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Rubber is positioned as an important material and essential tool and means for mass production of products in all
industries due to its unique properties such as sealing, elasticity and shock absorption. However, in the case of
conventional press rubber molding, its energy efficiency is low due to considerable heat loss, and the deviation of the
temperature distribution of the molding mold is high due to the indirect heating method in which heat is transferred to the
upper and lower molds installed on hot plates. The upper and lower heating plates were heated by several heaters
installed on the hot plates. The high deviation of the temperature distribution causes unformed defects. Among the rubber
mold working methods that consume considerable energy, this study aftempted to reduce energy consumption by directly
heating the mold via installing a heater inside the upper and lower molds in a compression mold with large energy loss. As
a result, compared to the conventional method of transferring heat to the mold by heating the hot plate of the press,
energy was saved by 30%, the initial mold heating time was shortened by 20 minutes, and the product defect was reduced

with a rate of 25%.
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(a) Press machine

|

(b) Hot plate heating by cartridge heater

Fig. 1 General hot press forming machine
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(a) Hot plate heating

(heatiné) |

(b) Direct heating of the mold

Fig. 2 Comparison of heating mathods of rubber molds
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Table 1 Product mold with cartridge heater applied
340 x 340 x t62 [mm]

External size

Mold material NAKS0
Heater fixing plate SK4
Heater capacity 220 [V], 2 x 1.5 [kW]
Heater diameter 10 [mm)]
Heater inner diameter 260 [mm)]

340
—
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|| £-hl | HEATER

140

112 20 | 20,

Core mold

Fig. 3 Schematic diagram of direct heating mold
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'@ Room Temp.
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thermistor

(b) Product mold with cartridge heater applied

Fig. 4 Direct heating mold
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1.2 kW x 2ea

\ 1.1 kW x 2ea /
Hot plate % \@ g
1.3 kW x 2ea

- Hot plate : 620x620xt70 [mm]
- Cartridge heater spec. : @15.8x620 [mm]
- Heater capacity : 220 [V], 2x7.2 [kW]

Fig. 5 Specification of hot plate heating method

Press mold
(direct heating)|

(a) Configuration diagram of direct heating
forming test device

f Lower motd

(b) Temperature measurement point
of direct heating mold

Fig. 6 Rubber molding test of direct heating mold
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(b) Combination of upper and
lower molds

(a) Lower mold opening

Fig. 7 IR inspection of temperature distribution in direct mold
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(a) Rubber mouted (b) Vulcanization completed

(c) Molded product

Fig. 8 Press compression molding of pressure packing
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Table 2 Temporal temperature of direct heating mold

Time Temperature of each point of mold [°C]

[min] Pl P2 P3 P4 PS5
0 314 304 30.1 30.3 30.7
10 81.9 82.2 86.2 82.8 77.3
20 111.9 114.9 115.3 111.6 106.3
30 137.6 141.1 138.6 135.9 137.4
40 155.5 157.7 153.0 150.5 158.5
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Fig. 9 Power consumption during initial heating and molding
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(a) Conventional hand cutting (b) Automatic cutting device 2 A A A A A 2 Al ks Thdstel 5
| . . | o @2 AYste] 1FYHOR FYL HUSHE vkl B4
Fig. 10 Quantitative rubber cutting operation o JjAlstel ZES AErsIAT) o) Za o] AHo| g
Table 3 Productivity comparison by mold heating method SIEE WHEoRZA F8S AH7tgste Ao S0 24
Mold heating method Direct heating  Hot plat heating A Bl 2= Alo] Alaglo] Thekehal, Al XASjEe
Initial mold heating time [min] 40 60 24 25.0%9] oUAE AT 4= ek EH A ZFollA
Rubber cutting method Automatic Handwork HEAR QT 5% AP 255 WEL U5 fAZGS
Cutting time - 60 min BA RO 57 WSS SYoRA A5 wAteh vdddl
Actual forming time 6 hr 20 min 5hr T2 =FES A ¢ Aodn B 2 AR fleliA &
Daily production [ea] 126 100 7] FEE Aol 7153t exg tdshs AS &l 1
Defective rate [%] 24 o o] o 2 AT AEAGAE Aste] Ao A 2
Reference work 8 hr/1 day, 20 ea/1 hr Azbel SiHal, o W 4R el e WAE E9eRA E
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