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2010404 A
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201411 A
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[2018.05]

New involute: BR5ERHIA
MR EE DR & OISR 7 b
VGRZvo VI +ox7T

FOaA FEMRZEAWN-EEDY 7 h o7
INRA REVRESHEY I b7
VA —LEAVERLUF) T
SRIFERE Y T b+ GearPro2000

EY FL—04+—LFYDY T Iz T
A —LiRA —)UUIEIER & & U TEER 02
WY IR 7
s 2 HEE (Planet AGITQ)
3D IS, ImEREMTY D
FEIEAMEE R A 4B (G3-System)
FA4o04 RXYY T LI T
PHEFREEY 7 by T
RNLEYY T b7
RLWEY I b7
L-Hypoid Gear ¥ 7 k> =7
Gear Navigation System
CT-FEMSystem Y 7 k97
DEB(EEEY T b7
VA —LFVYOEEY IiFRY T+
Hob chip Calculation software
involute Gemma JAIET—42 12k 2= Y, =
FREVIAL—23 YT RIIT
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MR R E AR5t
WEREQE IIE—A2RKY T+ o7
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TS EEER I A% GT-30 #(YASDA)DFEE/ 1M 7
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TEBLEEWREY J b T
FHEDA—L
L-Niemann Worm Gear Design software
EEEENAEEREY I T
EvFREHEY I T

ERREE (FEEYFHMR) VI b7
Taper and Crossed Gear Design System
AGMA925-A03:2003(Scoring) V7 k7
EEARAERERATY 7 b7
HEEE TR JIGMAG101-02:2007, JGMAG102-02:2009
VI bkox7T
IEREEETY T ko7
#a C4RFEA (Diamond Too) ¥ 7 ko= 7
EVSvIWEY I b7
K-H-V Differential Gear Design System
N R O34 FEEEY 7 b7
Double Enveloping Worm Gear Design System
oot —Lx A~ hLEy
UTS (BEHEEZSE S R T LEED
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012%F 058 SHRESEHRGVATL

012407 A Meita CEERET VAT L

2013406 A  involute X iii(spur and helical gear)

2013406 H  involute ASM(high-intensity gear)

20144038 CT-FEMOPERA

20144038 CT-FEMASM

2014404 B involute X iii(bevel gear design system)

2014512 B Skiving cutter design system

2015403  SS-Worm gear design system

20154058  Linear bevel gear design system

2015506 H  Face gear design system iii

015F128  MHIET CHERGS AT A

2016 %01 A  involute X iii(worm gear design system

2016 02 B  GearPro iii(involute gear profile design system)

2016 %£04 H  CT-FEM Opera iii

2017F0 A BELODYFESAS, p63~68 (2 ML

10 fEDFHAREE] & LT Linear bevel gear

(IP-bevel gear) FEEAMEE SN S.

01706 A  KERWERFR 1230 TYAHT—4305 (2

{EFRTEEL

20174088 E EEYILITT

017F108 E=ALAvEYI YT

017F12A  HEMFREEY 7 b7 (New)

2018401 B  ISO6336 MEEHHEY T ko7

2018403 H  Diamond 4a LIREERY 7 k7 = 7 (New)

2017 404 B

Strain wave gearing design system CGEEhEEEE)

774 71 27 vol 170 vol 18 | ZHB# L T\ 5 Y 7 b o = 7, B,
HLL LTWETOTHR—LR—UCIMERL E SV £, 3
HRERIR Eh THERL 12 &,

THERFHERER T
A EEMBEHEIEE BYE (168849
YA a—3 2— V7 LT

AARS 25 CE  Wol. 83(2017) No. 847

TRIREE D & BAO M B A R D |
https:/Amwwjstage.jst.go.jp/articleftransjsme/83/847/83_16-00295/_pdf
RO LR 2 R CH 2D L H R LN TEIZE W
2 BT ~DI Y AHAHDARE % RIET E S DFITRAUTEVOT
IR EBZZTNET.
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WHEOBHLELSY 7 by =T

V7 N RO, EOREES VY 7 N7 = 7 [Software N0 7> H IS 7280,
[Software NoJi%, Z# v (ol18) DFEETT. [HAX T/ DEFELITRRY FTOTIEELZE.

- FfeiEEEERsfR
Software No. VT NI =T Software No. AN EYE
[1]1  involuteX ifi(spur and helical Gear) [40] ZBOHEMERGT AT A
1ISO6336 FH I FHH [47]  Strain wave gearing design system (ZEHIHL)
[4]  involute ASM(high-intensity gear design system) [ EUkE
[8]  Tooththickness converter (fih7 HEZS ) [l A7ervb
[121 AGMA2001-C95 1 YA EA REE
[14] GearPro iii M  =ZfArr—ar
[15] #UMHE i N R |\ 7 e
[22] CT-FEMASM, FEtFrtaft e i M AR =— Mk
[24]  involute X (spur and helical 2V H%%) [-] HRo7¥vhl
[30] Taperand crossed gear design system
[3]] AGMA925-A03 (Scoring) - IITRSR
[32] IEREHTBEBEREES AT A [2] ~AULRYIITERE
[41] B U ARG S AT A [6(] HobErase (SEEEMHT N I/LHTMENT)
[43] FMNEd RS AT A [71  Differential change gear calculation system (FE %)
[45] CT-FEM Operaiii (BFEELA AV M IFEHT) [10] WormBite2 (74— TR
[11]  Gear Navigation System
» RALEVERZ [13]  Electroplated wheel profile design system (2 CIREERR)
[2]  involute Y iii (bevel gear design system) [16] FIEAABRTfET Gl
[2]  involute iii(bevel gear design )+AGMA2003-B97 [16.A] BTSSRI (GhdiE)
[20]  Face gear design system iii [16.B] FTEAAETEARET (P E)
[21]  L-Hypoid gear design system [23] Hob Chipsoftware (BIFEIRS I 2 L—a )
[46]  Linear bevel gear design system [42]  Skiving cutter design system
*] V= h B TGRS AT A
» A —LFVER [*] UA—AIE @) MEABET AT A
[3]  involute X iii (worm gear design system) [¥1 Y0 B
[28] MEEID A —AFVERGH AT A [ RIERTE
[29]  L-Niemann worm gear design system
[36] Double enveloping wormgear (& > K L—17 4—U2) - BRENR
B7 BT —L&V HAXVHEF AT A [25] involute Gemma
[39] YA —LXYERA AT A ] vEoIEsstE
[44]  SS-Worm gear design system (B 7 4 —AFF) (o] B
[-] TED A R
- IV UBHR
[-] Tv7&E=FLFETATL * - VR
[19] VGR 7 v 78T AT L il IR 70 2 1
[26] CCGR 7 v /&G AT A ] MEES T E—RY T YT
B3] Er&T7vIBEHRAT A [-] :AhEBREWEhEIEE .
- EOHEE W
B]  EE&REHEE ]
[9]  Elliptical gear design system (F& 1) '
171 hrao RlbRe Aol (R 7 )
[18]  Adduction Differential Gear Design System(E’> 21 K)
271 A ARY a— hRATTA L ~HEG (ISB1603)
[32] IERXHRIEH R AT A
[34]  Hypo-Trochoid gear design system S\ | ; 7 il
[35] K-H-V Differential gear design system e Uz, eI R ERET
[38] UTSEGEIEdET AT A A T2 =TT LPTR
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INDEX

Software [No.]

[1] involute 2 iii (spur and helical gear design System) s ccccereececcercerenrentencenens 1
S E O R IL, 1SO (CHEHL L 7= JGMAG6101-02, 6102-02 Z#EUEREf L, 7T AF v 7 thH.ORE
FHEIE JIS B 17592013124 L CWEd. F72, 1506336 (2006)% A4 7' a & L CEMLE L.

[2] involute E i]'i(beve| gear design system) .......................................... 12
NI ELOSIE, TR (A, IR, AR, WhirE, e, SRR, A, FEM R,
WHT — 2 BLOMET — 2 SOBEEHZ TRY, PIRLOBICHTDZENTEET.

[3] involute T iii (worm gear design SyStem) s ecccceeeee ettt 22
U= bX Y = BARA AV OHE, W, TR, M2V, FEM, [EAMSERRZE, TR AT
Vg —bx~ U ANF Y OE, WY, TRE, EXM7-0BE, FEM, RIEMAERRZE, BT

[4] involute ASM(high-intensity gear design System) — cecceesereccrerereeerenerenacennens 31
FEXTFRER I Bk EE. FERTRRBE B DRI S W TR [H] 2 ZE L 7230,
[5] =R N i I e D A N REERRR 37

WEDFRER ML SR BEIE LES. ST, R, 205, WA, etc.
TN =F A TIEREWEE, NEREE

[6] Hob Erase (BEEEBBATY FSILETEBAT) --ccccrvrerreieeieiieiiinaiiaenn, 45
RTEMEH LN CHREEMSZ = FILVTMLT 27200V 7 v =T

[7] Differential change gear calculation system (HEBEISGAR) ----ovovrerrrieeeeenns 45
IR E B 2 DO RS 2 Y 7 ST ZET L % H B R

[8] Tooth thickness converter (iﬁﬁ:ﬁg%m) ..................................... 46
WEIDRFOWIE(E 72X, A—"—tr, R)ELL U OfEE TR

[9] Elliptical gear design system (BSFIFRBIEE) cvecvvvrverrrrrnereeaeenecnaenannnn. 47

Al U385 (1 HEx1 58, 2 HEx2 HE55) 721 T/ < BRAEH(3 HExE ) b kAt T& 5.
EEE Y Fli e OBHREEY 7 by =7

[10] Worm Bite2 ("DF—LINA FRFERHT) -ccrerrerreeereiiiieitiennenan 48
VA — LW E LGN LT 2720 D Nty 7 h o =7

[11] Gear navigation system (HHIY, S x—E V4, R—=2F) cveeererieieieene. 49
BRTEHEI, vx—v T, A= TN, N T AMEEE G X W OR D RLAXY

[12] AGMAZOOl_CgS ............................................................ 54

ANSI/AGMA2001-C95 BIMIZF DW= REERH Y 7 b, i, \E, Fm, 77 v v =ii)E,
WIEE SIS 2 a—Y o 7 L BERED IR 2 3HE

[13] Electroplated wheel profile design system (Diamond Tool, 23 CARFEREER) - -ccveovvee-e 56
RURBAHOEERA (XA YT RNLoH) BREHD
[14] GearPro iii(involute gear profile design system) (4 >R 2— raRHA)  -ooovvveee 59

SHBEZEEIC O EE LEMTIEIRWEEORE L AR T 5 Z LR TE, WE - T LB,
Z U Ty 1a) AR B S i) ) TEINTIC & ke L 72t B 4 ARk

[15] involute T (crossed helical gear design system) (A8 CBEEE) - -vvvvevvveeerenneeeeennnn 63
NUEEDO N WVBIERIC SN CHE, S, Bt 3G

[16] FRTSTEREATERAT - - - - v v crrrrr e rrmee ettt ittt it 65

[16.A] *ﬁ%ﬁzﬁ?ﬁﬁ:ﬁ'@'ﬁ?ﬁﬂﬁ ..................................................... 67

[16.B] NEEARIERUETERHT - ccrrrrrrrrrrre ittt 67

[17] FrOaA FHERZFERAL-EE RO THEE) oo, 69
Wi, 7T U¥—u—FOWIEM, FLEDEEE AR Uk EEFE

[18] Adduction differential gear design system (BFi: E> a4 FEEE) «coccooceeeeeeees 70

W ELIC B 2 Bl L 7o PR 722 B2 oo Ja A

v
AMTEC www.amtecinc.co.jp



[19]
[20]

[21]

[22]

[23]
[24]
[25]
[26]

[27]
(28]

[29]
[30]

[31]
[32]
[33]
[34]
[35]

[36]
[37]

(38]
[39]
[40]
[41]

[42]

VGR%‘V7§Q§+°/Z7_'-/—\ .................................................... 71
Variable gearratio 7 v 7 §%5HY 7 v 2T FY LA I —TIZESNTT v 7 OWEE AL

Face gear deS|gn system jji .................................................... 74
BF1E 90 DS LRFTE, E=A WL (DEECTT Y 3 ) BRI
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Kiif VR Y 2— FRIBEFOXFVICA Ty bR EX T2V =4 OWIBEEZRE

CT-FEM ASM (3!5?\]%@%@@%73%#?) ..................................... 82
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Hob Chip (W*ﬁﬁ?’”ﬁ“/ SalL—¥3 ~/) ......................................... 89
A7 YRR BT 20 OR Y HIRPEEDY I ab—va Y7 hy=T

involute 2 (spur and helical @\ﬁﬁﬁm) ......................................... 92
R L T Ao =AW A LR, 2WE T ARG T h U =T

INVOIULE GEIMIMA + =+ v vt v etosernasosnenseasssesososasasasnsnssssssasnnnnnsnsas 93
WIGRIET — 2 I L DM 70 L EiREEREMfTO Y 7 h o =T
CGR%‘Ja&E:T“JEQE'I':/Z%A .......................................... 96
Constant gear ratio 7 v 7 &itY 7 h v =7

AR 12— FZj%'{‘J(JISBl603) SHEERE -l 99
1@%'71-1;#“(’%%‘[':/17_'1; .............................................. 100
s 907 LIS DINZE N

L-Niemann worm gear design system ............................................ 102
Taper and crossed gear design SYSTEM =+ s e veeeeeeseeeenenetat ittt 105
WA ZFFOA AR Y 2 — MREORG, WA

AGMA925_AO3 (Scoring) ..................................................... 108
AGMA925-A03 Bk (2 F-Su T Hlf IR 57 2 1 20 R O R

IEEKEHT?EEEQE‘I"‘/Z 7—-A ................................................... 110
R EIL, A AR o2— FFEICHEANT R EA NI W oB NN S D,

= A R Ry k- 41 . & ol N R R 112
Eod v U REE LTRED T v 7 AR

HypO-TrOChOid gear design SyStem .............................................. 113
hva o RERZFFOHEEIX, DAEWVERITA VR Y = — MBI LT

K-H-V Differential gear design SyStem — + =« ceveeeeeeeeteentnttiiiiiiiieieinne. 116
A VAR Y 2 — MREOAEENEE H) BERG FEGE0, 1, 2 @ 3

Double enveloping worm gear design system (E> FL—m 4 —L4) cccceeeeeeeeeenn. 120
BRI Ad—L&AY BILEVEREDURTL ettt 122
HE T+ =LA RY 22— bNY DT DONHEN
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§E§'1¥r$§§§+917‘-!.\ ....................................................... 133
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WHFEITTE LROWMV AT ANS LR (E=Fh v %) OB LR

AMTEC www.amtecinc.co.jp



[43] Hgm@g— Cﬁgggg-l-:/xj—-j_\ ................................................. 145
Ml Ca2FF oM B AT A MIERRL, BOMBEGDOERIRHY, HAEEWVEL
K& (CEHHEICHLT) 752N TED.

[44] SS-Worm gear deSIQn System ................................................... 148
RTMLUTARA =N EDBE S ERT +— 4
[45] CT-FEM Opera iii (ﬂib‘ﬂﬁb‘mﬂﬂﬁ) ...................................... 153

FEiiDd % CT-FEM Opera ZHIMEL T 1 75 MZAA—Ta T v 7 LE L.
fighr ) 2 A g (I~ KR L £

[46] Linear bevel gear design system (IP-bevel gear) «cccccceererereeeereeeeeeeeceeene. 161
KEEOWE L I CEEMRE LI THESVL, 7%y b, BlfA G ThE.
P LA AT C B TP 2 ATRE.

[47] Strainwave gearing design system CGEREHEEEL) - c-cccvovervrrrrerercneneeaeaenen. 167
BB aas (0 7)) OWBAEREZEET v 7 £ TR (R7) 2L THEZ AR
V7R (BT v 7)) bRGHATHE.

[101] FOMYIDDEFIDTTOMERF --cccvrevrerer ittt iiiiiiiiitiieineaaannn 172
[102] WEEERBY IFI9T7 (FOUA—FK) ettt 172
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[F] BRI IRA b ccrre i i i 189
[G] =R 31 - R R R R 193
[H] JERIFREEMMEEDIENE oo rr e 195
[1] HEARNTH (BIEHGEE) - cccccrvrrrerrreriree ittt ittt 199
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[1] involute X iii(spur and helical gear design system)

1.1 involute S ii(spur and helical)

1.1 #%E

involute X iii(spur and helical)i, FIfaisiEED~HE, FREE (B, A
NR), WfieE, SRTEEEE, (RERRZE, AT, FEM BT, thiE
T—HEDOHRER A TRV, R K HIREICERETT 5 Z T
EEXR

ARV 7 b7, involute X (spur and helical)[Software No.1]%
NR=Va Ty 7Ly 7 =TT, 5FTEH7 v a A
LCWHBRED I8, AV 7 b= TIZEHE L. K111
DEEmE R LET.

1.2 VI bz T7OERK

involute X iii DR AR LLIRLET. BHOON, HEAY T
Y= TIZEER, OFA 7Y a o TT.
WCEE : A 2R Y =— NE, (ITIEHE GMEE, )

#11 V7 bU=T ORK

No. B B BEIE | FERK
1| BUET v OBRE 13 O
2 | “HE 14 @)
3 | HeEm 15 O
4 | AKX 16 @)
5 | hAREVK 16 O
6 | AR 16 O
7 | EELZY 7K 17 O
8 | MRS 18 O
9 | THEIREGE (N 1.9 O
10 | HEEHSREGE (ER) 1.10 O
11 | &R xRt EsR e 1.10 O
12 | @i fiE 1.11 O
13 | TR0 E ~LYIRT) 112 O
14 | #EHT) (DXF IGES) 117 O
15 | HELP ke 1.19 O
16 | Rl —2EH 1.20 O
17 | FEM SIRIGT T 1.13 ©
[lisfmErE (77— Y il
18 Uy -7 yH, CSV H) 116 ©
19 AR (TR RS, A L1 o
JEE, 90 AR, PV f) '
20 | PRmEEEE (IR, U, A T R) 114 ©
21 | Y 1.15 ©
22 | 1506336 1.21 ©

1.3 FanTg EESvy, BE RE)
12~15 |[ZREREHE 27~ LET.
s IEOMABE DY - A XOMEEL, SMEEHL X N
CHHEZ > s DAreE, {KHE, REER
CSERED A LR, 7 ) 7T R A
- S OB FH RS, K 151" T LI
+ JGMA 401-02:1974, 402-02:1975
» JGMA 6101-02:2007, 6102-02:2009
* 1SO 6336:2006
O 3 FERHY, TT AT 7 RHEOBERFRKIL, IS B
1759(2013)iZ Hxtis L TUVETS

s lle v =] @ (23]
EESyY [wis [wE [mm |
HHERIMIGE
@ It O EE O BNA an 20,0000 deg
[“F B Jw= ] Pnon | Geor |
ERDIZITEE | hao 1.0000 1.0000
WTOEIT FE | hio 1.2500 1.2500
HTTRIFED ra 1.3750 0.3750
BEFFFE | oko 0.2500 0.2500 g, ke

12 HHEZ v

IO o) & |
sy s TR mE |wE |

A EHEFRE T

© JHEEXAMEE O HEEAEE  © EEAT
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1.21.2

1.21 1SO 6336(2006): International Standard

Calculation of load capacity of spur and helical gears

BUTFIZ, 1S0 6336(2006) D5 fFl A~ L E T

@) 130 B336:2008

SR HIE R (Levis)

IO o] @ |
EErE bl REl
SEEEY HiEREE Y iR
JGHAGRT01-02,6102-02 JIS B 1759:201%
@ 51 BEfu
JGMA4D1-01,402-01 e AEnE R (Lewis)
mks B

[ ®E |[xetn] |

am | [EEET
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EIEMETE df | 4755000 148.£0000
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RETCRE (Fh ok HE X S )

*" 150 6336-1 General influence factors

=R

Load, torque, power | Materials | Factors |

Gancel

Torgue or Power Finion or Gear
@ Torque — Power Power — Torque @ Pinion Gear
—_mmmm
transmitted power 31.4169
torque T Newm - 00,0000 U 8823529
rotation speed n min-1 1000, 0000 240.0000
number of load cycles L - 10000000 -
(nominal] transverse tangential lnad at referenc Ft [ 11168.9002
tangential velocity v nis 2.8073
angular velocity w radfs 104.7230 35,6058
wvirtual number of teeth of a helical gear zn - 18.7620 68.1234
gear accuracy grade 150 13281 [ 3 | 5 =
transverse contact ratio 1.2822
overlap ratio 0.9836

X175 v, [AEmEEORE

6336-1

oK Gancel

*” 150 6336-1 General influence factors ol E ==
| Load, torque, power | Materizls | Factors
[ dem ]
Material Gase hardened wrought stesls (]  Gase hardened wrought stesls (]
Type
Abbreviation Eh Eh
GQuality ML ML
Min. hardness(bendine /contact) 500.0 £00.0 £00.0 £00.0
Maz. hardness{bendine /Contact) 800.0 200.0 200.0 a0.0
 en — Jsmbol] Unt | Pinon | Gear |
nominal stress number (bending) oFlin | N 312.0 312.0
allowable stress number(contact) aHlin [ Nfwr? 1200.0 1300.0
hardness(bending) HY = 700.0 0.0
hardness{contact) HY 700.0 0.0
modules of elasticity E N 208000.0 208000.0
Foigson's ratio ¥ --- 0.20 0.30

176 B E

Pinion materials @

Material [Case hardened wrought steels v]
bending ENormalized low carbon steels/cast steelks
Cast iron materials
Through hardened wrought steels
Stress | Through hardened cast steels

Flame or induction hardened wroueht and cast steels
bending | Nitorided wrought steels/nitriding steels/through hardening stesls nitrided
wrought steels nitro-carburized

lower
» 25 HRC, 0,000 | 461 660 800
upper
» 30 HRC 0,000 | 500 660 800
ME | D000 | 525 660 500
Hardness Y 700 TFlim 312.0 MPa
[ ok [ Apaly ][ GCancel |

177 PEREIR 1
Pinion materials @

Material ‘Oase hardened wrought steels v|
bending |contact|
Stress Type Abbre- | Quality A B Hard- Min. Max.
viation ness | hardness | hardness
bending core hardness: Eh ML 0,000 | 312 H GO0 200
= 25 HRC, MQ 0,000 | 425 660 800
lower
= 25 HRC, 0,000 | 481 860 800
upper
= 30HRC 0,000 | 500 660 800
ME 0,000 | 525 660 300
Hardness HY 700 aFlim 312.0 MFa
| [5]4 ‘ | Apply ‘ | Cance| ‘

1.77a AEREIR 2 (i o)

7 150 6336-1 General influence factors

application factor [ B - 1.0000

internal dynamic factor kv | B ~| 1.0047

face load factor (contact stress) ke [ B «| - 1.8333

face Inad factor (root stress) e [ B | - 1.2524
transverss Ioad factor (contact stress) e [ B~ - o000 (W)

transverse load fastor (root stress) Wz [ B «| - 1.0000
maximum tooth stiffrsss per unit face width [ B <] Wiwmum TR (W)

mean value of mesh stiffnecs per unit face width | cva | B | Nf{un- zn) 9.6569

miean value of mesh stiffness per unit face width | cv & | B~ Hf{um- en) 8.2080

oK Gancel Default

[X] 1.78 f#%%, 6336-1

i
N S35 at e .

~ application factor KA - MethodB ==
Working characteristic of Working istic of driven machine
driving machine Uniform Light shocks Moderate shocks Heavy shocks
Uniform 1,00 125 1,50 175
Light shacks 1,10 135 150 1,85
Moderate shocks 1,25 150 1,75 2,00
Heawy shocks 1,50 175 2,00 =225
ok [ Ao ][ cancel |
e
3 KA, 6336-1
" internal dynamic factor Kv @
Method
@B G (eraphical values) G (calculation)

PR 7 T 7 IS TS

maximum tooth stiffness per unit face width B oo s 2w ) 7.7682
mean value of mesh stiffness per unit face width cra NSlmme Lom) 9.6565
moment of inertia per unit face widthiPinion) Q% ket mmE mm 2.8017
moment of inertia per unit face width{Gear) it kg mm®/mm 71.2424
reduced gear pair mass per unit face width referenced to mred ez fum 0.0082
resonance speed nE min-1 31086.4345
resonance ratio N --- 0.0322
resonance ratio in the main resonance range s == 0.8600
tranzverse base pitch deviation frb L 1.0000
estimated running-in allowances(single pitch deviation) VP L 0.0000
effected transverse base pitch deviation frbeff P 1.0000
profile farm deviation ffa Fa ) 1.0000
estimated running=in allowances(profile deviaion) wf L 0.0000
effected profile form deviation ffaeff Lm 1.0000
tip relisf Ca L 0.0000
non-dimensianal parameter(zinele pitch deviation) Bp - 0.0208
non-dimensional parameter{profile deviaion) Bf --- 0.0208
non—dimensional paramater Bl --- 1.0000
factors for determination of Kv Cvl - - 0.3200
internal dynamic factor K === 1.0045

[ sl ] ‘ Apply | | Gancel ‘

1780 %% Kv, 6336-1
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*” face load factors KHp and KFp (=

work hardening factor Zw (=)

@ Surface—hardened pinion with through—-hardened eear

Through—hardened pinion and gear

s Gitws 0 __Jomoal it L vaue ]

mean peak-to—valley roughness L 3.0000 3.0000
150 vizcosity clazs {erade) === === | W3 150 v|
nominal viscosity at 40°C w40 | mrfs 150.0
radiuz of relative curvature £ red i .y
The equivalent roughness RzH A 5,055
pitch line velocity w n's 2.8079
Erinell hardness HE --- B22.1
wark hardenine factar{reference) n == 1.0000
work hardening factor{static) n == 1.0000
[ 0K ] | Apply ‘ | Cancel |
179c BHIERE, Zw
"~ 150 6336-2 Surface durability(pitting) , IS0 6336-3 Tooth bending strength (e[| e

Methaod
@B G
T ) M
mean transverse tangential load 11241, 4380
maximum transverse tangential load Frazx ] 13489, 7356
maximum load contact face width bma i 27,0000
face load factor{contact stress) KH @ - 1.3333
face load factor{root stress) KF & - 1.2524
[ o] 4 ] | fpply | | Cancel |
—
1.78c &% KHB, 6336-1
" transeverse load factors KHa and KFa @
e (Hethodd) ) K T —
transverse base pitch deviation{Pinion/Gear) fpb 1.0000 1.0000
runnine=in allowance for & gear pair el B 0.0750
determinant tangential load in a transverse plane FtH i} 14988.2760
transverse |oad factor (contact stress) KHex === 1.0000
transverse load factor (root stress) KFer === 1.0000
[ 0K ] | ety || Cancel |
7 F
[X1178d 4%% KHa, 6336-1
~ maximum tooth stiffness per unit face width c” ===
C enOeve  Joma] Umt | Ve ]
minimum value for the flexibility of a pair of meshine testh q o oSN 0.0580
web thickness bs i 30,0000
rim thickness sR i 10.1053
theoretical single stiffness c'th | N/ (mn- 2w} 17.2488
correction factor CH - 0.ao000
eear blark factor CR - 1.0000
bagic rack factor CB --- 0.5513
maximum tooth stitfress per unit face width c’ M/ (= 22m) 7.76882
mean valug of mesh stiffness per unit face width oy |N/(mm- ttm) 9.6564
mean valug of mesh stiffness per unit face width cv & WA Cnme etm) #.2080
[ OK ] [ #ppty | cancel |
3 7 %
178 fREkc, 6336-1
" 150 6336-2 Surface durability(pitting) , 1O 6336-3 Tooth bending strength = |

Gontact(IS06336-2) | Bendine(IS06336-5)

__mmm-m

2one factor 2.3861
single pair tooth contact factors ZB‘ZD - - 1.0088 1.a000
elasticity factor ZE === |{ Nfmn? 188.8117
contact ratio factor (pitting) Zs == == 0.8703
helix angle factor (pitting) za = = 0.9752
permit of pitting [ when a certain degres of pitting is permizsible M
lite factor for contact stress T [ B ] — 1,124 11294
Lubricant fastor zL B — 0.3317 Ol
verocity factor Zv B - 0.8701
roughness factor affecting surface durabil 7R B p— 0.9817 ‘_‘
work hardening factor (reference stress) | Zw B -— 1.0000 D
work hardening factar (static stress) T B = 1.0000
size factor (pitting) Zx B = 1.0000 1.0000
minimum required safety factor for surfac.. | SHmin - - 1.0000 1.0000
Item {Pitting) Symbol |Method | Unit Pinion Gear
contact stress aH = N mmi® 1360, 1108 1846.3000
permiszible contact stress aHP ‘ B v| N mmi® 1645,9309 1645.9399
safety factor for pitting - 1.2102 r.zzz0
Default

X179 tHAEARS, 6336-2

" lubricant factor ZL [
@ Use Equation 37 Use Equation 41
Ttem (Method O Symbot [ unit 1 vae
150 vizcosity class (grade) == mnSs | WG 150 v|
[ nominal viscosity at 50°C v] w50 | mndSe 88.0
naminal viscosity at 4000 | CZL - 0.9100
IOIFIESAT TACTOr [ zL - 0.9317
| oK | | Apply | | Cancel ‘

X 1.79a pHEHIRE, ZL

*~ roughness factor affecting surface durability ZR @
1] unit | Pinion | Gear |
mean peak-to-valley roughness Hm a.0000  3.0000
radiuz of relative curvature .Ored mim 7.3237
mean relative peak-to-valley roughness for. | Rz10 m 3.3282
factor for determining lubricant film factors CZR - 0.0500
roughness factor affecting surface durability ZR - 0.9917

[ 0K ]| Apply | Cancel |

1.7% HHmsR S, ZR

Contact(l506336-2) || B

toath form factor YF [ B x| — 1.4315 (W) 1.7889 [
stress correction factor WS 2.0437 (M) 1.7070 (M)
stress correction factor, relevant to the di waT -— -—- 2.0000
helix angle factor (tooth root) e -— — 0.6525
vim thickness factor Y8 -— - 1.0000 (M) 1.0000 (]
deep tooth factar YOT -— = 1.0000 1.0000
life factor for tooth root stress YNT [ B -] — 0.9762 0.9762
telative natch sensitivity factor Y &relT B == 0.3977 |:\ 0.9313 |:\
relative notch sensitivity factor for static .| Y& relT B — 1.0192 0.8711
relative surface factor YRrelT B - 1.0663 (W) 1.0863 (M)
size factor {tooth root) ¥x B —- 1.0000 1.0000
minimum required safety factor for tooth r SFmin -— — 1.0000 1.0000
Item (Bendine) Symbol Method | Unit Pinion Gear
tooth root stress oF [ B v Winnf 390. 1564 407.2120
permissible tooth root stress gFF | B =| WmnF E63.8790 E59.6739
safety factor for tooth breakage SF - —- 1.7018 1.5197
| ok || Gancel | | Default |
180 RS 6336-3
> tooth form factor YF (Pinion) (3]
ltem (Method E) T T I
rezidual fillet undercut Spr 0.0000
root fillet radiue of bagic rack for cylindrical eearg | o fPw mm 1.1000
tip diameter (tip form diameter) daldMa) | mm E0.9880
tooth root chord at the critical section 5Fn mm 63141
bending moment arm for tooth root stress releva.. hFe mm 3.2481
load direction angle, relevant to direction of appl.. | @ Fen dee 23,4596
Theta 8 dee 47,6447
tooth form factor F - 1.4316
[ QK ] | Apply | | Cancel |
180a HhfIRE, YF
*~ stress correction factor YS (Pinion) (=2
Liem (Hothod ) VT M T
tooth root radius at the critical section 1.3949
factor L L == 1.9433
notch parameter qz == 2.2833
stress correction factor S - 2.0437

Cancel |

1800 #hiFfRE, YS

*~ rim thickness factor YB (Pinion) =
e etiod & Tomie Lot T voke —
rim thickneszz mim 10,1054
tooth height ht mm £.7373
rim thicknesz factor B === 1.0000
[ (0]:4 ] | Apply | | Cancel |

X 1.80c HhFiEE, YB
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" relative notch sensitivity factor Y8relT (Pinion) @
B ) T
Material |Eh IF(rootifor all hardness
rezidual fillet undercut Spr mm 0.0000
relative notch zensitivity factor y i relT == 0.8577
define for 5t
stress correction factor 5 - 2.0437
W &relT for static stress yérelT = 1.01482

[ ok [ #eely ][ cancel |
1.80d HhITHRE, YorelT

relative surface factor YRrelT (Pinion)

mmmm

mean peak-to—valley roughness Hm 3.0000 3.0000
relative surface factor RrelT - 1.0B63
[ 0] 4 ] | Bpply | | Cancel |

1.80e HEIFFRE, YRrelT

~ IS0 6336-6 Service life under variable load

=0 =0 5
Items | Pittine(F) | Pittine(G) | BendinelF) | Bendine(G)

appllcatlon factor 1.0000
number of bins Bin --- Ed

load spectrum time o=e Dayvs 70,0000

pitting life oo Years an.onon

bending life --- Years 20,0000
zafety factor for pitting EH --- 1.408 1.652
zafety factor for bending SF --- r.onz 2.045

| Calculate | | Cancel |

181 #fn, 63366

" 150 6336-6 Service life under variable load (=3[R ==
Tiems | Pittne(?) | Pitting(G) | Bercine(F} | Bendine(G}
Calculation of pitting safety facter from load spectrum safety factor = 1400
s o W L LR RS A U Opee i
[-m] 54 /min] years N [ fhot A e N e |
1 309677 0.000E+00 1000.000 0000E+00 0000E+00 i
2 304830 0.000E+00 1000.000 0000E+00 0000E+00
3 300000 1656E+01 1000.000 4320E+04 1333 1916412 1545 1793E+06 2409E-02
4 205161 2484E+01 1000.000 BAB1E+D4 1333 1900900 1533 1973E+06 3284E-02
5 290323 3.313E+01 1000.000 BAI3E+0 1333 1885263 1520 2175E+06 3874E-02
& 285484 4 141E+D1 1000.000 1.080E+05 1333 1869492 1507 2401E+06 4500E-02
7 280645 4969E+01 1000.000 1.296E+05 1333 1853587 1494 2655E+06 4883E-02
8 275808 5.797E+01 1000.000 1512E+05 1333 1837545 1482 2041E+06 B.143E-02
9 270868 6.625E+01 1000.000 1728E+05 1333 1821364 1469 3263E+06 5297€-02
10 266129 T4B3E+01 1000.000 1944 E+05 1333 1805035 1455 3628E+06 B360E-02
" 261200 B2B1E+01 1000.000 2160E+05 1388 1788557 1442 A4041E+06 5346E-02
12 256452 | O10E-01 | 1000000 | 2377E+05 185 1771920 | 1429 | 45UE08 | 5269E-02
13 261613 9.938E+01 1000.000 2593E+05 1388 1765.140 1415 6.045E+06 5.130E-02
1" 674 | 1077E-02 | 1000000 | 2810E+05 185 1760189 | 1401 | SEGOE0S | 48GGE-02
15 241925 1.169E+02 1000.000 3024E+05 1388 1721071 1388 6.354E+06 4760E-02 | o
[ Calculate | [ Cancel |
18la Ffn, Pinion(Pitting)
*~ IS0 6336-6 Service life under variable load ol @ ==
Ttems | Pitting(P) | PitingtG) || BendinglPJ | Bendine(Gl
Caleulation of bending safety factor from load spectrum safety factor = 2002
Eending Damage  ~
s ofh W D R B e e gpmg el
(i) oy |
1 209677 0.000E+00 1000000 0.000E+00 0.000E+00 B
2 204839 0.000E+00 1000000 0.000E+00 0000E+00
3 300000 1656E+01 1000000 4320E+04 1.26% 781480 1177 6.724E+05 G425E-02
4 295161 2484E+01 1000000 B481E+04 1263 768880 1158 7 805E+05 B304E-02
§ 200323 3313E+01 1000000 Bh43E+04 1263 766,282 1139 9081E+05 9510E-02
& 285484 4 141E+01 1000000 1.080E+05 1263 743682 1120 1.050E+06 1020E-01
? 280645 4 969E+01 1000000 1.29BE+05 1263 731.082 1101 1.230E+06 1046E-01
[ 275808 | 579FE-01 | 1000000 | 15126405 1258 716482 1082 | 14BSEME | 1D4IE-D1
9 270868 6625E+01 1000000 1728E+05 1263 705884 1063 1. 708E+06 1012E-01
n 266.129 7453E+01 1000000 1944E+05 1253 693284 1044 2015E+06 964BE-02
" 261200 B2B1E+01 1000000 2160E+05 1263 80624 1025 2 384E+06 Q061E-02
12 256452 9.110E+01 1000000 2377E+05 1263 668086 1006 2 830E+06 8300E-02
12 251613 9938E+01 1000000 2593E+05 1253 655486 0937 5 B23E+06 44BIE-02
1"® 246774 1077E+02 1000000 2B10E+05 1.26% 642886 0968 1609E+07 1.T46E-02
15 241835 1.169E+02 1000000 3024E+05 1263 630 286 0349 4 53BE+0T GEGEE-03 | «
[ Galoulate | [ Gancel |

1.81a F#n, Pinion(Bending)

11

ol B =
Fiia =l nno|nm 3.00000
w O z [--- 2 56
ENA an | deg 20.00000 .
RLhA 6 [dez 30 0 00 7
FALNARE -- |- [ &huh -] Hhvh
EHEMETE d |wm | 7E.Z0024 | 190.52558
EWRMEE db | mn 70.25753 175.64383
wEANAT - |- | GRS -] EmiEE
[RmEE wn |- 0.20000 0.30000
Fi F s m | --- 4 10
TR W om 32.79788 8822658
A A —LAE dp | mn 5.1046 4.9818
F—i—F—)TE [ dn | om 54.21039 185. 64631
EEAFRIEE Sn | 514315 4.06724
oL PERE a | m 57.40000
EEAEREERIE | fn [ m 0.20000 010000
L] b [ mm 30.00000 30.00000
HEE E da | mn 03.41024 186. 32559
WIEEE df | wn £9.91024 199, 82659
WER ra | mm 0.20000 0.20000
£ES v oETR L1260 (W] 1.1260 [
-wwu (w7 )

1.82 (SMHTEE X N B

R ﬁﬂ&ﬁ::

7 150 6336-1 General influence factors

Load, torque, power | Materials | Factors
Tarque or Power Pinion or Gear

@ Torgue — Power

mmmm-aa-

transmitted power

Famer — Torque & Finion Gear

torque T \ Hm -\ £00.0000 7500000
ratation spesd n min-1 1000.0000 400. 0000
rumber of load cycles WL 10000000 -
(nominal) transverse tangential load af referenc.. | FiL N 78724682
tangential velocity v nfs 3.9305
angular velocity w radfs 104.7230 41,8882
wirtual number of teeth of a helical gear n 33.8712 84,5780
gear socuracy grads 150 15261 — | 3 -| 3 -
transverse contact ratin 1.3539
averlap ratio 15815

1.83 b/w [FIHAERAE DR E, 6336-1
oS

" IS0 6336-2 Surface durability(pitting) , IS0 6336-3 Tooth bending strength

Contactl506336-2) | Bendine(IS06336-3)

—_mmm-ﬁ-

2one factar 2.1328
sinele pair toath contact factors ZBZD 1.0000 1.0000
elasticity factor ZE 1898117

cantact ratia facter (pittine) Ze 0.8504
helix angle factor (pitting) Z8 — — 0.9308
permit of pitting [ when pitting is not permissible M
life factor for contact stress INT [ B.<] — 1.1284 1.1284
ubricant factor 2L B - 0.9317 L)
veracity factar Zv B — 0.9771
raughness factor affectine surface durbil. | ZR 8 = 1.0251 m
work hardening factor (reference stress) | Zw B — 1.0000 ol
work hardening factor (static stress) Zw g 1.0000 B
size factor (pitting) 7 B — 1.0000 1.0000
minimum required safety factor for surfac.. | SHmin -— - 1.0000 1.0000
Ttem (Pittine) Symbol |Method | Unit Pinion Gear
contact stress — | Nemm? 5557022 563.7002
permissible contact stress [ B +] N/mnf 1461.0010 1461.0010
safety factor for pitting = = 2.6386 2.6386
GCancel | Default

184 HHIETRE, 6336-2

°~ 150 6336-2 Surface durability(pitting) , ISO 6336-3 Tooth bending strength

[E=H/E=8

==

Contact(I506336-2) || BendinglISOE336-3) 1

tooth form factor YF | B=] - 1.1843 [ 0.3122 W)
stress correction factor Y5 2.1890 | 2.3355
stress correction factor, relevant to the di. | y5T -— 2.0000
helix angle factor (tooth root) e -— — 0.7500
rim thickness factor B 1.0000 | 1.0382
deep tooth factor ¥DT 1.0000 1.0000
lite: factor for tooth root stress YNT 0.9762 0.9762
relative notch sensitivity factor Y& relT 0.8970 1.0008
relative notch sensitivity factor for static Y érelT B -— 1.0832 1.1476
relative surface factor VRrelT | B 1.0863 1.0863
size factor (tooth root) Y B 1.0000 1.0000
minimum required safety factor for toath r SFmin — — 1.0000 1.0000
Item (Bending) Symbol |Method | Unit Pinion Gear
tooth ront stress af [ B | Nmr? 210.5034 182.5903
permissible tooth root stress ofP | B «| Nimm? 663.3908 665.8743
safety factor for tooth breakage SF = 8.1514 3.8474
[ ok J[ Gancel | Detault

185 hifiRE 6336-3
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[2] involute X iii (bevel gear design system)

% 2.1 involute X iii (bevel gear design system)

2.1 B=E

involute X iii (bevel gear)iZ, 2>SBHEEO~HE, TREE B, R,
HAX, AR, MHTEEEE, (mEERZE, METRTAN, FEMRNT, thE
T—ABIONNET —# EOMIEEH A TRV, 2RI ARk
Tz EnTEET

A7 =71, involute X (bevel gear)[Software No.2] &/ 3—3
ayTy T LY T =TT, AETE TV a AR LT
HBERESL—EB, AV 7 b= TICEHE L. ¥ 2.1 [
ZRLET.

2.2 VIO TDER
involute X iii (bevel gear) DAk % 2L IR L £ 9. BHFOOIX
HERY 7 MU =T OBRETOIXA T > 3 UHERE T

#21 Y7 M7 =T O

No. B H BEE B
1| ~H& 24 O
2 | WE 25 O
3 | WA 222 @)
4 | #X 2.6 O
5 | AAVK 28 O
6 | HELXY T 2.9 O
7| N7 Ty 212 O
8 | A—m 213 O
9 SREEFHE (5) 219 o
JGMA403-01, 404-01 :

10 | TREEEE () 221 O
GG (5)

i AGMA2003-B97 220 ©

" R (T, L) 2.10 o
BLOWYHD 211

13 | {BEERREfRAT 2.15 ©

14 | tymmaEm 2.23 ©)

15 | FEM SIS IfiHT 2.24 ©)

16 | T —2 (<D 214 ©)

T —2 M (ER0iE+E

7| L e ) 2.14 ©

18 | WET —& M) (RBEERER) 2.16 ©

19 | WET—% 4 (Carl Zeiss) 2.16 ©

12

2.3 SHERERTE (FR/AT4)
NEWEOR, NWESHAUTIORLET. Fiz, K221
BB B DR EE A~ LET.
(D7 S P HOFEIH
TIPS HE, ENVIESHEE, Be—L
(@)HEs%8
Q1T IS
- fEHE
< OHATTES &
- ANSI/AGMA 2005-D03
- AGMA208.03 (B b Hi%k 7 dixtits)
< 7Y —y BRI
QRAEN NS HH
- ANSI/AGMA 2005-D03
- AGMA 209.04
- 77— (1960)
s U=y (LT
(23) B — Ly
- ANSI/AGMA 2005-D03
- AGMA 202.03
Q7= ORNE, e — %, R, Ta—T Ly I AT —
2%, TRLASEHS LTV ET(AGMA).

F0/tF 1 [
TERBOT L
nEGEEE | sRUEncmE <)
TiEaE | 4G4 208.04 -]
SRR E RS

@ JGMALDI-0(1976), JGMA404-01(1977)

O i Lewis)
EEE)

) AMST AGMA 2003- BI7
X 22 FuxTa

[(E | [xeut]

2.4 <t

EV o)L, WA ASIT D Z LI L O EEERN AN SIVET.
il EEQD” T AT X =60°~160° H.->, FHH (£ FH
FUMEICRO0AT) 1T LTV ET

T OTEET = R=R=<=
2% [ ] Pinion | Gear |
3 S — [ [ zmughaEE o
THEE HGME 20,04 -
it 1B BT -
PHREETE 2 - nt m 3.00000
B z | - 12 EE
EEAENRA an | dez 20.00000
st lhA an | dex 3}/ 070D
faL AT = [= BrLh
oA HIE 0 0 7 00 T[]
e b i 18.0000
SRR d i 36,0000 53,0000
o FETLA & | deg 19,9831 L0184
PSR ra | omm 1.3000 0.3000
N A TSR ro | 0.5000 1.8a00
T REE re | omm 57.150 (2.250) -
it FERTERE - |- Pl T -
eSSl g b [ 46845
R b hem | mm 4, 1684
SRR ham | mm 29162 1.2522
SRl hfm | o 17733 3.4372
EEELE — | [ +rEcRrEsEsEE |
haEEAMEIEE | S | m 3.5795 1.6682
AesEsE [ [ FASE -
LA Sa | dez 24.36305 ]  v2.2a015 L]
EEATL 81 | dex 17.70885 ]  B6.61885 []
23 LTI EE
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K23 TlE, ®Ya—)V, i, azE#ETHE, BR LT
RIS X EN AN SNET. £, ADEMECRNT
PUTO LS 2akrenid v 9.

Q) 7aT 4TI, EEOREEZRE L TOETS,

WEH T COEET LN TEET.

QiE7-1F, WEBLOMTWAORERAETL, SNEEE I3

RIHEOBINETH Z LN TEET
Q)i L OMEM IV VAL, X240 X 9 12603 & 103 2 251

TEOENDH D £
(B2 BV IS DOE A A R L CUVE TS, B REB, NSER

OTELFRT D2 ENTE LY. K26D-HEBRACHHE
WREZRLUET

[X2.37

SRR R T VE) =
Enth 4" 22 3.0 "
| Bl deeree) 24.38305000 dee
Elradian 0. 42566450 rad
EE e

X24 fHREASH

T EETE e B ]
TET e
| snE  Qdes W] Finen | Ger |
EEEVa - ot | o 3.0000
REEH R am 52,6711
ZHEFETE d | 36.0000 89.0000
tHEFIETE da | mm 42,6352 100,0729
tEEAEE df | 3z.0700 96.2300
E3-rEs b 5.6226 5.6225
a1t he | mm 5.1015
ATl ha | 3.5318 1.5698
Erra=e] bt [ om 2.0808 4.0628
TBfEF c | am 0.5210 0.5211
[ (= oo | 9.4248
EEMEIEE St oo 5.5841 3.8406
IFEMEEE & | 0,0000 0. 0000
e si [ 2.1692 2.8354
S )k hi | o 3.5975 1.5767
25 ~HERESL
CEETE ol 2 ==
Tk | TiE2 |
[ A B [wn WG] Finen ]| G |
EHEATLA b | dez [18 " [43 7[83.8 Y62 T[ 1 71447
AR Ba |[dez | 47|23 7[59.8 % 2 T[16 72877
A 81 [dez |2 °[16 *[28.7 [ 4 “[23 588 ¥
LA D & | dex [ 23.5
EHERADMEEEER | b | 14.6160 4.8710
TS0 A EEEEELE | A0 | mm 2.7500
LR 2 | mm 23.2303 176.8793
AT TES~-FHFEE | K | m 45,2930 16.5247
FHRERI T 2T 93 | BL | mm 0.0000
FED &S = e | m 1.0881
FigUaE|E ef | nm 1.4018
fEahds &y | mm 1.7781
W=AT ta | min 1532367 168.8328
FHOAE 8x [dez |87 "[42 7[26.3 “[85 [ [ 0.2 ¢
FHOAE By [dez [70 "] 1 7 0.8 /13 “[58 T[Ea.2
26 ~HERES2
2.5 ¥E
P27, M SHHOFEEEIS B 1704:1978) 27~ L £

T hEEERE )ISB 1704 el @ ==

B @5 [BG] Piten | e |
- -2 ) 3 -

TEEER -
B FEREL) ft i 15 it
B E o FERE ftu o 19 36
BHEE o FHREL) Ft o 53 110
3t N g fr | un 32 67

27 SHEHREE (IS B 1704)

2.6 #AX
XI2.8~2.110 . 5 (THASTHREECR AR AR E LER 5 2 &8
TEET. (FXMHREE UTIER, BEEERHA 83 0, X128 Tl
BYMTE [95]) 1272 &/MNaEicmit 25 2 7 FIR
(X2.9) &4z ncaEd. X210128460° %, X212
fif5160° OFKFIZR L ET

= el |
S A=k v
T
IS LESED
B = el
44 Ef I = _d REFEI( 3 S35F)
N7 —? E
3 RACERD T
52,4345
90.7543
44.0000
100.0288

28 #iX1

am E=[E=n )
74:
- RRLEROTE o) o s | —
| # 8 =5 [&n]  Pinion [ Gear |
B ROTERE ) i 66.0000 38.0000
HRARE b0 21.1627 90.7543 I S
AAPHE b | 16,8341 52,4945 E——
EWUNL |- | — i3 | 35 = =
EYHE & | m 53,2768 58,5144 =
FHER AL | m 31.7284 24,6027 N
[ )[Fom ] (o7 ] \

(29 AR L EEY OERE & EE Y

(E=SE=R 5

£0_0000

w[L,sa
(RN

55,0345
84,7067
33.0000
101.3683

[X2.10 #fifs X=60" D

58,2394
100.5883
1060000
1057851

X211 X=160" O

2.7 HEEEOER

involute X iii (bevel gear design) TApkd ML, K2121279
BREA VR 2— b THY, hocidEkmE o4 FabR T %
D=8, FTT 7 Lo T M_XL XY 72 EOHE DA VT
HoTHIELWMHBEWERLET.

kiAo AR Y 2— b

X212 ER@EA AR 22— MR

WIERSME A1 R LET. £/, ENVIENLEHED
W r (X214) %, TN A >RV a2—h, 2 eas K
(X2.15) |, MU — K] Z28RTHZLENTEET.
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T EREHEER o] @ |23
(25 | Pinion | Goar |
o Low FaElE wuf 30 a0
A A 2 — FREREL | wi 50 50
HIERTEIEL wur 15 18
e EEr wut 10 10
W L EEr hul 18 18

T L HEROIER ---

4213 TR T

A wRDUhA &
Ty m
oA PykRFR ARY1- MR st

S{AVIREAT PRI HE

L)
SRyt A
ENIzLit AT
AR
P
LR v

e
to-AmEEE

X214 3 CHhi#R X215 =t hoog Rhig
2.8 HHELE
IEEEEOMEXIERE & Uik, HEEHI: E2nd 0, s,
e, NS OHETE 2R L ET

C DHFEVBE(EyFATVERE) [(ol o[ -1
[ #@mB [ Pinion | Gear | '
LB b5 E [mm] 18803 22708 A r\
oA —hytg [mm] aonon oooon |J}']|,-9’trbﬁ§|
{5yl
REFEI(3 S5T)
i >
EE >
i

X216 wIE M) , EyFHIVAETR

2.9 EwERLUAYLY

WL Z ) o T HERATIORLEY. a2y he—L 7 3 —A
THHEOFNAEZ AT TE, MOKEXIE2EXDHEHTEE
T E T, AR A - O MBS LT IREE 2 [X12.1812
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[3] involute X iii (worm gear design system)

3.1 involute X iii (worm gear)

31 #M=E

A7 MU =TIiE, 5FT, el LTWe involute X (worm
gear) & involute X (worm and helical gear)z —f& & L TH L BAZ L
Y7 b7 T Ei, AFETE TV a AR LTV RERE
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FY 2 TNZEENOITA TV 3 T

involute X iii (worm gear)i%, 7 4 —ADMBTHENLY 4 — LA
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BEE .
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8 | MEHAGEXeRE) | 310 [ — O
9 | FREEE (SR X R 3.10 323 O
10 | #lsfEE 311 324 O
11 | FEM SIS IRNT 3.12 325 ©
12 | (REERET 313 3.26 ©
13 | HhRIRRREA AT 313 326 ©
14 | st 314 327 ©
15 | 7 7 A VD 3.15 3.28 O
16 | sitr—xEH 329 @)

WG : worm gear, WH : worm and helical gear
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[4] involute ASM(high-intensity gear design system)
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[13] Electroplated wheel profile design system
(Diamond tool 4a LikmERER)

[X]13.1 Electroplated wheel profile design system
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O profile figure of Electroplated wheel
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[14] GearPro iii (involute gear profile design system)
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[15] involute X (crossed helical gear design system)
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[21] L-Hypoid gear design system
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[24]involute X (spur and helical AE5%ix4)
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[25] involute Gemma

25.1 involute Gemma
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[29] L-Niemann worm gear design system

29.1 L-Niemann worm gear design system
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[30] Tapered and crossed gear design system

30.1 Tapered and crossed gear
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[31JAGMA925-A03 (Scoring)
Effect of Lubrication on Gear Surface Distress

[ e e -~

£ yor s g top
Dle/blE] EyFnyasa

A st penma e

B it eie s
Al

T
sl A 18

T
Rttt Gt

—
¥ st | i |

i o 0 10 e Fi

AT RELET, stz i

311 AGMA925-A03

3.1 #=
AGMA925-A03:2003:2003 DAFEIZ KD\ T BB IR 55 2o
T DR ATHE L ES.
(L)368 PR
AGMA925-A03 Effect of Lubrication on Gear Surface Distress
()t ORI
AVRY 2— NME, (XTI (S, D)

31.2 tHEFETAN

L2 ICHEHFE AT O 2R LE T
WEHLFE T A S11E, AGMA925-A03 @ [Annex A Flow chart for
evaluating scuffing risk and oil film thickness] (23S CUvET.

A Geometry data =N

Description Symbol | Pinion | Gear |Unit

Input unit - 51 hd

Output unit - sl ]

Gear twpe -- External hd

Oriving menber - Gear hd

Homa | modale i 2.00000 [om

Honber of testh 1,22 21 [ 26

Mormal generating pressure angle an 20.00000 IF

Helix anzle [ 0.00000 [des

Helix direction --- i |

Operating center distance an 4600000 i

ftandard outside radius ral,ral 46567090 | B7.27700 | mm

Face width b EE. 04000 [

Profile nodificat fon hi load -]

Cancel I Clear |

312

31.3 MHT—HHRTE

L3 T BT — F R EEE AR L ET
AT LME, Yo rs Ry Yotk HEHSREARELE
ER

A Material data

Description Symbol Pinion Gear [ Unit
Modulus of elasticity E1,E2 206842, 71880 208842.71880 IN e
Paisson’s ratio v, v 0.30000 0.30000
Average surface roughness at Lx Ralx,RaZx 050800 0.50800 I mm
Filter cutoff of wavelength x Lx 0.80000 [ o
Method for approzimating mean coef. friction et AGMAZ17.01[7land Kellew (2] |
Mean coefficient friction,constant am const 0.10300

Welding factor

Tor 1.00000 J-. |
T ] Cancel | Clear

313 Ml —FEE

3.4 MET—HHRE
B 314 | BT — ¥ R EmiE 2R L E T
BRI DARIESN ), [ ORI R E L £

A Load data o=
Description Symbol Value Unit

Transmitied power P 20.61944 | kN

Finion speed nl 308.57000 | rem

Overload factor Ko 1.00000

Load distribution factor Km 1. 40000

Dynamic factor Ky 1.08383

Cancell Clear |

314 fWET—HXHIE

31.5 EBERMRGE

315 (TR FRUE I 2R L E T
ORI E L CRE O, 1ISO 7 L — MR 2R L
RELET.

A Lubrication data (=2
Description Symbol Value

Lubricant type Mineral oil -

TS0 viscosity srade nunber 450 ~|
Tinenal [c wiscos(ly al 40 deg C w40 407.00000 g
Tenperature al which 711 was delermined Ell 4000000 T
Tenperature ok which 71 was debermined 82 100.00000 T
Dynanic viscosity ot Lenperature 61 a1 2717816 e
Dynamic viscosTty af {enperafure 87 e 4.29418 e s
Faransler for calculaling o K 0010471

Faraneler for calculaling o B 0. 134800

“E ] Cancel | Clear

315 EESMERE

31.6 BELMHXR
316 IR SN EE 2R LET.

HWHEOWOIRE, A A NVOMRER EORESM R ORI A R E

LET.

filt

A Temperature data o] = |Esa)
Description Symbol Pinion | Gear [ Onit

Select @M Tnput e Input tooth tewperature v |

Tooth temperature Ll 82.22222 T

Therna| contact cosfficient BT, BHZ 16.53878 | 16.53373 | N/Tom 5™ 5K]

Oil inlet or sunp tempersture Boil AN T

Faraneler for caleulallng tooth Lenperature | Ksumm 1.0 if splash lube  v]

Select 7 M input type Tneut 7l ~]

Dynanic viscosity st gear tooth temperature kL) 43.00000 |MPE'S

Seleol @ npuf type Input pressure-viscosity o x|

Pressure-viscosity coefficient o 1.02205 |

Method of calculating seuffing temperature & Smet EF gear oil in accordance ‘;‘

Souf e Lenperature EH] 916, 20004 |k

Maxinun flash temperatrue of test zears 8§ Max, test bk | T

Tooth temperature of test cear M. test b l C

Turber of calculation points i3

316 JRESMRRTE

31.7 FtEHER 1(Geometry)
317 12 Geometry FHAEFEREZRLET.

A Result 1

e REETRY CALEOCRT I GEAR TODTH YELOGLTY AND LOADS |
MATERIAL PROPERTY AHD TOOTH SURFACE FINISH | All |

| GEOMETRY CALCULATION

Description Symbol | Pinion | Gear [ Unit

Gear ratlo 0 7236095
Standard pitch radius rrt 4z.000000 | 52.000000 | mm
Finion operat i pHch radius Tl 75917 0
Transverse senerat ing pressure anle &t 70000000 dex
Base radius BT, 152 TG00 [ 40.G54016 [
Transverse operaling pressure angle ol 73, 056499 ]
Transverse base pHeh ot T1.608576 0
fornal bass pitoh ) T1.608526 0
Aial pitch P 12.588371 0
Base helTx anzle 3 0000000 ez
Tperat Inz hel ix anzle [ 0.000000 dee
Wormal eperating pressure snele awn 73066999 &=
Distance along line of action - Point 4 CA 7.715600 [0
G¥stance alonz [ne of action - Polnt B 3 T2.973804 0
Tistance alonz [ine of action -~ Point © 5 T6.788142 0
Distance along [1ne of sction - Point D ] 19524126 i
BFstance along [ne of actfon - Polnt € i EREZIE] 0
D¥stance alone Tne of actfon = Polnt F o 7596050 0
Folive Tensih of Tine of astion 7 17006810 0
Transverse contact ratio ea 1.480214
Fractional part of & - 0440714
Bial contact ratio 3 0.000000
Fractional part of £ @ i 0.000000
WinTron coract Tength Tuin 040000 [

317 Geometry DFHHAET
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31. 8 FEHER 1(Gear tooth velocity and loads)
31.8 | Gear tooth velocity and load ZH5#% 4R L E7.

A Result 1
GEOMETRY CALCULATION
WATERTAL PROPERTY AND TOOTH SURFACE FINISH
GEAR TOOTH VELOGITY AND LOADS

Description Symbol Pinion | Gear Unit
Fngular velocity Wi, w7 7919975 | 76.099784 | redfs
Tperal ing piich 1ine velocity Wi T.3860%8 s
Honinal Langent ial load Flnon T4976 59066 N
Conbned deral ine factor (] T_299962
Aictual Langent fal Toad FT TET5E. 550408 [
Worwal operat ing load Fm 74080 178557 [
Wormal il Toad n 64.630208 [Wm

31.8 Gear tooth velocity and load F1EL# 5

31.9 FHEHER 1(Material property and tooth surface finish)
31.9 |Z Material property and tooth surface finish #+80f5 F 27~ L
E3

A Result 1 == =
GEOMETRY CALCULATION | GEAR TOOTH YELOGITY AND LOADS |
£ MATERTAL PROPERTY ARD™ TOTH SORFACE "F INISH Al |
MATERTAL PROPERTY AND TOOTH SURFACE FIMISH
Description Symbol Value Unit
Reduced modulus of elasticity Er 227299.6309%9 [
Averaze of pinion and zear averaze roughness Rawex 0.508000 Am
[Surface roughness constant [ BRavex | T.816720
[ConposTte surface roushnese st 1 11ter cultorf | ox | 0. 718420 D

319 Material property and tooth surface finish

31.10 FEHER 2

3L10 (TRMARR 2 Z/R L £ T
BDIEVSITIT B Load sharing ratio, Flash temperature 35 X O
Film thickness DfEZ R THA L £9-.

A Result 2
LOAD SHARING RATIO AND bH
Index £ lrad) | EiN |__en (m) | bH -
0.195405 0.142057 6.132262 0.059922
B 0.327206 1.o00000 #.478328 0.186102
c 0. 426648 1.o00000 9.233143 0.134240
D 0.434834 1.000000 9.286527 0136208
E 0.626406 0.000000 2.466326 0.000000
1 0.135485 0. 142857 E. 132262 0.053822
2 0.213443 0.263701 E.h3EERT 0.083275 j
2 n 921404 N a7RRAA & a1aanF n 1naion
Calculate flash temperature
Index | K i I ki | bH [ s e
[ 0.800000 0. 10300% 0.142857 0.053822 0.!
B 0.800000 0. 103008 1.000000 0.186102 0. =
[] »
Description Symbol Unit |+
Dynamic wiscosity at 400C 7l mPa.- s
Dynamic viscosity at 100°C R mPa-s
Factor o c --- ﬂ
Specific film thickness
Index | 1] | [ | He he (em) |
# 1.587561e-11 0.000037 3.539779e-08 0.217068
B 1.184300e-11 0.000184 2.458782e-05 0.208464
d jid
Description Symbol Unit |+
Mininun film thickness found at paint (5) hmin A
Min. specific film thk. found ai point (B} AHin ==
Tooth temperature L) T ﬂ

3110 FHERER 2

31. 11 4’3 Z(Load sharing factor)
31.11 {227 7 (Load sharing factor) Z 7~ L £ 9.

A Load sharing factor =]
| Roll Angle (rad) | 0.79549
[ Load sharing factor | 0. 14268
N
2
¥
o LP3TC HPETC
2
4 od + —s
A B C b E
Roll &ngle {rad)
I

31.11  Load sharing factor

31.12 4’5 7(Contact temperature)

31.12 {277 7 (Contact temperature) &7~ L £ 9.

A Contact temperature

B EEw

[ Roll Angle (rad) |

0.13643 &

|Contact temperature (deg C) 95.85476 @

©
2 ‘””JW
5
T80
2
60
g
= 4
2 gy LPSTC HPATE
5
S 04 * —e
b 5 [ E
Roll &nzle (rad)
I

31.12 Contact temperature

31.13 45 (Central film thickness)

31.13 {277 7 (Central film thickness) %7~ L £ 9.

A Central film thickness E=nE=H
| Roll Angle (rad) | 0.13543
|Film thickness(mu m) | 0.21707

0.30

.3

50.24]

e

F 018

¥

=012

=

= 0.0§ LPSTC HRSTE

B [ D
Roll #ngle (rad)

¥ ¥ .4

I

31.13 Central film thickness

31.14 'S5 7 (Rolling velocities)

31.14 {277 7 (Rolling velocities) 27~ L E 7.

A Rolling (tangential) velocities = |[ = |3
[ Roll Angle (rad) [ 0. 13549
| Rolling pinien velocity(m/s) | 0.74337
| Rolling Gear velocity(m/s) | 0.77331
= 0.a0f
8 0.84
20.48
2032
% “-‘51 LP3TC HPSETC
= e d ¥ ¥
& E [H E
Roll &ngle (rad)
g |
3114 Rolling velocities

31.15

SHE#EER (Scuffing & EEEDHER)
31.15 | Scuffing & BEREDfER 2R L E T

A risk of scuffing and wear (=3l
=22 Risk of scuffing =*== | symbol | Value | Unit
[ Wethod of calculating scuffing temperaturs IES [ 2.000000
[Mean scuffing tenperalure [es | 316.290835 [
#3222 Probability of scuffing === Symbol Value Unit
Mecimum contact temperature v 107.883818 C
Mean scuffing temperature By §16.230836 9
[#eproc. standard deviation of scuffing temp. | ow | 7443685 [
[ Standard normal variable, x = [To-2vdioy | -4.393046
[Frobabil Ly of seuffine [ == [ Feeuf = 5% or lover
| Based on AGHEAZE-A0Z Table 6. scuffineg risk | --- [ Low
[ #3%% Risk of wear **5% | Symbol | Pinion | Gear | Unit
[#verage surface roushness [Ralx.Razx | 0.508000 | 0.508000 | etm
#verage surface roughness (rms) Ralx, Razx 0.563080 | 0.563800 | eem
Arithmet ic averagze of rms roushness Raxave 0.563880 [ tm
Minimum specific film thickness Amin 0.425408
Pitchline velocity is less than § mfs vt 1.386038 [mis
[ean min. specific filn thk. (ea. 110] [eafm | 0.215356
Std. dev. of min. spec. film thk. (ea. 117} o AMin 0.112623
#=22= Probability of wear *=** Symbol Value | Unit
Minimum specific film thickness v 0.425408
Mean minimum specific film thickness Y 0.215356
| Standard deviation of the min. specific film Ty [ 0.112623
[ Standard nornal varisble, x = 1.859753

[ Frobebility of wear

[
[ - wwdiay |
[

Frear = 5% or lower

31.15 Scuffing & EEFEOHESR
ML, BUEICHEL COET
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S5 L TEET
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ot T B[ T.1300 T.3700
U-F Lead | mm 1234716 345. 7682
BEEEER ir [ 0. 1000
[ FEh&BV=E [ea | --- T.2488
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EhasVE v | - 21716
BUERA] Ta | — 0508 | 7.508
HBEZ¢-2D] af [ — BRI 1,020
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[34] Hypo-Trochoid gear design system

[X]34.1 Hypo-Trochoid gear design system
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[35] K-H-V Differential gear design system
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[36] Double enveloping worm gear design system
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[44] SS-Worm gear design system

441 SS-Worm gear design system
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[46] Linear bevel gear design system(IP-bevel gear)

[X] 46.1 Linear bevel gear
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[47] Strain wave gearing design system

Fig.47.1 Strain wave gearing design system

471 Overview

Strain wave gearing design system is a software that generates wave
gear tooth profile, based on basic rack or tool (hob). Meshing of the
generated tooth profile and rendering can be displayed, and also
2D-DXF file output can be generated. Overall display is shown in Table
47.1.

47.2  Software configuration
Strain wave gearing design system configuration is shown in Table
47.1.

Table47.1 Software Configuration
No. Item Figure
Basic rack 473
1| Tool (HOB) | - 47.12
TypeofRing | | -
2 Tool dimension | = - 47.12
3 Gear dimension 474 47122
4 Tooth profile 475 47.12.3
5 | Tooth modification 476 | -
6 2DTooth profile 477 47.12.3
7 Tooth rendering 47.8 47.12.3
8 FEM-Analysis 479 47124
9 Hertzian stress 47.10 47124
10 Output (Tooth profile) 47.11 47125
11 Design-data management 47.13

47.3 Basic Rack (Property)

Basic rack (cup type) is shown in Figure 47.2. As basic rack can be
chosen between full depth tooth, low tooth and special tooth, [ hitialies |
is used to set up special tooth with a=25°, h,=0.8, h¢=1.05, r.=0.375.
After basic rack is specified, actual basic rack can be displayed as shown
by Figure 47.3, by clicking [ Testhprofile | (Hob-based tooth profile is
shown in Figure 47.12)

QO Properties =
s e S 7] Set default value for gear dimension
Settings
Basic rack Ring type |

@ Standar Gup typelSpecitic toal)

Specific
Value
2000000
1.0000
1.2500
0.3750
0.2500

dee

Pressure anele

Addendum coefficient

Dedendum coefficient

icke

Root radius coefficient

Basic rack
Clearance coefficient

[ok [ encel | [ Ditialize || Tooth profile

Fig.47.2 Basicrack (Cup type)

167

Q) Properties

Reducer type Cup type -

Set default value for gear dimension
settings

Basic rack

Standard Stb ® Span:lht:

Tip Side
T ST T ‘
Pressure angle deg 2500000
Addendum coefficient hac — 0.8000
Dedendum coefficient hic - 1.0600
Root radivs cosfficient re — 0.3750

Clearance coefficient chke 0.2500

[ ok [ Cancel | [ Initialee || Reference |

Fig.47.3 Property and basic rack (Cup type)

474 Dimension

Dimension display is shown in Figure 47.4 by using the example with
m,=0.3, zzs=100, zcs=102. Although the addendum modification
coefficient is shown as x,=0.2, it can be set to any value. Also, tip R can
be defined all the way to the addendum pointed limit. In basic rack root
R, the value specified in Figure 47.2 is taken as the standard value, but it
can be defined all the way to the established limit of basic rack profile.
The input range is shown below.

Module 0<m,<10
Number of teeth 10<z5=1000, Zzrs+2<zc5=1000
Profile shift 2<%, <+3
Face width 0<b <1000
O Gear dimensions =] @ @
[ peseion[ormolunte ] ricopine Jcroa ]
Madule n.30000
Mumber of teeth z = 100 102
Freszure angle an deg 25.00000
Helix angle & deg [ 0.00
Direction of helix - - - |
Reference diameter d mm 30.0000 40.6000
Base diameter db mm 27,1882 27.7380
Frofile shift coefficient *h - 0.20000 0.20000
Diffraction dg mir 0.6000
Tip diameter da mm 30,6000 30,2400
Root dismeter df mm 29.4300 31.3500
Thinning for backlash n mm 0.0000 0.0000
Tip radiug ra mm 0.1500 0.1500
Eazic rack root radius tf mir 01125 01125
Facewidth b mir G.0000 5.0000
Cancel Clear

Fig.47.4 Gear dimensions

475 Tooth profile calculation

The tooth profile calculation setup display is shown in Figure 47.5.
Flex spline thickness, device outer diameter and number of divisions for
tooth profile calculation set-up can be specified. After setting the values,
click to proceed to tooth profile calculation.

Q) calculate items

=] = ==

I TN [ M

Flex zpline rim thickness 0.4500

Reducer out diameter oc mm 42.0000
Distribution number of fillet curve wi == ]
Distribution number of involute curve Wi == ]
Diztribution number of tip rounding curve W == 20
Diztribution number of tip curve wt == 20

Cancel Clear

Fig.47.5 Tooth Profile Set-up

47.6 Tooth profile modification

Generated flex spline tooth profile can be modified as shown in Figure
47.6. Tooth profile can be specified either by line of action or diameter,
while the magnification of the tooth profile modification can be selected
from 50, 100, 200, 300, 400, 500, 1000.
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Q Profile modification =n R = Q 20 profile (=l =) | | O 20 profie (== =R =
Twpe l Prafile v] Dezignation Scale l
= Rolling leneth i ]
Diameter 100
TIF | L ¥ f | TIF [T 200
300
Xians soale ==43 0 (4 ) Waris soale =600 | X ks soalel=—48 0+ s s 400
oK Cancel 1000
Fig.47.6 Tooth Profile Modification
ﬁ [7] Rotation
The tooth profile modification can be applied by track-bar (shown at (a) Section[A] (b) Section [B]
the center o_f Figure 47.7) and ta_ble_—entry on tl'_me rlgh_t ha}nd side c_)f the S = (T e
screen. In Figure 47.7, tooth profile is shown with 9 divisions, but it can
be specified up to 50 divisions. Also, connection of the tooth profile can
be spline (as shown by this example) or straight line connection.
Moreover, numerical value can be entered into the template figure as
shown in Figure 47.8.
Q Profile medification(Left Face-1) =5 oH =) ] Rastation [] Rotation
Connection Spline = | Distribution nurmber [ 5 |Seale [ 500 ) - -
T T ot (c) Section [C] (d) Section [D]
L B0 Fig.47.10 Enlarged figure at each section
8.7108 0.0 Q 2D profile ===
e | TIF z:;;z ;; Distance between two points @
Rolling length=6.4773mm Value=1.2um § —
[ﬁu Distance=0.1267mm
W axis acale =86 [ ¥ axis scale =500 )
[ ok [ Cencel | =
-OK
Fig.47.7  Profile modification setup
QO Profile modification(Arc) ==l LT
Fig.47.11 Distance measurement
0.3334 | mn 478 Rendering
ﬁ- Tip Side Root Side Tooth profile can be displayed as shown in Figure 47.12. This
! 1 rendering can be enlarged, reduced and rotated by using [] Ratation .
W
5.0 | em 5.0 [ un O Rendering = o =5
[ oK ||[ Cancel I [ Cilear J

Fig.47.8 Profile modification setup (Template)

47.7 Tooth Profile Figure (2D)
Generated tooth profile can be displayed as shown in Figure 47.9.
Enlarged sections [A] to [D] are shown in Figure 47.10. Also, distance

Xaxis Rotate Anele 65 | deg <

Y axis Rotate Arele 35 | deg ¢

Zaxis Rotate Arele 5 | deg ¢
Scaling [EONE
Speculer Fomer 0K

can be measured as shown in Figure 47.11. Moreover, rotation-related e e
tooth profile meshing can be checked by rotation [ Rotation in right B ver et B oo [cBock Golor) (- bl )
hand corner of Figure 47.9. Fig.47.12 Rendering and supplemental form

O 20 profile [F=3 Eo ==

(Al [B]

Fig.47.13 Rendering enlargement[E]

Zoom [D]
Fit
ealtime move H
:IEE;.H’EI’TVEHE distance 47.9 FEM Analysls (ZD)
Measurement radius(3points) When load is applied to teeth, root stress in the teeth can be calculated.
% o e forat FEM analysis setup display is shown in Figure 47.14, but in FEM
tat . - . . .
B wavegenerato e analysis, material is symbols only, as it is based on longitudinal elastic
Fig.47.9 Tooth Profile & Supplemental Feature modulus and Poisson's ratio. Vertical division number and horizontal
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division number can be specified arbitrarily. The position of the load (2 in
the example: the second node from the tooth tip), less than 2 in the
vertical division number can be specified. For the load applied in this
case, please set the value per designer’s intension.

QO FEM analysis EIE@
| iesorpuon L SrmbolLunte | iox spine_Toreur spve]
Material sy mbol Al
Young's moduluz E MPa  208000.00 [H] 206000.0
Paizon's ratio v = 0.30 0.30
Mumber of vertical distribution mHo -— 21 al
MNumber of horizontal distribution bl -— 20 20
Load point position number Mf == 2 2
Load F M 10.0000

Fig.47.14 FEM analysis setup

FEM analysis results are shown in Figure 47.15 to 47.20. The analysis

items are (] , and flex spline max

main stress is found to be o,,=24.0MPa as shown in Figure 47.15. Also,

displacement figure is shown in Figure 47.17 while stress summary
(selective results only) is shown in Figure 47.18.

QO FEM analysis result (Flex spline) == Ec ==
[oJled] Color bar [Etenent stress(upe) Node disp lacement (uzm)
© Element () Nodal pointe Nunber gt a2 AN
Number 1 10000 1 0.2 -0.97 0
2 6.23 0.88 5
o1(Max principal stress) 3 301 T ]
4 -0 -0 0
5 0.24 -0.08 0
6 03 om0
7 0.78 0.00 0
[ [ X T
o ] 0.1 -0.08 0
10 0.74 -0.07 0
i 181 0.0z [
12 2.24 0.13 2
19 9.9 nag [
‘ ] v

Fig47.15 Flex Spllne O1max=14.4MPa

Q FEM analysis result (Circular spline) ==
mﬂ-@- 7] Golor bar [ Element treootiPay Node displsozent Lout |
© Element Nodal points Nunber gl a2 aw ~
Mumber T 100.00 1 -0.82) -1 1
2 5.42 0.74 5
o1(Max principal stress) 13.41 3 Fn o ;
4 (KR
5 .28 -3 0
B 0.77 0.14 o
7 0.78 0.00 o
3 0.52) -5 0
Ee 3 0.85 0.16 o
10 2.73 0.37 z
l a0 0| 4
12 .06 0.8 8§
13 .23 0.45 2=
“ ] '

Fig.47.16 Circular spline, o1m=13.4MPa

[ e

[Etcpent.st ress(WPay) ods displscenent (un) |

Q FEM analysis result (Flex spline)

(x)len) (e )e1] (s2)[o J 4] onron

© Elemernt () Nodal points i Mc:nr b o e 7 22 G 2
Homber 1 Scale 50000 ! 02 0 o
p .28 0.98 6.1
oa(Total displacement) 0.0 . i el
+ 0.32) 00 o
5 0.24) 003 0
‘ 0.3 om0 o
7 078 oo o
[ 0.54 009 0
0. 9 0.91 0.09 u
[0 0.74)  -mr
1 I
12 2.4 008 2
LT 21 0l 2 T
4 0.00 < n v

Fig.47.17 Flex Spline displacement, dmax=0.08m
|E\Emen( stress(MPa) MNode displacement( tm)

Number ol =43 am o oy Txy
468 14.33 1.22 13.81 818 7.42 .57
601 18.63 0.08 13.48 .23 7.38 .70
453 12.47 1.40 11,84 .52 5.35 6.80
1080 12.39 1.21 11.88 4.47 3.14 6.08
i 11.61 0.32 11.45 8.5 .27 4.98
1082 10.27 1.03 4.80 4.31 B.93 4.42
1087 10.15 n.72 9.81 272 8.16 3.88
az20 a.27 1.53 4.58 6.07 5.79 .82
A0 a0 -0 1a T & R2 2 R PR

Fig. 47.18 Stress Summary (selective results)

47.10 Tooth contact stress

The calculation of Hertzian stress acting on tooth surface is shown in
Figure 47.19. The purpose of this feature is to compare the Hertzian
stress due to tooth profile differences, so the load acting on one tooth
should be designer’s intended value.

oo &)

Q) Hertzian stress

o Lo [une] s pine [orcuin o]
Load({Marmal force) 10,0000
foune's modulus E MPa 20600000 (W] 206000.00 [j)
Paizzon's ratio v === 0.30 0.30
Contact diameter dc: 30,7200
mwm
Radiuz of tooth curvatures £.4833 B.B112
Hertzian stress o H MPa 148.3314

Fig.47.19 Hertzian Stress

47.11 Tooth profile output

The resulting F/S (perfect circle), F/S (ellipse) and C/S tooth profile
output can be generated. F/S tooth profile output display is shown in
Figure 47.20 while CAD drawing sample is shown in Figure 47.21.

O Output files (=]

[ Flex spline{Circle) v]
Interpalation mode Brc -
@ DXF 2D interpolation accuracy 0.1 Hm
Mumber of teeth a0 =

[ Output ][ Cancel ] [ Default ]

Fig.47.20 F/S Tooth profile output setup

F/IS(Ellipse) (c)CIs

(a) F/S(perfect circle)
Fig.47.21 CAD Drawing sample

47.12 Tooth profile made by hob
47.12.1 Hob dimensions

When hob blade profile is known, the hob profile can be defined by
selecting cup [ Gup typelSpecitic toall_~| in reducer type property in Figure
47.32.

Q Properties ==
Redueer type | Dup typelSpecific toal] S:f.ﬁ;'s“" value for gear dimension
Basic rack
# ) Stub @ Speclhc
NN T T
Pressure anele dee I4 SUUDU
Addendum coefficient hac -— 0.8000
Dedendum coefficient hic -— 1.0600
Root radius coefficient re -— 0.2750 ‘
Glearance coefficient cke -— 0.2500 Basic rack
8k [ Cancel | [ Initialize || Taoth profile |

Fig.47.32 Property, Cup type (Special tool)

Hob dimension input sample is shown in Figure 47.33. In this sample,
pitch=0.9425 is used to achieve module 0.3, but any value can be
specified. After input entry, true hob profile can be displayed by clicking

profile . The hob profile is based on gear front surface.
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Q Tool dimensions

o

H

0.534248

@ 1400000 ©

& 0.47124

ha= 0.2200

/ Puz 0.3000
f J’ hes 0,450 ~f~

hf= 0.3000

/ NI i) l
- T I
[Umit s wm dxial plane | \ rb= 0.0400
Gancel Clear Tooth profile
Fig.47.33 Hob dimensions
O Tool profile [E=REen =

Fig.47.34 Hob profile

47122 Gear Dimensions

In Figure 47.4, module was entered, but module, pressure angle and
root diameter cannot be entered in Figure 47.35 because pitch is already
entered in Figure 47.33 (background is grayed out).

Q) Gear dimensions o] @ (=]
—Description [ Synbol | Units|_Flex spino_ Girculr spie]
Madule mn 0.30000
Humber of teeth H - 100 10z
Preszure angle &h deg 14.00000
Helix angle 8 deg noc 0 oo
Reference diameter d mm a0.o001 30,8001
Prafile shift coefficient *n - 0.0000 0.0000
Diffraction ds mm 0.60000
Tip diameter da mm a0. 4801 an.30m
Foot diameter df mm 29.5601 at.zom
Clearance ® mm 0.0700 0.0700
Thinning for backlash fn mm 0.0oon 0.0000
Facewidth b mm 5.0000 5.0000
Fin diameter dp mm 0.5000 0.5000
Cancel Clear

Fig. 47.35 Gear dimensions

47123 Tooth profile

After gear dimensions are specified, tooth profile calculation is
performed based on rim thickness and outer diameter as shown in Figure
47.36.

Q Calculate items [=] @ (=]
I N

Flex zpline rim thickness 0.4500
Feducer out diameter [ulud 42,0000
- Cancel Clear

Fig.47.36 Rim thickness and outer diameter

After tooth profile calculation is completed, transverse tooth profile
can be displayed as shown in Figure 47.37. However, tooth profile
modification cannot be performed when it is based on hob. Since C/S
tooth profile is generated to mesh with F/S tooth profile, both gears are
contacting without any gaps as shown in the enlarged view of [E] in

170

Figure 47.37. Also, there is 22um of gap between tooth tips in [F], and
there is 2.6um of gap between teeth in [G]. The clearance is 0.07mm as
shown in Figure 47.40, and F/S tip area is found to be arc-shape of
0.359mm as calculated in Figure 47.41. When gear is specified as
over-pin, tooth profile and pin are contacting as shown in Figure 47.42,
and F/S contact diameter is found to be d.=33.01mm.

Q 2D profile

| Gear contact

d |

[E]

dgl = 29.260mm
= 28.048mm
Wumber of contact testh £z = 12

Fig.47.37 Tooth profile
[E=SEE O

Rotation

O 20 profile

Gear contact -

Q 2D profile

Giear contact -

B8 EeR /=)

Fotation

(a) [E] section (b) [F] section
Fig. 47.38 Enlarged tooth profile

oo e |
Distance between two points  [s£3s)

.:0} Distance=0.0022mm

Ratation

Q 2D profile

Gear contact -

Rotation

Fig.47.39 Enlarged tooth profile [G] section, distance measurement

Q 20 profile === O 20 profile e ]
| Gearcontact = Gear contact
o R=0.5688mm
Rotation Ratation

Fig.47.40 Distance measurement Fig.47.41 Arc measurement

Q 20 profile [olFa /= | | O 20 profile [E=5 B8 =
Pin position(Fles spline) = Pin pesitioriGirular splive]_~
E

Contact dianeter dc = 30.0413 mm

Contact dismeter dc = 30.5245 mu
(@) F/S&Pin (b) C/S & Pin
Fig.47.42  Pin positions
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After tooth profile is generated, tooth profile rendering can be
displayed as shown in Figure 47.43. This figure can be rotated just like
2D tooth profile, while changing observation angle in the supplemental

form.

Q Rendering

=N ECR ==

Xaxis Rotate Angle 65 | deg ¢ =] 3
¥ axis Rotate Angle -4 | des ¢ =] c
Z axis Rotate Angle  § | deg < [=] ’
Sealing w %« [ »
Sl P A W
Gear Opacity 100 % « [P0

Flex Spline Gircular Spline

b Generator [ Retation  (CBask Calar

Fig.47.43 Rendering & supplemental form

47124 FEM analysis & Hertzian stress
Analysis results are shown in Fig.47.44 to Fig. 47.47.

QO FEM analysis
Iaterial symbol
Young's modulus E MPa
Poizon's ratio W =
Murmber of vertical distribution Mo -
Number of horizontal distribution who -
Load point pasition number Mf ===
Load F N
ol

Srobot Lt Lex s Jorcur o

=l = s

206000.00 (M) 20600000 (M)

0.2n 0.20
21 21
on on

2 2

10,0000

Clear

Fig.47.44 FEM analysis setup

Q FEM analysis result (Flex spline) | = |
-m m-ﬂ [a][ed] [¥] Golar bar ‘ Elenent stress(WPa} MNode displacement( iim)
) Element O Nodslpoints thusborgy el e Ll =
Hurber 1 100,00 ! .68 -3.18 e
2.5 02| 2
o1(Max principal stras: 11.53 3 0.8 56 3
- 4 -0.84 -1.08 0
5 0.07 -0.03 0
8 095 a0
238 7 0.2 -nma| o
8 0.37 004 0
9 0.2 -0.11 0
10 0.48 -0.13 0.
< i ] »
Fig.47.45 Flex spline, o1,,=11.5MPa
Q FEM analysis result (Circular spline) === =
(@) (2] zo) (@0(02) (g )(80] (@ 0okrbw  |[Elenent stress(upa) Nods displacement (sen}
@ Element ) Modal paints ® Hunber al ol an ~
Number 1 10000 ! 036 -1.m2 =
1 2.41 0.81 :
o1{Max principal siresg 9.3 . RN :
4 0.2 0. [
5 003 -0 [
3 0.23 0.10 o
2.47 7 0.2? 0.08 o
8 0.37 0.00 o
9 039 -0.05 ]
[} 017 -0 -
< i ] 3

Fig.47.46 Circular spline, oyma=472MPa

O Hertzian stress

CTﬁtj

Load! Mormal force)

“foung's modulus E MPa
Paisson's ratio v =
Contact diameter di:

Radius of tooth curvatures
MPa

G’H

Hertzian stress

mwm Flex spline| Gircalor splne

Cancel

10,0000
208000.00 (W]  206000.00
0.30 0.40

30,7200

3.7647
2B6.8355

1.3832

Clear

Fig.47.47 Hertzian stress
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47125 CAD drawing sample

F/S(elllpse)
Fig.47.48 CAD drawing sample,

F/S(circle)

Fig.47.50 CAD drawing sample, C/S

47.13 Design data management
Design data can be managed as shown in Figure 47.51, while it can be
also imported and exported as shown in Figure 47.52.

Q search design data(Load) ==

Desizn aduinistrat ion [Gear iten|

test.

Q Search design data(Load) =
Design sduinistral ion Gear iten
Reducer ty =
Article name : “: : e w
rticle No. R;m ‘;‘:‘E

1 Mo, of TesthiFlex spine)

1170472016 [~ 11/0472016 [Fid 7| Ho. of testh(Circular spline)
r ! M. of testhi Dynamic spline) -
V| Pressure angle
Sowe ] [ooer ]

Fig.47.51 Design data management
() Strain wave gearing design

File | Edit View Tools
|_] New Ctrl+N |
5 Open.. Ctrl+0
Import
= Save.. Ctrl+S
Delete... Ctrl+D
Export...
eXit

Fig.47.52 File management

Fig.47.53 Ring type, m=0.15, 2,=2;=200, z,=204

O DAGERRC 7 1 7133l i Lol <72 &0,
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FEEN « MBI 7 N (EH © FEE IR
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10113 B HE
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(a) Cup type z,=100, 2,=102 (b) Ring type, z,=2,=200, 2,=204
10114 FeEhi sEORGEHG
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(1], [2], [3], [4], [71, [8], [9] ,[13],[14], [20], [5], [6],[10]~[12], [15]~[19], [21]
[22],[31], [42]~[47] [23]1~[30], [32]~[41]
Dar v a— 2R 1.6 GHz LIk 1GHz LIk
QAL —T 4 TV AT A Windows® 7 , Windows® 8, Windows® 8.1, Windows® 10
@CD-ROM FF 1 7 ot
@F 4 AT 1A Windows®sit i D4 1024x768 LLEDT 4 A7 LA
@FEEAEY 2GB Lk 1GB Ll E
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* Windows® 7, Windows" 8, Windows® 8.1, Windows® 10 %, >K[E Microsoft £ B &kpHHE 4.
* DXF 7 7 A4 LD/X— 3 1%, Release 12) T4,
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FEEWVWETLOIBEVEHL EIFET.

E-mail : info@amtecinc.co.jp
URL : www.amtecinc.co.jp
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Tablel Gear data
Item Pinion |  Gear
Tooth profile involute(Sine-rack)
Gear type Standard / Spur
Module [mm] 1
Number of teeth 43 43
Pressure angle [deg] 20(21.801)
Reference diameter [mm] 48.00
Tip diameter ~ [mm] 50.00
Root diameter  [mm] 45,50
Facewidth [mm] 8.0
Center distance  [mm] 48.00
Backlash [mm] 0.2
Contact ratio 1.748 (1.258)
00686/
0.0042 L d,=48.250
Ir x\ «— 01=48.000
00044 N\
d,=47.750
0.091 Sine-curve
involute

Fig.2 Tooth profiles (involute and sine-rack gear)
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sine-rack (pinion) : &ima= -0.371, Hma= 0.271
involute (pinion) -0.745, &= 0.427
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Fig.3 Sliding ratio of sine-rack gear and involute gear
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Table 2 Calculation conditions

Item Unit Value

Material | - POM-C
Room temperature C 23
‘Young modulus MPa 2550
Poissonratio | - 0.35
Specific torque Nm/mm 0.125
Rotational speed min’* 300
Density kg/lcm® 1410
Thermal conductivity N/s-K 0.28
Specific heat JI(kg-K) 1330
Heat transfer coeficient | W/(m?-K) 30.0
Lubrication | - No grease
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o Il Friction [= Hysteresis(P) Hysteresis(G)

Total: 6.77
Total: 5.25
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Fig.6  Specific heat generation on tooth surface
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Fig.7 Temperature distribution
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Flg 9 Photographs of test rig and test gears
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Fig.15 Testresult (transmission error)

ZOWHEAIEREEHEY 7 b7 (BZn/[32]) s
IRIERAFEH AT (@=48.100mm) 5 &K 16 B LU 17 D L H T
T2 = LR TE .

A GREEYS5T AD-uTE LE®
T eraph Faurer Grash
W= 0.04488 (n) Ly

2 0.0 Wie | (0404831

& : iy 3

o - g ()3

o]

B oo | [

B o.afy - o0 o

0.040 Frequsecyitz)
. ! .
-100 0 100 T4 ZDELS
- EAHET- O T NReR) | A W O -
EZAUEERAR (F)
i B
= @ REE NI CNSVE O S5y
"B [z (dee) iR, | ¢ (RIEE
lidsife) A5l

[&& [ -0 | D00 DTS04 = ; [=27]
« » o

Fig.16 Transmission error analysis Fig.17 Fourier analysis
E9 HERE

AR 22— Ml (myl, 2748, 0,=21.801° ) & LCRHEAIL7-
FERAR 18I T. ZOWIGIRES T 71, A VAR ) 2— MNEJE
AHIEL L TWDT20D SFOL I ITEKINDD, ERETEDRELT
EREEICTH DD, A AR 2— MEIE L OZAERIS JIS B
1757-2 (BREEVER U MFRIEERR 2 W IE) D & 5125
AD T IR VFHEARETH D (K19 BH).

AMTEC www.amtecinc.co.jp



/
// //y/

~ 4/’f/ E

 EEm Xm0 X8 ______
2o F—1 0

= &% don h

Gear inspection

AR (AW

Fig.19

Gear inspection

E 10 ESXEER(ET (EEEDHHI

IEZETAT TR (20 20) oML, K21 ok HICIE
T AR Codud, BT (4 v 7 [44.1]) (2 & 0w
ARE T 5. X 22 12 3YTL THZ B L TP IR R
%, X 23 12iA L WIEOBENPEG R ERT

Contact line
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EHfENe, U ZFPEEIN,) 1F, KRUCLVBERSTHRA.
CNHBEAFESHCTH S,

O VA= E: /3711 A

(1+2A)Ne = Nr +ANs (F1)
QF TN =F R
(1—2)Ne = Nr —ANs (F2)

T, AMEY Ytz LV Yz Ol T
A=Zs/Zi <1TH .

X(FL), (F2)7H 3 DOEEEEROWVTNNEEE, Wi ius:
EANT), BOEHNETHZETHDLXVINKRES. £F1 B
FUOFF213, o= R EREEE # 7 e =F4 03
PR HHO Y LA B A T L2 D ThH 5.
FA. BFE2BREOEER

A OBIEA S 1, Xz, Vv

FFL oA =F L AR R EOX v —

= & AELE
mwégﬁf BB | #B | BE |i-wN
A =
Sun gear Carrier Ring gear i=1+—
Ni B[ N»
B =

Carrier Sun gear Ring gear i=——

-

N

e

Sun gear Ring gear Carrier i=-

Ring gear Sun gear Carrier i=-—

b o

N

Carrier Ring gear Sun gear

=

Ring gear Carrier
N1 =1 WA

FF2 XN =F REEWEO XV —E

Sun gear i=1+2

Ring gear %# ﬂﬁiil:t
Sun gem%er EEE& ﬁy E i= N’/NZ
A —=
. 1
Sun gear Carrier Ring gear i=1-=
N N2 A
B —
. A
Carrier Sun gear Ringgear | I=———
Nz N2 1-
o]
i 1
Sun gear Ring gear Carrier 1= x
Nz N2
D
Ring gear Sun gear Carrier i=i
E
. . . 1
Carrier Ring gear Sun gear i=——
N, N2 1-%
F
Ring gear Carrier Sun gear i=1-%
N i‘ N2
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B = ik, TIRE D, ZORAL 725 OB N E

Omin = 360 F3)
Zs+Zr¢

ST, BT VY IVESEY, = ST NESF TR .
BT ORES § 13, B NDIE S uin OERRE L 725
L7=h»oTC,

O =N-0Omin =360/kp (NIFE, T7hbb,

Zs £ 7«

Kp
DEE, VoA NIEREL R D.
Zs+Z¢ (F5)
Kp

DL X, VoA NIRERE LD,

F5. AHEVIHDES

PHEVMIA L1, BT U NIETONBENDEZA I T
OFTNOZETHD. I2Ez1E, B F4 2B, vk
gL e=Ar#1 ORI HREoTVH L X (RA), 1HFRD
oA Bl B RO E B oA ORI ST
TR, HRAEVD A IO, Thbb, IPHAN
PABIZZRNE WD Z 81725, UL, FEBICITY SOt
SRR STV A0 TE =4 v #1130 v 2 Ab o
AHzlichs. vt #i osb connsng, ved
VH1IOBRADOHHAENTH LT AO A TNDZ LT 5.

360

S

Ni =int(87/360j
Zs

A0 Yo XY Dy F360/Zs TERYLLT,

AB=6/3&J—M{§/3GJ (pitch) (F7)
Zs Zs

AO=38i —0i =6i — ni (Ni 13350 (F6)

Pinion #i

Sun gear

F4 MHEVWTFOES

L2, Eod B 1 ODBENNTHT B8 E = F  DDTAEN
DRFHAR (pitch) KD D Z LR TE 5.
B F4 LI AR BE VDT 555803, E=4 v #i o
D TONBENL, E=A U # 1 DA A TONEWNTH LT
AQBNTNDLZ LT b, SV 5 L,

1-A6/ 360 (pitch)
AT Z LT D, Lo T, ZOHEDNIHEVNAE AR X
AP :1—8i/ 360 +int Si/ 360 (pitch) (F8)
Zs Zs
LRIND.

B, FEE, PrXv e r=FrONBEWITEIT HAFET
HHD, B=Fd b Vo IR YONLEWNIT BE B =F U AE
TONML N ER—E725.

F6. Hha&LMIHR &R EHE
B V=AU ALE TONHEOOMIEE, XY ihitizs, V>

TRV Z: & = Ak, OBRETIREY, LLTD 5 20

WY —=NZHGEEND. MHONZ =28, BRI

(Rotational), J71A) (Transverse), HliJ51A] (Axial) 3 X O

718 (Tilting) ZAVENVORHE S EDSEE 32T 5.

D = AEOPAEVNAFEZENR2E (In phase); (748
FENRL FE=F ANETODEEWVEFR—DFA 27
L2 B0 C, BRI JOMT MOEIR I e =4 85K
720, ZOEHFSIIREL D, —J, FEIFMBL
OB ORIEIHIY & 5 DT, BRSNS 25,

Z OWRABIZLL RO PR CIEY HHanb.

(Zs +Zr )/kp = integer () —— E=ASHEE

Zs/kp = integer (%0

WIJ 1 Zs =33, Zr 275, kp :4@1555J12J§$( F5)
OB B =AU NLE TONBEWDNFEAL Kp 'y FFONEEIC

F5 In phase([RINZAR) 525 # HE
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THHHE (Sequentially phased) ; 45 B =ANLETONHEND  BLOBERHIOENERORENR SN S Z L1tk .
REFERNERIRICIER STV OT, ERESER LOMTHO T DREEILUFO XY RERAE TR Hiah .

R SN, ZOLBESTNSL D, —F, FEH
BLOENH ORI AR RDHDT, ZOLEBHLSY
EREL D, ZOREIILL FOXPHREC/ED HEh 5.

(Zs +Z¢ )/kp = integer (EHD —— = RElE

(Zs +Zr)/kp =integer CEED — E=ASRE

Zs/kp = integer T, /NEURELTFA 2/ kporl—2/Kp

Bl : Zs =37, Zr =78, kp=5DUFEHEIE(X F8)
WIJ 1 Zs=38, Zr =82, kp ZG@JK?AEZJI;Eﬁ( Fg)

Zs/kp #integer T, /NEURELTA /K, or 1-1/Kp

f1:Zs =33, Zr =75, kp = 4DIEEHH (X F6)

AP, =0.25

AP =05

F.7 Counter phased 75t

AP: =0.75
F.6 Sequentially phased /%5 ¢

[APs =04 |
O % B =AU ALEDDAEWEFAE, B &5 v=F a

DEEDDHFEWONAENL 2 v FFN5EE

(Counter phased) ; B0 A 5 B =AU ALEDDHEVOAARDL/ 2
EyF TN TCNDOT, BRI X O ORIE MY &
I V=A RSN, TOEBEMINSL D,

72, HRFER L ORI EOEE IR 5 v =A Flt
THRE SN, ZOEBRMNTNELRD. Thabb, 7_Tok ' ,
HORIENZ/NELTHZENTES. 2L, dfTde=% =0.
V2 HBVIEEY A O B =Ar 2 TOMD T, HHRE
AT REZEC L0 AR OB E G VPR LZ TR0V, o
DOWRREIILL T OF YRS CIEY thahb.

(Zs +Zr)/kp = integer ) —— EPeA U ERE

Zs/kp # integer T, /NMEURLITA30.5

Bl :Zs =30, Zr =74, kp =4 OHFEHHE(X FET)
@F=F LB TONHBE VDRI 2/ Kporl—2/Kp B>
FFONEF 2T D A (Optimum phase) ; = EEA 5 or 6
DYE ZDOERMEBIAET 5.
kp =5 D6, ElEsAIN, fFm, AR L OB~
TORRN, 5 DDOE=F UALET X TONREWTHH S 1L
HDT, ZOEBDZ/NE<TDHIENTE S, £, s

" AAP =2/3

AN BEET L B IR ORRIE SIS T < 125, o
Ko = 6 DB, AT =AU ARHE DD ZEV IR & 725 \ ‘
DT, 3OOE =AY ONBAV TR, Wi, MRS 6 E=A I RO GEAT
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O =A L BPAERLE L 72 584 (Unequally spaced) ; =423
REFIBIZID Z & T, KA U NEIZBIT DBE VI
WAELD. BAAHL, YRS L > TR 2D T, A(F6),
F.DICE->TRDD. ZOMAHEICEY, BHMOERI T Z
— DL QOFRINZHEE R Z L1270 b. ZOREEIZLLTO
FYRERECIEY thanb.

(Zs +Zr)/kp #integer —— E=AUAERLE

Bl:Zs=42, Zr =75, kp =4DiF
%/]\75)771\/5\1/ ‘% Hmin li,

(%] F.10)

360 360

emin = =
Zs+2Zr 117

=3.077

oo 01 =02 =083 =89.23°, 84 =92.31°

AR =0

89.23° : :i:
AP =041 ;
‘ AP =0.23
89.23° 89.23°
> <

F.10 Unequally spaced i thHHL

92.31°

F1. &8

PLE, BB LT BAEVMAID R — 2 L ZXUZ L AR D
arvha—WRREELDDHEREI DL,

XY b LA OIRBYREREISIN U T, (Y — 28R
E, R Y ) A O AIEEL 725

192

7o & z20F, [EHEH MORIRIN 3T U CHIREMSER D B 72 %
Y kLA T LTI, @0 Sequentially phased 82 S H AL T
HY, PEFMORIENH L THBIERAR Y LA Ak LT
O Inphase R FENGNE 72D,

OB EEBETIE, Y b LA v OEEREN AR 254
2. ORI G, S MORIE A TE 500
Counter phase R HHEZEIRT L0 —D>DHETH L.

5 E=ArHD0E 6 E=4 3SR DOTHIUE, @DD5k
AT TR R A B L7,

FF3 DHEVNAHOEIE 2> b e —L bRk

Rotational, Transverse,
Axial Tilting
MDIn Phase X ©
@Sequentially o y
phased
Counter
© 0 o
phased
Optimum
@O0p © ©
phase
®Unequally A A
spaced
O ; TRTOE=F > DOpHE VTR
O:xfTAr=FLLHEo =4
DPHA TR
A REE » F O TR
X 5 FERE S P RIS

(s A

HEZ)
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[f+6% 6] EEDESREHME

G.1 # E

EEOFESIZOWTT U A R L2 (Aristoteles) 157 00253 T
MO <, < S0, fhlw, =5, Hig, \HALLSE L bicH
HRIEEN A {niE T A HERLCE IO E 2 317 T 5. TNtk
ICFE > TV A EICBET 2 R Wiois Ve Ex ons. -, 7
¥ AT A (Archimedes) (ZITHEHIZOWTT U R T LARE
L TWRNT p— AXVICOWNWTOEELHS. F LT MG.L
WL 91 16 eI L AT L R & - 7 r o F (Leonardo
daVinci) |2 X2 BB 2 A » FCHEOHA M LTz &
Fx5. TOXITEENIZWED, HANR 22 EA R TH I
BEoTNDHH, A TIXHEEOREST & & LITHEORATIIED
BREOEEZED Z LN TE HMNTHONTIENS,

Gl #FthaiEEORY T2

G.2 EEEOESE

MHEEZOR 1 RS, B SR AH5, Wbidd
VoD OHIEORMCTHYE 2 TR ELOE Tl
72, RRBRIC K- TR IEREI C BEREEN AR 2 DL v F %
FEOHEAME S QO ITHY 18 fdEE Tltl . 4 3 1k
RILHFE D FRRAIRFZEA A ED YA 7 oA RS T
5. Fr~w—IDRILFEATT L—~—(Olaf Roemer) 7\ 1674
RIS A EEEE AT I, YA/ N EIENE Y THD
LIBLI-DERANT 1694 FiZITT T ADT AT KT A =)L
(Philips de La Hire) Nt A7 aARE&FRUT. FeT7 T AD A2
— (M. Camus) %, FEEHHFEED T DOUVWTHFZEL 1733 T HI=
DEFEFFL CNVD. ZIUTES H, HEONBRAEWIZETHHA
JFHUZ 2> CD. ZOZ LD 19 e HtE, £ XY A0 v A U A%
% (Robert Willis) [3EAY A 7 b A P23 LASHM R H
BHoNDZ EEBLMNIL, ZHBWEEEY A 7 v A NEHEDAL
HHRUE LT D &2 D.

A VR Y 20— NETRIEZE O L3RI D HLTE5HEA A A DER
e PSR VNV b - A A T — (Leonhard Euler) Hi2J -
TREBIZZEDOEFMBALMNIZEN, FRZUA U RZL > TR
14 5° OFEHERTH/NIRE I, IREIZE DEAPENRFED HND LD
ZIRDDS, AREHNZT A 7 a4 REIFIZ & > T TIRERE
TE & LTI Z 5 HIZE 2 DOIZ20HHLZ A > TAIRK Y] Y 1523
B SNEMICKATHNEDZ ETHD. 2LV EARIZAS.
BRI L B AR THETI8BED 7 A 74— (J. Whitworth)
(LD R TEORFFDR IR OFRE SN TNH0, ED%, 1900
HED T 7 F— (Herman Pfauter) DFEBNH BHIEE 245>, 13HI1E

BEEDUT] Y RGN TEINFER E I, T ISR TRRIC K
% MR OS] Iy RN 2 ED DB A R Y 2
— FIEIE HRITE R T 5 2 LT D,

G.3 WELIIR

1549 4E (KX 12) \Z7 T v Az 5 - e L (Francisco de Xavier)
N ES P NRE S I 7 N e v N DY YIS 5 ) [N = v e
ShhTWg. 20, 1591 FEiTiTn—<iETE~IRE LI HEF
LB, BTV =3 FHITREIEEREL, 1612 FEiTidAry
THBISAAA RO BN BT, 2O, Ehi A RE

HIEIZMESI, 2hs B ARICBTET 2l O Chs. LT,
1600 AEAIH, HEEBARFI D TR RUEL - 00S B AR dy OB
RVERLERCHD. O IR, THEFH S TEkL TV D2,
1775 4 (227K ) W3 R A o B2 L 7= d5E A a3
TEL T, Lol B U72IZBRIND JH 72 A BIL TOMFSEE
REIUTELT, HERESEARYEL 71OV M ) (HHAE)
TEZHETBIT Y AV CRYEL TedH THS.

—5, MOl EOHFTCII A7/ RS, 414 5
—BA VAR 2— MEBEZH L TWD Z ENBHIEREICEI L C
ITBIEBWLOL ZENTERWIEENL W E25. Fi2,
FAENZI TR THEDBHFE X35 DI 1936 4F, EHRARIZ L 5
H70 s 7% 3 TR IR B0,

WIS, TAAR], TR, TAA T —] £ F—T— RN BN
E TR HY) 0 IZBNWE S 7200 LIz W afREMEIZ DV Tz
W FA T —EF AT 1737 TR A LT E ST A Q)R
T THERAEOAR] B3H DD, Ly 15446 R FEFED
BEEESL (T2 OA) SFALL, 1724 (ERTH) H%
TR Y%k E L QWD Z ORBRROE 2 IR R
U= & RIS O SR &\ O IERE A et LR LA
bOTHV/INEELLT 41 HrETIE LWEREZRD TV D HE
BT .

2 2 2 2 2 2
n2=9{1+1+ r-2  1.273 +] @
3-4 3.4.56 3-4.5.6-7-8

m=3.14159265358979323846264338327950288419746

WA BYEST B L XM G2 D THE S 24 (A R&Y) &
WO B 5. ZAuE, ITANE OUTI TR RS R AT A
TEBIE > THDLDOEIRELIZLOTHS. G2 DAV R
NEETZEIZEVE GI DEEE v F L EBERTDLH
T CH IS DR N B D) 2B L CEE T 57207 A Y 7
ETML U=~ Z DFBRAN ABEDOEEZTELL 5
EE, T7obbEy FRREREEELEAHHOTHSD. ZO/
LAY Z LI XD RO vy BB ET 5. 2
DIEBL, FI L AT OABMIFEEO LD THY, AL R
ANDFA T =3, G.2 DAl > TV BRI AZ R7- & &
BIREY) Y 152 BN D TIZRWES 90, TERIZ, b L
VIERRTED, B ECRE A RET S & &, AR G20 L5
IR > QN T ENEBEREILS TV bIiE, H Ll
TR D % BARADIEH LD CTlidZeniZA 5 L Bna
KHHTWD.
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A H

X G3 #Es TA

RRHNZIBWTH A 7 1A FRoA VAR Y 2— MRIERAE A
RSN, BRENIZBWTUIE H 7Zo7eDEA 5 . LR
R, PR R AT E, 2 < DR HHHIIEM S LT
5. FOHRIZA VR Y a— MOV A 7 1A RIZEET 5 6 O N
WA LTz T ORER, 1796 4, [l | LIV B AR A e
W BT EE AR (GBU\ERRE=A) (7 m
A PR BT 254 G4 D X ITEMENTWD Z LM
oz, ZORRIE, KR BXERECHTA L T DA
HEE CBOT) I2hY, W17 4, THKFEHENSLIT O X 5 (c3&keE
LT, YA Z g R~ N A 7 aA R gl
AT R TRE T B N =R U, BT A S A R
bR N, —eE VA T B S S bR, 2/
A A 7 m A RPN, ER =RV BT ()
TRL) L TERIENRE DY, X(2)Td ZRDDHZENT

5. /Vt

}

A

(
<

mOE M OB A & @ 4
&= B EH ¥ B %
L E 2 G h B OE IRuA
WO OE R AR = W@ ANE
B oMoz s 1om o SR
BoO# MmN K g EeX
kOF % — @ @ W {1 BEE
£ & W oRs W FA1. ]
x &+ o8 o% g
#* B R = W o &
B T E A )

I

2 A

Mo\ s R

X G4 YAV aA ROBEE

d- (67 -24/130)S "
98(+/38- 4x - 4)

IO AT uA R L UIEHEE L THFE- TR
A ARY 22— ML TIERERN G AD T2 N T e
ST e, FENRSCERBICHIT S & O ITHmEE SO
REACBRIH SN TV e b, FEo - RER T QX
TSR0, W LT HRROMR CIImFEias g
J& L7 Do leDl3 U RIFF b %D, 72k, HICBd 5
FESICBIL CiE—E# Y I LTV DO TBRB I,

194

G. 4 FEEHCERSh TV SHEED—4

1688 A2 =X HEEHBIAEAGPIE B EYE L 72X G5 O “HERFF
HEREEE (BA 22— 2= U7 2508 I SN WD HED—
BaHEGCLB LUK G6 IR, FEY LB 20T E HE
R TH 5.

SREARHBAFIEE UE (1688 4F)
G5 HERFFEINGT (BA 2— 3 2—7 LFH)

#G1 thesEe (1BH e

Item it 1st gearpair
Geartvpe — pinion gear
GearMNo. — P1 Gl
Module mm 1142
Number ofteeth — 13 72
Prezzure angle desz 183
Beference diameter mm 14 846 £2324
Baze diameter mm 14079 77975
Tip diameter mm 16.00 g48
Foot diameter mm 10.00 780
Tip radius mm 030 030
Bottomradius mm 040 0435
Facewidth mm 92 472
Center distance mm 4863
Contactratio - 0307
Backlash nm 1.00

"””fmwwmlmI|””“I‘liI.I,I.I.mlulﬂmlm”mkm“ "W"'W""F"'Fl'.’l’i'll{“jﬂ'll“'l'"‘\"“|”“$"“[”“\””l‘“'"\"‘
[X] G6. Pinion(z=13) X G.7 Gear(z=72)

FELLIL, HABEWTSISUE Vol 83(2017) No. 847
TR B RADEEDOFRZRD | & 2T I2&0.
https://www.jstage.jst.go.jp/article/transjsme/83/847/83_16-00295/ pdf
FHEEC TR VR CTH 2D L S R T LR TETZL WD
Bfi~DIR Y MADARE 2 RIS E S DT RAUT RV O TR R
Wk o TnEd,

BEXR

DSHER il FEORENL), KRR, (1971), 1

)SHMBR b WEORREHL), JITHIAR, (1971), 4

) (L) AR B TS, WHEEIFO I, ToREL [k, K
HASFRI, 199358

A UIR, LR ORYEFE -WREE T ERZS- , B
sk, 2012, 87

SYWHEY 7 by =T X al(voll6), 7 LT v, (2014), 72-74
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[ftexH] SFxtFREEREmEE D%

H1 [ZC®IC

IRTFHRIEHEELE, TP ORKE SEE LT L v CHATE
BEEKSELZENTEDLZ LB HL IR d ey 7l
An-70 @ contra propeller BREH> 14000PS 4 —HR 71 v 7 Dilf
SR A ST Y AirBus A0OM D 14 (508 %4
LCWA. F72, N ad X —DAA( 2 RIA THEVICHEAS
NTD Y 2oL S ICHECBOTHRIIRES LT 523,
—PRPEIEC DR (BRI S DHSEN B 5. RIS T
1, AlEEEE) D T BRI S ATRE e 2 & 2 DB ERRE P OB
B OB BB E LN ATRETH 5.

JESIfAH 25°%° 27° DY,  BBKFTOEEEOD L 5 7emiAda
RS T BREE OB IR S Q0B 28, FETFRE
X EA ST S AR, D) A E T A Ch 4. ki
Z RS ORFETE &5 LR Y &8 D TR AT
L7RV . Z DI 7T 2R 7= I T SRAN H R T -3
HVENGH D, FO—FEHMH2 R, ZofTlE, YERIIE
J118 0,5=30°, RAEFRMIES 118 0 =17°, & LCW5. B e
13, BEWEESARONIA, ALY IENERE KT L, FEER
BT IEL, TRORIIEL, FLTT T v v aldEa K <m
ZDHIEMTED. LinL, ZOROMNMEL L CEm)NBRE
RIMEF L7z iz s sy L2095 Z L ICRET Db %
BHD. TNHORIEERFOIEFRETE D~V ST, 7

o3 2 R, S S78 SIT TR LTRSS o T Jirf\Zo.

MH1  An-70 &7 e

H.2 BEHADZR
DIHAVEAAZRELTHI L TIVYIRHRER, Fok
NI oG 5. Batd 2lE#E T, TV 2—b
m=1, B§3z,=2,=50, 12 U4V £ p=0° HENL AR BIxg=x%=0, B IR
b=10mm, k/L2 T=100N-m, [EHEAHEEN=1000min™ & L, EFHH]
JES Hfong 1243 %20~45° OFFHCA L S HCRE Uiz, KAERHI
J@ﬁ@Eﬁ%%diﬁ’fﬁLTb\é. ZORER, KH3~H6ITRT &
MIREVVEI 2000 & X 6,,=1899MPad>~LVY 178 ES)
ﬁa35° V%, o=1573MPa (V12165 ZIERTFL, 0 EH133
NS 2o TNBN, TEEIAAVRIIVIMETTH L& H
VZHIPSEATERFN L9 AT 2 SRR LsiHude H720,

4 sz = ||
%2 1200000
i B
EPMLErEY [ [dec 00 | 1000 | T0m0 [ e
nenm 8 e g Y W
1 0&RE ||
BohAm [ - - - - 4 o )
HWTHTT i m 0,000 0. 000 .
AU = I mlo ORI = TG “
BEANAR |- - | ALITIREY REY '\ s
O m 0.00000 n,nn::n Iy
WEF - (3 2,000 .00 e
A —F-ATE & w 50,0855 EX y
SEAFESE |3 w 157080 1.570m
(] v (= sa.a0aon J
EEAEREERIE | (0w 0000 () -
FIL] - 10.00000 T0.000m A
A ) 200008 52,0080 =
DEmEE o - 17,5000 .50 (
B2RIMBTRIESS) o - 0.360 0,360 0.360 0.360 N
(| (@mie | 57 | S

XH2 FExiFrE ZJEA?E@%JEk lzlﬂﬂ‘/

v \\
g o A e
. S
g . e S = o
Pressure angle (deg.) Pressure angle (deg.)
MH3 ~LYishoZEl MH4  IEHEDAEVR
o Z o —
g S o Py
E o 8 e -
25 2 oo ol
:-§ o % 1000 FY r,rl"
D w Qs
Pressure angle (deg.) Pressure angle (deg.)

KH5 J-_9 % XIH.6 izl
H3 25y aiRE

[XIH.2 & [FRET T SCMA420 (BMmEER60.0[WIMK]) , i
2 1SO VG100, HRE70°C, STl SRz25, Ra04, [FHAEE1000
~5000 mintE& LCRHID & SITEREL, BEEREGAADR)?
BLOT T vy 2B %FHET 5 LXHS, HID L S 2 - Th
BIESA 0,=20° 1 V) 0,5=30°DIE D WERITIH 5 = L0MRD. F
7=, [RERHEES000min (2B T 7 T v & 213173 CIEL 725,
F77, HHI0 [JENADBNIL D 7 T v 2l %t
7%, 0pg=30°DIF D DT CIRNZ L MRS .

& 87, BERIE(TSYI1RER)

=] = ==

BAEEGA oHux | WPa 141,112
Fibs T i 100.0000 100.0000
E) P Kt 10.472
CEETEE n [ /min 100,000 1000000
b v ws | 2818
WEHAS (RS | Rz A 2.600 2.500
i () Ra Hn 0.400 0,400
LGEEEe) == === Crilicr) Cri(1Cr)
HE 2 [zfom’3 7,670 7,870
FEER O [/kT) 461,000 261,000
BhizEE A | Wk £0.000 £0.000
E T 70,000
T
i 70,000
- fEBEDR) -
- 150 VG 100 -

- 100

c 214.000
c 35.000
cP 20.372
1/MPa 0.01882

@ E (s (2v7) [Cmen )
XH7 77 vy aiRESRMEE

- — — 35 —
—
v | ] 2 o
— s
g aos g— 20
0t 8| —
= |o
ooz o o 8 s
: o0 | Ma30° | B *20° W
o 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
. P\
Speed (min™) Speed (min™)

MH8 R

XH9 77 vy aihE

@)a=20°, Tf,=214°C (b)o=30°, Tfe=11.7C
MH10 75 v = {RRE1000min™)
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H 4 BEHAIZKSEREREDRLE RN, RH14D K 51 FVZ300NmE L, E=F12
H 4.1 xi¥nsEfseEsE 10umD &y FizEa 5.2, [MHI50D X 5 1ZA W& FE7£0.02° (F
SIFRETEBEEL (020°) DHERETTE & VA T2 XIH.1LE L TTEEREZE0°) 52 Q0 D. HEAMTORRZXHL6IL, 7T v
DHA2Z7 T, BB AW TIERIHAZD L 9 I =F1C ¥ 2 BEORRE LT R AKIHATI LOHA8ITR . £/,
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