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Abstract: Door hinges of large refrigerators are required to ensure that the doors open and close smoothly in
addition to supporting door weights and enduring the impact loads due to door opening and closing.
However, door hinge design is difficult because of complex hinge mechanisms and sensitive structural safety.
In this study, the mechanism satisfying the required spring response, space constraints, and structural strength
is optimized, and the volume of the outer frame covering the hinge mechanism is minimized for reducing
production costs. The entire design process is automated using the PIDO(Progress Integration and Design
Optimization) technique, which achieves an efficient design process. Therefore, the frame mass is reduced to
24%, and the mechanism performance and structural stability are improved.
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Fig. 2 Hinge mechanism
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Table 1 Fatigue life of the hinge lever under
equivalent loads

Fatigue life (cycle)
Field test 60,000
Equivalent 3 744,150
3.5 44,545
load (kef) 3,055
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Fig. 4 Fatigue field test and fatigue analysis
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Table 2 Lower and upper bounds for constraints
consrins | o | g | oo
O (degree) 55 60 65
@, 1.65 1.84 1.90
) 1.10 1.23 1.35
Ls (mm) 5.00 5.66 -
Omax (MPa) - 228.0 220.0

Fig. 6 Gap between the cam

structure

link and the exterior

Fig. 7 Stress distribution of the hinge
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Fig. 8 Design variables
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Table 3 Lower and upper bounds for design variables

. Lower | Initial Upper
Variable bound | design b(f)lfnd
L 25 35 35
Length Ls 37 40 45
Ly 30 40 45
(m) Lot 90 124.3 130
Lgop 50 52.2 70
Coordinate Xeam 25 40.8 55
(mm) Yeam 90 125 130
Degree a 15 20 30
B 120 122.7 135
(deg) N 25 373 | 45
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Table 4 Optimum design result

Var, Lower Init'ial Opt. Upper
bound | design | design | bound
L 25 35 30.5 35
Ls 37 40 37 45
Ly 30 40 30 45

Lot 90 1243 | 1214 130

Design | Lyop 50 52.2 54.8 70

variable | Xem 25 40.8 27.5 55

Yeam 90 125 90 130

a 15 20 17.5 30

B 120 122.7 | 124.5 | 135.0

vy | 25 | 373 | 356 | 450

S -65 -60 -64 -55

D, 1.65 1.84 1.65 1.90

Constraints | @, 1.10 1.23 1.35 1.35

Ls - -5.6 -5.0 -5.0
Ormax - 228.6 | 214.1 | 220.0
Object 2.1 1.6

Frame mass (kg)
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Fig. 11 Convergence history of the objective function
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Fig. 12 Comparison between analysis results of
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