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Threshold on Anti-Pinch System Based on Current
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Abstract: This paper deals with anti-pinch system based on current information which prevents some
risks for trapping, squeezing or injury to people in smart window on vehicles. Automatic configuration
of current threshold is suggested to recognize pinch states in the current based anti-pinch system. Also,
some factors affecting to the squeezing force were analyzed by some experimental results and
simulations. The validity of the suggested system was verified to satisfy the strengthened American
safety regulation, FMVSS 118-S5, through some experimental results.
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Table 1 Safety regulation for power window system

in Europe and U.S.A*Y
DIRECTIVE
Item 2000/4/EC FMVSS 118-S5
Squeezing not to exceed
force (SF) 100 N
Section of
reverse 4~200 mm
(SOR)
Force 65 N/mm
deflection (£25 mm test
ratio (FDR) 10 N/mm rod)
of the test 20 N/mm
rod (>25 mm test rod)

1) Position that is same with the
closing time position

2) Position that permits a semi-rigid

Distance of cylindrical rod which has 200
reverse mm diameter

from
at

(DOR)  |3) 50 mm down |3) 125 mm down

reversed direction |reversed direction

the position |from the position
the window|at the window
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(b) Lifting motor and rpm detecting system
Fig. 1 APS with Hall sensor and a DC motor

Fig. 2 Gear assembly for window lift
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Fig. 3 Current response of a power window system
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Fig. 5 Current response of power window system
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Fig. 6 Current response including pinch state

Table 2 Current at each section on the test system

No. State Current (A) Symbol
1 starting 1.77 Loax
2 steady state 1.50 L,
3 pinch 1.72 L,
4 reverse -1.30 1.,
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Fig. 7 Experimental system for the APS
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Fig. 8 Signal flow for APS experiments

AN 147 7,9 4 @)l AT AFH
AR A, wRge) g7 HEE FHAHOR I
stk 7 9= AFAR 7)Nke] APSE
A 7|2 o] A gol whztA o 7
FE ZE TE3 R AaE dAFAAY gz
fastdth A2 AHD A9 ZEHE 94
A7 olwe] HHEE zrAg =AYt
DCHEE9] FF3|ZE MOSFETE AHA A23
H-bridgeE AH&-3H3 .

4.2 A9 3t 3 o
Fig. 99} Table 3& [, & 1.6 AZ 1A 3%,
FDRO| THE F AlP8-S A83 A3 Adelrh

M

Qurrent (A)

2 DC motor current
— —— Current threshold

0.0 0.5 1.0 1.5 2.0 25

Time (s)

Qurrert (&)

2t DC motor current
— ——  Current threshold

0.0 05 1.0 15 2.0 25
Time (s)

Fig. 9 Current responses by manual threshold (top :
20 N/mm test spring, bottom : 65 N/mm test

spring)

Table 3 Squeezing force for two types test spring

in the case of manual selection of 7,

N 20 N/mm spring 65 N/mm spring
o Squeezing force (N) | Squeezing force (N)
1 38.10 71.95
2 50.45 68.41
3 39.05 88.60
4 43.72 81.20
5 43.37 74.70
6 55.06 60.40
7 59.57 85.87
8 54.53 71.76
9 48.37 79.23
10 52.84 86.29

Ave 48.51 76.84

Table 32 103]9] ®HE H¥E T3 vhdg 3
< JEpATY BEEE HH# g2 20 Nmm AlE %
(test spring)2] 73-9-7} 48.51 N, 65 N/mm2] 737
76.84 N2 Z7} yEelgth. T A@PE 2T
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SSAH.

-

S=FHIIASHYX] M21H M52, 2017'd 108 67



HRHE Jluo| Y =SS O

Current (A)

DC motor current
— — —  Current threshold

0.0 0.5 1.0 1.5 2.0 25

Time (s)

Current (A)

b
2L DC motor current
— ——  Current threshold

0.0 0.5 1.0 1.5 2.0 25

Time (s)
Fig. 10 Currents by automatic threshold (top : 20
N/mm test spring, bottom : 65 N/mm test

spring)

Table 4 Squeezing force for two types test spring

in the case of automatic threshold of Z,

N 20 N/mm spring 65 N/mm spring
™ [SFMN | B ™ [ SF
1 1.65 67.30 1.69 87.81
2 1.67 61.67 1.67 52.58
3 1.65 52.70 1.71 69.51
4 1.66 37.21 1.72 87.57
5 1.65 58.98 1.68 63.79
6 1.65 66.53 1.69 88.65
7 1.62 65.48 1.70 74.94
8 1.62 47.47 1.68 79.02
9 1.67 88.75 1.70 56.55
10 1.66 76.47 1.71 88.68

Ave 1.65 62.26 1.70 7491
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Table 5 Squeezing force versus total time TT

No. FT (s) ET (s) TT (s) SF (N)
4 1.90 1.97 0.07 87.57
10 1.91 1.98 0.07 88.68
6 1.89 1.95 0.06 88.65
7 1.90 1.96 0.06 74.94
9 1.90 1.96 0.06 56.55
8 1.81 1.87 0.06 79.02
1 1.90 1.96 0.06 87.81
3 1.93 1.98 0.05 69.51
5 1.82 1.87 0.05 63.79
2 1.91 1.95 0.04 52.58
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