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Table 1  Basic properties of 3Y-Zr0, and TiO,
Material Density/(g + em ™) Purity/ % Young's modulus /GPa LEC(925°C) /10 °C '
710, 5.75 99.8 205 9.6
Tio, 4.20 99.0 282 8.2
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Fig.1 The RPZ-03P thermal dilatometer (a) and Zr0O,-TiO, ceramic cylinder specimen (b)
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Table 2 Different volume fraction of TiO, and corresponding
calculated relative density as the LEC controlled to
be 8.92 x10°C ™'

Volume fraction/ % Relative density Sintering temperature/C

10 0.85 1450
15 0.88 1500
20 0.90 1520
27 0.92 1550
35 0.97 1650
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Fig.5 Comparison of calculated data and experimental data

as LEC controlled to be 8.92 x 10 °°C ™'
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Table 3 Measurement of impression dimension
X,/ pm X,/ pm X,/ pm X,/ pm L,/pm Error/ pm
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4 R Zx0,-Ti0, 5% # £ty TC4
a4 R TY

N T =B Zx0,-Ti0, B K H 75 8 98 A
JE i M RE , W VE T Zr0,-TiO, faJE P %A H
SEHGATRE A TE BRI HL IR A R 9 Ti0, (R AR HCk
27% (4 Zx0, A1 Ti0, JRA B AR , B 4557 o R LI B2,
T A 5 R I A A R R AR R TR . A
1550°C TC R BE &5 i I 15 B 2k I ik R B 5 TC4 8k &
<6 4 [ B4 Bl A (A& 10 TR ) o

B 10 5 TCA $h5 & 45 1% ik 2 B VT A Y
7x0,- TiO, P gt B
Fig. 10  Zr0O,-TiO, ceramic die with the same thermal

expansion coefficient with TC4



543

R ENE M AT 4% 200, -Ti0,, Py R AL (¥ BR 5 <6 w8 0 2 2 e 13

T g A PR AR L 57 TR A 2R R B R R T
R B R A B IR T R R, AR D R AR,
AR B Ak LA B U i T R R SR TR
il & B, HLAS B Sy B 8 B Rk, DAL H AN e 9 R
I IE I TC4 Bk & & N R JE 0. Smm, F 42 80mm
W BEASORE . FARORICE T B R Z S TR
HUK RS IFIG THil , T E R Oy 10°C/min, i
JEF) 15 925°C )5, Rl 30min, ¥4 2 2 i A AL
r, TCA TR JE A il LIAR 2 By i DA Pl g ML v I
AN BRI, U O BE R LR OO B R,
H 5 EFEM G R %, Uil TC4 HEAF R 5
A RAF e M A o 98 O J5 /9 TC4 )2 1F
N 1T o o H: 3R Jo o MR B R 4 R T T AN
BEH BB F . X R W Zr0,-TiO, B % #E A7k 925C
HA B (9 MU BE U478 28 BUE | i P BE AL
Ho m T H—-RI A HS TCA Bha &L Ik
FRUOM ), N A 2 A4S Ze0,-Ti0, Fig % 4 B A
PR <5 IE T USSR AT AR K B0 K S ¥

P11 T P g R R B TC4 BR 5 4 TR AF

Fig. 11 TC4 titanium alloy cylinder of superplastic

forming using ceramic die
5 #ib

(1) BEi& TiO, & 1S N, Zr0,-TiO, B % £k
Mk R ARG . X S o TiO, WL Ik R EUN T
7r0, MMMk 280 RIS Turner AT AL S 2
BRI, [F B, B2 Zr0,-TiO, % Af X 235 BF (1) 1
i, 2R Rk 2 B =2 38 . AT LB g Oy B IR R
AN =T % ¥ TARRSETTY AR bl I (E RN A S 2 o B SR
TR AL T . R AR L R S b R R ik
FHAHRT I/

(2) %F Turner 28 AT T 1B IE, ¥4 AH X % d
I #] Turner 74 & 1, & IE J5 B Turner 24 2 Hy

3 V E V. E A
a, = Ja(ProTe 0Ty g g e 5 4 T

VE +V,.E,

Turner 22 3R ROHE W) & AR w5, 5 W% 28 g
B L B Zr0,-TiO, P %e i) 2k I Ik R 40

(3) TCA BR 5 4 88 W8 L T IR vk O K 3 )
ZERFE W, R Z00,-Ti0, P &AL H 1 18 18 18P K
JE R R , RT3 22 Al ad S9pm, AN 4 R
S0 1% MR B T Bk A 1 S RS JE

(4) fii j Z:0,-TiO, Fg A B AL 925°C 1 B e
T TCA Bha &M, 45 R R U] B B AT B4
R FRALUR A RE 147 28 OB , BLBOE 5 TC4 e 1
A LAAR 28 5 19 DB e 485 L rp BRCHY AN A5G T A4
BLELABAE T LR AL, W] Zr0,-TiO, M % 4 H R AL
il P BE R4, ELRR 28 SRS 3 R MR i v

Z & k-

[1] LUO Y, LUCKEY S G, FRIEDMAN P A. Development of
an advanced superplastic forming process utilizing a me-
chanical pre-forming operation [ J]. International Journal of
Machine Tools & Manufacture, 2008 , 48(12/13) ; 1509 -
1518.

[2] XING H L, WANG C W, ZHANG, K F. Recent develop-
ment in the mechanics of Superplasticity and its applica-
tions [ J].
2004,151(1/2/3) : 196 -202.

[3] CHARIT I, MISHRA R S. High strain rate superplasticity

Journal of Materials Processing Technology,

in a commercial 2024 Al alloy via friction stir processing
[J]. Materials and Engineering ( A),2003,359(1/2):
290 —-296.

[4] THE, skSLEE. MEDBBEITRBICRE LZRELI]. P
FE A 04 JE 2% 4R, 2004,14(7) : 1059 - 1067.

(DING H, ZHANG K F. Current status and developments
in superplastic studies of materials[ J]. The Chinese Jour-
nal of Nonferrous Metals, 2004 ,14(7) . 1059 - 1067. )

[5] sh3cie, wolke, ERE. Ti6oAMV & &2 2R8I

IR/ O L ZW R LT]. Al sE MR,
2005,25(6) :29 -33.
(HAN W B, ZHANG K F, WANG G F. Superplastic
forming and diffusion bonding for multilayer structure of Ti-
6A1-4V Alloy [ J]. Journal of Aeronautical Materials,
2005, 25(6): 29 -33)

[6] CUTARD T, CAILLEUX E, LOURS P, BERNHART G.
Structural and mechanical properties of a refractory concrete
for superplastic forming tools [ J]. Ind Ceram, 1999, 19
(7/8) :100 - 105.

[7] BATE P S, SHAW G R, HANCOCK M A, et al. Super-
plastic forming with ceramic lost-wax dies [ J]. J Mater
Proc Technol, 1995, 47(3/4) :361 —368.

[8] MURAKAMI H. Dental application of superplastic forming



14 o= MM % i %32 %

for titanium complete denture bases [ J]. Aichi Gakuin 552.37 —-42.
Daigaku Shigakkai Shi, 1989, 27(3) :61 - 69. [12] KINGERY W D, BOWEN H K, UHLMANN D R. Intro-
[9] CURTIS R V. Stress - strain and thermal expansion char- duction to ceramics [ M]. New York: John Wiley & Sons
acteristics of a phosphatebonded investment mould material Inc, 1975,21; 125 - 128.
for dental superplastic forming [ J]. J Dentistry, 1998, [13] LOMMENS P, DE MEYER C, BRUNEEL E, K. et al.
296(3):251 —258. Synthesis and thermal expansion of ZrO,/ZrW, Oy compos-
[10] SANDERS D G. Reinforced ceramic dies for superplastic ites [ J]. J Euro Ceram Soc, 2005, 25 (16) ;3605 -
forming operations [ J]. Journal of Materials Engineering 3610.
and Performance, 2004, 48(6) : 350 —355. [14] HSIEH C L, TUAN W H. Elastic and thermal expansion
[11] BERNHART G, NAZARET F, CUTARD T. Fibre rein- behavior of two-phase composites [ J]. J Mater Sci Eng
forced refractory castables: analternative solution for SPF (A), 2007,425(1/2) : 349 -360.

die manufacturing [ J]. Mater Sci Forum, 2007, 551/

High Precision Superplastic Forming of Titanium Alloy Using
7Zr0, -TiO, Ceramic Die with Controllable Linear Expansion Coefficient

JIANG Shao-song', HE Xiao-dong’, ZHANG Kai-feng', GAO Peng', LI Bao-yong’

(1. School of Material Science and Engineering, Harbin Institute of Technology, Harbin 150001, China; 2. School of Astronautics,
Harbin Institute of Technology, Harbin 150001, China; 3. Beijing Hangxing Machinery Manufacturing Company, Beijing 100013, Chi-

na)

Abstract; The Zr0,-TiO, ceramic die with controllable linear expansion coefficient (LEC) and the high precision superplastic forming
were studied. The influence of TiO, fraction and relative density on linear expansion coefficient of Zr0O,-TiO, ceramic was analyzed.
The Turner model was modified and the relative density was introduced into the model. The forming accuracy of ceramic die with the
similar LEC to TC4 titanium alloy was measured. The ZrO,-TiO, deep cylinder ceramic die was fabricated and its performance was e-
valuated by the superplastic forming experiment at 925°C . The results show that the LEC decreases with the increment of volume frac-
tion of TiO, and increases with the rising of relative density. The modified Turner model more accurately predicted. Using the ZrO,-
TiO, ceramic die with optimal LEC, the forming accuracy deviation significantly reduced and not exceed of 0. 1% . The ceramic die

owns enough sufficient thermal mechanical properties and excellent performance.

Key words: superplastic forming; ceramic die; forming accuracy; linear expansion coefficient (LEC) ; TC4 titanium alloy



