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Design of a Roller Rail for the Drawer of Three-Door Refrigerators Using Taguchi Method
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Optimal design of a roller rail which replaces the ball rail for three-door refrigerators is presented
using the finite element analysis and the Taguchi method. Stress and deformation of the roller rail
for an initial design are analyzed and evaluated. Optimal design parameters are determined using
the Taguchi method. The maximum stress of the optimal design is favorably reduced comparing
to the initial design. It is verified through an additional analysis that the drawer on the roller rail
will not be derailed even if one opens the drawer with a transverse force.
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(a) Internal view

(b) Pantry drawer
Fig. 1 Photograph of a three-door refrigerator

Drawer roller
Guide rail

Guide roller

(a) Open position (b) Closed position
Fig. 2 Left guide-bracket
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Fig. 3 Finite element model
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Fig. 4 Free body diagram of the drawer
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658918 1.977 3.295 4.612 5.93
ANSYS 5 job created on 20-Mar-07 at 16:14:25

(a) von Mises stress

NODAL SOLITION

APR 5 2007
STER=1 23:46:57 °
SUB =1
TIME=1
Uz (AVE)
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DM =. 046768
SMN =-.045686
SMX =. 004031

- 045665 034638 -.023569

-.040162 -.020114 -.G18065
ANSYS 5 job created on: 20-Maf-07 st 16:14:25
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(b) Displacement u,

Fig. 5 Results of the initial design for the closed position
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(a) von Mises stress

: AN
NODAL SOLUTION
APR 5. 2007
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TIME=1
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ANSYS 5 job: created on 22-Mar-07 at 16:33:53

(b) Displacement u,
Fig. 6 Results of the initial design for the open position
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Table 1 Level of design variables
Level 1 2 3
Variable (initial design)
A (mm) 1.8 2.8 3.8
B (mm) 7 8 9
C® 172.29 174.29 176.29
D (mm) 239.75 244.75 249.75

Table 2 L9 orthogonal array and results of experiments

Experiment
no.

Level

max (MPa)

26.76

26.74

26.74

26.41

26.74

26.62

26.76

26.74
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123 123 123 123
Fig. 7 Sensitivity graph
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APR 12 2007
20:36:14

NODAL® SOLUTION

SUB =1
TIME=1
SEQY (AVG)
DMX. =.210189
SMY =25. 935

] 5.763 11,527 i7.29 23.053
2.882 8.645 14.408 26.172 25.935
ANSYS 5 job crested om 12-Ap¥+07 at 13:10:45

(a) von Mises stress

APR. 12 2007
20:39:15

NODAL SOLUTZION

vz (AVG)
REYS=0

DMX =.210189
SMN =-.205189
SMY =. 085778

-.205189

- 112 ;053448
-172859 108 ~.043541 021118 085778
ANSYS 5 job created on 12-AFr=07 at 13:10:45

(b) Displacement u,
Fig. 8 Results of the optimal design for the open position

ettt 281 PSR G HAAAMY &
(Cmax) 25.9MPa & &%k 26.4MPa Y] 1.8%¢] %}
< A8 Yeido E AT &3 HH A
9] AEge] 4% A=z e

2 A7E T3 =" HFHAAULA uwet
g dde AFRES AP Fig 9@)E 7}
o= H Y AlFpEo] WMol AXE Aola
Fig. o) A5 EFA A ZSdo] HFE89 A
Hldol Fag Folth o] WAm AFE o
3te] Aol ‘:“}%Q FHste AFAHAEE
AAS dI gy oz Qg o]AEFo migtol
wAEA] = J 23E AFE I

(a) Guide bracket
Fig. 9 Prototype of the optimal design

(b) Pantry drawer

e

Transverse force drmmgh
(1358 N)
609 0Opening force
Pulling direction {784 N)
Fig. 10 Oblique pulling condition
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Clearance 2.30 mm

Drawer roller

Clearance 2.60 mm

(a) Initially aligned position
Clearance 4.11 mm

(b) After rigid-body rotation
Fig. 11 Clearance at roller location

Guide bracket o

Transverse force
{1358 N}

Fig. 12 Free body diagram under transverse force
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ol=EHALG 7HEAE A Fy & MEERD)
o 7tAE 3 Fp & A7 ANSIRY. F, Fp €
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Y AFEelA e L Be o Fig 13 o FA
g A o] Jlol=Ee X JEAE 4EH
Fo & AEEYE F8lo 78AE 4% R
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Fig. 13 Force on the guide bracket under transverse force

AgR 232007
STEB=1 20:40:35

NODAL SOLUTION

SMN wed, 458
BMX =, DISOE

-1:456 .24

1,39 - same
ANSYS § job grestod on AZ-Apr-07 at 13:10:45

(@ Fo
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NODAL BOLUTION

APR- 23 2007
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§UB =1
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wh (v
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SHN =-1.392
SMX &. 152086

- 00947
~1.14 i RBA048 170996 152056
ANSYS 3 Job creeted on 1Z-Apr-07 st 1§;10:45

(b) Fp
Fig. 14 Transverse displacement under transverse force
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Table 3 Evaluation of possibility of roller derailment

Change of clearance(mm)

Width | Rigid- | Guide | Thermal{ Sum
Roller | ofrail | body | bracket | deform.

(mm) | rotation | deform.

A) B ©€)  [(ATB+C)

Left
drawer (7}'0'?1 411 | 021 | 135
roller ( uide . . . 5.67
(LD) rail)
ol o
foller (Drawer| 338 | 028 | 135 | 5.01
(RG) rail)

o M Zled WHE Agsd 29 @Y
ABGANA Nl og FsHe AAHow
H7HE ¢ 9lem, o8 B3l AAE EEA
o2 52T 5 g Aotk

5. 4

2 A7l E 3 B Wdae] dRAE

1>
2

£ A%e 2 A9S gASE B due
43t HE47 FAE AN F e

2ol U9 27AAFL AAetel 2T @
e Grrgon dde H44A2 AP ¥
B4R AdgAL =F9T. FAuAE
A AAQNAE AAstn BASHAe] ApEE
Brhstel AGAAGE REaYon s
of Mate] WLel Fo A I HATAA
Aet Z7b8 AHAALe mEey. A44
AolAie) Hapasis 2718408 ned 2xo
2, Ao 278 w3 9% wastsc

4 A Aol ofg
7}01 EEP}" AxWstz AT FANSE, AH
o AAgder A% AN S g 5
S QIEF Jlol=ng WHo] s fAW
FFE st AdoAY B8 e Pt
sH3itt.

2 A7AA A" BHE AEsd, W

Mg %31 gd ATl A 2 ©
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