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1. WZ2AE (Fatigue test)

1) H2A9 At

Zholx F2E B fAES &
A, B2 AE F 4% $8°] =& Fig.1
o Jehd FeAAF ZAA Zeo] 66mm,
6mm, 57 3mm =79 L¢Fv|F FFos
AlEE AR T AL Fide IHE
15 (RTV Silicone rubber; KE-1300, Shin Etsu
Chemical Co.Ltd., Japan)2 &3 & 75 7]
o] inlay wax (GC Dental Industrial Corp.,

A7) g402 F2% ¥ $Ho we dn
g #o] Heby A A, F8F A9 67,2

HE-AEFE AW 1145 AP

2) Ay iy
A871E Song®el Mg 4% 10Kgfe
4% 548 43 9=z AF7E AT
(Fig.2). Fig.3& A48 Ad 2 ZHA =
9] EYHEE Vel Aotk o] AlxEle A
A ANRF-9 dolet ERE s 4 glon,
Alzdle] FAYele oS 2o oxd HF
EolX D/A A2 23 & LAAA APE
9] Alo}7] ¢} dleolE] 5 Sle A/D ¥HE
2 Btk AlE71e) Aojrloie AlE 2
e 3t Y7t HEE 853 Z(span)
3} 71&8 5 (setpoint) & AF 8t AFHEF
Z712 &3 AErY f=2dS A7
t}. dolg} EFEFME AlH7|9 2cde2R
B 2458 aga A 23y 3w
E|QAo]A] (backface strain gauge)Z €
ANZE AE3t, FIENZE AX B
AN E AT, o|EA Lol I3,

R B

Table 1. Metals used in this study

Metals Manufacturer Content Investment Casting machine

Ohara Co. Ti 99.5% Titanium vest,

Dental (Japan) etc 0.5% Ohara Co., Electric arc,

Titanium Japan centrifugal
Dong Myung Au 66% Multi-Vest,

Dong Myung dental alloy Co Pd 5% Dentsply, Torch &

66 (Korea) Pt 3.5% U.S.A. centrifugal

Ag 12%

Dentsply, Co. Co 62.5% Multi-Vest, Oxygen &

Regalloy Cr 27.0% Dentsply, acetylene
(US.A) Mo 5.5% U.S.A. gases torch

& centrifugal
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Fig.1-1. Diagram of fatigue test specimen. Fig.2-1. Schematic diagram of fatigue
testing machine.
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" Fig.3. Block diagram of test system.

9, S EE A/DEBIIE AA BaY S: Maximum stress
HAEE o] HAgT}, M : Bending moment
AL o] Jepd ksl o] 9BHY o c¢: Distance from the neutral axis to the
2 A9l 2N T, 45 e § outer surface
Pol Yoh=s Pv) 93 VEHZS 9 I: Moment of inertia
o] £ 90 Hz2 3} sttt a8lz AlHe] 3lH M =PL (P : force, L : length )
A" uo Mol £ 7|S3tln 28 o I= bd3/12 (b : width, d : thickness )
2o §-N 2L awA 2 349 39 c=d2
Hde 24e 74t o W AN &Y w2H S = 6PL/bdzo] Tt
o ARe g3} Qo) TR A4 ERF AXY Pre Ve W 9
S = Mc/l g 3, Aoy & FHAI=H
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gez 3= 3 (3.0-9.5 Kg)ez AF 3t

2. 2I™AE (Tensile test)
1) QIFA|Ee] HMIE

132y Z3(split metal mold)e] Duralay
@A (Dental Mfg.Co.Ltd.,U.S.A)& Z90l3}o]
n|Zx At s AaTg 14379 272
9l A7 3+0.1 mm, Ao} 15+ 0.5 mme] #
A ARL FHEn 74 g FEER BEAH
Qd W& Fz #FL AA as-cast JHE F

S0l et 2 el AR EIsich

2) A
MTS(Material Testing System Co.)A}
o] Jr ¢4 A8 AlE7] (Closed-loop
servo-hydraulic material testing machine)& ©]-§
o] chart speed 0.5 mm/min2 A3t oH F
He 3%, <y, W9, WIERRE ARY
=, FEFE, 4 g, 88 #2268 TR

3. 7I2AMAIE (Flexibility Test)
1) 714AE el H=

o}#] Table 2,Fig.4¢t 2 18 gauge round
wax (Kerr Manufacturing Co., U.S.A)E 20
mme] Zol2 Atk A 18719}, tapered half-
round wax pattern (Dentalum, Germany) 1871 &
|2 Zz ZF sand blastingdle] & 3671 Al
g At

2) NE LY
ok A) & 7) (Torsee'Portable type Moire

Table 2. Dimension of flexibility test

specimens
Length width Cross
Taper fthickness ~ sectional
(mm) ratio type
20 uniform 1.00 round
20 taper 2/1.35 half-round
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Tension Tester, ESC-500F, Tokyo Testing
Machine Mfg.Co.Ltd., Tokyo, Japan.)& A}+-8-3}
o] cross head speed 0.5 mm/min®] £LE,
gripelAl 10 mmEE X3 AH] FFHel A
7491 & shsked 0.125, 0.25, 0.50, 0.75,
1.0 mme] SJ2H g do we 353 9
T Wy Y

S 0=

% FiH A2ZAE AR E8E 33
A gHRE2A 7] (Surfacorder, 3E-3A, Kosaka
Lab. Ltd.,Japan.)& A}-&3le] chart #i& 50
W, $3AE 2 mm, e 1R FAA
z252 A233 2d=2 v Wl

N

AN B 2AY AHY FHS 23
A Vickers 2A%7] (Vickers Hardness Tester,
VR-E-2, Tokyo, Japan)E Al&dtd EHEEE
2335ttt

I A% 4%

1

e

1. Z2A™
e a%. e g5EA del doid

Table 3-1. Fatigue failure of Titanium

(n=7)

Cycles Load (Kg) Stress (Mpa)
1.146 x 107 3.5 188.395
1.099 x 106 4.0 222.729
1.230 x 105 5.0 259.013
1.592 x 105 5.0 263.580
3.056 x 105 6.0 338.130
3.972 x 104 7.0 440.487
1.794 x 104 8.0 461.614




Table 3-2. Fatigue failure of Type IV Gold

alloy (n = 6)

Cycles Load (Kg)  Stress (Mpa)
9.592 x 105 3.0 161.931
4902 x 105 35 177.364
2.245 x 105 4.0 244.067
3.394 x 104 5.0 252.476
5.040 x 104 5.0 264.957
8.620 x 104 6.0 333.798
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Fig.5-1. S-N curve of Titanium.
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Fig.5-3. S-N curve of Co-Cr alloy.

254

Table 3-3. Fatigue failure of Co-Cr alloy

(n=11)

Cycles Load (Kg) Stress (Mpa)
1.808 x 106 4.0 225.522
6.648 x 105 6.0 285.656
7.020 x 105 5.0 308.760
1.314 x 105 7.0 332.308
2.622 x 105 6.0 339.111
1.920 x 104 6.0 376.790
7.720 x 104 8.0 388.335
1.712 x 105 8.0 426.850
3.066 x 104 8.0 440.353
9.720 x 104 9.5 532.924
4,146 x 104 9.0 585.373

1000
900/
800
700
600
500

£ 400
Z o
PO .

: .o

200 N
o.
]
100 MARALLL BRLALALLL LA [ SIMARSLL |
102 100 10t 100 100 107 10
Cycles 1o failure (N)

Fig.5-2. S-N curve of Type IV Gold alloy.
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Fig.5-4. S-N curve of framework materials.



Mol £ Table 33 Zow yz93
7t &8 dig S-N FHLE Fig. 59 2
t}.

Z 749 2 Y3 IAFAY g
o3 Z
ElelE S = 1659.34N-0.13%0  R=0.889
=4 S =1216.05N-01429  R=0.951
FHE-FEFZ S = 1963.20N-0.1419 R=0.792

ARF dAshe H2 o] wEAEd 3
A4 303 WA EENES FJ2EE 287
485 MPa, F33<& 200.502 MPa, ILE-E
32 327.915 MPaco| it}

E 19z A FA2AE AYsAY
AAE w9 wESLA 1500 WMol EHElE

o] J2AEE 600.424 MPa, S35 427,
650 MPa, ZYE-IFIFE 695.468 MPa
olftt. 3 Al Wt ANOVASH &<
o W feld HFAH Heled SFS
T frog Zol7t AN (p<0.05), Helwst
FLE-AZFFTAE F4T A7t YU
(p=0.05).

W 7 5&9 H2 spEEL Fig.6% 2
.

2. AFAH

AZAANE A3 yehd Z4 F59 JEAE,
AARE AAE @H 7AAS E Vickers 72
T & Table 49 Fig. 7% 2t

Table 4. Comparative properties of Titanium,Type IV Gold alloy and Co-Cr alloy for

partial dentures (n=6)

Property (Units) Titanium Type IV Gold alloy Co-Cr alloy

Tensile strength ' 769.138 456.930 885.689

(Mpa) +31.091 +4.998 +26.546

Duncan's M.R.T. A B C

F=173.78

0.2% Yield strength 4533 381.7 535.0

(Mpa) +4.714 +14.337 +17.795

Duncan's M.R.T. A B C

F=67.89

Ductility 13.3 6.5 3.6

( % elongation ) +1.89 +1.00 +0.94

Duncan's M.R.T. A B B

F =28.99

Reduction of area 26.73 9.42 11.33

(%) +1414 +1.678 +1.229

Duncan's M.R.T A B B

F=122.18

Vickers Hardness 278 176 354
+55 +5.0 +12.0

Duncan's M.R.T. A B C

F =358.60
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Fig.7-1. Tensile and Yield strength of framework materials.
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Fig.7-2. Ductility and Reduction of area of framework materiais
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Fig.7-3. Vickers hardness and surface roughness.
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gelwe 934 EE 769.138 MPa, &+
3EE 453.3 MPaglx Vickers Ax+& 278
ojldt}t. oA TTE-IAFHF EHue 32
FARoY FdF Hode EJT. olEd W
g+ ANOVA ¢} Duncan's multiple range test 23}
Agte FAF Zel7 AT (P<0.05).
Helge A4l&e 13.3%, 99 HiLEeES
26.728%2 S wolvt ILE-AEHIET
£ =%, ANOVAS Duncan's multiple

range test A7 FHFH FTLE-IFHF
© frolg &ol7} i (p= 0.05).

3. 71249 Y

Zt A &2 18 gauge® B3 taperd wHEH
o tj§ 71849 Z3E Table 59 Fig. 8¢
ey slow F33, Hely, TRE-IEY
29 €22 7k8A] it}

Table 5. Elastic deflection force,permanent deformation, and flexibilty for specimens

(n=6)
Elastic deflection force Permanent Flexibility ~ Duncan's
0.125mm 0.25mm 0.50mm 0.75Smm 1.0mm deformation
Kg Kg Kg Kg Kg mm mm/Kg MRT

18 gaﬁge‘ round 0.725 F=28.19

Titanium 018 034 065 093 1.14  0.15 =+ 0.051 A

Type IV 0.893

Gold alloy 0.14 028 051 0.71 082 025 ¥ 0.000 B
0.536

Co-Cr alloy 026 047 0.89 1.25 1.55 0.28 =+ 0.065 C

Tapered half-round 0231 F=2802.67

Titanium 055 110 223 332 418 0.16 + 0.029 A

Type IV 0.333

Gold alloy 037 075 148 215 272 015 =+ 0.000 B
0.100

Co-Cr alloy 130 250 433 5.37 6.18 042 + 0.004 C

Means with the same-letter are not sigﬁiﬁcantly different ( p>0.05 ).
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Fig.8-1. Force-deflection curve for 18 gauge round specimen.
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Fig.8-2. Force-deflection curve for tapered half round specimen.
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mm/Kg' 0] [ ] [FlexlbllityJ

(M)o.g_ [:] lPer.def. ,
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Titanium 'Tl'ype IV Gold allo;/ Co-Cr alloy

Fig.8-3. Diagram of flexibility and permanent deformation for 18
gauge round specimen.
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Titanium  Type IV Gold alloy Co-Cr alloy

Fig.8-4. Diagram of flexibility and permanent deformationAfor
tapered half round specimen.
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ejel s wE& ANOVAS Duncan’
multiple range test 23} A FI] FAHoZ
@ Zeol7t ARFH(p<0.05).

4. FHxXEO| R

zZt Mg g FHd B =€ Table
63 Fig. 9¢ 2ot

JPZAA 02 FAAIH, LR HF
A AZe 0.1um, 7F2E 0. lmmeo|t},

Table 6. Average surface roughness (n = 9)

A Duncan's

Moetals verage roughness MRT
(pm) F=565

Titanium 0.324 + 0.077 A

Type IV Gold 0212 + 0062 B

Co-Cr 0.243 + 0.013 B

Means with the same letter are not
significantly different(p > 0.05).

Hebge] HE F44 2E€ 0.324 pmz
FYEH ILE-AFYT 2o AY FEE
B9 3, ANOVAS} Duncan’multiple range test
4% 2L TLE-22FF WAE $AH
22 frefg Zol7t fTHp=0.05).

T o Dot

.

Ot

HEbES 53 AA ATA, 2 AR,
W& A, v AR g 5 499 7}
Al A w &l Ad FdFL X FHEokol| A Q)
o] &2 F43] gact. X FEollA EHErF
F59 A4S Y XTI YZTHES Az
7V de] AgHa glon, ATREHE ddd
e 38 2 7IF9A, FaYAY F2EH
Zolx¢e F&Aoz pAdAE Ni-Tigds
o] AE wAHE AAZ ALEEHz YO
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ElelES dAMET} 2291 459 948 ¢
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9 1/2, 8889 1/4 #F°I9, H]Fo] 4.51
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(21.4W/mK)o|c}s44
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B} &3t 2 Ade Helge A=
< % 450 MPacl®, dagAdL 15%°A
20%°19 ZA=& 160-190 HBelt}. w3 F.D.
A9 AF o] A deA AME FH A o]
Ae AL HEEH Ti-6A14V € #94d],
TEEES WS FAIEN: 71Al¢ AMEEa
Ti-6AL-4V U2]Ad9e] v} xs a27e
£ Av3 ARE o853 3. ASTMOA
£ ¢He s 389 2479 7144 4E4e F
3 Fxnded, AFAEE 412.02 MPacl4,
FEAEE 343.35 MPacld, d4&L 18 %
O] }g,o] D]_14,40A41,43,45)'

gutd oz BF FFold, olF FEF9
B4 A9 vmde $ER=, AFLE,
AAE, Vickers 2%l dutxoz WolEd
XI.T’.. glq_3,4,19.20).

JEZTe ol TAYAE & AMeH
t F8% Adz dwtroz SFHIAN o
T A Ao, & FPAZY
AR Y G7EEo] A dold A& 7l
© Aot AL FFol FaR9 Fx
B2 AMEH7] A3A AR H4F 415
MPa7} oo} sl £ Agd o3, 24
934 EHetgS o] 243 ASTM 87 %
A& A wE A72 glew Taira 99 A
#<4x 336 MPa Etle &3 Takashi 5%
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Fig.9. Graphs of average surface roughness.
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o] AP4A] 485.595 MPa Bris wgich,

AFZEE Al A& AHH7 A
d A2 4+ e AUgYoz A3} JgolA
T 559 ARAES} $EE a7HE 27
U dHde) A2 AR

2 AgdAg Helwd A EE FHF
Hoe 31 IYE-IAEYF BHue 22 &
g E{c. 28y Hebge #Ae £2 A
o] AT Hod o0, ASTMY &F 3
412 MPa% Koichi ¥Y¥, Taira %3
Takashi 59 4844 461.2 MPa, 415
MPa, 611.163 MPa Etie &gt}

g dage FEE0 Yehle Az
ol Ao} ANE FHsle AEZ 2930}
¥my ZAYA FYPATE o FE 2HWY
F A sk Aol & dales A

g 7 AR e FYaAZE G ANE
< 71 FYAZHOE toughness o &of] ALg-
Fol) A=A Ferd, FREA HL o
ol 1¥E JEAE QAR Hoe AN g
o td AM@dHoln, AigL F£9 uE ¢
A 29 JAME 30% A= T "Ackn &
o B AddA Eelge ddege 239
dNE Hodx g3hou Koichi 99 dd4
29 14.2 %%+ & #Aol7t 912 Takashi
592 4¥Fx 10.5 %9 Taira S99 4
X 7.9% Boie g4t 2 A ge
Fo ¢ Pgarge FLE-AEFIH FEF
Hoe & £X2 993 Takashi £99 4
2] 23.2% B} <kt 2 26.728% ).

AEE F2E9 e iy Ro|43 A}
39 Sl g AFA o, B Agd)
A gebgY Vickers Ay 38 BoE:
oy ILE-FEFF Hoes Wttt
e A=t siadAelA sEAY CaOE
ARgE 431 150-160 VHNET & £
Z Jehq gledl, 1 o]fEME B A
A W EA ST AT/ SR A B o)
7] W&o ElebEd wEAee] whgo] 317
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— Abstract—

A STUDY ON THE FATIGUE AND PHYSICAL PROPERTIES OF
TITANIUM USED IN REMOVABLE PARTIAL DENTURES

Hak-Sun Kim - Kwang-Nam Kim - lk-Tae Chang

Department.of Prosthodontics, College of Dentistry,
Seoul National University

The purpose of this study was to compare the fatigue, physical properties, flexibility and surface
roughness of titanium used in removable partial dentures with those of a type IV gold alloy and a
cobalt- chromium alloy.

Fatigue testing subjected the test specimen to rapid cycling at a given stress until failure
occurred by using a small-sized,electro-dynamic type bending fatigue testing machine. The SN
curves for the framework materials were generated. For tensile testing, a tensile bar as described
in the ADA Specification No.14 was subjected to tensile loading until failure occurred.

Load-displacement curves were generated for 18 gauge round specimen and tapered

half round specimen. Then the flexibilities were calculated. The surface roughnesses were
compared by analyzer.

Through analyses of the data, the following conclusions were obtained.

1. The fatigue property of titanium was higher than that of a type IV gold alloy( p<0.05), but
there was no significant difference between titanium and a cobalt-chromium alloy ( p>0.05).

2. The yield strength,the ultimate tensile strength and Vickers hardness of titanium were higher
than those of a type IV gold alloy but lower than those of a coalt-chromium alloy( p<0.05).

3. The percentage of elongation and reduction of area of titanium were the highest (p<0.05).

The surface roughness of titanium was the greatest( p<0.05).

5. The flexibility of titanium was lower than that of a type IV gold alloy but higher than that of a
cobalt-chromium alloy(p<0.05).

=~

Keywords; tensile test, fatigue, flexibility.
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