HELEHH

2024 £ 6 A 548 % % 6 #  Vol. 48 No. 6 Jun. 2024

MATERIALS FOR MECHANICAL ENGINEERING

DOI: 10. 11973/ jxgccl230202

AfUAMRIE AT BB TENSHS
NZFERERTILEL

MEE, % R, FHFE,EESE
(#E TRFIME AE TSR, 441 350118)

OB AT FHEMAUEHETT 3R LA Ak S ILE M KA TI6AI4V 464
B, il 2k KO RIBACR TR AR & T Lo MRAE, A TrapwdExma T TkES R
#H(0.7~0.9 ), #42(0.4~0.6 mm ) F= A &7 A B (60°~80° ) B 3 X ZAF A 2 F_4& 45 M ik AF 3 b A2
T BIR IR H ok, FAFHAC I M AL, SREAW. SILMEAHTSY N, Lo HiRA
FRPERE T fo BB GR AT FMAe QW MR Z 0 RA DA KELS KRR DHFRF R AW A
JEBE, B A2 AR A 0 AL S B, R KA LK B S SRR, KAFEFa N AW A BB, BRSR B
BE; AABMahARA AR ELFRZEL0.9, AW A E 60.1°, #4742 0.546 mm, FUml 43 5] 4k
B A LM IRAR A B AL 4 3.71 GPa, 51X I1A( 3.65 GPa) #9Aaxti% £ 4 1.64 %, BLBA K v oL
Wk 6 RN M AR S PR K ABLA T R, Eli% B A AR AR e BIRGR L H ik

210.36 MPa.

IR AN LAY v W @k ) AR

FE 43S TB31;TN249 XHERFRERS: A

0 51 §

& JE B AR BE S A AU P F R RS AR IR
B AR S A B RS e R S I, TR R RS
MATIR AR B 2512 AR B B ZREE IR
SERE, AN R EUR A B R, PSRN R S R0 2 FL
B /N R A R 2R, AR Y S A —
T 30 GPa'™', {H R A E0% 19 4 J8 AR, 0w i
TIBAIAV LA 4 BIHPER R 1K 110 GPa™, 5K
AR X225 A= “R S BRI [/, 25
5 PR T EA AR T PERA S B AR
T2 LA M , 8 A DR 45 F 5 R 45 e A M i
PR S 2R, SEB T 5 AR 2k
(R G C S R ) R ) R E 22 vk

AR LR AR S R —Fh Z LA bR, B
i) 7 AP 1) 2 ik i O o) s 4 A ) A 4 %) 2 B
TR, PRI LA ST P S A R O 3 ) LR
AL N T B S AR, Ak L

s B EA - 2023-04-28; 1&1T B HA : 2024-05-10

E€WA: HEARBAEE SR W I H (51775113) 5 A A ARE
2R VR BT H (2023]01929) 5 4 4 T FE 2% B RHIF I H
(GY-721044)

YEE R MHERAR(1980—), 3, e T, ’E, WL

NG
X ERS : 1000-3738(2024)06-0093-09

TR 25 A T F A TRk L gk g
TN A R I kA R N ES AU RS
JEHLHI A F], KRB A [F B ) 2% . ANDREA
SR SDATERH A 48 17— Rl A e — 0.64)
FHELSFIRRE , PR E o 128.3 MPa, 5 A MAHE
TRFA BB BT . YANG 251 S H, 7 o 4 il 12 ol
T RTRIFLBR 2 0 GIr A e T 25 44 30k, gk
R R 45 5 B AE 0.5~0.05 GPaZ Ja], A] i 2 AR
[ 7 A6 BB (R SR A R . —BE2E 3 R BLTE 7
AR AR G AR S5, 38 i o AR AL, AT
AT I PR bR 2R L LU P e
SER TR A IETARS LS B 454, B2 T FaE AR
TEALH], S48 T BPERTRE . DUAN S 2 454 |
P 2548 5 e i IR S5 R EA T B2 4, SB T f G AR T
FEPE, AT MR AR i i R s fig

ZE LT, B AN R 25 G 2 A e — DRl A
SERRENE, BEINEE S, A S R 5 AR AT
BN T 854, PR, 1R 36T R 45 A py I
SR T —RoE R A A RS L 2 ALEE R, R
TE DX HOCHE A RIE B i 25 TI6AIAV EK G 4 F 145
¥ P 25 R RN A A A R A T RS T 4 1t
5, SR MR R T R A S T M T A S RO A

93



HELEHH

e 5. 5 A RAMIA T ML M A Ak eY Ik AL

MATERIALS FOR MECHANICAL ENGINEERING

AR T A S P 1 Je R 58 58 AR 2D, 26 IR
EAE IR W g e A bR L0 S S DAL o Eai D)
KEBRL, IR TR M T 28, DU 1
ks L2 AL G RAE AR Ty~ PR RE R 2 i AL DE e e it
RS%,

1 SE/GEMLET RiAEH &

1.1 RETEMREIT 5 THAE

NETCEEFA 2 DA R ERPRE IR L, DR E 6 1R
AR RTERE. 3N GIAR LU ZEH 5 X B A AR T AL
Hi AP 1R - AR RE— RS AN A F—HE
% B S BRTE A RAXFREH , W e 7 S
RIVFE T A 4 A £ T, B3R A A A % 5 U

| ~

i

AP ASIE , BT A AR FESORE 5 AT IMT 45 Ay e
SORGLEE Supi A ipul al e iEe Rl il sy A A )
FET P g B A T, e e, RIS T &
ATl , S BUBR RS = A AL FUARO ; i
FH A TS5 A4 ) 22 00 T B P 2 ) B IR B AR A 10 S
RSB T 25 i AE R IR AR AR T
P A ERTT , PN i [R] i 22 18 Bhoc &
A e . A SR = 2 M T 3 B A SR A
MEOCKEE L | Moce B H 348 D, MR 0 AT 42
d 55, MT A 6 AT AR, B LUK G R S T
RIEEARSE . B eSS 81 = e = (8] P Y 6 4 1
PR = MOT, RS, v, 2 T il RS 5
A= HEMITHRAT AR LSRR

| '-.‘ Vi N
s =\ )
- "._ FiN
= -—
= =
LA IR )
L -—
— -
WAL | 0
CHEMITAS A LIHLE]

1.2 iREHE

IR I8 JFRE N TIBAI4V 8K & & 0 oK, hins K
Tekna 2w $2 3L, BiFRAE 20~53 pm, 1L 1> (Fi:
385/ %) H6.13Al1, 3.95V, 0.12Fe, 0.005Y , 0.006C,
0.006 50, 0.012N, 0.005H, 4x Ti. & 280, K5
43 TI6AIAV ERE SR Z R ERIR , HA 53N
PR A AR, JLT-ASAEAE TR RS
PITOA I M . AEROGIE KIS AL OB BT ER G 4
KIS IRE RS h, LTS/ B R

FLIRTE S MALBR R AN T B B T E i, Horp
FLIRE A5 i B 75 S DG 22, LB RS2
FERIANS LSS AT RN D e B2 . YR AR h
FLIRA B AR LE 20~120 pm, FLBRF A 50 %~90 % i,
BEARTEIMRARKA. 6% EfLE T

94

=4k TEAS Y i
B 1 AESAAREEERETHEG
Fig. 1 Different negative Poisson's ratio structures and their deformation mechanisms
il 32 PR A P A e — M, W B G IR LSS A 1Y)
LHMIHJ 3.2 mm, WEFMITKESHMEL KL S D

TM3030 NM D7.0 <600 100 pm
2 Ti6AMV Sk EE MR

Fig.2 Morphology of Ti6Al4V titanium alloy powder
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Table 1 Response surface test factor and level

Yt K d/mm 0/(%)
—1 0.7 0.4 60
0 0.8 0.5 70
1 0.9 0.6 80

W G54 S 80T A FE AR, SR FH SLM-125HL
T 3D AT ENHLEA THOGIE K LR TE | il 4 bk it
152 A G5 DL AR [R] R FIFL B ) T 454 .
M55 F AN A a5 aRE . KSR AR % 200 “CIF 7E
H BT, B R e R T R, R
JRE A BE0.1% AR, BOEIh R 170 W, Hlik
FEHNT 250 mmes ', SEFEEE R 0.1 mm, 2R
M 30 pm, SR FHZFHE

TIY i 2 H R WA A YD B0 A AR 2 AN
VERE . XTRUE G & A 25 RE T S A TSR
F &1 3 AT L, BITAS 5 A 5 MR A (AR 4 1
FERRAS, ] AT J12A MR 3L, {H R A [R) A2
HiLRFF 25— L A0/ NRE . X T LR R R K A2 B
T BRI TR RS A, 6 BRE R AT A 0B [ 77 76 AR
SRR , A G, R MR AR R UL
FARIARE R I

B3 S8R RUAR BRI

Fig.3 Appearance of composite structure samples and partially

enlarged morphology
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Fig.4 Compressive stress-strain curves of different structure

samples with porosity of 75%
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Table 2 Response surface test results

KPS K d/mm  0/(°) E/GPa o/MPa
1 0.9 0.4 70 1.68 65.34
2 0.8 0.4 80 1.38 38.36
3 0.9 0.5 60 3.91 241.34
4 0.8 0.4 60 2.06 86.38
5 0.8 0.5 70 2.46 121.35
6 0.8 0.6 60 4.88 294.36
7 0.8 0.5 70 2.41 117.23
8 0.7 0.6 70 2.67 135.36
9 0.9 0.6 70 4.63 284.31
10 0.8 0.5 70 2.38 116.34
1 0.7 0.4 70 1.47 4713
12 0.7 0.5 60 2.54 128.88
13 0.7 0.5 80 1.81 73.88
14 0.8 0.5 70 2.45 123.25
15 0.8 0.5 70 2.06 91.23
16 0.9 0.5 80 2.29 108.26
17 0.8 0.6 80 2.59 130.25
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Fig. 5 Compression morphology of composite structure sample with 75% porosity under different compressive strains
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Table 3 Results of variance analysis of elastic modulus

fitting model
AR SEA ARE BOF FiH P{H
LAY 15.90 9 1.77 71.33 <20.0001
K 2.02 1 2.02 81.58 <<0.0001
d 8.36 1 8.36 337.79 <0.0001
0 3.54 1 3.54 142.88 <0.0001
Kd 0.7556 1 0.7556  30.92 0.0009
Ko 0.1980 1 0.1980 8.00 0.0255
do 0.6480 1 0.6480  26.17 0.001 4
K* 0.0306 1 0.030 6 1.24 0.3030
d* 01293 1 0.129 3 5.22 0.056 2
6’ 0.1688 1 0.168 8 6.82 0.034 8
i 01733 7 0.024 8 — —
FRAUEE 0.0627 3 0.020 9 0.754 7 0.574 6
I 0.989 2 PR 0.9753
i:i; 27.964 7 T 0.926 9
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Fig. 6 Comparison of predicted and measured elastic modulus of

composite structure samples
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Table 4 Results of variance analysis of yield strength fitting model

AR 5 S5 F H ¥y Fft P{E
L 89 389.42 9 9932.16 86.42 <20.000 1
K 12 324.50 1 12 324.50 107.23 <0.0001
d 46 066.75 1 46 066.75 400.82 <0.0001
0 20 021.01 1 20 021.01 170.20 <0.0001
Kd 4273.24 1 4273.24 37.18 0.000 5
Ko 1524.12 1 1524.12 13.26 0.008 3
do 3369.22 1 3369.22 29.31 0.0010
K 41717 1 417.17 3.63 0.098 5
d 356.48 1 356.48 3.10 0.1216
¢ 855.75 1 855.75 7.45 0.029 4
B2z 804.52 7 114.93 — —
SIS 130.63 3 43.54 0.2585 0.852 4
r 0.9911 PG 0.9796
R RS 30.626 37 i 0.965 2
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Fig.7 Comparison of predicted and measured yield strength of

composite structure samples
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Fig. 8 Response surface maps (a—c) and disturbance diagram (d) between ratio of cell length to ring diameter, concave angle,

rod diameter and elastic modulus
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Fig. 9 Response surface maps (a—c) and disturbance diagram (d) between ratio of cell length to ring diameter, concave angle,

rod diameter and yield strength
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MATERIALS FOR MECHANICAL ENGINEERING T

Matching of Cell Structural Parameters and Mechanical Properties of Composite
Negative Poisson’s Ratio Artificial Bone Materials

YE Jianhua, XU Huan, WEI Tieping, ZENG Shoujin
(School of Mechanical and Automotive Engineering, Fujian University of Technology, Fuzhou 350118, China)

Abstract: A new composite porous structure with negative Poisson’s ratio was designed based on the chiral
structure and concave structure. The composite structure samples were prepared with Ti6Al4V spherical powder by
selective laser melting forming technique. The effects of ratio of cell length to ring diameter (0.7—0.9), rod diameter
(0.4—0.6 mm), concave angle (60°—80°) and their interactions on the elastic modulus and yield strength of the samples
were analyzed by response surface methodology, and the cell structure parameters were optimized. The results show that
when the porosity was 75%, the elastic modulus and yield strength of the composite structure sample were between those
of the chiral and the concave structure samples. The elastic modulus of the composite structure sample was low when the
ratio of cell length to ring diameter and rod diameter were small, and the concave angle was larg. The yield strength was
high when the ratio of cell length to ring diameter and rod diameter were larg and concave angle was small. The optimization
parameters of the composite structure were listed as follows: ratio of cell length to ring diameter of 0.9, concave angle
of 60.1° and rod diameter of 0.546 mm. The predicted elastic modulus of the optimized composite structure sample was
3.71 GPa, and the relative error to the test value (3.65 GPa) was 1.64%, indicating that the model of relationship
between negative Poisson’s ratio structure parameters and mechanical properties established by the response surface
methodology was reliable. The measured yield strength of the optimal composite structure sample reached 210.36 MPa.

Key words: negative Poisson’s ratio structure; response surface methodology; mechanical property; bone
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