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&gl FEld Ao el sdopF

1970 Cordon@ Smith®7} X3 F2& g5 o

Ao #olH &HE HAx=2 A&Aon,
Bergendal 5% & 24 Y ZWE 9l XA 5
v 1343 BEEAA oA &59 ElolehEe] ¢
A 8495 HUste A, Linden 5% #o]A &
Moz JZHE HAH ¢ APTE IS F
Q&g Byt =3k 19929 Dawes 572 o]
A F & ARE M e

goi 1/1;‘0— z‘ﬂ-
10111 Ry ‘F%%/] AZ &
391, Apotheker 508 AEZ I ‘ﬁ}i—} A4
LASs fﬂl°]7<1i 44e w34 vAE
8E& 7HE B33k}, Sogren 7% #HolA &
2o $44E B3l 1, Preston®} Reisbick™
< AF%3 M| :H:‘é.:—% ]%6} 04?01]"1 ‘ﬁa}‘ﬂ 1
Aok zeu EMEH?%
ol HolA &4 Ald=
g A e o2z
gﬁi ?}E}' 39-40)
glo]A 8359 Aol ¥3
£3719] AR (AY ==
tion(ms), welding spot size(e,
£ HFE 2dgo 24 golA ¥ 9] "Q-‘nz‘ 7}
i‘rﬂi’ upebA S350 Z1AA Aol edEnin
T Utk B AFM = AFHELE 7P Bol AL
*QE] Elo]EE(CP Ti Gr 1) 3 Elolelw $(Ti-
BAl-4V) e 245 A=E Frkskr] 93l IS0 6871
T8 we} ofAYAFZI|E o| &3t A AHE

g

4 pulse duration(ms), welding spot size(¢, mm)
RAAFIIL, SR EY A 34 JEE ux=
HAG(V)S Hslsle goletsT eolgy 35
712t 8339 3 &350 71AA 4A7 A% 3
o #&-Z F3 elolely EloletE ¥EY T
WA zloll Hate] A8t

BN o e cr

DrE

I. o7 Mz 3 ety

1. SRR
B Adddr= ASTME Gradel ¢4(CP :
Commercially Pure) Ete|E}53 Grade V Ti-6Al-
V 32 (Kobe Steel Ltd., Japan, Table )& A&
it

2. AEHME

AlHA L SO 6871 4 (Fig. Doz AR #A
= F237] A8A olZE AlA 56/ME A s,
ElolElF A& m) Ex)2 Rematitan®Plus (Denta-
urum Co, Germany)©ll "l&3 3 A ZALE] 2] A
uje} agkeldTt.

CP Ti¢} Ti-6AIM4V §=<] Fz
419} TICAST SUPER R(Selec Co., Japan)& ©]&
sta] 13 F2A] 247 9] AFAEE T2
o}, —Zr/"XJH Zre] ol Bl 125um Alz0sE #AFSH
o AASIG e, F2A F2AF 75 Easyti
X-ray T1(Manfred1 CO., Italy)2 Arsl¥ 1, 2§
o] EAsls FxA A taidE APl A5t
Act.

do14 $05HL 2AFH191% CP Tish Ti-6A

Fz= Aotz

Azttt 123 Nd:YAG #lo1A 834719 3% 4V Fa F2A F 27 A S A UalA
Table I. Materials used in this study
Elements(%)
Metal - Al v Tl Manufacture
CP Ti(Gr 1) 99.50% - - 0.50% Kobe Steel Ltd.(Japan)
Ti-6Al-4V 89.10% 5.5~6.75% 3.5~4.5% 0.90% Kobe Steel Ltd.(Japan)
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42 F2Ae 23 dolo] 7171 AP450L(Sodic
Co, Japan) & FY5-E AW i}, £3st7] Ao
AR S #2000 SIC ArtAE o] 43l Amgke
2 1034 uthato] dujd F 283 43 7oA
MBS AMgate] 1087 289 AlF & Az
At

LI R Iﬁ“LG
L s Daadbadie Sl -
3
N ™o i
- 5 &
v i ‘BL
18 D
s},
A2 .

Fig. 1. Test specimen was fabricated according to
specification of 1ISO 6871 for dental base metal
casting alloys. (All dimension in millimeters(mm)}

Table II. Classification of groups in this study

# s A8 7] (STM-5,

3. ol EH

FolE 83 Al E HolA] £ L 99 e
b Jigol Al e] kit AutE Al H g 7t
o flo] g T BAgel NEYAG g4 8%7)
Alpalaser ALP50(ALPHA LASER GmbH,
Germany)& Abg-sta] o} 7pxo] H8A] 7h2
4971 oM dold £4& Aadet. 271 A
He A& Al AR G 98 a8 27
48t 2 F 75%F A FHAEER A 29
of Aaiseh @ gol4 &4 £4L pulse duration
£ 10ms, welding spot size® 37 1.0mmE 7%
sfglem, 28 A4S W42 st (Table 1D, &
Jol &89 ¥ AHL 8¢ AAE B3l HHo
245 Jehid 448 8o ® gutslgic)

&b

oA 1

[

o o

4.

e

A o Bt g

daTs 238 28 AgE 0% 9 47 6

United Calibration, U.S.A)

Material Group Condition N
Ao As casting 7

i Al 200V welding after cutting 7
CPTiGrl A2 240V welding after cutting 7
Aa 280V welding after cutting 7

Be As casting 7

i B1 200V welding after cutting 7
Ti-6AI-4Y Be 940V welding after cutting 7
Bs 280V welding after cutting 7

Table 111, Laser welding condition

Material Pulse duration {ms)

Welding spot size (¢, mm)

Voltage (V)

CPTiGr] 10

200V
1 240V
280V

Ti-6A1-4V 10

200V
1 240V
280V
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o ANAS A28 a2Per uHFT & Load
cell(Serial No.QS7489)& <|&34 cross head
speed 1.0mm/minZ sk en, A &
HAFES HEs) Y8l FAEAAERZ (JSM-
5400, JEOL, U.S.A)2 2 Working voltage®
15kVE 3le] sAdH-E& x 30, x 3500 vl & & <17
Ald F B

5. olMEE &8

30| AAH o2 2 o] Fo|7] 280Vel| A &3
AMAZ £ EelelEd golebs 44 114 #lo
A SRR JIHE dnlste FEF (fusion
zone), B %4 &4 (heat affected zone), A T4 (base
metal)9 U7 EE microhardness tester
(Shimadzu HMV 2000)<)) ¥]A 2~ 4A& 143 o}
= 247 5 AR g4z Bu) o) +4& F31 500g
9 Foz 1527 sge 7t F uAZEE &%
st

6. SA=A

EAANE 92924 SPSS SAZ=2aY
(Release 12.0, SPSS, Chicago, IL, USA)S.2
CP Ti(Gr )= Ti-6A14V &9 23 AdT
£ 742} one-way ANOVAS} Scheffe s test® ©]&
sto] gt

I. oA+Zn

7h QA=
Fig. 29} Table IV ElolBte 2 BlolBtE §5-2

glolA &4 W4 F pulse duration(ms)®} welding

spot size(p.mm)E A AelA &8 HGS
W3k AlA EAT T, AR E g AHelrt

z2F9 F23 JF7}=+= 7t 680MPa,
958MPaZ ElelEhg gl €4 Blolethy Bt <l
et o A9, F & EYAte] S
E A= gho] Sttt £ A gke] 280Ve
o &4 Blolebge A d2ed Hsd 2 9
& A= F(654MPa)& HEM oY, Blolehs &
=Y Aole iz 2 67%664MPa)ol 28l
A5 VeplSIT

v £ %9 stdd SEM %7t

Fig. 32 U273 A8 AFAY F s
FARAIER R 02 #A3 ARlelt), Ao o
g e FEAoR AR oM Hz
& & gle dimple %3S HE(a) AT} 28 A
o] 200V(b), 240V(c)9] SFFole &4 A &L
Ho] #aElon, 280V(c)ell A= AlH e Y77t
2 8430 HAFS & & Ut 200V 240Vl
xe] £ ZolE o 0.3mm, 0.7mmE Uehton,

oo

B

2= ol

0

g 8

Tensile strength(MPa)

B 8 8 8

o

Voltage(V)

Fig. 2. Ultimate tensile strength of laser welded
titanium joints.

Table IV. Mean ultimate tensile strength of titanium and titanium alloy

Tensile Strength(MPa)

Materials

Control 200V 240V 280V
CP Ti 680+48 49+40 387493 653146
Ti-6A1-4V 958+52 47+15 496+88 664+22
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6 15.0kV 10.8mm x30 SE(U) 4/19/05

KHS2 15.0kV 13.2mm x30 SE(V) 4/15/05 . KHSE 15.0kY 14.2mm x30 SE(U] 4/16/06

KHS3 15 .0kV 12.3mm %30 SE(U\ 4/15/05

CP Ti Grade | ' Ti-BAI-4V

Fig. 3. SEM photographs of fracture surface after tensile test (a)control specimen(non-welded), (b)laser weld
ed at a voltage of 200V, (c) laser welded at a voltage of 240V, (d)laser welded at a voltage of 280V(x 30)
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4 15.0kV 12.7mm xS.50Kk SE(U) 4/19/05

KHS3 15,0k 12.0mas x3 S0CSE(Y) 4115105

CP Ti Grade 1

Fig. 4. SEM photographs of fracture surface after tensile test :

at a voltage of 280V(x 3500).

Fusion zone(FZ)

Heat affected zone(HAZ)

Base metal Base metal

joint

Fig. 5. Diagram of welding site, showing fusion
zone (FZ) and heat affected zone (HAZ).
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Ti-6Al-4V

(a) Control(non-welded), (b) Laser welded

EFE3} Eolehy E-E dEFolA Uehte 94
S EES L.

ot o Aze &4

Fig. 5 &3 A Al A vehtes 2 #9448 &2
Aot} SR (FZ ; fusion zone)x= &8 48] A
24" B8 Jepdi, 9935 (HAZ © heat
affect zone) = &4 Lol o8 &5 =A 21

29t @l 22 o} 7|47 JAe] ¥iglsta e
225 24 24(BM ; base meta) .2 F+EET,

Table V& 2z} A3 shdo] ¥yt YAz

VR o]t} 200V, 240VellME BE AEwe] &
BB x| A o) doj =g, ol =AAAE YA

ol A BT Ao} Zo| AP FYHA &4
SA| ol wah ZAS Aatolt}. 280vel AT
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Table V. Mode of fractured

. Voltage(V)
Material
arerias 200V 240V 280V
CPTi A A A A A A A A A A A A A B A B B C
Ti-6AI-4V A A AA AAAAAAAABTGBTGCTBGBE

(A: Fusion Zone(FZ), B: Heat Affected Zone (HAZ), C: Base Metal)

Table VI. Mean microhardness of fusion zone, heat affected zone, base metal of titanium and titanium alloy

Materials Microhardness(Hv)

BM HAZ FZ HAZ BM

CP Ti 274 266 402 269 258

Ti-6Al-4V 411 412 509 422 405
9} 2 FEollA 2zt 270, 37, 10 dojwton, ZHAg0e] 200V} 240Vol A 4 RE AJEH
Elolelg e Aol ddgre 2a] ol F8o| A Fdo] dojtsd|, o] Edt glo]A
A 2z} 57, 107F A EHAESE & § AT 5 Zold w}E Bz LA 791 HeF
Table VI &3 ¥ ¢4 elo|elsd eloleg AR ZLEA] 8ol HA Adde RE &
29 AR e F e Aot} I (F2)H F AT, B dFA HAe 21U A

AR} 5 AR 7V B fho depke
W GG (HAZ)S ZABMY PARE e
FASHA e,

=t
=

V.

k

golA 84719 EEtel W A A7 He
o] FolAFE Ho|A W AT oyt Frlsta
ol Qg & AAREI} FUHEL o]H e th
2 47" 2 Aolzh itk AR %200V,
240N o Yo ol w ke do|A] we AFE
Zol7t A|A Y] FYHAA WA E3F Ao FAL
AREEZ FEAA & ¢ Uy upebd EHF
9] FEE Eo]7] e deolA o] FARA
d3] AT, I FE F3el Hojopsted,
Tkuya 5% #A19 elo|ely, Elolelw 5, 2%
F 2 HASE(Co-Cr) E=9 dolA &3 T AF
A= Brb ATollA] oA We] AT ZHoleh FH
o wel AAAE gho] Aol & YehllE Aoz B
a3kt

E3] Table Vo] ZAalo|A BEEo] QAA|HGAM
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280VE 7% #olA e ARt AlH FFFel7t
A FEIA o|RAR 2, &F ElolegY B4
A= FH(654MPa)e] 27 (680MPa)dl 7H7-&
s YeRITE oln BAIEH o2 frolgh Ato]7t
AAHP0.05). o121 AFe o] Bolely ¥
Ag olgste] oA £871(TLL7000, Tanaka
Laser Co., Tokyo, Japan)®} 234 F(A)E 160A
58 300A7HA 20A% F7}Al71aL, pulse dura-
tion(ms)<] W3l w2 & Elo|Elw(CP Ti Grll)
2459 QAR vjw AFolH FATFHoE F
9§t 2ol & Holz] 9okd Ao} FU3MA el
o} @ 3 T4 E}OlELE(CP Ti Gr [ )& ©] 83k
£ A3 T4 AAE A (IS0 6871) 2.2 #Ho|A
£%71(DL2002, Dentaurum Co., Germany)<]
292 V)ol W& 71AH §4E B71e Chaist
Chouel A 7% Z o] 7l wef A%
A% #hol vkt At dAEsTh 2y B
oletE Fa9 ASedde AAR=EI} HE2T
(958MPa)thH] < 67%9l| &gt 4k (665MPa)<
UeRIgit). ole &5 Eleolehgel vl HEro

ARZE7t ATl vAA Zge HoH o
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ABSTRACT

MECHANICAL PROPERTIES OF LASER-WELDED CAST
TITANIUM AND TITANIUM ALLOY

Mi-Kyung Yun, D.D.S, Hyun-Seung Kim, D.D.S., Hong-So Yang, D.D.S., Ph.D.,
Mong-Sook Vang, D.D.S., Ph.D., Sang-Won Park, D.D.S, Ph.D., Ha-Ok Park, D.D.S., Ph D,
Kwang-Min Lee, Ph.D.*

Depariment of Prosthodontics, College of Dentistry, Chonnam National University
*School of Materials Science and Engineering, Chonnam National University

Purpose : The purpose of this study was to investigate the effect of the output energy(voltage)
of laser welding on the strength and properties of joint of cast titanium(CP Grl ) and tita-
nium alloy(Ti-6A1-4V).

Material and method : Cast titanium and its alloy rods(ISO6871) were prepared and
perpendicularly cut at the center of the rod. After the cut halves were fixed in a jig, and the
joints welded with a laser-welding machine at several levels of output voltage of 200V~280V.
Uncut specimens served as the non-welded control specimens. The pulse duration and pulse
spot size employed in this study were 10ms and 1.0mm respectively. Tensile testing was
conducted at a crosshead speed of 0.5mm/min.

The ultimate tensile strength(MPa) was recorded, and the data(n=6) were statistical-
ly analyzed by one-way analysis of variance(ANOVA) and Scheffe s test at @=0.05. The frac-
ture surface of specimens investigated by scanning electron microscope(SEM). Vickers micro-
hardness was measured under 500g load of 15seconds with the optimal condition of output
voltage 280V,

Results :

The results of this study were obtained as follows,

1. When the pulse duration and spot size were fixed at 10ms and 1.0mm respectively, increas-
ing the output energy(voltage) increased UTS values and penetration depth of laser weld-
ed to titanium and titanium alloy.

2. For the commercial titanium grade [l , ultimate tensile strength(665.3MPa) of the spec-
imens laser-welded at voltage of 280V were not statistically (p>0.05) different from the
non-welded control specimens(680.2MPa).

3. For the titanium alloy(Ti-6Al-4V), ultimate tensile strength(988.3MPa) of the spec-
imens laser-welded at voltage of 280V were statistically(p{0.05) different from the non-
welded control specimens(665.0MPa).

4. The commercial titanium grade ] and titanium alloy(Ti-6Al-4V) were Vickers micro-
hardness values were increased in the fusion zone and there were no significant differences
in base metal, heat-affected zone

Key words : Titanium, Titanium alloy, Centrifugal Casting, Laser welding
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