1 DESCRI PTI ON Drop Shock Measurenent System and 5 Accel eration Sensor

El enent Used in the Sanme TECHNI CAL FI ELD The present invention relates to
a drop inpact neasuring systemused for a drop inpact test on nobile

el ectroni ¢ equi pnment including a nobile phone, and 10 also relates to. an
accel eration sensor el ement enployed for khe drop inpact nmeasuring system
BACKGROUND ART For nobil e el ectronic equi pnent including a nobile phone, a
not ebook 15 size conputer, a nobile cassette player, conpact disc (CD)

pl ayer, and mni disc (M) player,DESTROOMWONS an ever-present acci dent
when considering its intended use. Accordingly, protecting the equipnent
frominpact caused by the drop-down has now been a grow ng need. A typical
failure cones from distortion of a notherboard nounted on the equi pnent

due to drop-down inpact, 20 DyopyShetk MuBBuSEmBAESYspPOoNent s have shorts
in the wiring, or cone off the board. Therefore, to protect the equi pnment

fromsuch accidents, following steps shgwtd be taken: i) selecting a
material and a structure of electronic equipnment to be tested; ii)
deternifing a drop- down Abedlehition SeflidrElenfit Wdd ibtHRSAkcng  dr op- down

i npact acceleration applied to each section of the equipnent; and 25 then
iv) getting feedback fromthe result and inproving the design of the inner
structure, for exanple, the position and nethod of installing a circuit

board. Ho@B(EENICA. BIBpHown i npact accel eration during falling greatly
vartes The present invention relates to a drop impact measuring system used for
a drop impact test on mobile electronic equipment including a mobile phone, and
10  also relates to. an acceleration sensor element employed for the drop impact

measuring system.

BACKGROUND ART

| For mobile electronic equipment including a mobile phone,. a notebook
15  size computer, a mobile cassette player, compact disc (CD).playe_r, and mini disc

(MD) player, drop-down is an ever-present accident when considering its

intended use. Accordingly, protecting the equipment from impact caused by the

drop-down has now been a growing need. A typical failure comes from

distortion of a motherboard mounted on the equipment due to drop-down impact,

20 by which some on-board components have shorts in the wiring, or come off the

- board. Therefore, to protect the equipment from such accidents, following steps

should be taken: i) selecting a material and a structure of electronic equipment

to be tested; ii) determining a drop-down height and direction; iii) simulating

drop-down impact acceleration applied to each section of the equipment; and

25 - then iv) getting feedback from the result and improving the design of the inner

structure, for example, the position and method of installing a circuit board.

However, the drop-down impact acceleration during falling greatly varies



2 between falling objects, and the acceleration applied to an object has
significant magnitude. Furthernore, rgsonance frequency caused by drop

i npact greatly depends on the structure of an object. The reasons above
have been obstacles to detection of drop-down inpact acceleration applied
to a falling object. DI SCLOSURE OF THE | NVENTI ON According to a first
aspect of tthe rfe ent invention, there is provided a drop inpact neasuring
system f(ﬂe‘ﬂ?@g j ©ohiede, @ndedhg pReaaleratieBnpppkgthdo an abjsictirkas ty of

bi nor ph- i ' Nt_aini I ' vi brating
secti ons%@ﬁ%%?@ﬂuﬁ%sFiﬁﬂﬁi@f}iﬁaﬁ% P g\?\kﬂgﬁf‘f re@l'éeﬁ:ﬁ)r gééss&i b %Fi ch

secti on filmpastpezatindepeangsitorotha bruptureadfi ary obfjectbiTier piasenecitsoat i on
sensors t ai,ned through the draw o el ectrodes;. c n anmplifying circuit
For anpl YR FeD SPEGERR foafiptlhl Shionafime fnpesh desitaueh Bppked e oui ¢ ch
section fafamnghsbjditnor ph accel eration sensors; and d) a logic circuit for
| ogi cally evaluating the output fromthe anplifying circuit and

controlling the switch section according to result acquired fromthe

| ogi cal evaluation, wherein f each of the
plurality of binorph-type ac@%@gﬁmgwwﬂ?@ each other; and
wherei n the | dgicording e & firse aBpect 6 thBHrevbitGhvEeRidr, ereat Previasg@t i ng the
drop inpact test, and selects a predeterm ned acceleration sensor fromthe

pluralit@ep BRpashrmeaguangcerstemtiosndeemsioipact: hestl ogi eatiipaent, j udges
whet her ANt S L fyi redit is within.a threshold
val ue; a%gm\%ﬂéélﬁb"t ﬁz %[]?‘I’p'ri??{ ys Pgn%gr&%'ljy@%eg%r?ﬁrﬁﬁ% ﬁ&ng?rrsc ?ta@m@ds t he
t hr eshol glwalityeof tilee Migatngisectiohs ceadly @fswhith hawi irlivigedt deiv-bat sel ect
~ ot her achI Frgt i OB senﬁor fromt h]g plural ity of )

electrodes; b) switch section for selecting output of the plurality of

bimorph acceleration sensors obtained through the draw-out electrodes; ¢) an

amplifying circuit for amplifying at least one of voltage and current applied
via the switch section from the bimorph acceleration sensors; and d) a logic
circuit for ‘logically evaluating the output from the amplifying circuit and
controlling the switch section according to result acquired from the logical
evaluation, wherein each resonance frequency of each of the plurality of
bimorph-type acceleration sensors differs each other; and wherein the logic
circuit controls the switch section before executing the drop impact test, and
selects a predetermined acceleration sensor from the plurality of bimorph
type acceleration sensors; the logic circuit judges whether an output signal of

- the amplifying circuit is within a threshold value; and when the output signa! of
the amplifying circuit exceeds the threshold value, the logic circuit controls the
switch section to select other acceleration sensor from the plurality of
bimorph-type acceleration sensors.

According to a second aspect of the present invention, there is
provided a bimorph-type acceleration sensor element, which is used for a
bimorph-type acceleration sensor, comprising i} a plurality of free vibrating
sections having a cantilever beam structure, and each of the free vibrating
sections has a fixed end and a free vibrating end; ii) a supporter to which each

- of the fixed end is supported; and iii) draw-out electrodes for drawing out a



bi nor ph-type accel eration sensors. According to a second aspect of the
present invention, there is provide% a bi norph-type accel erati on sensor

el enent, which is used for a binorphH<type accel erati on sensor, conprising
i) aplurality of free vibrating sections having a cantil ever beam
structure, and each of the free vibrating sections has a fixed end and a
free vibrating end; ii) a supporter to which each of the fixed end is
suppor t ecsigaaluensrptad ihedrea vibratingrastions, veiginrrpchbunf the fixed engiml
gener at ed, J ! i j i in.each of the fixed end is
fixed cl ﬁ)s(%(?C{O grntfhgﬁ% ds‘%tghgéeb%e\%gghé?%g \?%@ﬁ@%@qsati ng ends. A binorph

accel eration gemdmorpH ecedleratiyn bBensor ekmneht iy beclrmedbsBthdgrezect i ons
havi ng canpti). ever bheans. $Signals %enerat ed at the free vibrating section

may be f¥PTEMISRAFUPRS RAviNG santilever theates Bignale goneralpd alethe dree The
bi h ; i f.
i mor ph 3as8licg %bbﬁgnv T8 P ﬁaldefﬁ%a&%we ?{r’ég/-tg@a&%&ﬂ@?%%ft? thB & it e

vi brating sectdon -ends-3suppo ne. al s “generated at
the freesectioati ng section may be fed through the drawout electrodes to

the switch seclli og. BRI.EF DE%ZR#PTI ON OF THE W NGS Fi‘g. 1 shows, a
circuit diagr ah% "HOEP'E)_SCF BHIoRe3RT ¢ Elesyhiemay AlsaceeBERee Qi th a
first angha $eeoNdoRARglsEBIGS Bivih§ehBaESR -subﬁe{ﬁé‘a'eél%mg! SBighllsShows a
circuit diagram of an accel eration Sensor of the first

‘generated at the free vibrating section may be fed through the draw-out

electrodes to the switch section.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows a circuit diagram of a drop impact measuring system
in accordance with a first and a second embodiments of the present
invention.

Fig. 2A shows a circuit diagram of an acceleration sensor of the
first



énbodi ment. Fig. 2B shows a circuit diagramof an acceleration sensor of =
- the second enbodinment. Fig. 3-is a flowchart illustrating the routine of =+
~detecting drop inpact 5 acceleration in a drop inpact nmeasuring systemof . :
the first and second. enbodinments. Fig. 4 is another flow chart o
‘illustrating the routine of detecting drob inpact accel eration in a drop
inpact neasuring systemof the first and second enbodinents. 10 Fig. 5A
shows a top view of an accel eration sensor el enment having a bot h- -
ends- suppoeishbdiant.st ruct ure in accordance with the first- enbodi nent. Fig.
5B shows a bottom view of the accel eration sensor el enent having a '

bot h- ends- suppoFig®B ehowst 4 eiicuttediaprast of danteclrdtfion Renkér sf tigsrhadnaent .
Fig. 5C shows a side view of the accel eration sensor elenment having a 15

bot h- ends- stihpdihedt.beam structure in accordance with the first enbodi nment.
Fig. 5D shows a perspective view of the accel eration sensor el enment having

a bot h- ends- supptg.t 8ds e figwstha! MistiAting the a6V Relcllnk &@P impact
enbodi ment. Fig. 6A shows a top view of an accel erati on sensor el enent

having i  2€cel@nitidneifr ab@esp ShipHuUnfedstrieC @FSlBRE Mk 18 58605 ond
enbodi nent. Fig. 6B shows a bottomview of the accel eration sensor el enment
having a embboidlfeets. beam structure iin accordance with the second :
enbodi ment. Fig. 6C shows a perspective view of the acceleration sensor

“el ement - - havi ngFgg. cauis i digther MMt GlUERatilgd@ROIARIES off ddtetiig SREHN
enbodi nent. 25 Fig. 7A shows a top view of an accel eration sensor el enent
having:a -impact acceleration in a drop impact measuring system of the first and second

embodiments. - o L - @
10 . - Fig. 5A shows a top view of an acceleration sensor element having a both- |
eﬁds-supported beam structure in accordance with the first embodiment.

Fig. 5B shows a bottom view of the acce_leration sensor element having a

: hbth—ends—s_upported beam structure in accordance with the first embodiment.

Fig. 5C shows a side view of the acceleration sensor element having a

15  both-ends-supported beam structure in accordance with the first embodiment.

Fig. 5D shows a perspective view of the acceleration sensor element
having a both-ends-supported beam structure in accordance with the first
embodiment. (\

Fig. 6A shows a top view of an acceleration sensor element having a

20 cantilever beam structure in accordance with the second embodiment.

Fig. 6B shows a bottom view of the acceleration sensor element having a
cantilever beam structure in accordance with the second embodiment.

Fig. 6C shows a perspective view of the acceleration sensor element
having a cantilever beam structure in accordance with the second embodiment. -

25 Fig. 7A shows a top view of an acceleration sensor element having a
cantilever beam structure in accordance with the first embodiment.

Fig. 7B shows a bottom view of the acceleration sensor element having a



cantllever beam structure in accordance with the first enbodinent. Fig. 7B
sshows a bottom view of the accel eration sensor el enent having a 4

cantil ever beam structure in accordance with the first enbodinent. Fig. 7C.
- shows a perspective view of the acceleration sensor elenent having a
cantilever beam structure in accordance - wdth the first enbodi ment. F|g 8A
shows a top view of another acceleration sensor elenent having a 5

cantil ever beam structure in accordance with the first enbodinent. Fig. 8B

shous a_bolduafic edln SHScBRRFILA b MM SPRAT ng&%ﬁ@?é}pbﬁgﬂﬁ&%c JCanti] ever

beam structure I n accordance Wt | rst howsvar.
f
Deam structure: g, O RhESEChADEIRERIAL & %%%%F%{%%?E@%%Bﬁ%&
CARYI NG O, Tt AT, o BB A B A YR E NPt s &
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and 103 are connected to sw respec veI
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swi tches 106 through 108, an output signal Trom one ration
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| ogically eval uated resul
7 having a cantilever beam structure in accordance with the first embodiment.

10 -
BEST MODE FOR CARRYING OUT OF THE INVENTION

FIRST EXEMPLARY EMBODIMENT
Fig. 1 shows a circuit diagram of a drop impact measuring system in
15 accordance with a first embodiment of the present invention. Acceleration
sensors 101, 102, and 103 are connected to switches 106, 107, and 108,
respeci;ively. Sensors 101 through 103 are also connected to ground 109. By
closing one of switches 106 through 108, an output signal from one of
acceleration sensors 101 through 103 is fed into amplifying circuit 104 to be
20 - amplified. Amplifying circuit 104 outputs a signal, which corresponds to
acceleration, via terminal 110. Logic circuit 105 evaluates whether or not. the
signal from amplifying circuit 104 stays within a predetermined threshold, and 7
whether resonance occurs or not, accordingly outputs logicall.y evaluated result.
Logic circuit 105 determines which one of switches 106 through 108 should be
25  closed, according to the logical evaluation, thereby controlling switches 106
through 108.

Figs. 5A through 5D show the structure of an acceleration sensor element,



Logic circuit 105 deterni nes which one. of sw tches 106 through 108 shoul o ,

be 25 cl osed, according to the | ogical evaluation, thereby controlling S

swi't ches 106 through 108. Figs. 5A through 5D show the structure of an =~ .
- accel eration sensor elenent, 5 which is the major conponent of

accel eration sensors 101 through 103. Fidgs. 5A through 5D shows an - o

accel eration sensor el enment having a both-ends- supported beam structure.

Fig. BAis atop view,- Fig. 5Bis a bottomview, Fig. 5Cis a side view,

and Fig. 5RHishas RRE Sﬁ_ﬁfo&'idéﬁ%\)ﬁr@ﬂt OE%Eel@}aéi&&%eﬁéafsaidPm,ugﬁcma‘?F‘S’E%ﬁ? |
.through 547 shown in Figs. 5A through 5D has a binorph structure in I ch

di st orti on5ANEGhMUYIR IR BHIGRU BS %&ubﬁ@io&lrr@aﬁédrvlaefa%&e .Ha%%)el' '@ggl-eg%ee

vi brating sections 545, 546, and 547 have main el ectrodes 5

503 on eaCEuﬂ?&‘%éd%ﬂéﬁhﬂé‘x@ubﬂﬁfe.emﬁ"ig%}qié@‘tﬁp \%vg; Fig?%ggd&ﬁo éf viegl Fignd

522 on each lower surface thereof, respecti aw out el ectrodés %04

and 505 105@ B §QA6GHSR; WnlFIRIZD ¢ AChEAGR G vidh-aWEaHh o?lf?% gg#ggig 06

and 507 are connected wth main el ectrode 502; and draw out e 508

and 509 ar SectfRRRT BikolighbaTiHbval BEFIRIEATRohieh §8) rg{g A%Emséﬁ& g.gfyeahe

connections, respectively. Free vibrating sections 5 t hrou

generate elecikichk GBANGRS aAGGAbAHE beclsSkREL A0 éjéiba%ﬁeeeﬁqﬁéﬁlg,egp%ﬁgce |

bi mor ph structures. The electric 15 charge generat on each uj

of free vi Pvéd ivilira$Rel sQiRna4us, TS, afiﬂd%ﬂxlxvie%ﬁﬁ{ bidedr srmnntz,eb,eahaodes

501, 502, and 503, respectively, and further carried to draw ol

el ect r odes 589 4nadtthSQPperSQi-fARNIRDLOf: 388 18 AP oldcBRBS IH2hEEY1, b9
C } 0

ot her hand, The el ectric charge generated on ea ower surface ree

0TS SEESE e gt PPl IR ERE), O
10 are connected with main electrode 501; draw-out electrodes 506 and 507 are
connected‘with main electrode 502; and draw-out electrodes 508 and 509 are
connected with main electrode 503 to establish electrical connections,
respectively. Free vibrating sections 545 through 547 generate electric charges
according to distortion in shape due to their bimorph structures. The electric
15  charge generated on each upper surface of free vibrating sections 545, 546, and
547 is carried to main electrocies 601, 502, and 503, respectively, and further
~carried to draw-out electrodes 504 and 505; 506 and 507; 508 and 509,
respectively. On the other hand, The electric charge generated on each lower (_\3
surface of free vibrating sections 545, 546, and 547 is carried to main electrodes
20 520, 521, and 522, respectively, and further carried to draw-out electrodes 523
| and 524; 525 and 526; 527 and 528, respectively. The electric charges carried to
-main electrodes 520 through 522 are opposite in polarity to those carried to
main electrodes 501 through 503. Draw-out electrodes 523 through 528 are
extended to the bottom of supporters 541 through 544, via the side surfaces of
25  the supporters, and are exposed at the bottom of the each supporter.

The deformation of free vibrating sections 545 through 547 creates

oppositely polarized electric charges: one is drawn out by draw-out electrodes



and '524; 525 and 526; 527 and 528, respectively. The electric charges
scarried to ‘main el ectrodes 520 through 522 are opposite in polarity to -
these carried to main electrodes 501 through 503. Draw-out el ectrodes. 523
t hr ough 528 are extended to the bottom of supporters 541 through 544, via
. the side surfaces of 25 the supporters, énd are exposed at the bottom of

- the each supporter. The deformation of free vibrating sections 545 tthugh
547 creates oppositely polarized electric charges: one is drawn out by

draw out elgpi f}ﬂ%ﬁ@ﬁé\(&é%@@%ﬁ%g}ﬁ&%ﬁ&? %ﬁ%ﬁ%?.od} #0g vﬁfﬁ#gﬁ%&%@% s

free vibrating sec the other i1s

541 1 hr ough Al Tnd” fag CSRALRS dnsln, GHPBE R oo el BT o0 B8R 47 525
through 5 cxgBsci g (R BBfomiofRupPbliodl shi Sl #14 N0 Sections 545 thr ough

547 is as [ ows: .such a strucCture can avol cellation of the drawn

out electric chapge, ntvghﬁsﬂfa%ﬁﬁug iefécﬂ‘é?f#tsiﬂﬂl }:lﬂ'olfurgﬁe%%% %r' Fﬁt&%ﬁg&fns

545 through 547. in the strlUcture above, tor exanp

' - 1] .2 h -fif f
that of Pain el earrnad hsdlart it e LS ?ﬁ%l%‘%%‘?%ﬁ@%?@f?ﬁ% iaféfiﬁ‘;‘gﬁﬁ
have | engt @ﬁcﬁra I&%u{: eesc%ﬁda\;‘cﬁd ca:i_]%él@ ioh BF lt]i(é d#n! ({nut\(')\(/ﬂ gtﬁ&ﬁ;c 3ree l&lé]ﬁ 19,7

| ongest, and L ortest. Free vibrating sectl _ el f
I T ; ‘ . : Iy CiEC | agram o
g-(r:geleeregt |r gﬁﬂggﬁé%?gﬁ%g}f t ﬁ%ﬁgﬁ%@fg Sé%clti\g\’n]% Sl?sr%@!l%;%@ %%gtef‘%?fé? E ;f;g‘gﬁsor_
I 201 hhoe t I : : 0 5D, e
of " aw- ot T aPF ¢ Bifielc) SaB TRARTof BAMP onf Bleckibal By b a0 Gftierinined”
(connect ed 4o anausho2BRNQ ik Bof Rhin Oohlifedigier hand, one of - draw out
I gSs.

el ectrodes 504 and 505 shown I n gs gh 5D is connected to
10 . Free vibrating sections 545, 546, and 547 have lengths of L3, L2, and L1,

- respectively, and in which L3 is the longest, and L1 is the shortest. Free
vibrating sections 545 through 547 are electrically separated each other. -

Fig. 2A shows the circuit diagram of acceleration sensors 101 through 103

.shown in Fig. 1. Acceleration sensor element 201 is the one the same as shown

15. in Figs. A fhrough 5D. One of draw-out electrodes 523 and 524 shown in Figs.

‘5A through 5D is connected to ground 205 of Fig. 2A. On the other hand, one of

draw-out electrodes 504 and 505 shown in Figs. 5A through 5D is connected to

( " resistor 202 of Fig. 2A. The electric charge obtained from draw-out electrode

504 or 505 is converted through resistor 202 i_nto current. Besides, feeding the

20 . current through resistor 202 allows resistor 202 to generate voltage. In the

casé that resistor 202 1s required to have large resistance value more than 1 MQ,

- employing field-effect transistor (FET) 203 allows the circuit to have lower

impedance. The source of FET 203 is connected, through terminal 206, to the

positive side of a power-supplying unit; the gate is connected to the acceleration

25 . sensor element 201 and resistor 202; and the drain is connected to resistor 204.
The other terminal of resistor 204 is connected to ground 205. The potential of |

the drain is taken out through terminal 207. Forming the circuit like this



€). resistor 202 of Fig. 2A. The electric charge obtai ned from draw out

el ectrode 504 or 505 i's converted through resistor 202 into current.
‘Besides, feeding the 20 current through resistor 202 allows resistaor 202
to generate voltage. In the .case that resistor 202 is required to have

| arge resistance value nore than 1 MQ  é&nploying field-effect transistor
(FET) 203 allows the circuit to have | ower inpedance. The source of FET
203 i s connected, through termnal 206, to the positive side of a

power - SUPPANbWE té¥thinal V0T tedHRrd 16%9%&3&&@&15&41{&& accel eration 25 sensor
el enent 201 and resistor 202; and the drain is connected to resistor 204.

The ot her termrb REclbLsiSh ' : re) 0%%‘{3, '
pot e'nft ial of t'ge dr a? nﬁlﬁﬂé&% gﬁg%ﬁeﬁ%&hﬁg}%ﬁﬁfg} m %53&'281;1-' or%ﬂ%S? Ilwlgs
circuit I'iggebiiatihg Rlctions suaHds47.20adipsil XEO&%% g’ﬁhﬂﬁe HAnE:

The accel eration sensor el enment shown in Figs.

. is fedgo the cqif MQ&ﬁﬁ@aloioﬁwta&*eﬁhég%r?éoamﬂtiﬁg oia@%fswché@ms

enmbodi ment, | D nunbers 1 through 3 are assign accel eration .

sensors . happeghn®8. vi brating sections 545 through 547, respectively, and

5D al so has free

vi brating meghiRRly pAResRd, ad hokafih Pigdpal obtained fromthe two sections

is simlarly processed, as shown in Fig. 2A. 5 A signal fromterm nal 207

aletter "S". I'ndicates the ID nunmber: S = 1 in acceleration sensor 101 10

contai ning freenyifpeabintdds@eht OMDPHimiers 3 h@mg:%ﬁelseraaiei agbigﬁ&f%'m@

containing free vibrating section 546; and S = I n accel eration sensor

10 ot B ki O S B At 4 el
accel er at i g $LNE06S “ShMMichfod tBS ITPAu P W 30n acceleration sensor 101
10  containing free vibrating section 545; S = 2 in acceleration sensor 102 containing
free vibrating section 546; and S = 3 in acceleration sensor 103 containing free
vibrating section 547. Similarly, a letter “N” represents the total number of
“acceleration sensors: N = 3 in the acceleration sensors shown in Figs. 5A

through 5D.

15 Although the explanation above introduces the structure in which i)
generating current by moving the electric charge obtained from one of draw-out
electrodes 504 and 505; ii) converting the current into voltage by feeding
through resistqr 202; and then iii) amplifying the voltage, it is not limited
-thereto: the structure in which current is directly amplified is also acceptable.

20 Acceleration sensor element 201 generally bears capacitance — working
the capacitance with resistor 202 inevitably forms a filter that cuts off low band
frequencies. Therefore, the signals generated in acceleration sensor element
201 are decreased in low frequency band. In this case, the low-band cut-off
frequency, “Fe¢” is given by the expression below.

25 Fe=1/CrxRxCs) ..ue.n... (Expression. 1),

where, Cs represents capacitance of acceleration sensor element 201;

. R represents resistance of resistor 202.

O



15 Al't hough the expl anation. above introduces the structure in which i)
‘generatiing current by noving the electric charge obtained fromone of =~
drawout- el ectrodes 504 and 505; ii) converting the current into voltage
by feeding through resistor 202; and then iii) anplifying the voltage, it
is not linmted thereto: the structure imBwhich current is directly
anplified is al so acceptable. 20 Acceleration sensor elenent 201 generally
bears capacitance - working the capacitance with resistor 202 inevitably .
forme a filter thgl3dvbsflohichhoniltafithidg BEARIES of MBLEHAEHrob MhpRLINR! S
generated in acceleration sensor elenment” 201 are decreased in Tow o
frequency bdrdcirtuitt sheweage Fighg. | ay Elw(ﬁr%ﬂ,tstéﬁ fgé)d, &8 ;Lfdagyéraﬁgﬁ'sehgor
X ‘

given by the expression below. 25 Fe = 1/ (2jrx Rx Cs) ...... ...

(Expr essi orinclydingdhé €recCoibrafin@s@0tisn GARRThE 1SR & < ALASHES AL
el emrent 201; R r%/lgresents resi gt anclenof resi stgﬁe%osé. 8 1‘?__3?%&1&3%@18%%?{

chart il ustesehang: frbli@eri@iis Hedbd TRAS Fd bk GRe SBPAGHs b5 t(gir?ﬁnfg'hr SR bE

shown in Fig. 1. In the first step 300, an acceleration sens I’ncl uding

the freé vidiffatdrig l&asthiOBhdwhhin MBighi GReshre@as| S iédeﬁ%éélg%hgﬁf%%

resonance frequency is selected fromfree vibrating section

547 of 5 diihtkidend fleengibRstinl @uetion 555%8n Rdvidy QORI §4d
sensor- 101 including free v?brati ng ‘section 545 canlggirgg%/?%gﬁ%ﬁfetgtfﬁn%e}%
sensi bi i t jowdst fesenah@BShus RGO BRACE, f3agueaey.1.that is, "S takes on 1. In
step 301, anobng switches 106 through 108, only one switch associated C ; :

with the accel efatsiem 30eNamlongalvwicied 106 &i80zRA0s! éflﬁlc gﬁt‘r—?%witch%géc? d_

ensor 10. switchi ng S performaq. At ft_he nonent, S retarns
- Avdl ue of 1,withlthe svdeleatidb sohsdr Gelediel SinCLRFLB00 is closed, whereby sensor

ow

10.  switching is performed. At the moment, since “S” retaihs the value of 1, only
‘switch 106 of Fig. 1 is closed.
In step 302, the drop down test begins.
In step 303, drop impact caused by the drop-down is measured:
Amplifying circuit 104 amplifies signals from acceleration sensor 101 generatéd
15 by the drop impact and then outputs the measured result -(i.e., 1mpact
acceleration) through terminal 110 shown in Fig. 1

In step 304, logic circuit 105 evaluates whether the output signal from

P

J .

i
i

amplifying circuit 104 stays within a threshold or not, and whether resonance
occurs or not.

20 In step 306, if the impact acceleration stays within the threshold, the
acceleration is displayed in step 312. A display for showing the impact
acceleration is not shown in Fig. 1.

On the other hand, if the impact acceleration exceeds the threshold, the
procedure goes to step 307. In step 307, the value currently stored in S is

25 compared with the value stored in N.

If the comparison finds that the value of S equals to that of N — which

means that each of the output signals generated from free vibrating sections 545



I'n, step 302, the drop down test begins. In step 303, drop inpact caused by .
the drop-down i.s neasured:. Anplifying circuit 104 anplifies signals from ’
accel eration sensor 101 generated 15 by the drop inpact and then outputs
the measured result (i.e., inpact acceleration) through termnal 110 shown
in Fig. 1 1n step 304, logic circuit 105%val uates whether the output

signal from ( ?) anplifying circuit 104 stays within a threshold or not,

and whet her resonance occurs or not. 20 In step 306, if the inpact

accel er at i-ohroighy54ishbivi, ith Eigd) 526 bddhght 5B viaCafbBRAhbQirdust 108 Rkav&d i n
step 312. A display for showi ng the inpact accel eratlon I's not shown In

Fig. 1. Onthdehweisheld, hh@ﬂrodeﬁu&@@oémb;é@%%é?é hﬁ%r?dﬁ%ﬁﬂﬁtfo’ﬁ% shown:
threshol d, the procedure goes to step 3 In step 307, the val ue

currently shahediéplags is 25 conpared with the val ue st or ed in N If the
conparison finds that the value of S equals to that of N - which neans

that -each of . t h@mtliqothesilgnal, ifSQilfé@&icﬁq'eEéﬁ?Nfﬂt@eﬁyﬂUc@&@e' SibsSBCth @%545
9 through 547 shown in Figs. 5A through 5D via anplifying Circuit -

exceedss wieré bhevhhidlof 8 lieh4triadfdisa 48RSor Qumbep) Rldpdatb@r eTRR: & 'Soirs
indication is shown on the display. On the other hand, if S does not reach

N, the probsgteivengeddyt D ifitstpp HO, ML thdr¥@difie oS Kéct&% sgisgies a

sensor nunber) is updated. That is, Sis increnented by In step 310, and
then the pAccmdingt@gtiesupdsted S, fiéxQic@élératldiQ eMsbrig sblécﬁdﬂﬁn%@ﬁtm gndnext

accel eration sensor is selected in step 301, and the drop 1 npact
nmeasur enenthd @ropeinp@dt eyt Zesumed from step 302.
Fig. 4 1s another flow chart illustrating the routine of measuring drop (}
10 impact in the circuit shown in Fig. 1. According to the flow- chart shown in Fig.
3, if the result of the drop impact measurement obtained at step 303 exceeds the
threshold of S representing a sensor number, the value of S is incremented by 1
~-in step 310, and then the drop-impact measurement is resumed at step 302.
On.the other hand, in the flow chart of Fig. 4, even if the ﬁrsf-'result of the
15  measurement exceeds the threshold of S, the logic circuit evaluates output
signals to find a proper sensor number, and then the drop impact measurement
-1s resumed with the acceleration sensor corresponding to the sensor number. |
In step 400, S initially takes on 1, and the drop impact test begins at step (A
401. Next, in step 402, amplifying circuit 104 amplifies the output signal of
20  acceleration sensor 101 that has been entered through switch 106.
In step 403, logic circuit 105 evaluates whether the output signal from
amplifying circuit 104 stays within a threshold or not, and whether resonance
occurs or not. |
In step 404, if the logic circuit evaluates that the impact acceleration stays
25 within a threshold, the acceleration is displayed in step 408. A display for

showing the impact acceleration is not shown in Fig. 1.

On the other hand, if the impact acceleration exceeds the threshold, logic



Fig.” 4 is another flow chart illustrating the routine of measuring drop t_
+10 inpact in the circuit shown in Fig. 1. According to the flow chart shown
in.Fig. 3, if the result of the drop inpact neasurenent obtained at step
303 ‘exceeds the threshold of S representing a sensor nunber, the value of
"Sis incremented by 1 in step 310, .and flben the drop-inpact neasurement is
resuned at step 302. On. the other hand, in the flow chart of Fig. 4, even
if the first result of the 15 measurenent exceeds the threshold of S, the

091 ¢ O F Cuhlon® 304 ARROW Bilper LRk nd bkl WA BAORS 13 AT e IR’ o and

-then the drop 1 npact neasur 'S resune accel e

correspondi %gn ?S{ég?qbalﬂ%‘g 06' n step 400, Sinitially takes on 1,

and. t he drop egins at step 401. Next, in step 402, anplifying

creut 104 amy t%?%&gﬁeéﬁa%c i o3kl 2 9SS AL SRR B

eval uat es , arrpl ifying circuit 104 stays
within a t‘é%‘g%ﬁ&ilg& %Hﬂ%ggﬂ% k}ﬁer résonance occursI or not. In step25
404, if sthe | ogi t418v t rati on stays
within a threshIﬁéT’%I{ %gsJggeﬁop%ﬁﬁwghl&aggfé%%g& dﬁs%gggp(FMB A di spl ﬁy
for showing th I i e ot her
“hand, if the i rrp%e{ic'lt;rlE gég%reﬁgo(rigtsfgé%&eg%ee t&{eﬁlegs ?ﬁgg thfaé%gjﬁob |l}ac3|t
105 sel ect - MH?E r 09 he

anpl i fyi ng%éj??%u?@e%%ﬁg‘%ﬂrsﬁé? §6ﬁ%ﬁ%8fsl ep %A} i d(‘plil%éﬁ%§c%’r ggg%or?ﬁ’roﬁﬁ to
t he sensor 1e§d111 gp%lg_ove Is closed to resurre the drop inpact test.
5 In step ﬂ% rop I'frpact is measured and di spl ayed.

A In the acceleration sensor element shown in Figs. 5A through 5D, suppose

1.0_- that “fr” represents the resonance frequency; “L” represents the length of the
, free vibrating section; “t” represents the thickness; and “o” represents a
constant, “fr” is given by the expression below:
FroaxT/L® ............ (Expression 2).
That is, the resonance frequency “fr” varies inversely with the square of

15  the length of the free vibrating section. The acceleration sensor element shown
in Figs. A through 5D has free vibrating sections 545 through 547 of different
jengths, thereby offering various resonance frequencies. The accéleration

Cfﬁ sensor element shown in Figs. 5A through 5D is thus ready for various
resonance frequencies.

20 Employing such structured acceleration sensor element for a drop impact
measuring system can easily detect impact acceleration, even in the case that a
resonance frequency at the drop down of an object is unpredictable in advance.
Accordingly, it will contribute to easy structural design of the housing.

HKach of Figs. 7A through 7C, and Figs. 8A through 8D shows an

25  acceleration sensor element having a cantilever beam structure.

Fig. 7TA is a top view, Fig. 7B is a side view, and Fig. 7Cis a perspective

view. The structure in which supporter 744 holds each one end of free vibrating



- An accel eration sensor for detecti ng drop inpact is required to have

_ dlfferently ranged resonance frequencies, that is, desirably to have -
various  frequencies, not only one. C) In the acceleration sensor el enent
shown i.n Figs. 5A through SD, suppose 10 that "fr" represents the
resonance frequency; "L" represents the tength of the  free vibrating

. section; "t" represents the thickness; and "a" represents a constant, '\/
is given by the expression below. Fr aax T/ L" ...............

(Expr essi osectjons THa! thirsugh Ly ReeRANESa ChAAURRE heath, Vlaféeeﬁbi'étﬁ?é S&tin¥ th
the square of 15 the Iength of the free vibrating section.

accel er at i G41,5P125 andel43rhave shginreledtioddgR01, 2! BHA YD &Ptﬁ@ﬁ ;Béxeﬁwf ces:
vibrating sections 545 through 547 of di fferent | engt hs, thereby of fering

various retlestaok emld BGHANSIESToddNF2RCTR e4id 1728 on-the Slgﬂéf’rsu?fa@@@ Pher2BewVn

in Figs. 5A through 5D is thus ready for various resonance frequencies. 20

- Enpl oying sasphctivdlict Diad-GereleetroleOn23 N30 axk] FIBNYHAH afe %&t)edhaﬂf%ﬁ%
‘measur i ng syst em can easi | Yy detect i rrpact accel er at I on, -even I n the case

that a5 rebomancel &iSEHeas4a} arbRlsbaRalp WnRbctad Wiheaih %léﬂi!fﬁ(jﬁg' Bigbl e
in advance. Accordingly, it will contribute to easy structural design’ of

t he housi nge2, Each72d, rEgg@tn,Vet}yt hrough  7C, and Figs. 8A through 8D shpws an
25 accel eration sensor el enent having a cantil ever beam structure. Fig. 7A

is a top view, Each of Bigs 8A shesugh 8D, slities Fhéthef C&cb@le?atﬁ@ﬁ SBR&r MEmekk EW.
The structure in which supporter 744 hol ds each one end of free vibrating.

11 secti ohgvih&the kaatilverdang sofictie? 4?1%.8%_&51 &‘tgﬁ 'F1gF8%€is YIHRERIh Rg
sections 741, 742, and 743 have main el ectrodes 701, and 703 on the
‘upper sur faeas and Fig. 8C is.a perspective view. The structure in which supporter 843
10  holds each one end of free vibrating sections 841 and 842 forms into a cantilever
beam. Free vibrating section 841 has main electrode 801 on the upper surface
~ thereof, and main electrode 821 on the lower surface thereof. Similarly, free
vibrating section 842 has main electr.ede 802 on the upper surface thereof, and
main electrode 822 on the lower surface thereof. Draw-out electrodes 803 and
15 804 are electrically connected with main electrodes 801 and 802, respectively.
Draw-out electrode 823, which is formed on the bottom of supporter 843, runs
across side 844 of the supporter and reaches main electrode 821 to have electric
connections. Similarly, draw-out electrode 824, which is also formed on the
bottom of supporter 843, runs across the side opposite to side 844 of the
20 supporter and reaches main electrode 822“ to have electric connections:

When comparisons are made between the acceleration sensor element
formed into a cantilever beam structure shown in Figs. 7A through 7C and Figs.
8A through 8C; and the acceleration sensor element formed into a both ends-
supported beam structure shown in Figs. 5A through 5D, the cantilever beam

256  structure generates four to five times more amount of output electrical charge
than the both ends-supported beam structure does, provided they have same

dimensions. Therefore, amplifying circuit- 104 of Fig. 1, which is necessary for



‘ther'eof, and main el ectrodes 721, 722, and 723 on the |l ower surfaces S
‘thereof,. respectively. . Drawout electrodes 724, 725, and 726, whi ch are

. formed on the 5 bottom of supporter 744, are electrically connected with
“main-electrodes 721, 722, and 723, respectively. Each of Figs. 8A through

. 8D shows -anot her accel erati on sensor..el epent having the cantilever beam.

structure. Fig. 8Ais atop view, Fig. 8Bis a bottomview, and Fig. 8C is
a perspective view. The structure in which supporter 843 C) 10 holds each
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1S necessary
' sensor element capable of detecting impact. acceleration of various resonance

- frequencies.
SECOND EXEMPLARY EMBODIMENT ’

15 - Fig. 1 aléo shows a circuit diagram of the drop impact measuring system
of the second embodiment. ~ Fig. 2B shows a circuit diagram of the -acceleration
sensor of the second embodiment. Figs. 3.and 4 are flow charts illustrating the

C ﬂ‘ . routine of detecting drop impact acceleration in the drop impact measuring
| system of the second embodiment. Each of Figs. 6A through 6C shows an

20 . acceleration sensor element having a structure of cantilever beam of the second
embodiment.

Fig. 6A1is a top view, Fig. 6B is a bottom view, and Fig. 6C is a perspective
view. Each one end of free vibrating sections 641 through 644 are supportably
fixed by supporter 645. TFree vibrating sections 641, 642, 643, and 644 have

25  main electrodes 601, 602, 603, and 604 on the upper surfaces thereof; and have

main electrodes 620, 621, 622, and 623 on. the lower surfaces thereof,

respectively. Main electrodes 601, 602, 603, and 604 are electrically connected




12 the accel eration sensor el enent having the both ends-supported beam

~shown in Figs. 5A through 5D, can be elimnated by using the cantilever

beam'structure. Elimnating the anplifying circuit can provide al ow cost .
drop inpact nmeasuring system Besides, the parallel arrangenent. of free
vi brating sections 5 741 through 743-al | &%s the whol e structure of the .
acceleration sensor elenent to be conpact, accordingly providing a

downsi zed drop inpact measuring system Enploying the structure expl ai ned

in the firwithedbosioutrdlecaodgr 608,006, 180 70aad 60Rackpamaely. | MHmIkshe hahat
easily nmeasures an inpact acceleration O of even nore than 1000G having.
great vari eleriodes r6205s62Bn622f naduéds yareAblectficilly apBetet Ritht deaw-out
structure of the enbodi nent al so provides an accel erati on sensor el enent

capabl e of eldetredes gR4,npad; 626¢edral BATNredperEreRUS DRELOAD CHectib@SHI G es.

SECOND EXEMPLARY EMBODI MENT 15 Fig. 1 also shows a circuit diagramof the
drop i npacthneghué2hareyetmmed diroinh the dootvin eifbospertdr 6559 F2R m:%
i gs

circuit diagramof the acceleration sensor of the second enbodi nent.

3 and % arsectionw 6412642, 643, ustd 644 ag: 6fthe ©ane Mgthﬁw%ﬁc]ﬂﬁeﬂ%?&@@rﬁé& By
| npact acceleration in the drop inpact nmeasuring systemof the second

- enbodi ment L4EABHLOfaikd §.9, résbettivelyggh 6C shows an . 20 . accel erati on sensor

el ement having a structure of cantil ever beam of the second enbodi nent.

Fig. 6A is a toPsirigethe at@lerabonseashoéleniontvilewn aFigd. A fH2oush&C, the
perspective view Each one end of free vibrating sections 641 through 644

are supporaableratibivsedsbyissfopmed] £ shekbn ifirFig. 2BDT gHan gs, $R6d1bLS0PddnsB42,

643, and 644 have 25 main el ectrodes 601, 602, 603, and 604 on the upper
surfaces télemeat, 22(hik farveed of free vibrating section 641; main electrodes 601 and
- 10 620; and draw-out electrodes 605 and 624. Of four acceleration sensor

. elements shown in Figs. 6A through 6C, one is used for sensor element 220; any

one of the rest three is to be employed for sensor element 221. Draw-out

electrodes 624 through 627 are connected to ground 225. On the other hand,

draw-out electrodes 605 through 608, which are electrically connected in

15 = parallel, and then connected to resistor 222. Resistors 222 and 224, FET223,
terminals 226 and 227 shown in Fig. 2B act the same as resistors 202 and 204,
.FETZOS, terminals 206 and 267 shown in Fig. 2A, respectively, theréfor,e the
explanation of the components above will be omitted.. Such structured
acceleration sensor serves as acceleration sensor 101 shown in Fig. 1.

20 - Although acceleration sensors 102 and 103 are formed in the same
manner with sensor 101, each acceleration sensor element used for these three
sensors has differently ranged resonance frequency. That is, the acceleration
sensor can offer various resonance frequencies.

To measure greater drop impact acceleration, miniaturizing the

95.  acceleration sensor element and increasing mechanical strength seems to be an

effective way. According to a prior-art acceleration sensor element, however,

miniaturization of a sensor element has lowered electric capacity and thereby




mai N el ectrodes 620, 621, 622, and 623 on. the |ower surfaces thereof,
respectively. Main el ectrodes 601, 602, 603, and 604 are electrlcally
- connected 13 wth draw out el ectrodes .605, 606, 607, and 608,
‘respectively. Similarly, main electrodes 620, 621, 622, and 623" are
electrically connected with draw out el ddtrodes 624, 625, 626, and 627,
respectively. Draw out el ectrodes 624 through 627 are exposed fromthe
bot t. om of supporter 645. Free vibrating 5 sections 641, 642, 643, and 644

are of t he blll hn8is Eﬁgfﬁﬁgﬂﬁﬁ% ) {:Ijre4’seln§0r e Lalo! :é%\elf
respectively. Usr ng ce erati1 on sensor elenent Shown I n Em

t hrough GthefeasaﬁféeAe%ar Ffé&é&r@g od&ep%%g sefdd BR Q&%a g t
I S accel eratl on sensor enent DIr a sec

| : d
2‘2‘31 TR 0 EhEchERdas BARRICNC frod §iiR0in A0l 0T %H%E%S&%[ﬁ%%e@eﬂﬁ‘g&s C@%
e by o arb YeaeRAN; ShANRRY 1A ThraRBY nA BbaldS ifRlo I SEpAT FHE
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t hrough 608 are electric connec para

nd 557 ansteditplcHtBbaigehe GRPALUR 22 hiANAoREHuRllgS S pcod BTN 8 080
termnals 26,8 aﬁ@?&cﬁja a@t e%sugﬁ‘ﬁ st Om%%fégy iéﬁ]:ﬁ)ri'%ge%g ¢ he

expl anation of the corrpo ove W fuctured C
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Al t hough accel erat’i on sensors are dr nmed i n sane

Guirt h sensorelegeglge%@caglﬁg Ry menaer akenept lﬂeTﬁrf QFc’t 'gﬁggntw e

Sensors has ranged resonancé frequency
accel ef@t | @Wkpression 1, which represents low-band cut-off frequency, takes on a large

value. Whereas the acceleration sensor element of the second embodiment has
no decrease in electric capacitjr, thereby keeping the low-band cut-off frequency

“F¢” from getting high.
Although the acceleration sensor of the second embodiment is formed of
15 the acceleration sensor element having the shape illustrated in Figs. 6A through
6C, 1t is not limited thereto: the similar effect can be obtained by the structure
having free vibrating sections 741, 7 42, and 743 (Figs. 7A through 7C) of same
(} lengths, i.e., L10 = L9 = L8; the structure having free vibrating sections 841 and
842 (Figs. 8A through 8C) of same lengths, ie., L11 = L12; or the structure
20 having free vibrating sections 545, 546, and 547 (Figs. 5A through 5D) of same

| lengths, -i.e., 13=12=L1.

INDUSTRIAL APPLICABILITY
The drop impact measuring system and the acceleration sensor element
25  employed for the system of the present invention can cope well with wide ranged
resonance frequencies and great impact acceleration. Besides, the acceleration

sensor element can be miniaturized and improved in durability of noise



sensor can of fer various resonance frequencies. To neasure greater drop *

i npact accel eration, nminiaturizing the 25 acceleration sensor elenment and
i-ncreasing nechanical. strength seens to be an effective way. Accordi'ng to
a prior-art acceleration sensor elenment, however, mniaturization of a
'sensor el enment has |owered electric capadity and thereby 14 - degraded
durability of noise characteristics of the sensor elenent itself. Whereas
t he sensor el enent introduced in the second enbodi nent, by virtue of the
structure dharebtcsistidde free vibrating sections of same resonance.
frequencies -are electrically connected in parallel, has no decrease in
electric capacity if the 5 sensor element itself is m.niaturized.

Therefore, the structure described in the second enbodi nent can provide a
hi gh-noi se-durability accel eration sensor elenment and a drop inpact
measuring system using the sensor elenent. A prior-art accel eration sensor
el enent, .as descri bed above, lowers. electric capacity as it is downsized. -
As a result the "Fe" given by the 10. Expression 1, whi ch represents

| ow bagd cut of f- frequency, takes on a |large value. Wereas the

accel eration sensor el enent of the second enbodi ment has no decrease in

el ectric capacity, thereby keeping the | owband cut-off frequency. "Fe"
fron1gett|ng hi gh. Al though the accel eration sensor of the second

enbodi nent is fornmed of 15 the acceleration sensor el enent having the
shape illustrated in Figs. 6A through 6C, it is not limted thereto: the
simlar effect can be obtained by the structure having free vibrating
sections 741, 742, and 743 (Figs. 7A through 7C) of same lengths, i.e.,
L10 = L9 = L8; the structure having free vibrating sections 841 and 842 (3
(Fi gs. 8A through 8C) of sane Iengths i.e., L11 = L12; or the structure -



20 having free vibrating sections 545, 546, and 547 (Figs. 5A through 5D)
of sane lengths, i.e., L3 = L2 = LI. I NDUSTRI AL APPLI CABI LI TY The drop

i npact neasuring system and the accel ef@tion sensor elenment 25 enployed
for the systemof the present invention can cope well with w de ranged
resonance frequencies and great inpact accel eration. Besides, the

accel eration sensor elenent can be mnjaturized and inproved in durability
of noise 15 characteristics. 5 16CIaAYINE 1. A drop inpact neasuring
system for drop inpact test on equi pnent, conprising: a) a plurality of

secti ons bach oftui Ahp Rk AT (R1cRh 2OAR e qby. O, et ™' "
section tompsieingeti ng output of the plurality of binorph acceleration
sensors obtained through the draw out electrodes; c) an anplifying circuit
for anplifying)at Redemlityef bimeuphtbye aanecrationrsensomppintaining eplubalitywi t ch
ogi cal 1§ BYSISRRG SEHLBIRE IOt AR hRS TR AFigy-et pledipcemd
contol 79 BF, SreveBso! PSREIE bRhESHL o HAES, SR
pl ural i t ycoedertioR sexkkoly BBtaiRC@®tSUgH R R Fediddegr S each other; and
c) an amplifying circuit for amplifying at least one of voltage and
current applied via the switch section from the bimorph acceleration sensors; and
d) a logic circuit for logically evaluating the output from the amplifying
circuit and controlling the switch section according to result acquired from the
logical evaluation,
wherein each resonance frequency of each of the plurality of bimorph-type
acceleration sensors differs each other; and
wherein the logic circuit controls the switch section before executing the
drop impact test, and selects a predetermined acceleration sensor from the plurality
of bimorph-type acceleration sensors; |
the logic circuit judges whether an output signal of the amplifying circuit is
within a threshold value; and
when the output signal of the amplifying circuit exceeds the threshold value,

the logic circuit controls the switch section to select other acceleration sensor from

the plurality of bimorph-type acceleration sensors.

2. A bimorph-type acceleration sensor element, which is used for a bimorph-
type acceleration sensor, comprising

i) a plurality of free vibrating sections having a cantilever beam structure,
and each of the free vibrating sections has a fixed end and a free vibrating end;

i) a supporter to which each of the fixed end is supported; and




Wherein the logic circuit controls the switch section before executing the
drop inpact test, and selects a predeterm ned accel eration sensor fromthe
plurality of blnDrph type accel eratiggsensors; the logic circuit judges
whet her an output signal of the anplifying circuit is wthin a threshold
val ue; and when the output signal of the anplifying circuit exceeds the
threshold value, the logic circuit controls the switch section to select
ot her accel er &!)| éfﬂ‘&'éh‘é cetredns fore dpwingl puly aoSigmagephkratghenatheefreeat i on
sensors. %§ f\ ng type accel eration sensor elenent, which is used for a
bi mor ph- M. Bém%§% 1%Fat i on sensor, conprising i) a plurality of free
vibrating SectiansRavh B ui A28 bhEKSHx REATE LU nof ByRRE Otk he
free vibrating sections as a fixed en ree vibratrng end; ii) a
suppor t evitiratingheeds. each of the fixed end is supported; and 16a iii)

draw out el ectrodes for drawing out a signal generated in the free

vi brating sections, wherein each of the fixed end is fixed closer than a

di st ance,bet n the f vi brating ends. 3, The bj norph- typ accel eration
sensor e?enemﬁﬁﬁfbléql%rp Qpevﬂ’Fé’Pgr 1 rhéeniﬂrul?mfﬂ}} Q#Ln‘;ﬁ B % eW ﬁ%ﬁlaﬂlpng

b mor ph Posai ol BEE HbraBePRut i 6 firkithe 5k %ﬂé}@ﬂ?"%ﬁa%ﬁvx?m Ity

of the fimepyndynating sections are of identical Iength and are electrically
connect ed |n paral lel. 17

4. The bimorph-type acceleration sensor element of claim 2, wherein the
plurality of the free vibrating sections are of identical length and are electrically

connected in parallel.



5. A binorph-type accel eration sensor elenent, which is used for a binorph-
type accel eration sensor, conprising i) a plurality of free vibrating
sections having a bot h-ends-supporteagbeam structure; and ii) draw out

el ectrodes for drawing out a signal nerated in the free vibrating
sections. 6. The binorph-type accel eration sensor el enment of claimb5,
wherein the plurality of the free vibrating sections are of different

| engt hs and are electrically independent. 7. The bi norph-type accel eration
sensor element of claim5, wherein the plurality of the free vibrating
sectionsare Of DIERLIIYRE aceslgtationniensek clemant, Wiléﬂh is usednivs gt bumoph-

parall el type acceleration sensor, comprising 1) a plurality of free vibrating sections having
a both-ends-supported beam structure; and ii) draw-out electrodes for drawing out a

signal generated in the free vibrating sections.

6. The bimorph-type acceleration sensor element of claim 5, wherein the
plurality of the free vibrating sections are of different lengths and are electrically

independent.

7. The bimorph-type acceleration sensor element of claim 5, wherein the
plurality of the free vibrating sections are of identical length and are electrically

connected in parallel,



