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Fig.1.1 3 DOF spherical joint
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Fig.1.2 Typical reducers
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Fig.1.4 Reducers of previous research
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Fig.2.1 Speed reduction motion with pin and groove inspired by spirograph
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Fig.2.10 Change in force with which pin pushes out groove wall (grayscale)

FEDORFMIC BT 2l v v BB ML, EREHEO QliniizhLe T2 v o
[ER AR T E 25 DT, =0 XU =180°DLHAD X 51, {mEIv v OBE;
M2 OE Y T e b o a4 FEfROBER E —3F 2 X 5 i@ iIcfiiv v 23M7E LT
W 5A, BEIY Y BE L COIREIY v O IR DEOEERNICIZ I 23b b 7w, F
mbb, BV ITHENIR~OBIIHLEICET S L,

L LR, mEe v ofLoiiifiziEehio Az o e LzM%2E, #HY
Tt braf FiifREifirRvo <, #EREHEO BIRICL U CRB ¢ v o8 A e b
v bweaf FiifgoEgo e oficii XL (RLME) 84U 3. 2ok %
&, BB v iz o8 % BH S 2o e (KR FfsH Ol BEm) b L <dsh
BEf (MR RO & FORI D BER) DI hd—T5icEfiiL Tw2 0T, REjv Y
2> B BERNC S A3 % 723, BB v 2 b MABICEN I A S 5. A B B o [ His
6 23 0°< 0 <180° TIImBE) & v I IR OWNEER Z# L, 180°< 6 <360°TILHVEEH %
LT3

lzmu I29%ﬁuﬁi B 1 MR 3 2 IC 1 RDEH) v v A3EEm 2 L 3
BhE & NBET & AMBENIC 0 1 TR TR L 2 7L —F v — b T, @BRREVIZEEED
CEREEZRIL 0D, 2ol %, HAMNNICEIROGHEPCIXEE vy o Bk
O DFEREBHENINIT/NE <, ERECHIP T Z DEREAKZ (o TW 5.

LLED X 51 1 RoREh e v AR E [Hlis < 4 2 J) 3R R o Misf (R v &
BoMERR) 1T X > TEtIcEL T 3.

17



242 1AXDEE Y v OBKEIE

RIIE T, mEie v iz 2 b L fc il L CERE2ERL T\, E
BRoREEOGEI v v EHIFREICIE EDOKRE I D 5720, BImECHT 2% OfE
AERT L, B, CITCRELEHC VIR Z )T IV RARENLDERET S,

2.2.2 THRARZZ XS5 Y = v b o oA NIRRT 2850 Tl NEE & SMEERN &
5. 2.6 THAT 2EUMERETIE, % DIHAKHIPIL 98°S 0 S133°F X UF 227°S 6 = 262°C
b, T, NN —=THPKT 2805 (133°= 69 =227°) TIIFDOMNEELHI L T
DIFPEEIE v DERI D B RKEL ZoTWE., $72, ZOED TRAETEDIIH CHMEE L
LT nWNEEcizfb LTw3, K211 ikch ool z e b uaf Fhifgé oxt
JEERLIZDDTH B,

$77, X212 13K 2.11 ZFICGERKEE A 1 [lEEd 2 I 1 AKD{RB) v v 23R % fif
LI SR 2 @R LTEBH L2 —F v —FTH 3. 22 TI1E, BEmSHEEL L
2 P 3 PYEET & AMEET A2 XA T IC R LT B, (B v SR E [lEE & 2 % H711,
98°= 9 =180° TR L, 180°< 9 =227°CHIG L, 227°S6 =262°CHERIRT 5 LI
5. Tibb, 1 RKOEEIE Y BAHIKORERICEF S 2 0 iiEREED 1 [ixo 5 5
#1218 DX[HTH 5. KIETIEIZ DMIXRENEZZEL 72 L CEEDEH v VI X 28015
ErEZD.
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Fig.2.15 Similar mechanisms of cam motion by pin and groove
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Fig.2.16 Drawing of cycloidal planetary reducer components
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Fig.2.17 Drawing of cycloidal planetary reducer
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(f) Pipe for pins (g) Bearing for gears (h) Thrust bearing () Output shaft () Input shaft

(k) Planetary gear (1) Sun gear
Fig.2.18 Components of cycloidal planetary reducer

(a) For torque measuring (b) Downsized version

Fig.2.19 Prototypes of cycloidal planetary reducer
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Fig.2.20 Experimental setup for torque measuring
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(b) Planetary reducer
Fig.2.21 Torque fluctuation with time of 2 types of reducers at motor speed of 700 rpm
and at brake torque of 0.46Nm.

ME 2 i % &, R HEFGEE CIE AT - 1 & DI MV 2 BEIIER ISR TS
B0, B4 7 v 4 R BRI AT - BT I A 7 b v 2 BEEIDSRED &
Nz, ZOZEENL, HRIESHYICK 2 WEATE 2 ikt R\ I w2 20
T2 Gbe T 1AL E 2 iE, Bl 1 mEsd 2B AT - e i 28 JEHAS
EZECcx 5. (K221()0F LIc BB O CRLH) WHLiZ 7f5TchbsroT, 20k
7 EENI A O 1/4 BlisE 1 E LTREL WS LicRE, T, K
2.13 THBAL 72 X 51T, AJiHI23 1/4 [Bl¥E3 2 FIICEI s ICEH 53 2 o8 v v O ARE A

30



5HZ LT enkInizdboeEZILNE. 2721, 2.13 ICBWTHE T 2RH)
Y DORED 3 K2 Kod KL 2T 2 RlEERE A ICE N 720, 2613 1[5y
DEFE LTAN - trzicknzborEz2on3. b, ZOFMIZELZE—
ZHEERB L 7L —F b 2icxf LT b RBRICHER S Tw 3,

DX 5% b EEEIEIT 2113, mEIY v & i L ORI EBEIfR 2 BT L
T, BIMGENBREIR T 20040 0 DA% 72 2 KKK T HZ e nEEN D,

¥, 2211 THAME N2 o1 FEESS O FEE I3 O R b
0.46Nm TH Y, ¥4 7w XVl REEEGEEIIN T b7 S8R H 2500, 71
—F M ZICHEYILES PAZIZHATETCHE 2 L3 bh 5.

31



2.74 oEH=R

Xl 2.22 1334 7 0 A KVl 5 o B jE0HRS & o 2 g R O z il LT, =X
AlEREHY 700rpm D L D, ADTL—F bAZICNTEIAHRN MLV I ZR LD T
5. s ERIN 2s B (IR 8 [Blfinsy) 1TV, % OFEEEE v 7=,

“-Input torque

-4-Output torque

0 005 0.1 015 0.2 025 0.3 035 04 045 0.5
Brake torque [Nml]

(a) Cycloidal planetary reducer
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(b) Planetary reducer
Fig.2.22 Input torque and output torque of 2 types of reducers with respect to changes

in the brake torque at motor speed of 700 rpm.
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Fig.2.23 Torque transmission efficiency of 2 types of the reducer with respect to changes

in the output torque at motor speed of 700 rpm.
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Fig.2.24 Torque transmission efficiency of 2 types of the reducer with respect to changes

in motor speed at output torque of 0.5Nm.
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Fig.2.25 Skid hypo-trochoidal groove
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Fig.3.1 Hypo-trochoidal planetary reducer
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Fig.3.4 Change in force with which pin pushes out groove wall
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Fig.3.5 Change in force with which pin pushes out groove wall (grayscale)
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Fig.3.6 Positional relationship between the groove and the transmission pin

when the pin operates intermittently.
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Fig.3.7 Change in force with which pin pushes out groove wall considering intermittent
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operation.
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Fig.3.9 Presence of power transmission to the wall of the groove of 4 transmission pins

during one rotation of the sun gear.
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(b) Epi-cycloidal planetary reducer
Fig.3.10 Torque fluctuation with time of 2 types of reducers at motor speed of 210 rpm
and at brake torque of 0.46Nm.

48



3.10@)23 A K+ 1 a4 VR EEEE, b)23 A4 7 a4 ZvikE R
DfERTH L. K EfIBH S v v %, THIRATI PV 2 220 EURT. T
HRICH L CH L BER 0T =22 RR LTS, 7203 v 7Y v ZEBAR
0.02ms TH 5.

MEZHET 5L, 47 v XVilEREEHGERD D b v 7 BT T H 5
25, ASICIRENZR b2 BEDED b D, OEBNIIRIESHIC K & W ET &
Z i < IRIEDSAER IS/ S WETE b T 1A E E 2 i, B2 1 [T 3
fic 28 AR CE 2. WHELIZ 7THETH 20T, 2D X H % b2 ZEEIZASHO
V4 MRz 1 e LTREL TS LICk S,

ZD—FHT, »"AFFraf ZVEREHEBEEO AT - B0 by s EET e by
A 7\ A ZAER RS IC R TR TH 572, T RFhD AN P 7 {EDFHE &
PR 2 2 FICE R 2 Ko 72 8 25, 4 7 v 4 iRt EcEE 5 0.30, A
R b w34 ZOvilE R EEGER T3 0.15 L B 1/2 B ICHIfl S h T B 2 & R
TZE 7.

7n¥, X3.10 1B WCTHAME vz oI 1 [EHES O FEE I3 0 R D
0.46Nm TH v, WTOEMEIZ 7L —F b IcHELES trs2HiicEdTns C
DD B,

49



332 {EEME

3.11 IZRTED 2 FikE O EHEE I 0t LT, & — & [HfiEE A 210rpm D & 2 D, fEi4 D
TL—F bAZICRTEARN ML 2 2R LESDTH S, iR 2s B (AR
1 [\#E5Y) v, ZOF¥fEE G, 2oL FoMmAMTEE 27 13005 HIcH
0.004Nm TH - 7=.

o+ Input torque
#Qutput torque

Torque [Nm]

Satuzu sl
- ooooooooael a0
e tagn u Nary

0 0.05 0.1 015 0.2 025 03 035 04 045 05
Brake torque [Nm]
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(b) Epi-cycloidal planetary reducer
Fig.3.11 Input torque and output torque of 2 types of reducers with respect to changes

in the brake torque at motor speed of 210 rpm.
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Fig.3.12 Torque transmission efficiency of 2 types of the reducer with respect to changes

in the output torque at motor speed of 210 rpm.
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Fig.3.13 Skid-hypotrochoid of various value of a
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Fig.3.14 Skid-hypotrochoid of various value of n

53



35 WEHSTA—X

x REIE Y DAL 1

n  EYEEK 7

z R 7

p © 0 R B oD AR 41

m  CHREOEY 22— 1[mm]
a CisEE v o 3.5[mm]
hy P KEGHEOE X 2[mm]
h, GilEREHEOFEX 2[mm]
h, :fcEICYOEX 3[mm]
h, ART—XDEX 5[mm]
ho, HITIROEZ 5[mm]
zg - KIGHRE O HREL 20

z, :bEREE O HE 20

ds KBt HAEFTE R 20[mm]
dp lEEEEOIIENERE 20[mm]
d, cEhvvoERE 2.48mm]
d. ' RAT—XDER 75[mm]
d, :HIROER 60[mm]

54



BWAE )T v RBERE

H2ELE STETHRAR T A 7 a4 XV RBEFEEE - ~ A4 K b e a g X R e
PRI, R R I LR CHLE c ok R X 0 S RRE TR, O R E) s L
WD X5 RIRB) O FEA b M <, RO O ERUY b B s RO O X 5 ICHEME bR
Fifz 2 2 &7 <, WEMA KT 2 5 EOHELIC X VARG ICEHTE 2 L vwo 7280
WEHiTw3, &5, FEEIIIHARICE S P v a4 FRiEo Ak X - <
ETE 5729, LHERARFOE IS U CRUERAR A % Rl —BRIcfko 2 e 3¢ % 5.

Lo L7, Hifad 2 FEH o Jssbs ( 20R B (F IS 7 2B 2 RS 5 2 & <, {5H)
vy EHiEL ORI 2V T I v RAERTILERH L. iR, mEIv v S EhikEo N
B B X BRI O A ICRRICEM 32 2 L 28T 2720 CTH L. 20720, HHFLE
DNy 7Ty HRARARETH D, T, HEBCCTHETE 2RI, BEEET 2 dhiiigFE L
OFTHEEET L L 20FVRRATH S, X 64%3EBEILSLEREGAICIE, HAZE
0SB E LN,

% Z°C, it 2 HEOMEMR O R AME LoD, LiloMEzrcE 2 ) 7oV
7 RIFHEEZ RS 5.

55



41 & H

T Y 7 v v 7 RBEBE O FOH I IEAMER (v 7 v OER) bk v T

V5.

X 4.1(a)lx 4Hz D IE5LE %S v 70 v 7 & 12Hz CEARLT 2858 % R

TH 5 4Hz DIEZE Z KRBT, v 7Y v 7 % EjE
CoLE, v v OB OESEAREE LTB LN,

b OIEAE

LT, TR L7z X 9 RIEIEIE & H U AR E b OEARLEESHRTE 3,
ﬁ&ﬁ%ﬁﬁk?é%m,%ﬁ%@2ﬁ%txtmﬁﬁfﬁy7)V7%ﬁou
BEELSERLT 2R TE L. 202 & HERMUER L F5[27].
BEALER 27z T ey v 7Y v ITRRECT, bbb, BB O RO ELLT O3
v 7Y v ZRREECIEAC T 25, FIRIE & 13 R 3 R OBEA LI AR SN .
INDBT YTV EIETH 5. X 4.10)1F 4Hz O %3 v 7Y v 78R 5Hz THZ
MMed 2856 %R 7. L IIFMRIC 6 BEEAL X 1223, b OEEAREZ K558 L ks

THRT I 574 1Hz DIFEEAHRINS, CoORERZ ) Ty v IKETHY,
oY v 7Y v R ERE Tl 8n/5rad, =V 7Y v SPEIET

7 & DB Z EIFEL . LCHIFILTWw 3

Sampling frequency (12Hz)

L

HOofticznZFIuR LT3,

gfj:\‘y-
DX HIT
THM

DR

Tl 2n/5rad DAAHZE & 7%
5, VT v I RPEKIIZFOLERL TR EEY, PRk sk eoy 7 v

NANIAN]

FaNva

Fundamental wave (4Hz)

(a) Adequate sampling

Sampling frequency (5Hz)

Sampling wave (4Hz)

™

v.'%‘\

A

A"

\\,

FFundamental wave (4Hz)

(b) Inadequate sampling

[ g — . 7 \. ) I
. H\\ P l\ A
r 4 Yl . W #
/ G . f..?" \k‘ #
o Ny N Yy r i

Sampling wave (1Hz)

Fig.4.1 Explanation of the sampling theorem
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Fundamental wave groove (4Hz) Aliasing wave groove (1Hz)

(a) 2 types of grooved plate and bearing balls

Fundamental wave groove

L, S - %md

(¢) Circularization of speed reduction motion

Fig.4.2 Speed reduction motion with grooved plates and bearing balls

inspired by sampling theorem.
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Elongated hole Output shaft
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". Qutput plate

; W 4 Bearing ball
Input shaft 7_ >
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Fig.4.3 Aliasing type reducer

421 ZEORER

)7y R AN, AR, 27— %D 3D FHCRE B & OEE D~
TYVVIR=—ADObT 2 AHEOEARERCHMIN TS, Thid, HiBolE R bR
HEROBERBELFE—TH 2. ATWICIZE %2 AT1F 27200 AJ18hA3, H I 13 iE
SN EZEY HF sz Z o licER I TE Y, S X R ICHEE
ER:P

Z OPERE L, HORICHE I N TV 33 RTOFLICRT ) v 7R = &AL 724K 5E
T, AMRERT=2DZNZNDOHEDBHE LN T B CTHRAAL Z & TIEKENS, X
4.4 10132 7y v I REER A B2 2 0PI ER LTS,

Bearing ball

f—— 7« —fim
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Fig.4.4 Front view
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Fig.4.5 Cross-sectional view

4.2.3 [EEETTIH & BOEE

& AT, Hiffith~7X 5, 1AM othiRiEzZz b)) 7o v 7R E m/2
rad 2 EAMICEEI X5 L, 4 B oELY S OREEROBEIREIX, =V T
VI PICROBEED 1/4, 2%V AFORELSF/ONDE 2, ZhiE, TV T v IH
WEE TR L ZADANRE AT — 2B HWICHICHER T 2REETH b, TR
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<J Fundamental wave groove —| ad

Fig.4.6 Principle of reducer when fundamental wave plate as stator
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|

Reference circle

(a) Fundamental wave (b) Aliasing wave Fig.4.8 Overlapping 2 types of waves

Fig.4.7 2 types of sinusoidal waves

{rf(e) =71y,+acossb

0<6<2 4.2
1,(0) =1y +acosif 0=6=<2m (4.2)
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N~ 81
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(a) Initial state (b) After mrad rotation

Fig.4.9 Movement of the intersections of the two types of waveforms
when the aliasing wave is rotated counterclockwise by nrad

while restricting the circumferential movement of the intersections.
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Fig.4.10 Movement of the stator in response to the rotation of the input plate

via the bearing balls while restricting the rotation of the of the output plate.
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(a) Frank’s transmission (b) Ball reducer

Fig.4.11 Reducers with similar mechanisms
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(c) Stator and lid casing (d) Bearing ball

Fig.4.12 Drawing of aliasing type reducer components

Bearing ball Input rotor

Cylinder casing

Fig.4.13 Drawing of aliasing type reducer
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Fig.4.14 Components of aliasing type reducer
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(a) For torque measuring (b) Downsized version

Fig.4.15 Prototype of aliasing type reducer
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Fig.4.16 Experimental setup for torque measuring
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(a) Aliasing type reducer
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(b) Planetary reducer
Fig.4.17 Torque fluctuation with time of 2 types of reducers at motor speed of 150 rpm
and at brake torque of 0.46Nm.
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(a) Aliasing type reducer
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(b) Planetary reducer
Fig.4.18 Input torque and output torque of 2 types of reducers with respect to changes
in the brake torque at motor speed of 150 rpm.

The idling torques are almost comparable between 2 types of reducers.
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Fig.4.19 Torque transmission efficiency of 2 types of the reducer with respect to changes

in output torque at motor speed of 150 rpm.
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Fig.4.20 Torque transmission efficiency of 2 types of the reducer with respect to changes

in motor speed at output torque of 0.5Nm.
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Fig.4.21 Variation in the shape of sinusoidal grooves according to the change

in the amplitude ratio.
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Fig.4.22 Change in the shape of sinusoidal groove according to the change

in the reduction ratio.
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Fig.5.1 Strain wave reducer

HAOE L2 7L 0 ARAT T4 VWA A AR RN A v 7k EE <, O
IV ATER E T 5, (KT 28) AN 227 2 — 7Y 2L — %13
BRIRO A LTI LI AR T TA VIHEAI NG, AT =R ERF—F 2T AT T4
S, D BNEETH D, HERTOBMEAT LI ARTIAVEV SR B ED
CERESh T3, (KT 30)

81



TVLIART T4V, V=TV 24— HAINS LI X0 EMBIRICER
TEOLNG, ZOLEKPADLIIC, FL2LREAMICMNET Z2HELA—F2 TR
74 VO EEARE, & RIRHCHE AT, Kb B D X9 Ik aeiciihz ik
BBl b.

PV—F2T7ATTAVEBEEL, V-7V prL—X% 1HEEXE5L, 7L AT
TAVEY—F2TRT T4V EDWHOMABEWLEPIEXEE T2, oL, 717
ATTAVES—F 2 TRAT T4 vOwREBAEs (RTE287), 7VI2AT 743y«
— 7V AL — R EECTRICEBRGET 5.

PLED X5, sk sl i< iRmod Bz 7L 2 AR 77 4 v QiR IC X - T
EHHL T30, HADEETIHKINTWE 7L 27 AR 774 vix, EMROKE T
DEEWDHEST AAHNANICH , JHHEDOFMBE N VI REBDH L. I HIC, hy T
WRDO7 VI ART T4 0%, WML 2R X (ITb4 57291, FZJ7mICx LCifiy7m
OFEERECWMBVER DY, FHEBEOHEILANEECH 2.

ZZTCHEABETRRAZ Y 7o v 7R O PR R 2 A LT, e e B s &
Mo [HEcomuiiit ] i<, MEEEAROERL ] RERTE 227 4 X3
R ERL T,

5.2 R I 4 Xigak
AT A ZENE R R T 2 EEE X 5.2 1S8R A IV CEiBH T 3,

Stator gear (20)

Slider groove

Input gear (2)

Output shaft

Output rotor

Input shaft
Slider

Fig.5.2 Slider reducer

82



5.2.1 2O/

AT A ZWEME I AT, 27— 4285 XD 3EEHOIM E HBDO AT 4 X LIt
SHERE SO DT ATHEOE R G I NS, KEIEEFHEEDO Y = — 7V 2 1L —
EWANERC, FVIARTTAVHPEBMD AT 4 XX V2N 2R 2 N,
YV —F 2T AT TAVRAT - R ENETNEZ bbb DL EZTI 0,

COWHEMII AT — 2 5B LCKEREANTRICHET 22 & THREI NS, 2
7 A ZHEICHA LA T 4 X o, AJIEle 27— 2 OWE o7 Il 2 X
IICIERD TND, ATIEICIE AT, S 2 E i S h Tk
O, IS EEEY EICHFET 5. AT =2 3NErbBEEINE ZLICX Y, AJIE»S
WA~ AL A 5. AN EEERIE 2L, 274 X3 2 MO R
ICHICEAN L 72085, R T A4 X CEITIANCZ NZE N DT D JFIHRIC)E U 7= {EEE)
ATV B, WE % AT & R AN R Rl X 2 5

522 AN AT —%

ATERE AT — 213 5.3 1T 3 & 9 ICHRIE a D IETRIETZIR Dt 23 % 112 W 75 5 1L
TR EINTEY, MTRANHOEEE 2, AT —Z2DOHH% 20 L LT3, 2D
EOWEIL, ANHOEE%E r, AT —20¥E%Er, & L2EEHEMNE ESh- Tilirn
IERGHIC LT, AJIERCTIRANTRIC, AT —Z TRAVTHICZNE kiR 2 § 7210
A7y bEELZDDE LTS,

Sinusoidal wave

\‘T\ . =
I\ Input reference circle /y

L3

= et ]
3 S - /';.x_/.:’l;r_
L=/
Output reference circle Gear sh ape
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Fig.5.4 Sinusoidal wave and slider position relationship
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Fig.5.6 Various phases of rotation
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Fig.5.7 Various phases of rotation
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(a) For torque measuring (b) Downsized version

Fig.5.8 Prototype of slider reducer
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(b) Strain wave reducer
Fig.5.9 Torque fluctuation with time of 2 types of reducers at motor speed of 300 rpm

and at brake torque of 0.46Nm.
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(b) Strain wave reducer

Fig.5.10 Input torque and output torque of 2 types of reducers with respect to changes

in the brake torque at motor speed of 300 rpm.
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Fig.5.11 Torque transmission efficiency of 2 types of the reducer with respect to changes

in output torque at motor speed of 300 rpm.

COHEREL LT, ATAXELRATAXFEORTRET 2EBEEZOND. 274 XITA
JRFoEERIC X > T 2 O EHEEE IS VRO 2 7 4 XN E R ANCHEEER T 5
2B, ZDLE, 2T A XN EO RSN LCEART 3 HICBEIT5 2 &ickb 7
B, ATAZZIAT A ZXHEONEERMANICEZ 52000808852 s, TORICIE
PR & R BB A U, S MBEIIREOE T IC oo T s bHEllE 3.

94



5.6 &

PRET 2R T 4 ZUlosbE I, IR R 53 B bl BRI L T B 720, ThlH
FOHETOEOIEIL SRR TE 2. MAT, MUEEAFEALELTEI7L 7 ART T4
vofRbvic, MEDH 2274 XL UVRTA XERETEHNEHEEZH TS 720,
PEEE O ER LS IfF T & 5.

LIZAT, AT7A4XWEMEDHZT T A —2ICBIL T, HaEThRREZ ) T v
HHOERE & [F CIEE 2 A L T 2 2D FAMROMEI A TE 5. T hbbiRGI YT —4
LT, ANERE 2T — 2 D#E X CEEIER G, s, r, 1y, IEHEOIRIEa & A
7y b RESBLOHNEED R T4 ZiEOK B EZLNS.

INLDSb ik sIZPELERTL, n, rn, ab X8 I13% OHUEILICE T 2 IERH
ko2 e+ 5. P23 a DEPKE FNIE, HEOMMBAIBICRS DT, X7
A 2L OEMIRIEDNZENL, P IEREAELT 2 e TFilllan 3,

Tz, MBI T2 X7 4 ZEORIL, ATIEHOERE L AT — X DD ET
DRET L LVAHETH L. ZDHAD AT 4 XEORIFEIXN 5.4 IZB W TANET
2n/9, AT —XT20n/9 DAAHZEICKICT 2. ZDEHEIE, FUREHED X H =X L0
WL D AT = XIFIATE L FAMICEEREIT 2. o0, FUEELTHORATIAX
BOXGRECRAT -2 OB EEET LI ENTES, T LT, RAT74XDRED
Waizw, BEOBICRET 2 AMOEKRSHFETE 25T, 1RKODRT 4 K£ihb b
B2 5720, A74 XOEFECHIE LR EDIELRD 5.

ZZTH5%IE, ThOoDANTA—20 M ZEERIEIC KIS T HEZFE L, Rk
BikE LR T A ZOREZWBETL 720,

]

%

B

95



5.7 et 7A—%

N

W NAIRF - SR S ES
IR DRI
ATy b E

: AT D
AT — X DOWE
s UG L
AT A XDARE

96

17.5[mm]
0.5[mm]
1[mm]

2

58

60

20



il

FOE M

6.1 Tl

KT, INEY — R E— X OGRS ICEH LT 2 KR s © & 262
PR R, RO AR BB L EOERE, 35 X OB R IO LT X B 7 5 /NB L% BiE
U7t % 2 IR L 72, 2B LEIHECTHHMABRE (RAvnr77) b v
F RS (94 2704 ZLlER s s | IconTihx, 554 3= L5 5 3= IR
DTVTLV IR Ry e v &2 ) 7y v 7] iconTii7z,

B2 BTz A a4 KOV R I, 0 A e RO & A O R B e E R
WEERLCBY, ZhoollEEcldERLRECTH > - co+oRiliElL 2 h
U, BRBIRFICAZE RS % 784 L W INB O JGEEERE %2, iR IR T 72 sB) v v 23
RN\ = b o af FifREOREmZ M L3 & w O B » 28{FIc Xk o C
FHL T3,

Z OPERE A RE L CIRUEBIE 2 AL 72 & 2 A, HiEtOR L WA HIGERKTE T

Z AT, MEAmEK Py b B & AR IR 2 L AR T & 2.

L LadbZzo—57T, BfFEE Tz & b2 25 2 72 [ERREIRfIC 35w T b v
Z7I3RELEEL, PATEESHERD 3% L LT LLMETE 3BT Aro72. 20
bl, BEIY Y LY e b aq Fhi#kE s oSS L2BFIC X o CEEMTHRET S
FEEBER L TWwE EEZ LS.

%3$fﬁ&t»4ﬁbu:4ﬁ»ﬁ%@$ﬁﬁ%u,%2$fﬁ&tﬁ47u4ﬁw
BERERGEE TR I N P 2 REREOUGEE b wE LT, W EihER %
DIEFD24F#6ﬁD»4TFU34F CEBELEZLbDERS>TWVS.

C OPERE A RE L CHUEBIEZ MR L2 2 A, 34 7 a A ZuiERREEEEO &
FITC & % IR IR D /NAAL PARIREATRE P v 723G LD, KK E R b v 2%
B e+ ChnmENERERET L LA TE, BRI bR E G & FRE O oL
JLERNE R T2 2 LB TE 72,

FABETERZZZY) 7o v 7R PoEEIE, B2RELFEIETRRT A 7 f XiER
P EJOERE « A4 R b e a4 ZOviiE R HEGERR I LR T, Rk X 57 28I LA HiE
L7bDTH b, ZoJuEl, 2HEOELKEROMBEL TV v /K-t O
BAER (=Y 7o v 7B I X 203827 L2EFIC Lo CTEBLTH Y, HET
FORIL 2 EH T 5 2 LT B,

Z OPERE A RIE L CIUEBIE 2 AL 728 2 A, Hiid DR L WASERTETnwi T L ic
AT, b v Z88) % DR G olE 2 o BRE b & AR il 2 oo, mafEk v b+

97



TR N & DR T & 72,

L2 LR bZD—T, MIEEEITVwZ P2 mENRIT 70% BT LHIEETE S
ERTE R o7 ThERT ) v IR =L & e OBITRAET 2 285 0 IC X BB K
Eniw L ffElsn g,

%5 ETIRR2 R T 4 XY, B4 EmThRA ) Ty v IO N T~
a2V ThH3b.

T DYFERE (P BN R G O BT T B B [HPEE T IC X 2 0EBE ] 2= L <hRL
boThYh, YTy rREED 2 FEEOES AT L 2T — X O IELEIAR O
o, XTV VY IR=ADPHEIRORIA X ICENETNEBEE D >72bDEh>TWw5, Z L
T Y7 vy 7R & [ CRGRENE 2835 2 & T, E)HERGEE I 5 1T 2 5k
Rz L 2D, X0 EMNCRSOEBEHELZFERT L8 TE 5,

Z OPERE A RIE L CIUEBIE 2R L 728 2 A, HiEtORb WA IGERTE 2. %
LC, AR b2 b B o ) o s &[RRI & & 23R C & 72,

L Loz o—7T, BfFEE Tz & b2 25 2 72 ERREIRFIC 35w T b v
ZIEIRELSEFHL, PAIEENED 37T%E LT LIIMETE /BRI AL 72, 2D
FHRE LT, ATA XL RTAXEDHTHRAET I2HEHEBELIEZ LD,

PLED X 50T, AGHSCTRE L 72 s bgi%, 25 1 = O/ L 722 s Bisos s ic te~C
[HE: it ) 2 /AT 2L ATECNS, I61C, 274 ZEEH AR, KE
DN B & 5 e AN TG Z R 7 3, WG OB EOE S 2 325 2 LAY
72729, REMN 7 3 HHEDIHEIEIC L~ TRIED X 5 70 2/ ME LB KO L, 2% ) [
b7 5/NEAL] BEBRTE T3,

98



6.2 SHOFE

KX TRE L 7oA F b v a4 2l B g jacd i LAY o 3 FE D Jodii 1%, JHEN
BiIT2b00, BT ORGEME GiF 2 b EReE s X O et B ichk_c, b
NIARENR 7213 b v 7 OEB B W THEDR iﬂmﬁ%énfu%

ZOJFERE LTld, $2FEL 723X COREB O s I @ LT v 2 0 28)fF (B
A'ﬁﬁﬁﬁ)uiofgiﬁT%ETéﬁﬁr@%@br@,%W%m@ﬁﬁﬁ%ﬁi
ZENOEOR R ENEZ LS. 2%, FAsEERMEOR EICIZZ DX ) REBROK
M OHUHER P EE R E L 75 5.

M © fiEf
Q@BUE - Lo il
@i o il

@KGEL¥ 7 A — 2 Dl

DO~@IEALTIE, =TV TALAFIZ2ZR 74 R n Y —CT 2 HAALEICR
2T BEHEZT0D

ﬁ%*ﬁ@ﬁ@@%ﬁﬁm##métﬁﬂ(ﬁ%fi/17:/ EETIEERKRR L) B
LU Lic K WHEL (7v 3 =7 244 A2024, KA S45C 72 &) OFER, HIfE -
MI®ETiﬁ&%ﬁ%%ﬁﬁﬁ«@%ﬁﬁ;UE%@%E%%%&TUv7ﬁ~»@%
YIS HbE D LI X DAL, B O CIBEMERICEA T2 7) —20b &
S o cHifE L RMFLIC ) — X2 2227 ) —AKT7 v FOEA, L EBHEZ
bib,

@ICBLTit, EBREHGOME,L DT 7o —FRHEETH L EEZTVS
$ﬁifﬁ&tﬁ¢&i¢«<ﬁni%ﬁ01¢&w(NCMI&-Q)7)/ﬂ&8)
FHCCHECHE ELZZd 0T, MIEERERZILT LI LIS Ahw, —Eok
REEMERILZZLIITETNS

ZD®, FBAEPLFHIEDOKEICEIT A5 T, TNENDOHKGTXTA—2%
AZEHE L BT, PAZEEREATAET 2 L0 FERINT 7'u —F 12 X o T 7k
G IA—2 % RDBEEFRLTEY, EBRICKF I TA -2 A H T 2 L ERH)RFIC
FET DEBORENRL 2 2 & 2FRWICHERL TS, LarLaMDL, R Lk
BE - FEERBREE D OB MR OREEIZEE L . 2070, EENT 7o —F DA TH
WANTRA =2 %KD 2B LIFHEYTERVWEEZ TS, ZRITMAT, 24.4 T/ X
S, HLEMERTTS BHEBO 2 ) 7 7 v A/EEE (GEivy, <7V v IR —n, =z
TAX) OREIICK-C, BREOFEMUIRELIZ( T2 L3RG ICBETE s, 2
P> TEEOIREDZ(L T 2720, TNLEFBBL A TNITHR D R\,

ZZTE5RIE, SATFRT A XA F I 7 AT IR EZFHLC, REL ML DR

99



BT B O EMPEEMO 7 VT 7 v AR 7Y =R, brIEITHE
&L 72 T AL BT, BERT & ZcEO v T ab—v a vEERT L LD
BRI T 7m—F 2 BE L, ZLC, KRNT T e —Fh b oh iR 0L L
BbERITH C LT, 58 LR IC N T 5 BoBARRE ST A — 2 il E 3 DTl
BuhLEZTND.

DXL, TNETOEBRNT 7u—F 2l e LIS LT, Hm7aT 7'v
—FEMABCLIck ), RELAMEEOEHE HIEL T E 720,

100



i

KX gl DwdIChzY, BREMOTIC, BLAK» OB R CYE, CHELY
D & L7z RFEIRFHREEHEM TR, RIBMEZEEEICECEHP L LT LS £, KX
ICERRE IBRET W72 %, BAoRWR CERE2H Y £ L RFEIRAEM TR, B&
FREBEE, REIRFHRAEM AR, RS EER. HhiaEds, A ERFERER T
FWEZER S EREE I < REHE L £

101



£ 3CHR

[1] ZHEE, =Ry NHEEEOBR L 4% DORYE, AARBR Yy FFAEE, Vol. 33, No.5 (2015),

pp.329-333.
[2] AR, 2 H B e AR > b OITRMETE HEIE, % 1525, Vol. 79, No.12 (2013),
pp.1219-1223.
Bl ENER, oAy b=t alb—Ta &3 x 50, L #lEE, Vol. 56, No. 10 (2017),
pp.764-769.
[4] EEH#iIT, /Mg DC £ —# Oz X 2 BREAMIKIEOE ), #% 172358, Vol. 87, No.3,

(2021), pp.253-254.

[5] EJIIE‘*% PREFER, JHERE—, RIS, INRROER A2 Nk L 72 & bV 7 T— % OB%, kS

B LR R T R jzé% (2003), p.557.

[6] Mclennan, IP57 series - Industrial Planetary Gearhead, (2016), p.1.

[7] A EMIR TR SAE, A 27 v ldodfg (2022), p.18.

(8] {ﬁﬂﬁ%, BN —, BRI B) B2 ORI, EE) R O R S AR D T AR
R SCEE (2004), pp.76-79.

[9] {‘EEE%%WI%HW/\& FEEHIEAE E YA 7 2 jgodid ECY + VU — X, (2021), p.3.

[10] fex Az, L, SERIT, KNy 7 T v o7 70 2 odsRE OB % L R, BA
o 7R v hEEEEE, Vol 31, No. 9 (2013a), pp.887-895.

[11] Pex K2, BILKH, mfEHET, Wit — 2w EiE Wiz 7 0 B O Bl % & 3,
0ART 47 A - A A bw =27 R #H S EBEESE, Vol 2013 (2013b),
DOI:10.1299/jsmermd.2013.2A2-D11-1.

[12] HX &4 = —F R, CROWN ROBOXGEAR, (2025), p.2.

[13] BRI L, AN — LE0E S U — X, (2017), pp.4-5.

[14] KH¥EZ, KEHEST, pHE, RERR— L BOEE O R — /L O 2E8), B AR 25m U8,
(2002), pp.290-291.

[15] ARFBAT. KUESFZ, FFaTE 7049648 5 (2022).

[16] AT, KUEFNZ, Bk, A 7 v A Vil fipilk O B, B A S5 SUE,
Vol.89, No.919, (2023), DOI:10.1299/transjsme.22-00340.

[17] #RFHAT, KRUEFIZ, ok, FFFE 7109099 5 (2022).

[18] #F1T, KUEFnZ, Bk, =V 7> > VB O B%, B AR -2 SC4E, Vol al,
No.951, (2025), DOI:10.1299/transjsme.25-00113.

[19] #RFHAT, KUEFZ, ok, Frate 7182309 5 (2022).

[20] FAEE O, BMFEMEGRIC K D2BRBOMEWN), 7 A FHFIE Vol.1968, No.8, (1986),
DOI:10.11247/js5dj.1968.22.

[21] BEHER VAW A R R HT L WSRO T 7 a —F 9 437 kR A4t (1974),pp.73-80.

[22] B&IGIT, RPEFNEE IR EAT, T % O IR, ’ﬁ% 2 R, %2 [E 4L (2004),pp.117-121.

23] 7' % nyd, %7x:1 HENRIf OB A hT A v gy, BRT 6-508418 5
(1994).

[24] ¢ MM, BEE, SWES], VA 7 oA RR— LG o SLEEMT, K% 15558, Vol 54,
Noll (1988), pp.70-74.

[25] INSEks TARA A, R—VEEE S U — X (2021), p.3.

[26] MifRNE, \NEEARR, FHIES, R/NREZENA R A 7 oA REEEOR, [FEMRTF

T2 ACEE, No. 31 (1971), pp.120-128.

[27] RHE, EARZESNME BAEE, 4 — A%, (2012), pp.111-120.

28] 77 v A 74—V —, il FrRF 6-508674 5 (1994).

[29] #RJFE, AN— kR, FEETE 6767244 5 (2018).

102



[30] "—F=v 7 T A7 A7 LXK 1, HarmonicDrive, (2021), pp.127-128.

103



