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Regulation of Mechanical Properties of TC4 Artificial Bone with
Composite Negative Poisson's Ratio Sructure
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ABSTRACT: The work aims to design a new composite porous structure sample based on the optimization of negative Pois-
son's ratio structure with different deformation mechanisms to increase the regulatory dimension of mechanical properties, so as
to meet the matching requirements of low elastic modulus of human bone. Inner concave polygons were substituted for the
chiral structure of rings to obtain the new composite cytoskeletal structure. The porous artificial bone samples with negative

Poisson's ratio structure were formed by selected laser melting. Through compression test, the effects of cytoskeletal structure

B 2022-10-25

Received: 2022-10-25

EeWH: BEAAMFES (51775113); 424 8 AAFA4E (2021]011052); 4#@@# TAZRAFMA (GY-221044)
Fund: National Natural Science Foundation(51775113); Fujian Provincial Natural Science Foundation(2021J011052); Scientific
Research Foundation of Fujian University of Engineering(GY-Z221044)

EE® . ot (1980—), ¥, 4, sk, TLMAFT @AM HE, FRESSWITRN,

Biography: YE Jian-hua (1980-), Male, Doctor, Associate professor, Research focus: additive manufacturing, intelligent equip-
ment and machine vision.

Slact&=: vhakde, ok, #%Ihk, F. TC4 Ra LA MHATF A FHRBAEFL[T]. HERH A, 2023, 15(5):
18-25.

YE Jian-hua, XU Huan, XU Shuai-long, et al. Regulation of Mechanical Properties of TC4 Artificial Bone with Composite Nega-
tive Poisson's Ratio Structure[J]. Journal of Netshape Forming Engineering, 2023, 15(5): 18-25.



15 5 TC4 19

type, structural parameters and porosity on yield strength and elastic modulus were revealed and the matching degree of me-
chanical properties between samples and human bone was evaluated. In the porosity range of 65%-85%, the forming quality and
mechanical properties of the composite structure samples were mostly between those of the chiral structure and the inner con-
cave structure, and were directly related to the porosity. The elastic modulus of the chiral; structure, inner concave structure and
composite structure was 2.39-4.64, 1.12-3.77 and 1.01-3.47 GPa, and the yield strength was 65.19-223.06, 45.25-195.81 and
26.54-143.58 MPa, respectively. The elastic modulus of the composite structure decreased with the increase of ring diameter and
inner concave angle. At the porosity of 75%, the elastic modulus decreased from 2.651 GPa to 2.082 GPa when the ring diame-
ter was changed from 2.4 mm to 2.0 mm, and from 3.566 GPa to 1.982 GPa when the internal concave angle was changed from
85° to 65°. The composite cytoskeletal structure can fuse the material characteristics and increase the dimension of regulation to
match the low elastic modulus requirement of artificial bone structure.
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Tab.1 Design parameters of negative Poisson'sratio
structure
Concave Sructure  Design Ring diame- Concave Rod diame-
structure E%% g? @ ‘ type  porosity/% ter/mm  angle/(°)  ter/mm
85 2.4 03115
Complex %\!\é\ \Y @ ‘ Chiral 75 24 0.4152
—> — > —>
strueture gg\ 65 24 0.535 8
a ZHMTT b ATBEUE o SHMT d BGHR 85 24 s 0.3092
1 Concave 75 2.4 75 0.4116
Fig.1 Negative Poisson's ratio structure and deformation 65 2.4 75 0.5135
principle: a) two-dimensional cytoskeletal structure; b) de- 85 2.4 75 03238
formation principle; c) three -dimensional cytoskeletal struc- Complex
ture; d) bone structure sample A 75 2.4 75 0.428 8
65 2.4 75 0.5191
12 SHFHR AR SEEIT comier 24 85 0dnss
B 75 2.4 75 0.428 8
75 2.4 65 0.428 8
75 2.4 75 0.428 8
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Fig.2 3D cytoskeletal structure and dimension parameters:
a) chiral structure; b) inner concave structure;
¢) composite structure
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Fig.3 Morphology of Ti6Al4V powder
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Tab.2 Chemical composition of Ti6Al4V wt.%

Al V  Fe Y C o N H Ti
6.13 3.95 0.12 <0.005 0.006 0.065 0.012 0.005 Bal.

SLM Solutions GmbH Ca T b P  EALH

SLM-125HL 125 mmx 5 759%
125 mmx>125 mm 200 C Fig.5 Partially enlarged morphology of sample formed at
0.1% porosity of 75%: a) chiral structure; b) inner concave struc-
170 W ture; ¢) composite structure
1 250 mm/s 0.1 mm
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Tab.3 Deviation of porosity

Design porosity ~ Measured

Structure type Pyl% porosity Pp/% Deviation/%
85 75.8 9.2
Chiral 75 68.4 6.6
65 59.8 52
85 75.6 9.4
Concave 75 67.5 7.5
65 58.2 6.8
85 75.3 9.7
Complex A 75 67.8 7.2
65 58.8 6.2

2.2 ZEHEGHESEFE

4 SLM
Fig.4 SLM formed porous sample 3 —
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Fig.6 Stress-strain curve at different porosities
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Fig.7 Compression process of porous structure at porosity of 75%: a) chiral structure; b) inner concave structure;
¢) composite structure
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Fig.8 Relationship between porosity and mechanical
properties: a) elastic modulus; b) yield strength
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Fig.9 Relationship between structural parameters and
mechanical properties: a) inner concave angle and elastic
modulus; b) inner concave angle and yield strength;
¢) ring diameter and elastic modulus; d) ring diameter
and yield strength
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