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Investigation of Thermal-responsive Shape Memory
Polymers Behavior

Abstract: Shape memory polymers are a type of smart materials that can recover their
original shape when exposed to external stimuli including temperature, magnetic field,
light, and electric field. One of the most widely used of these polymers is thermal-
responsive shape memory polymers. These polymers have advantages such as a high
percentage of shape recovery and low cost and using them results in reducing complex
mechanisms that lead to reducing the weight and volume of the systems. Thermal-
responsive shape memory polymers have been used in many fields, including medicine,
robotics, mechanics, and aerospace and have led to great changes. This paper aims to study
thermal-responsive shape memory polymers behavior and their different applications. In
fact, by investigating the thermomechanical cycle, constitutive models, different kinds of
shape memory effect, different applications, their future, and challenges of these polymers
including low recovery force and its solution and preparation of various tables from recent
researches, these materials have been comprehensively studied. Due to the unique
properties of these polymers and the effort to overcome their limitations, they will become
a candidate for many self-assembled mechanical actuators in the future.

Keywords: Shape memory polymers, Thermomechanical cycle, Force and shape recovery,
Shape memory polymers applications.
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12 Force Recovery

13 Shape Memory Effect (SME)
14 polynorbornene

15 One way

16 Two way

17 Double

18 Multiple

19 Biocompatibility

20 Biodegradability

2 Glass Transition Temperature (Tg)
22 Thermomechanical Cycle

1 Smart Materials

2 Stimuli

3 Stimulus Responsive Materials
4 Shape Memory Material (SMM)
5 Programming

¢ Temporary Shape

7 Shape Memory Alloy (SMA)

8 Shape Memory Polymer (SMP)
? Transition Temperature

10 permanent Shape

11 Shape Recovery
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S Amorphous
6 Tm
7 Crystallites

! Stress-Free Strain Recovery
2 Fixed-Strain Stress Recovery
3 Macroscopic

4 Crosslinks
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5 Poly(e-caprolactone) (69/6wt%)
¢ Polydimethylsiloxane (PDMS) (30/4wt%)
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2 Deformation temperature

3 Polylactic acid (PLA)

4 Polyethylene glycol (X-PEG1000/PEG2000)
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1 Cyanate
2 Dynamic mechanical analysis
3 Storage modulus
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¢ Constitutive models
7 Rheological models
8 Phenomenological
® Viscoelasticity

1 Styrene

2 Di(ethylene glycol) diacrylate
3 Tert-Butyl acrylate

4 Phenylbis phosphine oxide

5 Endothelial
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