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 resishpreaffpigRcts on a gear. This torque
sensor includes a. planetary gear mechanismthat is provided between an

i nput shaft and an output shaft. As the notor starts drivi.ng, the input
shaft rotates, and the rotary drive of the input shaft is transmtted by

t he pl angTady/cRpentieahani smto the output shaft. The planetary gear

mechani smincludes a sun gear, a plurality of planetary gears, and an

i nternal | y-t ooflfERIQOYESENTOR sun gear is attached to the input shaft. The
pl anetary gears nesh with the sun gear and revolve around the sun gear
while rotating thenselves. The internally-toothed gear is ring-like, and
has inter?al t.eet .Lﬂat mesh with the planetary gears to guide them Al so,
the pl andt AFMIGREYICIA o ot atably supported by a carrier about an axis. The
carrier irgg@ttached to the output shaft. Furthernore, an elastic body, with
strain giugeg attached to the sides thereof, is attached to the outer-ring

si de of the int@kngbion 1,0RLABH 8RR Bla RPGuEEhsol i@ &té&insCa RAYotef | xed
to the housing at the other end. Wth this structure, when the rotational

r esi st anceitlaets:lient 4dearsout put Shaft, the rotational resistance acts on the
internally-toothed gear 1n the circunferential direction thereof, and a
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, amdckgowh4id can be detected based on the detected distortion.
"CGitati Or[()bbf‘]t] [ Patent Literature]

Patent Literature 1 discloses an example of a torque sensor in which an
elastic body 1s 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 outpuf 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 thereof, is attached to the outer-ring side of the internally-toothed gear at one
end. The elastic body 1s 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] In the above torque sensor,
the planetary gear nechanismis an indispensable structural elenent.
However, the output torque is anplified by the speed reduction action of

the plangtalisfo:gQRr TRCMadSM isdHisciedb) eRsasaih Raup el ahd andlorg@st i gnce t hat
acts on the output shaft. This increases the bending nonent that is

transm t degdcted bakel @t dstdetedoatisioi@ont.he i nternal | y-toot hed gear. As a
result, the detectable torques are limted 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
squar e of CitRBOBAd#Y reduction ratio. In this way, in torque sensors having

t he pl an ry ,gear. mechanism the inertia of the notor that acts on the
out put s@g%?milg?%?télg‘ﬁ 'This increases the inpact torque of the output
shaft, rz(?ﬁdgt]i ng in various problens such as noise and vi bration. [Solution
to Probl T0005] To sol ve the above problens, the present

i nventi onppevi@@sude 1A torque sensor conprising: an input shaft rotated by
a drive of a drive source; an output shaft; a rotation transmtter

transm tting alaehasyPadentviéo df650He8 i nput shaft to the output shaft; an

el astic body supporting the rotation transmtter in a rotatable state and
distorted as a reaction when a rotational resistance acts on the out put

shaft; a g a distortion detector detecting the distortion of the elastic
body. [08 gpmary of Invention]

[Tefzhnical Problem]
[0004]

In the above torque sensor, the planetary gear mechanism 1is 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 detéctc—:d. 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 shafl, resulting in various problems such as noise and vibration.

|Solation 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 internedi ate gear neshes with the
i nput geai,,8nd, the. . S b ANSALL of tary. dpi.v.e0f.the. knput
A R B L e
rot at abl eligbat® aby ftehei®l askh @ RO&Yonal 88Hfince acts onlthe bhguakaye, L:Qr gue
sensor, the rotation transmtter nmay be an internedi ate sprocket wheel, an
i nput spragketowheaion &tatihachedistotivhefl ihvpaléstsheklly. t o be rotatabl e as one
unit therewith, an output sprocket wheel is attached to the output shaft to
be rotatdBP@las one unit therewith, a chain is worn around the internediate
sprocket wheel, tgje({)nfqu_t sprocket wheel ., and the output slg)r,o_cket .Wheel
such that the rBttf HOQNS PEIWT safer: ithpiRtaLphranspidtet Pashh 4 sdciscdite out put
shaft, ang _the .internediate sprocket wheel is.s ted in a rotatable
state’ by Bk BB ATE G AR CRE rltaRRh B PR R InBe P RYRES i
t he chai ! aar ic attacHeR . : oCo y may
be- a Roberval type” dnd bl S ReEME shatyy beBtRalle o 1B AT PREY
sensor, the ihepiddigedeadmetng WilPtlc FPHO Kzﬁtan\dﬁlﬁebugﬁﬂ cbg @r f-aResdhkn t he
hol e of the elastic body, the elastic body is provided with a cutout that
comuni cavesywlrive bhéhdaeleyt b tchéhd ntpumstifat enddbe 1ofermbéiaienpearnisdi at e
sprocket wheel is arranged in the cutout. [Advantageous Effects of
I nvent i orfuPPpIbEdL D] a rotatable siate bpéhe elpgisebabnsor of the present invention,
t he rotathB@tSransrn'tter is supported in a rotatable state by the elastic
body. As g ult, when a rotational resistance acts on the output shaft,
the rotation transm. , es. i.n_ a; di gl el . des_of. the
cl'ast i c body, Aad 5 ponai o eE e EEEH ARG RETRY Oy IRt o
struct ur egprddiRs §hnast L iaﬁﬁﬁ’.%pf&ké’i‘ whentieduanddtih %éjhfph‘P LR bSraekeet ed by
the distortion detector, and the torque 1's detected based on the detected
di st orti aas. orfelitihgreraniéh, dnhigpst spuciiter eviekl fshetachedaetie dunpenihia@inodees not
require a planetary gear nechanism and thus the output torque is not
anpl i fi edotaiahleias argeumbptlarewrbl ardwirsisanoe snomdagednicrhedetoseracke t or que
sensor of th? present invention can detect a |low torque. [Brief Description
{

of Drawi n‘ﬁg‘]’e papu 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
mtermediate sprocket wheel meshes with the chain.
[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 1s arranged in the cutout.

[Advantageous Effects of Invention]



FIG 1 illustrates the structure of the torque sensor in the first
enbodinent. 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 ikpugnrates the structure of the torque sensor in the second

enbodi rrent FIG 5 is a front cross-sectional view of the torque
sensor in the $echadoguibogus®nbdf the presentFifGentiony ardrd@iar eagnhargad vi ews
of main parts in a cross-sectional plane view of the torque sensor in the
second enbpplirtreinin, a FdoGabAsiatedbg dheslashe botlst e Awhieresutthevhien putotgieenal meshes
with the first internediate gear., FIG 6B indicates the state where the
second i AEUTHR 2te OREEHOY L tShd%h@ed@ﬂ%w fgangiticr moves m g digecfign o

B & o5 T PRt <R PEal Eed! B AP R e et D SR our £
ermbodi e [RRSGLLAH O, 01, FIBos) [EAeT J10832he (Fid 5, BIROLIE I ne

The foll owm ng descri nment o epresen rnventi'on with
r ef er enclidtdrtfohGBetediof, NERUIRe Jorqhid 0Q1Rected based '3)11':{11@5 detbc@Bddidoridie
reference sign 1 indicates a torque sensor that includes a Roberval-type

el astic Hushhednom, whé ethuauiealfah2 ardssnf ioremibn dhs ek asquie bpdyetdry gedoused
in a housing 3 that is corrposed of an upper lid 3a and a lower |id 3b. The
upper sumbeahienism, tdnsl dhuss the obay @rque cowet ednpifiachenwppethd iretaBanaland t he
| ower surface of the el astlce?od 2 is covered by the lower lid 3b. At one
end of tﬁemélﬁ%%q iRCTERsaY- 2 Ihareforei e BRENDSCRET 1 Hsd PESCInE1VEGRTPR i2Bh t he

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

body 2. C{‘?%‘i"ﬁéoélHﬁ 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 Wi ch pins (not illustrated) can be inserted. The upper |lid 3a

is al so B@;@f(j}tqcvyﬁﬁbnlommraw,ﬁgﬂhol es (not illustrated) in which the pins
can be inserted. The elastic body 2 is fixed to the upper lid 3a by the

pins insdbbed in the insertion holes 2f. Furthernore, the elastic body 2 is

housed in the hou5|n? 3 such that a g is present between the elastic body

2 (excl uding tHécﬁﬂxiw@ﬂ@%ﬁthWU@ﬁd3@ﬁg citpraee serpof dethedfrst erabediosinhg 3 so

t hat, when the Iastlc bg ﬁ is distorted bg t he rotati onal reS|§1ance of
agt k ¥

an output shaft" § dedt i GEPSWECE M Y16 P o dgrd¥e dBeo Bt WoArsct t he
i nner surf1 co%n%emt he housing 3. [0014]

FIG. 3 is 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 m the second
embodiment.

FIG. 5 is a front cross-sectional view of the torgue sensor in the second
embodiment.

F1Gs. 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. 613 indicates the
state where the second intermediate meshes with the output gear,

FI1G. 7 1s a cross-sectional plane view of the torque sensor in the third

embodiment.



The torque sensor 1 also has an input gear 5 that is disposed inside the
hol e 2a of the elastic body 2. The input gear 5 is attached to an i nput
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 thereof argched & bNidnt @bal-aRhRnsl #ed oPYnd NErqUBRBAsd 1 3R ﬁﬁ%t he
|l ower |id 3b of the housing 3 via bearings 10 and 11, respectively. [0015]
The el astdmgbdabghen? is further provided with a cutout 2c that comuni cates
with the hole 2a, the cutout 2c being formed by cutting out one end of the
el astic body 2 opposite to die fixing end 2b. An internediate gear 7 is

di sposed in the cutqgut 2e to nesh with the input gear 5. As shown in FIG

2, the inf¥spdptignef Fenbodimentslt t ached to an internedi ate shaft 6, which is

held in [ tapl e state by .the elastic body 2 via bearings 12 and 13,
such thaf[opﬂéf} @gﬁgr@?%‘gm&ét)one unit. Wen the input shaft 4 is driven to
rotate, the int iat.e. A _ int di, haft. 6 rotate,as

wel |l . The upperﬂgégg) OgJVI\/IZEF gg‘ﬁ%lsb%?l p‘?ﬁéﬁ%ﬁ%bg)rd ﬁ%gﬁa@g&lg g&t% n%lné)%ltné(r)%bwfnlhom t he
cutout 2cepfreddiaoghast i @Bedy32 into the upper lid 3a and the lower lid 3b
of the housing 3, respectivély. The upper lid 3a and the lower |id 3b of

t he housi{0®g13] are provided with bottonmed holes 3c and 3d whose di aneters
are larger than the dianeter of the internediate shaft 6 so that, when the
i nt er nedi at e shafltl(s. avdg, ds whwenws vgwil tihdichies eltastie cetrodyha ibyluddse
rotational si sfance of the output_ shaft 8 described bel ow, the

r 1 . :
i.nt er medi %B@g%fh’aﬁw@ Hsdis sy Convaeh & helepsusilpgnesl. [dwadgstic body 2 is
Furthermgre, an output gear 9 is di sposed insi t he .housi ng. .3, at
bosi 11 on ugiseE T RoBilbs ot iae R ccBminstR Ol S5t AE hApatoiearis goare The
out put g 4 Spa & p ; i i LR
rot at abl g%&egtsgﬁggé %’ﬁgﬁ%glﬁéﬁc }bpgy ?{;{Sa%{gve?%i%%&\g\%ru W%ﬁn%bﬁbg Sb ﬁ]éé H}%\ggﬁ ng 3
vi a bearigagfcdbrand clisicShedy 2 hatcol oY Bahd Rl 8idShona Wiet endemd he
i nput shaft 4 is driven to rotate, the output gear 9 and the output shaft 8
rotate aselwgld bodhaf aifsxit® cadyb isnfotied taorapgenrsenstr thi, clddie hagur. shaft 4
and the output shaft 8 are arranged at offset positions, and the rotary
drive of ¢ther waphtthemaing and gbtis anwit of d¢ destichwdyud puthsfiafie &:d/Rait he

internediate gear . 7. Her t he i nput ar 5, interpediate gear 7, and

out put ge'i}@dg“%a‘is 1%‘1’\/?@%3}) l@’e‘é%%wgﬁosg‘ﬁ?%étsﬁuaﬂ}a&%‘i igh lpgh%lrﬁqxag #8l t he
axis of r t.1.an. - I, unber. of .teeth.of tr ears,. the  speed
of the r oy PRl BORE 1dlSs BUTRER Binipt Gis? el BEEES rwied®ir b be
I ncreasedygy GIIRASE) ats8lRbiM : o dr t he

i nput shaft Iéigﬁt’lgr\lote tha?,s ilﬁétlhgd Fg}%ggcégﬁ?y@lgﬁ({ﬂﬁ%ﬁﬁﬁ ‘gé’i’a})fﬁ%%@nd t he
out put gegins Sahdecinbiiecds anehanelabies body Reitfixed b Seh@spenadiddsa byhey Ane
structured such that the speed is neither increased nor decreased. [0017]
Strai n gaugutedly, theInsergomhdles 2f. whithemner catheext astiol levdef2 di souset iimmhe
detectors, are attached to the elastic body 2. Two strain gauges are

at t ached 1s@ig hevehsihgia grp ishressr debweaoliy ehastisthedui2igxeldingghe dgig udi nal
direction, [0018]. ., . Next, tl] )ctiony f the taorque sensor. 1 in.the
et o9 At Grecibprn NitEea e Ene oot B IR Ighe FAEE. bfon
recei vi ngy;adt. . & ' : e it h
t or que T%hgtgﬂ%?]‘g?l}];)‘?% &%l{nﬁlﬁﬂég%puépéﬁg%étggt. é@m 8%&?%%9 ﬁ?@?&’ﬁfﬁ%ﬁla\é\{é%ei Vi ng
a rotati abdyroaddshesticBPMEr BR3nG sutfiBe bNMIRIREIRI® gear 7 rotates as one
unit with the internediate shaft 6. Furthernore,” upon receiving a rotation
fromthe [00i€f medi ate gear 7, the output gear 9 rotates as one unit with

the output shaft 8. [0019] _
I'he 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 motor (not illustrated), and both ends thereof are held in a rotatable state

5



Here, when a rotational resistance T2 is given to the output shaft 8, the
rotational resistance T2 is transmtted to the internediate gear 7 fromthe
output gear 9. Wth this transmttance, teeth of the internedi ate gear 7
meshing with the output gear 9 are pressed by the output gear 9, and a
pressi ng fyofeeuler 3At S QM B RGSS O8L l§8hO hblksihHe Fangethey 10e/Rendi cul ar
to the surfaces of the teeth. On the other hand, surfaces of teeth of the

i nt er nediragpecgeds. 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
per pendi dUPA¥] to the surfaces of the teeth. As a result, a resultant force
FI + F2, which is a conposition of the pressing force Fl and the pressing
force F2, acts Gi¥ ¢/Adic brdyr Fevigther geayided vafya chout @subriagpmmgnisatas| + F2
acts on the internedi ate shaf hol di ng .the internediate gear 7, as well.
(G0s07 Wit GREETE T et 2r Rttt uee PreThp T goacrd e sindR ar e
gear 7, -gear . [-e. bg sent..on a |4 at. extends in
paralIeIq&g?ﬁy?ﬁgg?ghgﬁg%d?ﬂgF%%ﬁdggongﬁé&%ﬁ§é¥ﬁbg%%d§ﬂ§gﬁ?hgg'glh%shing
poi nt of du'ﬂ(%t'%?t@ﬁﬂ(%ﬂ'\@ittl?t}%%f)uﬁrc%!f‘%. t e QARG 19€AN, She ARGnRJINRSDERY PO Nt
of the internediate gear 7 and the input gear 5 are present on the |line L.
That is tDbisayachebeopm manadiapphifat ivomchfis thel pr eseinghlbatae Y5l thand t he
pressing force F2 are present on the line L. Furthernore, the internediate
gear 7 i stletcdurdyrkdiadweninghd? anéid 3amgihethibthepdababintens omeuhitneWifen
application of the pressing force FI and the_ |ine L equals the angle forned
bet ween tthe MPHesIG 4ppIdrivaR ito oW e e 1pcaasiial ee ce a9 thpdnieracdipise L.

"Thus the,r ltant force. F1l + F2 acts in the direction.perpendicular to
o T ong: PR SiesaRE ° e ek e st S EFGPENEE BREOGHEE ' Doay
2, ther t.ant. DI ) W : 1 Ng; 1. . | astic
body 2 i ?%gtﬁgtﬁ?%@{ g(t? O%:Lhee (#?%Cﬁﬁék@n%ﬁ%g t&g{r}%%gl a”s‘{?ﬁ]:athﬁgpg\{te} (Il}? 3?ucgfps)ort .
Strain gaHg@sudifig 31fespd@ivand IPhdesRetid heatd leabtviepndalh 51:*1;91@%'()@@5%@, body
2, and the torque is detected based on the detected distortion. [0021]
Convent i amalproedgdevidebstosicddopds Bg ahti €S dpivdoet diyngearargdati@nitsan dannot
avoid amplifying the output torque. On the other hand, the torque sensor 1
in the fidancenoddimmrngdide Aot aplthaly whise thatpermadoatysbadfdmphessast he
rotational resistance does not increase. As a result, the rotationa

resi st anc¥®® Whf é‘ﬁa’r g?"l gfé‘ftéc gﬁ‘i‘/ ngp)q,},lée H&f}‘il%’&?ﬂéﬁﬁdlﬂ%ﬁ ﬁt&’%’%‘%htﬁ ing
anplifie - hg el asti ¢ body.2. This. } ible to detect a

| ow t or que?Sé‘l%e?dt lﬁ@?ﬁb&lgf?h%ﬁ%c@%&t%éﬂé ?%%tnd)rl'gg gﬁgtrﬂggthﬁgar%% ultant force FI
F2 acts q@oq direction perpendicular to the |ongitudinal side of the

el astic body 2, even a small bending nonent can distort the elastic body 2.
This mekes it pastdichherd, andetRttoear b avdispoepdeinvideRhexeedih@Btat ACEALEAGY -

Al so, conmpared with the torque sensors adopting the planetary gear

mechani srivherhdhe ongue gearfsorestiesi with Hee friterstedeatb getbnént Thasugpus igepl @isgear
nechanisn1mhen§K§hree gears are arranged in line, and thus can reduce the

nunber of@i3ERed o FereHRYIRE 8.sihich 18 Beld mWputotgishie atgly theeunnsr didnsdi at e
gear 7 are .disposed.inside the el.astjc. bod . 2, it ossi.bl.e to downsi ze
Phe t or quUBCBRESHE oo b BeliBR BimBi v ohd 18 SibeltRe i RostitHg
descri bes, e j - 1.n ti i.t.h ref ceto
desor 1 beSpkie a6 oA ED L DR PRERDN LRGN DML LR TPRRRCE
el astic hadyubpRfshhhes FRR@UR WEMSOThht degcdayPad tHentck i@ Edisdt 1,6{14@%?{1@“? I's
arranged verti'cally and other parts are arranged in conpliance with this
posi t i onahhafifbagethefoutfe sehaStdre abadyed hOORSY positions, ohd thboviany dritd 68. 4
and 5, the torque sensor 21 includes an elastic body 22 in which a

Rober val -thg peptioshaiin2ds itsnfeatisdto e oetpas sheft fodip e ingeraradiptgedas d. t hat
its longitudinal  side extends in the sane diyection as_an internedi ate

shaft 26 de&ciDEPUHECAN: MICHRRIEE AT oh rIwk OVIREL gPaist i A HAFPW2Leass f i xi ng
end 22b i rned a ne unit..with the elastic bo 2, the fixing end 22b
bei ng- 11 X ForE g PR b 2% SraSlaig, Bl Paeiran el 54

i ncl udes @Rnidy f e [ b Sl : drj , igve sour ce
such as J@%gﬁgﬁﬂ% %?%fPrﬁ§¥¥25g39%§gﬁ§;g&?gﬁggnﬁﬁgﬁh%%ggﬁ%%ggégc PJ%yas t he
| ongi tudi nal side of the elastic body 22. An input gear 25 is attached to

the input shaft 24 such that they can gotate as one unit.



[ 0025] A first internedi ate gear 27a that nmeshes with the input gear
25 i s disposed at the upper end of the elastic body 22, and a second
internedi ate gear 27b is disposed at the |lower end of the elastic body 22.
These internedi ate gears 27a and 27b are attached to an internedi ate shaft
26, whi chygd eBAS, Tk AL RE dURRRI @R8H) Q1B c 8D dRe Qgeetdn_ﬁ;‘ @l 38ti-¢ dped)r22 and
is held in a rotatable state by the €l astic body 22 via bearinhgs 30 and 31,
such' t hatiht hgyut Gaaft 1ot A@e dsatONEhYNbigue dBtkowhehet iagui HRUE Shiflit @dmits
driven to rotate, the internediate gears are rotated as well.. [0026]

The secongkar Atheroddi sinee merber2iilkieates hes othict woads, tutypurt sgecinr@suclitigatout put
gear 29 is attached to an output shaft 28, which is held in a rotatable
state by thg sheulsE agitha wergayéaior dggrea®dand 33, such that they can rotate as
one unit,gﬁg when the input shaft 24 is driven to rotate, the output gear

29 is rot as well. Wth this structure, the rotary drive of the input
shaft 24 is outut. .t h ut.put fit1a2 La fLr i.nt eraediat e gear
27a and the sec%%gnigatugregnel r a;% 198221?1%]7%?. gvll}\é(lfhe,a%{]ﬁmel %%E}Eiegégrdqgg'?% i rst

i nt er redi 46188262 {RacheG0NHe | MBLMBRH A0S TRRT sitAl, o ABEs Ak BUhcIRBA, 29 are
all spur gears whose teeth are aligned parallel to the axis of rotation. By
changi ng ditter pidahegnhodladtRebdiyof citbedigeas the Tohgitshegdiaktibhe rotary drive
output to the output shaft 28 can be freely set (to be increased or
decreasedy0i8] ati ve to the speed of the rotary drive of the input shaft 24.
Note that, in the torque sensor 21, the input gear 25 and the output gear
29 have the samicHumserctign of dae prapoegmpr 1 m the fipd cotwapney IEiceplamegng 5,
strain gauges 34, 35, . d 37, which are an exa le of djstortio

det ect of SVETeTinCE R o ¢ Harsby it B S REr & Pl Thee
attached | j Si , I ' e gﬂﬁ# 4l B LE i

| ongi t udi 1%1&}1@%}?3?@%,{1?%%& ?gbg@ﬁug LS Sﬁlg%fta Yt \gﬁl ?ﬁ(;(%]s 0 Eﬂﬂe” t o?%gwg}énsor 21

in the segendperbadivBAL BLic8NPhRItAE shM: tlar ©f @EeRent@afe! f&r 79Ma8d 6B.
First, as the notor starts driving, the input shaft 24 rotéfes forward with
t or que Tiasasn@Deit kit the inferhiedidtephiift gealru2therhrolel apbmgedeviag aupoation
receiving the rotation of the input gear 25, the first internedi ate gear
27a and skewndiciinteemnedidicagenrgedhe pRpUL preat 8 ragiene o tihivtith theeoutput
internedi%tﬁ:shaft 26. Furthernore, as shown in FIG 613, upon receiving
the rotatfBH bf the second internediate gear 27b, the output gear 29

rot ates a@(ﬁ\%ﬁ unit with the output shaft 28. [0029] Here, as shown
in FIG 6B, en a rotational resistance T2 is given to the output shaft
28, the rotatioggle LS ‘?'thﬁoﬂ_zﬁ teSistn@BST td el choiol i SulihSt sl QF pRdi at e
gear 27a and second internedi ate gear 27b fromthe output gear 29. Wth

t hi s transmatidnahegist@ie fTacesraabmiteeltid (B¢ iltben&eaopdad NHermedicatRitgear 27b

meshing with
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 S 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 1s a composition of the pressing force F1 and the pressing force F2, acts on
the mtermediate gear.'], and the resultant force F1 + F2 acts on the intermediate shaft

6 holding the intermediate gear 7, as well.

[0020]



the output gear 29 are pressed by the output gear 29, and a pressing force
FI 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

i nternedi ate gear 27a, which are nmeshing with the input gear 25, are
pressed by th?,AMQH%egﬁﬁ&mﬁiﬁn@QﬁkﬁeH@@%?&Q&Lﬁﬁ&%&e&%ﬂﬁg&§'@%nHQﬁmiﬂrfaces
of the teeth in the direction perpendicullar to the surfaces of the teeth.
As a resuldar 9art estubtt@nircian 08 dFlinetl Fat oMl ih HadalRORPOsihtilomngiafditde
pressing forces FI and F2, acts on the internediate shaft 26 that holds the
first intedeoelibatdasgiedod??a didsseneiichg poiet neticantergednt@dr 70080k

Al so, the central point of the input gear 25 and the first internediate
gear 27a @HBUlaseedt pad apseiingporhel decoirmadiae medi Ateddgaammrieeand t he
out put gear 29 are set to.be present on a |ine L_thqt"exte?d in parallel
with the $FATFCH PREAS BRC I HET IDHy PudihBPTE Bkt CHER & é@f il:’besg%?&y 22.
"Thus a I i f the . Nt erned at, ry 27 h t put
gear 29 gﬁ%&%ﬁgégﬁiﬁéiggﬁﬁ ggéﬁﬁﬁgpf#}éﬁxgﬁt%?hg%?ggéLgeg?ﬁ@gg&gﬁﬁgghe

I nput  geaiZmedlafe REASENE PRchh&l kidieilat {OAheleSfdrhed@WorwbBe HRONME SHfOf
application of the pressing force FI and the pressing force F2 are present
on the |iggikatiduof herprpsseng fdree Fi el thalies Mesjatsethgeap]cXtanantesesand

i nternedi ate gear 27b are structured such that an acute angle forned

bet ween tthe linene apipliapipdn ohthcopresfing hecpi@ssichthef brc k. FlThandhe resultime L
equal s an_acute angl e forned between the |ine of application of the

pressi ng FescELFD I%nactﬁ He e Braction pggranrcdsiq fhéfn[%llﬁ:’&?é’é‘akﬁldﬁ ihgct s in
the direct,aon pe ndi.cul ar to the. longitudipal side of the elastic body
25" Ther g, SO Fhel St aBbe.c by a9 Boit % B seblufi et dTel P2 b ascr o as
a bendi ng 1 L Yo 2243 st art ed..af . fiXi end
22b morki%gpﬁﬁﬂéﬁ%ﬂggﬁh?&%@kgﬁgﬁgﬁgggé%%h?%ﬁggﬁdﬁgﬁéﬁg“§%9&ggbJﬁgk@% det ect
the di st oz¢ ﬂh@gh_oﬁﬁ drigpsdrast §€aiRetued2i6, and1 8 hadtior st ivse 8atRabedsBased on
the detected distortion. [0031] (Third Enbodi nent) The fol | owi ng
descri bescludte hduyr] aadblodionpnd 1s aktcctre Hasedenthd dutecttd distortivh. ref erence to
FIG 7. In a torque sensor 41 of the third enbodi nent, sprocket wheels 45,

47 and 49[C42&l used in place of the input gear 5, intennediate gear 7 and
output gear 9 included in the torque _sensor 1 of the first enbodi nent.

[ 0032] | otpjeglional tppie, Sepey s AP TEIGRC PIARGIY SHEE £8P G UE 8 @hsor i n

whi ch an | t rocket wheel 45 is att d. t Nl | S 4 such that
t hey can @ﬁgééﬁﬁégﬁﬁghhHFﬁwiéH%P%e @Pﬁggg gﬁ&%nghﬁ%ﬁ$§%¥:%%%%bﬁ§? Wheel 49
is attachedyt . t. : ot a 1 ad - it. A
chain 50 ﬁgnwgpgﬁgggﬁg ?ﬁQﬁgpﬁéﬁﬁﬁfqa%égﬁéuﬁ?&ﬁﬁg %gfggg%%?%gpg?ﬁgg?otary
drive of idaBtanapuocshaf indddasks Wsansduk! éd t@atidiel eedipwbces Rafith 48dec SO, an
i nternedi ate sprocket wheel 47 is attached to an internediate shaft 46 such
t hat t heythednrquetlatvengmbeoneutpnt withthebéing emmidiat, ectspooticetlashebdd 2. i s
arranged on the outer-ring side of the chain_50, and nmeshes with the chain
50 to gui dBisimakqsgbgmpsible to detpgl & haworaycr Eurthermpere; Hae o thtstrgeisor 41

of the third enbodi nent, as the potor starts driving, the input shaft 44
ot at o5, W D de i dOG el bl Lot SheEnprCg sREIRe Ty

Fol | owi ng 1S a:nEN ' : AN ) ol t

wheel 49 ?%Egﬁgghkggg?@gﬁyég%gg¥ﬁggﬁf$h%%%%‘gan e?%gﬁygégQ%%f%@égﬁﬁghegl
47 | ocat egdagn: %Bg?rw.t eThisl RAked G€ pelsibiBercictt 0150t REQR Wigh ekBgleaha. i n
50 noves cyclically. Here, when a rotational resistance T2 is given to the
out put shaddurad§, Wiso,r edmapiredakith abe sbanpeesdisoty adsyring €k prnehey gear

i nternedi ate sprocket wheel 47 via the chain 50. At this tinme, a pressing
force Fl wmethkanghmsukd dougicofenseet h iof thehdirhteanbrsdingne hepr ockeplavset 47.
Furthernore, a.counteraction of this acts on surfaces of @éger teeth of the
i nt er medi BEENARTR ETE Wise Ica? aff drppgedc Halthe.omd RRy can praKsithg EBEE F2
acts on the surfaces of the teeth. .As a result, resul tant. force Fl + F2,
whi ch i's & BBtpost BruAISTe RIS P e o a1 Dt TR Ahs sy 1 dree o
acts on t i jrat : i gy Lt ' edi I et wheel
37, Ther oh P ey S DO e e T O s as o
bendi ng nonent, and the elastic body 2 is distorted at the fixing end
working as the point of support. Straig gauges 16, 17, 18 and 19 detect the

distortion of the elastic body 2, and the torque is detected based on the
detected distortion.



[ 0034] (Fourth Enbodi nent) In the torque sensors 1, 21 and 41 in the
first, second and third enbodi nents, each of the internedi ate gears 7, 27a,
27b and the internediate 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 rotatgas) one. YRt vhesehf) each of the internmediate shaft 6 and 26 is
held in aﬁrot tggcfe stant]e yl tlﬂe el astic body 2 or 26 via bearings. Here,

as shown in Fl Ghdiolidwihbeidsansiernsensond 8iiiihbe douft PreegRod iRy,  an
intermedi ate shaft 86 is fixed to the elastic body 2, and in connection

wi t h t hi swithnrdfotecsraedi Blies. géathr@hi . atlhaehedqua sansot At abfl ehstsat@d o t he
internmedi ate shaft 86 via bearings 88 and 89. This structure al so produces
the same ebpedmens theecksliquwdsersor e dprqugesdnspst] evpwibadmentibe [f06135]
Not e t hat, Ln the torque sensors 1 and 21 in the first and second |

enbodi mentBOOUREN Kyt atgear testioplynipoathghgatthars Mtitecddar©mpInge 28ty be
omtted, ﬁlnd tsrlate ian'%irrryedi ,lée‘sﬁaf#)s 6 and 26 may be directly driven by the
motor. |n thal é%%é, ?%é’(iﬁ %glia b(’ %que F2 shown in FIGs. 3 and 6 does not

act On'thﬁadzﬁ ernmedi ate shaft 6 and 26, but the pressing force FI acts as
t he bendi ng ment. Even with this structure, the elastic bodys 2 and 26

are distorted, apdhdwenelnne 44 ditst airklh08ekan 2Pendet@ciedastanshdyhe t or que
can be detected based on the detected di'stortion. !Reference Signs List]

[ 0036] 1t or whehseRebervabhastlicde RAdys Zainodde 2Hid laster bodly 22 aptoubg@dupper
shaft att talgl? iitgq(n?g‘[utdina?}%li(?cvfiteggsa{nt tl]ac%tsta?lgehiig'gctgjoallr gs 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 1s 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 infermediate 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 1s driven to rotate, the intermediate gears are rotated as well.

[0026]
The second intermediate gear 27b meshes with an output gear 29. The

oufput gear 29 1s attached to an output shaft 28, which is held 1n a rotatable state by



2fpin insertion hole 3housing 3aupper |id 3blower |id 3cbottonmed hol e
3dbot t oned hol e 4i nput shaft 5i nput gear 6internedi ate shaft 7internedi ate
gear 8output shaft 9out put gear 10beari ng

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 s 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 ntermediate gear 27b, and output gear
29 are all spur gears whose teeth are aligned parallel fo the axis of rotation. By
changing the number of teeth of the gears, the speed of the rotary drive output to the
(mqnnshw%ZScanbeﬁedysetaobeinmemmdordemewmdjnﬂmh@tothGSPmﬂ
of the rotary drive of the input shaft 24. Note that, in the torque sensor 21, the
input 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 mpul gear 25, the first
intermediate gear 27a and second intermediate gear 27b rotate as one unit with the
infermediate 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 F1G. 6B, when a rotational resistance T2 i1s given to the
output shaft 28, the rotational resistance T2 1s 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



llbearing 12bearing 13bearing l4bearing 15bearing 16strain gauge 17strain
gauge 18strai n gauge 19strai n gauge 21ltorque sensor 22el astic body 22ahol e
22bfi xi ng end

the output gear 29 are pressed by the output gear 29, and a pressing force Fl acts on
the surfaces of the feeth 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 mput gear 25, are pressed by the input gear 25, and a pressing
force F2 acts on the surfaces of the teeth in the direction perpendicular to the
surfaces of the teeth.  As a result, a resultant force F1 4+ F2, which is a composition
of the pressing forces F1 and F2, acts on the intermediate shaft 26 that holds the first
intermediate gear 27a and second intermediate gear 27b.
{0030]

Also, the central point of the inpuf 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 longitudmal side of the elastic body 22.  Thus a meshing point of the second
intermediate gear 27b and the ouiput gear 29 and a meshing pomnt 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 Fl and the pressing force F2 are
present on the line L. Furthermore, the first intermediate gear 27a and second
itermediate 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 Fl + F2 acts m the direction perpendicular to the
longitudinal side of the elastic body 22. Therefore, on the elastic body 22, the
resultant force FI + F2 acts as a bending moment, and the elastic body 22 is
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.
f0031] (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



23housi ng 24i nput shaft 25i nput gear 26internedi ate shaft 27afirst
I nternmedi ate gear 27bsecond internedi ate gear 28output shaft 29out put gear
30bearing 31lbearing 3lbearing 32bearing

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

In F1G. 7, the reference sign 41 indicates a torque sensor in which an input
sprocket wheel 45 is attached to an mput 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 transmiited fo the
output shaft 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
mput sprocket wheel 45.  Following this, the chain 50 moves cyclicaily, and the
output sprocket wheel 49 rotates passively. At this time, the intermediate sprocket
wheel 47 located on the outer-ring side of the chain 50 rotates when the chain 50
moves cychically. Here, when a rotational resistance T2 is given to the output shaft
48, the rotational resistance 1s transmitted to the intermediate sprocket wheel 47 via
the chain 50. At this time, a pressing force F1 acts on surfaces of teeth of the
infermediate 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 composition 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 torque is

12



33bearing 34strain gauge 35strain gauge 36strai n gauge 37strain gauge
41t or que sensor 44input shaft 45i nput sprocket wheel 46i nternedi ate shaft
47i nt er medi at e sprocket wheel 48out put shaft 49out put sprocket wheel
50chai n

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 intermediate gears 7, 27a, 27b and 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 15 fixed to the elastic body 2, and in connection with this, an intermediate
gear 87 1s 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 input shafts 4 and 24 and the input gears 5 and 25 may be omitted,
and the intermediate shafts 6 and 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 the detected distortion.

[Reference Signs List]
[0036]
1 torque sensor
2 elastic body
2a hole
2b fixing end
2¢c cutout

2d upper shaft attaching part



81t or que sensor 86i nternmedi ate shaft 87i nternmedi ate gear 88bearing
89bearing CLAIMS 1. A torque sensor conprising: an input gear rotating
with a rotation of an input shaft; an out put gearto which A rotation
of the input gear is tranSinitted, the output gear rotating with a rotation
of an output shaft Q%P#@ﬁ%émhﬁu ifferent froman axis of the input shaft;
at | east one internedi ate gear ing with the input gear and the out put
gear to transmgfzarﬁﬁgykgﬁm_uﬂc a Roberval -type elastic body having a
hol e and supporting a rotatable shaft of the at |east one internediate
gear; and 3 a dustsoret i on detector attached to a side surface of the

el astic body and detectlng a distortion of the elastic body.

3a upper lid

3b lower lid

3c bottomed hole
3d bottomed hole
input shaft

input gear

[NV T LN

intermediate shaft
intermediate gear

output shaft

D S0 =)

output gear
10 bearing
I1 bearing
12 bearing
13 bearing

14 bearing

15 bearing

16 strain gauge
17 _strain gauge
8 strain gauge
19 strain gauge
21 torque sensor

22 elastic body
22a hole

22b fixing end
23 housing

24 input shatft
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2. A torque sensor conprising: an input gear rotating with a rotation of an
i nput shaft; an output gear to which a rotation of the input gear is
transmtted; at | east one internedi ate gear nmeshing with the input
gear and the output gear to transmt a rotation; a Roberval -type

el astic body haying amrﬂ,g{: ge;gnd supporting only a rotatable shaft of the at
| east one internedi ate"gear; and a distortion detector attached to a
side surface of 2¢ he elasthigihedys@and detecting a distortion of the elastic
body. 3. The torque sensor of Claim1l or 2, wherein the el astic body
is provided with7a cufintintthatdietergeani cates with the hole, and the at | east
one internediate gear is arranged in the cutout. 4. The torque sensor of
Claim1 or 2, wAérei nsadeadanicieadnieqrer i nt er medi at e gear includes a first

i nternedi ate ge?é and a second internedi ate gear, the el astic body
is arranged vertfcal | U8l &ilend in a same direction as the input shaft and
t he out put shaf&, ttE(;_,,r_ot atabl e shaft is supported by the elastic
body by passing %hrou&'ﬁpg g3’5:I¢Bper end and a | ower end of the elastic body,

30 bearing

31 bearing

31 bearing

32 bearing

33 bearing

34 strain gauge
35 strain gauge
36 strain gauge
37 strain gauge
4] torque sensor

44 mput shaft

45 mput sprocket wheel
46 intermediate shaft

47 intermediate sprocket wheel
48 output shaft

49 output sprocket wheel
50  chain

81 torgue sensor

86 intermediate shaft

87 intermediate gear

88 bearing

89 beanng
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the first internediate gear is attached to an upper end of the rotatable
shaft such that the first internedi ate gear neshes with the input gear, and
the second internediate gear is attached to a |lower end of the rotatable
shaft SuCh that the second inter msdiéggugg@r meshes with the output gear.
5. A torque sensor conprising: an input sprocket wheel provided on an input
shaft; an output sprocket wheel provided on an output shaft; an
endl ess chain worn around the input sprocket wheel and the output sprocket
wheel suchl.t hatlomuestrroy comipyisings transmitted fromthe i nput sprocket wheel
to the output sprocket wheel ; i an internedi ate sprocket wheel neshing
with an out er - r i Ky BFREaDFOlRRaS Wil ao9tionnimnaRaut el i ng with a cyclical
novenent of the, 184 i l.astic bady. SUPPOLLi a rotatable
shart of the i niormaraea BPhicha ol & AP A2 HiRERM el tadauen
di storti onpdeteatior wist £esthiigh 8f gh%tuﬁ:ﬁ{t'sﬁﬁﬁQ{]hclis@%xﬁdés&iﬁﬁr&?q%mtaﬁ axis L €

g e

el astic bo(g'% bei ng a Roberval type having a hole and supportin
rot at abl e &fHh¢ topof shdde i nt er nedi ate sprocket wheel, and the distortion

det ector being at{ ached to a side surface of the elastic body. 6. The
torque sensor ofd ¢ast ARG MigHBEdAle gear meshipg sidsticcinppugedrsant v deghumi t h

a. cutout g{gm Wth the hole, and the internedi ate sprocket
wheel is ftrergg{nogig I nmt1 ﬁ(g‘rﬁgﬁlf’out.

a Roberval-type elastic body having a hole and supporting a rotatable shaft
of the at least one intermediate gear; and ' |
a distortion detector attached to a side surface of the elastic body and

detecting a distortion of the elastic body.

2. A torque sensor comprising;

an input gear rotating with a rotation of an input shaft;

an ouiput gear to which a rotation of the input gear is transmitted;

at least one intermediate gear meshing with the input gear and the output
gear to transmit a rotation;

a2 Roberval-type elastic body having a hole and supporting only a rotatable
shaft of the at least one intermediate gear; and

a distortion detector aftached to a side surface of the elastic body and

detecting a distortion of the elastic body.

3. The torque sensor of Claim 1 or 2, wherein
the elastic body is provided with a cutout that communicates with the hole,

and the at least one intermediate gear is arranged in the cutout.

4. The torque sensor of Claim 1 or 2, wherein

the at least one intermediate gear includes a first intermediate gear and a
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second intermediate gear,

the elastic body is arranged vertically to extend in a same direction as the
input shafi and the output shaft,

the rotatable shaft is supported by the elastic body by passing through an
upper end and a lower end of the elastic body,

the first intermediate gear is attached to an upper end of the rotatable shafi
such that the first intermediate gear meshes with the input gear, and

| the second intermediate gear is altached to a lower end of the rotatable shafi

such that the second intermediate gear meshes with the output gear.

5. A torque sensor comprising:

an input sprocket wheel provided on an input shatt;

an oufput sprocket wheel provided on an output shaft;

an endless chain worn around the input sprocket wheel and the output
sprocket wheel such that a rotary drive is transmitted from the input sprocket wheel
to the output sprocket wheel; |

an intermediate sprocket wheel meshing with an outer-ring side of the
endless chain and rotating with a cyclical movement of the endless chain;

an elastic body supporting a rotatable shaft of the intermediate sprocket
wheel in a rotatable state; and

a distortion detector detecting a distortion of the elastic body,

the elastic body being a Roberval type having a hole and supporting the
rotatable shaft of the intermediate sprocket wheel, and

the distortion detector being attached to a side surface of the elastic body.

6. The torque sensor of Claim 5, wherein
the elastic body is provided with a cutout that communicates with the hole,

and the intermediate sprocket wheel is arranged 1n the cutout.



