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Mechanical behavior of bionic drag reduction needle during
puncturing process

Ql Ying-chun', CONG Qian', QI Xin'(1. Key Laboratory of Engineering Bionics Minisity of Educa-
tion, Jilin University, Changchun 130022, China; 2. Changchun Institute of Technology, Changchun 130012,
China)

Abstract. Objective To design a kind of bionic drag reduction needle and investigate its mechanism of painless
injection. Methods Based on the analysis of mosquitos mouthpart structure, two types of bionic drag reduction
injector needles, sawtooth needle and stripe needle, were designed with the painless feature as mosquitos blood-
sucking action. The injection processes of normal smooth needle and two bionic drag reduction injector needles
were simulated by using explicit kinetic software LS-DYNA, and analyzed the pain-relief mechanism of bionic drag
reduction needles. Results Through contrast and analysis on the stress contour, internal energy curves and re-
sistance curves of both the smooth needle and bionic needles during the puncturing process in soft tissue, the
bionic needle was found to have obvious drag reduction effects. The drag reduction rate of the saw-tooth needle
and stripe needle was 23.48% and 31.57%, respectively. Conclusions The bionic needles can minimize the
friction resistance to achieve the painless injection by drag reduction, and its effect is determined by the structure
and shape of the bionic needle.

Key words Bionics; Drag reduction; Painless injection; Mechanical behavior; Numerical simulation
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Fig.1 Scanning electron micrograph of the mouthpart in mosquito
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Fig.2 Scanning electron micrograph of the maxillary in mosquito
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Fig.3 Geometry of the injector pinhead (a) Normal needle,
(b) Sawtooth needle, (c) Stripe needle
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Fig.4 Geometry of the parenchyma and normal injector pinhead
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Fig.5 Internal energy curves when three needles were penetra-
ted into skin parenchyma for 5 ms, respectively
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Fig.6 Contours of effective stress when three needles were pen-
etrated into skin parenchyma for 5 ms, respectively (a) Normal
needle, (b) Stripe needle, (c) Sawtooth needle
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Fig.7 Time-puncture resistance curve on the soft tissue surface

(5) & 7 iR HL 25 ~50 ms Z [H] 945 Sk it 2k
ZEIBH TS8R A5 T S B4 A1 BE R A 20 2 i ik
Ty BE 48 R 7, T A5 2O W B gE I FE T
2.114 39 N, Bt 5+ 2E IR J1 4 1. 617 953 N, 454
EHEERIBH 3k 1. 446 87 N, TF5 A4, B 145 £ s B
HH 23.48% , S BUEH ISP R N 31.57% ALK TiX
PR A SR, 4 15 5 Sk 8O 45 & BT ) 4
QRO A I D' T 2 T 9 FEL SR mT BB 4 X R A
WEFE 4 ORI TAE 1),

4 HiE

TCIE S R FE W S By AU A4 R 4
T HE SRR 22 40, ) e E R 7 TR A 32 8
B TR AT A R EAERE X HATEN
SR TCIR T BOWESE 3 E A X RS T, T
D7 AR IR AT Sk e R Sk i e
S SRk B B 3 O RO L A SO AR
TR MLANIR AR AR B IS AR A5 AL SRR L 4K
PG R IR, 12 H 5 HBE RN T %
D5 AR B BEL 3 S % 0 el AL B BEAT TR SE . SR K
B, D7 B Sk mT L3 o Dk L oA 125 381 il T X HG RS 1 A
RO, BLOTHE B Sk 2 10 R DB ACR , Hth 15 45 20
Gl ELAEAR R G BRI 9 A1 6 2 ihi sl PSR v e
TG X A5 25 B BSOS AN g 0 57 B9 0E
T AR

&%k

(1]

[2]

[3]

[4]

[5]

[10]

[11]

[12]

A
2004.
FRAR. BT R BRI O 2R 0 05 AR G e A Sk it
FE[D]. KA HMKRFAM 20083, 2008.

FAR, B, SR, . OMENEARPIRIRI]. =
7 AR 4%, 2009, 30(9) : 34-36.

X, RAVERSEIS Ik [M]L JUaT mSAEEE A,
2008.

PRI BT R BRI 2 AR 005 AR e R E ST (D] K
F: BRI 83C, 2008.

Kong XQ, Wu CW. Measurement and prediction of inser-

I PRSI 2 [ M. BF R« L AR 2 3R R AL,

tion force for the mosquito fascicle penetrating into human
skin [ J]. J Bionic Eng, 2009, 6(2) . 143-152.

LAV, SRARAR. W0 TR TR AR B A R 8 BB R
[J]. fize55Eik, 2010, 32(2) : 90-94.

FIE. W ARG IM]. JE5T. =S EE R, 2005.
RV, BOCRR, BRFER, . L A AT B T £ fl gAY
[J]. ERAY %, 2010, 25(3) : 200-205.

Su J, Zhao WZ, Chen BZ, et al. Establishing finite ele-
ment contact model of human L1 ~ L5 lumbar segments
[J]. J Med Biomech, 2010, 25(3) ; 200-205.

WiE, M4, Bk, %. L ANSYS/LS-DYNA N4 5
FE LRI A O BT[], BHLEHE, 2010, 21
217-218.

R, WL, EAH, & RIS R T 2T A
EVERER T = e A FRICa T[] BB AY 17, 2009, 24
(3): 169-173.

Li YT, Tao K, Wang DM, et al. Effects of stiffness of plan-
tar soft tissue on foot biomechanical behavior. A 3D finite
element analysis [ J]. J Med Biomech, 2009, 24(3) ; 169-
173.

TKEH, SRAESC, Raw, SR R AR IROTER Dy i MO AR
Wi R ], BERIAEY )%, 2007, 22(4) : 339-344.
Zhang M, Zhang DW, Yu J, et al. Human foot three-di-
mensional finite element of modeling and its biomechanical
applications [J]. J Med Biomech, 2007, 22(4) ; 339-344.
FEE. NAEPHRSE 2GR D]. GE: hE
R R AT 240053, 2009.

E%E, Rkl NEMESEMME AT RJ]. B
ey f2k | 2011, 26(6) ; 487-493.

Ma GJ, Wu CW, Advances in artificial microneedles and
biomicroneedles [ J]. J Med Biomech, 2011, 26(6) ; 487-
493.



