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The Study for Bead Effect in Inner Case on Thermal Deformation of Refrigerator
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Under extreme test or operation condition, refrigerator endures complicated stresses state and
thermal bowing deformation arises on the sidewall. Shelf rails designed in the inner case provide
increased surface area to permit expansion without bowing, and also increase structural rigidity to
resist bowing. In this study, we designed six different shelf patterns of refrigerator model and
studied the bead on refrigerator deformation using finite element method (FEM). Analysis resuit
shows that increasing the numbers of beads properly in refrigerator is more helpful to reduce
thermal bowing deformation. In addition, the beads would decrease stress on refrigerafor
sidewall. However, vertical beads have no effect to reduce thermal deformation of the bowing.
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Fig. 2 Shape of inner wall in refrigerator
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Fig. 3 Enlarged section o f a shelf bead
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Table 1 Summary of analysis cases

Analyﬂ

Description

| Case
C-0 | Without bead
C-1 |Bead in side walls in F- and R-room
C-2 | Continuous bead in a wall of F-room
C-3 | Vertical continuous bead in'a wall of F-room
C-4 | Continuous bead in all wall of F- and R-room
Fig. 5% C-19 A% ¥%1 & ¥%& F¥8
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Fig. 4 Various FE model of bead

Table 2 Material properties

Material Steel ABS |PU foam
Elastic modulus 131700 | 2110 363
(kPa) ’ ’ )
Thermal conductivity 45 0.021 0.021
(W/mK)
Thermal expansion
(x10° m/mK) 1.17 6.9 8
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Table 3 Convective heat transfer coefficient

Locati Out Inner case | Inner case
ocation uter case (R-room) (F-room)
h (W/m’K) 3 8 2
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Fig. 5 FE modeling of all components
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Fig. 7 Deformation distribution in C-0
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Fig. 9 Deformation distribution in C-3

Table 4 Summary of deformation in freezing and

refrigerating room
Analysis F- room R- room
Case mm % mm %
C-0 5.65 125 3.72 124
C-1 4.52 100 3.01 100
C-2 431 95.4 3.69 121
C-3 4.43 98.0 3.67 122
C-4 2.51 55.5 2.84 943
480 ¢
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Fig. 10 Effect of isocyanate index on strength
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Fig. 11 Von Mises stress distribution in C-0
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Fig. 12 Von Mises stress distribution in C-1

Table 5 Summary of von Mises stresses

Analysis Case Von Mises stress
kPa %

C-0 132 103

C-1 128 100

C-2 111 86.7

C-3 109 85.2

C-4 102 79.7
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Fig. 14 Bead location in refrigerator

Fig. 15 & HZ=

Zolol we WIFL BN
Aoz =g Zol7k 3 mm ol Aol WPF

Zaaisl Z7bee Sdaith

Digplacement (mm)
w
o

—
386
34
0.0 190 20 39 4.0
Pead depth(mm)
Fig. 15 Deformation with bead depth
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