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4D Printing: An evolution in the
manufacturing of soft robots

Abstract: 4D printing, as a groundbreaking innovation in the field of additive
manufacturing, has provided new possibilities for the design and fabrication of
soft robots. This technology, by integrating 3D printing and smart materials,
enables the creation of structures that can dynamically respond to
environmental changes such as temperature, humidity, light, and magnetic
fields. This study explores various types of smart materials, printing methods,
and the applications of 4D printing in different fields. It also investigates the
properties of shape-memory materials and the impact of various process
parameters on the performance and behavior of soft robots. These robots,
inspired by biological systems, are capable of performing complex and
adaptive movements using soft materials and diverse actuators. Research has
shown that 4D printing, compared to traditional methods, offers significant
advantages in terms of production time, precision, and functional adaptability,
particularly in the fabrication of soft robots.
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44D Printing
5 Smart Materials (SM)
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13D Printing
2 Additive Manufacturing
3 Computer Aided Design (CAD)



\f~\°,ﬁsalo).> AP LS’L»?" O)Lo-.ai) Al o)LA.,.':: AR 0,99

(shee Ll 5 b Gldail g JSC0 s 5095 ClLlB L Ladlge
Y] Y] acel amsls gmin plys 5 o5 aily oo
Jsalitls slge 5l solitul b a5 saiedisn sla b Jlos oleicas
Gl ) CS g Brae g age | l9n 0Ly (isd oo g
5 S Silugygx mlio o rizes (5ysld Gl s e
ol Sl @y )0 Cl ot a8 I ey o b
Sl Ghh s sie oo )5 il 51y sla)Sal, il L,
[ro] Lr€] L)V] aeo o
b san ez Sl ysld wal S5 slacase of) e
Vb 4o laalle cnl 5l (S0l g)0, 50 ool
(opl g oode il 0dgi sauzn slaanl 3 g diedign olge
sl Blp 5 aiesls sam ez gl lisle giluand 5 (b
Axwgd aiyl,8 wilgs o aS el gl juis sl g a8 iy
slaaie) jo cépin (Jb ol b [YA] [¥V] a5 sass ),
Gl ] latusgame (ol Wilgi oo slYaiz Ola 5 )5l
LYV] o] w8 oS (5 )5kd ol 5l ooliiul 5S4y g ao
P o 5 sl 5 o3l Dlakd cale pol> > 5o
YF] cand 458,58 13 il CoLo ojgo o) Sitngs, 4
So3kd o @ Wlgie sam)lez Slr wanl o [¥F] [Yo]
S92 9 (ool Sl wiile Sl sla iy Jo ) (Lo
sy PO Slge dmgd S9h frod (il slacadl e
5 S b @l Copde 6ln diedsn Slapis
S0 (nl S 5 mizren el (6 )5k (nl bt
sb>hb Sy eile x50k 5 (Eae 9o L
@ olpen jobay a5 3jle (See | (s odzmy 5 lSeds>
Osd sl Sl aaes gul golatdl 5 (8 slagill
645 310 18 NI ()9l Sy 4 b e 3 S

IS salss it mlio s
G 38y o 505 j0eby sleadls 5l (S e 5 SSL,
5 py dlge 3l boee bol, ) cwl KoL, avye jo
Jolss a5 Wlowss asslos a8 iy (6l jouls 033 9e0 3y Slasl
5o oolaiwl 090 dlge Wisle oo 5Ll g el 1) Ll b
o2l ogia¥l oo sl ok (p5Sdons Jols Baae ol ol
colmsh 5 ' Sadsey slajegiadl i
Aadgn Slge 5 ek lacuieelS T Sawdyge
obged Lol g4 cpl ol (Jb I b [f:] [¥q]ce
@by W g pley wiesls o5 el 5SSl e sl
7 S92 50 (Sislsm Jool Sl pledl b g sl il o

Sl (i 4585

S8 IS8 55 5l g W50 a5 Jloaliadl> (la oy
Ol 5o Saedbon Slge (30 )8 alez 5l s S5k 95 4yl
@ STy CebiB a8 55,008 conl pogdle Laiiun (5,5l8
4 lsaladl> laslT isren 9 w,ls PH &l is b cosh,
Sb> G s oo ol (Sl b (Sl slas e o
[vo] Yf] Ivv] aus o W) at o slaop,ls o
e (§3lge adgi Ay wialign Slge dnwgi o Sl slad iy
wmayb@lsj..\um%#mmafwlow
Jolis a5 0 50m0lS Slge Jlio lgreds .5 s |, Gilides S yoee
Sraglie Lo & caituns (0,5 sloyd g jloalidle sla yordy
Lo pbes Oless @ Wil oo asly sy (VL (SIS
ool a5 eads el o Sy ol aias olas STy (SlKe
(Sip sl cile asbe ooy S ol 5l
Szl p 5 S5k drwgs (S g wiediga slagls (A
45 Zel (6,084 (am oz Sl )3 diedga olge Cuneal S
Gl SRy Sgete 4 o) (nl SliixS Sl loves iy
Lya] L¥A] (LY V] [¥#] el ail polazs slge
ol (65l cenl ou ools Las (F) S j0 a5 ghailen

Dyl oe 183,15 4y mbio I s il )5 G lex

S ej9> 50 Sykid pl oS p S I (S
Wiedghd  slacaisl odg clp gyl el

ool Sluygyls Glapiunm (S g (duw) gladan)l
Bkl Lo (o Ll pd b 8095 jgboay aliles oo a5 090 o0
S LR PESPERSTESTS ARl I AR [ Ad [eEigte
ailgi oo a5 Conl oads plaosle b 4 e (gom,lex
Gl &35 osese B asms S0 50 JS055 O j50n
Coro )3 6,508 Gl boad adgs wledad [YY] [¥V] ains

2 Thermoplastic Polyurethane (TPU)

! Thermoplastic Elastomer (TPE)
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4 Direct Metal Laser Sintering (DMLS)
5 Shape Memory Polymers (SMPs)
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! Fused Filament Fabrication (FFF)
2 Vat Photopolymerization
3 Selective Laser Sintering (SLS)
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1 Glass transition temperature (Tg)
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5 Photoresponsive polymers
¢ Lignin-based composites

7 Polylactic Acid

8 Magnetostrictive materials

! Smart Magnetic Materials (SMMs)

2 Electroresponsive materials

3 Hexagonal boron nitride (HBN)

4 Polystyrene sulfonate/graphene (PANI: PSS/GR)
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! Proportional-Derivative Combined (PD-Com)
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3 Rapid Liquid Printing (RLP)

! Biomimetics
2 Liquid Crystal Elastomer (LCE)
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