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A Study on Analysis and Design Improvement of Opening Angle of
Duct Cap of Ice Dispenser for Refrigerator
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Dept. of Mechanical & Automotive Engineering, Keimyung University
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Abstract The opening angle of the duct cap assembly during the operation of a refrigerator ice dispenser was
evaluated by transient structural analysis, and an improved design to maximize the opening angle was obtained. The
opening angle of the existing design was found to be 78% of the upper limit. Several design modifications were
proposed and analyzed to examine the effects of the design factors on the opening angle. As a result of the design
modifications, the opening angle was improved by changing the lever material to a material with a high elastic
modulus, moving the position of the support to the motor side, or increasing the lever shaft diameter. Considering
the manufacturing cost of the new design, the design modification changing only the lever material was found to be
the best because it does not require a change in the structure of the ice dispenser case. In conclusion, the opening
angle can be improved by up to 95% of the upper limit value if the lever material is changed to an aluminum alloy.
The methods and results presented in this study were found to be of great help in designing the duct cap assembly
structure to facilitate the discharge of ice.
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Fig. 1. Configuration of duct cap assembly in ice

dispenser[1]

Leverlink Bracket

Motor link

Helical torsion
spring

Fig. 2. Duct cap assembly and parts
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Fig. 3. Configuration of link mechanism

Bracket

Z
Fig. 4. Finite element model of duct cap assembly
(existing design)
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(Interface of motor link & lever link) (Interface of lever & bracket)

Fixéd support

Revolute joint (Motor link)

Fixed joint (Cap & Lever)

Fig. 5. Contact and boundary conditions
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Table 1. Cases of design modification

Parts Modification
Case 1 Lever Mat’l changed to POM(GF20%)
Case 2 Lever Mat’l changed to ALDC(6063)
Mat’l changed to combination of steel
Case 3 Lever & POM(N109)
Case 4 Support Location moved toward motor
Case 5 Lever Thickness of lever link increased
Case 6 Lever Diameter of shaft increased
Steel

!i |\. Steel
POM[N-109)

Fig. 10. Modification of lever material (case 3)

19.5

Support location

=

Existing design

Case 4

Fig. 11. Modification of support location (case 4)
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Fig. 12. Modification of thickness of lever link (case 5)
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Table 2. Summary of opening angle of cases

. Ratio of opening angle to upper
Opening angle limit. 50 og

Existing design 39.1° 78%

Case 1 43.4° 87%

Case 2 47.4° 95%

Case 3 47.5° 95%

Case 4 904 85%

Case § 39.6° 9%

Case 6 433° 87%
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-4.8519

85337 Mn

Time=1 (end)

Fig. 14. Deformed shape and opening angle (case
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Fig. 15. Deformed shape and opening angle (case 2)
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Table 3. Additional cases of design modification
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Case 7 Case 2 + Case 4
Case 8 Case 2 + Case 4 + Case 6
3.3 AAlxFetel =g A shAMZHat

S ol 71E" 67kA AAIAte] a4 3wt
g7k A E )

Aol £7]3}0], Table 33} 7Fo] 7
7} 38 Case 2, Case 4, Case 65 Z3slo] A=At
Case 7% Case 8% 7}

LE3T) Case 72 Fig.

207 o] #Me] A AES ALDC(6063)= W74 3}
I(Case 2) AAF-2] A& B F2o=2 o]5AZ](Case
4) 73%-o|t}. Case 82 Fig. 213} 29] Case 79| 712
RE] F9 ¥y & AL S7HAIR(Case 6) 7B-5-olth.

AAAFA S Case 73 Case 80l thate] FF=-2a)4
S FAsIGih S A o)A - o) AftE 2 A
gk i) APEZEe] ¥S-S Table 49 AEsle] 7]&
A1 Azlel vl ATt Case 73 Case 82 3j4] 2}
o} A= AR vAE e B s e 2
o] 2435]1:]_

Fig. 22 Case 79] 3| Aao|n 2F AZtfA] ¢
E 7} 2949 9y gadn Ao Meztes Yepdch
gl Hd W)= fuke] AARIA 25.5mmo|t). 7Y
o] WAL= 47.6°% UER O, o= AR ggh
%k 50°9] 95%0]|t}.

Fig. 23 Case 89 slAdxoln 2F A7toA 4
E 7} 2949 9y g0 o Mes L}EME}
Al Ho W= el A ATl A 25 7/mmo|t}. 7Y
o] A EE 48.6°% UENR O, o= AR gt
% 50°9] 97%°]th.

Supporl location
19.5 34.5

Existing design

aE o

ALDG(6083)
Case7

Fig. 20. Modification of lever material and support
location (case 7)

Support location — -
19.5 l 345 T _
|
L

I=—

\ 5.5 Existing design

ALDC(5063)

6 Case 8

Fig. 21. Modification of lever material, support
location, and diameter of lever shaft (case

8)



WAL 4o "adA HE o AYdE A d AN

a7
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Fig. 22. Deformed shape and opening angle (case 7)
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