂflﬁﬂ'ﬂmllﬂl\illiﬁﬂlﬂ\‘]i@Ell“l)'@llaﬂa\‘l Lummm/\lmmmﬁ'lﬂmﬂﬂ
~ g ~ A A~ a =R 1 o A . o Y I ]
LLTIU‘WLH@IQW%‘V]?@EJL%@?J DUMTAUATICHOUNAINUUA porosity ﬁT?JT'iﬂﬁ]"llluﬂllﬂl']JUﬁ'@QLLWﬂ\i
A . a 9 A 9 a A
A gas porosity NAVINUAEIULTTMA Ao und lalasiau 90AFAN 130 U 1A LAY plasma

. a ' A R - 4
porosity NATEUINUVUIUNITLYOU Llﬂﬁ"lﬂ!,miﬂ solubility Lﬂlﬂﬂﬂ”lfﬂ‘lﬂﬂﬂ%ﬁﬁ@llaza”lﬂ molten

4 1 3 o 4 o 4 @ 1
metal ipguuIumsiudmdazgnIuesninuzesemeauaz netewnazassiieonINto



36

1 2 [ Jy3 o < 3 o Y v
Haouazaly UAYULINYINY molten metal ulﬂlﬂuﬂﬁllﬁgﬂfﬂ1Elﬂ'ﬂTWLﬂum@ﬁllmﬂﬂ'ﬂﬁﬂ@%ﬂﬂ’lﬁgﬂﬂﬂ
] A a . 3 v = o A A 2 A ]
’agmﬂumm%u NI1ILNA porosity !fl]uﬂ'lﬁ‘U\TU'E'Jﬂﬂ\‘]‘lﬁ'NWﬂ‘lLLﬂﬁm@ﬂﬂﬂﬂﬂ@uﬂﬁlﬁmi@ﬂl“ﬁ@ﬂqﬂ
] ¥ = o s o o ¢ a '
MUy ﬂgl‘ﬁuhlﬂ%'lﬂgﬂﬂ 4.2 NaN1UaLeT 3.5 kW Llagﬁ]ﬂﬁﬁnﬁulﬁaéllﬂ\‘llmﬁ@Wiﬂ@u 5 09360
~ o ¥ A U ¥ A a = 3 . A AR .
wi - antuield 1dseawon lnnuitionauysaiis1Aain porosity 508150UNAN (penetration depth)

luuan (cracking) Tinlsz (brittle) Tuvguse wie lulimsnszaeveslans (splatter) sTAUNAINUY

Jd Y =) Y [ =) 4
UDILALEDI G’]’f)\‘lNﬂﬁﬁ\lﬁi’)ﬂﬂaﬂ\iﬂﬂﬂﬁﬁqﬂaﬂlﬂﬂ!,!,ﬂﬁi’]"liﬂi’]‘u

5.2 YolaHolUY
a 7 A = v Y 4 2
ﬁnﬂNafﬂTV]ﬂaﬂﬂl!ﬂ%ﬂ?i?tﬂi?g‘Viﬂ"l'iﬁf’t’)llhlﬂﬂ"lluﬂﬂﬂﬁﬂllﬂﬁﬂ”ﬁﬂﬂu ﬁ?ﬂ]lﬂ’f]"lﬂ”li
A =\ [44 A ] [ G A A v 1 z
L‘lfi’]ll]’lvwnlufllliﬂfl']Ji"l?’ﬁ]”lﬂl!ﬂﬁﬁl@ﬂﬂ@ﬂﬂ1§ﬂﬁiﬁ@ﬂl“ﬁ@ﬂ‘ﬂlﬂ313 NN Lagnud uazﬂ?mmmi
9 A ~ (% [ @ 4 % g o Y a
ﬂ@um@ﬂllﬂﬁlﬂ@ﬂ‘ﬂl‘ﬁm”ﬁﬁu NUISAUNAINTUUDILALEDT LA G]’JLL']J?‘U@QLQL"D’@?Eli’]llclfn‘lﬂ!ﬂﬂiﬂfl
A Ax Ay 9 A To ® & 1 991 A
FFRUNUAUNTN Gluﬂiﬂ!‘ﬂ@IﬂﬂﬂWiﬁﬁW\ﬁ@ﬂl“ﬁ@NﬂmﬂWWﬁjﬂ (IﬂﬁlvlﬂﬂWH\iﬂ\‘]ﬂflG]fémﬁl) %Wﬂﬂ'lﬁl‘b'ﬂﬂuhfl
S 9 14 Y a A 4 A A an (Aa ua o dy
Vn!uElﬂ'JEllalclff]iﬂ?iiﬁﬂ?ﬁJW’iﬂiﬂﬂlWN@Qﬂﬂi%ﬂ@ﬂﬂl@\‘llﬂi@\ulﬂtlagﬁﬁﬂgﬂﬁﬂ1§ﬂﬂﬁ@llﬂu

. A Ay ¥
1.A733 monitor ﬂﬂ!ﬂWWiﬂﬂL‘lﬂ@N‘ﬂulmﬂUi$ﬂ$

A Y (v ~ % A ~ a =Y (24 A 9
LW@%ZUlﬂ“IJ3‘UL“IJaEJHGI’JL!‘IJiiuﬂWiWﬂNﬂl‘ﬁNWgﬁN oM USaunanes  ANUUNLEY 1103



37

a d
2.937900ULAY calibrate ElllﬂﬂﬂUWNL%}NLLﬁQﬂJ@QﬁiﬂﬂlﬁElﬁJLLngﬂLaL“]f@i@‘ilN

ee

[e2)))

o 4 4 < ' o 4
qUUTUD Lﬁﬂ\‘l%1ﬂﬂﬂlﬂw\li’E)EJL%E]NHJHWﬁﬁJ'lﬂWﬂﬂWﬂ’NiJlsﬁjﬂJellfNWﬁ\‘]\ﬂuLLﬁ\‘]Lm%ﬂﬁ NN
Y] = @ o 1 =Y [ A A 1 ] ~ Y a Y
‘Wa\‘]\‘]WHNﬂQWNﬁ'ﬂJWUﬁIﬂﬂﬁiﬂﬂ@ﬂ5N1mllﬂﬁlﬂ@ﬂﬂlﬁu1$ﬁu ATNAITUNUNVIULT AN UAVLTAING
A 4
DIIUATINIAUAADUATNISYLLIIAN
3.a5deuamuazingIsnIITz e S od A uAND
[ 4 A a a 3 Y A a
‘Wa\‘N"I‘L!Gll’f)\‘]l,m"])'ﬂiﬂﬂaﬂluﬂﬂﬁ]?ﬂ’c’f%‘i’iﬁ]Wa"lf.lﬂigfﬂi 21N Qmw{]mmmizmammmuwm”mmu'lﬂ
o Y G4 A d 1 1% o A s A
‘VI”ITW ﬂigﬁ]ﬂlm%q‘ﬂﬂim‘ﬂNLLﬁ\‘]‘VILLﬁQLﬁL“ﬁ@iﬁQNTUﬂﬂﬂiﬂ ﬁ@iumsmmmgmmmaimauam‘w
< (v o A A a < Y
’Q‘IJﬂiﬂ!ﬂi‘UGllu1ﬂaWL!ﬁQLLa$L3a1ﬂﬂ1ﬂ1ﬂlﬂﬁﬂuﬂ1ﬂlﬂh Wuau
Y o o o d P
4.@@ﬂLL’U’1JLLa$1615ﬁﬂEﬂ!$ YYIUNaavadlalraINiaiInaiy
A a . v 1 A g o & S o A
INBAANIIINA porosity wagmMslsiz ¥inae “VIHJHWaNT%Wﬂﬂ'ﬁ‘ﬂ‘Uﬂ\‘]LLﬁ$ﬂ1§£ﬂuﬂﬁﬂlﬂﬂiﬁﬁglu@\m1ﬂ
A @ [ 4
msiasundasseauvesnasanuases

o ' Jq ¥
S.ﬂﬂiﬂﬁ'ﬂﬂWlﬂﬁWﬂJﬂQlﬁL“ﬁ@ﬁiﬁLﬁu’mﬁN

6.m 31501 Tnnuilenly chamber

]
= [

d’i IS IS v . v d‘ d' v

mmmﬂam"lwmmaummfmm gas-metal reaction V]QQﬂ’Jiﬂ”ﬁ]mﬂfﬂlﬂu chamber mﬂmﬂuiam
= [ v @ [

Tnnmdiey I dudaduunaluussermea

7.5@31011@13@ﬂﬂuuuﬁ’ﬁiwuﬁ’mﬁaa“lﬁ’mmzauﬁ’uﬁﬂymx LLﬁ%ﬂJM1ﬂﬂlﬂQiﬂﬂl%@ll



38

= 9y & A a A
8.’61%3Jﬂﬁi“lﬂlﬂﬁlﬂ@Elﬁﬁ18“]5uﬂﬁluﬂﬁlflf’ﬂll\ﬂu
9.M113 monitor YT VDI plasma Tuany e real time
a 9 (% 4 o A A o &
SIESRL plasma NANNYTMUANVTNVOINAIN AT tazlSuaunaRosNnagdmn  adly
= . o [l d' 9 [ =Y o [l [ d'
AITUNIT monitor Usnauagmunuaves plasma LW91%1Hﬂ1ﬁﬂiUﬂiM”Iilll!,ﬂxﬁ”l!,!,?iu\iellﬂ\mﬂﬁmﬂﬂ

Iz an



UIFAYUNIN

@ [

a £ o J £ a 4
WHQ%GWNWZT ﬂﬂWiﬁWﬂﬁﬂﬂ?ﬁ, 13 eiaau 2550. 3W.L@ﬂ%u!mﬁﬁﬂﬂ‘ﬁ...Lﬂﬂlﬂﬂ?ﬂlmﬂhlﬁu

‘Qiﬁ%ﬂiﬁ’.ﬁmﬁll‘ﬂﬂ. 417 (Online). http://www.manager.co.th/iBizchannel/

ViewNews.aspx?NewsID=9500000121445.

@ @ 1 A v oo J Il
HWNHEYT WIHUNIAY, 17 TUIAY 2555. IUALHANYNANNUDIUNANATL. f’.{uﬁléﬁ}@y’ﬁ&ﬂﬂ’l
v d

{ a a o w 1 a v Aa a <3
%Uﬁ?u!ﬁ@ﬁﬂﬁWﬁlﬁ@ﬁ. FIUNNUAUTTUAITANNUASWNOHIAN L1IFU f{j}ﬁj@ﬂiﬂﬂWﬁ

uawj’gqmq, UNAIY (Online). http://central.opp.go.th/center/index.php/component/

content/article/10-blog/64-article10.

quétendnsIne, 28 wmeu 2553, FugunmuvaeiFo-a3 e Tenanesgsnamsunnd Ine,
UNAIY (Online) http://WWW.ksmecare.com/Article/82/24738/51Jqﬁllﬂ”lwuﬁﬂli’]@ﬂ--ﬁ%}”lﬂ

Tomaneagsnamsunng Ine.

Apalak, M. K., Aldas, K. and Sen, F. (2003). Thermal non-linear stresses in an adhesively boned

and laser-spot welded single-lap joint during laser-metal interaction. J. of Mater. Process.

Technol. vol. 142. pp. 1-19.



40

Beck, M., Berger, P. and Hugel, H. (1995). The Effect of Plasma Formation on Beam Focusing

in Deep Penetration Welding with CO2 laser. J. Phys. D: Appl. Phys., vol. 28. no. 12. pp.

2430-2442.

Boyer, R. (1995). Titanium and Titanium alloys. In Kiepura, R and Sanders, B (eds.).

ASM Handbook. Volume 9 Metallography and Microstuctures. (6th ed.). ASM International:

USA.

Brown, D. (2003). Laser Welding Basics Primary Adjustable Welding Parameters. Bench

Magazine. Fall issue. vol. 3. issue 2. pp. 78-83.

Curcio, F., Memola, F., Klimpel, A. and Lisiecki, A. (2004). A basic study on the high power

diode laser welding of titanium alloy. Proceedings of the 23rd International Congress on

Applications of Lasers & Electro-Optics. San Francisco, USA . pp. 25-32.

Davis, J. R. (2003). Handbook of material for medical device. ASM International: USA.

Dawes, C. (1992). Laser Welding. Woodhead Publishing Ltd: England.

Dowden, J., Kapadia, P. and Postacioglu, N. (1989). An Analysis of the Laser-Plasma Interaction

in Laser Keyhole Welding. J. Phys. D: Appl. Phys. vol. 22. no. 6. pp. 741-749.




41

Du, H., Hu, L., and Liu, J. (2004). A study on the metal flow in full penetration laser beam

welding for titanium alloy. vol. 29. pp. 419-427.

Duley, W. W. (1998). Laser welding. John Wiley & sons, Inc: Canada.

Essien, M., Keicher, D. M. and Jellison, J. L. (1995) Observervation of Refractive In

in a Laser-Generated Plume Using Laser Schlieren Imaging, Conference: International

congress on applications of lasers and electro-optics, San Diego, CA, Nov 13-16 1995.

Faerber, M., Danzer, W., Hartl, J. May 2003. Laser Welding Beyond Limits. Industrial Laser

Solutions Magazine. (Online): http://www.industrial-lasers.com/articles/print/volume-18/

issue-5/features/laser-welding-beyond-limits.html.

Hanson, F. and Duley, W. (1994). Attenuation of laser radiation by particles during laser

material processing. J. Laser Appl. vol. 6. issue 3. p 137.

Hart, C. N. and Wilson, P. R. (2006). Evaluation of welding titanium joint used with cantilevered

implant-supported prostheses. J. of Prosthodontics. vol. 97. no.1, pp. 25-32.

Heidecker, E., Schifer, J. H., Uhlenbusch, J. and Viél, W. (1988). Time-resolved



42

study of a laser-induced surface plasma by means of a beam-deflection technique.

J. Appl. Phys. vol. 64. issue 5. p. 2291.

Ton, J. C. (2005) Laser Processing of Engineering Materials. Elsevier Butterworth-Heinemann:

MA.

Israel Science and Technology. 2013. List of Periodic Table Elements Sorted by Atomic Number.

(Online): http://www.science.co.il/ptelements.asp.

Kciuk, M., Kurc, A. and Szewczenko, J. (2010). Structure and corrosion resistance of aluminium

AlMg2.5; AIMg5Mn and AlZn5Mgl alloys. J. of Achievements in Materials and

Manufacturing Engineering. vol. 41. issue. %. p.74-81.

Kelkar, G. June, 2006. Resistance and Laser Welding for Medical Devices. Medical Device and

Digonostics Industry (MDDI). (Online). http://www.welding-

consultant.com/ResistanceAndLaserWeldingForMedicalDevices.pdf.

Klimpel, A., Lisiecki, A., Szymaski, A. and Hoult, A. (2003). Numerical and experimental

determination of weld pool shape during high power diode laser welding. Proc. SPIE, Laser

Technology VII Applications of Lasers, vol 5229. p.247.




43

Klimpel, A. and Lisiecki, A. (2007). Laser welding of butt joints of austenitic stainless steel AISI

321. J. of Achievements in Materials and Manufacturing Engineering. vol. 25. Issue 1.

pp-63-66.

Klimpel, A., Lisiecki, A. and Janicki. D. (2004) Study of titanium sheets HPDL welding

phenomenon. Proceedings of the 23rd International Congress on Applications of Lasers &

Electro-Optics. USA.

Kugler, T. May 2003. Advanced Modulation for Welding. Industrial Laser Solutions Magazine.

(Online): http://www.industrial-lasers.com/articles/print/volume-18/issue-

S/features/advanced-modulation-for-welding.html.

Kurc-Lisiecka, A., Ozgowicz, W., Ratuszek, W. and Kowalska, J. (2013). Analysis of

deformation texture in AISI 304 steel sheets. Solid State Phenomena. vol. 203-204. pp. 105-

110.

Larson, N. E. and Meredish, W. F. (1990). Shielding gas selection manual, Union

Carbide Industry Gases Technology Corp.: Texas.



44

Lglesia-Puig MA. (2005). Custom-made laser-welded titanium implant prosthetic abutment. J. of

Prosthodontics. vol. 94. no. 4. pp. 401-403.

Li, Z., Gobbi, S. L. and Norris, I. (1997). Laser welding techniques for titanium alloy sheet. J. of

Mater. Process. Technol. vol. 65. pp. 203-208.

Lisiecki, A., et al. (2009) Fibre laser welding of titanium alloy. 9th Symposium on Laser

Technology, Swinoujscie, Poland.

Liu, J., Watanable, 1., and Yoshida, K. (2002). Joint strength of laser-welded titanium. J. of Mater.

Process. Technol. vol. 18, pp. 143-148.

Matsunawa, A. (1990). Physical Phenomena and their interpretation in laser material

processing. Proceeding ICALEO 90, SPIE 1601: p.313.

Messler, R. W. , Jr. (1999). Principles of Welding. John Wiley & sons, Inc: Canada.

Ponpitak, R. and Tachatraiphop, S. (2009) Effect of Laser Pulse Shapes in Laser Welded Silver.

Proceedings of the 4th National Conference of Optics and Applications.

Pfalzner, S. (2006) An Introduction to Inertial Confnement Fusion, . CRC PressTaylor & Francis

Group: FL.



45

Santos, M., Acciari, H., Vercik, L. and Guastaldi, A. (2003). Laser Weld: Microstructure and

Corrosion Study of Ag-Pd-Au-Cu Alloy of the Dental Application. Material Letters. 57. pp.

1888-1893.

Semark, V. V., Steel, R. J., Fuerschbach, P. W. and Damkroger, B. K. (2000). Role of Beam

Absorption in Plasma During Laser Welding. J. Phys. D: Appl. Phys. vol. 33, no. 10. pp.

1179-1185.

Sibillano, T., Ancona, A., Berardi, V. and Lugara, P. M. (2005). Correltion Analysis in Laser

Welding Plasma. Optics Comm. vol. 251, issues. 1-3. pp 139-148.

Smith, D., Burnett, A. and Gordon, T. (1972). Laser Welding of Gold Alloy. J. Dent. Res., vol.

51, no. 1, pp. 161-167.

Steen, W. M. (2003) Laser Material Processing. Springer-Verlag: London.

Togaya T. and Shinosaki T. (1999). Introduction of laser welding in dentistry (1). Quintessence

Dent Technol. vol. 24, no 6, pp. 740-749.

Wang, R. and Welsch, G. E. (1995). Joining titanium materials with tungsten inert gas

welding, laser welding, and infrared brazing. J. Prosthet. Dent. vol.74. issue 5. pp 521-530.



46

Watanabe,I., Topham, D. (2006). Laser Welding of Cast Titanium and Dental Alloys Using

Argon Shielding. J. of Prosthodontics. vol. 15. no. 2. pp. 102-107.

William, D. F. (1998). Titanium and titanium alloys. Boca Raton: CRC Press: USA.

Wright, J. (2002). Jewellery-Related Properties of Platinum. Platinum Metals Rev. vol. 46. no. 2.

pp-66-72.

Yunlian, Q., Ju, D., Quan, H. and Liying, Z. (2000). Electron Beam Welding, Laser Beam

Welding and Gas Tungsten Arc Welding of Titanium Sheet. Material Science and

Engineering. A280. pp 177-181.



Fo(nwlne) unangnyn vnanamye lasan
(7M19INYY) Miss Sukanya Tachatriphop
fuvviaTimiv ennsd
wisnuiediiaade 1dndenTnsdny Tnsans uag E-mail
anivunaluladawesuag Iaouind
dnininomans
umIneaema lulaggauns
T 044-22-4643
TNTANT044-22-4185
E-mail: tsukanya@ccs.sut.ac.th
Usziamsany
1992 B.S. (Physics) King Mungkut Institute of Technology Thonburi, Thailand
1995 M.S. (Physics) King Mungkut Institute of Technology Thonburi, Thailand
1997 M.S. (Electrical Engineering) University of Maryland, College Park, USA
2002 Ph.D. (Electrical Engineering) University of Maryland, College Park, USA

Major: ElectroPhysics: Laser Technology and Photonics

Minor: MicroElectronics: Semiconductor Device



