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Abstract ; Self-healing material is usually used as a mechanical component, which not only needs to consider the
topological optimization of the macro—configuration of the structure, but also the influence of the size and distri-
bution of self-healing agent carrier microcapsules on the mechanical properties and healing effect of self-healing
material. Therefore, the collaborative optimization of structural macroscopic configuration and internal microcap-
sules is of great significance. Based on movable morphable component, using structural compliance as the objec-
tive function, the material area as constraint condition, a two—dimensional mathematical model with built—in mi-
crocapsules component was established. Based on the method of moving asymptote (MMA), collaborative opti-
mization design method of self—healing materials was given, and compared with the classic self-healing materi-
als, the superiority of collaborative optimization was verified. The results show that: The configuration of two
self—healing materials is similar; The structural compliance of the two kinds of self—healing materials increases

with the increase of microcapsule volume fraction, and the mechanical properties deteriorated to different de-
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grees; Compared with the classical self —healing materials, the collaborative optimized self —healing materials

showed more excellent mechanical properties with the increase of volume fraction. When the volume fraction is

close to 14%, the compliance of the collaborative optimized self—healing materials is only 66.1% of that of the

classical self-healing materials.
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Tab.2 Optimization results of two Kkinds of self-healing materials with different radius coefficients a of microcapsules

Compliance Microcapsule volume fraction/%
a Collaborative self-healing Classic self-healing Collaborative self-healing Classic self-healing
material material material material
0.1 296.15 299.46 1.08 1.03
0.16 309.83 319.05 2.46 2.68
0.22 316.26 332.16 4.01 4.75
0.3 369.83 405.66 7.54 8.34
0.35 377.31 542.96 10.41 10.94
0.4 404.79 612.2 1391 13.5
*3 WMEAEEMRAIMULHE
Tab.3 Topological optimization configuration of two self-healing materials
a Collaborative self—healing material Classic self-healing material
0.16
0.35
650 : : : TR AR R a 20 508 0.16 F10.35 BYPIZE A
Collaborative self-healing material P ‘ e e e
600 Classic self-healing material M oEHE AL BARAR T2 BB G MBI 5,
ssol RO e 65 52 3 3o 2 L 80 6 B AT
¢ ool WL T BT F1 1 5 bR b R B
=
-E Ay
2 450] 6 it
(=}
O 400 S . Jy
1) Ko 4 1) MBB 224 MG AL AE 51 55 P4 2 13
307 B () MBB 246 P AL AT T X, BT T
3007 PN B TS 4 1 MBB 22 7 Tl 8 48 1A BR 73 U AR B 17
250 1 1 1 1 ! 1 M S \ = B == f YTk I .
8 FMAEEESHMUMREERAMEZELER 2) A WU S AR B G, 4 2 3 I P 2
Fig.8 Relationship between microcapsule volume fraction SRR R NOESE S N = el D2k
and compliance of two Kinds of self-healing materials 3) 34 1 B A4 B3 BB 3 89% I STy
ok /N 35 — A F g 5B RE S 0 25 3 L 454 ) 2 e RE Y 2 R 25

4) W IR AR M ESHTEEAsEM b, SRR BT 14% 0, B RAE A A 2
BRI — T B R AR B BOR . 35 3 44 BRI R BRI 2 M QB2 MR 66.1%, 1]

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



53 4 7

M8, 45 . 26T MMC #1852 B oRE 25 K 5 0K 3 /) B3 [l 18 103

AT ) B RO AR BB AR il it 51 A W
Hey 15 Aol J52 48 1) AT DE AR AL AR, T A 288 4 D/ ol e
PR B B et FLE5 A8 S 22 PERE R AN S

SE

[1] Mk, X . Ui A S B B e 9w 70 5 8 e ik
[J]. A AR sl R 2441, 2021,38(1) :23-28.

BAI L,LIU Y. Molecular dynamics simulation on fraction
diffusion in asphalt self-healing [J]. Journal of East China
Jiaotong University,2021,38(1) :23-28.

[2] WHITE S,SOTTOS N,GEUBELLE P,et al. Autonomic
healing of polymer composites|J]. Nature,2002,409 (6822) .
794-797.

[3] YU X,LIU Q T,WAN P,et al. Effect of ageing on self-
healing properties of asphalt concrete containing calcium
alginate/attapulgite composite capsules [J]. Materials,
2022,15(4):1414.

[4] KHAN M Z,ZAIB A,KHAN A et al. Effect of microcap-
sules doping on DC flashover and trap level of self-healing
epoxy resin composites|[J]. Journal of Materials Science :
Materials in Electronics,2021,32(3):2765-2773.

[5] CHOI S J,KIM J H,JEONG H J,et al. Simulated and ex-
perimental investigation of the mechanical properties and
solubility of 3D —printed capsules for self —healing cement
composites|]J]. Materials,2021,14(16) :4578-4578.

[6] WANG X F,XIE W,LI L,et al. Molecular simulation study
on mechanical properties of microcapsule—based self-heal-
ing cementitious materials[J]. Polymers,2022,14(3):611.

[7] HAN K,JU J W W,ZHU Y et al. Mechanical responses of
microencapsulated self —healing cementitious composites
under compressive loading based on a micromechanical
damage—healing model[J]. International Journal of Damage
Mechanics,2021,30(10) : 1475-1496.

[8] NASSHO Y,SANADA K. Microstructure optimizations for
improving interlaminar shear strength and self-healing effi-
ciency of spread carbon fiber/epoxy laminates containing
microcapsules|J]. Journal of Composite Materials,2021,55
(1):27-38.

[9] CHOWDHURY F H,HOSUR M V,JEELANI S. Process-
ing,impact response and damage characterisation of plain—
weave carbon/epoxy—nanoclay nanocomposites[J]. Polymers
and Polymer Composites,2007,15(6) :425-435.

[10] LI H Y,WANG R G,HU H L,et al. Surface modification
of self-healing poly (urea—formaldehyde) microcapsules using
silane—coupling agent[J]. Applied Surface Science,2008,
255(5) :1894-1900.

[11] YANG Z,WEI Z,LIAO L P,et al. Self-healing coatings
containing microcapsule|J]. Applied Surface Science,2012,

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

258(6):1915-1918.

[12] FFi, ¥R AR | 45 B 18 5 IURe 28 43 T 5 6 6 R
BLAPERE RS (1), 55 B kL4, 2012,29(3) 1 90-97.
WANG R,LIU X,LI T T,et al. Effect of the dispersion of
self—healing microcapsules on tensile properties of micro-
capsules filled composites[J]. Acta Materiae Compositae
Sinica,2012,29(3):90-97.

[13] SR % st , X 52l , W22 00, 45 RO 98 o 2R S8 i ) 2 1
AE A5 MA[T]. & WO s B #0kE,2017,34(2) :16-19.

GUO R Q,LIU J B,QIN L M,et al. Effect of microcap-
sules on mechanical properties of epoxy materials|J]. China
Synthetic Resin and Plastics,2017,34(2) :16-19.

[14] ¥ B, 07 BB, S50 0, 55 . B0 20 20 e 98 B30 S AL 3R 4

BB B S5 R FLE B AERERT S]], B AR ,2018,35
(1):124-131.
XIAO C P,WAN L Y,WU J D, et al. Self-healing proper-
ties of filled epoxy besin composite material with one —
component microcapsule[]J]. Aerospace Shanghai,2018,35
(1):124-131.

[15] B M. GOk aE A B B IR )2 J1 A e Remr 2 0], 1M AL T,
2017,45(24):55-57.

HE Z T. Study on mechanical properties of microcapsule
self-healing coating]J]. Guangzhou Chemical Industry,2017,
45(24):55-57.

[16] =M , KL Z0M, BRI | A5 KL 7 J0 e R bk 4 1 D't R 0
i AR &M RHT]. MRS, 2022,36(2) : 204-208.
LI P,DU Y B,HUANG P W, et al. Light—energy self -
healing composites based on wall-less microvasculature[]].
Materials Reports,2022,36(2) :204-208.

[17] GUO X,ZHANG W S,ZHONG W L. Doing topology opti-
mization explicitly and geometrically—a new moving mor-
phable components based framework[J]. Journal of Applied
Mechanics,2014,81(8) :081009.

[18] SVANBERG K. The method of moving asymptotes —a new
method for structural optimization[J]. International Journal for

Numerical Methods in Engineering,1987,24(2):359-373.

BEMEE M (1976—) , 55, A% 1 4 98 U5 1) A 48 e 45
it A B S5 RS . E-mail :ecitulipeng@126.com.,

(iAES i . X %)

http://www.cnki.net



