Journal of the Korean Society of Manufacturing Technology Engineers 26:3 (2017) 320~327

https://doi.org/10.7735/ksmte.2017.26.3.320 J. Korean Soc. Manuf. Technol. Eng.
ISSN 2508-5107(Online) /ISSN 2508-5093(Print)

R otEFelY| JHME §IF Ol 2N A D&
Zez Zejue

Theoretical and Experimental Considerations for Improving Elastomer Drug Infusers

Dong Hoon Kim® Taewon Kang™

* Division of Advanced Mechanical Engineering Mechanical & Biomedical Engineering, Kangwon Nat'l University,
1, Gangwondaehak-gil, Chuncheon, Gangwon-do, 24341, Korea

ARTICLE INFO ABSTRACT

Article history: The main function of an infuser is to ensure constant dosage of a drug. Elastomer
Received 14 April 2017 drug infusers have been used widely owing to their economic advantages. The
Revised 25 May 2017 mechanism of the device is primarily based on the pressure created from the
Accepted 30 May 2017

elastic material that contains the drugs. However, as the drug is infused and the
internal pressure is reduced, the drug is not linearly infused at all times. This study
Keywords: . involves investigating factors to improve the design of the infuser. The first factor
Elastomer drug infuser is the range of proper deformation, which does not affect a significant amount of

Deformation stress variation during infusion. The second is concerned with the flow restrictor
FEM and the associated design variables are recommended by employing finite
Factorial experiment technique element analysis and the factorial experiment technique. The last factor is related
Flow restrictor to the spring device connected to balloon. The results showed that the drug

reservoir can compensate for unexpected pressure gradient drops.
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Fig. 3 Marking for measuring deformation
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Fig. 4 Mass flow variation over time at different initial strain
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Table 1 Variables and levels of experimental conditions
Levels
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Fig. 5 Comparisons of delivered amount according to the com-
bination of tubes and needles
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Fig. 6 Comparisons of delivered amount based on different tubes
with 18 g needle
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Fig. 7 Boundary condition of flow restrictor
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Fig. 8 Flow distribution of parallel-pipe system
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Table 2 Variables and levels of FEA conditions

Variables Levels
Length (mm) 10 20 30
Diameter (mm) 0.25 0.5 1.0
Number (ea) 1 2 3

Table 3 Three level orthogonal array

Number Column number
Diameter Length error Number
1 0 0 0 0
2 0 1 1 1
3 0 2 2 2
4 1 0 0 0
5 1 1 1 1
6 1 2 2 2
7 2 0 0 0
8 2 1 1 1
9 2 2 2 2
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Fig. 9 Velocity observation point

3 An HERE o] 83te] 3n 89l AY AYHE BA =Y
SPSS& Fa3la A= ol 2o,

Table 4= 714 7+ &3} 73740)) gk AFE BT ok A
E&(model)ol tigt Type 3 AlF T 2075¢]3, F=3230.102,
S 7oM 9 FoEEL 0.001 20 ZFon g o] {9
=g

wehx] 2 QQIEE A EE Zol(length)2] 79 Type 3 Al

3} 0.003, F-BAIFF 14.296, A% 29] fr)EE-2 0.065% 19
T 0.0550 A JERsith

e v 74 (number) A= Type 3 AlF 3 0.008, F-57
42,647, AHE 29 w9 fo)EhEo] 0.023 02 o5 0.05
Hop Aovw WY wjgke] siaee] o wet A frFe] o7t
AT

o] 27 (diameter)®] -7l Type 3 Al &l 0.17, F-&
A 90.227, AHrE 2014 9] F2l8HE°] 0.011% << 0.05
B} 2o uF o] AAo] A figel| FIFE F= AL IS
k.

Theo & 7} 9Qle] F<ro] 370182 7 <= k] Ajo] o
£ RIS S5t tEHlas AAEYY, I 3= Table S,
Table 6, 12]aL Table 7 ERASIT

Z} Table®lA, level ()= 710l He 5, (e 7€ 754

Q13

-

ol

Table 4 Tests of between-subjects effects

Factor Sum of squares Degree of freedom | Mean of square F P-value Partial eta
type III squared
Model 2.075 7 296 3230.102 .000 1.000
Length .003 2 .001 14.296 065 935
Number .008 2 .004 42.647 .023 977
Diameter .017 2 .008 90.227 011 989
error .000 2 9.177E-05
total 2.075 9
Table 5 Multiple comparisons of length
i 95% Confidence Interval
Variables Levels Levels Difference Std. Error P-value .
@ Q) (1-3) Lower Bound | Upper Bound
20 mm -.047 .0078 .064 -.087 .006
10 mm
30 mm -.029 .0078 117 -.075 .017
10 mm .041 .0078 .064 -.006 .087
Length 20 mm
30 mm 012 .0078 456 -.035 .058
10 mm .029 .0078 117 -.017 .075
30 mm
20 mm -011 .0078 456 -.058 .035
Table 6 Multiple comparisons of number
i 95% Confidence Interval
Variables Levels Levels Difference Std. Error P-value .
@ Q) (I-3) Lower Bound Upper Bound
| 2 ea -.037 .0078 .077 -.083 .009
ea
3 ea .036 .0078 .081 -.011 .082
1 ea .037 .0078 .077 -.010 .083
Number 2 ea
3 ea .072 .0078 .021 .026 118
3 1 ea -.036 .0078 .081 -.082 011
ea
2 ea -072 .0078 .021 -.118 -.026
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Table 7 Multiple comparisons of diameter

. Levels Levels Difference 95% Confidence Interval
Variables Std. Error P-value
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1.0 mm -.072 .0078 021 -118 -.026
) 0.25 mm -.030 .0078 110 -.076 .016
Diameter 0.5 mm
1.0 mm -.102 .0078 011 -.148 -.056
0.25 mm .072 .0078 .021 .026 118
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