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Optimum design of injection mold heater for uniform curing of LSR
seal for waterproof connector
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Abstract  Automotive waterproof connectors are highly functional parts that must be air-tight in a complex
environment. In the LSR multi-cavity injection molding process for manufacturing waterproof connectors, it is
important to maintain a uniform curing temperature between the cavities in order to obtain a quality product.For this
purpose, we designed the capacity of the cartridge heater differently for each position, and then linked the heat
transfer analysis and optimization module to obtain the optimal cartridge heater capacity.As a result of the
optimization analysis, the temperature deviation between cavities was decreased from 13.1°C to 8.1C compared with
the case in which constant heater capacity was applied, so that the design criterion could be satisfied within a
temperature deviation of 10C for uniform curing.This study suggests that this method can be applied efficiently to
the design of a large area multi-cavity LSR mold heater.

Keywords : Cartridge heater, Heat transfer analysis, Injection molding, LSR(liquid silicone rubber), Optimization,
Waterproof connector
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Fig. 1. Waterproof connector for automobile.
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Fig. 2. Symmetry (1/4) model of LSR injection mold
for heat transfer analysis.
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Table 1. Mold description and materials.
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No. Description Mold steel

1 Fixed plate 1 NAKS0

2 Fixed plate 2 NAKS0

3 Fixed plate 3 NAKS0

4 Fixed plate 4 NAKS0

5 Cooling plate NAKS0

6 Insulation plate Insulation material

7 Heating plate NAKS80

8 Core pocket plate NAKS0

9 Cavity core plate SLD MAGIC

10 Catridge heater Catridge heater
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Table 2. Thermal properties of mold steel and insulation

plate.

Thermal SLD Insulation

properties NAKS0 MAGIC plate
Specific Heat

(kg C) 481 460 840

Thermal Conductivity

(W/m-C) 40 16.5 0.20

Density

(ke/m3) 7800 7770 1400
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Fig. 4. Temperature distribution of cavity core.
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Fig. 5. Cartridge heaters with different watt density.
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Table 3. Design guide for cartridge heater.

Heater Heater Wiring Watt
. Watt . .
diameter length (per 10W) ratio density
(per 1mm) (per 1mm) (per 0.1) (W/cmz)
8 100~1100
100~400 1.0~2.0 2~15
10 100~1600
foptimization — minimum(AT)'
subject to 210°C < T < 220°C 1)
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Table 4. Optimal design of cartridge heaters for uniform

temperature
Heater No. Watt
1 40
2 30
3 40
4 50
5 30
6 40
7 50
8 50
9 60
10 60
11 60
12 50
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Fig. 8. Input value of heat flow for transient analysis.
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Fig. 9. Temperature plot for transient analysis.
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