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Abstract - Recently the power window system is widely used in automobiles to increase convenience of passengers

and drivers. However some accidents or injuries have been caused by malfunction or misusage of the system.
Therefore safety regulations of the system to cope up with these accidents have been strengthened gradually in
many countries. Especially in America, since 2005, all vehicles which had power window system should be

contented with FMVSS 118-S5 regulations. We suggest very low-cost anti-pinch window control system satisfying

the regulation in this paper. Hall sensors are used and installed around a motor rotor with ring magnet to detect

motor speed for anti-pinch. The optimum number of hall sensor and location angel of them are mainly

investigated to get sufficient speed resolution for anti-pinch. Through some experiments, the validity of the

suggested system was verified to satisfy the regulation.
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Table 1 Comparison of safety regulation for power
window system between Korea and U.S.A

Ttem Korean Standard | FMVSS 118-85
Squeezing not to exceed
force 100N
Section of 4~200
reverse
Force 65N/mm
deflection 10N/mm (4~25mm)
ratio of the (4~200mm) 20N/mm
test rod (26 ~200mm)
1) Position that is same with the closing
time position.
Distance 2) Open distance is not less than 200mm.
of 3) 50mm down 3) 125mm down
reverse from the position| from the position
at the window at the window
reversed direction| reversed direction
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Table 2 Average squeezing force in pretest

Force deflection Sector
ratio of the test rod 1 2 3
10N/mm 49.6 56 475
65N/mm 104.5 131 1144
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Fig. 3 Detecting rotational pulse from ring

magnet in order to calculate motor speed
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{(b) lifting system of power window

(¢) lifting motor and rpm detecting system

Fig. 1 Anti-pinch system with Hall

sensor and DC motor

Fig. 4 Gear assembly for window lift
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Table 3 Tooth number of each gear and rotating ratio

tooth number rotating ratio
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(a) 2 Hall sensor system
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(b) 3 Hall sensor system

Fig. 5 Comparison of speed resolution according to

the change of Hall sensor number

32 BMAMel AH wx| ZE

Fig. 6 73d #A4L WHEA7]7] g E414
3709 wjx) Ax9 ol wE FA &
Aolt}. Fig. 6(a)oll A AA 1, 2, 3& 60" 744, Al
1, 3, 4= 1200 ZHF o2 242} wjR|E o] Ut} o]
o] EAME B3l Ao °F A4F & 3



CRER

ZAA <] 1
=82& 247 Vet
O=25+8,+8+8 +5,+5+5 +5, (6)
O,=8+ G5 85,48+ 8+ 5+8 + 88, (7

AellA 7]

3 — , AR,
or A4Hs 24z 9wt
A A ago e EAMe YR sz R
& A

¥ sensord

(a) location of Hall sensor

-«.41;» L Y T e R T R R
3 e g P ——
ol Lo IR I

0 12p0 2400 3600 4809

{(b) case of 60° location (sensorl, 2, 3)

I T irena bt
Lo :
B L3 -
[ : 4 ‘ H
__________ L LT T
t , ¥ e ey E—
o ‘._;,_} ,,,,,,,,,,,,,, l_,-.‘.-__-l
1 - e o e e
® £ a .
4] N—-—-aLQ'm«D'H—-’—-v-«i »»»»»»»»»»»»»»»» 1»...»4—-“
N S e B s -
oo 1200 2400 1608 4500

{c) case of 120° location (sensorl, 3, 4)

Fig. 6 Pulse pattern versus location of Hall sensor
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Table 4 Summation of each Hall sensor

S1 S2 S3 S4 output

1 0 0 i 0

1 1 0 0 1

1 i 1 0 0

0 1 1 0 1

0 0 1 1 0

0 0 0 1 1
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Table 5 Truth table of ecach relay

Rl(forward) R2(reverse) operation mode
0 0 stop
1 0 forward
0 1 reverse
1 1 stop
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Fig. 8 Flow chart for anti-pinch

AR AT 3 3A WES FAL BRO] 3
E Ao Row mHE AAs) Br Bl
45 F4 2= o, FohEel Fre o
APS7} A%5H B8, 24 427 4~200mme]
3%, wHE 4 FEAD 2 99 A9

3ASA doh APS7E HEse] ZE} B 7F
¢ %o F2o] W0mm AP HFH=S A%
e

4. AE 9Y o A Zu

Photo. 12 B =50 A|ordt ¥e] Z3tH 3t
S TES=EAY Uigk Aol AT g HdE

A@gA otk £ &M e (a)olxsh Zo] ZH

759 4 ﬂ T% A2H3 LabVIEW A|&"$&
o] &3t Ao AlAFE FASAE WHHY S £
&7 98 (h)¢} 2o 25Add Axgg 33 &3
S 98] 583 AzE Ao B 224
2 3% SHE AAolH, 2ZgL AFES Yl
3 BA eItk AEs dHAFE N AQES
T3817] oHY LR AFEY FYT BHAFE
gog ol WAAT. ¥kAgE (09
679 Fte® Yol 2 phE W

AEe g5

Contrel unit Control target

(a) experimental system

ioa# cell
Spring

(b) load cell & spring

A50mm

=]

800 0
800mm

(¢) sector of window

Photo. 1 Testing device and check point of

squeezing force

Fig. 89 A|o]Z2& LabVIEW ZZ21
3 F, Alojuidel B4 9=¢ FEE B
EM A F94 WA %ﬂx}i-‘%a 2E
A F78 ASd 7 o] A& HRE A
ojF-o M =g Aits F3 %i} 08¢ wenh 3

age
:F‘

X8}
k4

BA
=

("..L..
_.1_4
RN



\Iﬂﬂ

46

90

|

79.4
X

.

T T ¢ ¢ o e 5 o S 05 {3

85

FMVSS

0

o] Hofd

tack KS 4 ¥

3]

73

¥ 40 4

Ao] s A@al7] ol

R LR
BEE 74

3

Time {(10°8)
=2
X

Hel A A%sh 27 )

bs
3FAT-

T

72 |78.6|76.4|79.1|78.9

0 %
o
- A

A9 7k

] =12

|
A
3

7hol)

1
& A
Fis

e

-
Y

L

10

[+]

5

Azl vl 714 A=) Hojut.

i 48

¢
oA
&

Sector
e
Y

9

A

=

Fig. 10 Real output period of the system

ofn
won
M
jut

——

o
]
Njo

ol

_Z:'
]

el v

0 a0y Burzesaby
g g -
i

oo omm=a
E
§
.
.8 &
' f
s Ef
588 |
Fr,

i

bio

{sus poag

" ML ™R
= T oo Mﬂ_ by

. o)
N & £Y

! <

s S X H_.M

=
wES S
o] 0N
oo & 2
.aﬂL B Iy EL N
S ® oz Mo
T W

T ;OL
Ho: [ T
B ®o M & f
wp N T 55 )
T T s
= om — o) T
Il i E
% s gl ol N
o N %o m_m "
m ‘m.l .Z_ﬁl 0 s
O RS

squeezing forcefN]

Average value of
o A2:H)
o AA 14

ELA

L
e

%
-

Table 6 Experimental result of squeezing force

T
2o

=
K

ne

Y

3
T

P 4

, ZEAC

2
Sector
!

Fig. 9 Squeezing force at each sector

Uel i 9ot

=

=

s} F7]7}

k)

84

AE AlFE d0sec AlFONA R

42sec A FANA B
dyo] Algo] W& Ao

sl

(N) ao.0; Bugaanbs jo alie BAY

==
=

&
)5

oA AlQtgh

nki
H
]

3
1

HoA
o

dgH o=

A

3}

29

o] PCB AAI7} &9l

I
2 ZrslE T

o

o

17 o

A

—

O

A
ol
M

R
]

ol

Bl

‘:.2;5:}—_04

o

b Ao vl
APS F8o] FE3 7}

3|
|

+ 9eg By

Ao

=

5]

T

_69_



FAANE )8 B9 Y9E$8 JEEA A2F

T, EYE, BRI, 200 ““%‘Z—‘] (AL G

A%k A= Ajo]xE g«] 748 Trans. of

, Vol. 16, No. 3, pp. 23~29.

}& 9] 491 2010 “FMVSS 118-S5 #43<L

&S AvE 998 QHEJHEA A2F

dXF5EHNAZEE EATdERI=EH, o
83
4

, B, 1998, “s-&A HHe=
o] 3t B4 &3 04:1” ekl Ry
3, pp. 1020~1023.
. N. Syed-Ahmad and F. M. Wells, 1993,
“Torque Estimation and Compensation for
Speed Control of A DC Motor Using an
Adaptive Approach”, Proc. of the 36th
MWSCAS, Vol. 1, pp. 68~71.
. H. J. Lee et al., W. S. Ra, T. S. Yoon, J. B.
Park, 2005, “Robust Pinch Estimation and
Detection Algorithm for Low-Cost Anti-
Pinch Window Control Systems”, IEEE,
Industrial Electronics, pp. 269~274.
. H. J. lee et al, W. S. Ra, T. S. Yoon, J. B.
Park, 2005, “Practical Pinch Detection
Algorithm for Low-Cost Anti-Pinch Window
Control Systems”, IEEE, Industrial Electronics,
pp. 995~1000.
.D. H Ban, Y. K, and B. H Wang, 2005,
“Anti-Pinch Algorithm for Sunroof System
Using Fuzzy Logic”, International Symposium
on Advanced Intelligent System, pp. 1041~
1046.

_70



