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Abstract

The time-dependent characteristics of materials are very important for structural design. The accu-

rate information of their long-term mechanical properties is crucial for structural strength analysis and lifetime predic-

tion. Some key factors to the time-dependent mechanical properties of polymeric materials are introduced, and the recent

~ advances and some basic problems in the studies on accelerated characterization method of long-term mechanical proper-

ties, especially the creep behavior,are reviewed briefly in this paper.

Key words

properties

WAEAERHE I H AR RE S ARG A — Kbk, BRY K
EEMRR—RARNRE B AN, E TR AR AR
Z. B LBRESWRIFKRSBAF BB R AR, S 3T
BEBEHNARE. BRYERBREAET R4 TFHBE
B SR (GEEA BRI F AR R AR, AT LA
Bt AR A AR C A AR N, R H
EADEE SRR R R AL AL R AR AR B At R A
K %teat . AT 80 £ 8 TREBBESHR TRR
HHEGCEFERILTERE LEF) BN EHERRAIRE
i, IR E R R — SexH R PR BE AT I RAE TR A7 8
Schapery 7£ 2000 4§45 T 4 HE 3 30k 1 4 £ A 4 2298 P14
R RIIE R G , 512 T 45 J5 78 SCIR R B8 JF Il 75 2
BB AE » Fo P Rp 58 8 7 A4 K< 344 B8 89 0 SR AE Fkd
BB, % EREEWRERILAS RSBt LTt ¥
FEFRIRL Y 5 LRSI M AT IR BRIILE AN e R R YA
BER/TZMRAREN S SuRRYRIEXEN %
Fr R FRAE AHRHERRE AL 5 VUM AT A AR A A RHERE Y
BE-BIe AR , Hoeh AR R SR PRI (A AT 00 BB ST R M SR E
B2, BWERYR AR ERBRE, AL FEET
AR BE . R R B A B 0 LA B2 B AT IHE A R I8 2 e R
B RAE IR .

accelerated characterization, viscoelasticity, thermal rheological material, long-term mechanical

1 RERRIE

RRYIIFERMAREM RO AR, i R8¢
At B, B Y ER A  ERRE X AT T KRBT,
FRYHFHEERR T 0 THMNESE AR EHE
PR FEE R BE SR HERR T 2K B SRS TEERE
ZENE L B2 REH AR R B B A
W, BEERRYTENMESHETAE EERNTENE
TR S FRBR T B — R AFATLE (A T I B IS
TSR T 4> F-HEE ShBE ST R S A1 45 5 , B A FIIHA 5t Ay 2
AR » BRI T 47 7 Bf 1) FI R BE 76 b1tk BE AR T o o Y S 3 B
] —A~ F7 2w s BU R BE FT LA 86 IR BE MRS 9 32 J B T S
SRS , 1 T LA AR B ) 98 BE R A B 50167 B ) S5 R B A R
AT L B[] 5 7R RS 43 T8 s A B W RS » IR T
X3 SRR SRAEAT o (R e AR 2, BRI B RO S AR B[R]
REER S5, R Bt )R S BUR D . o AR
JRERC 2 R A BB A AR T A PR BRI BT T L Ay
L E N TR et ) RUBE b %9 F7 24 D T LA o i o B SR 5K B
FERARIREE T MRS PERE AT LU el 8RR BE T A L R MRl
LA ()RS3 AR H 32 B 26 T b 51 8 Sk L St 10 336 YR BE
FASCHE . e IR]- T8 BE 45 S8 B R A I 28 8 B A R BRI A . AR

*EXRERMFELIE Q0572123 EE ERBF X LT H (05]J30014); KAM B R EBARAEEHREALBREFTHR

B (05KF02) ¥ B

BXE B 969 4, B4, B, MEA SN Tel:0732-8293240  E-mail; luowenbo@xtu, edu. cn


http://www.cqvip.com

REMARI A FH ik RAEW 5Tt/ T UEF

£ 000 http://www.cqvip.com|

e 9

i B R B AL A (RS o 57 LISH, KEE S B
RYBFE-NEESDREFEL AN BFHE)  REFHETWET
e Sk s s E B F R s sgR. SERTME,
WA X R AT (8035, i X4 AHLE (R R B (el A SR 4T
FEE . O FRES SRR IR BERIR YR AR AT MR B
MR BRI . 5 — R AR B A — R A 1 46 [R] A
BERIGHE , B bR U AE 78, MR B RO MA T I ] FL A A
IR P T E AR D A, B 7 2 B 1 R 002 0 At » B RS RIRLBE T AU
s e R A AR R TR, AR B LR B RS
i 3 2R, 30 A R (] YR B A U R R . AR T X T A7 AR
PEEAR IR, EFAR 5 UG AR R L B R ot b B 5 A AN R A
TR HIEHE, FEP R 2B AR AR Ze M, Bond i )-8
SRR RN B Y A AR ORGSR AR (R R B
PERE I 0ROV B A SR P A T 2L e )0 A S SR B, SR 1 B
o XHAMARR AR IR R PR R R K I)#
MR R MBI RIEH L,

(a)

P/t

P/t

logt
B AREEEN () AREESME(D)

2 MHHIRE

B R YAE h AR ) SR R A T T R B B BGR i RER
PEBEHEAME . XEADRIEL MR PR BT 5 AR 20 S TN 4
RY 243 — "8, Bl T 4N TR AR R R, I
RAEBE S IBT Y — MR AT. 90 EHLISKR, BEE I
FRHZREARK CER R LGRS IR 20
F B BHE SRR M T 22 AT R B SE R E T HR  TEA MK R
BRI MG M 5 HERE R R T I ARER S T F S kRt >,
FERMEFMIEADR SRR R B RS BT R BLJI MR BL B
BERMRARRRTR SR 0 Jy fn EEAR AL AE 0 ) B4R P AR
T AR A A RFAE I AT R, 33X 5 (6] - B S5 200 8 BT PR 1
FraiE B A AR R AR A SRR AR . IR 5
o] R EZ EIMFER SRR, XEFIRAEHAENR
W, BT i RS0 4 R IR B R I [)-IR DT ) S5 BOR
N 2 VR VI - 2 IR o p et N S K P

Mk R YR 0 4 [R) T R R AIE 1) A B P IR BB 7R R RN
1K T AR SRR 5 BRI R K F T R KIYERE
124, B b e -3 HE - Ry SR 5 i (- A S R — A
F AR — R 1 A R B RAE M AT TR B

KT et ] 0 BE 3 7 75 A 10 386 A g 2 P B R ALE T T 45
%K%, 0’ Shaughnessy 7 1948 SFgifE N 4T ESR AR L v
KB, AR #9282 0T L@ At B AL 4 AR i R0, 20
4l 50 ER WA BRI LRE . 60 450K Schapery
FARUSRAFRE T EAM ARG RIERUFHREANE
BUD B EF AN S MRS KPR SN
I IR B [E) 7 B R > B Y K R )6 45 R S8 A8, 90
AERR ISR, 3B BB S5 30 R B R B BT T RS R R R R
. & H LSRR BRI ) xR R I fL BE RO 0, 1HE
T e )-SR - 3 LA KRR - R Oy = [ P SR ED Y . B
ostow MG T4 H4 3th B8 77 B A8t R BF A A fil- Ry 4 R
U, Yen SRR HE LT /BB R A BB Bl 4% 2R R
Frorrest  FE7E R FNELEE A0 R 3 T 28 M 2 B8 6 19 B 3 % B
IMBHBET 0 E MR, A2 T o) -8 R ) R R
&, A 1999 FELUR BAT— BRI S KIPPERE IS R AL A
R BTH IR, FF /R T AR BT X AR BAS Tt B . A
MFERRE I8 P WS AT A3 M o 4B B AR BE 5 SRR ) IR B
WARE R RDY AR BB ARKER, RAS WLF i
TESRLAYHRE T I 35, 48 0 T — R et 6138 B2 - ) S5 3R H ) R
WROSS HE T B (] - YR S R A e [B)- R ) AR 4R 1
T — B PERE £ R 9 2 SR AL R0, WA 2 B, Rt
ZFN R R SRR A B R A BEIEAT T 20T I RSP R
PEAT T BIDe e

o =078 =470,

J(#) | Master curves

J@)

el
-p

#
Y

J

Unified master curve
reduced to T and &y

_

log(t/ ¢,)

J@)

J(r) | Master curves T4

&

log(t/¢,)

B2 FHENISBASE(ZRBRENNDEM)

3 PEELHRE

TR ) - TR - 20 S R R B A B 5 B LA A R A PR
MBI AT HC AR T BRRL WA, BHNFEES R
BEHRAFW R, SR E 1 i (-5 45 R0 R B T LR 25k
VAR AR IR i R T AR IR A R A B L A R AT
f Tuffak® PC ¥ %A M BE R 2347 % 81, 60MPa T 1h fAHA
SR PERETT AT B0 26MPa T 10 4R i3 HERED  (H R IR AR
FREMAS TFR KPR A I AR LY & B EEK, B


http://www.cqvip.com

0100

HH TR

£ 000 http://www.cqvip.com|

20077 AE 21 A% 78

WESELREMENRBL. XRANEBSTERYL TR
IR MR RAT A — EEHT P, T H WM
HRRIERHR, SME R RER AR B RERA.
YrELE LS B RRRIE B [l AR R, JE A B A S B[], Xof
LA B[R] A (] S R ], R A RE TR R
AT E N SR Sh I AN B B, (B K A LR E B & 4T,
EMmBNE AR ZRE . X TYEELRVEUENHREY
HREMEHATRIETI S W FB-HERGS TYHEHWENE
RZ— W EMARRYEB A TIRNEEAR BELR
BRIBFTR R B — B BB ER Y ERE
BAMEEY, Fln, ER THBAETEE T, ENEE,
ZAbat R B ER AR AR R BER S T/ERE EFAE U
RAET To) BT & AR ] R B KA MBE R, 1
i RBEH BT INERESERA T MR,
Fh, AR R- 2B R S35 R B R AUR TR E#AERE,
SHELHF B B, X — SRR B MAE AEBHE.
FmMEIRAEMMRHAERENE, RTINS, BN
PR 5| AR IS AL PR B R 38 0 o] 343 0 B iy B AL R R i, 56 1 e}
4> & # (Rejuvenation) ) (B R 3 TR A S EB B L5
AR BT B — R P SL B4 R, McKenna A 9 )0 77 B94E B 358t
HE B EE, R T EBAETRENFR T ETaEMmE
FA® TR D & X Yy A B A e A K R A
FAR T A0 2 I 3 4 B R L UK S AR ST AN e I 4R
sl b AR A BT AHE B0y 2V RE RO B 5T AR 1) 5k i 2
W R B B R R, (AR RAE A K AT R A0 e B
AR I, SR B R AT RN 1R A IR A e AL R 3L
FIRm ¥R Kt A B MR RN EERR AR,

4 G&iE

R R YIRS IR AR A KA I R T E R
FERBE MARNYEELS. UEHTREESTELNE
WA, A T R KRR R AR B A A B S R A
DR BAREAN HR A E . 2T 8-SR ES
S0 | Ao IR -y 45 S N (] -8 e B[R] 45 3 S L i
FT AP S HE RE B FRAE B 3 (7] ZE Rl R 1 4 P AR AR A ] (s
AR YRR . RHRCRHRRAE B (E) BT S ATAK B R AR BV S
17, B AR RRAY T HAIESE, A~ X BB REIERSY
TR B R TS A AL (B 2S) M T 9 B FE WK% . 40
FiE s I Az R GBS s N T2 sh A R E  ERE D
FHBUSHIFHEE. Hk, B dEBILFEK R 3REL &
B ER R A EHESS TREEREIHXHEER
R, BHAEBRERAYN T SYEALEERE DML, TR
BRI A BT TRESYERESEH SR 2t
ZIAIH K F5 , Knauss %55 18 bR FHE B 1R B dly R B K
P MEIBORE R LB B T SRR R Y AR, R AT T
AHREERS, BRYE b R T DB E T B
R IR AR BA

BE T Hk

1 Schapery R A. Nonlinear viscoelastic solids. Int J Solids
Structures, 2000,37:359

10

11

12

13

14

15

16

17

18

19

20

21

22

Kassner M E, Nemat-Nasser S, Suo Zhigang, et al. New di-
rections in mechanics. Mechanics of Mater,2005,37:231
B B 3L % FiE i SR A, U Rl
kRt 5 2004

Meijer H E H,Govaert L E. Mechanical performance of pol-
ymer systems: The relation between structure and proper-
ties, Progress in Polymer Science,2005,30(8-9) ;915
Klompen E T J,Govaert L E. Nonlinear viscoelastic behavior
of thermorheological complex materials. Mechanics of Time-
Dependent Mater, 1999,3:49

Drozdov A D. Mechanics of viscoelastic solids. New York:
John Wiley & Son,1998

FAL BB B F AR E BN CRRHERE. N
2348 ,1995,25(3) : 289

BEY, RIEA XTERE 22N —BHER GRS,
2003,25(3):125

Guedes R M. Mathematical analysis of energies for viscoe-
lastic materials and energy based failure criteria for creep
loading. Mechanics of Time-Dependent Materials, 2004, 8.
169

£ Bt XK. B4 T AR -6 ) S R H 2R, Rk
T¥BE,1994,21(1) : 35

Brostow W. Time-stress correspondence in viscoelastic ma-
terials: an equation for stress and temperature shift factor.
Mater Res Innovations, 2000, 3:347

Yen S C, Williamson F L. Accelerated characterization of
creep response of an off-axis composite material. Comp Sci
Techn, 1990,38:103

Hadid M, Rechak S, Tati A. Long-term bending creep be-
havior prediction of injection molded composite using stress-
time correspondence principle. Mater Sci Eng A, 2004, 385
(1-2):54

Lai J, Bakker A. Analysis of the non-linear creep of high-
density polyethylene, Polymer,1995,36(1): 93

Luo Wenbo, Yang Tingqing, An Qunli. Time-temperature-
stress equivalence and its application to nonlinear viscoelas-
tic materials, Acta Mechanica Solida Sinica,2001,14(3). 195
(O’ Shaughnessy M T. An experimental study of the creep of
rayon. Textile Res J,1948,18: 263

Schapery R A. On the characterization of nonlinear viscoe-
lastic materials. Polym Eng Sci,1969,9(4):295
B, TRE. S EY 8 R 58 ER K
FR9AERYE. B TR 5 T, 2005,21(3): 11

Luo Wenbo,Jazouli Said, Toan Vu-Khanh. A stress acceler-
ated characterization method for long-term properties of vis-
coelastic materials. Proc 7th Int Conf on Mesomechanics,
Montreal, Canada, 2005, 68

Luo Wenbo, Wang Chuhong, Zhao Rongguo. Application of
time-temperature-stress superposition principle to nonlinear
creep of poly(methyl methacrylate). Key Eng Mater, 2007,
340-341:1091

Jazouli Said, Luo Wenbo, Fabrice Bremand, et al. Nonlinear
creep behavior of viscoelastic polycarbonate, ] Mater Sci,
2006,41(2):531

Luo Wenbo, Wang Chuhong, Vu-Khanh Toan, et al. Time-
stress equivalence: application to nonlinear creep of polypro-
pylene. Proc 4th Pacific Rim Conf on Rheology, New York:
Science Press,2005. 726

(FH% 1970


http://www.cqvip.com

PIT/REHECESHHGMZARRLE AN F/ X D%

£ 000 http://www.cqvip.com|

0190

16

17

18

19

20

21

22

23

24

25

26

27

28

XIBE, BE1EE, ZE A8, %. PZT/PVDF (A ZERE 448
H A e U L P BERIF ST LT ). PRS2 4, 2004, 25(3) : 153
BRI 0-3 & PZT/PVDF KB E &M Bl & 454
FERERFFELD]. BRI R T K4, 2003. 17

TRERHA i ik. 0-3PZT/PVDF £ & -& 41 % i i 4 X Ho:
BELJ]). E& MBI, 2004,21(3): 142

Sakamoto W K, Marin-Franch P, Das-Gupta D K. Study on
electrical properties in 1-3 PZT/PU composite doped by
graphite[ J. Sensors and Sctuators A,2002,(100) ;165
KEN, 21, HER Y. PVDF/PZT/CB B4 T E & MR
rHEFERENLHR L)) B AR R 2 5 TR, 2004,20(2)
209

%1£{§ y %i ’}ﬁ% v%- E%E&‘lﬁ 0-3 ﬁg PZT/PVDF E%ﬁ
B AR B A ). ThRER R, 2005,36(7) 1008

WAL B30, 0 %, %5, b B PZT Xt PZT/PVDF &4
s PERE R M [T 3L Ak K ¥ 2£4] , 2005, 20(2) . 18
Klicker K A, Bigg ] V, Newnham R E. Composites of pzt
and epoxy for hydrostatic transducer applications [J]. J Am
Ceram Soc,1981,64(1): 5

Klicker K A, Newnham R E, et al. PZT composite and a fab-
rication method thereof[ P]. US Pat, No. 4412148. 1983
Sliwa ] W, Aytet J S, Mohr III J P. Method for making pie-
zoelectric composite[ P. US Pat, No. 5239736. 1993
R 7E, A M 1-3 B PZT/HRER R E s E S8
il B BT ). RERRER %3] , 2006, 34(3) 1381

Bast U, Kaarmann H, Lubitz K, et al. Composit ultrasonic
transducer and method for manufacturing a structured com-
posite therefore of piezoeleetric ceramic [P]. US Pat, No.
5164920. 1992

Bast U,Cramer H D, Wolff A. A new technique for the pro-
duction of piezoelectric composites with 1-3 connectivity

29

30

31

32

33

34

35

36

37

38

[C]. In: Ceramics Today-Tomorrow’s Ceramics. Elsevier
Science Publishers, Amsterdam, Netherlands,1991. 2005
Lubitz K, Wolff A,Preu G. New piezoelectric composites for
ultrasonic transducers [J]. Ferroelectrics,1992,133:21
Hayward G, Bennet J. Assessing the influence of pillar as-
pect ratio on the behavior of 1-3 connectivity composite
transducers [ J]. IEEE Trans on Ultras Ferro and Frequ
Contr,1996,43(1):98
BRE, L&, 2 K. 1-3 B PZTPolymer [EB &2 &4
PEBEAH ALY ). FEE 5 76,2001,23(1):49
FER, RS E. R EE RS A AR M. db . B
K2 iR, 2004, 314
John G G,John A K,et al. Piezoelectric materials for acous-
tic wave applications [J]. IEEE Trans on Ultras Ferro and
Frequ Contr,1994,41(1). 53
Smith W A, et al. The application of 1-3 piezocomposite in a-
coustic transducers [C]. In: Pro 7th Inter Sympl Appl Fer-
10, 1990. 145
Chanwan H L,Li K, Choycl. Piezoelectric ceramic firber/ep-
oxyl-3composites for high-frequency ultrasonic trans-ducer
applications[ ] ]. Mater Sci Eng,2003,B99.29
Abrar A,Zhang D, Su B. 1-3connectivity piezoelectric ceram-
ic polymer composite transducers made with viscous poly-
mer processing for high frequency ultrasound[J]. Ultrason-
ics,2004,42.479
Gururaja T R, Schulze W A, et al. Evaluation of ultrasonic
medical application [J]. IEEE Trans Sonics Ultrason, 1985,
su-32: 499
Hagood N W, McFarland A. Modeling of a piezoelectric ro-
tary ultrasonic motor [ J]. IEEE Trans on Ultras Ferro and
Frequ Contr,1995,42(2): 210

(Femdt # )

NP S P S S P S e S S P P S P S e S S S P P P S S S S S P S 5 S P S G P P P P S S S S S P S o >

(EEF 10 T

23

24

25

26

27

28

29

30

31

Struik L C E. Physical aging in amorphous polymers and
other materials. Amsterdam: Elsevier,1978

Struik L. C E. On the rejuvenation of physically aged poly-
mers by mechanical deformation. Polymer, 1997, 38 (16):
4053

Hutchinson ] M. Physical aging of polymers. Progress in
Polymer Science,1995,20:703

Sullivan J L. Creep and physical aging of composites. Comp
Sci Techn, 1990,39:207

Drozdov A D. Physical aging and nonlinear viscoelasticity of
amorphous glassy polymers. Comput Mater Sci, 2001, 21;
197

Zheng S F, Weng G J. A new constitutive equation for the
long-term creep of polymers based on physical aging. Eur ]
Mechanics A/Solids,2002,21; 411

McKenna G B. Mechanical rejuvenation in polymer glasses:
fact of fallacy. J Physics; Condensed Matter,2003,15;S737
Hodge I M. Physical aging in polymer glasses. Science,
1995,267.1945

Buckley C P, Dooling P J, Harding J, et al. Deformation of
thermosetting resins at impact rates of strain, Part 2. consti-
tutive model with rejuventation. ] Mechanics and Physics of

32

33

34

35

36

37

38

Solids, 2004,52; 2355

Isner B A, Lacks D L. Generic rugged landscapes under
strain and the possibility of rejuvenation in glasses. Phys
Rev Lett, 2006,96; 025506/1-4

Higuchi H, Yu Z, Jamieson A M, et al. Thermal history and
temperature dependence of viscoelastic properties of polymer
glasses: relation to free volume quantities. J Polym Sci:
Polym Phys,1995,33:2295

Knauss W G, Emri L Volume change and the nonlinearly
thermo-viscoelastic constitution of polymers. Polym Eng
Sci, 1987,27. 86

Losi G U, Knauss W G. Free volume theory and nonlinear
thermoviscoelasticity. Progress in Polym Sci, 1992, 32542
ELR ERMA. BERFERENRRY KA dEB
. Y3, 1994,24(3): 103

Abdel-Hadya E E,El-Sayeda A M A. Free volume hole dis-
tributions of polymers via the positron lifetime technique.
Polymer Degradation and Stability,1995,47(3) ;369
Ramachandra P, Ramani R, Ramgopal G, et al. Effect of
stress on the free volume content of poly(chlorotrifluoroeth-
ylene). Polym, 1998,39(13) ; 2987

(FEHE 7 R


http://www.cqvip.com

