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in the Upper Weatherstrip Zone

(= u imp Bl s
2

2N FMS, T LHEP

Moo Seok Kwak', Seon Ung Choi', and Kwon Hee Kim?*

- =3Skat (Department of Mechanical Engineering, Graduate School, Korea University)
Sk 7|[AZESHE (Department of Mechanical Engineering, Korea University)
# Corresponding Author / E-mail: kwonhkim@korea.ac.kr, TEL: +82-2-3290-3360
ORCID: 0000-0002-5948-9790

KEYWORDS: Wind noise (244 ), Car door (KFSX} 2), Weatherstrip (RIHAER!), Optimization (X|X45}), Analysis (5H4d)

In this work, a car door lock in the upper weatherstrip zone is proposed. At high speeds, the pressure difference between
the exterior and interior of the cabin may disrupt the seal and induce increased wind noise. This trend is more pronounced
in smaller cars. One approach to this problem is to employ one or more local locks at the upper portion of car door
weatherstrip zone. Design issues arising from the limited space in the weatherstrip zone, non-interference requirement with
weatherstrip seal and one-sided accessibility to the car body frame for installation are treated with TRIZ approach. A

Finalized design is proposed.
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Fig. 1 Upper door lock — 2nd model
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Fig. 2 Sectional view of upper door weatherstip zone
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Fig. 3 Components of solenoid
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Table 1 Specifications of solenoid

Bobbin length 34 mm

Bobbin diameter inside 3 mm

Bobbin diameter outside 4 mm
Coil wire diameter 0.26 mm

Number of turns 494
Length of moving core 45 mm
Permeability of moving core 1.26x10*H/m
Yoke thickness 0.7 mm
Table 2 Measured solenoid escape force (kgf)

RUN 1 2 3 4 5 AVG
A 0.14 0.12 0.13 0.13 0.13 0.13
B 0.12 0.12 0.14 0.14 0.13 0.13
C 0.13 0.13 0.13 0.14 0.12 0.13

2nd core latch 15t core latch

/

Fig. 4 Force on the solenoid core at escape
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Fig. 5 Test setup for solenoid escape force
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Fig. 6 Test setup for solenoid core acceleration measurements.

Table 3 Elements of power Eq. (4)

Input Heat Inductance Mechanical
power loss energy rate power
AN HarAN'T dx
74 PR % ,;Ll e
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Table 4 Constants in Eq. (8)
Length of moving core (/) 45 mm
Mass of moving core (m) 0.0119 kg
Permeability of moving core (£ 1.26 x 10 H/m

Permeability of air (4,;) 1.26 x 10 H/m

Number of turns (V) 494
Projected are of solenoid coil (A) 28.26 mm’
Input Voltage (V) 12V
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Fig. 7 Dynamic behavior of moving core of a solenoid in Table 5
actuated by 12V, pulse duration 0.5 sec
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Fig. 8 Predicted velocity of moving core at entry into the 2nd core
latch (Fig. 6) vs. coil wire diameter
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Fig. 9 Transverse stiffness evaluation setup for front car doors
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Fig. 10 Finite element model for door transverse stiffness evaluation
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Fig. 11 Combinations of upper door lock components in contact
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Fig. 12 Boundary and load conditions on the finite element model
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Loading Point

(a) Without upper door lock

Loading Point

(b) Upper door lock installed

Fig. 13 Transverse displacement (Y-axis, mm) of a front door under
10 kgf in Fig. 14(c), Predicted from finite element analysis
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Fig. 14 Displacement at the loading point in Fig. 16 for step loading
of 10 kgf
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