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Development of a Small-size Stepping Force Sensor
which Sustain High Load
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ABSTRACT

A small-size stepping force sensor which can
detect driver’s intention for braking and yet sustain
high load, is developed for a brake control system
that may lead to automatic vehicle operation in the
future. This sensor could be made small in size
by using a thin semiconductor strain gauge for a
diaphragm strained part. Moreover, it can sustain
several fold load as much as a detected limit by
using a mechanical stopper whose detecting part is
suspended by several plate springs.
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Fig. 1 Study of Sensor Place
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Table 1 Comparison among Stepping
Force Sensors
Metal i .. |Variable Semiconductor
: Piezoelectricity, § -

strain gauge Capacitance |strain gauge |
Response Good Good Fair Good
Sensitivity Fair Good Good Excellent
Structure Simple Simple | Complicated | Simple
Accuracy Good Fair Good Good
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Fig. 4 Front and Oblique View of Plate Spring
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Table 2 Condition and Result of Calculation

Condition | Item Result
DArea of @) Diameter | ¢ 12.7mm

formed film | pj -

Diaphragm — Joint

i T0:ban ' Diameter o
@Height size

5am (&) Thickness |1.7am
Force Generated ;fr_ess 615.15MPa

1568MN Generated strain 1760 10*
Material Balance of generated strain 1 :1.004

3US630 (Compression : Tension)
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Fig. 10 Dimension of Diaphragm
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Fig. 11 Simulation Model of Diaphragm

Table 3 Calculation Condition of Diaphragm

Material Load | Young's modulus | Poissen ratio
SUS630 1568N 196G Pa 0.33
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Fig. 12 Display of Stress Concentration

Fig. 13 Display of Strain Distribution

- 160 -



HONDA R & D Technical Review

Vol.7 (1995)

Fig. 151344 v 7 7 s BEHO T v FEEE 4mm,
A X T T LEOER 1.7Tmm EEOE .02 5 OFfiE & O
TR ORE =T,

5.2. R DORIRELTE

HEEL$2 XA )IVA by 7 SEEREOZEAL IR L EIR
WIERZERS /M CHILTEL LI Iab—Yay
S TR E L 720 Fig. 16 12448 % B, WEE D
OFERTE 55, YA AHRFLE 25 4 TOBRKILA%E
IR AL BEIRBUE RIS S s LR O A IR

2
3} %
g | 0w t-1. 4
S B 0=4,A:8=5 ~d. <. 6
PP 2}
= t=1.4
@ | te19
8 L at 1568N

0 '294 392 490 588 686 784
Generated Stress(N/mm?)

Fig. 14 Stress and Strain

Area of lrreqular

_ Film Thickness
[Diaphragn) .

HK LSS S ir4 10
= |
—
== 41000
ag) g m<d0.88
_&J‘l I 1 [ 1
0 (mm) 2 ?Ki7
b
s=
So

Fig. 15 Strain Distribution and Strain Size

N TUELREMREIHRTE v, ZRISH L, EEo
FEERR & QR FE FEOBRIRBUL UL, IS A A — 12 7
L7z, {4 A TEMESRKICHRTE, bok b
NI SR B LD TETZ

BRIRAUL R DZERL L IETNNZROBIRDD % o

IF a al
ox= —{2(1tv)(C+ln = )+ (1-¥)(1-D —,)
X 4Itz{ZE v " 1k 1=2) L ]

a2 i 12 a
y = — ({1410} (1= =2)=(D+ =) In —}
816 a2 ac
AL L W (O LT T
2%-b% b 2 " @%b b
Et?
G = 3
12(1-v<)
o x: PELD v EAL
v W7V UM F:h
G: o TR t: DE R

E: Mo R Xo AEEPE

Fig. 17 12, ¥ 3 2 L—3 3 v T LBk %
ZT_\.j_o

2
=
a>
E
b}
= =
& E
= Sl 3
] y @ =| S
& =| @
T b= “| &
2 s i =
28 2 ®
l P e
/ I
= =
J 1\

N
Compression Stress—25

Fig. 16 Bottom Surface Stress Distribution
of Circular Plate Spring

- 161 —



TS RN + 4 OB

Table 4 Calculation Condition of Plate Spring Fig. 181232 b= a Y ETIVEIRT,
Material Load Y oung’s modulus | Poisson ratio Table 4 |2 Fig. 19 OFMHE &M Z R T,
SUS420J2 196N 196G Pa 0.3
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