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Article history:

Nowadays, technology of rubber forming is being developed and is being

Received 30 December 2018 polished for producing precision rubber products and development of related
Revised 9 Apr¥1 2019 equipment. It was found that most of the rubber forming companies are small and
Accepted 11 April 2019 use a conventional hot press method. This method causes a cost increase because
the energy efficiency is lowered. The purpose of this study is to improve the
K?y words: . energy efficiency by directly heating the cartridge heaters installed in the mold
Direct heating and proving that the mold temperature can be uniformly maintained. It was found
Press mold. that the sample mold required less time for temperature rise initially, more energy
Energy saving was saved due to the large and small temperature change, and product defect
Rubber reduced due to temperature variation and improved production technology
Rubber molding giving a uniform quality.
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Fig. 2 Concept of direct heating method of mold
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Fig. 1 Conventional heating method
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(b) Apparatus for heating test
Fig. 3 Schematic illustration of the heating test device
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Table 1 PTC element used in direct heating mold

Bar type PTG element
T
pe assembly
Rated Resistance (Q) 400~ 800
Rated Voltage (Vrms) 220 E
o
Max. Voltage (Vrms) 265 s
Inrush Current (A) Max 3.5
Stability Current (mA=+30%) 100
Surface Temp. (°C£10) 245
220
200
180
Moldable temperature range
160
g =4
:g 120 - f:i
§_ 100 - P5
— P6
& w0 =
60 1
w0 = e
20 —— P-Room Temp.
0 . . s . [ .
0 10 20 30 40 50 60 70
Time (min)
Fig. 4 Thermal change test result of simple mold with PTC
application
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Fig. 5 Temporal temperature distribution after mold heating
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Mold (Top)

Fig. 6 Direct heating mold with circular heater
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Fig. 10 IR inspection of temperature distribution in direct mold
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(a) Heating test equipment configuration of direct heating mold
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Fig. 11 Product molding heating test using direct heating mold

Table 2 Temporal temperature of direct heating mold

Time Temperature at each point of the mold (°C)
(min) | P] P2 P3 P4 PS5 P6
(b) Temperature measurement point of direct heating mold 0 314 30.4 30.1 303 30.7 294
Fig. 8 Configuring the heating test device 5 62.3 60.9 67.0 63.4 594 45.0

10 81.9 82.4 86.2 82.8 77.3 66.1

140 15 | 969 | 989 | 1008 | 972 | 916 | 858
120 20 1119 | 1149 | 1153 | 1116 | 1060 | 105.6
o5 4 25 1248 | 1283 | 127.7 | 1242 | 1224 | 1189
O 4 | 30 137.6 | 141.1 | 1386 | 1359 | 1374 | 131.0
= ‘ 35 1480 | 1504 | 1465 | 144.1 | 1494 | 139.6
E 60 40 | 1555 | 157.7 | 153.0 | 1505 | 1585 | 146.6
40

20 180 °C2 A ¥, AE LEAEES v Agsla A4 A
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Fig. 9 Temperature distribution of direct heating mold F7) = L zﬁi“‘(P 8)= 7heslEs AddiE AARE #, 7t
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Table 3 Power consumption of direct heating mold
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