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Figure 3 Schematic of resonance excitation method for elastic modulus measurement
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Figure 4 Schematic of ultrasonic method for elastic modulus measurement
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Table 2 Elastic modulus of brittle tube materials at room temperature by the split ring method!"'***!

Sample Sample dimension / mm AP/AS Elastic modulus / GPa
R r b /N-mm™ Split ring Bending
Quartz glass 17.74 15.70 3.94 29.52 73.6 72t
Alumina 60.60 46.90 4.94 2400.02 409.2 38204

Zirconia 3.18 2.44 478 1036.82 223.8 20754




112 - A 4 F BEMERERRT R TEHREMBEEEETNHELR ¥371%

SR, A sk ORI SRR R T 5 A SO ASRE B A TR vl SR e iR A IR A 1
PRVERL R . DRONINECR G Sk S5 R S AL AR it N 2 Ay Ik B B B A AE AT AN b R 78, =i T Al A
PSR LA A A (AR R TN B (R AT o (ELCR v Jak e D B D TEVAAE v il K
RG] I RUAEAS F ATRE R SR R E MR R RN RS AR R A BB )
AT Fi4h, B OIMAERCE A R, RIS R A e v AR AR TR B A
R, [ BRI AR AN 52 7 o B M AT ) 2 A DR

2.2 ERMBERME TEMEETNRAR — BXROFE
N YRS T DN R VR i A v i A R e i

TR, BAEL T HAHER2 B % T o

SRy e — ] T 00 AR T £ R B ad

Bl RS, SR ETA AT (1) SO / Jady (s ot o)

RPE I B AT (2) Rl RIS T 4 22 . il ap

(MRS R 2). HAEREMEMER RGEE, 8 /! I

AN 19 0B IR 1 BB A TR % T

8 SR PR AR B B4 2R i
SR — A S5 B T BB, BLAR B8 B A Tlgl

9y 520 R B A 0 b 2 B 6 55 4 A bl

(R 26 F T, B B R A I 4 5 e 43 51 it LA 9 Displacement

MEEAT P, [FEINDAF KRR Ad M Bl 6 40 TR R B 3 o A R £ o

Ad o B TAMINERT P AR (R 1 b B AL &

AT 2 ), R R 5 A8 T b Figure 6 Load—displacement curves of cross

X o . beam for split ring and rigid disk
BUEATE. TR, Ad HiAAR TR RS

W2, (Ad — Ad’) B T E SR SR O R
PIESEAE (Ul 6). H (Ad — Ad) ARE AT (6) 1T AS, BEIAT1SRIHk O AFETE S iR A &R ah
B3 A 5 A A

3z AP (R+r)
E= X X
40006 Ad —Ad' (R-r)

()

BHEAGBUFEFNEMEREN ERBRETIE THERE

3.1 ARFHEEAESIET (600°C ~ 1200°C) RI#MIRE

BRI — MR T B W TR AR, O, TR, K REUR, BAGMERELT,
I EAT W R IO Pb a8 1, 6 DAV ARE RS AT e Tz R R in, B A]
FIE 62 R G B ORI, R R 1 AR S AZ B 56 FH 11 2 2 A RH T A SR PR AR AR 1 3R DA
AP TE il KR T s A

B 7 N BEBR N IR I 1200°C (3 pEREREMY, AT DIE Y, A e 1o s v R S
Jetf SR AR S . DL 800°C AR, %I E 2 AU MR B OES At 1K A B A BN
IZRK /AL (LN PARBGE 1/14) RHENEEZ 2R LG RR . 800°C 2 &, Lk piFiH
FRONT SR A (140 5 T 5% T A s A8 N BT AR, PR AE 2 JE 1 300°C PN L P A5 1 Y I 224 (1) T B4 o



%2 (HR#FLAME%E) Advanced Ceramics, 2016, 37 (2): 107-118 113 -

90 400
© 80- ) .
o N\ il
. \ %wo
o 70- \ P
= \ S
3 g 200+
S 60+ o
£ £
o L
= % 1004
@ 50+ ©
| w
40+ . . . r ' r 0L : . ; ; : .
0 400 800 1200 0 400 800 1200
Temperature / °C Temperature / °C
7 FEEE TR ERBENFLEEE Bl 8 TR E TaMBIEEEHEEEE

Figure 7 Measured elastic modulus of quartz glass tube  Figure 8 Measured elastic modulus of alumina ceramic
at different temperatures!*"! tube at different temperatures'*®!
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New Evaluation Methods for Determining the Elastic Modulus of
Ceramic Tubes at High and Ultrahigh Temperatures

LIU Zhao "%, WAN De-Tian '**, BAO Yi-Wang "**, WEI Chen-Guang ",
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Abstract: The conventional testing methods and some new evaluation methods for determining
the elastic modulus of ceramics are summarized in this paper. Aimed at evaluating the elastic
modulus of inorganic brittle tube materials at high and ultrahigh temperatures, we proposed a novel
method that combined the split ring method with relative method, viz. relative split ring method. In
this method, the displacements of the split ring and a rigid disk were compared to directly obtain the
true deformation of the split ring at high and ultrahigh temperatures, thereby calculating the accurate
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elastic modulus. The relative split ring method has been utilized to evaluate several brittle tube
materials, such as quartz tube, alumina ceramic tube, C/SiC/ZrB, composite ceramic tube and
graphite tube. The results indicate that this novel method is precise and effective, which provides a
convenient and reliable approach for structural and safe evaluation of brittle tube materials in the
extreme environment of high and ultrahigh temperature.

Key words: High temperature; Ultrahigh temperature; Elastic modulus; Split ring method,;
Relative method; Ceramic tube materials
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