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Structural Analysis of Cabinet in Built-in Side-by-Side
Refrigerator and Evaluation of Door Height Difference and Door
Flatness Difference
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ABSTRACT

Since the freezer compartment and the refrigerating compartment are located side by side in a side-by-side
refrigerator, the problems of the door height difference (DHD) and door flatness difference (DFD) have been
constantly raised. Deformation of the cabinet of a built-in side-by-side refrigerator under food and thermal
loads was analyzed by the finite element software ANSYS. The DHD and DFD, occurring due to the
deformation of the cabinet, evaluated. From the results of the analysis of the cabinet, the 3D CAD software
CATIA was used to geometrically translate and rotate the freezing and refrigerating compartment doors, in
consideration of the displacement of the hinge fastening point. Then, the coordinates of two points on the
upper corner of the doors were determined, and the DHD and DFD were obtained. It found that the thermal
load, occurring under normal operation conditions, decreases the door height difference, but increases the door
flatness difference. Values of the analyzed DHD and DFD appear smaller than the acceptance criteria used by
the refrigerator manufacturer.

Key Words : Built-in Side-by-Side Refrigerator(2 EQI 2+Z& 'HZt11) Door Flatness Difference('=0{ 2HF &

X}, Door Height Difference('=0 AFSIHEHA}), Structural Analysis(T-2=3 A1), Thermal Deformation
(ZHE)
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Table 1 Material properties

s Coeft.
Yotslng Thermal| of
Mat’l Poisson’|conduc-| thermal [Densit
Parts type m(il(llﬂ_ s ratio | tivity | expan- (kg/m3}),
mK 1
(GPa) W) 16%a
Out |SGC| 5068 | 029 | 45 | 117 | 7820
case | C
Multi. |ABS| 2.5 0.38 0.02 9.25 | 1049
duct |EPS[0.0583| 0.4 0.03 5.70 609
PU | PU
foam [Foam 0.0036| 1e-9 | 0.02 8.00 | 335
Hinge,
Lower|qepl 205 | 029 | 45 | 1.17 | 7800
plate,
Bottom|
Inner | AL
case 15052 70.3 | 0.33 138 2.30 | 2679
Base [SUM
shaft | 241 200 0.29 45 1.17 | 7870
Block [PVC| 2.9 0.4 0.20 4.99 | 1450
POM |[POM| 2.55 | 0.35 0.29 7.99 | 1410

(a) Assembly

(b) Exploded view
Fig. 4 Finite element model of the cabinet
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Table 2 Displacement of hinge assembly location
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o -0.3202
= 03972

l\ Fex =99.51N
F,, =621.95N
applied to the cabinet

0.03216 Max
-0.008679
-0.04952
-0.09035
-01312
-0172

-0.2537

-03354
03762
-0417
-04579
-0.4987
-0.5396 Min

displacement(food load)

Q01743 Max
-0.06793
-0:1533
-0.2387
-0.324
-0.4004
045847
-0.5801
-0,6635
-0.7508 Min

displacement(food load)

0002182 Max
-0.03487
Q1119
0163

0226
-0.2831

04343
-35113
-0.5684
-06254
-0.6825
07396
-0.7966 Min

displacement(food load)
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Fig. 10 Calculated door vertical and flatness
difference(food load)
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Door vertical difference
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Door flatness difference

= 63.256 - 63.175 = 0.08mm
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=

Door vertical difference

= 1803.796 - 1803.716 = 0.08mm ?2)
Door flatness difference

= 62.717 — 62.481 = 0.24mm

24.998 Max
22,003
19.007
16012
13017
10021
7.026
40307
10354
-19599
-4.9552
-1.9505
-10946
-13.041
-16.936 Min

Fig. 11 Temperature distribution
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16115 Max
1321
1.0427

O]

1.5936 Max
1.2651
0,9366
0.60812
0,27964
-0.046842

= -0.37732

| -0.70581

= -1.0343
-1.3628
-1.6912
-2mar
-2.3482
-26767
-3.0052 Min

3
1.2573 Max
1.03%6
B oers
H o
- i
B
P 4
-1.2146
1.4393
-1.664
-1.8887 Min
Fig. 14 z-axis displacement(food and thermal load) 5
Table 3 Displacement of hinge assembly location
(food and thermal load)
Location ) @ @ @
Ux (mm) | -0.086 | -0.246 | -0.076 | -0.023
Uy (mm) | -0.612 | -0.584 | -0.022 | -0.032
U, (mm) | -0.321 | -0.319 | -0.279 | -0.341
1.
2

Fig. 15 Calculated door vertical and flatness
difference(food and thermal load)
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