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Table 1.1 Classification of internal stress superplasticity

Material Deformation type References
Fe alloy Transformation 19,2
=i f 24
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Zirconium ~ Transformation 24,30
T Cobat ~ Transformation 24
" Titaniun d Transformation 24
=1 Transformation 31
= Transformation Ty 32
- Transformation 33
Zinc Anisotropic CTE-mismatch 24,2934, present work
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o Composite CTE-mismatch ~ present work
Ni base superalloy ~Composite CTE-mismatch  present work
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Polycrystalline material Composite material

1.2 Tlustration of the two types of materials which show internal stress superplasticity
Left: single phase polycrystalline material having crystallographic anisotropy. Right: dual
phase composite material
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Table 3.1 Physical properties used in the analysis.
Equivalent Young’s Modulus of Lattice Diffusion
Temperature Temperature Pure Al Coefficient of Pure Al
Range / K
T./K T./k E/GPa E'/GPa Dy/ms' D! mi
«q
523-623 575 590 578 56.8 4.23x10 8.39x10
573~673 624 638 54.1 52.6 3.58x107"* 6.25x10°"°
623~723 674 686 47.7 46.1 2.39x10™"° 3.62x1077
673~773 724 735 405 38.6 1.26x10°" 1.76x10°"*
3.13 Th%. TOff: i
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activation energy of the thermal cycling creep becomes about 22 kJ/mol.
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Appendix 3A
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Fig. 4.3 Photograph (a) is electron channeling contrast of hot-extruded Al-5.9wt%Ni alloy
Photograph (b) and (c) are longitudinal and transverse sections of the directionally solidified
Al-6.1w1%Ni alloy, respectively after etching out of AI;Ni phase
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Fig. 5.4 Results of isothermal compression creep tests of three types of specimens at 573 K
The stress exponent was four. Broken line shows the isothermal tensile creep behavior of pure
zine at 596 K reported by Lobb et al.
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Table 6.1 Chemical composition of Ni base superalloys (w1%).

Cr Mo w Co Al Ti Ta Hf Ni

Mar-M247(DS)  8.00 0.49 9.34 9.32 5.63 0.71 3.18 1.46 Bal

Mar-M247(SC) 8.1 0.50 9.5 9.2 5.63 0.70 3.21 1.4 Bal.
CMSX-2 7.8 0.61 6.0 4.6 5.69 1.01 6.0 - Bal

622. 7Y—7THE

B A7 L2

Sz

[115,127). 7

5 ¥ % Fig. 6.2 17

CMSX-4 [128,129,130,131]7

QYANVIL " KE ZDEHTTM







6% Ni lLHg

6.3. BERUER

63.1. DS HOEREIY—7 R 5k

2)—7 dhi#i% Fig. 6.3 127

Mar-M247 O£

A SE 271 -

2% 1473 K, #1315 77 8.0 MPa TOE{R 53 1373~1473 K, 10 K/s,

EDREEML, |

s &k oE :
G, FiRZY—

0.73 Thotz. BAAINII—T DHEE, O
LT AL TR
LR OABLE

£=0.73), #AA IV 7Y —

A AN —T Rk A

L7z, SiR2V—FLEL

AERAN %

i, SR Y — T i 1 (£=0.73) D 5. 1

IRV —T BB IR EICKREAR 7T I

= e —

I ‘ ]

- I’ B

0.6 - / n

K. 'l .

,E_ £ 4 4
E "

0041 ; .

= 3 g |

E : ; 4

J 4

02 ,' A

L de g mwaeE Isothermal (1473 K) 4

[ —— 1373~ 1473 K, 10 KJs i

’ | S T S s

0 50 100 150
Time / ks

Fig. 6.3 Compression creep curves of isothermal (broken line) and thermal cycling (solid line)
creep tests. The isothermal creep test was performed at 1473 K under an initial applicd stress
of 8.0 MPa and the thermal cycling creep test was performed at 1373~1473 K, 10 K/s under
initial applied stress of 6.4 MPa. The tests were stopped at € = 0.73
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Fig. 6.4 Photographs of Mar-M247 (DS) before deformation (a), after isothermal creep (b)
and after thermal cycling creep (c), respectively. Optical micrographs of the inside of the
specimens after isothermal creep (d) and after thermal cycling creep (e), respectively.
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Fig. 6.5 (a) Specimen of CMSX-2 after thermal cycling tensile creep test at 14031503 K, 5
K/s. (b)~(e) are SEM micrographs of longitudinal sections of the fractured specimen. (b) is
the section near the fractured surface and (e) is the section near the edge of the gage
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Fig. 6.6 Thermal cycling (1343~1443 K, 10 K/s) tensile creep curves of Mar-M247 (SC)

Time dependence of (a) true strain and (b) true strain rate. Creep test was stopped two times in
order to adjust the specimen temperature.
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Fig. 6.7 Photographs of the thermal cycling tensile creep specimens of SC superalloy (a)
before deformation and (b) after thermal cycling creep at 1343~1443 K and 10 K/s. The
specimen showed high elongation of more than 100% without fracture. (c)Microstructures of
SC superalloy before deformation, (d) just after thermal cycling creep and (e) after post-creep
heat treatment. These are observed by a scanning electron microscope on the surfaces after
etching out of y matrix (c and e) and y’ precipitates (d). The post-creep heat treatment yields
almost the identical microstructure of fine cuboidal y* precipitates as that before deformation




103

6.4. F&&H

EDEBEHM

5l Mar-M247(DS #4),

21, B AT ER Y-

L,

MOSERIZEEEL ARV T

AREBREATOA T
b7

D57, ZOLEOFBRIE, v HOEFS

§ 05T SCHOBA A /L5880 2 —7

73

V10%FREEL DI, BRIk Chodz. Lt

R}

AT5&, BEWTRLIC 100% D1

h3oC Ni & &EWEH CTE IRV T

YAME D TF IS LM TR RE

iR I B SA R - ThsY), BELEA

mEipole, ZAUTEIE ORIRF DAL R

i 1 AR B AR




FoiE NiAHFEHHE 104
113. %7
114. “RL2EH N
115. “Rafting in Superalloys™ F. R. N. Nabarro, Metall. Trans. 27A, (1996), 513
116. “ReFi = 7 VB E RO HRERIEEZ K] gt

# 76, (1990), 940,

117. “Ni Bl Ik, §kE8 77, (1991), 832

3 7
78, (1992), 814

119. “Superplasticity in P/M In-100 Alloy™ S. H. Reichman and J. W. Smythe, Inter. J. Powder Met. 6,
(1970), 65

e Influence of Orientation on the Stress Rupture Properties of Nickel-Base Superalloy Single

Is” R. A. MacKay and R. D. Maier, Metall. Trans. 13A, (1982), 1747

121. “THE INFLUENCE OF MAGNESIUM ON CARBIDE CHARACTERISTICS AND CREEP
BEHAVIOR OF THE MAR-M247 SUPERALLOY" H. Y. Bor, C. G. Chao and C. Y. Ma, Scripta mater.
38, (1998), 329

122. “Improvement of Creep Strength in a Nickel-Base Single-cryatal Superalloy by Heat Treatment™ P.
Caron and T. Khan, Mater. Sci. Eng. 61, (1983), 173

123. “EFFECT OF ORIENTATION ON THE INTERMEDIATE TEMPERATURE CREEP BEHAVIOUR
OF NI-BASE SINGLE CRYSTAL SUPERALLOYS" P. Caron, T. Khan and Y. G. Nak a, Scripta
metall. 20, (1986), 499.

124. “ON THE EFFECT OF HEAT TREATMENTS ON THE CREEP BEHAVIOUR OF A SINGLE
CRYSTAL SUPERALLOY" P. Caron, P. . Henderson, T. Khan and M. McLean, Scripta metall. 20,
(1986), 875.

PERATURE TENSILE CREEP OF CMSX-2 NICKEL BASE SUPERALLOY SINGLE
1. Rouault-Rogez, M. Dupeux and M. Ignat, Acta metall. mater. 42, (1994), 3137,

126. “Precipitation and dissolution process in y/y'single crystal nickel-based superalloys™ T. Grosdidier, A
Hazotte and A. Simon, Mater. Sci. Eng. A256, (1998), 183

127. “ELASTIC STRESS IN SINGLE CRYSTAL Ni-BASE SUPERALLOYS AND THE DRIVING
FORCE FOR THEIR MICROSTRUCTURAL EVOLUTION UNDER HIGH TEMPERATURE CREEP
CONDITIONS" T. Ohashi, K. Hidaka and S. Imano, Acta mater. 45, (1997), 1801.

128. “CREEP DEFORMATION AND RUPTURE OF THE MONOCRYSTALLINE SUPERALLOY
CMSX-4 - A COMPARISON WITH THE ALLOY SRR 99" W. Schneider, J. Hammer and H. Mughrabi,
Superalloys 1992, (1992), p589.

129, “Creep of CMSX-4 single crystal of different orientations in tension and compression” P. Luk4s, J
adek, V. Sustek and L. Kunz, Mater. Sci. Eng. A208, (1996), 149.

JREMENT OF THE LATTICE MISFIT IN THE SINGLE CRYSTAL NICKEL BASED
SUPERALLOYS CMSX-4, SRR99 AND SC16 BY CONVERGENT BEAM ELECTRON
DIFFRACTION™ R. Vilkl, U. Glatzel and M. Feller-Kniepmeier, Acta mater. 46, (1998), 4395

131. “HIGH TEMPERATURE CREEP IN A <001> SINGLE CRYSTAL NICKEL-BASE SUPERALLOY”
P. J. Henderson and J. Lindblom, Scripta mater. 37, (1997), 491

h BB B




4@
S=



BTE BIS 106

:‘ﬁ 5. Tnu ‘f (]

AL

IR 7 aEAThoHY, € DA

ofc. AEaSCE, PENES BB O AR O IR, 1L, WD LA

S &MY TIZERT5 -BHIELTiThh-.

F2ETIL, EM CTE IR vy F BB % Sato HOEET IV, ZERERIEMEIC

B89°% Greenwood HOEIEET /L, RFitk, BEHM CTE IA~v» T E ML BT % Sherby

LOBHET MCBLT, FRbOM H RO kA

FRTON

S RBEBYE L T RER L T O 2 — 7 R

= Ac”(€,,)""" exp(-Q/nRT,,)

o

IZT A FEH, e [ HBEELICLoTHESNZIATYF OTHTHD. ZOE,
BJOF ZEEDV IRy F O HEED 1-1/n FIZEBFIL, PIEREIBEIED RN OE

(LT RNF =13 Q/n |Z72 BT L%

e B, Rk, 5 CTE

UL, WA CTE SAvy T @IBRELY T LI

TA ke HaRETHZ

LIZRY, TRTONEIS BB MEERZ TR 5

5. LIzhoTHREIG S

BIBMELVOH T, EHEAARIMIREEE N 2 Lic KB RENSIAV Y F O

THE %, ~ERAUNIV—F IV ZEDETRTDLIREMHT, ANICLOERBHE

MBS AE

FIFETIL, F2ETREL WSRO Z YL ET VB THD Al-Be G &

ZVTER , O R EA NP HEBED 1-1/n FlTIE

#il+5 S Q/n \TheBZLAHERENT-. [FRF 51




EHRE R 107

MMC (Z%}5 % Sato 57

S SA2NEIG AR

W% I8 6 TET, T3k, MM LA MEbEh TV /- Ni JEHR

M7 ot

(kDB T RRHEHE, y= ) w2 Ay KT 257 s

5. EBROER, B

o FRBIBYE A L Z

{LL7= MMC Th2DTHE &4 CTE

HiZE#




108

1. “Plastically Accommodated Creep in Al-Al;Ni Composite™ E. Sato, K. Kitazono and K.
Kuribayashi, Mater. Trans. JIM 37, (1996), 340-344

¥

. “Internal Stress Superplasticity Induced by Thermal Cycling in Metal Matrix
Composite” K. Kitazono. E. Sato and K. Kuribayashi, Mater. Trans. JIM 37, (1996),
345-348.

3. “Al-Be 3%
23 f
“Micromechanical Analysis of Internal Stress Superplasticity Aiming at Single Crystal
Superplastic Forming” E. Sato, K. Kitazono and K. Kuribayashi, Materials Science
Forum 233-234, (1997), 199-206.

60, (1996), 441-445.

&

n

“Internal Stress Superplastic Forming of Dual Phase Material™ K. Kitazono, E. Sato and
K. Kuribayashi, Materials Science Forum 243-245, (1997), 481-486.

“Internal Stress Superplasticity in Al-Be Eutectic Alloy during Triangular Temperature
Profile” K. Kitazono and E. Sato, Acta mater. 46, (1998), 207-213.

3

. “Internal Stress Superplasticity in Directionally Solidified Alloys™ K. Kitazono and E.
Sato, Proceedings of IMSP '97 (1997), 149-154.

8. “Internal Stress Superplasticity in Directionally Solidified Al-Al;Ni Eutectic
Composite” K. Kitazono and E. Sato, Acta mater. 47, (1999), 135-142.

9. “Unified Interpretation of Internal Stress Superplasticity Models Based on Thermally-
Activated Kinctics™ K. Kitazono, E. Sato and K. Kuribayashi, Acta mater. (Accepted).

10. “Internal stress-induced single-crystal superplasticity in superalloys™ K. Kitazono, E.
Sato and K. Kuribayashi, Science (Submitted).

BB AER




109

(E1 TA, 1995 F 11 B, )

4. Internal Stress Superplasticity Induced by Thermal Cycling in Metal Matrix Composite
(GE:S P E K2V

5 BET077ANVOEE

>, 1996 42 9 A, tL#)

(G 12 EFEHMEE HES

DA, 1996 411 A, )
7. Internal Stress Superplastic Forming of Dual Phase Material

(ICSAM-97, 1997 4 1 H, /Sy Hu—i)
BYEICBITH5 =

1997 43 A,

8. Al-ALNi

9. Internal Stress Superplasticity in Directionally Solidified Alloys
(IMSP 97, 1997 4= 8 A, #)
BN T
2K

A, 1997 511 B, £

ML DOR S

13.Mcchanism of Internal Stress Superplasticity Based on Thermally-Activated Kinetics

(JIMIS 9, 1998 4 9 H, #77)

+7

E9 A, 21l

PRI RSB (B HEF A




110

AR LD IERIZdTY,

EHICHI-N, TRAZWEEWEBIED A FHIEA

BEER, HEBEIR)ICE

AL L BT

VORISR CTAY, A RIS,

FIFFERT O -BiEdRIC LB L BT R, Ei- ST E A

N FIRFFERT O @ LB AR, MR - EHR

ERFOMEHEE, &

A=BAE S TACC im s tar ¢ iRV B S

S ABIBYEIC B DR




111

HEBBEIC TR










	348010_0001
	348010_0002
	348010_0003
	348010_0004
	348010_0005
	348010_0006
	348010_0007
	348010_0008
	348010_0009
	348010_0010
	348010_0011
	348010_0012
	348010_0013
	348010_0014
	348010_0015
	348010_0016
	348010_0017
	348010_0018
	348010_0019
	348010_0020
	348010_0021
	348010_0022
	348010_0023
	348010_0024
	348010_0025
	348010_0026
	348010_0027
	348010_0028
	348010_0029
	348010_0030
	348010_0031
	348010_0032
	348010_0033
	348010_0034
	348010_0035
	348010_0036
	348010_0037
	348010_0038
	348010_0039
	348010_0040
	348010_0041
	348010_0042
	348010_0043
	348010_0044
	348010_0045
	348010_0046
	348010_0047
	348010_0048
	348010_0049
	348010_0050
	348010_0051
	348010_0052
	348010_0053
	348010_0054
	348010_0055
	348010_0056
	348010_0057
	348010_0058
	348010_0059
	348010_0060
	348010_0061
	348010_0062
	348010_0063
	348010_0064
	348010_0065
	348010_0066
	348010_0067
	348010_0068
	348010_0069
	348010_0070
	348010_0071
	348010_0072
	348010_0073
	348010_0074
	348010_0075
	348010_0076
	348010_0077
	348010_0078
	348010_0079
	348010_0080
	348010_0081
	348010_0082
	348010_0083
	348010_0084
	348010_0085
	348010_0086
	348010_0087
	348010_0088
	348010_0089
	348010_0090
	348010_0091
	348010_0092
	348010_0093
	348010_0094
	348010_0095
	348010_0096
	348010_0097
	348010_0098
	348010_0099
	348010_0100
	348010_0101
	348010_0102
	348010_0103
	348010_0104
	348010_0105
	348010_0106
	348010_0107
	348010_0108
	348010_0109
	348010_0110
	348010_0111
	348010_0112
	348010_0113
	348010_0114
	348010_0115
	348010_0116
	348010_0117
	348010_0118

