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FEIRIEAZ R A ¥# kL (shape memory polymer, SMP)
J& — T S RRRL. £ AR, AR . .
Wil Wiy, BRESE . 4558 B T MRS H T, AT
B % AN IS IR A2 T e R, B 1T R I SMP I
— ARG IS, EEARE LT PR (1) THEBE. ¥
FIT i) % 1 EL A R A6 TR 1 SMP N 4 42 L I A i 7
DAL, T I Ah R FAR BT 7 Bl N AR (2) Bl 2
. DRFFA TR, i FE B AR AR ) P AR I 2
PUR IS4, i i TR W] 45 LR €. (3) 5 THE AR TR

B IRA5 09 5 A I B TR (1) SMP F Ik T iR 28 L #i i AR
W UL b, ARERI AT 5 R R I B TR 0] 52 2 ) 46 T
W, BILSE M REEAEDY, SRARICIZ & & LIRIRE
W &R LG, SMPEA KAZ T, 3 3540 17 A2 5 FE (glass
transition temperature, Ty) 7] i, 39Xz 77 AT e it, i,
YRR 2 A0 A1 2 R (AR T AZ RN AR
JERE T, SMP L H AT AR TR 25 M fE AR 2 U8 s T B
KPR 715 S -HME, WTERTR AL S TS5
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Original shape ~ T=T,,,; Pre-deformed shape T>T,,s Recovered shape
T<Tuans T<Tuans (= Original shape)

Bl1 (MK SMPR— A ILIE s & 1D

AT AR TR e 25 ), ME LAk — 28 i 2 bl ds AL
BIEE 2% M v 1 55 v BB SO B e 45 48 5 28 1
(1 75 SR USSR, SMP A% G5 il 4% 5 iR R AR B |
SN FE 29 7 SMP RI AR Y 45 4 I R H 5 K e

Sk H BRAE B T 2% e (14 Tibbits 76 2013 4F [{) TED 42
W E T 4D 47 Bl (four-dimensional printing) [ A%
AU FE AD AT BRI $5 5% H 3D T B (three-dimen-
sional printing) Il "I T 45 (1) = 4EW) 4, 1£4F 2 (1) 3 52 A
B R, S, BEL K. REESE), AR
PER DR (45 A ST &) n] DUBE I ) 1 A2 £k
T A AR S AR ADET DA 3DAT B IRt — P R
JEFN5E3E . 3DFT EIATIN L H iR 2 b 1, Jo i
). T4DT ENAE3DFT EI ) JE Al b 39 1 s (] (1 4 B2
S B RA B FR R R TEA I, A4S
P AL Bl R 8] 2 A B A AR A PO, e B2 b, 4DAT B
— YRR AE KA )RR T H 34 B R AR I
S YELERU ADFT E R = 48 25 R REAE 2K 3R 55 0
BOF A B fo R T LLE 1, 4DFT ERAALfE
il 8 B2 A ) = 4ESL AR S5 K i R RE, I HLIT 3RS 1 45
Ry B R AT LABE b 7 55 38 Ak A I R
TS HR 45 0 Je ThRe %A% . ml DL, 4DFT BRI R %4 R
MBI M IS B SMPAE N B A R Re v T R

R — P, T4k, 36T %A R 4D T ERHIF 724k
AT EAR TR TR 12 (R 78 48 1X  SMP K 3
ZERIHE— D R RS T TR A 2 R R AT B, R
WA T % 2 @R R . N T 4D ET B
SMP 1t — 0k e 5 R, A SOK & e iR 4D $T Ep
SMP (#1523 7 2, 3520 M H 88 &% b s 30 77 2 4 A 4%
RAAE AR RS, SR, A 4535 T SMP 14D &5 # 78
FAIE A N AT S, B Ja, e H AT4D AT B SMP AT 7E
F 1) R0 X6 A SR (R IF ST EAT R R

2 ADFTEISMP RSB TT X

AT %0, ADFT B & 3DF] BN 5 8 Be Mk 45 &
(K Uk, 4D#T ENSMP A2 LA 5 F (193D 4T B H ARy FE it 1
SEHLE. H ATE H 4D EDSMP ) 5 v 32 A s bt
BHEAR, SO ZI A H AR, BREDBHEAKES
FTENEEAR . AN S5 G ST B0 7 SN R A, 1
4 A 24 3 FTid FH I SMP R RN FR 2 K AH B2 4DFT (1) 522
7.

2.1 JEREPIBRELARAT EISMP

J5 BT AR B R (fused deposition modeling, FDM) /&
— Bl WHI3DFT EIER, IX AT B4R Je i R B M 22
TRAL R M A v 5 v A i, 42 BR e I BZE 5%t
DAKY E 3D AR A2 P L R K 4, FDMAEA
A B T B SMP K H 5 G MRHI4DAT B

B s B TR % Yang 5 NPT DA IB M AR 112 R &
BE(SMPU)YRLEL A B A KL, 18 5 4 mlb H 7 728 H il 45

B2 (W% HOR FR)ADT ENSEfA. (a) 4ADFT BSR4 4 (¥ T ARV AR L T2 (b) 4DHT ENAE A5 4 1 T IR Vo AR i 7>
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BT T FDMAT ERER (2R A0 8) . BE 56 BT 45 21 1
SMPU 22 #4 i it FDM AT Bl sl 4 o/ WAL SE B2 4 — 4k &5
. A 1K T 3R A I A6 24 = 2 45 M i & T, DL B,
For] T Bl AT B AR TE S5 K, T ED 25 0 JEoR T AR
B IR IEAT N, DL SEEL T #4E 4: SMPU 14D T Ef.

1 % W [F 57 R K 2 SenatovZE N P7SR H R RE 5
VRS T RIBPE R LB KA (HA)Y R AR (PLA) AR IE
12 E AW RHADFT ED. AbATTIE I XU 55 LK PLA
SHABHTIABVE G FFH, 4% 7 B HEHA/PLAF R
WiZE G MR Ht. B J5 R HHFDMAT B T HA/PLAZ
FUSCHE . TEHHUMAE IR, B ) 4% 1 S 48 R
TRAFMARTERE T, A AGREE T R4 B S 52
BRI, SRR R [B] 5 R R, HRR B R R
Al 5115 98%.

PL_ERFFE AT L Y, FDMAT ENHE R B4 T #08
PESMP J F 52 & A EHD AT B SE BB A 45 /B i (F, AT
AT A AL (B T FDM AR 55 S B 1 SMP
FIMA R B, Z I AR A AR AE — 2 R BR 1. —J7 T,
FDM 4T B R #R U 8 TR BT 4T B = 4E W) A 2
2 EHERN R, RS 2 2 (8 2 B i, i 2 35 5
T RTT ENAR LR . 55— D7 T, FAE T SMP )
b 2 25 K R P B AZ TR Y Z 2R SMP [T IR (8] &2 /g 0+
S22, IXAEM R FEFE 56 1 FT BN 45 44 75 A1 38l
TNHARFAT N, N T P DL ) ISR, B A E AN
230K FDMAT BN 45 AR 5 5 28 B2 R <A A 20 45
FRF-BL 44, T SL St Le 4R H I PESMP (1)4DHT EL,
DA SR 32 = BT T ENAD 25+ (AU PE B8 J mT AR TEAT A

L 5% 34 K 2 3 7 3 432 1 Shafferss AP0 PLA
R SR TR =4 TR 2 = R S J R R (TAIC) TR & i T
FREZLARBARE, IR FHFDMAT BN HE A K 1] 5 1 T 75 1
RIARE5H. B S, K B9 0 45 0 R By 5 26 B LS| R
AR PR 58 P 2 S8 A8 T B T B A T 1 T2 IR 12 12 PLAL.
SEUG S5 R R, Bad AT BT S5 K I 0 1 R A AR T R
JVEARAC RIS 1 2] T W E e m. TRiR s ok 24 1
Miao%5 N\ PR FIFDMAT 5 AR PLA 22 4 37 Bl i =
YEEr IR AR SN BT AR 0 = 2 22 F AL 1 SMP Y ViR A
7. FESMPIE R s A AL f5, K pr i s B T & H
Be i CAEPLAE 28 4 50 i, RO AT 159 2 B 0 7 8
e T FE PESMP 4D 2 FL 3 42, E3(a) BT s 91%4D
FTENRE R R s = I, 3 (b) N AT A34D S 2R IO T 3.
TEMIRBN N, 1% 480 8o E s AR AR AT A,

4

W3 () FToR. X FP4DFT ER ] H - 2 Ffr ) i N 20 4[]
T SMP 14D 4T EJ.

FDM{T EI 7 A 2 SEEL4DFT BT SMP A 45 i # (1) —
Fh. RSB A E S SRR TR R T B T
FDMAT ER AR 1), HA BT AT 68 7 1 B SMP, LA
JF FDMAT EE A 5 HoAth o] B8 (1 B R F B 45 & LAY
TAZE 0T B4 A Xof 4[] 14 SMIP [ 38 F 12k

2.2 SLARE R R A B AT B SMP

AR ZI B (stereo lithography apparatus, SLA)
& B4 B2 SR B — R 3DAT BN R, X AR AT B
TR DR CEARA R T BDIEAE . AR 48 s AL EE AN
7], 2 BT 23 e 43 1 R SLA M B e $ 1Y
SLAP S AR A SLAFAR BB, AR i i
B — g 5B L 5K HOE R B RHT BN RER T, 1A
T 2R T FR 2 B THI R 328 J= il 4 Ak, B4 RS 3
AR R T £ A I e s B2 T R &, T 2 2 28
BB = HEER HOP5L B A, R B SLAFT B4
RO LT T 4D4T ERSMP . B T HoH R A,
TR SLAZ [ T B A PR B 68 7 O [ 4L 7
SMP#14D4T E.

i [E RS2 BE K5 Yu S APUSR B e 4 B SLA B
AR T ADFT NS S IR IR IR & GBI R &9, K
FAZARS B BT B A 45 4 B 0 53 T AR ] 52 2, 7%
RIS REANIRE 55 1. 4T AR 2 IRBE A AE 1078725
- FETT 9246 i, LR 2 Z AN ] BRI 1E99% A L.
Yo NIRRT B0 T R AR BRI AD S ), JFE
T B2 B BB T B 7 T 2 A TR 1) 3 A 3 AR
T2, 4B TR .

P B U SLABAR RO R SLAF R |
BN B EOR. By e BOE T SLABOR T2 25
M EF a5 v, BOR I IR TR A TR HOE R AR
BIFT EIARL T, BB R 2R T A A ] At i )
ZYEIEM A H K. 5OUHEM A SLABCRAM ], ot
PO SLA 12N 1 B A PR B RE 7 O [ AL 7
SMP 4D #] EN. {EAH T34 B SLAFT ENEOAR Hy £1
2R 2 ST 9T BN IR BE, By ot R B SLAAT Bl
LA 5 AR R R sk )

DL€ B 7% R N A 2 0 Zarek S NPT R ©
WIlE 2 JolE 5 L IR IR 72 WU LlR 45 &, il 4% 1Ot
BRI O A T A M TR . 3 e ) O R Y
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Tissue Defect 3D design

Scaffold recovers
original shape to fill
tissue defect

tissue defect

s / Sacrificing material
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Put scaffold into

Smart
polymer

3D printing Filling with smart polymer

l
-*-

Temporary Dissolve sacrificing
shape of material and obtain
scaffold smart scaffold

B3 (MR B FDM S i bl 45 & il 2 SMP A AR T AE W 57 42 () il % L FE 7R 3 1 (b) BTS2 T SMP 4D 37 22 300

TEHE; (o) SCAAERIRE) T 1 £ 3 E AT A

B4 (M2 RO B 6 3 4 R SLAFT BV 3R 4 PO AR IR IR TR
TR AZ TR (K T AR [ 52 4 A R T AR T S AR B 1Y

SLAFT N &5 55 58 il B ) Inhid flg v &5 4, A A1 3
TG RERY IR P B R R 0 R I S A CIE TR i)
I3DATEY. FTENE R A & 51 ke R B
A I 2 A s TR A A A e A S IR I A B R AT TR
TCAZ N B = ¢4 ) 245 45 4, 3 11 UK 3 4T B 45 4 T 22 JE
VE. Zarek S NP7 I 4 TR AE R BRI/ AR I8 £
TS 24D S5, FRISTIE T 4T EN S5 2 AT (8
WREAR R, WIEISAFTR. Zarek% AP IRIX 4T B

Fe AR AT T 2 Fh 2 AT 2 1 B e 22 BE Y L fh 26
FE ] 5 (TR ACAZ R A D 4T ED.

FomH R K 2 Ge 5 NPV % T — KAV EH R
SR AICAZ M B8 B T A0 FAHUAR M BE 7T U8 1k [ 10 3
LN IG IR B SL R Y. 1E3E — By se AT DA ER
S5 %5 2Lk O IR LN R Es ¥ NS B 1 IS i BUNCIRE 2
N THEARF SN AR i, s st 7 £ &
SMP1J4DHT El. RHFT Bl 2 ERARICIZ R S &1
e ZE R AR IR FE DR B N ST TR 2 48 . 4DFTEN £
SMP (1) S BIL 2> 41 45 ¥4 e 0L 7= A2 8T I 3h 25 77 28 0 R &%
IRE, & i 45 A4 10 m AR F2 4 R0 A 4% %, 4D FT B 3t
— B REZEKREE

WHT K % Huang5: A\ DL 7 e B BUSLA A
RFEASZEL T SMP IR IEADFT B, Al i E] 4 7520 s.
A AR FH B K M H R S TR IR R R AN L6- ) B TR )
TR T S SN S5 A Rk, 388 3 45 5 A ) mT o B A T 5 R
T AT R S N 3 A T A AR AN [ X 3R
WIS (], 2 5 3508 X UM R e A0 2R 5 ) 4 28 Tk

5
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FEANTE. R, K 3T A3 (4 1 T 45 AR N J8 R AR
P IR R A XA AN B ST AR, AT AE = 4T 1 7
ARy, AT T i = TR, IR SBAICHTR. K
PRI A 2 g P e A 0 R A i TR ol ) = 4
SERE PTG T BT O TAR, v AR IR N T A A )
g ] AT AR AR 5, RO iR I 2 (el B &4
RE R, SEBLADT B, EISDFIE IR T AT S = 4E IR e
AL AR ) A T A2
TN R P FE K 2% 1) Choong 55 A M6k 6 i
SLAFTEIE FE RS IZ I S W AL R VAT 1 F
FC. SRR, FEAH R R R R T, i TR 1A Y
B, B e B R SLABOAR A [ A6 R 15 22 Ll e 4
RSLABCARIRIRZ . B, By el M SLABOAR T
BV 45 44 By Hh BN I3 AU AR AT . RTINS Bk
FRB B ST B R o B T AL VR FE, (E S AR
FITEARICHZ L RE T . X IUDT FU 45 Y 1 A 1 R A [
MR BE 1R 2R 2, XK I R8T AT T SLA AR [FISMP
HAHSEX.

2.3 REVIWIHBARTTEISMP

EED T Polylethi A& LLE 51| Objet/A 7] 12000
ERIHE I — P L R BR3P B AR F 1 2 5 4
Sk, BRS04 LR L. JLAa AN 2T
% 5 Sk Y BUR S wEH B TAE & G, UVERAMT
W X BT SN R OGBBOR S e AT LA, g3 U7 1A S
5% Sk 32 B 75 A AR ). 24— = R s 5 R I A 56 1 e, T
TEG S B PRIRE T — AL E . WG ko 4k 48
% 55 ' UK A W HEAT R I AT BDAT L. DL A,
HEEAFE ST EL 52 B PolyJetd R 2 M T H N
Je k3D ERE A, FERTHT B A kL 3 22 4 Stratasys
28w TR A ) BOA TR IS AZ AT D9 1 e [ 2 < B
R,

P i 3 3 K 2 1 Ge 55 N3 5 K I Polyletdy
ARESZIL T 4DFT EFSMP. Al 12K F PolyJetH: AR s 2y 4T I
T BT AR T (I VR A AL, X s A RE
HH A S AR 0 P A R Dy 38 Sit A £ 3R 45 D 2T 4
B2 iy, Forb, ARG 58 AH IR S G A e Gt 5+
(TR AZ PE e, 30 I AE T BRI 2 ohoxd 38 5 A 1 5 &
VA4 1 2 BT S AT Bk, FEEER LR 5 Rt
HHETIE 24 R MU B, X R AR ] E 3k
A2 /T B PSS AR T LU R Ak = 4E 450,

6

Projector

-

Bl5  (MZRREE)E e SLAF EISMP. A, 37 44/4% 5
IRERHE I AE BRI TR T 2 ; B, SMPHLIEADTT BN B
TR C, 38 B G 1 ) A8 B SN [ B DLE, FITHT ER
= i e AN L A TR 1 AR T 3 AR

EI6A TR, Ge5 NS h g Fe iy PEAA RE B B Y
AERBE SR &, LI T 45 £ &, Wkl6B
I

FESLRE TR b, Wuds NP R Th$T Bl 4 7 AT sk
P2 WAL iE M RE . F R R AL T a2 1
T FCARACAZAT 9 ) A A 2 AL T P ) B AT AN [
T TEARICAZ R G DT 4E 2 BT A ). 55X BT 4T B
A 2% G5 M JEAT Tl PR AR AR T, AR v 208 7, R
Ja BB BUETHR AR I R AT UL, S THE =
R—IREET, S5 TT a6 5 4225 i AT, QLT 2
IR E T, S5 H R R e KA, 24T B THIR B AR TP
I L Tk, G544 (B RATAGE TR, W BT AR 7R, AR A
“EPERRE, WudE NI TR e B SRR T
RS R, Bl el 8 Fubar, 87 w52l
Xt Y SRR, 41 B 7TBMIC TR, fE#E— 25 1
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iy, Strtat Ty
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Folding Process

Bl 6 PolyJetfi RITEIIE T SMP [ 2 i “SH PEA BL”. A, “IF

PERRL 7R B AT EN S5 B, DLEPEA R A BE K A 3 8
Qﬂ:*”j [44]

W72, Mao%s A7 3t i % VeroWhite 11 TangoBlack
ML, IR1F T — RV AE W T, RAUANE REFITE
PRIz ge i BT A kL. Bl JS, AT H PolyJetd
AR LG AN [5] (074 L 43 53 FT B AE [R] — 45 44 1)
ANFRBALAE B, Mz A SR E T3 — iR 3
I, SR A D IHUBRAT A 1D BT T 44 88 1 A8 T A [ 1) 2%
BE I T IRACAZAT D W S P B ) A [, AT A 465 4
RAMF B #r 247 J9 (A0 E 7D R).

155 — T 72, Mao % AR i PolyJetdT B 1
— PP B TC R A 0 B AT IS AR AT A B T A R,
ZAPRLEE ) 32 E T EAE T Z (R SMP, 41 B R R 1
R R e A S 2 B 0 Ao T 78 PR /K e A . e
Hh, TKEE IR T K N K AT DA D 285 K A8 T8 () B 5 77, T
SMPHE & 1 il B ARG S 33 A FRy e 1k T LR 213 70
AR RIEAMVEA. Rk, MFTITE MW E T AR
R AR ) BIS1(0°C . ZKHEY), S2(FiR . 7K,
S3,84,S5(25°C. AT, S2(Hii. KiB)—S1(0C. /K
), ZA K] LU AR B R AT AR T, B TERT R, %
T4 AR SEHL T SMP 55 H Al R e A4 RHFIR A 4T B Mao

2 NI % Fe s e 52 & MR AR R BCRE, L Eh ¥ it IF
FIED T W AR TR () B 1 S 1A, 7R = IR R bk 1 ] 7K
#50 g, WK TFHTR.

K 1 # VE L T Teoh 25 AN A £ 5% F PolyJet 35
ARFTED T A AE I T 50 )= R ITF e a5 4. Al AT A
Stratasys /A 7 #& {1t f{) VeroWhitePlus Al TangoBlackPlus 4
Bt R, H 4 T HA A F TR SMP, 375 51K IR A
FTENBAE AN BB AL. >4 #OXAEAE T8 20, 48
i ][] 5 L Je 0 R 8 K 5 T

K HIPolyletfii R, B 7 H AT L4 5L B 1 2% T SMP
VR &/ A5 2 MAT EnJ7 X, [R5 1 4T Ep &
VAR NG W A SWARI B UV T0R b o= 2 S5y i W (N R
PolyJet$3 A /& Stratasys A 7] [ L H, B AT+ ENAEHS R
%A F R AL, AT ED Y SMP IR AT 6 T4 AH X 5 2
I, FF & £ Fhol H T PolyJetd] ENF: R AISMP K H & &
RS SEELADAT B o] B vh/ ] A 1 32 00 L

24 HEEARITEISMP

5 §7 Bl (direct-writing, DW) 3 R & 3D 4T I ft) —
ANEE S BEEARITENE R S5/ I S Bl 2 i i v
SNV 42 0 AT B2 2l 1) = 47 & B 4%, Bk 4T Ep
1)« 58 7K 4 R Tt 15 I B AE TR 77 R B R AT IR
JEFT TR B = 4 A H 1PN, HE T EIEAR &I
R, W H T 2 R R = 4E R B 4T BN AR s
P 22 Hi AR T T B 58 K, @ I x5 K [ AR

REEAT 4%, ZIUFT BDEOR W] T [ A T B A BT U1
AT 9, PTE T PR 4 R V4 791 B ) J A2 1K ) SMIP
fF14DFT Bl

546 37 I A 2R BE 7 [F] 5% 5256 = Rodriguez 5 A2
KA ESFTENHEIAR, DR K I A EL, W% A 4
AR T D9 B B, Bk 40 K 21 4 DR D) RE A R Jl Dy 4T B
T HIKBRIADZE . AT Y A R LE 3R T —
ol [R] B 3 2 T B EESR HLAEFT BP 5 I 45 4 B A
TEPERE ISR 7K. SRR 4T BN I 25 W & il 4k, )5
L (I B 2%, se 4 E 4k Ja R A] #5931 2 A5 AR T At 711
B HARICAZ 45 4. RodriguezZE NPIIGAIE 1 FrdT BN 4G
I IR BN T AR TEAT J, EISAH IS5 FI7E20 VI HL &
180 s FE AT AR I .

W R Tl K 2 Y Wei 25 N PR B 5 3T Bl A
R i) T e B A AD S5 AL AAT T PLA . 2K H i
(BP). VUM =8k (Fe;O0) PR b ¥ il T — A e i

7



FRVAKEE: 4DAT RIS AZ R & AR BT T DR 55 52 i 5%

im2mm| ANEEEEENEEEN Fiber 1
’EI‘ 4=t;=0.38mm Matrix

-—{' EEEEEEEEEEEE Fiber?
b Original shape, (fop view)

531

M = M

B 7 (2R E)Polylet B AR AT ENEE T-SMP ) £ [/ ] 3 3F PE RS AR LN . A, Z i PEA R, B, W] 3l 57 B Ut
B C, HRECES T REAL D, W F 4T B 45 4; E, AT 3 MM RL; F, AT AR TR 7 s A e

A s« B

80°C

70°C

60 ‘C

50 ‘C

40 C

Indirect resistive heating (180 s, 20 V, 150 mA)

30°C
24°C

B8 (MR EESHEAIT R RSP K E SRR A, ERICAZ R G850 0 IKE0 4T 09; B, TERICIZ R &

024 0 BB B 17 )

70 ] RS RT T R <SRk, T BT AR v I R A R 4
BB A I HE AT A <« sk K A A ] A4 O T B
RACIZ T 75 (0 5T W0 46 G54, Q1 P8 = J5 A1 vl g 2
ADAZTL L. Leng S5 4T E) 1 BE K Y5 4544 (1418 B).
RGN 18 B AT DAAE R E 3 AR LR W3, 1)
I T AR S AR TR o 1 S B YT IKAT N, KRBT
45 ) PRy S A ) AN R B

5 H Al URTENECRA B, B'S $TENEORER AT
T-4ADIT EISMPAL, 38 W] BLH] T-4DFT BN ARACAZ D g
VERRAN K EZ A MPRE, $TH T ADFT ENTAR IE 12 45 1 0K

8

B BRI, 200 FLIE R S B SEBLADAT BN KX 4D &5 4 1Y
N2+

3 ADHTEJ SMP ¥ % Fil BT 5%

4DFT B SMP (¥ SEELAN A &2 5% = 4 S AR 254 1K)
AR T AT HE, RN IR IR T 1 BTdT B0 45 # il i
1708, L 1 = 4E S5 M A2 1 S BURh B9 7F F AT 30
S AR B 55 46 35 R A%, IX TRE AN BAT T2 (1
RIRT St AN T4 ZH4DFT EISMPAE 1 25 450 1 2 H
Wrt.
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ML N AT X 45 40 52 2% 1 S 5 0 B Sk = S
TR AR, 4DFT ENSMPSLEL T &5 Ky A Th g 1) — 4k
AR B, fEi4k T 52 2 G5 M A BB T2 38 n T 45K 1)
FRE M, X LA N U — 0 R A D EE .
[5 i, 4DFT EDSMP 1 JG7E ML A% A SR 7R H BRI B
FAIE 77 B S FARA. 78 258 38 K 2 Yang S5 NP idk 1
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4D printing of shape memory polymers: Research status and
application prospects

WEI HongQiu', WAN Xue', LIU YanJu’ & LENG JinSong'

' Center for Composite Materials and Structures, Harbin Institute of Technology (HIT), Harbin 150080, China;
* Department of Astronautical Science and Mechanics, Harbin Institute of Technology (HIT), Harbin 150080, China

Shape memory polymers (SMPs) are a kind of smart material that can present active shape-changing behavior under external stimulus.
Shape-changing structures based on SMPs have shown great potential to be applied in the areas ranging from aerospace to biomedicine.
However, the design flexibility of such smart structures is restricted by conventional processing technique. 4D printing as the additive
manufacturing technique for smart materials provides the new opportunities for the further development of SMPs. In this paper, we
first reviewed the research progress about 4D printing of SMPs. Then, the investigation about the application of SMPs-based 4D
structures was summarized. At last, we discussed the existing problems and further development of 4D printing of SMPs.
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