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Figure 1 Mechanical behavior of ideal spring (a) and ideal dashpot (b)
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Figure 2 Schematic of Maxwell model (a) and Kelvin model (b)
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Figure 3 Four-element model and the corresponding relationship between each unit and polymer microscopic motion
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Figure 4 Creep and recovery process of the four-element model
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Figure 5 Creep and recovery curves of the four-element model
TR ST IR S WG 2247
3 TG A R R AN ot AR Y 4 A
2
R TR S RS R T R B e — o= 9 — 0.9€ — 0 It A B B T AR (D
d’s E, do | E\E,
=0 €5)
def (w T 7 o 7 >df s’
KA 5y T7 FE L BIAT A5 DU TR R Y 1 g P st ek 2K
o= ;e F ¢ (5)
Ky
E1€_<l+i)E1+A4_ E1€_<i+i)+k4_
;= n Y _ 71 T21
) Ai — As Ar — A3
E1€_<l+l)El+/\3_ E1€_<i+i)+kg_
L = i 72 _ T T21
! As — A A — A

AS:—%U%L +— +\/ +LieLl )741}
T1 T2 T?l Tl (¥ T21 T1T2

e R C RS

it':'j s T1 — 771/E1 ﬂi’ﬁ%ﬂ’ﬂ%\?ﬂﬁﬂ‘rﬂ s T2 — 772/E2 j‘j Kelvin iﬁﬁ@*&ﬁﬁd‘l‘m s T2l — 772/E1 j‘j Maxwell

Bt Kelvin B0 28 LI,

VU TC P52 4 R g s st R AP 6 BT s o A R M A A ] E A B L R AL h R B STRR
WIS B R w00 = Eves SRJG Kelvin TR o BOZH AT 905 £y ) 32 87 46 R0 HF BEE 1 ) B 2
W T Kelvin BT 2548 n 590 % E, JFEC. BRIT J5 7™ A2 1 0 O BE 35 T2 72 B 50 38 i 3 5 24
Kelvin B0 N ) 5 55 E, B8 AHSE I  Kelvin 5150 B 22 538 B R . LS Kelvin 8504 T 4k [9]

S HE AR IR RS L A i B g TR B IR 0,

10. 14028/j. cnki. 1003-3726. 2018. 12. 009



9012 1 [ S SR B 3

o« {7 o

ISRy}

E, 1 é
Y

ATV VLAV VLV

AAAA
VWV

AN
VWV
« >

B 8], £ 0 0
Rij. o Es o= c3e’3 +c,e 0

P06 DU TT PR AY Y R s st AR

Figure 6 Stress relaxation process of the four-element model
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Figure 7 Stress relaxation curve of the four-element model
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Figure 8 Dynamic mechanical spectra of the four-element model
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On the Four-Element Model of Polymer Viscoelasticity

FANG Zheng-ping”
(Lab of Polymer Materials and Engineering , Ningbo Institute of Technology, Zhejiang
University , Ningbo 315100, China)

Abstract: Four-element model (Burgers-Frenkel model) is a convenient engineering model of viscoelastic behavior
because of its relative simplicity and its fundamentally correct representation of the real behavior. However, it has only
been used to describe viscoelastic behavior in creep. In this paper, the governing differential equation of the four-element
model was solved by using elementary calculus. Consequently, mathematical modeling in creep, stress relaxation and
dynamic mechanical behavior is performed. The four-element model widely used to describe creep can now be used to
predict the stress relaxation and dynamic mechanical behavior of a viscoelastic material.

Key words: Viscoelasticity; Creep; Stress relaxation; Dynamic mechanical behavior; Four-element model
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