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Effects of Design Parameters on the Ergonomic Quality of a Self-Closing Drawer
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Self-closing drawers are used in high-end products, such as furniture, home appliances, and a
range of other storage devices. In this study, a self-closing mechanism is proposed. A system
consisting of a friction latch, constant force spring, rotary damper with rack, and pinion is
developed. The retracting drawer can be latched at any position and can be reactivated by simple
touch. The constant force spring and rotary damper offer smooth closing action. The ergonomic
quality of the closing action is quantified by an index based on velocity-time behavior. The effects
of various design parameters are analyzed with a dynamics model and experimentally validated

by prototype testing.
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Fig. 1 Self-Closing drawer system

Fig. 2 Forces and torque acting on the rack during self-
closing action with FS: Spring force, FL: Latch
friction force and TD: Damper torque
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Fig. 3 Dimensions of the constant force spring

Table 1 Design parameters in 2 levels

Design parameter Level 1 | Level 2
A Spring force (N) 6.2 8.2
B Damping coefficient 0.077 0.148
(N-mm-sec/Deg) ’ ’
C Latch contact force (N) 3 5
Friction coefficient
D (Latch-Rack) 0.32 0.7
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Fig. 4 Dynamics model of a self-closing drawer

Table 2 Results of simulation for the four parameters in

Table 1
RUN A B C D 1
1 1 1 1 1 1.05
2 1 1 1 2 0.55
3 1 1 2 2 0.66
4 1 1 2 1 0.76
5 1 2 1 1 0.36
6 1 2 1 2 0.42
7 1 2 2 2 1.17
8 1 2 2 1 0.27
9 2 1 1 1 1.51
10 2 1 1 2 1.36
11 2 1 2 2 0.95
12 2 1 2 1 1.43
13 2 2 1 1 1.13
14 2 2 1 2 0.84
15 2 2 2 2 0.29
16 2 2 2 1 0.97
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Fig. 5 Predicted velocities for Run 8 and Run 15
compared with ideal curve
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Fig. 7 Measured and predicted velocities for the Run 8
condition in Table 2 compared with ideal curve
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Fig. 8 Dynamics model of drawer with an added spring-
damper assembly
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Table 3 Design parameters in 2 levels

Design parameter Level 1 | Level 2
A Spring force (N) 6.2 8.2
Damping coefticient

B (N-mm - sec/Deg) 0.077 | 0.148

C Latch contact force (N) 3 5

D |Friction coefficient (Latch-Rack)| 0.32 0.7

Spring stiffness
E (Stop Damper), (N/mm) 0.15 0.3
Damping coefficient
F (Stop Damper), (N - sec/mm) 0.02 0.04
G Drawer load (kg) 0 5
Table 4 L8(2") orthogonal array

Rin | A|B|C|D|E]|F|G I
1 1 1 1 1 1 1 1 | 1.02
2 1 1 1 2 (2] 2] 2]0098
3 1 2 |2 1 1 2 | 2| 102
4 1 2 021212 1 1| 112
5 2 1 2 1 2 1 2 | 0.66
6 2 1 2 12 1 2 1 | 0.88
7 2 |2 1 1 2|2 1 | 1.05
8 2 |2 1 2 1 1 2 | 0.14
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Fig. 9 Mean value analysis for the parameters in Table 4
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Fig. 10 Predicted velocity for the Run 8 condition in
Table 4 compared with ideal curve
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