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ARTICLE INFO ABSTRACT

Article history:

A drug infuser is a well-known device that is widely used in various areas of

Received 27 September 2016 clinical practice. However, some materials used in the drug infuser have been
Revised 22 December 2016 developed for particular purposes and thus, their design characteristics have to be
Accepted 23 Jamuary 2017 changed considerably. Especially, the implications of a new filler in the drug
infuser have migrated to the areas of body corrections in plastic surgery. In this
Keywor ds: study, the design process of a drug infuser managing a large content volume has
Filler ) been studied from the perspective of structure safety. A new design of the drug
Dfug mﬁ.lser . infuser that uses a 10 cc filler with high viscosity is presented. Finite element
ngh.ly Vlsco'elasm analysis is used to confirm that the assembled drug infuser is safe enough to hold
Medical device the required loading of 490 N. Furthermore, the final prototype of the drug infuser
FEM was successful in reducing the weight up to 400 g without compromising the
safety.
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Fig. 1 Comparison of 1 cc filler and 10 cc filler
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Fig. 2 Global market scale of the HA filler'®
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Fig. 3 Customized device for 1 cc filler in the market'”
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Fig. 4 Compression test using UTM
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Table 2 Compression test results

Table 3 Specification of each part for the first design

Storage | Injection speed| Needle Gange Compression Part Product Specification
modulus (Pa)| (mm/min) |length (mm) g force (N) hame
50 19 60.30 No-load speed 10400 rpm
6 100 19 104.3 Motor RE Max 17 Rated speed 7650 rpm
100 21 218.6 Rated torque 4.06 Nmm
50 19 65.54 Maximum efficiency 73%
8 100 19 113.0 Reduction aP 16 Reduction gear ratio 84:1
40020 100 21 2429 gear Maximum efficiency 73%
50 19 67.93 Ballscrew Shaft dia 6 mm
10 100 19 121.7 shaft SR0604 Lead 4
100 21 259.9
50 19 73.58 E
I N, = 182rpm
12 100 19 128.8 ﬁ’”H!!M’f.Uf?f}ff}}}fffffff!h
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Table 4 Material properties of the gun parts

Material Steel (SN45C) Aluminium (Al6061)

Young’s modulus 210 GPa 72 GPa
Yield stress 0.9 GPa 0.27 GPa
Poisson’s ratio 0.3 0.33

All Dir. Fixed

Fig. 8 Boundary condition of the first design
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Fig. 9 Stress distributions of the first design

Table 5 Material properties of the gun parts

Part Yield stress Max stress Safety factor
(MPa) (MPa)

Plunger 1 270 133.7 2.020
Plunger 2 270 0.745 362.4
Body 1 270 5.810e-12 4.650e+13
Body 2 270 0.503 536.8
Body 3 270 235.7 1.150
Ballscrew 270 125.3 2.150

Shaft 900 279.1 3.220
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Fig. 11 Test results for the first prototype

28173 AAE S8l skesofe] WAl Besit= 2 &)
3t

4.2 2xt MHIE 7He
421 2% 4H o

27 HAQ] WL Fig. 1251 Bor] AFAE 174 A%
s} Usfet, Tk, Aol7} Qe FS HE Aol Ba o]
B0 2% 42 2 BU] Toiz AL 1A 2
= ol HAS Wgelof Prke

o
o
2
_>.:
>.
15

RlE 58 FF Y] dojus 2| A % %OH 7=
RS AWAdsok sk Ae efste] AdASHATh

224 A A 13} A FL et A 3PS AA o
shetl, U 52 35 9 F URE, AAIE WHshs Aol
= ZAolgth

53], mE|9] A5 QoA &
£ ol P2 et e Table 63} 2o] BEl
7L¢Hl7} tﬂ w2 dgi e DAL

= £T= 4873 pm, % APE 3)A
&5 97.46 rpm, SHA ©°]FEEE 389.8 mm/min, B2
F EJE 6374 Nmm 508 At on, oo ©jE A% &
23% EFE 3187 NmmE 1=tk 221 A4 ¢te] 75
|

Plunger
Lk

Fig. 12 Shape of 2nd design

Table 6 Specification of each part for the 2nd design

Part Product Specification
name
No-load speed 10400 rpm
RE Max Rated speed 7650 rpm
Motor
17 Rated torque 4.06 Nmm
Maximum efficiency 73%
) Reduction gear ratio 157:1
Reductiongear | GP 16 A - -
Maximum efficiency 73%
Shaft dia 6 mm
Ballscrew SRO604
shaft Lead 4 mm
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Fig. 13 Boundary codition of the 2nd design
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