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Fig. 1. Specimens for measurement of
the residual stress
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Table 1. Recommended firing schedule for Vita VMK 68 and Ceramco powder.

Opaque Body Glaze
Degassing
Vita Ceramco -Vita Ceramco Vita Ceramco
Vac. {cmHg) 70 70 70 70 70 0 0
Heat rise(C/min) 60 52 35 52 35 52 35
Predry (min) 0 5 5 7 7 5 5
Start temp. (CT) 600 " 650 590 650 570 650 590
Vac.release (T) - 910 870 890 850 - -
Final temp. (T) 950 910 940 890 890 930 920
Hold (min) 10 0 0 0 0 0 0
Cool (min) 0 3 3 3 3 3 3
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2-a, b).
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Fig. 2—a. Superior view of the cast
metal framework without
splint bar(1-~8;Hole no.)

Fig. 2-b. Superior view of the cast
metal framework with
splint bar*
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Fig. 3. Molds for the cast metal frame-
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pontics
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Fig. 4.Classified specimens after final
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Table 2. Classification of experimental
No of

groups according to the exijs-
tence of the ceramic fusing

and the splint bar
specimens

Group Ceramic  'Type of the
TR cast metal

No  condition _framework
I non ceramic Sp:!iF 3
I ceramic* sp. 3

Il non ceramic rmon sp#¥ 3
V ceramic* non sp. 3 ’
V  ceramic** non Sp. 3 -
Total 15 Fig. 5. X-ray diffraction stress analyzer
(Rigaku Co., Japan)

* = Ceramco powder
** =Vita VMK 68 powder

# = cast metal framework type with a
#H#= cast metal framework type with-

splint bar
out a splint bar
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Table 3.Residual stress values tested by X—ray diffraction stress analyzer

(MPa)
Specimen Measuring stages
Ceramic

No. "~ after casting after degassing after glazing

1 -17.185 -2.103 9.079

Ceramco 2 2.086 11.031 18.208

3 22,761 -5.431 19.007

4 -32.344 4.311 2.202

VITA VMK 68 5 2.260 14.319 21.494

23.766 2.110 8.596

Negative values indicate compression.

Positive values indicate tension.
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23 Ao 2358 ohih Z7389 T

3. Glazing% ZIHF£9

AR wgro g Frlehe AP Hold,
Ceramco =X E £33t 1w, 29, 39 Al
He 834 3o wisle %ol 14.265MPa
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(Table 4~11)(Fig.6~11)
1. Degassing ¥ W% (Table 7~11)

Autzog Xeo ZHRAEXE= Tihstn YH
EX e FrelIden, XAFNE 89 ASH
of AFETE N3Pl sl =24 273
o] 70~150 ym Z48tm, T2 79 A=
AL -155um=z EAF FAo] AATH
(Table 7).

YHE HAE HA TolA =6
= gdey V2o HFel 73 woka, o
=] ZoldE 7] -30~70 pme] AHEL
Holw 53] [T FHd wex xolst @
owA 2,34, 5,60l THAKE s

A8t Mg YeplleE ZHFANAE, ZE 7
Z4o] AN slEA FEF 3459 #
Aol A Ve 4,561 Helydol
s th

Table 4 Analysis of variance summary of all distortion tested

Stages
Source Casting to Degassing Degassing to Glazing Casting to Glazing
of -
Variation 4X 4y 47 4% 4y 4z 4x 4Y 47

Between F-ratio 0.617 1.389 2.321
Groups P-value 0.951

3.183 5031 6.655 5826 6341 7.269
0.108 0.00075* 6E-06* 5.2E-10* 7TE-14* 1.5E-11* 1.5E-12*1.9E-13

* = Significance p<{ 0.01
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Fig. 7.Schematic representation for the total distortions of group
Tand Il (1*=the measuring origin)
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Fig. 8 Schematic representation for the total distortions of the group

T and V (1*=the measuring origin)



Fig. 9. Schematic representation for the total distortions of the group
IMand V (1*=the measuring origin)
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Fig. 10. Schematic representation for the total distortions of the group
] and T (1*=the measuring origin)



Fig. 11. Schematic representation for the total distortions of the group
Il and V (1*=the measuring origin)

Fig. 12. Schematic representation for the total distortions of the group
IV and V (1*=the measuring origin)



2. Glazing¥ FzA ¥3¥ (Table 5~11)

X,Y,Z3AEE AH HAE & 3 ¥vads
© (Table 5), Al W3l ZF Flg A
ol7} AKAth .

X#HE H9e, I AYsd =g 0]
(-)W3F HYE 331 splint bar g} EA)
23] gle o WA o Bch(Table
5).

Y#E #H9s, BF (F)UE wdeld,
splint bar 7} Q& IV, VadAs 49
AzxFe A4 W7 101~183 pmel uh
W, splint bar7} = I,I+L 28~72
pgmZA splint bar 9 f5F7 sl &
JFS FU T (Table 7,8,9,10,11).

g =AFF o HAYFL Ceramco
=39l Vol VitaE=xd7d VTl uvl3l
Avizxoz o B HYE 3o

ZHE WY= splint bar7t Y= 1,01
e 4¥HolA 118 um¥ 134 pm P
A€ F3;, bar7l gl MLV, VEdlA = 5
Woll Al 476 pm, 415pm 23T 287 gm
A9l E sttt (Table 7,8,9,10,11).

Z&AE A= splint bare §FFol =X
£355o ma Fo g Zelst slen, =A)
ZR/d & zole Ceramco AT NV
o] ti U B2 HYE siov felde

R H(Table 5).

3. Degassing ¥ WH¥3 Glazing¥F WY
o] ¥]w (Table 6~11)

ITe X9 wigle 43 7oA
degassing°l €13 Wl o 3z ©E A
ZF@oMe 93 Aol Jehx] gsith
(Table 6,7).

IFoAe Y, Z9geze faAdlE 4
s} gglow, XWtozE 6WdA 64 um,
8l Al 118 pyme] =AolZA glazing HY
7} fo&tA 2tk (Table 6,8),

M=o Xwak Wz 25 glazingd9
7F Zew 8WdAME I Aelrt 217Tpm 2

A el zlolg e Yo ZHE 9
A= GA] glazingol 2lg W7 J g&
7Ago]l 2t (Table 6,9).

VZoaXMe X, YH e glazingd 47}
degassing®¥iSlol uvlal o 2L AL B
oldA, 2¥W3 8yl XWH WAL F=
ol Hl8] glazing® ol F2A ZR3 7
2 WYoE 2~38 O Beol A FAA
S B oo uldl ZwEke degassing®
A7t glazing AT (-)#WFeg i
o 2o WAE Mo (Table 6,10).

Vel X, YRS glazingW9 7l Axl
Ho® ¢ g2 7keul 3,4, 5He] Y W
A& glazing W97} degassing WSl Hla
4~5uy @o] (+H)wE WHAE s,
Zgoze BE AESHAA degassing
f7F B B2 geln] 3 49N feld A
ol7} U3t (Table 6,11).

V. 82 4 1%

EAARAGE FTo ne £80= A%
zAWstel Fxgy NBID | el 2GS
2% g8ln = 2 A9WAAS ol
2 <l FzAE Wg, HEe s B
o olzm Q13 FAPEe W AT
o UAH oz EAJF Ha chsest
6l—64)

T2 ZAlelM B $Fe ZF A4
Ed wel gt olE s A 20820
2 ZAA717] Y8 Ay nde F93)
A o] X3 gl d4.4080

AFgolg 2A9 27U 2ANIPos
2 ERAF FEARAMNE EMe =
719 Al Ax A%H oz Wgstes A4
3 AF¢H, Ao vAF R T
ol Q& mUAlE zFLHel A AAAHz
AP olzj g AFH e VA A FH2
(buckling) @42 doA {2 ARPAAE
WAIAl B, o] ARAZ S WS X -

o



Mo g ZAEe Aol X -H3d 3244
o}q'sl,ss)

Aol 4548 S WA f
o gANAL FolXm AFEHE WAHA
7¥7el ZvlE ),

Ao e IR A -5 Aol gF

2
N
n‘,°1i',
iy
K

o a4g, FFd U =49 FA Iz
’?‘J:LﬂifM 259 AR F F A9 A
gl Agdl 9%& & & Y 22

8,9,11,24,26 56 ,68)
e ks :

dRFE YA ex E e g
FeE2 =AC B vjad FAAdE v,
EAlE ““EH’SWP‘] dolg BAE EHoled,
ol &&xA4s mEl leucite ¥ AP K0
~Al ;05— 45102 dAo] A& Na,0 &
ol FrlbEA olEol A&H 7l 4
3l Si0, AMHAIR I FR3IY x5 F7RE,
7¥dA g 3ol el dWFEE W AlY)
7] wh&elvh®

w2ty I AeS vag dgeie e
= HH9E fddlel sln, B A4 x1&§
VitaEd+= 12.80xm m.K(20~650C ),
Ceramco EAl &= 11.84 pmm.K(20~650
T)eolz, %+ Pors-on4e EHZLL
15.20 zm, m.K (25~600 C) ol t},?

2 AFdMe F2%, degassing ¥ 27
i glazing & 338 A Z Ageltk &
Fled ole §FA %7 8ol 1 olF
HgolME AZHA I F7] "HEeIH,
A o FFel HWIE PAINE=
el &2 Fo 39 WHIlESE 248
2 Ao,

g9 F2F $HAE= 93T FEF3H
Helol AX tgstA AE&HAx, ol FE A4t
Ha) glol degassing 3t theol= o WY}
wo] F8Z =], o1& degassing©l F2A|
o] &8sy ERE e Bu 9 4
Tolu, S5 HH P 2E olelA] A FA
3 Aoz Alg®t),

45T =2A4FS st $EwsiE

o[o

ZA8E Terada®? 9] E_Tloﬂ/\ié 0.5 57
o Ay AlgelA =A82d |
A7 4588 W= 15 ~26MPa =718k
=, 8 A¥dAe 2% a3ey Sopgy
o % Ceramco =)ol ©F 14 MPa, Vita®
Aol oF 4MPa R s o),

Ceramco &8 H1 AHLEE Vita®
Aol vl&ll oF 30 ¢ o o} degéssing o
olg gHEIWLE o aodd Aoz oA
Auh, dYFAG WHollA Vita Txiol s 3l
006% & Ho] AFH Frtel F+ A
d ez Algdt}, s Terada™ o &3
A7 AN R e AL dAdxE @ A
of & <ol Hg JAAY, 2 9 g9
FHel e n2dEs Ay ex9 el
agx AR dHYE 4gFE Aoz Alad

FzAe Y AFH L dFE A
7F Jed ¥ 2 age] Auyged 99
B 7HE F 3 AE AR 9gdsE
7t ¥lwd Fdste el FAm, FAL
FPelMe Fu W44 zrt tar] o
2ol Sl AT,

Aol gla AFH U3 Al HRL
Si0, AAAA Fx vid £og vZgAA

© 43hE o] %Es}ai 4" Si0, F27F T

Hol $¥aAY SYol glow, G BAW
U ael o AP AsBel =AE o

s geid Qoh
A 34 BFede Al A
A2l \asg% s =AeA RAE
e SHUd 3w A9

= ':F_%Zi] 7Kgdel 9gg Fx
= EH*“ da -] g3, F24
7¥gel 3 &2 e Wil zEln ‘hyste-
resis’.2ti st FRA AHFAZ, F=A
7ol 21§k sag resistance & A Fol
FzA9 WMy qog o glou, ol &
Folol A} YIS FEAE olF x|
A ;L YTh®

Z. 0.
S



TZAE g3y A FxAd FHE ¥
A= F g3 sy H3 gHANHAE
sl Hed, ol&2 Asle ZhE-gge] S
o] B0 - Z2A] YUY A gas & u] &3
I, ZAe AFFEE Eolv] g Ale
A7 oHEA AA F& A% degassing
Y GA] F2Ae] HES doA, BAES
AP EE As7le gdS HEsn Yo

olo] tig oivjm oz AAinitt dAxH
Hete o} glou, dixldoez HAeEss H
A S Autsles E2d Ade] agdn
glT}, B WAL i ako oRTIl E
3 ulFel Wy g Bol degassingAl sag
resistance £ ®oy, F2&xy 7] 9
Boll FZ&HAE AFEA w3 zE2=2
degassing Al 2gslulo 8 Fxi) Wgo] &
ol ¥AY Ao & AlgH™, Ando? 7} HF
gaAe] W APEgAE 2 Aolg B
o]z ¢igkt,

g FR FIu AFEE B AFdAME o]
ol #§ vlmwe & F Ao, Avygq A
g A% FaAS 30 gadtu, 7EA
o Awaiglier A (sag)el B

Ando? & dZ@¥e} 7IEAe AAR Z
Hol Yo datgo] @olX|Al FHeH ol&
gl 7HFUA LY L sagE ¢ J7F Al
T siEeh v B Agel AlE dielAe
TR ARl s1FHS wo] FA gt
on dARAAY AHEe APHY) R
of 7}EAASEel & FxA ¥HE ade
sag HH F IS FUS A2 AsH
=3

ol¢} AFAF Ando? o AP EdH, &+
&o] T L FE 91FSyo] wsle] F
ZA 7 FAL WwFgo g A= HAFHA S
Budtgded, 2 4¥e 7FEA gHaAe
AZARE 4R F&Hol B2 4 34
of <1Aggol WAEle, FEZAE WHo=
e Fol FEdleq o FHo] Za¥Hm, 7}
FA FEeo AupAd e F32A FHo #A

el e EEYNOE AAAH, TAE Y
oA FHdAl HA g XAV} gSoE A A
Aol vepd Zez Algdt), ulElA degass-
ingAle] FxA WYL £ol7] dAde 3
23 334=9 A=E /R gF& A9 g
7 okgy JHFAe] £L& du)TE  ARREl
o 71F88e] WAL Hazsld, 3y A F
Al A 2712 A Fete datEe 29 F
QAEE "gsle Aol FadA AAAC,
A E3 FxAe HyYe J|ddd et B

ENEHE =X E
A2 7 EFPL 9 F2A7} degassing
o gEHz 3Bges Ay ad4ng ? @
1= 3

2 dyoMe FxAe &4y e @
Z3g=d, splint bar & AXdn =L
o] Qle AITS F24 ZAQ° ALFe
2 723 7hEXe AgEdd e sag¥d
7} Aoyl (Table 7). 28 v degassing &
o] ¥yl vEide A do] wom(p(
0.05),°1 A2 FFLEHy Il
&o] degassingol s WEE  dojykAY
splint bar 9] ¥4 auz Alzdc)

3HH splint bar ¢ =Ai 830 2% gle
AMTe] HEL, =AY 7K zZe] de-
gassingol °lg WP RT o] B WHYS d
oZed, ole EA74L ek HYE oA
st Hlol #EYY Ro® AEEHE splint
bar7} gl AP HEe], & FRAAAE
WZIAl gEglo] oz ol ZHFFe I
g wle dAaldA =34 @A gioE No-
mura®™ o] Aoz FAHC ol 7]HAL
Fusty, dAEAo] FL2 HAFLHEoE T2
A Azses Aede =ALF El e &
ol WHo 2 FZAE HAAF HIEE g
ol xgol HaEzt Asdr

=gl F2A A uA = Fgl o



A AT IFes, adu ANEH VE
22 35 Bz & o (Table 5), =4 &%
A Me FA& Aol7t gidou, F23ol
A FE A SgE 28 HEgdsE AL
ol wE I3 FAZEI o gsith o]
= ZAe S IASFI TE vE 2] o)
ol el g g5g8el, 281 F2A
o AFEHe] o 7Y wa FzAe T
AN s502 AlgEHY, o g e T
AsE 22 4B FAsE ggstE, =
opaque =417} 7% mm #He)=9l enamel

S P g o R Qd =A&3e] 3
ol mat FARgo s gEgol AL 3
§3A RHEAAE EAET B4 = ‘samd-
witch effect’ ol 7913t} 8.5

EA -8 B3P A9 =409 Aol
e 1Y ABel e Aow LEHom®,
ol E¥iEHo way EfEge HolHo
ESTE FEHENL SERs, B Ay F
7H] ARG 9§ W] Aol nizm
A= Age dA&he 234 JYeym, A
VI3 Vg vlag 9, X,Y,Z 28 4
ol A Hol¥ol =& Ceramco =xe] W&
Zol ol @t} (Table 5,10,11).

ol 43 ol =AFFY =AeH FF 2
ga Fx2A dAd wWE EQ2ARHYF E
olxe] WA sl A= vlmsl BgroihF
Fhel £ HYE AAFS dAMe 2o F
g 38 Z2YEE B Asd Awst A
Zlgd MAE AgHgor olg £ Yu dF
7t Al=s ook & Aolt},

V.2 &

Axe ERAPEY 388 $Fo Pors-
on 4(Pd 57.8 %, Ag 30 %, Degussa Co.,
W. Germany) &, EXEIL2 = Vita VMK68
(Vita Zanfabrik Co., W. Germany )@
Ceramco(Ceramco Inc., U.S.A.) & AR
s, = EF =3 uwl=2 e

Y HIE X -43A S &4 71 (X-ray
diffraction stress analyzer, Rigaku
Corp., Japan) 8 &3&tz, FzA A<
EREART 283 BAESHA Q3 =)
&A% 7hEelRY WYe N AnYgEs 3
A AR EA %) (F-403, Mi tutoyo MFG., Ja-
pan) oA A &3sle] oy e Ags o
At

L EAE4F #3Fd gRede dRsy
o2 Frlshe A Held  felye

o

2. FXA ¥IEL Ao
dgozel WY T3 sag¥AL HY
t}, )

3 F2A A¥L =ALE A vlsf de-
gassing Al o B9k}

4. Splint bare] AA+E degassingAlol
Fz3 Wy anrt glot =&
FAol M = HgGA Z3F Aok

5. FxA 9] sagdFe Ceramco EA] ]
Me A Ao dx #5324 sy,
Vita =4 2ol M= degassing Aol 2
A Sh o,
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~ ABSTRACT —

A STUDY FOR THE MEASUREMENTS OF THE RESIDUAL STRESS AND
THE DISTORTIONS IN THE CERAMO-METAL BRIDGE OF Pd-Ag ALLOY

Yound Chan Jeon, D.D.S., M.S.D,, Ho Yong Lee, D.D.S., M.S.D., Ph.D,

Department of Prosthodontics, School of Dentistry, Yonsei University

This study was taken to observe the changes of the residual stress in the alloy and to measure
3 dimensional distortions of the long span ceramo-metal bridge.

The materials used in this study were Pors-on 4 (Pd-Ag alloy), and Ceramco and Vita VMK
68 powders. The residual stress of the alloy was measured on the six specimens (dia. 8m/m) by
the X-ray diffraction stress analyzer according to the kind of ceramic powder and different
measuring stages. And, for the measurement of the distortions, fifteen specimens of the anterior
8—unit ceramo—metal brige were fabricated and subjected to the 3-D coordinate measuring ma-
chine. Variables included the 2 kinds of a ceramic powder and the presence or absence of a splint
bar at the cast metal framework. The measuring stages in both were after casting, after degassing
and after glazing.

The following conclusions were obtained :

1. The residual stress of the alloy showed increasing tendency for the tension by the ceramic
fusing, but there was not significance.

2. The tendency of the distortions in the cast metal frameworks were decrease of the width, the
anterior displacement and sagging. )

3. The amount of the distortions at the degassing stage were greater than that at the vceramic
fusing stage.

4. The splint bar was effective to control the distortion only at ceramic fusing stage.

5. The sagging distortion in the Ceramco firing were even through all measuring stages, but in
the Vita firing, pronounced at degassing stage.



