Journal of the Korean Society of Manufacturing Technology Engineers 23:1 (2014) 032~037

http:/rdx.doi.org/10.7735/ksmte.2014.23.1.032

10
ol
>
N
U

0|8

Fo

o

olor
A

ISSN 2233-6036

22 Bo| YE MAXA N3
Zsl°, stel?

Cryogenic Machining of Open-Cell Silicone Foam

Jihong Hwang®, Kwang-Hee Cho®, Min-Soo Park®

“ Department of Mechanical System Design Engineering, Seoul National University of Science and Technology

232 Gongneung-Ro, Nowon-Gu,

Seoul, 139-743, Republic of Korea

ARTICLE INFO ABSTRACT

Article history:

Open-cell silicon foam is difficult to cut using conventional machining processes

Received 4 October 2013 because of its low stiffness. That is, open-cell silicon foam is easily pressed down
Revised 5  December 2013 when the tool is engaged, which makes it difficult to remove the material in the
Accepted 21 January 2014 form of chip. This study proposes an advanced method of machining open-cell
silicon foam by freezing the material using liquid nitrogen. Furthermore, the
Keywords: machining conditions are optimized to maximize the efficiency of material
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) - removal and minimize the usage of liquid nitrogen by conducting experiments
Cryf’gemc ma(fh'mmg - under various machining conditions. The results show that open-cell silicone
Optimal machining conditions foam products with free surface can be successfully machined by employing the

proposed method.
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Fig. 1 Open-cell slicone foam
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Fig. 4 Cryogenic machining system

Fig. 5 Fixture device
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Table 1 Cryogenic machining conditions

Parameter Value
Tool Ball end mill
(No. of teeth: 2, length: 38mm)
Cutting speed 3,000 rpm
Feed rate 1,500 mm/min
Nozzle size (dia.) 10 mm

Nozzle distance 105 mm (from the tip of the tool)

LN container pressure |13 kg/cm2
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Table 2 Experimental conditions

No. Level
. Depth of cut: 10, 20, 25, 30 mm
Exp. 1 Rough:
P oughing Step over: 20 mm (full cut)
. Depth of cut: 25 mm
Rough
Exp. 2 oughing Step over: 20 mm (full cut)
Finishing |Step over: 2.5, 3.5, 5 mm
. Depth of cut: 25 mm
Exp. 3 Roughing Step over: 20 mm (full cut)
. Depth of cut: 25 mm
Rough
Exp. 4 oughing Step over: 20 mm (full cut)
Finishing |Step over: 2.5 mm
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Fig. 6 (a) Surface model of the product and tool path generated
using a CAM software for (b) rougnhing and (c)
finishing
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(a) Axial depth of cut = 25 mm

(b) Axial depth of cut = 30 mm
Fig. 7 Effects of the axial depth of cut

Fig. 8 Effects of the length of step over
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Table 3 Optimal conditions for cryogenic machining of open-cell
silicone foam

Parameter Value

Axial depth of cut 25 mm
Step over for roughing 20 mm
Step over for finishing 2.5 mm
Pause of LN flow 32.3 sec

Table 4 Comparison of liquid nitrogen use

When When .
. . . Use of saving
continuously | intermittently %)
applied applied °
Roughing 7 m 20s 2 m 20s 68%
Finishing 22 m 40s 12 m 00s 47%
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Fig. 9 Final product (300 mm X 130 mm X 50 mm)
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