20184F-2 H (S 5 A N Feb. 2018
395 2 JOURNAL OF PROPULSION TECHNOLOGY Vol.39 No.2

ST AR AT 1 S0 R S UUA B M 45 5 A AT

BREM, FOR, FOom, XEE
CER T AR S TR, Wb A% E 050003)

W E. hESAABRKERN GG AR, KT RTER F iR, @il 5] AR IH
R RE, TR —AET A B A EAETAY 09 55 K ARG A A, B A S S R, B
—F FIN VAR E IR AR T RR AR AT ARG B, B A3 B by 4 LR AS 2R R BRAE S LIRS 2L
J 5K B0y — R GA X, B AT R A )t LB RO Rk, SO S0 R M AR T AR T AR AEA A I
L& ARG . A G RIESiE Ae & s Bl MR . )G, 25T Schapery #h3 M L 4y BAEA), it
BARMBA L EEABTHNEE, B3 T —A 0BG RN FHE N FALG TAAER T BT 42, #ES
KA, I BEA B89 ST M B e A R4S 69 AR K AR AR B, B BTG TR

KR EBRGRRIKRE; @B RS B ARFEE; MALEE; BihiE

RESES: V5123 XEAARISES: A XEHS: 1001-4055 (2018) 02-0396-08

DOI: 10.13675/j. cnki. tjjs. 2018. 02. 019

A Marco-Micro Viscoelastic Damage Constitutive Model
Based on Irreversible Thermodynamic
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Abstract: In order to obtain a damage constitutive model for solid composite propellants, based on irrevers-
ible thermodynamic and superposition principle, a creep damage constitutive equation was derived which includ-
ing damage effects by effective stress, via introducing the concept of macro—damage effect tensor. Providing mate-
rial is isotropic originally, a general form of macro—damage effect tensor was presented, which consisted of sever-
al micro—damage effect functions and those used for presenting symmetric change of material due to damage.
Thus, the constitutive equation presented in the paper can be used to model orthogonal anisotropic damage,
transversely isotropic damage and isotropic damage by choosing micro—damage effect functions properly. Finally,
a power law of damage evolution which presented by the thermodynamic force conjugate to damage internal vari-
able was derived in which damage internal variable was defined as the relative micro—crack density on the basis
of Schapery’ s crack propagation model in viscoelastic materials. Numerical results indicate that the model has a
fine prediction accuracy, and it can reflect the dependence of material damage on strain rate and temperature cor-
rectly.
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