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Abstract A side-by-side door refrigerator without a partition between both storage spaces is becoming
familiar. These refrigerators have a wide pillar to prevent cold air from leaking between the doors and
body. On the other hand, the right drawer cannot be withdrawn without colliding with the pillar of those
refrigerators. A 'revolving pillar mechanism' using magnets has been developed to fold the pillar
automatically when the right door is open, which is now applied to high-end refrigerators. A low-end
refrigerator cannot use the same mechanism because the magnets are expensive. In addition, the
automatic door closing force of the low-end refrigerators is insufficient to unfold the pillar when the
right door is locking. This study devised a revolving pillar mechanism using elastic energy to resolve
those problems. The pillar is folded by the door-opening force while storing elastic energy in simple
springs. When the right door is closed, it unfolds the pillar with elastic energy. A trigger mechanism was
also developed to release elastic energy correctly. The designed device can reduce material costs
significantly using simple springs instead of expensive magnets and can perform all necessary operations

for pillar folding and unfolding of a low-end refrigerator.
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Fig. 1. Collision of pillar and drawer in a
side-by-side refrigerator

Left door Right door

Fig. 2. Revolving pillar mechanism
(a) Overview of the revolving pillar (b) Opening the
right door (c) Closing the right door
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Fig. 6. Closing torque of elastic hinge
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Fig. 7. Elastic energy revolving pillar mechanism
(a) Before opening the right door (b) Opening the
right door (c) Closing the right door
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Where, k; denotes torsion spring coefficient,
T,.. denotes maximum torque, ¢, denotes

angular displacement of the spring, £ denotes
young's modulus, d, denotes material diameter,
N

denotes the number of coiling, a; and a, denote

D denotes the average of coil diameter,

the length of arms
Edpg,

77 360D,V @
Where, o denotes bending stress
Omin
Vr= G
4 Umax
Where, <, denotes stress coefficient, oy,

denotes minimum bending stress, o0, denotes

maximum bending stress

Umax

711, max

)

OB
Where, v7m.x denotes upper stress coefficient,

oy denotes tensile strength

7t B2 HEY I Axg A 7129l wet B

£ Ang2 PdEE I 0,7t 318 = S

549

(0 )ET} Zotof St vy F i B VIEH
o Mz & Axle] Y & Axgo] 7o &

Qlsto] 23 AP oS 2T > Aok AR

3

£ AASW-0) 2.2 ARgstE o, E44A9] £ oF
21000 kgf/mm?® o,= OF 149 kgf/mm*, o= <k
180 kgf/mm®*7} Hc}, ¥]EY Axgo] 27] 44 e
< Table 13} Zo] AAsI3E W Eq. ()& &30 k5
Tt °F 1.074 kef/°°1™, Eq. QF & 00T T
SFH oF 110 kgf/mm?7t =0} o, Bth ol
o Z18al 27] ZHE917E 00| B & Eq. (3)°l wt v, 7t
0, Eq. @)l Wt 77 1 7F ©F 0.610% HIEH ALY
o ¥z F= Axlo] WE 74 S8 2F 30,000 3
A=l A & & ok A4 23 Holder?] 34 &3}
HISY ALY g2 #fol7t =2A] AL, 7IH| rgo] A
ZSHA] AT T, 7t 28 EAS} ZARst] B9 of
7t Qe ol siEsh] {8l DyE EolAY HE

A WpES B 7,05 ARAY 0, & 20l $71
Sto] Qe o7k QlolAIH, 71 F= A A
SHA| ok, ERF Bo) Angg ER Adsto] T,
£ ST 0, F E01710le AngS FUHHoR
FA F7to] HEslo] viEE AnY 2 ST WAUS

off #-go] ofEt.

1

4

O O o} A
Z{Jl'\:te E'].-‘l‘

= pe|
=

Table 1. Design values of torsion spring

Thax o dp | Dp N, a ay

[kgf - mm] [°] [mm] | [mm] [mm] | [mm]
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Where, k denotes tension spring coefficient, ¢
denotes the tensile length of the spring, P, .
denotes maximum force, G denotes modulus of
rigidity, d denotes material diameter, /V, denotes
the effective number of coiling, D denotes the
average of the coil diameter
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Where, 7, denotes torsional stress
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Fig. 9. Tension spring for the mechanism
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Where, x denotes stress correction factor, ¢

b% @)

denotes spring index
T=XT,

®

\X/here, 7 denotes correction torsional stress

©

T denotes

Where, v denotes safety factor, 7,
minimum torsional stress, 7,;, denotes minimum
torsional stress

_ Tmax
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max O.B

Where, 7.« denotes upper stress coefficient

550

o O

U Ange e

138t 7,7t 7,90 80 %
Kot Zolok SHH[10], v FH 10 wE AR 2ZF Y
02 Z= Az[10]0] Y & Ao 7| $HS &
QIste] A ARG oJRE AT 5 9t AR AXFY
o] ARE AFASW-O2 AR&3I9S , EAAI(10
G= 8000 kgf/mm?, 7,%=

=70
7= 9F 100 kef/mm’, 7, <k
200 kgf/mm®*olct, A3 F2bro] 3H% Lol R
14.5 mmo]E.2 FHtjj oF 3.88 kgfo] A~Xd glo] Wg
sc}. QI AxFO] 7] A7 HES Table 29] No.
13 Zo] F319e 1 Eq. (5)2 53 kS F5hd <F
0.244 kgf/mmoJ™, Eq. (6)-8)& Bl 7, = T-orH
F 70.70 kgf/mm’S.2 7,9 oF 70 %7} Elo] AL
E3ic}. 123 27] A Zol(6)0ll @t Eq. (6)-(9)
S = °F 0.25, Ypaxe OF 0.327F HH, UG &
o)

(H= A

i
of

Su 2 7= Aw(10]0] wet 7] $go] 1073
4 A& & 4 . a3y I Axo] IHE =
FEo 3dt 3lo] YFE o] BEO niE 4= QlojA
E doMe I AnPS 2 7 ARESte] 3e EAE
A7|ZE sHt. o|ufe] AXE A ZHES Table 29

|

o
o ot

No. 29} ZoH, k& °F 0.125 kgf/mm, 7,,,= °F
34.28 kef/mm’& eFASo0] ok 34 %, P, = °F 1.63

ket Hlo] BE 2% wEgt 291 6.0 we}
F 0.02, Yo & 9F 0.170] HF, A Axe] Wz
7% AE(10)e] wet 7]e) 5ol 1073] ololct. uje}
A Q1A 23w 271% A8 2ol | A=l 9]
A, 2 AT o5 Bgte] B o S
MAUZS FESAT
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Fig. 10. Wedge trigger
(a) Closing the right door to trigger
(b) Closed right door with the pillar unfolding
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Fig. 11. Seesaw trigger
(a) Closing the right door to trigger
(b) Closed right door with the pillar unfolding
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Fig. 12. Operation of the developed mechanism
during the right door closing
(a) Triggering for the pillar unfolding (b) Rotating holder
to the pillar (c) Unfolding the pillar (d) Unfolded pillar



HEE FEF 92LE IAEY HAUE AL

Torque
[kegfermm] A
(2 i Torque of
i Holder
586 |-cccmmo = !
557 V""" :
|

i : Torque tor
' <\‘/pillnr unfolding

Holder angle
> [°]

>

349
387 525

. Torque of the holder for the pillar unfolding

Ho

=

A FHget MAYZY Triggers
<7 Fig. 12(a)°]l YEASIT). oldf Holder
9] 7tz 9F 53°0]n HiAYZo] G2 A AXFHO
2 QI3 Holderoll= 29 31=(F 79 kgf * mm)o]
283ttt Holderoll 2H-8sh= 21882 Fig. 13014 &
2 Aog ;AR 213} o] Holder] Zt=7t &5
e} Ao AP0z kATt Holder?t 8t AlAFO
2 3)45}9] Fig. 12(b)2} o] Holders] Z=7} 2F 45°
2 o Holder9] Zal8] 29| Hook7t H2je}t &5t
A dct oldiRE "HHE "X)7] AlFshet], Fig.
12(c)e} Zol "E "A7] 913t Hoff 3ld=o] st
Al-(Holder Zto] <F 39° w)ollA] Holder?] 3482
OF 59 kef * mme|ct. 31, " E HXx]7] gt Holder
9] Hoff 3-H2 Fig. 59 FAISH vle} o] oF 78 kef
* mmO] &gt & AL A= Fig. 30] EAIRH AHAE(F}

o3
LS =
A= e2F

2 23t W o] wash 9] W ol AAst
9e ) eAS VY] 9 AL 3.3 Mol At

vkel Zro] oF 56 kef * mmeoltt. wehA At HiAY
9] Holder9] 3]A&(59 Kgf * mm)o] BHE BA|=
=33t S AHE(G6 kef * mm)ETH I2E UYE F
5| g3

fx

o

Al
23 5 USS & ¢ Utk

YA 2ol 23l dHolA B3] fE=
o= A AHE /X511 9
TZE 7H AL JlolA FEE FX7] 6]
o] Hagt AA(Fig. 12(0) olFol= daE A7 ¢
gt 3Ag2 A9 "astA Yt wEbA Fig. 12(d)<2t
Zo] el &3] HHAA =i Holder= 71294
0°)E EAEr. o]F 25 Fo| &H9] Eo|HA 2=
9 Puller?} Triggerg YAA4 Holderg AL 5=
Ue A7t =

o= IS 4golA AYTE viel Zo]

Puller”} TriggerS BAA Holderg AlA WakozZ 3]

S

ol

O = X1 O
= =

553

AAAA D5 A "rt ol Holderoll F2H 1%
AT o7} 2ZHh 92 B2 F = ARRA}
7t A @A HEE "9HE Je 50| Adshks A5
£ WA gt

7 wAYES] B0l At AA| ARIES At
st WrletaAt gict olg Q8 thREe] ¥E2 POM
(Polyoxymethylene)[11] 2AE A|&sl0] w12 =2
< Yo 51910, uRd Aol Hojokstal  glo] &
B5H= Triggerd] 31353 QP Axdo] Hel= W2 I
Hh 128 A AA(SS275)[1218 ARgatcth AR Al
AEL Fig. 1400 ekt Fig. 14()E HF 234
HAUZ] YEE QoA 2 m&oln, Fig. 14(b)e dlA
UEE ofefol|A] HlgH mgoltk Fig. 14(c)e WA ¢
Z Rof| AZ51= Puller?] BHolt)h WATE o ARES)
H 2ol A= A7 AR 4= Sl ol Pullert
Trigger7} 3¢s] WA & 4= Utk w2bA ol=gt 4

wa T

98 thHeb] o) Pullert 919 43} 250l 7RSI
= o] Q% Amae sl AAEL Pt

SfojHE=

AzEAAATolm  AlEe] 3Dz

(b)

()

Fig. 14. Prototype assembly of elastic energy
revolving pillar mechanism
(a) Inside view of the mechanism (b) Bottom view of
the mechanism (c) Puller assembly
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Fig. 15. Operation test of elastic energy revolving
pillar mechanism
(2) When the left door is open
(b) When the right door is open
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