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Table 1 Weight and volume ratic for epoxy-5i0: microballoons composite
materials with three different densities
— Weight ratiol7} VYolume ratiol %)
Trensity lg/em®) | 9100z nicroballoon | Epoxy | 5i0p wmcroballoon | Epoxy
o D.BD BL.5 ars Bl 18.8
.76 40 S 61.9 38.1
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Fig.1 .A micraphotograph of test Fig.l A scheme of experimental set-up
material with 0.60 g/cm? density

RETIRE -G EHN 10nm #TRREH F5 e Bl B2 2afikni
. o5 o Bl R R SRS R B S R A A Hogoniot 52098 4 &
Yokle, FEREET ARSI GRS BTHEMERE RS 0.1mm, FFLLA R
B LA W BRI R AR R, TR RS I RS
RN 2R RS RS T e, R B ™ A RS
2 0K Y Hugoniot 36 52 J #1809 iR o B 1 WO P A7 LT ﬁiﬂﬂﬁ[@ﬁﬂﬁ?ﬁ
AREA R R R BUEE . Brid, SR SRR AT 153 AT R E IR TEAY (5 A (U,
AP UL, BRE A FEASES KOS ERE, EEHMNETEE %S 10MPa-5GPa. un

FF B4 (R] 40ms =45 8.

=. EBREFE
£ F4HPVLETHEN 06. 076 Fl 0.9g/cm® RIFFE BTG -Si0. 20,0 BBk

HEAPEE) Hugoniot X RBYERRZER. T2 (0—3) B2HE 24 A1 RS EH
Hugoniot %Hﬁé %;Et

N6 g/em® T, = 2149 + 0.5860, (1)
0.76 g/em® {7, = 2243 + 070217, (2)
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090 g/ em”

U, = 2522 + 0.737U,

(3

et U, F1U, SRR R AE . DR m/s HRE (1) (3) ARERE R
EEEEY. B AMEDT 1.2, 2.0 # 2.5GPa. 815 {H 5 L5 A W2 — B
15 2% L. BRRIRER 53%(NFE 2—4). B3 ME 4 GIREN P- HEEE U, B
» BHFE, T 0 ERWERE. LhSthiRE

£EMED) P- RTIE (10 /wo) R

TeAH REAY A B

Table 2 Experimental

#+ 2 0.60g/cm® B Si0, fUSEREE

results of the specimens with 0.60 g/cm® density

Impact stress(MPa} Shock wave speed[m/s)
Measured
Impact | Particle Rel. | Thickness Rel
Test No. | velocity | velocity | Cal. | Mea. | error | of target | Interval | I/, | Fitted | error
(m/s) | (mjs) (%) | (mm) | (us) v, | (%)
91-120 74.8 T1.5 87 91 6.2 4,548 2.04 2229 | 2190 —-1.8
g91-—-117 105.9 101.7 131 B2 37.0 4.542 2.08 2184 | 2209 1.1
91-121 161.5 154.8 213 272 =277 4,411 1.96 2251 | 2240 -0.5
91-119 274.6 263.0 366 3580 4.4 4,288 1.88 2281 | 2303 1.0
91-110 302.3 289.5 403 367 8.9 4.624 1.96 2358 2319 | —1.7
91-134 344.6 330.2 454 464 —2.2 1.401 1.92 2292 [ 2343 2.2
91-111 503.2 4B81.3 693 4,576 2440 | 2431 —0.4
91-123 610.3 583.1 s64 75 10.3 1.542 1.84 2469 | 2491 0.9
91--122 840.0 BOO.9 1248 | 1139 B.7 4.648 1.76 2641 | 2619 ; —-0.8
#F 3 0.76g/cm® BME Si0; MITRESE
Table 3 Experimental results of the specimens with 0.76 g/cm® density
Impact stress(MPa) Shock wave speed{m/s)
Measured
Impact | Particle Rel. | Thickness Rel.
Test No. | velocity | velocity | Cal. | Mea. | error | of target | Interval | 'y | Fitted | error
(m/s) | (mys) ) | (mm) | (us) v, | (%)
91--B5 70.T 67.0] 113 131 | —11.0 4. B19 2.08 2317 ) 2280 | 1.2
91-T4 109.1 103.4 150 174 3.3 4.B25 2.08 2320 | 2316 —h2
9184 184.0 173.9 320 406 | —27.0 1.83% 2.00 2420 | 2365 —-2.3
o186 i | 356.0 668 708 -6 1 4 839 1.96 2489 | 2492 0.9
91-89 410.9 JN8.7 | TOZ 686G 2.3 4.516 2.00 2408 | 2515 4.3
91—-87 H28.0 488.0 982 4.830 2594 | 2592 -0.1
91—88 a77.4 525.1 ) 1043 T2 6.8 4.809 1.84 2614 | 2611 | —0.1
91-99 TO0.0 657.6 | 1354 1541 | —13.8 4.767 1.76 2708 | 2704 | —0.2
91—98 950.0 882.1 1971 4.718 2601 | 2861 | —1.4
% 4 0.90g/cm® BIE S0, PHXBLER
Table 4 Experimental

results of the specimens with 0.90 g/cm? density

Impact stress{ MPa] Shock wave speed{m/s}
! Measured

Impact | Particle ] Rel, | Thickness Rel.
Test No. | velocity | velocity | Cal. | Mea. | error | of target | Imterval | 17, | Fitted | error
(mfs) | (m/s) (%) | (mm) [ges) Us (%)
91-T& T6.4 TIOT 16o| 206] —-21.9 1.620 1.76 2648 | 2571 [ —2.8
91-94 103.5 96.3 | 225 4,300 1.64 2599 | 2593 | —0.2
91-T2 107.3 99.8 237 219 T.6 1.760 1.84 2587 | 2596 0.4
91-82 110D.1 102.5 240 1.480 1.72 2600 2598 —-0.1
91-04 149.8 139.5 | 326 4.520 1.76 2568 | 2625 2.2
91— B0 191.6 177.8 436 419 4.1 4.200 1.56 2692 | 2653 | —1.5
91-71 197.8 183.3 | 458 388 15.1 4.280D 1.56 2744 | 2657 | —3.2
91-75 4106.5 3.5 514 548 7.2 4.360 1.64 2659 | 28D0 5.3
9177 577.8 535.3 | 1358 | 1375| -—1.3 4.460 1.60 2788 | 2916 4.6
91-76 696.0 640.7 | 1772 | 1682 5.1 4.62D 1.52 3040 | 2994 | —1.5
9187 948.4 S69.8 | 2542 | 2585 —1.7 4280 1.32 3242 | 3163 | —2.5
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Fig.3 Curve of pressure(va) particle velacity Fig 4 Uurve of presaure|vs) valume strain
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AP Pole) Hl Enlv) 2354 HFF « ETE@%% Hugoniot IR S e A1 LA AE. fRdvise
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line: caleulated from eq (7}

T{e}/v Bl L, FH I‘(‘U())/’U() ;E.[Jc-% dot: calculated from I'{v)p = [vo)po

A 080g/emd, x 0.76g/cms, O 0.90 g/cm®
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Table 5 N for epoxy-5i0: microballoons

w
-
-:—d; 20 composite materials,
ol with three different densities
i Density {g/om®) | 0.60 0.76 0.90
1eC — N  (GPa)”} 0.437 0.350 0.269

3 T #EE Mie-Grilneisen MK E H RS
B 5 i MicGrineisen /18 P o1t TSI FELIFBLMTLIRITR, KI5
Fig.6 Coméar'l%n of i.senl:::qri_npic_: specific ipternzlll %Ijﬁﬁji’ﬁ (6} ﬂ Pw ﬁﬂi+ﬁTEﬁ% IE
B e B oy oo gvesion with SR @RG-S0z 220 WERE & bHRI T
lme: calculated by Mie-Grineisen equation .
ot caleulated by P model T S BRI, SREE -5 BA9E

A 0.60 g/em®, x 0.76 gjem®, 0 0.80 g/em® b (WE—RCENE 10% BAH (WLE 6).
75, 5

1L Z@EEAFARE S0, ZOMRE M, ERLBENEHEAEE
Hugoniot #2813 £

0.60g/cm® U, = 2149 + 05860, < 1.2GPa (1)
0.76g/cm’® U, = 2243 + 0.7020/, < 2.0GPa (2)
0.90g/cm® U, = 2522 1 0.7370, < 2.5GPa (3)
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HPAE -5i0: DL MBRESMBERYS Po BIBISGREE 3. L. E&FFE
JIFEEN,  Mie-Griineisen 57728 H T L FLBH K
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MIE-GRUNEISEN EQUATION OF STATE
OF EPOXY-Si0; MICROBALLOONS
COMPOSITE MATERIALS

Shen Letian  Xu Suzhen* Chen Shuxia
{ Loboratory for Non-fnear Mechanics of Contincous Media,
Institule of Mechanics, CAS, Bewing 100083, China )
*{ Beyjing Institute of Special Elactvronic and Mechanieal Bewees, Beynng 100076, Chira )

Abstract Hugoniots of epoxy-5i0s microballoons composite materials with three
different densities are presented in this paper. In view of the fact that the results obtained
by application of Mie-Griineisen equation of state with Hugomniot reference to the materials
mentioned above are in agreement with that of using P-a model, AMie-Griineisen £OS can

directly apply to epoxy-5i03; microballoons composite materials in the ringe of experimental
pressure.

Key words composite material, Hugoniot relation, Mie-Griineisen equation. P-ar
model



http://www.cqvip.com

