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Structural Observation of 3D Printed Samples
in Situ Compression
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Abstract ; In order to observe the structural changes of the coaxial direct writing 3D printed samples under stresses, a
micro-CT capable of in-situ compressive testing was proposed to characterize and analyze the internal structure of the
printed samples by 3D imaging. Based on the basic concept of direct writing 3D printing and appropriate process
parameters , a coaxial silicone rubber tube with hollow structure and complex three-dimensional structure was successfully
prepared, and the deformation of the internal structure of the coaxial silicone rubber sample under different stresses was
observed through micro-CT. The results show that under the condition of elastic compression, the internal structural
changes in the coaxial printed samples can be accurately analyzed by this method. The analysis method is helpful to
improve the printing process parameters for obtaining 3D printed samples with better performance.
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Figure 2 Rheological properties of
silicone gel PDMS
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Figure 3 Schematics of coaxial

direct-writing printing

(2) TTENSE LA R R REAR T B 8

(b) B b5 HIE DRI B A

A4 AR T E R AEE

Figure 4 Characterization diagram of

single silicone rubber tube
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Figure 6  Micro-CT results of PDMS
hollow tube under no pressure
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Figure 7 Micro-CT results of PDMS hollow

tube under different pressure

400
350
300 -

§ 250
R 200 -
e 150 -
100 -
50

B8 R Ay-R R AR - W K
Figure 8 Stress-strain curve and

elastic modulus-strain curve

T LA AR SRS S Ak 25 T R . pl e T O (Rl AT B Y
T3 0T DAAE 25 0 b 0F — 25 1 4 o 0 A 1 oL A
Micro-CT [ AE W] LA B Al B X — B0 4 1t B
4 ZEig

DR X AR B It AR VEREEAT T I, DA i 3
IRUE T H B T eI T RE , SR = 4k iE 8T
B LI E RS IR B R T ZS40,
il e T HA 20 AR B IR 25 048 o B Micro-
CT B8 of FAERERR I () e 4 S g v, iRV 3RAE T a4
TR RERR 1 N R A5 44 1) A8 Ak, ff B T L LR A o
AR . A BT R Dh et 2 A MRk R &
TR R 22 I AN AR BHAC 22 45 0 T 31 3D 4T BT A 33X A~ 58
JRAT ML R T T B AR 11 PR 3508 245 ) FBTL AR 1 fiE AR



(#iRES - MR - J5E]

W 15,5 3D HEDHGRIRAIELE TEvSH N 93

et — FR A A T ORTE A AR AR, Micro-CT RN Ho i 2
HERFNICAAG I S5 00 3, 75 3D 4T B A R AL GUE0RE 22
A7 SR S P R J

S 30k

[1]

(2]

[3]

[4]

[5]

PR, BN, REA,F BEER G Y PVC B R AR 3D H
W TZLT]. MR T #4%,2019,55(11) .76 - 82.

LI Q,LEWIS J A. Nanoparticle inks for directed assembly of three -
dimensional periodic structures [ J]. Advanced Materials, 2003, 15
(19) :1640.

LB HALE M R A [ M. g b % Tk AR 4E,2013:106
-110.

HE Zhoukun, CHEN Yanqiu, YANG Jian, et al. Fabrication of
polydimethylsiloxane films with special surface wettability by 3D
printing[ J]. Composites Part B;Engineering,2017,129:58 - 65.
ZHU Xiaowei, CHEN Yangiu, LIU Yu,et al. Additive manufacturing
of elastomeric foam with cell unit design for broadening compressive
stress plateau[ J]. Rapid Prototyping Journal ,2018,24(9) : 1579 -
1585.

(6]

(7]

(8]

(9]

[10]

[11]

YAN Hailiang, CHEN Yanqiu, DENG Yongqiang, et al. Coaxial
printing method for directly writing stretchable cable as strain sensor
[J]. Applied Physics Letters,2016,109(8) :083502.
KIRIZ, FF, B Y. 3D 47 6 K M AR M RO IR T 2 A 7 i T
5 [J]. Al T42,2018,35(2) :138 - 142.
BN KL F. AT Mico-CT 7B £ L& M % LR
W HM B TR G R A 24T [T]. BALM R F4R,2015,30
(1):72.
SCHOEMAN L, WILLIAMS P, DU PLESSIS A, et al. X-ray micro-
computed tomography ( wCT) for non-destructive characterisation of
food microstructure[ J]. Trends in Food Science & Technology,2016,
47.17.
LEWIS J A. Direct ink writing of 3D functional materials [ J].
Advanced Functional Materials,2006,16(17) :2193 —2204.
WANG Zhenyu, GAO Weilian, ZHANG Qiang, et al. 3D-printed
graphene/ polydimethylsiloxane composites for stretchable and strain-
insensitive temperature sensors [ J ].

interfaces, 2018 ,11(1) :1347.

ACS applied materials &

289,299,239,299,239.239,039.239,039,939.099.939.999.,239.939,939.239,039.,939,099,939.993.,939.993,239.939,939.239, 039,939, 099.939.993.,239.939,939.939,039.239, 099,939, 993.939,993,239.939,039.233

(L% 88 W)

(3]

[4]

(6]

[7]

[8]

[9]

[10]

[11]

[12]

R, TRT, R 7 A URLE A Rkt 5 %A AR
[J]. e sg 3 A % % 4%,2017,41(1) 101,
ZARR, EE R HH R L E LA K AT Bkt
[J]. #l# & A 5HLK,2019(8) :73 - 76.
A, Nk, R, OB AAORT BT BRI E TR
[J]. WAk 3T 5 %1% ,2020(1) ;243 —247.
K&, FMT. BT MATLAB &5 KUKA 2 2518 A #l %l 5
Eah A )] AR 5 HUE ,2019,47(21) :64 -69.
R, ENER,F EREMIBALEIRZZHEZHMN
X177 0)]. &% Tk ,2019,40(9) :232 —235.
KEL, KA, BT, 5 WBEAVERGIATEER[I]. T8
% it % 91,2018 ,25(6) :617 —629.
W &S RE S B REL RS IATRR TR EZ G
AT AR G i JE ,2018,46(13) .84 - 87.
B AR, 2 E A5 QMA0SA ALK | TRALE A S 4 67
HERE[I]. 28 EH % 54 %,2019,38(2) :76 - 80.
hEF BEN, BT, 4 TRHAENMIHES L THES
WA LA T]. IR F ¥ T ,2019(6) ;113 -119.
BEE EE RN, E. T LB ANRE R ERA S H R

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

L] MUK & & E ,2019,47(21) 60 - 63.

BAC C W, HEMMING J, VAN TUIJL B A J, et al. Performance
evaluation of a harvesting robot for sweet pepper[ J]. Journal of Field
Robotics,2017,34(6) 1123 - 1139.

SILWAL A, DAVIDSON J R, KARKEE M, et al. Design,
integration, and field evaluation of a robotic apple harvester[ J].
Journal of Field Robotics,2017,34(6) ;1140 - 1159.
VR, 2k, a3k, . B A 4 & B AT A AL B LA (D] W
% TAE K% 47,2019,32(2) ;186 - 191.

PR ADHE N, . B RREINE AMALE T 2 G K
R [J]. K LA ,2015,46(9) :1 -8.

TR, R A ARE. AT RN EE SR T LS A K55
2 b [J]. Al T42,2018,35(3) :256 - 260.
MELERE BEXA. pARABTFLEARESRERALATAR
[J]. 445 84 A ,2015,43(3) :10 - 14

BHA, R, . ETHIENENE TS BAZRN A
S J]. 45 4 5% 4% ,2018,39(1) :140.

HER,RAE,HY. FEORIRA R R R EAZL]. &
2 45,2012,4(1) 61



