LY stx| ot A 5H3{ K] :vol. 38, No. 2, 2000

elebst FFe) dlolA 4 QAR

Augm Az »

op

=2

.M B

ul

ety 1A BAEB] Ml Az s g
BRA =go] 9lo] 29 Fusayama
9 FzA7 33 A24% 2AE B 9 33}
tha 21 stk a2y Bruce™ € AWA T A
7} 271842 Byssin, 2240171 15.5mm ©]
A o gzl Baditn sy, Hulings
Clark®2 #l°|A &3, &3 2 9d F=xo0 98 A
29 38 144 BAEY P E vlasiy, BE
Hl oA o] QAT o] F AFH Fa
WolA 7HF 2 H¥e Bgtin stk =3,
ZibertS7& thetg] 1A BHABA dabo] o3t
A7 Wy 9d F2AE vwsld, 38 234
BAZA 9 HA AP F Uy AJolg K
olA] eigton} 4-E uHAY BAE oM e &
3 A% 2o} A3 AP Bk ik

gare Fz2A8 AZste 7P gt whol
A G A8 EAPe 32 b, AL A
7, A9 AT Qg dojus Wdel FH
o] HAAF T AH JTFE vAthe AJH?,
E3], JZUE RAEL tAg 38 BAY &
e AFAd 23o] §l7] wj ol AR E A hA|
2 AHER A9 g 2o HFE A2)Ee] &
FHEP o]z MBS FAsy] d8) 2EES
BEAoZ 23 I gl o3 AZAsA =AU
i, AT golAY LT & FolA WE o] &
£H= HES D Y.

o,
T
o
L.

]
=D
[

D

alod
[ 3=

oF

200

At ud, PR AFL

s

k]

B

o 93 AP L e FEETY &
T8 933 S wol7] Hal Al 7}
ojuf U 2 AEo] X lon, g4
o8 7BV A7) A 7MERA7E Besid,
ol2 sl iF-A7 A e EAVL Y,
489 %9 W 97 2ARES 94
aNg HsA IZATE &P, g d
TFAEC] 49S HIAA o] EAE Az
den, 2 1049 B¢ AAF HolAE X
et 22 o] Mol AFZH R Hid o
%ﬂ:‘-’_ %lt}_3,16.19-21).

1960 Maiman®™¢| 28] #o]A7} 248 o] F,
glolAdl g 7L 71E9 & A 3
23 83, AFFHY 514 g A
F o] AvlFelz, 71E W7t 59 F SHA
Zhol #om FHAEE AR ¥emg 7] 3}
gtAol Bao] 287t Qe § B Aol Ut
Gordon¥} Smith™e] o8} X7} F28& 339 &2
o FolA7t HE2 2 AME-5 2™, Bergendal's®
& FHRFAY JEAE o8 AxHe 1P BE
B4 ez SHE EEEe] 934 88
7V, Hruska® e F7AWelA A4 BAES
golAZ AAAA AT W g A K
t}. & Linden $°< #lojA 4402 JSTHEY
3 AREE S F A9 ek A
BAZ HAZE FFY Agol BAlo] nzHU
oY A1} HolellM e v|AES FaY AR E
g3 EAE B7etn GEAAZe wE 74

I do
o

el



o= Q13 Abgo] A HE Sl f1i=Hl, Preston
3 Reisbick®2 Ag4, vIAGE 2 £83%9 9
o]z £ W& A= AF L Z3 HA9 7
olx &3 A UL AFaRen, A5
F2 a7 v 2349 AR = 2T
BEE QS F ok SFHG.

FZE FEZY HYS BAL Sl T
HoZ #o|A &Ho] F3= o kX% Gordon}
Smith®€ Al 38 24 ¢SS JH oz 713
golA ¥ AZE A7) HME F4He] 0.001
inchBth 374 o/fHA] &3z AxnsA L+ butt
jointE Y& Zo] BFHolgtn v, o] AL A4
A% olMe @7] o2 g & gk AEAQ FEh
WHelMe 38T Axd 93 FE F2A
HAS ] #% AFlA 0.1~0.76mm7} o] 33
olgtz Bmalxw R ol LHA dF
=3 84 F4509 g B3 dFE 4F
FRA T E78ta FEI Aol HA 3 43
ojc}.

old] ¥ ATelME &R T3l e BF
BEEE&0 YT 35S 4502 A3l &4
g w9} §4 Aozt e o1F F&5UE 44 44
& o o]5 A7 F99] VAA 4= A% A
o] FAAA dud BEE 58 2459 +2H A
7} QA= X G Frkstnat gt

1. #7202 o W

1. #olx 8%
2 ATl AR $ 922 98l NdYAG

Ho|AE 992 o] &sle XL oA &4
! Heraeus HAAS 44P (Kulzer Co., Germany)&

Table 1. Specifications of laser welding apparatus

Laser medium Neodymium-YAG

Pulse power 0.5 ~ 5kw
Pulse duration 05 ~20ms
Focal diameter 0.3 ~2.0mm

single(1) pulse mode
continuous(e°) pulse mode
0.1 ~ 100 HZ

Pulse number

Frequency
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o] 2319t} (Fig.1, Table 1).
2. A7RE

Helg2 JIS 239 < ElebE(Kobe Steel Ltd.,
Japan)<, %52 A 38 FE2< Baker-3
(Heesung Engelhard Co., Korea)& AM&-3l%th
(Table 2, 3).

3. AlExZ

AR E F7 A2 F7) 2 mme B3] ¢4
e Al 38 2¥E2 Fig. 29 22 ez ztzt
33704 At 7133k o (Lathe model 1600, Victor
Engine Lathe Co., Taiwan). 2 A|JH& 7d g &
HE ZEE 71N, o8 AJHLE gE oy
& Az P3lA] skt FHlE 7 Age 9%
AL AU T AR B2 dRE R
AR}, 66719 AR F 2T 6704 & A 93
HA] 54708 A F9H-E F4 0.005 inch, A7
7/8 inch®] JEL-thin 5 disk (Lathe model E-90,
Demco Co.,US.A)E 3t Aegict o] 24
< Ao U3 FAZ HGHTE A A 720]
A o] FojHTh &3] Hol Hdg WL 1200
grit®] SiC AviAZE A Wkl A 10314 whEal9

Fig. 1. General view of laser welding apparatus.



Table 2. Selected physical properties of titanium and gold

The elements Au Ti
Atomic weight, g/mole 197.2 479
Density, r, g/cc 19.32 45
Melting point, C 1063 1670
Heat of fusion, Hf, J/g 66.2/63.7 435/322
Boiling point, T 2960 3289
Heat, of vaporization, Hv, J/g 1866 9742
Phase change(a to b), € NA 1163
Heat of (phase change from a to b), J/g NA 88.7
Specific heat, Cp, J/g/C 0.128-0.157 0.522-0.785
Thermal conductivity, W/m/C 301 - 17
* Table based on data from different sources.®
NA = Not applicable
Table 3. Materials used in this study
, . Composition (%)

Material type q 0 N Fe i e Pt e Manufacturer

Ti plate {0.003 0.09 001 0.07 Re - - - Kobe Steel Ltd.,

(JIS H4600) Japan

Gold alloy - - ~ - - 75 3 13.9 Heesung Engel-

(Baker-3) ' hard Co., Korea

30

Fig. 2. Diagram of shape of tensile bars before
welding (mm). '

(a) Top view (b) Lateral view
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42 DAk a2l29 2 QB AR 9
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Fig. 3. Custom positioning device(a) and Thickness
gauge(b) for welding.
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Table 4. Welding conditions

Combination of materials Focus{mm) Power(kw) Pulse Duration{ms)
Ti-Ti 0.75 1.2 52
Au-Au 0.75 16 6.4
Au-Ti 0.75 1.2 52
) 30
a) E[ é é e s s 4 & s LR R R

1.5

b |

oooooooooo

Fig. 4. Dimension of specimens for tensile testing
(mm).

(a) Top view (b) Lateral view
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Fig. 5. Schematic diagram for Vickers hardness test.
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oz BE 9 200 #gm & 500 #m =& HANA] o]
Fo) A (Fig. 5).

7. 8AIAz2]

Zt FEZ] @ 2olE #9571 931 One-
way ANOVAS} Scheffe s testZ A3} s T},

I.od72 0
1. ¥ 2%

E4HA 42 28 8T =S HE
Fug S5t 2ot 94 23] glol &
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Holed, ol £24 S¥EH Hebgol z]ﬂr—r
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Bletazt 3 92459 37 A =E 0.50
mm 92 HETllA 428.58+46.13 MPaZ HH

Table b. Ultimate .tensile strength versus gap
size of Ti-Ti combination

0.00mm 92 7V= 79| 473.06+33.56 MPa2 H
& Bgth (Table 5, Fig. 6). 94 71=9] z}o]d
w2 Zk FE F 3 2ol fldTh(p)0.05).

57 HE 943 EE 0.25mm 92 75T
oA 284.7+67.16 MPazHH d&T9 803.86
+9.30 MPa®] ¥ Bt} (Table 6, Fig. 6).
0.25mm 92 7212 23 0.50mm ¥4 = ¢E ¢

e g Aolg Holz| YYAT, ol T o
Z7 2 0.00mm 92 = FE = 23 Ato]
BEtH(pC0.05). dzF 2o} &4 42% 1Z‘rE
TE, 53] 15| = ZH0.25 & 0.50m
gaps)olA £33 FE°] R o ¥ ?lch 3

g 2= Aoz YEtH(p<0.05).

Helgd 38319 #F JdAAEE 0.50mm
AZE 7= TollA 41.40%26.47 MPaZ%-€ 0.00
mm 82 7 79l 9253+£30.66 MPad & B
4t} (Table 7, Fig. 6). 0. 25mm a2 1= 2%
0.50mm 972 7= TE Tole 723 Alo] & Kol

2 FUATE, o8 F3 A }”:1"°] S1& butt joint

T 7T Aol & BHTHp0.05). 18jut, 5F

]
p

Table 6. Ultimate tensile strength versus gap
size of Au-Au combination

Gap distance UTS Duncan Gap distance UTsS Duncan

(mm) (MPa) grouping (mm) (MPa) grouping
Control 448.14+5.75 A Control 803.86+9.30 A
0.00 473.06+33.56 A 0.00 477.4+38.17 B
0.25 451.32+47.84 A 0.25 284.7+67.16 C
0.50 428.58+46.13 A 0.50 317.6+42.26 C

* Means with the same letter are not significantly
different

Table 7. Ultimate tensile strength versus gap
size of Ti-Au combination

Gap distance UTs Duncan
{mm) (MPa) grouping
0.00 92.53+30.66 A
0.25 53.23+24.75 B
0.50 41.40+26.47 B

900
800}
7004+
600

{1 7i-Ti combination
B Au-Au combination [
W viAu combination

400+

Tensile strength ( MPa)

Gap size (mm)

Fig. 6. Ultimate tensile strength versus gap size.



Fig. 7. Fracture surfaces exhibit microvoids (examples of microviods indicated by arrows) and brittle(1) or duc-
tile(2) behavior (areas indicated by arrows).
a) Pure titanium (control) b) Pure titanium (welded) c) Type III gold alloy (control)
d) Type III gold alloy (welded) e), f) Combination of type III gold alloy and pure titanium (welded)

205
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Fig. 9. Vickers hardness test results after welding

of type III gold alloy.
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Elets Algold AR 24" Holxiwt, §3€
AELE shdddA 712y dekd B3 22 gE
A€ 2o, oy 249 A7)s BXE ]
A g 7108k AXH BRAh " AlHL &
A3 AAFH 25N st B, o AEe
T2 AHFHAA A7t Lok, ol RS 84
FolollA ol AlEe] ymA] #9j8n} Fert 2
Av o 2, $3574 sle 7120t g B
A & A, $42A9 & g o Be
A7t a3 ARG,
F29 $EE WHYS HAALF Je AT W
Mo dolA §3o] FHH A, BAE A
g AAede A2 1 "Helwd o A 3
B2 $Hske M A4 e AL SeA
43 92 ¥99 Bz 2w, 848, 3% 2
75 2A%F 544 B o B2 A7 R
Al Fzkel e A4 ARP &4 A59 Aol
A= ook st '
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vad B

B AFoM e dolA 43 F9ef 92 750l H
BT 2339 5% € olF 357 &3 949
AT nX = FgE Hrkl) datd, eF
gebEd A 38 382 0.00, 0.25, 0.50mme] 4
A 7t2d ua 7L #o]A 71719 Heraeus
HAAS 44P(Kulzer Co., Germany)e] Nd:YAG
HolAZ &3 dZstgen, A% € A= AdH
FARANEN Y #EE Bl ohe 22 EAE Y
At

1. & Helg9 2% 92 7159 Aole Ao
W, dF 715e] F7Hdel wet ¥ ks
0.00~0.50mm9] IF 7t=5olx] A=A e
23 vudg o AFAEe] ZiE i
(p>0.05).

2. 474 5l wE FHET 4 dFFH o
ARee A9EA etz ARz B
3 el Aol B er, 94 5ol glo] &
A A4 4%, 0.25mme} 0.50mme] 942 =
THT fY3tA & AP A=E EJd
(p<0.05).

3. #5HEED A 38 F¥2Y oF F&5U &4
JZL A2 73 wet 3 EQ] AALE
9% ol YRy, & FA T3] A
Aol Hae 4 S Aoz Bt} (p(0.05).

4. #5HeEH 3859 dolA £3F By F
AR @Rl A SR EAde 71
7} Q3R = GE-E = A2 Azt
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ABSTRACT

TENSILE STRENGTH OF LASER WELDED-TITANIUM
AND GOLD ALLOYS

Yun-Gwan Song, II-Soo Ha, Kwang-Yeob Song

Department of Prosthetic Dentistry, Institute of Oral Bioscience,
College of Dentistry, Chonbuk National University

Lasers have given dentistry a new rapid, economic, and accurate technique for metal joining.
Although laser welding has been recommended as an accurate technique, there are some limitations
with this technique. For example, the two joining surfaces must have a tight-fitting contact, which
may be difficult to achieve in some situations.

The tensile samples used for this study were made from a custom-made pure titanium and type
III gold alloy plates. 27 of 33 specimens were sectioned perpendicular to their long axis with a car-
borundum disk and water coolant. Six specimens remained and served as the control group. A
group of 6 specimens was posed as butt joints in custom parallel positioning device with a feel-
er gauge at each of three gaps : 0.00, 0.25, and 0.50mm. All specimens were then machined to
produce a uniform cross-sectional dimension, none of the specimens was subjected to any sub-
sequent form of heat treatment. Scanning electron microscopy was performed on representative
tested specimens at fractured surfaces in both the parent metal and the weld. Vickers hardness
was measured at the center of the welds with a micropenetrometer using a force of 300gm for 15
seconds. Measurement was made at approximately 200 #m and 500 #m deep from each surface.
One-way analysis of variance (ANOVA) and Scheffe s test was calculated to detect differences
between groups.

The purpose of this study is to compare the strength and properties of the joint achieved at var-
ious butt joint gaps by the laser welding of type III gold alloy and pure titanium tensile specimens
in an argon atmosphere.

The results of this study were as follows :

1. When indexing and welding pure titanium, there was no decrease in ultimate tensile
strength as compared with the unsectioned alloys for indexing gaps of 0.00 to 0.50mm, although
with increasing gap size may come increased distortion (p>0.05).

2. When indexing and welding type III gold alloy, there were significant differences in ultimate
tensile strength among groups with weld gaps of 0.00mm, 0.25 and 0.50mm, and the control

group.
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Group with butt contact without weld gap demonstrated a significant higher ultimate tensile
strength than groups with weld gaps of 0.25 and 0.50mm (p{0.05).

. When indexing and welding the different metal combination of type III gold alloy and pure tita-
nium, there were significant differences in ultimate tensile strength between groups with weld
gaps of 0.00, 0.25, and 0.50mm. However, the mechanical properties of the welded joint would
become too brittle to be acceptable clinically (p<0.05).

. The presence of large pores in the laser welded joint appears to be the most important factor
in controlling the tensile strength of the weld in both pure titanium and type III gold alloy.
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