Contents

Acknowledgments . . . . . . ... .. ix
Foreword. . . . . . . . . . . .. xi
Preface . . . . . . . . . . e XV
Introduction . . . . . .. .. ... XXix

Part 1. Programmable Smart/Intelligent
Matterand4D Printing . . . .. ... ... ... ... ... ... 1

IntroductiontoPart1 . . . .. ... ... ... ... .. ... .. ... .. ... 3

Chapter 1. Programmable Matter or Smart Matter,

Stimulated Organization and 4D Printing. . . . . ... .............. 15
L.1.Introduction . . . . . . . . .. 16

1.2. Natural (spontaneous) self-organization . . . . .. ... ... .. ........ 17
1.2.1. Nonlinearities. . . . . . . . . . . . o i i 18

1.2.2. Achieving the desired form? . . . . . ... ... ... ... .. ....... 21
L3.“Smart” matter . . . . . . ... ... 25
1.3.1. Active polymers: photochemical muscles . . . . ... ... ... ...... 26

1.3.2. Physical alterations. . . . . . . .. ... .. ... ... 37

1.33. Distortion of metal parts. . . . . ... ... .. ... ... ... ..... 39
1.34.Conclusion . . . . ... ... . 41

1.4. A transition to 4D printing: swimmingrobots . . . . .. ... ... ... ... 41



vi  From Additive Manufacturing to 3D/4D Printing 3

1.5.4D Printing . . .

1.5.1. Automationand robots. . . . . . . ... ... ... ..

1.5.2. Origami . . .
1.5.3. Octobot . . .

[.54. Massive Objects. . . . . . . . o e

1.6. Conclusion. . . .
1.7. Bibliography. . .

Part 2. Live “Smart” M

Introduction to Part 2

atter and (Bio-printing). . . . ... ... ... ... ...

Chapter 2. Bio-printing Technologies . . . . . . . ... ... ...........

2.1. Introduction . . .

2.2.Tissue complexity. . . . . . . . .

2.3. Bio-printing technologies . . . . .. ... ... ... . ... .. ...

23.1.Cellpreparation . . . . . ... ... e

2.3.2. Generic bio-printing technologies . . . .. ... .. .. ... .. .....

2.3.3. Materials . .

2.3.4. Process—material couplings . . . . . .. .. ... L L L L

2.3.5.Subsequentcell growth . . . . ... ... L L L oo

2.4. Comment: 4D bio

-printing. . ...

2.5. Other applications. . . . . . . . . . ...

2.5.4. Bio-printed Bio-bots or “soft robots”
produced by additive manufacturing . . . ... ... ... ... L L.

2.6. Conclusion. . . .

2.7. Appendix: 3D printing for biological applications. . . . . ... ... ... ...

2.8. Bibliography. . .

46
48
53
57
57
60
63

79

81

103

104
108
116
120
122
133
138
140
142
142
142
144
144

144
147
149
151

169

170
172
173
177
178
183



Contents

Vii

3.3. Skin bio-printing

3.3.1.General remarksonskin. . . . . ... ... ... ... ... ... .. ...

3.3.2. Bio-printing skin . . . . ... ... L L

3.3.3. Conclusion .
34.Bone . ......

3.4.1. General remarks on the compositionofbone . . . . .. ... ... .. ...

3.4.2.Bone bio-printing. . . . . .. ...

3.4.3. Conclusion .

3.5.Bio-printing and cancer. . . . . ... ... Lo

3.5.1. Examples . .

3.5.2. Conclusion and perspectives . . . . . ... .. ... .. .

3.6. General Conclusion. . . . .. . . ... . ... e

3.7. Bibliography. . .

Chapter 4. Ethical Issues and Responsible Parties . . . . .. ... ... ...

4.1. Introduction . . .

4.2. Reflection on the acceptance of bio-printing. . . . . .. ... . ... ......

42.1.Rawsurveydata . . . ... ... ..

4.2.2. General discussion: whom to trust? . . . .. ... ... ... ........

4.4. Governing bio-printing research: mastering convergence. . . . . . . ... ...
44.1.Returnto3Dprinting . . . . ... ... L L L
4.4.2. Promises of NBIC convergence and bio-printing . . . . ... ... .....

4.4.3. Convergence
4.4.4. Comparisons

4.4.5. Epistemological questions. . . . . .. ... ... L Lo

4.5. Conclusion. . . .
4.6. Bibliography. . .

Chapter 5. Questions of Epistemology and Modeling. . . . . . ... ... ..

5.1. Introduction . . .

5.2. The PE approach (seen by a possible

divergent, somewhatofan HE). . . . . ... ... ... ... ... .. ...,

5.3. The HE approach

187
188
190
195
195
196
198
200
200
201
203
204
206

217

218
219
221
239
240
246
250
254
261
275
279
280
283
286
287
292
297
300

315
316

324
329



viii  From Additive Manufacturing to 3D/4D Printing 3

5.4. Complexity and bio-printing. . . . . . .
5.4.1. Complexity? . ... .........
5.4.2. Initial reflection for action. . . . . .

5.6.4. Scale change(s). . . . ........
5.6.5. Questions for realistic modeling . .
5.6.6. Provision of an operatory reference
5.6.7. Organizational methodology . . . .
5.7.Conclusion. . . .. ... ... .. ..
5.8. Bibliography. . . . .. .. ... ... ..

Conclusion . . . .. ... ..

333
334
340
345
350
359
359
363
363
366
366
367
369
375
378



