A Study on the Minimization of Thermal Deformation

for Refrigerator Cabinet using FEM
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Fig. 1 Solid modeling of a cabinet by Unigraphics



Fig. 2 Geometry for analysis



Fig. 3 Mesh shape for a cabinet
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steel frame inner case PU-foam

steel frame outer case back plate

Fig. 4 Mesh shape for each part
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Table 1 Materials properties

Coefficient
Young's , . Thermal
_ Poisson's | Density ~ | of Thermal
Materials Modulus ) 3 Conductivity )
Ratio (kg/m") Expansion
(GPa) (W/K/sec) )
/)
Steel 206.8 0.29 7820 45 11.7x10°
Steel EGI 131.7 0.31 7820 45 | 11.7x10°
ABS_RS656H 2.11 0.38 1085 0.0206 69><1o'6
PU Foam 3.63x16° | 1.0ex10° 33.5 0.0205 80x10°
Table 2 Thermal conditions
Thermal )
N Strong(C) Moderate(C) Weak(C) Environment{C)
condition
Cold room -1 3 6
30
Freezer -22 -18 -16
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Table 3 Convective heat transfer coefficient

" 2
. Reference conditigiv/m /K)
Location
Cold room 22
Freezer 8
Outside 3

Table 4 Equivalent convective transfer coefficient

(W/m>/K)

. : Convective heat transfe
Location Thermal resistance o
coefficient
outer plate
: g louter l+ £: l+ SR =0.333 hmeq =2.99990 = 3

(outside) h k 3 45
Inner case 1 L 1 0.0015

==y e h; .. =5.05510 = 5.1
(cold room)| """ h k8 0.0206 T her
Inner case 1 L 1 0.0015

) =4 == =0. h; .. =8.45523 =~ 8.5
(freezer) Rinner h+ E 22 0.0206 0-1182 17.cq.

. - 2
h : Convective heat transfer coefficiantn /K]

k : Thermal conductivityv/m/K]

L : Thickness of inner or outer case[m]

R : Thermal resistance

_14_
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Table 5 Analysis cases

. Support boundary,
Case Description . Note
condition

Reference condition

Al .y
(equivalent 'h’) a, b, ¢ : y-fixed

A2 | Correction condition d : all fixed
o a : all free
Modification of support )
A3 - b, ¢ : y-fixed
condition ]
d : all fixed
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Fig. 6 Results of FE analysis for Case Al
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Fig. 7 Results of FE analysis for Case A2

- :2() -



Ux

SM

iF

(BIIBAINN] | |

Fig. 8 Result of FE analysis for

Table 6 Results of temperature distributions
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Case A3

Location

Case

ABS on side cabinet
of freezing room

Outer plate on side
cabinet of freezing
room

Note

Experiment

-20.7 C

28.7 C

Al

-20.2 C

250 C

Equivalent 'h

A2

-19.4 C

26.9 C

Corrected 'h’
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Table 7 Displacements in x-direction for each case

Displacement Al A2 A3
X(-), mm 4.58 4.38 4.69
X(+), mm 2.36 2.30 2.41

Unconstrained

Note Equivalent 'h' Corrected 'h'
at node 'a'

Aude] duigel FE E(doond) olSFHlE YT WA =AF Lo}
w7) 95te] AEST Fig. 994 Bol: ule} o] AW ot p
3 p,, Pt PO WHAR Qe $F o 3| HEA Ha o2 wAd

209 B w9 5,9 6,5 AN o AW, (5)3 ol

5F = wFtaHQF 5 53 = thaHQR (4)

3 doord] A A ZE+=
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o] Arjzke gtabd #9 Bo) o]y 52 Brke 4 9T o] Table 8

o A ®olal Ut

P, l

P3

Fig. 9 Height difference of doors
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Table 8 Height difference of doors

Case
. Al
Displacement
op 0.00049 mm
Op 0.00017 mm
0 0.00066 mm

P& T2 AAERD Aol wmEt e dA o] kA A

S Aot} wjtol] =0l o7 Wy

-

2ozA1 dRddeAs, 7520 52 Case A2% U AE35
YA T gl wek Ul 74A] B 92 Table 9

o} 3ol AT

Fig. 10 PU Foam®¢] €dg AFTE 20% =7 A A& 4 2z

oW Fig. 11 ~ 13& #}dlZ Case B2~Case B49] &4 Axjolt}. #o]

29 H) x WEF WS Table 10 o A3t
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Table 9 Analysis cases

Case Description Note
Increase of ‘k' of 3 3

Bl k=20.56x10 —k=24.67x10" [W/m/K]
PU Foam

Decrease ofa’ of 6 6
B2 «=85x10 —a=60x10 [1 /°C]
PU Foam

Increase of &' of ABS 6 5
B3 _ @=69x10 —«=92.5x10 [1 /°C]
(applied to whole part)

Decrease of o' of ABS

B4 | (applied to outer plate 0=69x10°— 1=35x10° [1 FC]

side of freezing room)
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mm)

Table 10 Displacements in x-direction for each case (unit :
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Table 113 #31 B El= Fig. 149 #t}. Fig. 15% Case C49] U
g s Al Aol A A AE Table 120 Azl skith.
Table 11 Analysis cases for reinforcement
) Thickness .
Case Stiffener type Location Note
(mm)
Horizontal and vertical ;
c1 9 Inside
angle of outer
C2 | Horizontal angle 2 plate
C3 | Horizontal angle 2
C4 | Vertical angle 2 Y
C5 | Vertical angle ] of ABS
Horizontal and vertical
C6 2
angle =t 4 With Case A2
C7 | Vertical angle 2 AN, 0
cabinet
C8 | Vertical angle 3
front part
Horizontal and vertical Inside
C9 3
angle of ABS
Inside of
C10| Vertical angle 3 cabinet
front part
Rear part of
C11| Vertical angle plate 0.5
ABS
Thermal condition :
Inside of
freezing room —-18T
C12| Vertical angle 2 cabinet
cold room 3T
front part
atmosphere 3T
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(b) Stiffeners on the inner case
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(c) Stiffener shape of plate type

(d) Plate type stiffeners on rear part of inner case

Fig. 14 Stiffener location
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Fig. 15 Results of FE analysis for Case C4
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Table 12 Displacements of side wall

Case A2l C1l CZ2 C3 C4 Cb Co Q7 4d8 (C9 C10 G111

C12

X-displacement

(left) 4.38| 4.40] 439 4.09 3.78 3.68 3.34 3.86 3|80 341 333 4.751
erf),mm

3.5

X-displacement

) 2.30| 2.24) 2.25 2.12 199 196 1.73 2.04 201 182 178 2.438
(right),mm
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Fig. 16 Deformation of cabinets with duct

Table 13 Duct shapes for testing

Case Description Cross section

A | Thickness of 1.5mm ::D :::

B | Thickness of 1.5mm and cut in middle ::J E::

C | cut in middle ::: :::

b Reference duct with thickness $ $
of 2.5mm

E | Fill up inside with plaster ® ®
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Table 14 Comparison of forming pressure

o Lo
3 < ©
c o~ (=) o
% | o | ©
o O
u“(
@)
o
< o)
2 3 |8
o = ™ N
— & o
g o
e N
[}
&=
<
[&]
2 @
2 3
S 0 o
S o~ - -
E © © <
'z O ~ ~—
X(
© o EOu
= 8 | ®
o o
—
o
S
b3 [a)
>
a 5
o
< <
= h—]

i

el
700

3.2.14 ) A

A

X
Al E AT up kA 7}

Hloh ey @A el

AL 89l5

-
T

A A

o
s

ot

"o

sl Fig.

oo} 9

=} O
Bia=y

)

AstE

o}, Fig. 21°lA]

o molth. RAA FEje] HE

‘.*_.owo

A

ARE Wt GEs I

=
=

YE Aol

_41_



Fig. 21 Measured values of cabinet width with miedifduct
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Table 15 Method for reducing deformation

case Description

D1 Steel plate of 1.0mm thickness on outside plate

D2 Steel plate of 1.0mm thickness between duct and
outside plate

D3 Modification of duct-passage

- 44 -




0.5t Outer plate AN
1.0t Stiffener plate

Fig. 22 Mesh shape for duct region reinforced wsteel plate on outer plate
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Fig. 23 Y-displacements of duct region
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1.0t Stiffener plate

Fig. 24 Mesh shape for duct region reinforced wateel plate between

outer plate and duct
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Fig. 25 Y-displacements of duct region
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Fig. 26 Mesh shape for duct region reinforced with in duct
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Fig. 27 Y-displacements of duct region
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Filet duct shape

(a) present duct-passage
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Files duct_shape 1

(b) modified duct-passage

Fig. 28 Analysis model for duct-passage
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A Study on the Minimization of Thermal Deformation

for Refrigerator Cabinet using FEM

Gi Yeol Gwak

Department of Mechanical Engineering Graduate School,

Korea Maritime University

Abstract

A cabinet of refrigerator is mainly composefl ABS copolymer, poly
urethane foam and steel plate for insulation angpseu of structure.
Temperature difference between inner part and ouart of refrigerator
occurs thermal deformation because three matetige different thermal
expansion coefficients. Besides the thermal deftama outer plate is
deformed in the circumference of duct which is iicb@anged between

refrigerating room and freezing room as cold airean and it is very
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difficult to prevent deformation because the reasaf deformation are not
defined clearly.

Therefore, on this study finite element analysf theoretical numerical
analysis was applied to estimate deformation ofinedband outer plate of
duct region as constructing a finite element modetl phenomenal analysis.
From this results design techniques were suggesiediinimize the thermal
deformation of cabinet and it was indicated reioémnent method for each
part and optimization scheme to minimize thermafodwation. The factors
which affect deformation on outer plate of duct ioegwere evaluated and
the new design is also suggested to minimize deftom.

In conclusion, the thermal expansion coeffitieof ABS should be
reduced to minimize the thermal deformation andticar supporter should be
attached on front part and inner case. The shapflabfduct which has rib
at the end part of it can fill the empty spacehwRU-Foam makes gentle

curved surface.
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