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(57) ABSTRACT

A weight sensor includes a deformable body, a first strain
resistor provided on an outer side surface of the deformable
body, and a pressing member applying a load to the deform-
able body. The deformable body includes a tubular portion
having a tubular shape extending along a center axis and
surrounding the center axis, and a projection projecting from
an 1nner surface of the tubular portion. The pressing member
moves along the center axis so as to apply a moment to the
tubular portion. The resistances of the strain resistors change
greatly, allowing the weight sensor to measure a load with
high sensitivity.

19 Claims, 22 Drawing Sheets

> 111D




US RE45,883 E

Page 2
(56) References Cited 2002/0038728 Al* 4/2002 Dingman .......................... 177/1
2005/0120809 Al* 6/2005 Ramming ................ 73/862.044
1U.S. PATENT DOCUMENTS 2007/0084294 Al 4/2007 Kobayashi et al.
2008/0022784 Al* 1/2008 Wehinger et al. ........ 73/862.621
4932253 A *  6/1990 McCOY wovovveervreeernnn.. 73/152 .61 2008/0066562 Al* 3/2008 Sakuraietal. ... 73/862.044
5,063,788 A * 11/1991 Ch’Hayder et al. ..... 73/862 043 2008/0148805 A__h’*‘ 6/2008 Mahoney et al. ............ 73/1.08
5201,788 A * 3/1994 Oohataetal, ....cooocvivvi., 73/797 2009/0007696 Al1* 1/2009 Morimoto ................ 73/862.045
5490427 A *  2/1996 Yeeetal. ......cccevinniinnin, 73/767
5,889,214 A * 3/1999 Kangetal. ............... 73/862.044 FOREIGN PATENT DOCUMENTS
5,942,697 A * 81999 Hesthamar et al. ........ 73/862.69
5948996 A * 6/1999 Takeuchietal. ......... 73/862.043 TP 05-209796 Q/19973
5,969,268 A * 10/1999 Sommerteld etal. ... 73/862.041 TP 05-200706 A {/1993
6,005,199 A 12/1999 Harada et al. JP 06-207866 7/1994
6,037,550 A * 3/2000 Bradley .............c.oeee 177/136 JP 06-207866 A 7/1994
6,038933 A * 3/2000 Meyer ..........cooeevenn 73/862.045 TP 08-005475 1/1996
6,129,168 A * 10/2000 Lotitoetal. .................. 180/273 TP 08-005475 A 1/1996
6,711,960 B2 3/2004 Kobayashi et al. JP 11-132874 5/1999
6,768,065 B2* 7/2004 Bertenburgetal. .......... 177/144 TP 11-132874 A 5/1999
6,792,815 B2* 9/2004 McDearmon et al. ... 73/862.041 TP 2002-357491 12/2002
6,797,892 B2* 9/2004 Golla ............oooevviiin, 177/144 TP 2002-357491 A 12/2002
6,865,961 B2* 3/2005 Wolfetal. ................. 73/862.69 TP 2005-106800 4/2005
6,969,809 B2* 11/2005 Ramey .........ccoooeevriinnnn, 177/136 TP 2005-106800 A 4/2005
7,112,749 B2* 9/2006 DiPaolaetal. ............... 177/136
7,252,012 B2* 82007 KimM .oooveieiieiiieeeeeeiieiianns 73/803 * cited by examiner



U.S. Patent Feb. 9, 2016 Sheet 1 of 22 US RE45.883 E

Fig. 1

/ 1001
A 122A é

140 111y 137 138
" 136 135 130

1262
o R |
123A BN {777 7

\

MB 105/ H39: 139A| 124 123 132 133 134
1408 111 111
Fig. 2
141
.. ;)01
140 138
}33
123\ w* '”




U.S. Patent Feb. 9, 2016 Sheet 2 of 22 US RE45.883 E

Fig. 3A
111
1114 111C é
1A mE - a
d 111G
121B e - 111D
o S0 o A _
1R - L <.--"| 111H
Sy —
120A
111B 117A
111y 111F
Fig. 3B

111D <




U.S. Patent Feb. 9, 2016 Sheet 3 of 22 US RE45.883 E

Fig. 3C
1M11C
MA 1208 121B / 1200 121A

120C

= ; \ _
112 /118 / 1178 11901198 .| 117A 117C 1194 119C 114 111F
117D (117 (119) & \@M7) (119
111G 111H | 118
L_V___/
11D

Fig. 4




U.S. Patent Feb. 9, 2016 Sheet 4 of 22 US RE45.883 E

Fig. 5
141 140
W%
% / | 122A
i % % 1408
N LA 1,
§\wa
NI
111
Fig. 6
R111A
< —_— —— >
e 111A\ 0n |
111D [ _ —
g S— = i
B — “"““"“‘
1/98 1118 117A
< — >




U.S. Patent Feb. 9, 2016 Sheet 5 of 22 US RE45.883 E

Fig. 7
‘W
111G \‘
e J 122A
X 7
Y- §\§\ 1408
111H %
N
111 122
Fig. 8
R111A
< e
121B 111A 118 120A I
111G — _P_
111D < — “_mm““““:““““_ _
IMH——______l= — = 111F
1198 111B 117A
< e — —>




U.S. Patent Feb. 9, 2016 Sheet 6 of 22 US RE45.883 E

Fig. 9
1002
232 228 211Y 211 223 230 236 233 §
e
' ‘ / j h
o L g
]n* % j_\JI N
“ﬂ'ﬁ'ﬁ — ‘ ] ‘L’ﬁ
/ / \ N 21 \ \ \
\
28 226 222\ 224 227 235 237 238
2200
Fig. 10
1002
228 232

! ..
- st TR TeSIE Rt = e mspere e M’ e e s n -
el T L
" ——
"
allie A

/ |

223 233 238




U.S. Patent Feb. 9, 2016 Sheet 7 of 22 US RE45.883 E

Fig. 11A




U.S. Patent Feb. 9, 2016 Sheet 8 of 22 US RE45.883 E

Fig. 11C
_ 211C
1A 2208 221B 7 220A  221A
2"3\ 216 \2200(220) 221D (2%1) N 220 500 #2100 218

! \
7B 272108 | | 217A 217C219a 219C 214 211F
D217) (219) & | (217)  (219)
211G 211H 1B
\""Y'—J
211D

Fig. 12




U.S. Patent Feb. 9, 2016 Sheet 9 of 22 US RE45.883 E

Fig. 13

241A 244
F—A‘ﬁ
211C 243 242
poen 205C 21A \ 239

MY | i/ 230 211 1002
232 a “\Q" é
AN 236 233
2NN\
jéi‘\\ ‘Ef{%
1 N\ 77 B A oy =
e N\ g,/-:;. ‘%%NI—?&M“/ |
225D §,é“‘= ﬁgéﬁﬂﬂl VAU
}.:-E.".sa% Tn‘!}'}} Ao "-1
f'llﬂ&luﬁk ; i!l.."llI" LA AT TZ
| | 240A
¢ 2338 /] 240
223006 | 297 229 223 241 240 235 237 238

211B



U.S. Patent Feb. 9, 2016 Sheet 10 of 22 US RE45.883 E

Fig. 14
232
211A %-
n
= 223
211 222 211
Fig. 15
R211A
— i
- 220A
} \ 211A\ /
2D —
= _ —L 11F
_ N T
i 2198 B
€« - -




U.S. Patent Feb. 9, 2016 Sheet 11 of 22 US RE45,883 E

Fig. 16

232

w0 ot
Y

%

-1

Fig. 17




U.S. Patent

Fig. 18

377

m‘-&&lﬂﬁ <A ‘mul.\kéi

375

Fig. 19

351
391A

NN

351Y~ i

Feb. 9, 2016

376 367 351A ‘

372 3743513

Sheet 12 of 22 US RE45.883 E

351C

w5 ¢ 36

w7

g\\\\\ \‘s 351

NN
NS

\
302 3518 521

364 | [362C
363 363B

f / |/ 351376 368 369

/

1003

Z

' 362C

‘\&\\.

......a..!.#

363B

...../A’//// - “—"c-& —

351B'363D [4¢ 4

rlﬂh.

R

370 371

362 374 372 367

363



U.S. Patent Feb. 9, 2016 Sheet 13 of 22 US RE45.883 E

Fig. 20A
351
31 3510 é
351E /3 ' 363
351A e
" b
3618 +351D
= < /| 351H
BBy >~ ;
S Tttt Tl wi G
360A
351R 357A

351Y | 351F

3598



U.S. Patent Feb. 9, 2016 Sheet 14 of 22 US RE45,883 E

Fig. 20C

€

351Y
351A 3HIE

\
J’351G Z 4 3630
351D

: 17
_________ oy - A
351H /f// %/’ 744 v
3618 - ' D% 351B

—

391D




U.S. Patent Feb. 9, 2016 Sheet 15 of 22 US RE45.883 E
Fig. 20D
351G
351A 360B 361B / 360A  361A
153 356 360D(360) 3510 (361) (360) 360 C(361) 2610 355
= “r...-E-.,“ “E"‘_ﬁ'

‘ 352

3578
357D (357)

351G 351H
— —

351D

Fig. 21

35903 SR

(359)

352

357D 358

357 357R

357A
357C_ X
354~

360C -7

//
360//

360" 360B

360D

!5

| 357A 3570359A 359C a4 391F
@357 (359)

351B

353
361D
S
361A

61C
355




U.S. Patent Feb. 9, 2016 Sheet 16 of 22 US RE45.883 E

Fig. 22
375 373 375
374 372
Fig. 23

377 378 377




U.S. Patent Feb. 9, 2016 Sheet 17 of 22 US RE45.883 E
Fig. 24
351D
“351H4 351G 383,566 365 378
351 i
N N8
377 382 381 \ \364A \A\ N\ 351A 376 381
\\\! , §\§ ; | 1003 7
N L u‘t:%%' ﬂ'{_;\{_{ {MI A
s I SN 722777775 (N SO SRS
N7 TN S S N AN
A, WA 4 4 1SS A
375 3go 372 379374 373 363362 351B 21 380



U.S. Patent Feb. 9, 2016 Sheet 18 of 22 US RE45.883 E

Fig. 25
~_501A 501
Z
104~ 101
N—
N
103~ 1:..17” y
- 106
[/
107 102
Fig. 26
104
103~
/
/

102 107 106



U.S. Patent Feb. 9, 2016 Sheet 19 of 22 US RE45.883 E

Fig. 27

106

\ \
102 106 103

Fig. 28

\
AN
-
OO0
]




U.S. Patent Feb. 9, 2016 Sheet 20 of 22 US RE45.883 E

Fig. 29




U.S. Patent Feb. 9, 2016 Sheet 21 of 22 US RE45,883 E

F1g. 30

I|I\l"a-
LY

- [ '\
| N \, \

[}

'f \ “‘\ \
344 331332 341
F1g. 31
318 316 315 316 318 311
A1)
oy -e
7\ ’ |
2 C '\ e
E _ ‘%-,‘-}i’) ‘:‘{\“ : f_‘:\, e 313
319 Lf @ A 314
| e I 313
% \ % . — }
e A Ve 312
WED ; AN
QI}/ S Z \a \\
/(L=

318 316 315 316 318 317



U.S. Patent Feb. 9, 2016 Sheet 22 of 22 US RE45,883 E

Fig. 32
327 326
328 —\ __// - 326
we [O) | | \(J] =
325
329 @ . =329
328 N\ _ ~328
Fig. 33
s ) 335
336
330~ =y

333




US RE45,833 E

1

TUBULAR SENSOR WITH AN INNER
PROJECTION

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

RELATED APPLICATIONS

This application is a reissue application of U.S. Pat. No.
8,569,635 issued on Oct. 29, 2013 issued from U.S. patent

application Ser. No. 13/120,284, filed on Mar. 22, 2011,
which 1s the U.S. National Phase under 35 U.S.C. §371 of
International Application No. PCT/IP2009/005096, tiled on
Oct. 2, 2009, which 1n turn claims the benefit of Japanese
Application No. 2008-2625235, filed on Oct. 9, 2008, Japanese
Application No. 2008-262526, filed on Oct. 9, 2008 and
Japanese Application No. 2009-205471, filed on Sep. 7, 2009,
the disclosures of which Applications are incorporated by
reference herein.

TECHNICAL FIELD

The present invention relates to a weight sensor for mea-
suring a load applied to an object, such as a vehicle seat.

BACKGROUND ART

FI1G. 2515 aperspective view of conventional weight sensor
501 disclosed 1n Patent Literature 1. FIG. 26 1s a view of
deformable body 101 of weight sensor 301. FIG. 27 15 a
circuit diagram of weight sensor 501.

Deformable body 101 1includes an outer side surface having,
a circular-cylindrical shape extending along center axis
501A. The outer side surface of deformable body 101
includes a pair of transversely extending strain resistor ele-
ments 102, a pair of longitudinally extending strain resistor
clements 103, power supply electrode 104, ground (GND)
clectrode 105, and output electrodes 106. The outer side
surface of deformable body 101 further includes circuit pat-
tern 107 for electrically connecting these components,
thereby forming a bridge circuit shown in FIG. 27.

The following 1s a description of the operation of conven-
tional weight sensor 501.

FIG. 28 1s a side sectional view of object 502 to which
weight sensor 501 1s attached. Weight sensor 501 1s held
between parts of mounting member 108 along center axis
501A. When a load 1s applied to pressing member 109, and
hence a compressive force 1s applied to deformable body 101
in the axial direction, the resistances of the pair of longitudi-
nally extending strain resistor elements 103 decrease, and the
resistances of the pair of transversely extending strain resistor
clements 102 increase. These strain resistor elements 103 and
102 extending longitudinally and transversely form the
bridge circuit together with power supply electrode 104,
GND electrode 105, output electrodes 106, and circuit pattern
107. Therefore, output electrodes 106 output their output
signals according to the compressive force applied to deform-
able body 101. The output signal i1s output to an external
circuit through lead wires which are electrically connected to
power supply electrode 104, GND electrode 105, and output
clectrodes 106. Thus, weight sensor 501 outputs the applied
load as an electrical signal.
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2

In conventional weight sensor 501, a compressive force 1s
applied to deformable body 101 along center axis 501 A ofthe
cylindrical surface. As a result, deformable body 101 1tself
prevents deformation of strain resistor elements 102 and 103.
This makes the resistances of strain resistor elements 102 and
103 less likely to be changed, thereby reducing an output
signal which 1s output from weight sensor 301 according to
the compressive force.

FIGS. 29 and 30 are an exploded perspective view and a
sectional side view of conventional weight sensor 601 dis-
closed in Patent Literature 2, respectively. FIG. 31 1s a bottom
view ol msulating board 311 of weight sensor 601.

Insulating board 311 has substantially a square shape, and
1s made of stainless steel containing about 0.1 wt % of nickel.
As shown 1n FIG. 31, power supply electrode 312, a pair of
output electrodes 313, GND electrode 314, four compressive-
side strain resistor elements 315, four tensile-side strain resis-
tor elements 316, and circuit pattern 317 are provided a lower
surface of msulating board 311. Power supply electrode 312,
output electrodes 313, GND electrode 314, and circuit pattern
317 are made of silver. Power supply electrode 312, the pair
of output electrodes 313, GND electrode 314, four compres-
sive-side strain resistor elements 315, and four tensile-side
strain resistor elements 316 are electrically connected via
circuit pattern 317 so as to form a bridge circuit together.
Fixing holes 318 extending between upper and lower surfaces
ol mnsulating board 311 are provided near four corners of
insulating board 311. Detection hole 319 extending between
the upper and lower surfaces of insulating board 311 1s pro-
vided 1n a center of mnsulating board 311. Weight sensor 601
further includes pressing member 320 made of stainless steel
containing about 4 wt % of nickel. Pressing member 320
includes contact part 321 and external thread 322. Contact
part 321 presses around the upper end of detection hole 319 of
insulating board 311. External thread 322 1s formed 1n an
outer side surface of pressing member 320.

Anti-rotation projection 323 1s provided on an outer side
surface of pressing member 320 at the center 1n a longitudinal
direction of pressing part 320. External thread 324 for mount-
ing 1s provided 1n the upper part of an outer side surface of
pressing member 320. Weight sensor 601 further includes
mounting member 323 which 1s made of metal. Insertion hole
326 mto which pressing member 320 1s mnserted 1s provided
substantially 1n a center of mounting member 325.

FIG. 32 1s a bottom view of mounting member 325. Stop-
per 327 1s formed provided on a lower surface of mounting
member 325 around 1nsertion hole 326 stopper 327 by cutting
or forging.

Fixing holes 328 extending between upper and lower sur-
faces of mounting member 325 is provided near four corners
of mounting member 325. Sandwiching contact parts 329 are
provided on the lower surface of mounting member 3235
around fixing holes 328, and project from the lower surface so
as to be flush with each other. Hexagonal locking part 330 1s
provided on the upper surface of mounting member 325, and
has a step around insertion hole 326. Anti-rotation projection
323 of pressing member 320 1s locked 1nto locking part 330.
External thread 322 of pressing member 320 passes through
insertion hole 326 of mounting member 325 and 1s inserted
into detection hole 319 of insulating board 311. External
thread 322 extending downward 1s screwed with {ixing mem-
ber 331, which 1s a nut, so that pressing member 320 can be
fixed to mounting member 325.

FIG. 33 15 a top view of mounting member 332 made of
metal. Stopper hole 333 1s provided substantially 1n the upper
surface of mounting member 332 at its center and extends
downward from the upper surface. Stopper hole 333 accom-
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modates the lower part of external thread 322 of pressing
member 320. Four stoppers 334 are formed on the upper
surface of mounting member 332 around stopper hole 333 by
forging. Strain resistor elements 315 and 316 on insulating
board 311 face the area on mounting member 332 excluding,
four stoppers 334.

Fixing holes 3335 extending between the upper and lower
surfaces of mounting member 332 1s provided near the four
corners of mounting member 332. Sandwiching contact parts
336 are provided on mounting member 332 around four fixing
holes 335, and project from the upper surface so as to be flush
with each other. Weight sensor 601 further includes fixing
members 337, four screws, passing through four fixing holes
328 of mounting member 325, four fixing holes 318 of 1nsu-
lating board 311, and four fixing holes 335 of mounting
member 332. Fixing members 337 are screwed with nuts 338
so as to sandwich insulating board 311 between sandwiching
contact parts 329 of mounting member 325 and sandwiching
contact parts 336 of mounting member 332. The area around
detection hole 319 of insulating board 311 can be displaced
with respect to mounting members 325 and 332 1n the vertical
direction.

Weight sensor 601 further includes circuit board 339 hav-
ing integrated circuit (IC) 340 mounted on a lower surface
thereol. IC 340 1s electrically connected to power supply
clectrode 312, output electrodes 313, and GND electrode 314

on insulating board 311 via conductive member 341, which 1s
made of gold wire and silicon rubber.

Weight sensor 601 further includes case 342 which
includes connector part 343 projecting outward. Six connec-
tor terminals 344 electrically connected to 1C 340 are pro-
vided 1n connector part 343.

An operation of conventional weight sensor 601 will be
described below.

When a load 1s applied to pressing member 320 from
above, the load causes distortion on the surface of mnsulating
board 311. The distortion causes four compressive-side strain
resistor elements 315 on the lower surface of insulating board
311 to recetve a compressive stress, and four tensile-side
strain resistor elements 316 to receive a tensile stress. These
stresses change the resistances of compressive-side strain
resistor elements 315 and tensile-side strain resistor elements
316. Strain resistor elements 3135 and 316 together form a
bridge circuit. Therefore, the changes in the resistances of
strain resistor elements 315 and 316 are output to an external
computer from output electrodes 313. The computer calcu-
lates the load applied to mnsulating board 311 based on the
changes 1n the resistances.

When an excessively large load 1s applied to pressing mem-
ber 320 from above, stoppers 334 of mounting member 332
contact insulating board 311, thereby preventing plastic
deformation of insulating board 311. Similarly, when an
excessively large tensile load 1s applied to pressing member
320, stopper 327 of mounting member 325 contacts isulat-
ing board 311, thereby preventing plastic deformation of
insulating board 311.

Stoppers 327 and 334 are formed by cutting or forging, and

raise manufacturing cost, accordingly causing conventional
weight sensor 601 to be expensive.

Citation List
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Patent Literature 2: Japanese Patent Laid-Open Publica-
tion No. 2005-106800

SUMMARY OF THE INVENTION

A weight sensor includes a deformable body, a first strain
resistor provided on an outer side surface of the deformable
body, and a pressing member applying a load to the deform-
able body. The deformable body includes a tubular portion
having a tubular shape extending along a center axis and
surrounding the center axis, and a projection projecting from
an 1nner surface of the tubular portion. The pressing member
moves along the center axis so as to apply a moment to the
tubular portion.

The resistances of the strain resistors change greatly,
allowing the weight sensor to measure a load with high sen-
sit1vity.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side sectional view of a weight sensor according,
to Exemplary Embodiment 1 of the present invention.

FIG. 2 1s a side view of the weight sensor according to
Embodiment 1.

FIG. 3A 15 a perspective view of a deformable body of the
weilght sensor according to Embodiment 1.

FIG. 3B 1s a sectional view of the deformable body shown
in FIG. 3A.

FIG. 3C 1s a developed view of a tubular portion of the
deformable body of the weight sensor according to Embodi-
ment 1.

FIG. 4 1s a circuit diagram of the weight sensor according,
Embodiment 1.

FIG. 5 1s an enlarged side sectional view of the weight
sensor according to Embodiment 1.

FIG. 6 1s a side view of the weight sensor according to
Embodiment 1.

FIG. 7 1s a side sectional view of the weight sensor accord-
ing to Embodiment 1.

FIG. 8 1s a side view of the weight sensor according to
Embodiment 1.

FIG. 9 1s a side sectional view of a weight sensor according,
to Exemplary Embodiment 2 of the present invention.

FIG. 10 1s a side view of the weight sensor according to
Embodiment 2.

FIG. 11A 1s a perspective view of a deformable body of the
weilght sensor according to Embodiment 2.

FIG. 11B 1s a sectional view of the deformable body shown
in FIG. 11A.

FIG. 11C 1s a developed view of a tubular portion of the
deformable body of the weight sensor according to Embodi-
ment 2.

FIG. 12 1s a circuit diagram of the weight sensor according,
Embodiment 2.

FIG. 13 1s a side sectional view of the weight sensor
according to Embodiment 2.

FIG. 14 1s a side sectional view of the weight sensor
according to Embodiment 2.

FIG. 15 15 a side view of the weight sensor according to
Embodiment 2.

FIG. 16 1s a side sectional view of the weight sensor
according to Embodiment 2.

FIG. 17 1s a side view of the weight sensor according to
Embodiment 2.

FIG. 18 15 a side sectional view of a weight sensor accord-
ing to Exemplary Embodiment 3 of the present invention.
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FIG. 19 1s a side sectional view of the weight sensor
according to Embodiment 3.

FI1G. 20A 1s a perspective view of a deformable body of the
weilght sensor according to Embodiment 3.

FIG. 20B 1s a bottom perspective view of the deformable
body shown 1n FIG. 20A.

FI1G. 20C 1s a sectional view of the deformable body shown
in FIG. 20A.

FIG. 20D 1s a developed view of a tubular portion of the
deformable body of the weight sensor according to Embodi-
ment 3.

FIG. 21 1s a circuit diagram of the weight sensor according,
Embodiment 3.

FI1G. 22 1s a top view of a mounting member of the weight
sensor according to Embodiment 3.

FI1G. 23 1s a perspective view of the mounting member of
the weight sensor according to Embodiment 3.

FIG. 24 1s a side sectional view of the weight sensor
according to Embodiment 3.

FIG. 25 1s a perspective view ol a conventional weight
SEensor.

FIG. 26 1s a developed view of a deformable body of the
conventional weight sensor.

FIG. 27 1s a circuit diagram of the conventional weight
SENsor.

FI1G. 28 15 a side sectional view of the conventional weight
SENnsor.

FIG. 29 1s an exploded perspective view of another con-
ventional weight sensor.

FI1G. 30 1s a side sectional view of the conventional weight
sensor shown in FIG. 29.

FIG. 31 1s a bottom view of an insulating board of the
conventional weight sensor shown 1 FIG. 29.

FIG. 32 1s a bottom view of a mounting member of the
conventional weight sensor shown 1n FIG. 29.

FIG. 33 15 a top view of another mounting member of the
conventional weight sensor shown 1n FIG. 29.

1O

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Exemplary Embodiment 1

FIGS. 1 and 2 are a side sectional view and a side view of
weight sensor 1001 according to a first exemplary embodi-
ment of the present mvention, respectively. FIG. 3A 1s a
perspective view ol deformable body 111 of weight sensor
1001. FIG. 3B 1s a sectional view of deformable body 111.
FIG. 3C 1s a developed view of tubular portion 111Y of
deformable body 111. FIG. 4 1s a circuit diagram of weight
sensor 1001.

Weight sensor 1001 includes lower mounting part 123
made of metal and having hole 125 therein. Lower mounting,
part 123 supports lower end 111B of deformable body 111 via
clastic body 124 made of a rubber sheet.

Weight sensor 1001 further includes upper mounting part
126 made of metal and having hole 129 and caulking hole 130
therein. Upper mounting part 126 supports upperend 111 A of
deformable body 111 via elastic body 128 made of a rubber
sheet. Lower mounting part 123 and upper mounting part 126
together constitute support member 132. Weight sensor 1001
turther includes resin case 133 which has caulking portion
134. Caulking portion 134 is inserted into caulking hole 130
of upper mounting part 126, and then the tip of caulking
portion 134 1s caulked so as to {ix support member 132 to case
133. Case 133 accommodates circuit board 135 made of
polyimide.
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As shown m FIGS. 3A and 3B, deformable body 111
includes tubular portion 111Y which has a tubular shape (a
circular-tubular shape according to Embodiment 1) extending
along center axis 111C and surrounding center axis 111C.
Tubular portion 111Y has therein through-hole 111J extend-
ing along center axis 111C. In Embodiment 1, deformable
body 111 1s disposed such that center axis 111C extends 1n a
vertical direction. Tubular portion 111Y has upper end 111 A
and lower end 111B which are opposite to each other along
center axis 111C. Tubular portion 111Y further has outer side
surface 111D and inner side surface 111E opposite to outer
side surface 111D. Outer side surface 111D faces an outside

of the tubular shape. Inner surface 111E faces center axis
111C. Deformable body 111 further includes projection 122

projecting from inner surface 111E of tubular portion 111Y
toward center axis 111C. Deformable body 111 1s made of a
plate made ol rigid but deformable material, and its surface (at
least outer side surface 111D) 1s insulating. In Embodiment 1,
deformable body 111 includes a plate made of metal, such as
territe stainless steel, and a glass layer provided on the surface
(outer side surface 111D) of the metal plate. Power supply
clectrodes 112 and 113, output electrodes 114 and 115, and
ground (GND) electrode 116 which are disposed close to
cach other and made of Ag are provided on outer side surface
111D. Intermediate circumierence 111F at which tubular por-
tion 111Y crosses a surface perpendicular to center axis 111C
between upper and lower ends 111A and 111B 1s defined 1n
tubular portion 111Y. In Embodiment 1, ends 111A and 111B
are perpendicular to center axis 111C, and intermediate cir-
cumierence 111F 1s positioned at the middle between ends
111A and 111B. Intermediate circumference 111F divides
outer side surface 111D of tubular portion 111Y into upper
outer side surtace 111G and lower outer side surface 111H. In
other words, upper outer side surface 111G 1s located
between intermediate circumierence 111F and upper end
111A. Lower outer side surface 111H 1s located between
intermediate circumierence 111F and lower end 111B.

Projection 122 projects toward center axis 111C from
peripheral intermediate portion 111F of inner surtace 111E of
tubular portion 111Y

Lower-side strain resistors 117 and 119 are provided on
lower outer side surface 111H. Lower-side strain resistor 117
has ends 117C and 117D, and includes strain resistor ele-
ments 117A and 117B connected 1n series between ends
117C and 117D. Strain resistor elements 117A and 117B
have resistances changing depending on the geometric dis-
tortion generated by a stress applied to the elements. There-
fore, the resistance between ends 117C and 117D of lower-
side strain resistor 117 changes depending on the geometric
distortion generated by the stress applied to strain resistor
elements 117A and 117B, that 1s, strain resistor 117. Lower-
side strain resistor 119 has ends 119C and 119D, and includes
strain resistor elements 119A and 119B connected 1n series
between ends 119C and 119D. Strain resistor elements 119A
and 119B have resistances changing depending on the geo-
metric distortion generated by a stress applied to the ele-
ments.

Therefore, the resistance between ends 119C and 119D of
lower-side strain resistor 119 changes depending on the geo-
metric distortion generated by the stress applied to strain
resistor elements 119A and 119B, that 1s, strain resistor 119.
End 117D of lower-side strain resistor 117 1s electrically
connected to power supply electrode 112 via circuit pattern 8,
and end 117C 1s connected to output electrode 114 via circuit
pattern 118. End 119C of lower-side strain resistor 119 1s
clectrically connected to output electrode 115 via circuit pat-
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tern 118, and end 119D 1s electrically connected to GND
clectrode 116 via circuit pattern 118.

Upper-side strain resistors 120 and 121 are provided on
upper outer side surtface 111G. Upper-side strain resistor 120
has ends 120C and 120D, and includes strain resistor ele-
ments 120A and 120B connected 1n series between ends
120C and 120D. Strain resistor elements 120A and 120B
have resistances changing depending on the geometric dis-
tortion generated by a stress applied to the elements. There-
tore, the resistance between ends 120C and 120D of upper-
side strain resistor 120 changes depending on the geometric
distortion generated by the stress applied to strain resistor
clements 120A and 120B, that 1s, strain resistor 120. Upper-
side strain resistor element 121 has ends 121C and 121D, and
includes strain resistor elements 121 A and 121B connected 1n
series between ends 121C and 121D. Strain resistor elements
121A and 121B have resistances changing depending on the
geometric distortion generated by a stress applied to the ele-
ments. Therefore, the resistance between ends 121C and
121D of upper-side strain resistor 121 changes depending on
the geometric distortion generated by the stress applied to
strain resistor elements 121 A and 121B, that 1s, strain resistor
121. End 120D of upper-side strain resistor 120 1s electrically
connected to GND electrode 116 via circuit pattern 118, and
end 120C 1s connected to output electrode 114 via circuit
pattern 118. End 121D of upper-side strain resistor 121 1s
clectrically connected to power supply electrode 113 via cir-
cuit pattern 118, and end 121C 1s electrically connected to
output electrode 115 via circuit pattern 118. Lower-side strain
resistors 117 and 119 and upper-side strain resistors 120 and
121 together constitute a bridge circuit.

Strain resistor elements 117A and 117B and strain resistor
clements 119 and 119B are arranged alternately 1n a circum-
terential direction of outer side surface 111D of deformable
body 111 perpendicular to center axis 111C. In other words,
strain resistor element 117A 1s located between strain resistor
elements 119A and 119B, and strain resistor element 119A 1s
located between strain resistor elements 117A and 117B 1n
the circumiferential direction of outer side surface 111D.
Strain resistor element 117B 1s located between strain resistor
elements 119A and 119B, and strain resistor element 119B 1s
located between strain resistor elements 117A and 117B 1n
the circumierential direction of outer side surface 111D.

Strain resistor elements 120A and 120B and strain resistors
121A and 121B are arranged alternately in the circumieren-
tial direction of outer side surface 111D of deformable body
111 perpendicular to center axis 111C. In other words, strain
resistor element 120A 1s located between strain resistor ele-
ments 121 A and 121B, and strain resistor element 121A 1s
located between strain resistor elements 120A and 120B 1n
the circumiferential direction of outer side surface 111D.
Strain resistor element 120B 1s located between strain resistor
elements 121 A and 121B, and strain resistor element 121B 1s
located between strain resistor elements 120A and 120B 1n
the circumierential direction of outer side surtace 111D. As
shown 1n FIG. 3C, strain resistor elements 120A, 120B,
121A, and 121B are located above strain resistor elements
117A, 1178, 119A, and 119B, respectively, that 1s, in the
direction parallel to center axis 111C.

Circuit board 135 shown 1n FIG. 1 1s electrically connected
to power supply electrodes 112 and 113, output electrodes
114 and 115, and GND electrode 116 which are formed on
outer side surface 111D of deformable body 111. Processing
circuit 136 implemented by an integrated circuit (IC) 1s
mounted onto circuit board 135. Processing circuit 136 pro-
cesses signals output from output electrodes 114 and 115 of
the bridge circuit which 1s composed of lower-side strain
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resistors 117 and 119, upper-side strain resistors 120 and 121,
and circuit pattern 118 formed on deformable body 111. Case
133 includes connector part 138 having connector terminals
137. Connector terminals 137 electrically connected to cir-
cuit board 135 output signals outside.

A method for manufacturing weight sensor 1001 of
Embodiment 1 will be described below.

First, a glass paste 1s printed on the upper surface of a metal
plate, such as a stainless steel plate, and then, sintered for
about ten minutes at a temperature ranging ifrom 5350° C. to
850° C. so as to form deformable body 111.

Next, a silver paste 1s printed on outer side surface 111D of
deformable body 111, and then sintered for about ten minutes
at a temperature ranging from 550° C. to 850° C. so as to form
power supply electrodes 112 and 113, output electrodes 114
and 115, GND electrode 116, and circuit pattern 118 on outer
side surface 111D of deformable body 111.

Next, a metal glaze paste 1s printed on outer side surface
111D of deformable body 111, dried for about ten minutes at
a temperature ranging from 150° C. to 250° C., and then
sintered for about ten minutes at about 850° C. so as to form
strain resistor elements 117A, 1178, 119A, 119B, 120A,
1208, 121A, and 121B, thereby forming lower-side strain
resistors 117 and 119 and upper-side strain resistors 120 and
121.

Next, elastic body 124 1s bonded to upper surtace 123 A of
lower mounting part 123, and deformable body 111 1s placed
on upper surface 124A of elastic body 124.

Then, elastic body 128 1s placed on upper end 111A of
deformable body 111, and upper mounting part 126 1s bonded
to upper surface 128 A of elastic body 128.

An operation of weight sensor 1001 according Embodi-
ment 1 will be described below. FIG. 5 1s an enlarged side
sectional view of weight sensor 1001 for illustrating deform-
able body 111 and pressing member 141. FI1G. 6 1s a side view
of deformable body 111.

First, bolt 139 with collar 139A 1s inserted from the lower
side of lower mounting part 123 of support member 132 1nto
hole 125 of lower mounting part 123, through-hole 111J of
deformable body 111, and hole 129 of upper mounting part
126.

Next, bolt 139 1s screwed with nut 140 at a position where
lower surface 140B of nut 140 contacts upper surface 122 A of
projection 122 of deformable body 111. Bolt 139 and nut 140
together constitute pressing member 141. In this situation, as
shown 1n FIGS. 5 and 6, pressing member 141 contacts pro-
jection 122 of deformable body 111, but no load 1s applied to
deformable body 111.

Predetermined voltages (5V according to Embodiment 1)
are applied to power supply electrodes 112 and 113, and GND
clectrode 116 1s grounded.

FIG. 7 1s an enlarged side sectional view of weight sensor
1001 having pressing member 141 apply a load to deformable
body 111. FIG. 8 1s a side view of outer side surface 111D of
deformable body 111 having a load 1s applied to deformable
body 111. When applied with a load along center axis 111C
from above, pressing member 141 presses upper surface
122 A of projection 122 of deformable body 111 downward.
As aresult, pressing member 141 applies a shear load parallel
to center axis 111C to tubular portion 111Y via projection
122. More specifically, pressing member 141 presses deform-
able body 111 in parallel to center axis 111C so that tubular
portion 111Y and projection 122 are urged and displaced in
directions relatively opposite to each other. The shear load

applies a moment to outer side surface 111D of tubular
deformable body 111 linked to projection 122. The moment
decreases radius R111A of upper end 111A of deformable
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body 111, and increases radius R111B of lower end 111B as
shown 1n FIG. 8. The moment displaces upper end 111 A and
lower end 111B of tubular portion 111Y 1n directions rela-
tively opposite to each other 1n a radial direction about center
axis 111C. The decrease in radius R111A of upper end 111 A

of tubular portion 111Y contracts upper outer side surface
111G of outer side surface 111D. The increase in radius
R111B of lower end 111B of tubular portion 111Y of deform-
able body 111 expands lower outer side surface 111H of outer
side surface 111D. This decreases the resistances of upper-
side strain resistors 120 and 121 (strain resistor elements
120A, 1208, 121A, and 121B) formed on upper outer side
surface 111G of outer side surface 111D, and increases the
resistances of lower-side strain resistors 117 and 119 (strain
resistor elements 117A, 1178, 119A, and 119B) formed on
lower outer side surface 111H of outer side surface 111D.
This changes the voltage between output electrodes 114 and
115 of the bridge circuit which 1s composed of strain resistors
117, 119, 120, and 121 shown in FIG. 4. The voltage 1s
processed by processing circuit 136 so as to measure the load
applied to deformable body 111.

As described above, in weight sensor 1001 of Embodiment
1, pressing member 141 for pressing projection 122 of
deformable body 111 moves along center axis 111C of
deformable body 111, thereby applying a moment to deform-
able body 111. This moment easily causes outer side surface
111D of deformable body 111 to deform. As a result, the
resistances of strain resistors 117, 119, 120, and 121 formed
on outer side surface 111D are easily changed so as to greatly
change the voltage between output electrodes 114 and 115 of
the bridge circuit. This increases the sensitivity of a signal to
be output from weight sensor 1001.

Support member 132 1s composed of upper mounting part
126 and lower mounting part 123. Elastic body 128 provided
between upper mounting part 126 and deformable body 111
tacilitates the change 1n radius R111A of upper end 111A of
tubular portion 111Y of deformable body 111. This causes
upper outer side surface 111G of outer side surface 111D of
deformable body 111 (tubular portion 111Y) to easily
deform, accordingly increasing the sensitivity of the signal
output from weight sensor 1001.

Elastic body 124 provided between lower mounting part
123 and deformable body 111 facilitates the change in radius
R111B of lower end 111B of tubular portion 111Y of deform-
able body 111. This causes lower outer side surface 111H of
outer side surface 111D of deformable body 111 (tubular
portion 111Y) to easily deform, thereby increasing the sen-
sitivity of the signal output from weight sensor 1001.
Exemplary Embodiment 2

FIGS. 9 and 10 are a side sectional view and a side view of
weilght sensor 1002 according to Exemplary Embodiment 2
of the present invention, respectively. FIG. 11 A 1s a perspec-
tive view of deformable body 211 of weight sensor 1002. FIG.
11B 1s a sectional view of deformable body 211. FIG. 11C 1s
a developed view of tubular portion 211Y of deformable body
211. FIG. 12 1s a circuit diagram of weight sensor 1002.

Lower pressing portion 225 made of metal has hole 227
therein. Lower pressing portion 223 supports lower end 211B
of tubular portion 211Y of deformable body 211 via elastic
body 226 made of a rubber sheet. Upper pressing portion 228
made of metal has hole 230 and a caulking hole therein. Upper
pressing portion 228 contacts and supports upperend 211A of
tubular portion 211Y of deformable body 211. Lower press-
ing portion 225 and upper pressing portion 228 together con-
stitute pressing member 232. Case 233 made of resin has a
caulking portion. The caulking portion 1s mnserted to 1nto the
caulking hole of upper pressing portion 228, and then, the tip
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ol the caulking portion 1s caulked so as to fix pressing member
232 to case 233. Case 233 accommodates circuit board 235
made of polyimide. Recess 225C provided 1n lower pressing

portion 225 opens at upper surface 225A, and has bottom
225D.

As shown 1 FIGS. 11A and 11B, deformable body 211
includes tubular portion 211Y having a tubular shape (a cir-
cular cylindrical shape according to Embodiment 2) extend-
ing along and around center axis 211C. Tubular portion 211Y
has through-hole 211J therein extending along center axis
211C. In Embodiment 2, deformable body 211 1s disposed so
that center axis 211C extends 1n a vertical direction. Tubular
portion 211Y has upper end 211A and lower end 211B oppo-
site to each other along center axis 211C. Tubular portion
211Y further has outer side surface 211D on the outside of the
cylindrical shape, and 1inner surface 211E which 1s opposite to
outer side surface 211D and faces center axis 211C. Deform-
able body 211 includes projection 222 projecting from 1nner
surface 211E of tubular portion 211Y toward center axis
211C. Deformable body 211 1s made of a plate made of a hard
but deformable material, and has a surface which has an
insulating property, at least outer side surface 211D has an
insulating property. According to Embodiment 2, deformable
body 211 includes a metal plate, such as a ferrite stainless
steel plate, and a glass layer formed on a surface (outer side
surface 211D) of the metal plate. Power supply electrodes 212
and 213, output electrodes 214 and 215, and ground (GND)
clectrode 216, are provided on outer side surface 211D, are
disposed close to each other, and made of Ag. In tubular
portion 2117, the position which 1s between upper and lower
ends 211A and 211B and at which tubular portion 211Y
crosses a surface perpendicular to center axis 211C 1s defined
as intermediate circumierence 211F. According to Embodi-

ment 2, ends 211A and 211B are perpendicular to center axis
211C, and intermediate circumierence 211F 1s the middle
between ends 211A and 211B. Intermediate circumierence
211F divides outer side surface 211D of tubular portion 211Y
into upper outer side surface 211G and lower outer side
surface 211H. In other words, upper outer side surface 211G
1s located between intermediate circumierence 211F and
upper end 211A. Lower outer side surface 211H 1s located
between intermediate circumierence 211F and lower end
211B.

Projection 222 projects toward center axis 211C from inner
surtace 211E of mtermediate circumierence 211F of tubular
portion 211Y

Lower-side strain resistors 217 and 219 are provided on
lower outer side surface 211H. Lower-side strain resistor 217
has ends 217C and 217D, and 1s composed of strain resistor
clements 217A and 217B connected 1n series between ends
217C and 217D. Strain resistor elements 217A and 217B
have resistances changing depending on the geometric dis-
tortion generated by a stress applied to the resistor elements.
Therefore, the resistance between ends 217C and 217D of
lower-side strain resistor 217 changes depending on the geo-
metric distortion generated by the stress applied to strain
resistor elements 217A and 2178, that 1s, strain resistor 217.
[Lower-side strain resistor 219 has ends 219C and 219D, and
1s composed of strain resistor elements 219A and 219B con-
nected in series between ends 219C and 219D. Strain resistor
clements 219A and 219B have resistances changing depend-
ing on the geometric distortion generated by a stress applied
to the resistor elements. Therefore, the resistance between
ends 219C and 219D of lower-side strain resistor 219 changes
depending on the geometric distortion generated by the stress
applied to strain resistor elements 219A and 219B, that 1is,
strain resistor 219. End 217D of lower-side strain resistor 217
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1s electrically connected to power supply electrode 212 via
circuit pattern 218, and end 217C 1s connected to output
clectrode 214 via circuit pattern 218. End 219C of lower-side
strain resistor 219 1s electrically connected to output elec-
trode 215 via circuit pattern 218, and end 219D 1s electrically
connected to GND electrode 216 via circuit pattern 218.

Upper-side strain resistors 220 and 221 are provided on
upper outer side surface 211G. Upper-side strain resistor 220
has ends 220C and 220D, and 1s composed of strain resistor
clements 220A and 220B connected in series between ends
220C and 220D. Strain resistor elements 220A and 220B
have resistances changing depending on the geometric dis-
tortion generated by a stress applied to the resistor elements.
Therefore, the resistance between ends 220C and 220D of
upper-side strain resistor 220 changes depending on the geo-
metric distortion generated by the stress applied to strain
resistor elements 220A and 2208, that 1s, strain resistor 220.
Upper-side strain resistor 221 has ends 221C and 221D, and
1s composed of strain resistor elements 221A and 221B con-
nected in series between ends 221C and 221D. Strain resistor
clements 221 A and 221B have resistances changing depend-
ing on the geometric distortion generated by a stress applied
to the resistor elements. Therefore, the resistance between
ends 221C and 221D of upper-side strain resistor 221 changes
depending on the geometric distortion generated by the stress
applied to strain resistor elements 221A and 221B, that 1s,
strain resistor 221. End 220D of upper-side strain resistor 220
1s electrically connected to GND electrode 216 via circuit
pattern 218, and end 220C 1s connected to output electrode
214 via circuit pattern 218. End 221D of upper-side strain
resistor 221 1s electrically connected to power supply elec-
trode 213 via circuit pattern 218, and end 221C 1s electrically
connected to output electrode 215 via circuit pattern 218.
Lower-side strain resistors 217 and 219 and upper-side strain
resistors 220 and 221 together constitute a bridge circuit.

Strain resistor elements 217A and 217B and resistor ele-
ments 219A and 219B are arranged alternately 1n a circum-
terential direction of outer side surface 211D of deformable
body 211 perpendicular to center axis 211C.

In other words, strain resistor element 217A 1s located
between strain resistor elements 219A and 219B, and strain
resistor element 219A 1s located between strain resistor ele-
ments 217A and 217B on outer side surface 211D 1n the
circumierential direction. Strain resistor element 217B 1s
located between strain resistor elements 219A and 219B, and
strain resistor element 219B 1s located between strain resistor
clements 217A and 217B on outer side surtace 211D 1n the
circumierential direction.

Strain resistor elements 220A and 220B and resistor ele-
ments 221 A and 221B are arranged alternately 1in the circum-
terential direction of outer side surface 211D of deformable
body 211 perpendicular to center axis 211C.

In other words, strain resistor element 220A 1s located
between strain resistor elements 221A and 221B, and strain
resistor element 221 A 1s located between strain resistor ele-
ments 220A and 220B 1n the circumierential direction of
outer side surface 211D. Strain resistor element 220B 1s
located between strain resistor elements 221A and 221B, and
strain resistor element 221B 1s located between strain resistor
clements 220A and 220B 1n the circumierential direction of
outer side surface 211D. As shown 1n FIG. 11C, strain resistor
elements 220A, 2208, 221A, and 221B are located above
strain resistor elements 217A, 217B, 219A, and 219B,
respectively, that 1s, 1n a direction parallel to center axis 211C.

Deformable body 211 further includes retained portion 223
provided at tip 222C of projection 222. Retained portion 223
has a larger width 1n a direction of center axis 211C than
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projection 222. Retained portion 223 and projection 222
together constitute fixing part 224.

Circuit board 235 shown 1n FI1G. 9 15 electrically connected
to power supply electrodes 212 and 213, output electrodes
214 and 215, and GND electrode 216 which are formed on
outer side surface 211D of deformable body 211. Circuit
board 235 includes processing circuit 236 implemented by an
integrated circuit (IC). Processing circuit 236 processes sig-
nals output from output electrodes 214 and 215 of the bridge
circuit which 1s composed of lower-side strain resistors 217
and 219, upper-side strain resistors 220 and 221, and circuit
pattern 218 formed on deformable body 211. Case 233
includes connector part 238 having connector terminals 237.
Connector terminals 237 electrically connected to circuit
board 235 output signals outside.

A method for manufacturing weight sensor 1002 according
Embodiment 2 will be described below.

Deformable body 211 1s manufactured using the same
materials and methods as deformable body 111 and strain
resistors 117,119, 120, and 121 according to Embodiment 1.
Deformable body 211 includes strain resistors 217, 219, 220,
and 221; power supply electrodes 212 and 213; output elec-
trodes 214 and 215; GND electrode 216; and circuit pattern
218 which are provided on outer side surface 211D.

Next, elastic body 226 1s bonded to bottom 225D of recess
225C which opens at upper surface 225A of lower pressing
portion 225. Then, tubular portion 211Y of deformable body
211 1s placed on upper surface 226A of elastic body 226.

Next, upper pressing portion 228 1s bonded to upper end
211A of tubular portion 211Y of deformable body 211, and
upper pressing portion 228 1s bonded to upper surface 225A
of lower pressing portion 225.

An operation of weight sensor 1002 according to Embodi-
ment 2 will be described below. FIG. 13 1s a side sectional
view ol weight sensor 1002. FIG. 14 1s an enlarged side
sectional view of weight sensor 1002 for illustrating deform-
able body 211 and pressing member 232. FIG. 135 1s a side
view ol deformable body 211.

As shown 1n FIG. 13, collar 241 1s attached to an outer
periphery of bolt 239 on upper surtace 240A of support plate
240 into which bolt 239 1s previously installed. Deformable
body 211 1s placed so that lower surface 233B of retained
portion 223 contacts upper surface 241 A of collar 241. Then,
collar 242 1s placed on upper surface 223 A of retained portion
223. Then, nut 243 1s screwed onto bolt 239 so that retained
portion 223 1s sandwiched between collars 241 and 242. Bolt
239, support plate 240, collars 241 and 242, and nut 243
together constitute fixing member 244 for fixing deformable
body 211. In this situation, as shown 1 FIGS. 14 and 185,
pressing member 232 contacts tubular portion 211Y of
deformable body 211, but no load 1s applied to deformable
body 211.

Predetermined voltages (5V according to Embodiment 2)
are applied to power supply electrodes 212 and 213, and GND
clectrode 216 1s grounded.

FIG. 16 1s an enlarged side sectional view of weight sensor
1002 while pressing member 232 applies a load to deform-
able body 211. When applied with a load along center axis
211C from above, pressing member 232 presses upper end
211A of tubular portion 211Y downward, and applies a shear
load parallel to center axis 211C to tubular portion 211Y of
deformable body 211. More specifically, pressing member
232 presses deformable body 211 1n parallel with center axis
211C so that tubular portion 211Y and projection 222 are
urged and displaced 1n directions relatively opposite to each
other. This shear load applies a moment to outer side surface

211D of tubular portion 211Y linked to projection 222. The
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moment increases radius R211A of upper end 211A of
deformable body 211 as shown in FIG. 17. The moment
displaces upper end 211A and lower end 211B of tubular
portion 211Y in directions relatively opposite to each other in
a radial direction about center axis 211C. The increase 1n
radius R211A of upper end 211A of tubular portion 211Y of
deformable body 211 expands upper outer side surface 211G
ol outer side surface 211D. This results 1n an increase 1n the
resistances of upper-side strain resistors 220 and 221 (strain
resistor elements 220A, 2208, 221A, and 221B) provided on
upper outer side surface 211G of outer side surface 211D.
This changes the voltage between output electrodes 214 and
215 of the bridge circuit which 1s composed of strain resistors
217, 219, 220, and 221 shown in FIG. 12. The voltage 1s
processed by processing circuit 236 so as to measure the load
applied to deformable body 211.

As described above, in weight sensor 1002 of Embodiment
2, pressing member 232 for pressing projection 222 of
deformable body 211 moves along center axis 211C of
deformable body 211, thereby applying a moment to deform-
able body 211. This causes outer side surface 211D of
deformable body 211 to easily deform. As a result, the resis-
tances of strain resistors 217 and 219 provided on outer side
surface 211D are easily changed so as to greatly change the
voltage between output electrodes 214 and 2135 of the bridge
circuit. This increases the sensitivity of a signal to be output
from weight sensor 1002.

Exemplary Embodiment 3

FIGS. 18 and 19 are side sectional views of weight sensor
1003 according to Exemplary Embodiment 3 of the present
ivention. FIGS. 20A and 20B are a perspective view and a
bottom perspective view of deformable body 351 of weight
sensor 1003, respectively. FIG. 20C 1s a sectional view of
deformable body 351. FIG. 20D 1s a developed view of tubu-
lar portion 351Y of deformable body 351.

As shown 1n FIGS. 20A to 20C, deformable body 351
includes tubular portion 351Y having a tubular shape (a cir-
cular cylindrical shape according to Embodiment 3) extend-
ing along and around center axis 351C. According to Embodi-
ment 3, deformable body 351 1s disposed so that center axis
351C extends 1n a vertical direction. Tubular portion 351Y
has upper end 351 A and lower end 351B which are opposite
to each other along center axis 351C. Tubular portion 351Y
has outer side surtace 351D on the outside of the cylindrical
shape, and mner surface 351F which 1s opposite to outer side
surtace 351D and which faces center axis 351C. Deformable
body 351 further includes projection 362 projecting from
inner surface 351E of tubular portion 351Y toward center axis
351C. Detformable body 351 1s made of a plate made of a hard
but deformable material, and a surface having an insulating,
property. At least outer side surface 351D has an insulating,
property. According to Embodiment 3, deformable body 351
1s made of a metal plate, such as a ferrite stainless steel plate,
and a glass layer formed on a surface (outer side surface
351D) of the metal plate. Power supply electrodes 352 and
353, output electrodes 354 and 3355, and ground (GND) elec-
trode 356 provided on outer side surface 351D are disposed
close to each other and are made of Ag. In tubular portion
351Y, the position which 1s between upper and lower ends
351A and 351B and at which tubular portion 351Y crosses a
surface perpendicular to center axis 351C 1s defined as inter-
mediate circumierence 351F. According to Embodiment 3,
ends 351 A and 351B are perpendicular to center axis 351C,
and intermediate circumierence 351F 1s closer to end 3518
than to end 351A. Intermediate circumierence 351F divides
outer side surface 351D of tubular portion 351Y into upper
outer side surface 351G and lower outer side surface 351H. In
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other words, upper outer side surface 351G 1s located
between intermediate circumierence 351F and upper end
351A. Lower outer side surface 351H 1s located between
intermediate circumierence 351F and lower end 351B.
Projection 362 projects toward center axis 351C from inner
surtace 351E of mtermediate circumierence 351F of tubular
portion 351Y
Lower-side strain resistors 357 and 359 are provided on
lower outer side surface 351H. Lower-side strain resistor 357
has ends 357C and 357D, and 1s composed of strain resistor
clements 357A and 357B connected 1n series between ends
357C and 3357D. Strain resistor elements 357A and 357B
have resistances changing depending on the geometric dis-
tortion generated by a stress applied to the resistor elements.
Therefore, the resistance between ends 357C and 357D of
lower-side strain resistor 357 changes depending on the geo-
metric distortion generated by the stress applied to strain
resistor elements 357 A and 3578, that 1s, strain resistor 357.
Lower-side strain resistor 359 has ends 359C and 359D, and
1s composed of strain resistor elements 359 A and 359B con-
nected 1n series between ends 359C and 359D. Strain resistor
clements 359A and 359B have resistances changing depend-
ing on the geometric distortion generated by a stress applied
to the resistor elements. Therefore, the resistance between
ends 359C and 359D of lower-side strain resistor 359 changes
depending on the geometric distortion generated by the stress
applied to strain resistor elements 359A and 359B, that 1s,
strain resistor 359. End 357D of lower-side strain resistor 357
1s electrically connected to power supply electrode 352 via
circuit pattern 3358, and end 357C 1s connected to output
clectrode 354 via circuit pattern 358. End 359C of lower-side
strain resistor 339 1s electrically connected to output elec-
trode 355 via circuit pattern 358, and end 359D 1s electrically
connected to GND electrode 356 via circuit pattern 358.
Upper-side strain resistors 360 and 361 are provided on
upper outer side surface 351G. Upper-side strain resistor 360
has ends 360C and 360D, and 1s composed of strain resistor
clements 360A and 360B connected in series between ends
360C and 360D. Strain resistor elements 360A and 360B
have resistances changing depending on the geometric dis-
tortion generated by a stress applied to the resistor elements.
Therefore, the resistance between ends 360C and 360D of
upper-side strain resistor 360 changes depending on the geo-
metric distortion generated by the stress applied to strain
resistor elements 360A and 3608, that 1s, strain resistor 360.
Upper-side strain resistor 361 has ends 361C and 361D, and
1s composed of strain resistor elements 361 A and 361B con-
nected 1n series between ends 361C and 361D. Strain resistor
clements 361 A and 361B have resistances changing depend-
ing on the geometric distortion generated by a stress applied
to the resistor elements. Therefore, the resistance between
ends 361C and 361D of upper-side strain resistor 361 changes
depending on the geometric distortion generated by the stress
applied to strain resistor elements 361A and 361B, that 1s,
strain resistor 361. End 360D of upper-side strain resistor 360
1s electrically connected to GND electrode 356 via circuit
pattern 358, and end 360C 1s connected to output electrode
354 via circuit pattern 358. End 361D of upper-side strain
resistor 361 1s electrically connected to power supply elec-
trode 353 via circuit pattern 358, and end 361C 1s electrically
connected to output electrode 355 via circuit pattern 358.
Lower-side strain resistors 357 and 3359 and upper-side strain
resistors 360 and 361 together constitute a bridge circuit.
Strain resistor elements 357 A and 3578 and strain resistor
clements 359A and 359B are arranged alternately 1n a cir-
cumierential direction of outer side surface 351D of deform-
able body 351 perpendicular to center axis 351C. In other
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words, strain resistor element 357 A 1s located between strain
resistor elements 359A and 3598, and strain resistor element
359A 1s located between strain resistor elements 357A and
357B 1n the circumierential direction of outer side surface
351D. Strain resistor element 357B 1s located between strain
resistor elements 359 A and 359B, and strain resistor element
359B 15 located between strain resistor elements 357A and
357B 1n the circumierential direction of outer side surface
351D.

Strain resistor elements 360A and 360B and strain resistor
clements 361 A and 361B are arranged alternately in the cir-
cumierential direction of outer side surface 351D of deform-
able body 331 perpendicular to center axis 351C. In other
words, strain resistor element 360A 1s located between strain
resistor elements 361 A and 361B, and strain resistor element
361A 1s located between strain resistor elements 360A and
360B 1n the circumfterential direction of outer side surface
351D. Strain resistor element 360B 1s located between strain
resistor elements 361 A and 361B, and strain resistor element
361B 1s located between strain resistor elements 360A and
360B 1n the circumferential direction of outer side surface
351D. As shown 1n FIG. 20D, strain resistor elements 360A,
3608, 361A, and 361B are located above strain resistor ele-
ments 357A, 3578, 359A, and 359B, respectively, that 1s, in
a direction parallel to center axis 351C.

Deformable body 351 further includes retained portion 363
provided at tip 362C of projection 362. Retained portion 363
has a larger width 1n the direction of center axis 351C than
projection 362, and projects downward from projection 362
toward lower end 351B. Retained portion 363 and projection
362 together constitute fixing part 364.

Deformable body 351 has a retained portion provided on
iner surface 351E at upper end 351A of tubular portion
351Y. Weight sensor 1003 includes pressing member 3635
made of metal which 1s fixed to upper end 351A of tubular
portion 351Y, that 1s, to {ixing part 364A. Screw 366 1s pro-
vided on outer side surface of pressing member 3635. Case 367
made of resin accommodates circuit board 368 made of poly-
imide.

Circuit board 368 shown in FIG. 19 is electrically con-

nected to power supply electrodes 352 and 3353, output elec-
trodes 354 and 355, and GND electrode 356 which are pro-

vided on outer side surface 351D of deformable body 351.
Processing circuit 369 implemented by an integrated circuit
(IC) 1s mounted onto circuit board 368. Processing circuit 369
processes signals output from output electrodes 354 and 3355
of the bridge circuit which 1s composed of lower-side strain
resistors 357 and 359, upper-side strain resistors 360 and 361,
and circuit pattern 358 formed on deformable body 351. Case
367 includes connector part 371 having connector terminals
370. Connector terminals 370 are electrically connected to
circuit board 368 output signals outside.

FI1G. 22 1s a top view of mounting member 372 of weight
sensor 1003. Mounting member 372 has fixing hole 373
therein. Retained portion 363 of deformable body 351, that 1s,
outer side surface 363D of lower end 363B of fixing part 364
1s fixed 1n fixing hole 373. Mounting member 372 has stopper
groove 374 therein having a circular shape surrounding fixing
hole 373. When an excessive pressing load 1s applied to
pressing member 365 and causes tubular portion 351Y to
move downward, the inner bottom surface of stopper groove
374 contacts lower end 351B of tubular portion 351Y.

More specifically, lower end 351B of tubular portion 351Y
contacts mounting member 372, thereby preventing tubular
portion 351Y from being displaced downward with respect to
mounting member 372. This eliminates the need to provide a
stopper to mounting member 372 by a mechanical process-
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ing, such as cutting or forging, thereby eliminating the pro-
cess of mechanically processing the stopper.

Since the mner bottom surface of stopper groove 374 can
contact lower end 351B of tubular portion 351Y, the thickness
of weight sensor 1003 can be smaller by the amount corre-
sponding to the depth of stopper groove 374.

FIG. 23 15 a perspective view ol mounting member 376 of
weight sensor 1003. Mounting member 372 has two mount-
ing holes 375 therein. Mounting member 376 1s fixedly
welded at both ends to mounting member 372. Mounting
member 376 has two mounting holes 377 therein correspond-
ing to two mounting holes 3735 of mounting member 372.

Through-hole 378 1s provided substantially in a center of
mounting member 376 for passing pressing member 3635
therethrough. The center of mounting member 376 protrudes
a direction to upper end 351A of tubular portion 351Y.

When an excessive tensile load 1s applied to pressing mem-
ber 365 and causes tubular portion 351Y to move upward,
upper end 351 A of tubular portion 351Y contacts mounting
member 376 so as to prevent tubular portion 351Y from being
displaced upward with respect to mounting member 376. This
climinates the need to provide a stopper to mounting member
376 by mechanical processing, such as cutting or forging,
thereby eliminating the process of mechanically processing
the stopper.

A method for manufacturing weight sensor 1003 of
Embodiment 3 will be described below.

Deformable body 351 1s manufactured using the same

materials and methods as deformable body 111 and strain
resistors 117, 119, 120, and 121 of Embodiment 1. Deform-

able body 351 includes strain resistors 357, 359, 360, and
361; power supply electrodes 352 and 353; output electrodes
354 and 355; GND clectrode 356; and circuit pattern 3358 on
outer side surface 351D.

Next, circuit board 368 1s placed on case 367 1in which
connector terminals 370 are previously embedded and
molded by insert molding. Then, processing circuit 369 1s
mounted on circuit board 368, thereby being electrically con-
nected to connector terminals 370.

Next, pressing member 365 1s fixedly welded to fixing part
364 A of upper end 351 A of tubular portion 351Y.

Next, fixing part 364 of retained portion 363 of deformable
body 351 1s inserted into fixing hole 373 of mounting member
372, and fixedly welded to the fixing hole.

Then, both ends of mounting member 376 are placed at
both ends of the upper surface of mounting member 372, and
fixedly welded thereto.

An operation of weight sensor 1003 will be described
below. FIG. 24 15 a side sectional view of weight sensor 1003.

Weight sensor 1003 1s placed on the upper surface of sheet
rail 379 such that bolts 380 passes through mounting holes
375 of mounting member 372 and mounting holes 377 of
mounting member 376. Then, nuts 381 are screwed onto bolts
380 so as to fix weight sensor 1003 to sheet rail 379. Then,
coupler 382 linked to a vehicle seat 1s attached to pressing
member 365 via bolt 383.

In this situation, when a passenger sits on the seat, a load 1s
applied to coupler 382 from above, and consequently, a shear
load 1s applied to tubular portion 351Y. The shear load applies
a moment to outer side surface 351D of tubular portion 351Y.
The moment expands upper outer side surface 351G of outer
side surface 351D of tubular portion 351Y. This results 1n an
increase 1n the resistances of upper-side strain resistors 360
and 361 (strain resistor elements 360A, 3608, 361A, and
361B). The moment also contracts lower outer side surface
351H of outer side surface 351D, thereby reducing the resis-
tances of lower-side strain resistors 357 and 339 (strain resis-
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tor elements 357A, 3578, 359 A, and 359B). This changes the
voltage between output electrodes 354 and 3535 of the bridge
circuit which 1s composed of strain resistors 357, 359, 360,
and 361 shown 1n FIG. 21. The voltage 1s processed by pro-

cessing circuit 369 so as to measure the load applied to
deformable body 351.

When a lifting load 1s applied to coupler 382, upper outer
side surface 351G of outer side surtace 351D of tubular por-
tion 351Y 1s contracted so as to reduce the resistances of
upper-side strain resistors 360 and 361. Simultaneously,
lower outer side surface 351H of outer side surface 351D 1is
expanded so as to increase the resistances of lower-side strain
resistors 357 and 359. This changes the voltage between
output electrodes 354 and 355 of the bridge circuit which 1s
composed of strain resistors 357, 359, 360, and 361 shown 1n
FIG. 21. The voltage 1s processed by processing circuit 369 so
as to measure the load applied to deformable body 351.

As described above, mounting member 372 fixes deform-
able body 351. Deformable body 351 includes retained por-
tion 363 provided at tip 362C of projection 362. Retained
portion 363 of deformable body 351 i1s fixed to mounting
member 372. Mounting member 372 has an upper surface
facing lower end 351B of tubular portion 351Y. When no load
1s applied to pressing member 365, the upper surface of
mounting member 372 1s located away from upper end 351 A
of tubular portion 351Y. Upon an excessive load being
applied to pressing member 363, the upper surface of mount-
ing member 372 contacts lower end 351B of tubular portion
351Y so as to prevent tubular portion 351Y from being dis-
placed downward. Mounting member 376 1s joined to mount-
ing member 372 and has a lower surface faces upper end
351A of tubular portion 351Y. When no load 1s applied to
pressing member 365, the lower surtace of mounting member
3776 1s located away from upper end 351A of tubular portion
351Y. When an excessive load 1s applied to pressing member
365, the lower surface of mounting member 372 contacts
upper end 351A of tubular portion 351Y so as to prevent
tubular portion 351Y from being displaced upward. The
upper surface of mounting member 372 has stopper groove
374 therein having an inner bottom surface contacting lower
end 351B of tubular portion 351Y when an excessive load 1s
applied to pressing member 365.

When coupler 382 applies an excessive pressing load to
pressing member 363 from above, lower end 351B of tubular
portion 351Y contacts the inner bottom surface of stopper
groove 374, thereby preventing plastic deformation of tubular
portion 351Y.

When coupler 382 applies an excessive tensile load to
pressing member 365 to displace pressing member 365
upward, upper end 351 A of tubular portion 351Y contacts the
lower surface of mounting member 376, thereby preventing
plastic deformation of tubular portion 351Y.

Embodiments 1 to 3, terms, such as “above”, “lower”,
“upward”, and “downward”, indicating directions indicate
relative directions depending from components, such as the
deformable body, of the weight sensors, and do not indicate
absolute directions, such as a vertical direction.

INDUSTRIAL APPLICABILITY

This weight sensor has resistances of strain resistors
change so greatly to measure a load with high sensitivity and
1s usetul especially to measure a load applied to a vehicle seat.

Retference Marks 1n the Drawings

111 deformable body
111A upper end
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111B lower end

111C center axis

111D outer side surface

111E inner surface

111F intermediate circumierence
111G upper outer side surface

111H lower outer side surface

111Y tubular portion

117 strain resistor (second strain resistor)
120 strain resistor (first strain resistor)
122 projection

124 elastic body (second elastic body)
128 elastic body (first elastic body)
132 support member

141 pressing member

211 deformable body

211 A upper end

211B lower end

211C center axis

211D outer side surface

211FE 1nner surface

211F intermediate circumierence
211G upper outer side surface

211H lower outer side surface

211] through-hole

211Y tubular portion

217 strain resistor (second strain resistor)
220 strain resistor (first strain resistor)
222 projection

223 retained portion

232 pressing member

244 fixing member
351 deformable body

351A upper end

351B lower end

351Y tubular portion

362 projection

363 retained portion

372 mounting member ({irst mounting member)
374 stopper groove

376 mounting member (second mounting member)
1001 weight sensor

1002 weight sensor

1003 weight sensor

The invention claimed 1s:
1. A [weight] sensor comprising:
a deformable body including
a tubular portion having a tubular shape extending along
a center axis and surrounding the center axis, the
tubular portion having an outer side surface and an
inner surface, the outer side surface facing in a direc-
tion away from the center axis, the inner surface fac-
ing the center axis, and
a projection projecting from the inner surface of the
tubular portion;
a {irst strain resistor provided on the outer side surface of
the deformable body; and
a pressing member [moving] that moves along the center
axis [so as to apply] ard applies aload to the deformable
body so as to apply a moment to the tubular portion of the
deformable body, wherein:
the pressing member presses the deformable body to urge
the projection and the tubular portion of the deformable
body relatively in directions which are opposite to each
other and which are parallel with the center axis, and
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the moment displaces an upper end and a lower end of the
tubular portion in divections relatively opposite to each
other in a radial divection about the center axis.

[2. The weight sensor of claim 1, wherein the pressing

member presses the deformable body to urge the projection
and the tubular portion of the deformable body relatively 1n
directions which are opposite to each other and which are

parallel with the center axis.]

3. The [weight] sensor of claim 1, further comprising

a support member for supporting the deformable body,

[wherein the tubular portion of the deformable body has an
upper end and a lower end opposite to each other along
the center axis,]

wherein the support member supports the upper end and
the lower end of the deformable body, and

wherein the pressing member presses the projection so as
to apply the moment to the tubular portion.

4. The [weight] sensor of claim 3, further comprising

a first elastic body provided between the support member
and the upper end of the tubular portion of the deform-
able body.

5. The [weight] sensor of claim 4, further comprising

a second elastic body provided between the support mem-
ber and the lower end of the tubular portion of the
deformable body.

6. The [weight] sensor of claim 1, further comprising

a fixing member for fixing the deformable body,

wherein the tubular portion of the deformable body has an
upper end and a lower end opposite to each other along
the center axis,

[wherein the tubular portion of the deformable body has an
upper end and a lower end opposite to each other along
the center axis,]

wherein the deformable body further includes a retained
portion provided at a tip of the projection,

wherein the fixing member fixes the retained portion of
[he] #2¢ deformable body, and

wherein the pressing member presses the tubular portion of
the deformable body such that the moment 1s applied to
the tubular portion of the deformable body.

7. The [weight] sensor of claim 1, further comprising

a second strain resistor [formed] disposed on the outer side
surface of the deformable body,

wherein an intermediate circumierence at which the tubu-
lar portion crosses a surface perpendicular to the center
axis between the upper end and the lower end of the
tubular portion 1s defined,

wherein the mtermediate circumierence divides the outer
side surface of the tubular portion 1into an upper outer
side surface and a lower outer side surface,

wherein the first strain resistor and the second strain resis-
tor are disposed on the upper outer side surface and the
lower outer side surface, respectively, and

wherein the projection of the deformable body projects
from the intermediate circumierence on the mnner sur-
face of the tubular portion.

8. The [weight] sensor of claim 1, further comprising

a first mounting member for fixing the deformable body,

wherein the deformable body further includes a retained
portion provided at a tip of the projection,

wherein the retained portion of the deformable body 1s
fixed to the first mounting member,

[wherein the tubular portion of the deformable body has an
upper end and a lower end opposite to each other along
the center axis,]

wherein the first mounting member has an upper surface
facing the lower end of the tubular portion,
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wherein, when no load 1s applied to the pressing member,
the upper surface of the first mounting member 1s located
away from the upper end of the tubular portion, and

wherein, when an excessive load 1s applied to the pressing
member, the upper surface of the first mounting member
contacts the lower end of the tubular portion so as to
prevent the tubular portion from being displaced down-
ward.

9. The [weight] sensor of claim 8, further comprising:

a second mounting member joined to the first mounting
member, the second mounting member having a lower
surface facing the upper end of the tubular portion,

wherein, when no load 1s applied to the pressing member,
the lower surface of the second mounting member 1s
located away from the upper end of the tubular portion,
and

wherein, when an excessive load 1s applied to the pressing
member, the lower surface of the second mounting
member contacts the upper end of the tubular portion so
as to prevent the tubular portion from being displaced
upward.

10. The [weight] sensor of claim 8, wherein a stopper
groove 15 provided in the upper surface of the first mounting
member, and the stopper groove has an inner bottom surface
which contacts the lower end of the tubular portion when the
excessive load 1s applied to the pressing member.

11. The [weight] sensor of claim 1, further comprising:

a first mounting member for fixing the deformable body;

and

a second mounting member joined to the first mounting
member,

wherein the deformable body further includes a retained
portion provided at a tip of the projection,

wherein the retained portion of the deformable body 1is
fixed to the first mounting member,

wherein the tubular portion of the deformable body has an
upper end and a lower end opposite to each other along
the center axis,

wherein the second mounting member has a lower surface
facing the upper end of the tubular portion,

wherein, when no load 1s applied to the pressing member,
the lower surface of the second mounting member is
located away from the upper end of the tubular portion,
and

wherein, when an excessive load 1s applied to the pressing
member, the lower surface of the second mounting
member contacts the upper end of the tubular portion so
as to prevent the tubular portion from being displaced
upward.

12. A sensor comprising.:

a deformable body including:

a tubular portion having a tubular shape and having an
outer side surface and an inner surface; and

a projection projecting from the inner side surface of the
tubular portion;

a pressing member configured to apply a force to the
deformable body;,

a first strain vesistor disposed on the deformable body and
configured to detect an amount of the force; and

a second strain resistor disposed on the deformable body,

wherein the pressing member presses the deformable body
to urge the projection and the tubular portion of the
deformable body relatively in divections which are
opposite to each other and which ave parallel with a
center axis of the tubular portion, and

the first strain rvesistor is disposed on an upper portion of
the deformable body with respect to the projection and
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the second strain resistor is disposed on a lower portion
of the deformable body with respect to the projection.

13. The sensor of claim 12, wherein the pressing member is

configured to apply the force through the projection of the
deformable body.

14. The sensor of claim 12, further comprising:

a support member configured to support the deformable
body, wherein.

the tubular portion of the deformable body has an upper
end and a lower end opposite to each other,

the support member supports the upper end and the lower
end of the deformable body, and

the pressing member presses the projection so as to apply
a moment to the tubular portion.

13. The sensor of claim 14, further comprising:

at least one elastic body provided at least one of between
the support member and the upper end of the tubular
portion of the deformable body and between the support
member and the lower end of the tubulayr portion of the
deformable body.

16. The sensor of claim 12, further comprising:

a fixing member configured to fix the deformable body,
wherein:

the tubular portion of the deformable body has an upper
end and a lower end opposite to each other,

the deformable body further includes a retained portion
provided at a tip of the projection,

the fixing member fixes the vetained portion of the deform-
able body, and

the pressing member presses the tubular portion of the
deformable body such that a moment is applied to the
tubular portion of the deformable body.

17. The sensor of claim 12, further comprising:

a first mounting member configured to fix the deformable
body, wherein.

the deformable body further includes a vetained portion
provided at a tip of the projection,

the retained portion of the deformable body is fixed to the
fivst mounting member,

the tubular portion of the deformable body has an upper
end and a lower end opposite to each other,

the first mounting member has an upper surface facing the
lower end of the tubular portion, and

when no load is applied by the pressing member, the upper
surface of the first mounting member is located away
from the upper end of the tubular portion, and when an
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excessive load is applied by the pressing member, the
upper surface of the first mounting member contacts the
lower end of the tubular portion so as to prevent the
tubular portion from being displaced downward.

18. The sensor of claim 17, further comprising:

a second mounting member connected to the first mounting
member, the second mounting member having a lower
surface facing the upper end of the tubular portion,

wherein, when no load is applied by the pressing member,
the lower surface of the second mounting member is
located away from the upper end of the tubular portion,
and when an excessive load is applied by the pressing
member, the lower surface of the second mounting mem-
ber contacts the upper end of the tubulay portion so as to
prevent the tubular portion from being displaced
upward.

19. The sensor of claim 17, wherein.:

a stopper groove is provided in the upper surface of the first
mounting member, and

the stopper groove has an inner bottom surface which
contacts the lower end of the tubular portion when the
excessive load is applied by the pressing member.

20. The sensor of claim 12, further comprising.

a first mounting member configured to fix the deformable
body; and

a second mounting member connected to the first mounting
member. wherein:

the deformable body further includes a vetained portion
provided at a tip of the projection,

the retained portion of the deformable body is fixed to the
first mounting member,

the tubular portion of the deformable body has an upper
end and a lower end opposite to each other,

the second mounting member has a lower surface facing
the upper end of the tubular portion,

when no load is applied by the pressing member, the lower
surface of the second mounting member is located away
from the upper end of the tubular portion, and when an
excessive load is applied by the pressing member, the
lower surface of the second mounting member contacts
the upper end of the tubular portion so as to prevent the
tubular portion from being displaced upward.
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