DESCRIPTION [Title of Invention] TORQUE SENSOR [ Techni cal Field] [0001]

The present invention relates to a torque sensor for detecting a | ow torque
wi th excellent accuracy. [Background Art] [0002] Patent Literature-1
di scl oses an exanple of a torque sensor in which an elastic body is
distorted by a rotational re5|stance that acts on a gear. This torque
sensor includes a planetary gear DESERIN AN hat i s provi ded between an
~input shaft and an output shaft. As the notor starts driving, the input
shaft rotates, and the rotary drive of the input shaft is transmtted by

t he planﬁ?ﬁky Jknfilgnani smto the output shaft. The planetary gear
mechani sm 1 nc es a n gear, a plurality of planetary gears, and an
internally- tooThggngqyﬂggbg_sun gear is attached to the input shaft. The
pl anetary gears nesh with the sun gear and revol ve around the sun gear
while rotating thenselves. The internally-toothed gear is ring-like, and
has internal teeth that nesh with the planetary gears to guide them Al so,

t he pl anéTeshpiegddfieldhre rotatably supported by a carrier about an axis. The
carrier | tached to the output shaft. Furthernore, an elastic body, with
strain gé attached to the sides thereof, is attached to the outer-ring

o108, of e, LSRR FRZDAST 5G] 185, ARG BF B Rbk & B s !
|t er nal 1o A P e et cunf erent  al i fection ther eof, and &
bendi ng nonent acts on the el astic body. The bendi ng nonent causes the
el astic body to be distorted. The distortion is detected by the strain
gauges, §BackdreundrApt can be detected based on the detected dlstortlon
[Citati or[lo(l)_dzs]t] [ Patent Literature]

Patent Literature 1 discloses an example of a torque sensor in which an
elastic body is distorted by a rotational resistance that acts on a gear. This torque
sensor includes a planetary gear mechanism that is provided between an input shaft
and an output shaft. As the motor starts driving, the input shaft rotates, and the
rotary drive of the input shaft is transmitted by the planetary gear mechanism to the
output shaft. The planetary gear mechanism includes a sun gear, a plurality of
planetary gears, and an internally-toothed gear. The sun gear is attached to the
‘input shaft. The planetary gears mesh with the sun gear and revolve around the sun
gear while rotating themselves. The internally-toothed gear is ring-like, and has
internal teeth that mesh with the planetary gears to guide them. Also, the planetary
gears are rotatably supported by a carrier about an axis. The carrier is attached to
the output shaft. Furthermore, an elastic body, with strain gauges attached to the
sides theréof, is attached to the outer-ring side of the internally-toothed gear at one
end. The elastic body is fixed to the housing at the other end. With this structure,
when the rotational resistance acts on the output shaft, the rotational resistance acts

on the internally-toothed gear in the circumferential direction thereof, and a bending

moment acts on the elastic body. The bending moment causes the elastic body to



[0003] [Patent Literature 1] Japanese Patent No. 3659748 [ Summary of

I nvention] [Technical Problem [0004] I n" the above torque sensor, the
pl anetary gear nechanismis an indi spensabl e structural elenment. However,
the output torque is anplified by the speed reduction action of the

pl anetary gear nmechanism This jincreases the.rotational resistance that
acts on bhdistgtegut TR gagtortipm;ig @W@F@%@é‘eﬁq@%gﬁ"}’cﬁe ﬁ?rqﬂlﬁé‘fm;%@

transmtted to, the elastic via the internally-toothed gear. As a
‘result, ‘Eﬁﬁdﬁ‘gt’@@ﬁéﬁltﬁe%ﬁe&%ﬁ?@?@% nmted to torques that are greater than
the input torque, and a small torque cannot be detected. Furthernore, the
inertia of the notor that acts on the output shaft is as great as the

- square ofcid§ofPfed reduction ratio. In this way, in torque sensors having
t he planetary gear” nmechanism the inertia of the notor that acts on the

out put sfPaftdnt Lstegit@@]. This increases the inpact torque of the output
shaft, resulting in various problens such as noise and vi bration. [ Sol-ution
t o Probl B¥03] 0005] To sol ve the above problens, the present invention

provides_1. A_torque sensor conprising: an input shaft rotated by a drive
of a dri Feteditees é’rﬁoutput ‘shaft; a rotation transnitter transmtting a

rotary drive Ofaptglg%giﬂéﬁe%ﬁl\?oh%gg’;ﬁ the output shaft; an elastic body
: )

supporting the ransnitter in a rotatable state and distorted as a
reaction when a rotational resistance acts on the output shaft; and a
‘distortion detector detecting the distortion of the elastic body. [0006]
[Summary of Invention] :

[Technical Problem]
[0004]

In the above torque sensor, the planetary gear mechanism is an
indispensable structural element. However, the output torque is amplified by the
speed reduction action of the planetary gear mechanism. This increases the
rotational resistance that acts on the output shaft. This increases the bending
moment that is transmitted to the elastic body via the internally-toothed gear. Asa
result, the detectable torques are limited to torques that are greater than the input
torque, and a small torque cannot be detected. Furthermore, the inertia of the
motor that acts on the output shaft is as great as the squaré of the speed reduction
ratio. In this way, in torque sensors having the planetary gear mechanism, the
inertia of the motor that acts on the output shaft is great. This increases the impact

torque of the output shaft, resulting in various problems such as noise and vibration.

[Solution to Problem]
[0005]

To solve the above problems, the present invention provides 1. A torque
sensor comprising: an input shaft rotated by a drive of a drive source; an output

shaft: a rotation transmitter transmitting a rotary drive of the input shaft to the output



In the above torque sensor, the rotation transmtter may be an internedi ate
gear, an input gear is attached to the input shaft to be rotatable as one
unit therewith, an output gear is attached to the output shaft to be
rotatable as one unit therewith, the internediate gear neshes with the

i nput gear and the_ output gear  to transmt the rotary drive of the input

shaft t oshafle asuelgsic Spdy sUPRGTENE HEe iTRtSOREENSIEttgo Y 3 widahpoitatepndn a
tatable state by th | ti body. 0Q07 I th b t
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be rotatpjplpgjas one unit therewith, a chain is worn around the internediate
sprocket wheel, the input sprocket wheel, and the output sprocket wheel
such that the Iotherapods torquekerisoe, the potatish afahsinsttdr rmams be tah ddictaediage out-put
shaft, and the internediate sprocket wheel is supported in a rotatable

st at e bygetdreareinpst gearboaached do thesinpnt shaftddibstretatahlo ek ene whie dicrensiines with
the chain. [0008] In the above torque sensor, the elastic body may be

a Rober val Op{pyé Sspidisiatpehed Hothe oytpwodiatt to be rqtataplecas ong, wntt Hhegeitiensor |

the i npuf, gear or.the input sprocket wheel may.be arranged jn the.hole o
the el astec bl gear MheS REBGHE mptl it RGPl RF By pipplf e © °
conmmuni ¢ - , d i ka T i di ate
cpr ocket TReftir of e 18hG R M R SR 0 R fry B8
-I'nvent i oglppolt@@3®h rotatable sthtd biyhtBe eRisAtBoggnsor of the present invention,
the rotation transmitter is supported in a rotatable state by the elastic
body. Asf07¢sult, when a rotational resistance acts on the output shaft,
the rotation transmtter noves in a direction to press the sides of the
el astic body, hntheaboEesderaye seriont thedotation tramsmaltersnay: bp gayinteppnediateni s

z he. i St SITOFR YHEDCPaPO RO RHFb YHSF 3 ¢ PR GEE SoPU bl Tohe FHERNE oot od”
roquire B BREHBAFORAE, o bt bEhd ot it SREETE Rl SRR T ™

anpl i fi eghtafdBle 4Sohd@nftOhalehaibala EI93h $§ INGE ArBGdE AR hierhMRRAE QbRockBe torque
sensor of the present invention can detect a |low torque. [Brief Description

of Drawi n@etl, [l¥ihblit sprocket wheel, and the output sprocket wheel such that the rotary

drive of the input shaft is transmitted to the output shaft, and the intermediate
sprocket wheel is supported in a rotatable state by the elastic body, and the
~ intermediate sprocket wheel meshes with the chain. '
T [0008]
' In the above torque sensor, the elastic body may be a Roberval type and
have a hole.
[0009]
In the above torque sensor, the input gear or the input sprocket wheel may
be arranged in the hole of the elastic body, the elastic body is provided with a cutout
that communicates with the hole, and the intermediate gear or the intermediate

sprocket wheel is arranged in the cutout.

{Advantageous Effects of Invention]



FIG 1 illustrates the structure of the torque sensor in the first
enbodinment. FIG 2 is a front cross-sectional view of the torque sensor in
~ the first enbodi nent. FIG 3 is an enlarged view of a main part in a
cross-sectional plane view of the torque sensor in the first enbodi nent.
FIG 4 iﬂplptfajrat es the structure of the torque sensor in the second

enbodi ment’: FIG 5 is a front cross-sectional view of the torque
~sensor in the segond enbodi ment.. FlGs... 6A and 6B are enlarged vi ews
of mai n parts i S SSIOL (5rike BERS TR Bheoeiph i SIEETR "t he
second eqbodiBRh o flfnBAUR H CHeadIonShA SAheka L NondRYbiaABAL MEShes

with the rst internedi ate. ge I'ndi cates the state ere the
second i fkRfAMediatscorrBRhQapId §HAfL Hige evthfitt t@B&hitter moves iffldirdetiod @
cross-sectional plane view of the torque sensor in the third enbodi nent.
FI G 8 ipress freosidescofoths -cdasticibads] amd ewenlinghaomentacts sarthe elasnc bhéy.f our t h
enbodi nent. [Description of _Enbodi_rrents]@éOOlZ] ({_Fi rst Enbodi nent)

The f ol | Hithdigsseatingetheralasticihosly 18 distertedornd dfe di

: irdlest ﬁ@rtmne@éﬁte;tqﬁ/l@hﬁheon Wit h
1t 0.FI o1t 3. 001 - FIGs.. 1 2, t.
?Ff cr oncUsiTieR fefsite Apds s %Q%Jé Shisstsd bass n%;ﬂm_sgeca%ﬁ@r_t}aﬁ- type
t .
s houbfitlerard A ECREDBE hedfplehe LIGRREn AN0CHR!BAME 0 BRIy RO US T

upper  sUpaemigh, Lig Bheht oS 1qhd SO liphlicd NBoURPThe IrbfheidRal and t he

| ower surface of the elastic body 2°1s covered by the lower |lid 3b. At one

end of thegisein@stincreassdly Zhepefbrexithitg tergde 2denbsr bOHE PresenOievenfioh odnt h the

el astic body 2. In other word, the fixing end 2b is a part of the elastic

~ body 2. Gd¢tectfa boiwrigrgred 2b is fixed to the lower lid 3b by screws S. Al so,

‘as illustrated in FIG 1, the fixing end 2b is provided with insertion

hol es 2f in which pins (not illustrated) can be inserted. The upper lid 3a

is also pravided wi.th insertjon holes (not illustrated) in which the pins
can be i%’é?‘iﬂﬁ?“‘ﬂ’?ﬁ’"e‘i’@ﬁ‘&m&ghy 2 is fixed to the upper lid 3a by the

pi ns inSﬁjthg in the insertion holes 2f. Furthernore, the elastic-body 2 is
housed in the housing 3 such that a gap is present between the el astic body

2 (excl uding thE:.fi AluB@ate theXuchi€ of HR bR scAsiAER: Bist EMBoliongikng 3 so
that, when the elastic body 2 is distorted by the rotational resistance of

an out put shafFI® BHesca iftver! drossesgctibid eleas bif chbadyqu2 stager motthe dinktact th
i nner sugli]%ggin;)gm.t he housi ng 3. :
FIG. 3 ts an enlarged view of a main part in a cross-sectional plane view of
the torque sensor in the first embodiment.
FIG. 4 illustrates the structure of the torque sensor in the second
 embodiment.
FI1G. 5 is a front cross-sectional view of the torque sensor in the second
embodiment.
FIGs. 6A and 6B are enlarged views of main parts in a cross-sectional plane
view of the torque sensor in the second embodiment. FIG. 6A indicates the state
where the input gear meshes with the first intermediate gear. FIG. 6B indicates the
state where the second intermediate meshes with the output gear.

FIG. 7 is a cross-sectional plane view of the torque sensor in the third

embodiment.



[ 0014] The torque sensor 1 also has an input gear 5 that is disposed
inside the hole 2a of the elastic body 2. The input gear 5 is attached to
an input shaft 4 such that they can rotate as one unit. The input shaft 4
is rotated by a drive of a drive source such as a notor (not illustrated),
and both ends H1e af are held in a rotatable state by the upper lLid 3a
and the | ower BS@f fropk crrserseaftpns! view wédhe igeivecserrqy i ther Buiglict i vel y.
[ 0015] dThe elastic body 2 is further provided with a cutout 2c that
comuni CEIPBQ D the hol e 2a, the cutout 2c being forned by cutting out
one end of the elastic body 2 opposite to the fixing end 2b. An
internediate gear 7 is disposed in the cutout 2c to nesh with the input
gear 5. fPesehiption ¢f ExnBodfinedtdp 1 nt er medi ate gear 7 is attached to an
internedi ate shaft 6, which is held in a rotatable state by the elastic
body 2 v[@1B¢arFogsEdBodintnf)3, such that they can rotate as one unit. \Wen
the input shaft 4 is driven to rotate, the internediate gear 7 and the
internedi ate ska¢ folbowipgaiescrihes\be Kirst Emebadiment efifie [poesent mvention withe

i nt er medi te shaf]rg&gsg end, fromthe cutout 2c of the elastic body 2 into
t he uppeFe ‘FFGHC%E’ A&OM8her 1id 3b of the housing 3, respectively. The
upper Eq](ﬁs and the lower |id 3b of the housing 3 are provided with
bottorred és 3c and 3d whose dianeters are |arger than the dianeter of

the i nt er medi aepRYaar £ 0d AAbrent180n 1NBAIHL L TER)E En A iflipes as

one unit with the el astic body 2 by t rotational Tesistance ut put
shaft 8 d&sberhédyiectiowic hdils 2 i hichcd Bbl% Zhigffbrredl 0 e WlAstikBUACE ist he
housing 3. [0016] Furthernore, an output gear 9 is disposed inside

t he housheuge8 1ata lousing 3 than 1S/\¢mn1msed®f antypper jéda Mdreloimes lid 3th tTe
internedi ate gear 7. The_ output gear 9 is attached to the out ut shaft 8,
whi ch i sUpPRSTSUrTace of sheelastie bodst 15b90‘f€ﬁ%d bpf;ibe upper Bd Janand |@mrr lid 3b

f the h .14 and h
it iRt I, Aadape3 it SaPRoarm o b she Bt o a “and the
t put | t 1, th
T nput sﬁgl?%ﬁc Balor he e A0 2 h@%‘?@ﬁé"@?@?‘éﬁaéﬂh PE SR RBET s, ana

the rot abbheﬁ'ﬁ#df@ mte figg eRPYY i§ ATt 4r ihe dEMRSBEGIEd TR Hke o S haft 8
via the internediate gear 7. Here, the input gear 5, internediate gear 7,

and out pfikedyeathedoaeelid|3b ispsurewe st s Alboss illestdiedireFHE.i lgnke fipdadddel to
the axis of rotation. By changing the nunber of teeth of the gears, the
speed of 2b meproyidadywidh insertian heles %mtwblcbmlpm(nw, lilddstrag:d} gan be inderiedl y set

(to be ipcreased. r dec eased). relatjive ot peed of the ratary drive of
the i mpuk BeRRPE US Dt alspreviteh Stuinserigadbalen N iusteird) impttchls 5 and

St ruct ur s Laftie H{g?%%‘iehﬁbegféﬁ?p URAY 2 8 il eﬁ’s@e%PPr%ﬁl%{j%%’ﬁ@ﬁ@Sa’tiQf 0017]
Strain 9aleRsd #Pthelihserkitn ddfbs B ‘Pﬂhﬁgmgcﬁrg ﬂfzé SxR Oj i SilsQd G Bk

detectors, are attached to the el astl Two st a| n gauges are
attac hedh@@u@g Blach fHade gah id ﬁl%s@itdﬁ:t\v@erbﬁh&éla%u@)bbﬂf/\@ (@gclhfinietBe kg t udi nal

dlrectlon [ 0018]
end 2b) and the inner surface of the housing 3 so that, when the elastic body 2 is
distorted by the rotational resistance of an output shaft 8 described below, the elastic
body 2 does not contact the inner surface of the housing 3.
[0014]
The torque sensor 1 also has an input gear 5 that is disposed inside the hole
2a of the elastic body 2. The input gear 5 is attached to an input shaft 4 such that

they can rotate as one unit. The input shaft 4 is rotated by a drive of a drive source

such as a mbtor (not illustrated), and both ends thereof are held in a rotatable state



Next, the action of the torque sensor 1 in the first enbodinent is
explained with reference to FIG 3. First, upon receiving a drive force
fromthe notor, the input shaft 4 rotates with torque Ti as one unit with
the input gear 5. Following this, upon receiving a rotation fromthe input
gear 5, the inter i,at e ar 7.r es.as one.unjt . wth the interped ate
dhatt 6. DR RBPGrorG 2o Bdane dewet, FRlahaot Bedieine: b oA PrEingh it MGl bt e gear
7, the ogggg&hgfar O rotates as one unit with the output shaft 8. [0019]
Here, wh i Otti onal resistance T2 is given to the output shaft 8, the
rotationﬁynggsistance T2 is transmitted to the internediate gear 7 fromthe
out put gear 9. Wth this transmttance, teeth of the internedi ate gear 7
meshing with tfThe @lsitbode isFusther prossdeddwhl of ifo@UEPHat geRimBicadrd a
pressing force Fl .acts on surfaces of teeth in the direction perpendicul ar
to the swithatheshadé 2ehthet aitit. 2dbeinp donnhdtb by latithg sutrérecesi of theeelndticof t he
internediate gear 7 meshing wth the input gear 5 are pressed by the input

gear 5, B0y 3 PRROsHE g the fixingrondigbs v ntermediate gean s Ifispesechan ther ect i on
di I to the f f the teeth. As i t, ul tant f
BT 0oR, CHoRtad foubh BifbBs Ful oot £ nepsbaun iy PiGr Ldbeint e sffessi g
f F2, . i ' farca Fl + F2
orce F2g QGLAALY W&Hﬂ&gﬁg@?&gﬁ%ﬁﬁfp}vg@h&%@i g & gosrg@faﬁﬁngtateaﬂiﬁle

acts on the Internediate € I ntermedi ate gear as well.
[0020]  elastic bA¥PQ.vid BEarkRRINANAPDI, Hush Blat ithS EMPkatd 83 bne unitNt VKERdI ate
gear 7, and output gear 9 are set to be present on a line L that extends in
par al | el thei idput Bleaft dni drisinngl roeatdethef intdrmedias gear Doy the htemsiediateeshi ng
point of the internediate gear 7 and the output gear 9, and a meshing point
of the i shalt frediata @ welar Thenppartasdilaper endscef the antermediatersha 6 axtend i ne L.
plication of the e Fl and the

That is to say, the poinis of a ressing, for

pressing 1087’&? GO ctf&é%@#tm%g‘:’@lh ptorf@e upper g ﬁé@-ﬁ‘alﬂ@, IOW?éiidrﬁbe?ﬁredi ate
gear 7 i tructured such .t hat.the a f or ed, bet t l.i ne. of :
aop! | cat PSP L SR BYeryT Ipt JPpR e R T 1ot T S eS8 e ¢ or e
bet ween | : ' i ‘ t i : t ihe L.
Thus t he%gﬁvgtgegﬁ% %tgﬁiﬁéd O‘éfédﬁﬁsg)ggt%%] %& ?ﬁ@ Sglghr1 %@%@%n%e@%ﬁéﬁ% Fﬂaep to the
I ongi t udidghahetéd sferthefintehfedheshhf Oattha? wildehefidetmedRtetdafial ashécLadody 2,
the resultant force FI + F2 acts as a bending nonent, and the el astic body
"2 is disboetad withtthe eldstic rogpdg it b thewokiingalassistarce oif the obitmitighaft t8. St rai n
gauges 16, 17, 18 and 19 detect the distortion of the elastic body 2, and

t he t or qdescrbed belovt. dee Bagraediate shadt 6 dpecretroatast thethopsing[20021]

Conventi | .torque sensors adopting the planetary gear nmechani sm cannot
avoi d an@ﬂﬁ#@ing the output torque. On the other hand, the torque sensor 1
inthe first e i 0, £y the. . : t he
rotational resis a%lé%ﬂ%foagls&%gﬁpéeﬁg ?Feﬁgs(ifé%ogé;&gﬁ?%g[ ﬁ%thFDB%lﬂg%r%?i g;%c}sg)?]ba

resi st angerdheCduthi deBE Y ndshBs HWthaUe ifdmhédak gut . i ng
anplified, acts oéﬁtﬁ% el astic body 2. This naE%%Iit gggé%%$§%$%?%giect a

| ow t or qatachiedrtd hie¢ ootpet slkife8) whidheisHeldidit uirotatdbds etatdiey Hesubgeanid I0r ce Fl

+ F2 acts in the direction perpendicular to the |ongitudinal side of the

el astic bodiyhe lovesrdid 3bsofethe Howaidignd) vim bearingsalyt dndtlsr sutththatltlast can body 2.
This makes it possible to detect a lqw torque with excellent accuracy.

Al so, cofjaeed QRctuRt heVhen Hisanpensisiic? BodpYanHg Tetde. the petpat geagdhand
hani the. t 1.in.-the.fjrst di ment _h i npl
teohani <Pt BFS BB & el LIRS My S o oeiner LR Bica t he
- . . A S
Gonr 7 ariihand B bUBR! SRR ot REAEAS; bEBH pIfRhs alile ity RO e
the torqur Hpasehafl 4 isl RARAitePes A oBFRAGHARNS Wia the intdiRedift lge¥ N9

descri bes the second enbodi nent of the present invention with reference to
FI Gs. 4 Hergubb ifpufl geaa I, antgumediates gear2, arid thipus @eand aetxddiprengears he
el astic body 2 of the torque sensor 1 described in the first enbodinent is

ar r anged Whepe fee ¥y adigned paatichiarths agiseofaptaioge d Byrcheogisli the sumbiex of t hi s
osi tional ,change of the el asti body. [0023 As sho in FI.Gs. 4 and
DO et Bretttar B adrs. hE shedthoBe iy SEVR Uty 2he ORIK RERE § can be

Roberval -type hole 22a is fornmed. The elastic body 22 is arranged so that
its longitudinal side extends in the same direction as an internediate
shaft 26 described below. At the uppeﬁ end of the elastic body 22, a fixing
end 22b is formed as one unit with the elastic body 22, the fixing end 22b
being fixed to a housing 23.



- [ 0024] - Also, the torque sensor 21 includes an input shaft 24 which is
rotated by a drive of a drive source such as a notor (not illustrated), and
extends in the same direction as the | ongitudinal side of the elastic body
22. An input gear 25 is attached to the input shaft 24 such that they can

t at it. 0025 A first int di 27a, t hat h
R AT WP ORI L PR R
d. d i diat r 27b is di t t I d of th
o0 2, SRS 0 A50E L0 AR LUy B o
i dj f j d ' : f th
|t er ook SRl he Sine HiGEr SIGERIS 1hIoHBLARURRE! aRNhLAYE! sRdRa0T (e

el astic and 1s In a rotatable ate by the e tic body 22 via

bear i ngs th@Ospadlisdleithetielbrdabia! néi®i¢r&ged.r otate as one unit, and when the
i nput shaft 24 is driven to rotate, the internediate gears are rotated as

wel | . [ OpEA]7] The second internedi ate gear 27b neshes with an out put
gear. 29. The output gear 29 is. attached to an output shaft 28, which is
“held in a rot abaBinegatgeseltbyl7.alBound A8, xehich arp ey engpR2ofistadionsuch
that they can rotate %?eone unit ut shaft 24 i.s driven to

, . and en the in _
oot o HREOR He ediedo e Fatd Batkas ndlS stPrenie ot aathidlo | o

rotary deig o 16 LA b3ARS Lx@dahs RUPHhoGihbeoui Ryt shaft 28 via the

first interme e gear an econd erne gear 27b. Here, the
i nput 'geﬁgm%?, first internedi ate gear 27a, second internedi ate gear 27b,
and output gear 29 are all spur gears whose teeth are aligned parallel to

the axis of roNeki, @it adBonChtaheitto@ut Rengod tbigrthefiritaeshboddiehiig «gohised t he
speed of the rotary drive output to the output shaft 28 can be freely set
(to be i muthems@dnae todBl ehs eBirsty epan receiting ehdrieptosde dfom Hee motay thedr i ve of
the input shaft 24. Note that, in the torque sensor 21, the in{)ut‘gear 25
and the suyshatydaotaes withdorgie hms Wrmvétrwyfl the agmyt gegh7) Followingas shown

i FI G .and 5, t.rai 34, .35 6 7,. whi ch | f
Wlstort i SiSBeaethtied SR AR umE opi el S e intiong sl Sl SERET° ©

i - Si fot i Xt i i th
Do PT udrs ot yf it e Sidbdaiate Wa'q L Nrflefpbict upBelchvifif LoRudh (0 100

in the seganeheemagtoarnd géére7,%_é|cﬁitlﬁlﬁcéééi’ bhrotR¢LiLBE€ bR Wiklthe &ipand 6B.
First, as the nmotor starts driving, the input shaft 24 rotates forward with

torque Tshas8one unit with the input gear 25. Following this, upon
receiving the rotation of the input gear 25, the first internedi ate gear
27a and $@Sd intermediate gear 27b rotate as one unit with the

o 7T AL B e e T e R o s

one uni t .G hh&i QMR isst}?gntsm&&ed {488 Ptermediate gear 7 from the output gear
9. With this transmittance, teeth of the intermediate gear 7 meshing with the output
gear 9 are pressed by the output gear 9, and a pressing force F1 acts on surfaces of
teeth in the direction perpendicular to the surfaces of the teeth. On the other hand,
surfaces of teeth of the intermediate gear 7 meshing with the input gear 5 are pressed.
by the input gear 5, and a pressing force F2 acts on surfaces of teeth in the direction
perpendicular to the surfaces of the teeth. As a result, a resultant force F1 + F2,
which is a composition of the pressing force F1 and the pressing force F2, acts on
the intermediate gear‘7, and the resultant force F1 + F2 acts on the intermediate shaft |
6 holding the iﬁtermediate gear 7, as well.

[0020]



Here, as shown in FIG 6B, when a rotational resistance T2 is given to the
out put shaft 28, the rotational resistance T2 is transmtted to the first
i nternedi ate gear 27a and second internedi ate gear 27b fromthe out put gear
29. Wth this transmttance, surfaces of teeth of the second internediate

gear 27b meshing with the output gear 29 are pressed by the qutput gear
29, and a presAisgtiegeagakpoiats of 1ha MK 25aF f oBEEMsdIale 824 5130 GHPHe

cur facesSe 3 BEH G104 siyalte TR L ieardradRan TS wihialoafhl e g
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to the sgihacgsard, dns ﬁﬁﬁiiﬁg_pﬁ&t%ﬂtﬁé%t%m@diﬁ@%af &rﬁndfﬁhéqﬁ%ﬂ getr 52, whi ch
is a conpoSitiron of the pressing forces FI and , acts on the internedi ate

shaft 26atchsriesdinloistht Mimefll..r sSThatrit es 8@y ithe pogesiof Applicatidnsefcthagréssingr medi at e
gear 27b. [0030] Also, the central point of the input gear 25 and
the firsforcqtfdr amdiilet pregeiag foree BAdua peeseny an theilie b Fueghemewyadthe

internedi ate gear 27b_and the output gear 29 ar et. 1o be esent pn a
:irne._L ¢ HRSTTRSH R 4 7 lﬁaﬁ%cwpyﬁfl%t@%ethwaa% g‘?l%?@t fi’ﬁwesv%ﬁime of "

| ongi tudi nal side.of the.el asti bo 22. Thus shi i_nt he
socona' | AORARAN of D Rsisy A5k 5100 E fine s BB RSB et o
the firsidrg frg%iﬁ fi1. i 5 t he
line L. Waftﬂqeé t 1?3@@??3%%&3?@0@@%?ieg%tt}%ﬁﬁ%%'tﬁﬂgﬁ]ps)ﬁfelgzgg%mfﬁﬂgr ce Fl

and the piesHING FPRER M2l Grevtidsefdrp@idiftier td tige longrutidagrshder of tiche first
i nternedi ate gear 27a and second internedi ate gear 27b are structured such
that an akstiebadgle Thembatepbeon theeriaticdddyrik the resplintdatdedil bfF2tdués gr essi ng
force FI and the line L equals an acute anq%!@_? formed. between_ the_|ine of

appl i cat rdhenéingtmempnie 854 fee elosteebedy Ans disrted sicdthe fixpg nd BB weking ant

f FIl + F2 acts.in the djrecti i cul ar .to the longitudinal sid
of he oPs e ROIBRhBRot T et o A 8 4nd, R aginhs sistetfleh S ant O
f Fl + F ' ; 22 i

i st or t e§EaFEPRE 7; 87 e B D BAE based Bl O BoE@T oty B2 1S i

gauges 3‘ﬂ9023_ , 36 and 37 detect the distortion of the elastic body 22, and
the torque 1S detected based on the detected distortion. [0031] (Third
Enbodi nent) Conventivaal firdgensengord exoptie thet flendthiy geae nivevilanient camhot he
present invention with reference to FIG 7. In a torque sensor 41 of the

t hi rd enbudidresnplifymer belatputvibepks 05 thedtherchand, drectorgesisdngonl aséherf t he

s 5 Hon emboheiaR “bemeatiampli obaspubtl B b Eat Bl duliunce

i 41 i ndi t tor. i i -1 . . 45 |
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e 0 chal d e

such that t can rotate a ne unit. n 50_|s worn - aroun
sprocket Tiefaked® HREHAD 16 detect Babwt dequedt Hurthdfmyre, duetibaht REutushaf t 44
is transmtted to the output shaft 48. Al so, an internedi ate sprocket wheel

47 i s at vaenedht aesultannt ferceedilat-e Fehadts id6theudirectat pehwepdocantarr i dbe as one

~unit. The intermedi ate sprocket wheel 47 is arranged on the outer-ring side
of the chengitudmal sig afsheelastg bedy Becvena sinald bendigginpement capahggrt the As
shown in FIG .7,,.ip the.torque .sensay. 41 of the third enbodinent,. as the
Toror st &S5 dHadyi Ay, i TARSHIL GRamPIes 0 Kstist ds 1AV f0re Ut FRedeREne uni ¢
with the | sp k I . ,EO | ' [ 0 o
cycli cal |a§$‘9§‘;% t%fegsbgé%@?xee?pwg@kg’te %@g g%bstb?got% g?étts“?gpgﬁs%k)\@hgl%y Aé’eﬁf hi s
time, theydRLGEAEdNat Rrai QK& WhaLlhd Tfids0CahBstiRRnt NRsOHt Ghipld Ngasi de of
the chain 50 rotates whén the chain 50 noves cyclically. Here, when a
r ot at i onahechesicst whee thkei geagy arerartangédién dinepand ghafdan48dudehthe motrbter onal
resistance is transmtted to the internedi ate sprocket wheel 47 via the
chai n 50.0f partshi Futthemmora, pines sthaginpar gearFp anst shoymtcumédisiesgestr Teweh of
the internedi ate sprocket wheel 47, Furthernpre, a counteraction of this
acts on slifpparckigsie the slaptiq bedh.dt 1Stmé81§>¥ﬁt9%msa¢éﬁ§ TEEK8ISGhéel 47 via
the chain 50, and a pressing force F2 acts on the surfaces of the teeth. As
aresult, aresultant force F 1 + F2, which is a conposition of the
pressing force FI and the pressing fofce F2, acts on the internediate shaft
46 hol ding the internedi ate sprocket wheel 47. Therefore, on the elastic
body 2, the resultant force FI + F2 acts as a bending nonent, and the
elastic body 2 is distorted at the fixing end working as the point of
support. Strain gauges 16, 17, 18 and 19 detect the distortion of the
elastic body 2, and the torque is



det ect ed based on the detected distortion. [0034] (Fourth Enbodi nent)

In the torque sensors 1, 21 and 41 in the first, second and third

enbodi ments, each of the internediate gears 7, 27a, 27b and the

i ntermedi ate sprocket wheel 47 is attached to the internediate shaft 6 or

26 such that .each pair of .a gear (sprocket wheel) and a shaft can rotate as
“one uni ti()%r 'ﬁc%ﬁmg?dlm?é‘t)i nt ermedi ate shaft 6 and 26 is held in a

t at abl tate, by. the. el asti.c bgdy 2 26, vi.a beafli . Here, h i
e g it he i ahd¥ind, 85rEe B skt simbetident ol (Bnpresshl Fiveliona; ate |
haft 86l; i t I i 2 i i i i 5,
?n? er md?&lﬂt?lefrg%gé}cggtoi g‘fgt&t giﬂ%ﬁ“@ﬁ%}; rglt g{]g%ﬂlqee gét%;alt&g‘C ?gogg\éﬂl‘% nrgtegrﬁr%di :'? e

shaft 86ciibadheat mes BitiansbdO2 bhithe _Stbh?fé JERofl BQIREMHICES thbergame
effect as the torque sensor 1 of the first enbodi nent. [0035] Not e

that, i netdbedimenyue asangal serficaityda®d other tpaets fare atranged meconplianbodithent s,
the input shafts 4 and 24 and the input gears 5 and 25 may be om tted, and
t he i nt eilieppsitienalichange of thaglasde hegy.be directly driven by the notor. In |
t hat casr ttie pressing force F2 shown in FIG. 3 and 6 does not act on the
i nter rred'%ﬁ%’ shaft 6 and 26, but the pressing force FI acts as the bending

o Yo M SAELC)HLEs A ELERLh e RN AR R ot 0
deLectedpanns gudbn dsiehod aontinn (FELSEACR TS Lo
at t achi nehgpdtst longitudinal side extends in the same direction as an intermediate shaft 26
described below. At the upper end of the elastic body 22, a fixing end 22b is
formed as one unit with the elastic body 22, the fixing end 22b being fixed to a
housing 23.
[0024]

Also, the torque sensor 21 includes an input shaft 24 which is rotated by a
drive of a drive source such as a motor (not illustrated), and extends in the same
direction as the longitudinal side of the elastic body 22. An input gear 25 is
attached to the input shaft 24 such that they can rotate as one unit.

[0025]

A first intermediate gear 27a that meshes with the input gear 25 is disposed
at the upper end of the elastic body 22, and a second intermediate gear 27b is
disposed at the lower end of the elastic body 22. These intermediate gears 27a and
27b are attached to an intermediate shaft 26, which extends from the upper and
lower ends of the elastic body 22 and is held in a rotatable state by the elastic body
22 via bearings 30 and 31, such that they can rotate as one unit, and when the input
shaft 24 is driven to rotate, the intermediate gears are rotated as well. |
[0026]

The second mtermediate gear 27b meshes with an output gear 29. The

output gear 29 is attached to an output shaft 28, which is held in a rotatable state by



2el ower shaft'attaching part 2fpin insertion hole 3housihg 3aupper lid

3blower lid 3cbottoned hol e 3dbottoned hol e 4input shaft 5input gear

6i ntermedi at e shaft 7internedi ate gear 8out put shaft
a housing 23 via bearings 32 and 33, such that they can rotate as one unit, and when
the input shaft 24 is driven to rotate, the output gear 29 is rotated as well. With this
structure, the rotary drive of the input shaft 24 is output to the output shaft 28 via the
first intermediate -gear 27a and the second intermediate gear 27b. Here, the input
gear 25, first intermediate gear 27a, second intermediate gear 27b, and output gear
29 are all spur gears whose teeth are aligned parallel to the axis of rotation. By
changing the ﬁumber of teeth of the gears, the speed of the rotary drive output to the
output shaft 28 can be freely set (to be increased or decreased) reiative to the speed
of the rotary drive of the input shaft 24. Note that, in the torque sensor 21, the
ihput gear 25 and the output gear 29 have the same number of teeth.
[0027] _

As shown in FIG. 4 and 5, strain gauges 34, 35, 36 and 37, which are an
example of distortion detectors, are attached to the elastic body 22. Two strain
gauges are attached to either side of the elastic body 22 extending in the longitudinal
direction. '
[0028]

Next, actions of the torque sensor 21 in the second embodiment are
explained With reference to FIGs. 6A and 6B. First, as the motor starts driving, the -
input shaft 24 rotates forward with torque T1 as one unit with the input gear 25.
Following this, upon receiving the rotation of the inpuf gear 25, the first
intermediate gear 27a and second intermediate gear 27b rotate as one unit with the
intermediate shaft 26. Furthermore, as shown in FIG. 6B, upon receiving the
rotation of the second intermediate gear 27b, the output gear 29 rotates as one unit
with the output shaft 28.

[0029]

Here, as shown in FIG. 6B, when a rotational resistance T2 is given to the
output shaft 28, the rotational resistance T2 is transmitted to the first intermediate
gear 27a and.second intermediate gear 27b from the output gear 29. With this

transmittance, surfaces of teeth of the second intermediate gear 27b meshing with

-10



9out put gear 10bearing llbearing 12bearing 13bearing 14bearing 15bearing
16strai n gauge 17stra|n gauge 18strain gauge 19strain gauge 21torque sensor
22el asti ¢ body

the output gear 29 are pressed by the output gear 29, and a pressing force F1 acts on
the surfaces of the teeth in the direction perpendicular to the surfaces of the teeth.
On the other hand, surfaces of teeth of the first intermediate gear 27a, which are
meshing with the input gear 25, are pressed by the input geaf 25, and a pressing
force F2 acts on the surfaces of the teeth in the direction perpendicular to the
surfaces of the teeth. Asa result, a resultant force F1 + F2, which is a cotnposition
of the pressing forces F1 and F2, acts on the intermediate shaft 26 that holds the first
intermediate gear 27a and second intermediaté gear 27b.
[0030]

Also, the central point of the input gear 25 and the first intermediate gear
27a and a central point of the second intermediate gear 27b and the output gear 29

~ are set to be present on a line L that extends in parallel with the width direction of

the long1tud1nal side of the eias’ac body 22. Thus a rneshlng point of the second
1ntermed1ate gear 27b and the output gear 29 and a meshing point of the first
intermediate gear 27a and the input gear 25 are present on the line L. That is to say,
the points of application of the pressing force F1 and the pressing force F2 are
present on the line L. Furthermore, the first intermediate gear 27a and second
intermediate gear 27b are structured such that an acute angle formed between the
line of application of the pressing force F1 and the line L equals an acute angle
formed between the line of application of the pressing force F2 and the line L.
Thus the resultant force F1 + F2 acts in the direction perpendicular to the
longitudinal side of the elastic body 22._ Therefore, on the elastic body 22, the
resultant force F1 + F2 acts as a bending moment, and the elastic body 22 1s
distorted at the fixing end 22b working as the point of support. Strain gauges 34,
35, 36 and 37 detect the distortion of the elastic body 22, and the torque is detected
based on the detected distortion.
[0031] (Third Embodiment)

The following describes the third embodiment of the present invention with

reference to FIG. 7. In a torque sensor 41 of the third embodiment, sprocket

- 11



22ahol e 22bfi xi ng end 23housi ng 24i nput shaft 25i nput gear 26internediate
shaft 27afirst intermediate gear 27bsecond internedi ate gear 28output shaft
290ut put gear 30bearing 3lbearing

wheels 45, 47 and 49 are used in place of the input gear 5, intermediate gear 7 and
output gear 9 included in the torque sensor 1 of the first embodiment.
[0032]

In FIG. 7, the reference sign 41 indicates a torque sensor in which an input
sprocket wheel 45 is attached to an input shaft 44 such that they can rotate as one
unit. On the other hand, an output sprocket wheel 49 is attached to an output shaft
48 such that they can rotate as one unit. A chain 50 is worn around the sprocket
wheels 45 and 49 such that the rotary drive of the input shaft 44 is transmitted to the

| output shafi 48. Also, an intermediate sprocket wheel 47 is attached to an
intermediate shaft 46 such that they can rotate as one unit. The intermediate
sprocket wheel 47 is arranged on the outer-ring side of the chain 50, and meshes
with the chain 50 to guide it.
[0033]
| As shown in FIG. 7, in the torque sensor 41 of the third embodiment, as the
motor starts driving, the input shaft 44 rotates with torque T1 as one unit with the
input sprocket wheel 45. Following this, the chain 50 moves cyclically, and the
output sprocket wheel 49 rotates passively. At this time, the intermediate sprocket
wheel 47 located on the oufer—ring side of the chain 50 rotates when the chain 50
moves cyclically. Here, Whe_:n a rotational resistance T2 is given to the output shaft
48, the rotational resistance is transmitted to the intermediate sprockef wheel 47 via
the chain 50. At this time, a pressing force F1 acts on surfaces of teeth of the
intermediate sprocket wheel 47. Furthermore, a counteraction of this acts on
surfaces of other teeth of the intermediate sprocket wheel 47 via the chain 50, and a
pressing force F2 acts on the surfaces of the teeth. As a result, a resultant force F1
+ F2, which is a cdmposition of the pressing force F1 and the pressing force F2, acts
on the intermediate shaft 46 holding the intermediate sprocket wheel 47. Therefore,
on the elastic body 2, the resultant force F1 + F2 acts as a bending moment, and the
elastic body 2 is distorted at the fixing end working as the point of support.  Strain
gauges 16, 17, 18 and 19 detect the distortion of the elastic body 2, and the torgue is

12



3lbearing 32bearing 33bearing 34strain gauge 35strain gauge 36strain gauge
37strain gauge 4l1ltorque sensor 44input shaft 45i nput sprocket wheel
46i nt er medi at e shaft 47internedi ate sprocket wheel 48output shaft

detected based on the detected distortion.

[0034] (Fourth Embodiment)

In the torque sensors 1, 21 and 41 in the first, second and third embodiments,
each of the intérmediate gears 7, 27a, 27b énd the intermediate sprocket wheel 47 is
attached to the intermediate shaft 6 or 26 such that each pair of a gear (sprocket
wheel) and a shaft can rotate as one unit, wherein each of the intermediate shaft 6
and 26 is held in a rotatable state by the elastic body 2 or 26 via bearings. Here, as
shown in FIG. §, in the torque sensor 81 of the fourth embodiment, an intermediate
shaft 86 is fixed to the elastic body 2, and in connection with this, an intermediate
gear 87 is attached in a rotatable state to the intermediate shaft 86 via bearings 88
and 89. This structure also produces the same effect as the torque sensor 1 of the
first embodiment.

- [0035]

Note that, in the torque sensors .1 and 21 in the first and second
embodiments, the ihput shafts 4 and 24 and the input gears 5 and 25 may be omitted,
and the intermediate shafts 6 aﬁd 26 may be directly driven by the motor. In that
case, the pressing force F2 shown in FIGs. 3 and 6 does not act on the intermediate
shaft 6 and 26, but the pressing force F1 acts as the bending moment. Even with
this structure, the elastic bodys 2 and 26 are distorted, and therefore the distortion

can be detected, and the torque can be detected based on tlﬁé detected distortion.

[Reference Signs List]
[0036]
1 forque sensor

2 elastic body

2a hole
2b fixing end
2c cutout

2d upper shaft attaching part
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49out put $pr ocket wheel. 50chai n 81torque sensor 86internedi ate shaft
87internmedi ate gear 88bearing 89bearing CLAIMS 1. A torque sensor

conprising: an input shaft

rotated by a drive of a drive source;

an out put

shaft; a rotation transmtter transmtting a rotary drive of the
i nput shaft tozthe out pu haft ;

€ lower shaft attaching part

of
3

3a -

3b

22a
22b
23
24

pin insertion hole

housing

| upper lid

lower lid
bottomed hole

bottomed hole

" input shaft |

input gear

intermediate shaft

intermediate gear

output shaft

output gear
bearing
bearing
bearing
bearing
bearing
bearing
strain gauge
_strain gauge
strain gauge
strain gauge
forque sensor
elastic body
hole
fixing end
housing

nput shaft

14



an el astic body supporting the rotation transmtter in a rotatable state
and distorted as a reaction when a rotational resistance acts on the output
shaft; and a distortion detector detecting the distortion of the elastic
body. 2. The torque sensor of Claiml, wherein the rotation transmtter is -
an internedi ate_gear, an input gear is attached to the input shaft to
be rotatabl e a85one U Zeder ewit h, - an output gear is attached to the
out put shaft tg be rotatab)e ne unit therewith, the internediate
gear meshes wlt%l theu}t?ﬁﬁd@%gﬁa nd the output gear to transmit the rotary
drive of the i t s s yut put shaft, and the internedi ate gear is
P SR bl e 9

supported in a rotata e elastic body. 3. The torque sensor of
Caim1l, wherepmt hesé&h@ﬁﬁt@ﬂn&\f}ﬁﬂ% Lfter is an internmediate sprocket
e

wheel , - an 1 nput sprocket Is attached to the input shaft to be
rotatable as opg uni bufphesiem t h, an out put sprocket wheel is attached
to the output shaft to be rotatable as one unit therewth, ~a chain is

worn around t h2%i nt epntpdi g¢ae sprocket wheel, the input sprocket wheel, and
t he out put sprggket wheel such that the rotary drive of the input shaft is

bearing
31 , bearing
31 bearing
32 bearing
33  bearing
34 strain gauge
35 strain gauge
36 strain gauge
37 strain gauge
41 torque sensor

44 input shaft

45 input sprocket wheel
46 intermediate shaft
47 intermediate sprocket wheel

48 . output shaft

49 output sprocket wheel
50  cham

81 torque sensor

86 intermediate shaft

87 intermediate gear

88 bearing

89  bearing
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transmtted to the output shaft, and t he internmedi ate sprocket wheel
IS supported in a rotatable state by the elastic body, and the internedi ate
sprocket wheel nmeshes with the chain. 4. The torque sensor of one of C ains
1 to 3, wherein the elastic body is a Roberval type and has a hole. 5. The
torque sensor of Claim4, wherein he i nput gear or the input
sprocket wheel is arranged in the fdy the elastic body, the elastic
body is provided with a cutout that conmunicates with the hole, and the

i nternedi ate gear or the internediate sprocket wheel is arranged in the

cutout. 1, A torque sensor comprising:
an input shaft rotated by a drive of a drive source;
an output shaft;
a rotation transmitter transmitting a rotary drive of the input shaft to the
output shaft; _ |
| an elastic body supporting the rotation fransmitter in a rotatable state and
distorted as a reaction when a rotational resistance acts on the output shaft; and

a distortion detector detecting the distortion of the elastic body.

2. The torque sensor of Claim 1, wherein

the rotation transmitter is an intermediate gear,

an mput gear is attached to the input shaft to be rotatable as one unit
therewith,

an oufput gear 1s attached to the output shaft to be rotatable as one unit
therewith,

the intermediaté gear meshes with the input géar and the output gear to
transmit the rotary drive of the input shaft to the output shaft, and '

the intermediate gear is supported in a rotatable state by the elastic body.

3. The torque sensor of Claim 1, wherein

the rotation transmitter is an intermediate sprocket wheel,

an iput sprocket wheel is attached to the input shaft to be rotatable as one
unit therewith,

an output sprocket wheel is attached to the output shaft to be rotatable as
one unit therewith,

a chain is worn around the intermediate sprocket wheel, the input sprocket

wheel, and the output sprocket wheel such that the rotary drive of the input shaft is
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transmitted to the output shaft, and
the intermediate sprocket wheel is supported in a rotatable state by the

elastic body, and the intermediate sprocket wheel meshes with the chain.

4. The torque sensor of one of Claims 1 to 3, wherein

the elastic body is a Roberval type and has a hole.

5. The torque sensor of Claim 4, wherein

the input gear or the input sprocket wheel is arranged in the hole of the

elastic body,

- the elastic body is provided with a cutout that communicates with the hole,

and

the intermediate gear or the intermediate sprocket wheel is arranged in the

cutout.
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