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# # 5870367021 : MAJOR MECHANICAL ENGINEERING

KEYWORDS: HOLLOW MICRONEEDLE / TRANSDERMAL DRUG DELIVERY / DISPENSOR /

POLYETHYLENE / ANSYS
SAKE  KAJORNRUNGSILP: Design  and development of dispenser for
transdermal drug delivery in hollow microneedles. ADVISOR: ASST. PROF.
WERAYUT SRITURAVANICH, Ph.D., 71 pp.

Microneedles are currently attracting great interested in transdermal drug
delivery because of painless unlike an ordinary injection needle. Especially, hollow
microneedles that can infuse drug into the skin. Microneedle comprise microneedles
array attach to dispenser. The microneedles array have a conduit for delivery liquid
drug into the skin and contact with dispenser which filled with a liquid solution and
drive it by pressure. However, dispenser manufacture is expensive and complicated.
Therefore, this work propose the plastic hollow microneedles pad that consist of the
microneedle arrays and dispenser cap. The aim of this work is to design and develop
the polyethylene dispenser that have design and assemble suitable for industrial
manufacturing.The dispenser design for putting hollow microneedles together by
pressing. In the design process, ANSYS is used to simulate deflection with several
finger forces. The dispenser can delivery drug with the minimum finger force (10 N) at
least 110 microliters and it is not fail with the maximum finger force (60 N). The
overall dimensions of the dispenser are 22 mm X 22 mm X1 mm. Deflection
membrane thickness was adjusted from 0.1 mm to 0.8 mm. After simulate model
with ANSYS, the suitable thickness for dispenser is 0.4 mm. The dispenser was
fabricated by injection molding. The first experiment result showed that the
fabricated plastic dispenser could withstand the maximum finger force without
failure. To increase drug delivery quantity, the diameter, membrane thickness and
height of the dispenser were adjusted to 0.2, 20, 2 mm. respectively. In the
performance test of the locking part, the locking part can hold drug in the

dispenser’s reservoir up to 3,000 rpm without leaking.
Department:  Mechanical Engineering  Student's Signature

Field of Study: Mechanical Engineering  Advisor's Signature
Academic Year: 2016
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A15197 4.1 uEnIT1UazIduATRATRIEANANERNTUIALENDbabyplast 610P

Piston diameter(mm) 10 12 14 16 18
Injection volume(cm?3) 4 6.5 9 12 15
Injection pressure(bar) 2030 1850 1340 1030 815
Clamping force 62kN
Minimum distance 30-55mm
between platens
Maximum distance 140-165 mm
between platens
Opening stroke 110 mm
Ejection force 7.4kN
Ejector stroke 45 mm

Molding dimension

75%75*70 mm
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A15197 4.2 wanans1diwesfsirnluinses@ananadin babyplast 610P

Ejection times and settings

Ejection pressure 20 bar
First ejection time 0.30 sec
Ejection time 0.50 sec
Ejector return time 0.10 sec

Injection times and settings

Shot size 10.5 mm
Cooling time 7 sec
1st injection pressure 80 bar
1st injection time 3.0 sec
2nd injection pressure 40 bar
2nd injection time 0.6 sec
Decompression 1.0 mm

Clamp times and setting

Open strike 57 mm

Clamp pressure 90 bar
Temperature

Plasticization 216 °c

Chamber 180 °c

Nozzle 175 °c
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1599 N. 1 wanavwindurigugnatdluvesdseilannnisdanaiasin

N s Audna1svesdIudsen (mm) | Average(mm)

1 22.034 21.835 22.135 22.001

2 21.906 22.332 21.835 22.024

3 22.175 22.135 21.987 22.099

4 22.117 21.589 21.456 21.721

5 22.035 21.961 22.221 22.072
21.984

AN N, 2 LAAIAMUNUIYBINTIEUANLAUETLAIINNISAANANERN

N AUMUNBIAIUANYT (Mm) Average(mm)

1 3.089 3.044 3.105 3.079

2 3.147 3.038 2.949 3.045

3 3.063 3.079 3.089 3.077

4 3.084 3.161 3.181 3.142

5 3.085 2.986 3.081 3.142
3.0787

AN51971 . 3 LARIUIUNYDITUIIUY

N thinvesduden (9) Average (g)
1 0.6 0.6 0.6 0.6
2 0.6 0.6 0.6 0.6
3 0.6 0.6 0.6 0.6
4 0.6 0.6 0.6 0.6
5 0.6 0.6 0.6 0.6
0.6




AN N, 4 LAAIYDI5ZELITEMINUaN8UN DI Ul U D ILHUT UALA TALT LAY

9801A

dispensor spacing (mm) average SD

HDPE 0.661 0.67 0.603 0.681 0.654 0.035
LDPE 0.533 0.653 0.482 0.383 0.513 0.112
HDPE 0.685 0.622 0.707 0.65 0.666 0.038
LDPE 0.409 0.418 0.387 0.346 0.390 0.032

0.451 0.588 0.464 0.451 0.489 0.067
HDPE 0.683 0.689 0.65 0.635 0.664 0.026
LDPE 0.533 0.446 0.498 0.523 0.500 0.039
HDPE 0.782 0.808 0.504 0.529 0.656 0.161
LDPE 0.574 0.48 0.476 0.548 0.520 0.049
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1599 2. 1 wansvwnidurigudnasluvesdseilannnsdananasin

N usgudnansvesdIudde) (mm) | Average(mm)

1 19.834 19.935 19.835 19.868

2 20.335 20.206 19.32 19.953

3 19.687 20.315 20.215 20.072

4 20.456 20.409 20.41 20.425

5 19.961 20.035 20.021 20.006
20.0648

A9 V. 2 LAAIAMUNUIVBINTIEUANAUELAIINNITAANANERN

N AUNUIVDIAIUNNET (Mmm) Average(mm)

1 3.987 3.996 4.024 4.002

2 4.009 4.011 4.022 4.014

3 4.009 4.006 4.023 4.0127

a4 3.985 4.044 4.027 4.019

5 4.003 4.021 3.992 4.005
4.011

5197 0. 3 LLamﬁ;’mﬁﬂﬁuaﬂdauéqmﬁﬂhumﬁﬂ%’w?q

N v sdaudaen (9) Average (g)

1 1.0 1.0 1.0 1.0

2 1.0 1.0 1.0 1.0

3 1.1 1.1 1.1 1.1

4 1.1 1.1 1.1 1.1

5 1.1 1.1 1.1 1.1
1.06
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dl U = ! ! s ! ! a a dl Y U
A1519% A. 1 TuiinAainsinemavesdiudsenu 0.4 Jaaiunsilasuauauau 0-1 bar

U 3 FUINY

1t ond 31d
experiment | experiment | experiment | Average
Pressure(bar) | Force (N) (mm) (mm) (mm) (mm)
0.1 3.801327 0.5 0.43 0.49 0.473333
0.2 7.602654 0.73 0.78 0.77 0.76
0.3 11.40398 0.98 0.95 0.97 0.966667
0.4 15.20531 1.15 1.2 1.23 1.193333
0.5 19.00664 1.35 1.39 1.44 1.393333
0.6 22.80796 1.55 1.59 1.6 1.58
0.7 26.60929 1.74 1.79 1.76 1.763333
0.8 30.41062 1.93 2 1.92 1.95
0.9 34.21194 2.02 2.01 2.02 2.016667
1 38.01327 2.25 2.11 2.1 2.153333
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A15199 A. 2 TUNNAINISINPITedILaIsIMU 0.4 TadnsNlasUAUAINNAY 0-1 bar

U 3 JUU

15t ond 31d gth 5th
experim | experim | experim | experim | experim

Pressure | Force ent ent ent ent ent Average
(bar) (N) (mm) (mm) (mm) (mm) (mm) (mm)
0.1 3.141 0.6 0.9 0.35 0.8 0.3 0.59
0.2 6.283 0.86 1.05 0.58 1.14 0.68 0.862
0.3 9.424 1.07 1.2 0.89 1.26 0.75 1.034
0.4 12.566 1.2 1.34 1.24 1.46 1 1.248
0.5 15.707 1.32 1.48 1.53 1.54 1.2 1.414
0.6 18.849 1.47 1.6 1.71 1.6 1.36 1.548
0.7 21.991 1.63 1.71 1.85 1.65 1.44 1.656
0.8 25.132 1.76 1.83 1.95 1.8 1.56 1.78
0.9 28.274 1.9 1.94 2.04 2 1.87 1.95
1 31.415 2.04 2.06 ) 2 2 2.06
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