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Abstract 

Shape memory polymers (SMPs) and their composites are widely explored by researchers 

due to a wide range of potential applications in civil, aviation, transport, textile, biomedical, 

sensor, actuator, etc. SMPs possess a unique ability, known as the shape memory effect, 

through which they can fix a temporary configuration from its original configuration via a 

suitable programming process, and the original configuration can be recovered from the 

temporary one in the presence of external stimuli such as heat. SMPs have demonstrated 

innovative applications in textiles such as intelligent curtains, self-fitting garments, 

wrinkle-free garments, compression garments, smart fashion, patterning, etc. Most research 

in shape memory textiles has been done by coating and finishing methods. Minimal 

scientific attention has been received to develop the SMP fabrics by incorporating memory 

filament in the fabric structure. Particularly, knitted-based SMP textiles could allow large 

deformation characteristics, more suitable for pliable or extensible systems. But limited 

understanding is available for describing and predicting the performance of SMP filament 

in a knit construction under different thermo-mechanical conditions. Moreover, knitting 

offers tremendous design possibilities to control the fabric’s mechanical behaviour and 

rigidity by employing various stitches, i.e., loop, tuck, and float in a knit design. Examining 

the performance of different memory knit fabrics would further help in designing and 

optimising SMP textiles with enhanced shape memory results. 

 

Henceforth, the present study aims to design different memory knitted fabrics using SMP 

filaments and quantify their shape memory properties under different thermo-mechanical 

conditions. SMP knitted fabrics are produced by integrating the SMP filaments into double 

jersey construction using the weft knitting technique. Different knit structures are 
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systematically developed by varying stitch elements, loop, tuck, and float in the fabric 

construction. The response of SMP filament and knit structural characteristics on the 

memory outcome of SMP fabrics are investigated. Several thermo-mechanical parameters, 

including temperature, strain, and relaxation time, on the memory behaviour of SMP fabrics 

are thoroughly investigated and compared with the pristine SMP filament. The findings 

indicate poor response of rib-based SMP fabric compared to SMP filament at various 

temperatures and strains. Including more tuck or float elements in the structure resulted in 

more shape fixity of SMP fabrics. Relaxation time during shape fixing is found to be a 

critical parameter influencing the shape fixity of SMP fabric. The results could help in 

setting optimal thermo-mechanical conditions for SMP textiles to obtain maximum shape 

memory performance. This research will further improve understanding of the designing 

and engineering of SMP fabrics to extend their applications in responsive garments, 

compression stockings, artificial muscles, soft skins, massage devices, and flexible 

sensors/actuators. 

  



ix 
 

सार 

मानवीय, उड्डयन, पररवहन, कपडा, जैव चिचकत्सा, संवेदक, प्रवर्तक, आचद में संभाचवर् अनुप्रयोगो ंकी 

एक चवस्तृर् श्ृंखला के कारण आकार स्मृचर् बहुलक (एसएमपी) और उनके सम्मिश् का व्यापक रूप से 

शोधकर्ातओ ंद्वारा पर्ा लगाया जार्ा है। एसएमपी में एक अचद्वर्ीय क्षमर्ा होर्ी है, चजसे आकार स्मृचर् 

प्रभाव के रूप में जाना जार्ा है। चजसके माध्यम से वे एक उपयुक्त प्रोग्राचमंग प्रचिया के माध्यम से अपन े

मूल चवन्यास से एक अस्थायी चवन्यास में पररवचर्तर् हो सकरे् हैं, और मूल चवन्यास को बाहरी उत्तेजना 

जैसे गमी की उपम्मस्थचर् में अस्थायी चवन्यास से पुनप्रातप्त चकया जा सकर्ा है। एसएमपी ने वस्त्ो ंमें अचभनव 

अनुप्रयोगो ंका प्रदशतन चकया है जैसे स्मार्त पदे, स्व-चिचरं्ग वस्त्, चशकन/चसकुडन मुक्त वस्त्, संपीडन 

वस्त्, स्मार्त पोशाक/वेश-भूषा, िैशन, चवचभन्न आकृचर् (पैर्चनिंग) इत्याचद। आकार स्मृचर् वस्त्ो ं में 

अचधकांश शोध लेप/ आवरण और पररष्करण चवचधयो ंद्वारा चकया गया है। वस्त् संरिना में स्मृचर् रं्रु्/रेशे 

को शाचमल करके एसएमपी वस्त् को चवकचसर् करन ेके चलए न्यूनर्म वैज्ञाचनक ध्यान चदया गया है। 

चवशेष रूप से, बुना हुआ एसएमपी वस्त् बडी चवरूपण चवशेषर्ाओ ंका प्रदशतन कर सकर्ा है, जो 

व्यवहायत या चवस्तारणीय चनकाय के चलए अचधक उपयुक्त है। लेचकन चवचभन्न ऊष्म-यांचिक म्मस्थचर्यो ंके 

र्हर् एक बुनाई द्वारा चनचमतर् कपडे में एसएमपी रं्रु्/रेशे के प्रदशतन का वणतन और भचवष्यवाणी करने 

के चलए सीचमर् समझ उपलब्ध है। इसके अलावा, बुनाई (चनर्) के चलए चवचभन्न र्ांके, यानी, लूप, र्क, 

और फ्लोर् द्वारा एक बुनी हुई रिना में चनयोचजर् करके कपडे के यांचिक व्यवहार और कठोरर्ा को 

चनयंचिर् करन ेके चलए जबरदस्त संरिनाओ ंकी संभावनाएं प्रदान करर्ा है। चवचभन्न स्मृचर् चनर् वस्त् के 

प्रदशतन की जांि करन ेसे एसएमपी वस्त् को बेहर्र आकार स्मृचर् प्रभाव के पररणामो ंके साथ बनान े

और अनुकूचलर् करने में मदद चमलेगी। 

 

वर्तमान अध्ययन का उदे्दश्य एसएमपी रं्रु्ओ ंका उपयोग करके चवचभन्न स्मृचर् चनर् वस्त्ो ंका चनमातण 

करना और चवचभन्न ऊष्म-याचंिक म्मस्थचर्यो ंके र्हर् उनके आकार स्मृचर् गुणो ंको चनधातररर् करना है। 



x 
 

एसएमपी चनर् वस्त् एसएमपी रं्रु्ओ ंको वेफ्ट चनचरं्ग र्कनीक का उपयोग करके डबल जसी चनमातण 

में एकीकृर् करके उत्पाचदर् चकया जार्ा है। कपडे के चनमातण में अलग-अलग चसलाई र्त्व, लूप, र्क 

और फ्लोर् द्वारा अलग-अलग संरिनाएं व्यवम्मस्थर् रूप से चवकचसर् की जार्ी हैं। एसएमपी रं्रु् की 

प्रचर्चिया और एसएमपी वस्त् के स्मृचर् पररणाम पर चनर् संरिनात्मक चवशेषर्ाओ ंकी जांि की जार्ी 

है। एसएमपी वस्त्ो ंके स्मृचर् व्यवहार पर र्ापमान, र्नाव और चवश्ाम समय सचहर् कई ऊष्म-यांचिक 

मापदंडो ंकी पूरी र्रह से जांि की जार्ी है और इसकी रु्लना मूल एसएमपी रं्रु् से की जार्ी है। प्राप्त 

हुए चनष्कषत चवचभन्न र्ापमानो ंऔर र्नावो ंपर एसएमपी रं्रु् की रु्लना में ररब-आधाररर् एसएमपी वस्त् 

की खराब प्रचर्चिया का संकेर् देरे् हैं। संरिना में अचधक र्क या फ्लोर् र्त्वो ंको शाचमल करने से 

एसएमपी वस्त्ो ंकी अचधक आकार म्मस्थरर्ा प्राप्त हुई। आकार म्मस्थरीकरण के दौरान चवश्ाम समय 

एसएमपी वस्त् के आकार की म्मस्थरर्ा को प्रभाचवर् करने वाले एक महत्वपूणत मापदंड के रूप में पाया 

गया। अचधकर्म आकार स्मृचर् प्रदशतन प्राप्त करने के चलए एसएमपी वस्त्ो ंके चलए इष्टर्म ऊष्म-यांचिक 

म्मस्थचर्यो ंको स्थाचपर् करने में पररणाम मदद कर सकरे् हैं। यह शोध एसएमपी वस्त्ो ंकी चडजाइचनंग 

और इंजीचनयररंग की समझ को और बेहर्र करेगा र्ाचक चियाशील वस्त्, कंप्रेशन स्टॉचकंग्स, कृचिम 

मांसपेचशयां, मुलायम आवरण, माचलश उपकरण और लिीले संवेदक/प्रवर्तक में एसएमपी रं्रु्ओ ंके 

अनुप्रयोगो ंका चवस्तार चकया जा सके। 

  



xi 
 

Content 

 

  Page 

 Certificate i 

 Acknowledgements iii 

 Abstract vii 

 Content xi 

 List of Figures xvii 

 List of Tables xxiii 

 List of Abbreviations xxv 

   

Chapter 1 Introduction 1 

1.1 Background 3 

1.2 Problem statement 6 

1.3 Motivation 8 

1.4 Objectives 8 

1.5 Summary 9 

1.6 Organisation of thesis 10 

1.7 Research impact 12 

   

Chapter 2 Literature Review 15 

2.1 Background 17 

2.2 Introduction to shape memory materials 18 

2.2.1 Classification of shape memory materials 18 

2.3 Shape memory polymers 22 

2.3.1 History of SMPs 23 

2.3.2 Molecular mechanism of shape memory in SMPs 24 

2.3.3 Materials 28 

2.3.4 Synthesis of SMP 30 

2.4 Thermo-mechanical characterisation of SMP 31 

2.5 Factors affecting shape memory properties of SMP 33 

2.6 Shape memory application in textiles 35 

2.6.1 SMP coating or finishing 35 



xii 
 

2.6.2 Application of SMP films in textiles 37 

2.6.3 SMP fibres 40 

2.7 Integration of SMMs into a textile fabric 42 

2.7.1 Integration of SMA 42 

2.7.2 Integration of SMP 44 

2.8 Knitting 49 

2.9 Literature gaps 51 

   

Chapter 3 Materials and Methods 53 

3.1 Synthesis of SMP 55 

3.1.1 Chemicals 55 

3.1.2 Synthesis route 56 

3.2 Spinning of SMP filament via melt spinning 57 

3.3 Development of SMP fabrics 58 

3.4 Characterisation 62 

3.4.1 Thermal analysis 62 

3.4.2 Chemical structure analysis 63 

3.4.3 Morphological study 63 

3.4.4 Mechanical characterisation 64 

3.4.5 Physical characterisation of fabrics 65 

3.4.6 Shape memory characterisation 66 

3.5 Stress relaxation test 69 

3.6 Conditioning and testing of textiles under standard 

atmospheric conditions 

69 

3.7 Dry relaxation of knit fabric samples 69 

   

Chapter 4 Shape Memory Behaviour of SMP Filament under 

Different Thermo-Mechanical Parameters 

71 

4.1 Introduction 73 

4.2 Materials and methods 74 

4.2.1 Materials 74 

4.2.2 Characterisation 75 

4.2.3 Thermo-mechanical testing 75 



xiii 
 

4.3 Results and discussion 75 

4.3.1 FTIR analysis 75 

4.3.2 13C NMR analysis 76 

4.3.3 XRD analysis 77 

4.3.4 TGA analysis 78 

4.3.5 DSC analysis 79 

4.3.6 Morphology study 80 

4.3.7 Mechanical characterisation 81 

4.3.8 Thermo-mechanical shape memory properties 83 

4.3.8.1 Effect of deformation temperature on shape fixity and 

shape recovery 

83 

4.3.8.2 Effect of applied strain on shape fixity and shape 

recovery 

84 

4.3.8.3 Effect of relaxation time on shape memory behaviour 88 

4.3.8.4 Results of thermo-mechanical cyclic test on shape 

fixity and shape recovery 

89 

4.4 Summary 90 

   

Chapter 5 Shape Memory Behaviour of SMP Filament Integrated 

Polyester Knitted Fabric 

93 

5.1 Introduction 95 

5.2 Materials and methods 96 

5.2.1 Materials 96 

5.2.2 Manufacturing of SMP fabric 96 

5.2.3 Characterisation 96 

5.2.4 Shape memory characterisation 97 

5.3 Results and discussion 98 

5.3.1 Fabric structure analysis 98 

5.3.2 Mechanical properties  100 

5.3.3 Shape memory behaviour of SMP-PET fabric in different 

directions 

103 

5.3.4 Shape memory behaviour of SMP-PET fabric at different 

thermo-mechanical parameters 

105 



xiv 
 

5.3.4.1 Effect of deformation temperature 106 

5.3.4.2 Effect of applied strain 107 

5.3.5 Shape memory filament vs. shape memory fabric 108 

5.3.6 Effect of washing 111 

5.4 Summary 111 

   

Chapter 6 Designing of Shape Memory Knitted Fabrics by Varying 

Structural Elements and Characterising their Shape 

Memory Performance 

113 

6.1 Introduction 115 

6.2 Materials and methods 116 

6.2.1 Materials 116 

6.2.2 Manufacturing of shape memory fabric structure 116 

6.2.3 Characterisation 118 

6.2.3.1 Fabric analysis 118 

6.2.3.2 Mechanical characterisation 119 

6.2.3.3 Shape memory characterisation 119 

6.3 Results and discussion 120 

6.3.1 Fabric structure analysis: Tuck variations 120 

6.3.2 Mechanical characterisation: Tuck variations 121 

6.3.3 Shape memory characterisation: Tuck variations 122 

6.3.4 Fabric structure analysis: Float variations 126 

6.3.5 Mechanical characterisation: Float variations 127 

6.3.6 Shape memory characterisation: Float variations 128 

6.4 Summary 132 

   

Chapter 7 Influence of Relaxation Time on Shape Memory 

Behaviour of Memory Filament and Fabric 

135 

7.1 Introduction 137 

7.2 Materials and methods 139 

7.2.1 Mechanical models for stress relaxation 139 

7.2.1.1 Spring and dashpot 140 

7.2.1.2 Maxwell model 141 



xv 
 

7.2.1.3 Standard linear solid (SLS) model 142 

7.2.2 Prediction of unknown constants of the mechanical 

models 

143 

7.3 Results and discussion 143 

7.3.1 Analysis of stress relaxation 143 

7.3.2 Effect of relaxation time on shape memory 148 

7.4 Summary 153 

   

Chapter 8 Conclusion 155 

8.1 Summary 157 

8.2 Future outlook 159 

   

References 161 

List of Publications 197 

Bio-Data 201 

 

  



xvi 
 

 

 

 

 

 

 

 

 

 

 

  



xvii 
 

List of Figures 

 

S. No. Caption Page No. 

   

1.1 Schematic of shape fixity and shape recovery demonstration in a 

heat sensitive SMP 

3 

2.1 (a) Classification of SMMs, (b) Shape memory effect in SMMs, 

and (c) Stimulus used in shape memory actuation of SMMs 

19 

2.2 A schematic of SME for SMA 20 

2.3 Different thermally-induced SMPs and their structural 

categorization 

24 

2.4 Representative graph of polymer showing modulus change during 

glass transition temperature 

25 

2.5 Molecular mechanism of thermally sensitive SME 26 

2.6 Overall architecture of SMPs 27 

2.7 Structural arrangements of switch and net points in SMPs 27 

2.8 Schematic representation of different segments in SMP 29 

2.9 Thermo-mechanical cycle with a stress-strain curve for 

determining the shape memory behaviour 

32 

2.10 (a) Wrinkle-free effect of fabric treated with water-borne SMPU 

in comparison to untreated fabric, and (b) Crease retention of a 

fabric treated with SMPU compared to untreated fabric 

36 

2.11 SMP film used for bandage application 38 

2.12 (a) Schematic of the prototype, (b) Arrangement of embedded 

electric heating wire, (c) Top view, and (d) Photograph of the 

prototype 

39 

2.13 (a) Comparison of elastic modulus between MPFs and various 

manmade fibres, and (b) MPF showing 100% shape recovery 

40 

2.14 New approach for fashion design of SMM with textiles (a) Rising 

of skirt and closing of flower in the garment by heating the 

integrated NiTi wires, (b) Temperature-dependent shape memory 

recovery of intelligent textiles having SMA spring, and (c) 

Oricalco shirt 

43 



xviii 
 

2.15 Shape memory recovery of SMP composite woven consistently 

and densely from SMP yarns at 50 ℃ with recovery time 

45 

2.16 An intelligent window curtain application 45 

2.17 Shape memory recovery of SMP composite loosely woven fabric 

with fine metal wire and flexible yarn at 50 ℃ with recovery time 

(0, 30, and 60 sec) 

46 

2.18 Different knitted structures 50 

2.19 Different structural elements for knitted structures 50 

3.1 Structures of chemicals used 55 

3.2 Reaction scheme for the SMP synthesis 57 

3.3 Schematic of melt spinning process of SMP filament 58 

3.4 Multifilament yarns used for the SMP fabric preparation: (a) SMP 

filament, and (b) PET yarn 

59 

3.5 Manufacturing of the SMP fabric on a V-bed knitting machine: (a) 

Needle and feeder arrangement, (b) Loops formation during the 

knitting process, and (c) Filaments passing through the feeder 

60 

3.6 1×1 rib knitted structure: (a) Schematic representation of loops, 

and (b) Microscopic image of the fabric 

60 

3.7 Variation of tuck stitch in knitted structures: (a) Schematic 

representation of loop and tuck elements, (b) Microscopic images 

of actual fabrics, and (c) Zoom images of fabrics 

61 

3.8 Variation of float stitch in knitted structures: (a) Schematic 

representation of loop and float elements, b) Microscopic images 

of actual fabrics, and (c) Zoom images of fabrics 

62 

3.9 Tensile testing machines: (a) Instron 3365, and (b) Tinius Olsen 

H5KS 

64 

3.10 Universal tensile testing machine with an attached heating 

chamber 

67 

3.11 Sequential steps followed in the thermo-mechanical process for 

shape memory programming 

68 

4.1 FTIR spectra of SMP filament 76 

4.2 13C NMR spectra of SMP filament 77 

4.3 XRD profile of SMP filament 78 



xix 
 

4.4 Thermogravimetry analysis of SMP filament by TGA and DTG 

thermograms 

79 

4.5 DSC thermogram of SMP filament 80 

4.6 SEM images: (a) Synthesised SMP filament, (b) Longitudinal 

view, and (c) Cross-sectional view 

81 

4.7 Effect of gauge length and strain rate on breaking strain of the 

SMP filament 

82 

4.8 Effect of temperature on stress-strain behaviour of SMP filament 82 

4.9 Effect of deformation temperature on shape memory properties of 

SMP filament at 60% strain 

83 

4.10 Effect of applied strain on shape memory behaviour of the SMP 

filament at 50 ℃ 

85 

4.11 Effect of applied strain on: (a) WAXD profile, (b) FTIR spectrum 

of SMP filament, (c) Zoom FTIR spectrum for N–H bond, and (d) 

Zoom FTIR spectrum for C=O bond 

86 

4.12 Schematic representation of the effect of strain on polymer chains: 

(a) Before applying strain, and (b) After applying strain 

88 

4.13 Effect of relaxation time on shape fixity of SMP filament at 50 ℃ 

for different strains 

89 

4.14 Cyclic effect on stress-strain behaviour of the SMP filament along 

with shape fixity and shape recovery parameters 

90 

5.1 Schematic representation of steps followed for the shape memory 

characterisation of SMP-PET fabric: (a) Thermo-mechanical 

cycle, and (b) Stress-strain behaviour for thermo-mechanical cycle 

97 

5.2 Memory knit fabric: (a) Actual fabric image of the SMP-PET 

fabric, and (b) Schematic of the loop configuration of the SMP-

PET fabric 

98 

5.3 Stress-strain curve for tensile behaviour of SMP filament and PET 

yarn 

100 

5.4 Stress-strain behaviour for tensile properties of rib knitted PET 

fabric and SMP-PET fabric 

102 



xx 
 

5.5 Stress-strain curve depicting the effect of temperature on the 

mechanical behaviour of yarns: (a) PET yarn, and (b) SMP 

filament 

103 

5.6 Shape memory characteristics of SMP-PET fabric at 50 ℃ 20% 

strain in wale direction and course direction 

104 

5.7 Stress-strain graph depicts the tensile properties of SMP-PET 

fabric in the course direction and wale direction 

104 

5.8 Shape memory behaviour of SMP-PET fabrics under different 

thermo-mechanical conditions: (a) Shape fixity, and (b) Shape 

recovery 

105 

5.9 Effect of temperature on shape memory characteristics of SMP-

PET fabric: Shape fixity at (a) 20% strain and (c) 60% strain, and 

Shape recovery at (b) 20% strain and (d) 60% strain 

106 

5.10 Effect of strain on shape memory characteristics of SMP-PET 

fabric: Shape fixity at (a) 30 °C and (c) 50 °C, and Shape recovery 

at (b) 30 °C and (d) 50 °C 

107 

5.11 Shape memory properties of SMP filament and SMP-PET fabric 

at (a) 50 °C 20% strain, and (b) 50 °C 60% strain 

109 

5.12 (a) Photograph of SMP-PET fabrics at different strains, and (b) 

Schematic representation of the SMP filament in pristine and 

fabric form at different strains 

109 

5.13 Stress-strain graph of SMP filament and SMP-PET fabric, and 

loop opening schematic of the fabric 

110 

5.14 Effect of washing on shape fixity of SMP-PET fabric 111 

6.1 Schematic representation of steps for shape memory 

characterisation of SMP-PET fabrics: (a) Thermo-mechanical 

cycle, and (b) Stress-strain behaviour for thermo-mechanical cycle 

119 

6.2 Microscopic images of fabrics developed using loop and tuck 

variations 

121 

6.3 Tensile behaviour of tuck memory fabrics 121 

6.4 Shape memory behaviour of SMP-PET tuck memory fabrics 

having different loop tuck combinations at 50 ℃ 60% strain 

122 



xxi 
 

6.5 Shape memory behaviour of SMP-PET fabrics having rib and 

1R3T structure at 50 ℃ 60% strain: (a) Shape fixity, and (b) 

Shape recovery 

123 

6.6 Comparative study of shape memory behaviour of different loop 

and tuck combinations of SMP-PET fabrics at 50 ℃ 60% strain: 

(a) Tuck element variations, (b) and (c) Loop element variations 

124 

6.7 Plastic strain for memory knitted fabrics with different loop and 

tuck combinations at 50 ℃ 60% strain with schematic images 

125 

6.8 Microscopic images of fabric developed using loop and float 

variations  

127 

6.9 Tensile behaviour of float memory fabrics 128 

6.10 Shape memory behaviour of SMP-PET float memory fabrics 

having different loop float combinations at 50 ℃ 60% strain 

129 

6.11 Shape memory behaviour of SMP-PET fabrics having rib and 

3R3F structure at 50 ℃ 60% strain: (a) Shape fixity, and (b) 

Shape recovery 

129 

6.12 Comparative study of shape memory behaviour of different loop 

and float combinations of SMP-PET fabrics at 50 ℃ 60% strain 

130 

6.13 Plastic strain for memory fabrics with different loop and float 

combinations at 50 ℃ 60% strain with schematic images 

131 

7.1 Spring and dashpot elements 140 

7.2 Maxwell model 141 

7.3 Standard linear solid (SLS) model 142 

7.4 Stress relaxation behaviour of SMP filament, SMP-PET fabric, 

and PET fabric 

144 

7.5 Experimental values and model fit to describe stress relaxation 

behaviour of SMP filament 

147 

7.6 Experimental values and model fit to describe stress relaxation 

behaviour of SMP-PET fabric 

147 

7.7 Experimental values and model fit to describe stress relaxation 

behaviour of PET fabric 

148 

7.8 Effect of relaxation time on shape fixity at 50 ℃ 60% strain: (a) 

SMP filament, and (b) SMP-PET fabric  

149 



xxii 
 

7.9 Shape fixity of SMP filament, SMP-PET fabric, and PET fabric 

for 15 and 60 minutes relaxation time at: (a) 50 ℃ 20% strain, and 

(b) 50 ℃ 60% strain 

149 

7.10 Effect of relaxation time on shape fixity of SMP filament, SMP-

PET fabric, and PET fabric at 50 ℃ 60% strain 

150 

7.11 Stress reduction and shape fixity for SMP filament, SMP-PET 

fabric, and PET fabric 

151 

8.1 Shape memory behaviour of: (a) Memory filament, and (b) 

Memory fabric 

157 

8.2 Multifunctional properties of textiles integrated with stimulus-

responsive polymers 

159 

 

 

 

  



xxiii 
 

List of Tables 

 

S.No. Title Page No. 

   

1.1 Application of shape memory materials in textiles 5 

2.1 Comparison between SMA and SMP for their different properties 21 

2.2 Integration routes of memory fibre/filament in textiles with different 

fabric manufacturing techniques 

48 

3.1 Chemicals used for research work 55 

3.2 Specification of yarns used for fabric formation 59 

4.1 Breaking strain of the SMP filament at different gauge length and strain 

rate 

81 

4.2 Effect of applied strain on crystallinity of SMP filament 86 

5.1 Constructional parameters of rib knitted fabric samples 99 

5.2 Mechanical properties of yarn and fabric samples 101 

5.3 Effect of temperature on mechanical properties of yarns 102 

5.4 The realised strain of SMP filament in its pristine form and fabric form 110 

6.1 Structural notations and the actual appearance of tuck variations in the 

knit fabrics 

117 

6.2 Structural notations and the actual appearance of float variations in the 

knit fabrics 

118 

6.3 Constructional parameters of fabrics developed using loop and tuck 

variations 

120 

6.4 Constructional parameters of fabrics developed using loop and float 

variations  

127 

7.1 Stress relaxation behaviour of the SMP filament, SMP-PET fabric, and 

PET fabric for 1 hour at 60% strain 

144 

7.2 Values of unknown parameters of mechanical models to describe stress 

relaxation at 60% strain 

146 

7.3 Stress reduction and shape fixity of SMP filament, SMP-PET fabric, 

and PET fabric 

151 



xxiv 
 

7.4 Linear equation and slope for SMP filament, SMP-PET fabric, and PET 

fabric with their respective coefficient of correlation 

152 

   

  



xxv 
 

List of Abbreviations 

 

Terms Abbreviations 

Stimulus-responsive material SRM 

Shape memory material SMM 

Shape memory alloy SMA 

Shape memory polymer SMP 

Shape memory effect SME 

Polyurethane PU 

Shape memory polyurethane SMPU 

Polyester PET 

Nickel-titanium NiTi 

Glass transition temperature Tg 

Melting temperature Tm 

Transition temperature Ts 

Deformation temperature Td 

Poly (ε-caprolactone) PCL 

Polyethylene glycol PEG 

Poly (tetramethylene) glycol PTMG 

Poly (ethylene adipate) PEA 

1,6-hexane diisocyanate  HDI 

4,4’-diphenylmethane diisocyanate  MDI 

2,4-toluene diisocyanate TDI 

1,4-butane diisocyanate BDI 

Isophorone diisocyanate IPDI 



xxvi 
 

Carbon nanotube CNT 

Carbon nanofiber CNF 

Dimethylol dihydroxyethyleneurea DMDHEU 

Poly(1,6-hexamethylene adipate) diol PHA 

Polytetrafluoroethylene PTFE 

Parts per million ppm 

Thermogravimetric analysis TGA 

Differential scanning calorimetry DSC 

Derivative thermo-gravimetric DTG 

Fourier transform infrared spectroscopy  FTIR 

Nuclear magnetic resonance NMR 

Wide-angle X-ray diffraction WAXD 

Attenuated total reflection ATR 

Scanning electron microscopy SEM 

Course per inch CPI 

Wales per inch WPI 

Standard linear solid SLS 

  

 


