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Design of a Cover Locking Mechanism with a Miniature Solenoid
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In this investigation, a locking mechanism was proposed for electronic products that have battery covers. The exterior
design of electronic products has been advanced with diversified materials including polymers and metals. Unlike polymers
such as polycarbonate, metals are not easily deformed. Therefore, products with a metallic exterior have an added button
to release the battery cover, which limits the quality of the exterior design. In this study, a new design without a release
button that included a miniature solenoid inside the product was proposed. The Taguchi method was used to maximize the
attraction force of the solenoid while, at the same time, minimizing its dimensions.
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Fig. 1 Battery cover locking mechanism using solenoid
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Fig. 2 Operation of battery cover locking mechanism using solenoid
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Fig. 3 Design parameters of the solenoid for optimization

Table 1 Design parameters in 2 levels

Design parameter Level 1 Level 2
Moving core weight (A) 57¢g 39¢g
Air gap (B) 6 mm 12 mm
Current (C) 3A S5A
Diameter of coil wire (D) 0.22 mm 0.32 mm

Table 2 Test results of L8 orthogonal array for the 4 control factors

RUN A B C D F (gf)
1 1 1 1 1 74.8
2 1 1 2 2 74.8
3 1 2 1 2 80.8
4 1 2 2 1 140.8
5 2 1 1 2 574
6 2 1 2 1 742
7 2 2 1 1 126.4
8 2 2 2 2 105.4
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Fig. 4 Mean value analysis of the design parameters
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Fig. 5 Acceleration measuring instrument of solenoid moving core
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Table 3 Constants of optimized solenoid

Diameter of coil wire (d) 0.32 mm

Length of moving core (/) 30 mm

Mass of moving core (m) 7.05¢g
Permeability of moving core (1) 1.26 x 10*H/m

Permeability of air (z4,) 1.26 x 10°H/m

Number of turns (V) 184
Projected area of solenoid coil (4) 19.62 mm?
Input current (I) S5A
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Table 4 Variables and constants of solenoid coil for optimization

Table 5 TRIZ technical contradiction analysis

Diameter of coil wire (d) 0.10-0.45 mm . Worsening feature
- Feature to improve
Number of radial turns of coil (M) 2-10 turns force(10)
Number of axial of coil (V) 42-190 turns Volume of moving object(7) 15, 35, 36, 37
Length of bobbin (L) 19 mm
Diameter of bobbin (D) 4 mm .
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