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LARGE-RATIO SPEED CHANGING APPARATUS
CWEE

—HERERBEE > TR A AR A — o 2 K B R R B it
GRBOSA —HEMZEER  RAEHRAAZX - RBRERAHALAHD 2 — |\ REH - —H
X EHMRAEAHBEAB X R ESHRAHLHCX— | EEHH -  AEHREARRERER
A TR SRR SN R E SR A 0 MR SR A B c —TEEAMH RS I RBMEE
zZAAH Rt APz — c —a R P2 G —EHRGaME T A UEFTE
REFSES - —aPMEHE P25 — R —SREE T AR EEZRMERL > mEL A
—EHRA R E BB E I AN AR MRHEE P2 A — - R EHMEE T > RwEnbh L
A=K+ B=K C=K-j 5 D=K+i-j Z R+ §i% -

A speed changing apparatus for changing an input speed to an output either greatly slower or faster, the
apparatus has a coaxial pair of ring gears that includes a large ring gear having a pitch diameter A and a
small ring gear having a pitch diameter D. A coaxial pair of spur gears includes a large spur gear having a
pitch diameter B and a small spur gear having a pitch diameter C. The large spur gear meshes with the large
ring gear and the small spur gear meshes with the small ring. A carrier member is connected to one of the
input and output shafts of the apparatus. Two gears of one of the two coaxial pairs being fixed together to
operate epicyclically on the carrier. One gear of the other of the two coaxial pairs being fixed to the frame
of the apparatus and the other gear being connected to the other of the input and output shafts. In the apparatus,
the four gears satisfy the dimensional relationship of A = K+i, B =K, C = K-j and D = K+i-}.
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LARGE-RATIO SPEED CHANGING APPARATUS

—EEEEREE, T —MABZMAEEER S B R T KRB MRZ
R, ZEBQSE —HEMZIESKR HEFEHR%H A Z - KBEEhHEHEAD
Z—/NRtEk. — SR CHmaBEEHESR B 2~ KESWRAEERA C Z—/DE
B, KNESWMARNRGRERS, MM ESHRADRGRERE, WERTHER
EEl. —ITERAMPESAZZEREEZ MN R HEWNE X2 —. ZHAR R
WHPZ Rz ZSEHREIHEEE R UETER EAMEEE. —ARERHEH
b2 H—ERHZ — R ERRERE CREER E, THDS —SRARREEEX
RSB MAEBBMRE LR R — WEEEHREE D, HUERTHE A=K+,
B =K, C=K-j B D=K+i-j ZR~TH1z.

=. RIEHME.

A speed changing apparatus for changing an input speed to an output either greatly

slower or faster, the apparatus has a coaxial pair of ring gears that includes a large ring gear
having a pitch diameter A and a small ring gear having a pitch diameter D. A coaxial pair of
spur gears includes a large spur gear having a pitch diameter B and a small spur gear having a
pitch diameter C. The large spur gear meshes with the large ring gear and the small spur
gear meshes with the small ring. A carrier member is connected to one of the input and
output shafts of the apparatus. Two gears of one of the two coaxial pairs being fixed
together to operate epicyclically on the carrier. One gear of the other of the two coaxial pairs
being fixed to the frame of the apparatus and the other gear being connected to the other of

the input and output shafts. In the apparatus, the four gears satisfy the dimensional
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relationship of A = K+i, B = K, C = K-j and D = K+i-j.
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ABHAKRBZRAHPNEEEREE, BSGEEHRRLEZ EEEHIREE.
BREMS AERFEBHRTERREE REREEZ ABRAENEETTZ K
EL 51 128 P % #4155 8 72 2% H (geear train apparatus).

(ERTHH#T7]

R SMBAA R . REH(prime mover) B E W ZE7E B B (1) HE B AE
ZFEELSKRBAEZ MR BHAESZ AHANERULEE B+ERBE S Z
— IR, FEB S K R L R — R T v, R AR b e ME
WERBREN, RU1E 5 — 5 3l (cascade) 1 HIBEME(EL, BUES, reducenfTft

i, HPNRE RS BM A RS R ERIR £ 5) P E— 5 EERE
2, WERTR B EN B E BRI E KA F R R R RE
RIREE. soh FEHR RSP OE R SRR S0 EER R RSB RRATE
RE, mIRERATE NN A BRI Z MBS, Wi 50 HE, TRER
BRGBBRAERE.

HRIFTRZ RS —fE (B MAMEER HEABLARRZERER
X 7] (Sumitomo Heavy Industries, Ltd.)FT 2 84 7 #E4R iH# H#4 (cycloidal drive). F8E8R
FHE+EHB-ENEEERLGIEENAFTHENRATENRE BHEER
BEE Y LR AT —(HIRARER T (cycloidal gearing stage)Z 15354 - — R
8l )1 HEEL &} (off-axis power extraction stage)fJ R Gt .

1 LR B EBURIER A — B RE B (cycloidal speed reducer)Z 1 £,
1 ZEMEMEBERF —BEREHKEBAESH) 11 RARERRZITERG
(shaped planet element) 12, HW 2 B4R E AR Z 8 (shaped disc), BLIRA & B ith 2
AR, TETH 12 BEEH 11 8% & (engage), WHEXNETHEXNA
#E B (moves inside epicyclically). &2 TR EE(@E, #14%, working pitch
diameters)fd] 2 Z R{ZF ol fEHL /.

HAREhE) ) FEEUAR BB 4R 19 - R Ehih [E 2 7647 £ Jo itk (planet element) 12

4
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E&—R#(disc) 13, H EFAABMEET 17, UFEHSFIERER(plate) 14 LRI
B tE(roller pin) 18 PZEB—HEELHE. HIR 14 PREZHEEBLH T
16, WHRHERBERGLETOFOELE 10. U [HHHR) BELHTER
ARRERSE £ -KA MR, Hoh K BTE oM 12 8RR, i AATH 1
B 12 EEIRMZEE. EHBSER 11 A8 S ARSHRNITETH 12580 &
(¥ S B4 B3 451 2 P (13 PR 58 (gear module numben)£S 1 2 /A &g564HF K = 80mm H i =
Imm), & SLEGER T @M BRE RS hi 15 MMAR, HRAZHELR
#5-80.

2 ZRREEERE 1 B BT RRAR A AT A 2 RS ) IR A S .
AR, HAR )\BELMGER L2 BEANBERZH RE—XRES
Ty HFE. BN, 7EE S FTERR MR EDAEE A AL E UL R S mKTER R,
& REEA 18C 57l 17C MECH EE S A EEmE) 1.

LAHREEHE, BAEEHR 13 27 17C HEEEHIR 14 F7E4H 18C HA
ARG, TENEZE MRy [ LW ARG AR 18C 1T, SEENMR 13 A4 18 LIS S
WEREIR 14. KULRRY, SRR Rl B BRI E R & 13 iR 14 1
WE T AR, BPERAB R D MEFRILZEE S R B E £ HE
WIEM. KRRERR, BREEBEIMNEAE 18G IER T BREEEITESNI 176
ZARTT, VAL 18G BAL 17G Z ¥t i 5 & R B TS EE A .

B A Z AR IR BRSO A R AR T AR R, A ARRSENR TS
)2 R R LR & A B LIEE. EaRITRRERALE 2 8, HAEREITIES
BRENHEE: B 2 PR\ EERAZESZ P, F—¢EINELRY, &
FAEMETE)REERBHEROUE L. ERS—$EBZ P, RE—HE
REHBIHABROUE L HRMO=ZHAIRELFHOBHHRE. bR EmER
B2, MREBEEREEFWARBREZT, BH DE0EMEA 80%HME.

Hoh, ZIFFNREL K, BRERBEBLBEETE K+ SNEERER. £
BIERAKEELL, EHVAARBERZBEENENLAFERARTAMEKER
By, AIXRGRI AEREEREREEFAEE. R, BREBEBEERE
BRATER, MEBEHER)ZETZR.

HAPREZERAREERMARHARN S —BEAOK O ERR SR AR
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R K8 A BEE) & i /) 5] (Harmonic Drive Systems Inc.) B & B4 () 3% & 1 & H4
(harmonic drive). Ff— A& %04 & J7 % &5 B(strain wave gearing)#)E A8 1E JR
B, FEREERATENMREZANRK. bR EHEERTARET 4 spline
elemen)fERs BEEH DL FEWMEBEEFENARFRT EE RAEERL 60%
LUTF R E.

Besh, BRT KGRI E R RERE LS, F75E BRI R\ ELE
RABT+ZEWEFU BB EERAEERETEZ TR,

[ZHNE]

Az — B RERE RSN B TR R LB iEB - EHE U
LZ KEHIERHHREE.

A M 55— B BOTFE RO P 8 0 o 5 B R 4 1T 48 (AL B 78 A 28 2 K B 4B 3
EHREE.

FEPHZ X —BNERURGREBZ M BERBEEBRNEEREZX
b B R R E

RIER IR EEMEAR, FEHRUE—IGEFHRET, i —MAEZ @A
WEERA—HEI KA RIBEmR MR ZEERaF —HAM B
i, HEFBHRAAZ—-KRBERRARA D Z—/ EEH. —HREZ Fik
BEFERA B X - KESREERS CZ—/EtEK. KESKEKBHGG
W&, M/MEsERARDRERER S, UWER-HSWEEY. —TEREM4H
EHEZHRERE L GANBHENE P — ZHEAMER TR~z
sREALHEEEE R UETER LRAEEE —ARSRNEFZ S —RHZ
— R EEEZERERE I REEL L MES —SRAPELEEZEHREEY
MASUHENER P2 H— WEEEHREED, KNSHHL A=K+ B=K
C=K-j H D =K+i-j Z R~TB{ZE.

[E/EH ]
UTEREENFARPEEH, SEPFRERUMBFERECHE, HP+H4ArH
FRERER, BUBFIRRBEZAEEZ M. Fn 31, 41, 51, 61, 71 HiE
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FABER, WHEUINEEZE N KRG IREES | BB KB

3 2 REEERKIEA B R R R BB, KPEREERRE
FriEf, MERSMRES I HEREErn —HER0EE. RES%EE 1 X2,
3 ch 530 2 o B IR B A B H R R R R HESRERAR R A £ 308 18 BIAR
14 U R B2 W& 1 B R BEHEL 17 FR4E A 13,

MEAR, EITE&GH 32 FHA— R ERBIER LRSS 31 ZWET
ITEIRENES, SRgElh 32 REMEEE—RNITESR 33 (FAa—E&R)IFESE Y
MBS ER IF s SRS P 2 TR R 34 MIEITITE ES) PEZE L ohth 33 LR
34 EENI T E N B E), HETRE )B4 33P B4 1 —(EERF 33T. HLELEF
33T WL HRBER 3 NHCHBREYE. JRE), B AN P Rk 34 1
HEMAREZ Etith 33 WE—i, A4S BN ik i 2 (REhEh 18
EX AR LU A Thit, (B[R] 5 BB A0 87 A 95 B 2 0 FEE R S 1 A T 7 BB K PE AR
el .

4 ZRBERB KBS EH MR E B, HPEREEHEE
ZEAMEZ RTMR. AFREFERRERR —HRMZ Réghy, HEFEHE
A A Z—KIBeEH 41 BECA D 2 —/ R 4. FBALEFHT -HE#Z
Euslh, HAEFEHEHREA B X —KE&R 42 BEEA C 2—/ P EsER 43. KiE
i 42 BUKEREEER 41 85R&, T/ EdEH 43 RIB/NREGH 44 RS, LIERZ
SIS, —TERARGTREL, camier member) 45E Bl BEIREE L
BNEY 45. ITREZMM 45E, HA—RITESHRRFTHE RITEREN—FE [
B WA, FRASSHMAM 45 GIRBEBERFSMSOMAR 40 L)5iEH 42
B2 43 Z BRHH(RLAE B 5 Z B4R 49 _E)R T OERET TR AR

ghsh FEhz —#5%n 42 B2 43 REAHEEE & UETES 45E L RAEEE
EE 4 TRz BE P, KRR 4 FRECSENEEEREBEBARGRE
NS REESR L, W/ Rk 44 RIBEL Tt .

EHEEEHRERAGREZY, K& 41, 42, 4354 HE A=K+, B
=K, C=K-j H D =K+i-j ZR~T#{R. mRIAZEREHEEMTUUER, EFH
HRREENRARPZ EAEMREEN, Kk SBBERHER.

4 hZ ERERETENAITEL 45E AR, NEBEH 4 A,



1535950

100140277 SEELF) ePEHE
104 £ 10 A 5§ HEZIE

KEBRE 41 BARER M. WREABEEE—RYFH _Ed&EdH 42 & 43
BIERZNETHER BELEs). B 4 2 EEWHREEMERZEZIRILE S
KK +i-j)ij. ELSHAERAEENHEREHRESZY, HHERTAA=
16T (#) B = 15T, C=14T H D= 15T 2% 10 &2 R~ JFEL, K =150mm
(15cm), i=10mm (Icm)E j= 10mm (1cm), 8%t EIE %A 225.

WRZ T, Bz BEREE0E DERX A 2685 16T s 18 B A%
15T 2818, BIHEEHRLEIERE-15. WER, EARMEBEKGZT, &
FHE 7 TS R B AT A AU T A L B A R R AR S R I T 1.

FEP HEHREER, KESERSHEILITERAGZ RGN, WHR
RAEF 2 shiete e, maT AR RE EEmAmAgZ F. Z%HA
P—RARKEFREE, B, THREMSLEREREUESHREE R RERS
AR BESF R i, KEERE RHTH - HEWmZ Resis, SFEEE
A AZ—KBGHHENEH D 2/ NREGH. B YRz Futh, SFF
8% B2 —KESWRAMKLA CZ—/  EtEk. KESRAKRGHERS,
/N E s8I BN R BS SR W S, UIER s S ECE. H—1T B2 T 3
HEWEFZMARMBMREL P — AR @REE Pz — Rz ik
FREARERE R, UETER LAEEE. ARMRNIPZ A—RHZ—&
B E B B REMESE b MH S — SRS 2 24 T 2 S\ B 4
MEHPZH— EREEHRETE P HIUGHEBEME A=K+ B=K C=K;j
B. D=K+i-j ZR~TH1%.

SkeZz RBEBRMKEBARH _EEEMRETEZERET KoMNAEAR
Rz@MmARBEAGZHTR B S &6 72 BHSHRAHA ZHARR S HIEKR
(gear module number)Z R &5 85 58 |F g #n 2 Bo B AT L4, 81@ 200 LA b yEiaE te 2 ik
B MEGHPE-HRESEH KIRGEHRAKNESR, B 2 B, M2),
80 5 Z BREEHA 51 K 61, HEN®A 160 mm, LUIKEA 75T, M2 Z E## 52 & 62,
HEFRA 150 mm. MBRHIFE _HRARBZ/PREEHINEEER, BE K
2.5, 60 #5 2 BREEER 54 KX 64, HEIKA 150 mm, LAKE % S6T, M2.5 ZFik
53 & 63, HE118% 140 mm. ttk, EE 5 PZABEEKIESEREE EERE
BRGMAGIES 52F LURGR1ER /0%, HBTIERZ iR LLED &-224.
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B—HE, Be 4B ABAE, HBREATRE s HRAMMNIAt&E, |8
HAHHRZMA, MHERRERHDEECRER 4 PHBRZRE—HK HAR
g 61 {FHE B ERIBIEL 61F LA RIER S

AEEIESHo PP ZRTHBAK i:j=15:1:1 83 75T xM2: (80T
x M2 - 75T x M2) : (80T x M2 — 60T x M2.5) = 150mm : 10mm : 10mm =15:1: 1,

TS, GIE 4 Friddz A BHEEHREETHIIRNE 1 FZIUER
FlE AR e e, UTRI1K2P, BFIFZR, ORINFIRTSEZHLKE
ZEHEEAFNRERS, BHERBAIIRIKE.

M ABER KEsk HEEEG SEREE TER HEH
Y
. 41 42 43 44 45E
A1
Iheg R - - 0 I
e et WERY HERYW EH g
B 0 . KK+ 1 K(K+i-))ij
He 2
hee 0 - - R I
e hEsy WERE WEAW Bz Bend
s /(KK +i) . 0 _ 1 -(K-))(K+i)/ij
e 3
Ihig - R o - 1
e HEAE RBE ey HERW  El
HE 0 -AK+(K-)) 1 (K+i)(K-jij
i 4
Hitig - 0 R - 1
e WERAE iEY Eij WERAY ElY
B ii/K(K+i-) 0 ] K(K+i-{Mij
£1

RIS R ARRRIRE TR, RAEGEREBIRONAREE, X
1 P B AR A T LR A 5 shohn LA IR R A S 4R A

7T 2 AREEBERREA R R RR B AERE, HTERTEER,
RIRWEEF F EBENHEHRARZ ARPAKEZ FEG I RTHER Eit
FHRREBZH, LFIR 1 PABREAEUTZE 2.

e AB&R KESR PCER SBEER FTELE W
M
71 72 73 74 75E
HE 1
g R - - 0 1
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e Eijd WERAY WHEARAY EY Fety

1573 0 ) 1 K%i?
A8 2

e 0 - - R 1

ik iid 1 WERY HEAW & g2

i iK% 0 1 1-K%i2
3

e - R o - I

Mtk HERY BE BEdy WERE  E

B 0 -2((K2i2) ] 1-K%i?
HE 4

IhhE - 0] R - I

e WERE e et HERY

g iY/K? 0 1 K%i2

x® 2

LAk =R Ao 2 EE R B LU B BR R, A K EA S O in i RERM g B
HikjERERR 1 AFHZETNTERBETERELS K MRES. ®H
EE T R 475 2 SR 4R AR o T TR 8 2 R EL M1 K

EEE, MRAERAZBEFRTURRN, EEHRZTERERNTRE
WIEsER(ED, Shasim), HEBULAEH/NARBWMZER. U—BRERZ 20
FEIR 1 fi (pressure angle)d&# %), BEMEVAER S LHBHER, B E
ERFPEABNEIER, R 5% W sk 248 5 & T % (gear interference)ff]
—FE M BV R e T8 L 1T 88 TE M # (profile shifting for the gears), 5 —FE ¥R
RERFABRKHIES A,

sesh, HRFGIEEEREE Y — Wi 2 e AEAGZ R, HER
HErnpiR&Zn—RERH 2 RS IRM\ERL EHER EREEH—AKEE
FAtrZ B, FEiA A MR BRI HITR, FEMR(counterweight)i
TRREHLERN, HEMEE 6 2 e LURE N RFTHSMEER 65W.
SE S T SRR A SRS T B 7E R 2 IR B A8 b O Bl ST 0 1 2 PR B 2 R) e
RHHEE.

HAAZYPORKHBRETEFBRRAW L, AU LRAVIEAUREARHE
. ERMBENEZEAKBMZERT, TEARBMIEHEE & o] f#{Lsr F i
. B0, SBREZARLFEEHREBEZRAMOIBZ RETHGI SR SEH
WAREHEZ AL, BEHNEZ LIZES|BEH)(traction drive) LA [E J7 3 #§ 8 (strain
wave gearing) BB ER & AT RBZIRSE, HETRAZHZEE LIFNER
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AT, B, FRWZ REREEREW 2 BFERNBRAF EE/E,

(& =X E A ]

1 2B BN B A ERT R L G R AR IR B

2 2R B BB R B AR R AR IROE BT A Z IR Eh h HEER AR A TR

32 AEEBRKES R - BEEREE HEE, HPEREERRE
P48 F 2Z A B 8 ) SRR AR 2 36

4 ZRBERBRREA L R R B BT, EPBERAERHEE
ZEHHZ TR

5% 6 XnBEBRKEA R AMENREE RN, KanREN
7 Z S\ K Bl AL 2 DT 3

7 2 AREBERKEA Y R R KB BEE, HPBERTEREL
HESRARZ ARAREZ SAMZ R~TBF.

[ EZTHR R ]

10, 30, 40, 50, 60, 70 FRE P OHAR
11, 31, 41, 51, 61, 71 KRt
61F AREHHESE
12, 32, 42, 52, 62, 72 KIE 8GR
52F AR RGHE 28
13,33 ,43, 53,63, 73 NS
14, 34, 44, 54, 64, 74 NER UG R
15, 35, 45, 55, 65, 75 PN
35E, 45E, 55E, 65E, 75E TR
16, 36, 46, 56, 66, 76 dy
17,17C, 17G AL

18, 18C, 18G B

19, 39, 49, 59, 69, 79 R EhER

11
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t. B EAMEE-

1. —EEEREE, TTH @A MAEEERA B W EE, 2%
BEEE:

—HEEZ Bk, HOEHSH A Z - KRERARGRA D Z—/ MRt

—¥iREZ Fi5kh, HAJEHTA B 2 — K ESRETRS C 22—/ E&HHRK: K
FEREKXRERERS, BANEERA/BERERS, ER_HERSKY: B

—ITELANG, HELZTZHWREEZMAARHEIMNEL P2 —; Hf

THEMENE P R SR ATABRRE R, UEITER L AEEE,

ZHEEEN P SR SR EFANEEEZEREE RMER L, MK
F—ERAESEZEREREZ MR EWE L2 S— A

ZEE IR E A=K+, B=K, C=K-j H D =K+i-j ZR~THIZ,

2. WHRFEHAIMEIEI ZRE, HPifjBRSs.
3. WMAPAFEEAMEEIE 1 ZREER, HP K /MR 301 8K MR 30/1.
4. WMHFHEAMEIE 1 ZKRE, HPiERj.

5. WMHAFEEMNERIR 1 ZRE, HTESETEREMN N H M E L+
Z—RAHENE.

6. MEFFEMEREIA 1 ZKE, HPELEITEIRA M2 8 BT H 8 & 2
Z—RAELE.

7. —HEEHEREER, - BAGZ@SABEERA RN EHEE, ZH
BEEY:

—H Rz Righs, HAFHEHAZ-KREWRATRS D 22—/ Ntk

—HRE Eiih, HEEHEA B Z—RESRAETKA C 2—/ M ES#HK: K

12
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FHBAARERERS, L) ISR BESHETS, BROGEERSRH: R
—ITERMAN, HESZZWBRETZMAG, KP
“HRESRN Py Rz R AREE R, UEITEL L AEEE,
ZHRBMENEPZ SR — SRR EZERRE RBER L, WH
H—aRgEEEmib: B
ZPUsERTWE A=K+, B=K, C=K-j B D=K+i-j Z Rz,

8. UNFMFFHFHMEEIRT ZRKE, HPibjEIRS.
9. WMEFHFMFBEIAT ZHE, K Ki M 30/1 8K/ DR 301
10. tEpFEMEEIE 7 ZEE, HFiSRj.

1. WMEFENEEIT 7 2£E P - SshgaaEedE—BUETER LA
BLE(F 2 R fh s SRR EHA ARZ L s T 2 R EHECEY .

12, WHFEEMNEEIE 7 ZEKE KPR EAERE —BUEITER LA
IR 2 A s i B HH AR A X IR e I 2 R AT Y

13, —EEHEGREE, T —MABZ AR RA W S W,
BEEE:

—HEZRER, HAEHTA A Z - XKBERAETTA D Z—/ NEEH;

—HR#MZIEER, HEEHRA B 2 —KESHEGTEA C 2—/ D E&E#HK: X
EEmRRRERERS, AP ESRAPRERERERS, BR_ASRERE: H

—ITEZMAN, HESGEZWRETZ HbE, X

“HRWMEN KT -z G IAREE &, UETER EAEEE.

THRESENE Pz RN —SHERE T EZWREE I REEL F, mi
FEREEEEZEREEZBAE, B

ZUUESERME A=K+, B=K, C=K-j B D=K+i-j ZR~TBZE.

13
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14, —EEEBEE, T —BABZ SAEESRA—HHEZ HHEE 2%
BEGE:

—$ R BAY, HAFEHZA A Z—KBEMFREHRS D 2 —/NRAMF:

—$E Y B, HABHRA B 2 —KBAGETRS C 2—/ N NEEMF: XK
BAMRKBAKRE, BMBEGRNBEGRES, R _HEARSIY: &

—ITREAN, HELZFHEHREREZBARREHRERPZ—: HP

ZHREEN P — R A FREEEEE R, UETER LAEERE.

THREBRNEPZ RNz —AG AR R E  RIBER £, i
HFAMRREE R ZWREEZMARRBEEMNERL 25— H

ZIMHEMWE A=K+, B=K, C=K-j B D =K+i-j ZR~T#1%.

15, —HEEHRER T —MAMZ MANEEMRA— B L, 2R
BEEE:

—HEEZ AR EEE, HEEREHRH A T KARSHEGRREHESR D
Z—/NABE LA

—$EHZ I AR, HEEREEHSS B L — RIS HEGEREHES C
Z— /MR AR KIS EMRANREHEGR S, BASIMREHAG RPN S HE
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