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Abstract

The objective of the current investigation is to establish techniques in micro pattern forming operations of polymeric
circular tubes by using hydrostatic pressing. This method was developed and successfully applied to the micro pattern
forming on polymeric plates. The key idea of the new technique is to pressurize multiple vacuum-packed substrate-mold
stacks above the glass transition temperature of the polymeric substrates. The new process is thought to be a promising
micro-pattern fabrication technique for two reasons; first, (hydro-) isostatic pressing ensures a uniform micro-pattern
replicating condition regardless of the substrate area and thickness. Second, multiple curved substrates can be patterned at
the same time. With the prototype forming machine for the new process, micro prismatic array patterns, 25um in height and
90 degrees in apex angle, were successfully made on the PMMA circular tubes with diameters of 5~40mm. These results
show that this process can be also used in the micro pattern forming process on curved plates such as circular tube.
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Fig. 1 Schematic of thermal embossing pressing process (Step 1: Heating, Step 2: Embossing, Step 3: Cooling, Step 4:

Demolding)
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Fig. 2 Schematic of thermal hydrostatic pressing process (Step 1: Heating, Step 2: Hydrostatic Pressing, Step 3:

Cooling, Step 4: Depressurizing)
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Fig. 4 Picture of system and inside of the pressure vessel
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Fig. 5 Types of vacuum-packed forming unit (VFU) for polymeric flat plates and circular tubes
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Table 1 Hydrostatic process condition

Ti°C) | T2(°C) | T°C) | Te(°C) | Te(°C)

160 40 25 110 80

Ta : initial temperature of water in heating vessel,

T2 : initial temperature of water in main pressure vessel,
T3 : initial temperature of water in cooling vessel,

Te: hydrostatic pressing temperature,

Tc : cooling temperature,
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Fig. 8 Process (pressure, temperature) condition

AP FE 29 A9 vAsiYe A AF Ad
A3}, SUSE M E thol 2 ALE-3 79 Fig. 99 %
o] sjelo] FFA o2 HALE T

Aol RS *éf'féi% o, e
A

angle)e] Ztobxl 2]
A 7ke 855600] i 40mme 141% 8975°E 2o
o ®le] g7t 9000 FHIS

(Fig.11).

T3 A Ao Fkel wel AP sEe =
s7hehs Ala ERlshivh(Fig.12). Ayt o= A7
o] F7kgkel wal 'l HAF SAo] FolH S el
g = k. old e AFA A (VFU)O $HA
XgE B J3e geo Zels ddo] A7t
H FHolojA, o5 FH AP A | FH £

o

Workpiece

Fig. 9 Formed patterns of workpiece (circular tube)

Apex angle : 85.56°

£

Workpiece

(a) Formed patterns (D=5mm) (b) Formed patterns (40mm)
Fig.10 Apex angle of formed patterns on workpiece

92

e

g 90

- /

(="

T 88 T

]

'%'D //

4]

j=9

< g I I I I

10 20 30 40
External diameter of tube, D(mm)
Fig.11 Apex angle of patterns on workpiece

25.0

24.5

Height of pattern (um)
2 b2
w s
th (=]

"

23.0 1 1 1 L
10 20 30 40

External diameter of tube, D(mm)
Fig.12 Height of patterns on workpiece

A A (Fig.13) Z 2] v®lo] Wglxo] WAt Z o
2 gaEnh B Aol AbgE dE F(:
25um, =¥ 50um)l 7, vbEZ Aol 40mm o]

QW W e BEE Fu gge] ALgstel

=

o]



512

‘ Workpiece \

Fig.13 Mechanism of pattern shape change
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