121 AGMA2101-D04

12.1 BiE
ANSI/AGMA2001-C95 D_Ef7fiit & L C ANSVAGMA2101-D04 ~/
TN =TEBFELELL. AV T MU =713, ANSJTAGMA 2101
-D04 DOFUEITIASWCHBIRE R Z LET. £/, WIBEOKM
735 (Z1.Y)) 1%, AGMA908-B8Y (ZHE5%, 7T v aiffif/n L
DFFEIL AGMA925-A03 |ZH SN TET
(D) RIS
[ANSI/AGMA2101-D04] :Fundamental Rating Factors and Calculation
Methods for Involute Spur and Helical Gear Teeth
[ANSI/AGMA 908-B89| :Geometry Factor for Determining the Pitting
Resistance and Bending Strength of Spur, Helical and Herringbone
Gear Teeth
[AGMA 925-A03] :Effect of Lubrication on Gear Surface Distress
)t EDTESH
A R 22— M, TSR, NEED
B)LE
RTBIOC=A LAy F (FuF 2T A5T)
(4)HRHLODIR X
MR, WIS, s KOS ERE D
OV ATy T4
TARDER, ASLYIET), MRS, 7Ty aillE0s T T L
FERER KLOAT v 7 ¢ o VR AR ARG L ET

12. 2 #IEAERE

X122 CHHET v 7 OEREEITV, X 123 CLEOBREEX LE
4. TEHOFEY, A7 E=F by ZEBRNT 52 LR TX
E

[E=N oS
o 20.00000

| > Property Settings
Settine of basic rack.

@ Full O St O Either

pressure anele dee

" ten —Toymbot] Finion | Goor |
hao

addendum factor 1.0000 1.0000

dedendum factor hfo 1.2500 1.2500 .

oot radivs factor 0 1.5750 0.5750

Glsstancs factor ko 12500 0,250 Basic rack
oK Cancel
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= Tool settings =)o = = Tool settings ==
e T
Pinion  Gear Pinion | Gear
ot R TP o
o e
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> Gear item settings

=] 2 (=)

Kind of gearing — External eearing v
Hormal metric module mn mm 3.00000
Number of testh 2 - 15 41
Normal pressure angle an dee 20.00000 ®
Helix anele e dee ‘[
Fieference diameter d mm 48,5345 192.65477
Base diameter & mm 4517780 12348600
Direction of helix — — Righthand ~| Lefthand
Tooth thickness setting type — - | Profileshift | Profile shift  ~
Profile shift coefficient n — 0.10000 020000
Number of testh spanned zm - B §
Base tangent leneth W mm 2812778 5125881
Measurement ball diameter dn mm 5.9100 5. 1600
Over ball diameter dm mm 5630846 140. 63766
Gircular tooth thickness Sn mm 4.93077 5.14915
Tooth thinnine for backlash in mm 1.10000 000000
Out diameter da mm 55. 13408 133.85977
Fioat diameter df mm 41.85407 126.95970
Tt mar R 5 | o
Face it b
Lead modification — — Unmodified leads <
GCancel Glear
gy —
124 tRERETC AT
= Result of dimensional calculation [=] & ==
[oymbot | it | pinion | Gow |
Transverse module m | mm 3.28580
Transverse pressure angle at dee. 21.43272
Effective face width b mm 8.00000
Lead nz mth 377.3870% 1031.52485
Tool prafile shift Km | mm 050000 1.59389
Addendum ha mm 3.30000 3.60000
Dedendum ht it 3.45000 3.15000
Whale depth h mm 8.75000 8.76000
Glearance c mm 1.05308 1.05308
Base helix anele Ab dee. 1 E1 88.21
Operating transverse pressurs anels o deg 3 16 14.73
Operating pitch diameter dw mm 48.17867 134.42143
Transverse circular pitch bt mm 9.46202
Normal circular pitch pbn mth B8.85639
Cantast length @ | mm 1235608
Transverse contact ratio sa - 1.30892
Overlap ratio ed - 0.31788
Total contact ratio e - 1.62489
Sliding ratio (tip side} oa - 0.52613 0.71401
Sliding ratio (ront side) ab - -2.43667 -1.11028
Span measurement (desien) W mth 28.027777 51.266810
Qver balls diameter(desian) dn | om 58082111 [EEHER
Circular tooth thickness{design) Sn' mm 4.824353 5.149153
Transverse tonth thicknessidesien) St mm 5.203233 5.553541
Transverse span measurement Wa | mm 24602475 54781987
Chordal height hi mm 3.40759 3.64295
Chordal tooth thickness 5 mm 4.81848 5.14820
Basic: rack addendum factor hac - 1.00000 1.00000
Basic rack dedendum factar he | - 1.25000 1.26000
Backlash{transverse) it mm 0.39703
Backlash(normal) in mth 0.33817

125 tHESE

12. 4 iz

WA NWER 126 IZL U F ) U 7&K 127 IR LET.

= 2D gear profile

y

]

/

= o ==

zoom
fit

real-time shift

=

distance measurement
R measurement(3 points indication)

diameter

line of action

information

N

12,6 HEHIHE
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Material designation Steel Steel
Heat treatment — — Carburized and hardened | Garburized and hardened > ANSI/AGMA2101-D04 Fundamental Rating Factors =] & (==
Surfacs hardness HRG £0.0 [m 0.0 |.‘ Summary  Fundamental Rating Faotors Pags | Fundamental Rating Factors Page 2 Stress cyole fastor
Core hardress — HE 3000 3000
I S )T
Allowable contaot siress number oHP N 1240.0 I 1240.0 I = == - e .
Allowsble bending stress number aFP N 3500 |m 3500 |m o s :
e : iy ST ST Effective face width b mm 5.0000
EAREIGBIEy " : : | Transmitted poner P [ 10.0000
IPalsemit e ki 0.3 0.3 | Speed o pm 2000.0000 731.7073
Hardening process factor UH W/ 44000.0 J Transmitted torus T Hem 7.7468 1305071
Cancel Bl Pitch line velocity at operating pitch diamster w mis 5.1500
Transmitted tangential Load Ft N 1941.7547
12 8 1:3—*4%&/]5""‘ Operating pitch diameter dw mm 491786 134.4214
: Overload factor Ko -— 1.0000
Dynamic factor e — 1.1000
Hardness conversion be Size factor Ks 1.0000 1.0000
Load distribution factor XH 1.2268
Reliabilfy fact g2 — 1.0000
Erinell hardness E05.0 Lo =
Rockwell hardness (G scale) HRG 0.0 Elastic coefficient ZE  |/mnfl0 189.7641
= Allowsbl b Wmie? 12400 1240.0
Rockwell superficial hardness (15-M zcale) | HR15M an. 2 lomable contact stress number L "
Pittine resistance eeometry fator z -— 0.1268
Tipply Garcel Stress cycl Iffe factor ~ — 1.0000 10573
Hardness ratio factor Zw 1.0000 1.0000
Allowable contact stress numbers of pinion * Safety factor SH 1.2000

Temperaturs factor Yo — 1.0000 1.0000
| dten ___[Symbol| Unit | oot e rnber a [ W AT 575,085
Material grade Allowable transmitted porier for pitting tesistance | Paz kW 5.6464 6.3193

S e p— HRG 1 Allonable transmitted porer for pitting resistance a..| Pazu i 5.1308 3.0857
¥ Grade 2 Pitting resistance (Paz/F) SFc 0.5645 06219
Allamable contact stress number | O HP | N/mm2 Grade 3 e — ] end
Apply Cancel
Allonable bendine stress number 380.0 3900
Allowable bending stress number of pinion h s Bending streneth geometry factor 0,265 0.3473
Rim thickness factor 1.0000 1.0000
—:_amm Siess yee e o T %0
Material grade Grade 1 Safety factor for bending 1.2000
e ) - He 200.0 Bending stress number 347,005 291.4816
= Allonable bending stress umber 322.2538 3280735
Ol emifin elvess i || S| et S50 Allowable transmitted power for bending strength 9.4005 11,2558
Apply Cancel Allonable transmitted power for bending streneth at 11,2807 13,6064
Bending strength (Pay/F) 0.5401 11255
= 5
129 ’?j*’l’p&ﬂ:_ (*ﬁﬂb 7 F— A) Service factor 1.1281 1.3608
N N
12.6 BAELTERBAND
«= ANS/AGMA2101-Do4 Fundamental Rating Factors ==

(1) iﬁ{j‘i'fff‘;& 'fTE \@E'f‘?;kfcf E j:[TAB] ‘@fip{ﬂ?'f 75]\j7 é j/l/ Summary Fundamertal Rating Factors Page | Fundamental Rating Factors Page 2 Stress cycle factor
7 . R ..

Gontact stress number N 1875. 1885 1875. 1865

(2) WEOIEMNCELE, W E £ 721305 E A (HPSTC) i e st o o o oes .fi i ot i

N Gontact load factor for pitting resistance 3 8.7411
%&%?R‘jaé Z E ﬁlVC“gf i‘é_. Gear ratio factar oG 0.7321
N . . Stress cycle life factor for pittine resistance N 10000 10678
(3) 'f’f‘;i@‘_\%'%o BT 7 biﬁ*ﬁ)ﬁz&% = % < 7”5_ é [N Allomsble contact bad factor ¥az 5,308 12698
Bending stress number aF 3428032 21,4018
- > R, Ti& jj ﬁé,—) — ﬁ— Rim thickness factor KB = 1.0000 1.0000
12.10 (287736 K UBREA i 27 L E 9. |
— Allonable bendine siress number oF | Nimn® 872.2538 3700735
*= Setting of rating factors item El‘ = ‘@ Strezs cycle life factor for bending strength YN — 1.0176 1.0360

mmm“ Allowable transmitted power for bending strength Pay ki 9.4005 11.2664

Spesd Bmo | w000 | json | Unit load for bending strength uL N 40,9067
Transmitted power 3 T 0000 Alloable unit load for bendine streneth Uy | N 760567 910834
Transmitted torque T Mmoo~ 47,7468 I 1305071 Bocatplratio 6] — B 2:9630
Number of [ cycles i - ] Transmitied tangential Load Ft [ 19417597
Bearing span s ) 50,0000 Fitch line velocity at operating pitch diameter vt m/s 5.1500
Pinion offset s mm 0.0000 m o .
focuracy of eearine Cpengearine) - 12.13 aﬁ E D‘I‘ﬁ_;ﬁg% (piﬁ;ﬂ]}] 1 )
Miesh alignment candition Adjusted at assenbly v
Load eyeles condition -— - Standard - > ANSI/AGMA2101-D04 Fundamental Rating Factors o] & )
Reonisyjscelivs ] il L 3.0000 i Summary Fundamental Rating Factors Page | Fundamental Rating Factors Page 2 Stress cycle factor
Rim thickness R mm 20,0000 20,0000
B i = T T T
P T - T Allowable transmitied pomer for pitting resistance a. | Pazu 8.1308 9.0997
i = S Allowable transmitied power for bending streneth at- | Payu P 11,2807 13,5064
Sy i = — I Allowabls transmitted power for gsar set Pa KW 8.1308 4.0997
e futr = T T SR Elastic coefficient ZE | IWmielis 1897841
Surface condition factor for pitting resistance R T.0000 [ T.0000 arieeslrtivjieo ogltogh tislies eico) o 1.0000 10000
s ve T i R Face load distribution factor KHa 1.1288
Sy e T S T Lead carrestion factar Khmo | — 1.0000
Safety facter for bending SF 1.2000 aionlproport enlfacto (4 E0250
T R — DT % Pinin proporton medfer KHpm 1.0000
Number of stress cycles L2 | min | [ 1 | Mesh alignnen factor fHma - p.25ee
e = | YRTT) ‘ Mech alinnent crtestion faor Khe — 08000
Minimum effestive case depth at pitch lne hemin mm 03361
(e Ol Hardening process factar UH | N 44000.0000
. Maximum effective case depth hemas | mm 1.0468 1.2000
12.10 %ﬁﬁ&%ﬁﬁx[& Minimum total case depth for nitrided eears hemin mm i e
Core hardness cosficient Uc - 2.1000 21000
Dynamic factor Kv Load distribution fastor under overload conditions |  KHs — 10745
Y
_:_m 1214 SREEGHRAER R 2)
Transmitted tangential load Ft 1941.76035
Tncremental dynamic tooth load Fd N l:l “> ANSI/AGMA2101-D04 Fundamental Rating Factors ==
Dynamic factar [ j— Summary Fundsmental Rating Factors Page 1 Fundamental Rating Factors Page 2 Stress cycle factor
e o it cesmee_Synioi] i}
Apply Cancel Pittine resistance (Pa/P) SFc = 0.5645 0.6313
Service factor for pitting resistance GSF 08181 0.9100
Reliability Facter YZ X Pitting resistance stress cycle factor ZN 1.3308 1.3308
Requirement of application Hunber of load cycles L §.075EH04 8.075EHIG
Fewer than one failure in 10000 1.50 Life time of p\tﬂng registance hours §.06ZE-01 1.384E+00
EETEL AT A mm
e e o Bending strenth (Pay/F) 0.9401 11285
Service factor for bending strength KSF 1.1281 1.3608
fisnedtianionoliaitechiolty 05 Bendine strength stress cycle factor W 1.0825 0.5208
ez e e (Efine f 2 0.70 Hunber of bad cyckes L 7. 136EHB 2.810EH0
ool Gancel Life time of bendine strength b hours 1.781E401 8. 400EH04
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= AGMA908-B89 Basic Gear Geometry EI?@

T e o T ]

Gear Ratio 2.7393

PFinion reference pitch radius R1 mm §.08390
Gear reference pitch radius R2 mm 22,1100
Standard transverse pressure anele [u) dez 21.4327
Pinion base radius Rbl mm 7.5296

Gear base radius Rb2 mm 20.6810
Opetating transverse pressure angle ul3 dee 23.2708
Transverse base pitch pb mm 3.1540
Normal base pitch pH mm 2.9521

Bace helix anele wh deg 20.6108

First distance alone line of action c1 mm 1.1461
Second distance along line of action c2 mm .1
Third distance along line of action Cc3 mm 8.2382
Fourth distance alone line of action o1} mm 4.2991
Fifth distance alone line of action (o1} mm 5.2671
Sixth distance along line of action GChi mm 12.0833
Active length of line of contact z mm 4.1220
Trangwerse contact ratio mp -—- 1.3068
Aial pitch Px mm 8.5864

Axial contact ratio mF mm 0.2180
Fractional part of mF na mm 0.2180
Effective face width at mn =10 F mm 2.6667
Minimum leneth of contact Lines Lmin mm 2.8440
Load sharing ratio mhl - 1.0000
Operating helix anele W deg 22.2628
Operating normal pressure angle Dar dee 21.7028

12.16~12.18 IZ: L E7.

12.16 (T2 (AGMA925-A03)

= AGMA908-B&9 Bending Strength Geomeiry Factor

=5 =

Bending Strength Geometry Factor Page 1 Bendine Streneth Geometry Factor Page 2

Bending strength geometry factor 0.295% 03473

Virtual spur number n = 18.8183 51,4383

Reference pitch radius of virtual spur gsar m mm 9.4094 25,7191
Virtual base radius b mm 8.8420 24,1681

Virtual outside radius ma mm 10,5034 269181

Fressure angle at load application point @i dee 32.7184 26.1292

First distance along line of action of virtual spur gear | Gnl mm 1.2828 7.4876
Fourth distance alone line of action of virtual spur gear | Gnd mm 4.2851 10. 4087
Sixth distance alone line of action of virtual spur gear [ Gnb mm 13,1381 13. 1381
Genersting rack shift cosfficient xe — 0.0513 02000

Amount gear toath is thinned for backlash Asn mm 0.0355 0.0000
Formal circular tooth thickness measured on reference.. | gn mm 1.5081 1.7162
Load angle @nl dee 31.0592 25.3394

Wirtual lad radius L mm 10.3218 26.7408

Wirtual tooth number of tool o — 12545.3172 12645.9172

Reference pitch radius of virtual ool mo mm 62729586 6272,9588

Virtual base radius of tool rrbo mm 58946529 5834,6520

Addendum modification coefficient of tool x0 = 0.0000 0.0000
Nominal tool addendum hao mm 1.2500 1.2500

Outside diamster of tool Foc mm 50012500 5001.2600

Standard pitch radius of toal Re mm 50000000 5000,0000

Stock allowance per side of gear tooth us mm 0.0000 0.0000
Amount of effective protuberance tool Jan mm 0.0000 0.0000

Radius to center *S” of tool tip radius reno mm 62738336 6273.8338
Fressure angle at point “S* on ool Gins deg 200213 20.0218

Argle to center "S" of tool tip radius Ans dee 0.0012 0.0012

12.17 S (YJ,1/2)

= AGMAS08-B53 Pitting Resistance Geometry Factor

=1 o &=

Torms of pitting rosistanco goometry factor == I T

Pittine resistance eeometry factor 0.1269

Pinion operating pitch diameter d mm 163328

Mean radius of pinion Rm1 mm 8.2385

Radius of curvature of the pinion profiles at point of contact stress ca.. | o1 mm 21181
Radius of curvatre of the gear profiles at point of contact stress cal.. | o2 o 3.9762
Helical averlap factor cw —- 1.1334

Radius of curvature of pinion profile at mean radius of the pinion oml mm 2.3458
Radius of curvaturs of gear profile at mean radius of the gear oml mm 8.7435
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*= ltems of AGMA 925-A03 [Effect of Lubrication on Gear Surface Distress]

[o] & =)

Material, Lubrication items  Temperature items:

Driving member Pinion ~ Profile modification unmodified ~

Material items Symbol | unit | Value

Average surface roughness at Lx Ralx/Ralx Hm 0.4000 0.4000
Filter cutaff wavelength x Lx mm 0.&000

Method for approximating mean cosf, friction et — Kalley and AGMA 217.01 method

0.0929
‘ieldine factor 1.0000 [ ]
IIHMMWHHI-EMWlﬂﬂ.l..ﬂﬂ!..l

Mean cosfficient friction. constant #m canst

Lubricant typs iLubeType Mineral oil
IS0 viscosity erade number H0 V& —- 320 -
Kinematic viscasity at 41G v 3200000
Temperature at which 72 1 was determined g1 40.0000
Temperature at which 7 2 was determined 82 100.0000
Dynamic viscosity ot temperature @ 1 a1 284.6312
Dynamic viscosity at temperaturs 8 2 72 20,6071
Parameter for calculating o k 0.0105
Parameter for calculating o s 0.1348
ok Gancel Clear

1219 AH v 7 4 v Tl O E

2 Calculation table AGMA25-A03 [l @ =
Load sharing ratio and BH Flash temperature  Specific film thickness
Index £ [dee] K 2 nlmm] bHImm] Q
A 371381 033333 332254 0.06666
B 1607945 100000 558900 14974
G 2464080 100000 759888 17461
D 3271341 100000 387920 0.18874
E 4007045 033333 952674 0.11237
1 371341 133333 352254 106666
2 1002032 139247 376093 107695
3 1132724 045162 4.18367 0.08707
] 1263416 051076 450077 0.08699
5 1304108 056090 408203 0.10673
[ 1524500 152904 535805 011629
7 1655492 100000 571823 15147
3 1786184 100000 608276 0.15595
3 19.16875 100000 639166 016014
n 2047567 100000 670401 016401
11 21.78269 100000 700252 116761
12 23.08951 100000 728448 0.17095 v

1220 FHRRER (o)

(=] = ==
Load sharing ratio and bH  Flash temperature  Specific film thickness

7 S 7Y T

*= Calculation table AGMAS25-A03

Dynamic viscosity at 40C mPars 284.631200
Dynamic viscosity at 100°C nz mPas 20.607090
Factor & c — 4.032938
Factor d d — -3. 487058
Factar k k — 0.010471
Factor s s — 0. 134300
2met - use Kelly and AGMA 21701 smet — 1
Surface roughness constant GRavex — 1.547345
Mean oefficient of frictian. const. (Eq86) meonst | — 0.032877
The max. flash temp. acours at point (21 & fimax C 57.964853
Dynamic viscosity at the gear tooth temperature M mPars 284.631200
Pressure-viscasity coefficient a AN 0.022500
Tndex K um ®r bH wslm/s] v A
A 180000 009283 033333 006666 179630
B 180000 009298 100000 014974 096556
c 180000 009288 100000 017461 000000
D 180000 009283 100000 018874 081043 "
< >

1221 FHERER (77 v =i

= Calculation table AGMAZ25-A03 == ==

Load sharing ratio and bH  Flash temperature  Specific film thickness

Descr [ Symbol | Unit | Vel |
Minimum film thickness found at point {2) hmin{ 2} Hm 1.341018
Min_ specific film thickness found at point (B A min -— 4.471328
Tooth temperature oM © 40.000000
Maximum flash temperature 8 flmax i 57.864859
Minimum film thickness hmin Hm 1.341018
Maximum contact temperature & Bmax C 97.964859
Tndex u W He hel e m] A 2bH ~
A 6.123308e-10 000016 3843412e-04 127699 552086
E 4074215e-10 000028 273839%-04 158049 442193
[+ 3367590e-10 0.00021 2476043e-04 188152 503425
o} 316138310 000018 2418106e-04 214708 552548
E 3219743e-10 0.00006 2740540e-04 261084 #68838
1 6.123308e-10 000016 3843412e-04 127699 552086
2 6524064e-10 000016 3.666658e-04 134102 540471
3 506874510 000017 3.348020e-04 140104 530863
4 4713000e-10 000018 3.175230e-04 145760 523299
5 442907 1e-10 000018 3.033550e-04 151138 517230 .

1222 FHERER (MR )
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*= Risk of scuffing and wear AGMA925-A03

-:—Elg

Scuffing  Wear

Fin of scuting oo | ot | o |

1.000000

Method of calculating scuffing temperature 8 =met =

Mean scuffing temperature

Probability of scuffing

fs

Value

263.354693

Maximum contact temperature y 97.864859

Mean scuffing temperature My T 263.364693

Approx. standard deviation of scuffing temp. oy \&] 38.003183
Standard normal variable, x = G-uyl oy - -4.091482

Frobability of scuffing Pecuff

Pscuff = 0% or lower

Based on AGMAJ2E-A03 Table 5. scuffing risk — —

Low

%1223

o
*= Risk of scuffing and wear AGMAS25-A03

RIERR (AU v & o T RAERER)

-:—Elg

3

cuffing | Wear

I T T S

*= search for design data(Load) E

desizn management gear specifications

egear kind
[] module
[ Ma. of teethipinian)

External gearing

Internal gearing

[ Mo. of teethigear)
[ pressure anels
[ helix angle

1227 F—HHR

Aersge sriscs roughnsss [ Ratx/Razx [ .m0 | 0.400000
Root mean square roughness at Lx P 1/ Rg 2 H“m 0. 444000 | 0. 444000

Arithmeticaverage of Ralx and Ra2x at Lx Fogxave “m 0. 444000
Minimum specific film thickness A min -— 4.421928
Pitch line velocity is less than 5 mis wt mis 5. 149968
Mean minimum specific film thickness (Eq.110) A Min wm 0.566729
Std. dev. of min. spec. film thk. (Eq. 111 @ A Min 0.255497

Probaitty of wor yobol | Ut | ok |
Minimum specific film thickness 4.421928
Mean minimum specific film thickness -— 0.666729
Standard deviation of the min. specific film -— 0.255497

Probability of wear = < BY

1224
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= -
= search for design data(Load)

=]

[] management No. #
] title

[ desiener

[ draning Mo

[ article name

[] article No.

design management  gear specif icat ions

[ dste [ 2021701728

|~ 20210125

[ rate

[Search || Gancel |

| Clear

1226 T —X (1)

*= Load the design data
No. management No. title Gear kind modul
1 Catalog-1-check-1 External 3
2 Catalog-External 3
3 check-0 External 3
4 check-1 | ! Extarnal 1 .
< >
= T ~
1228 @&GitT— 4 DR
=
> Print =
Form Print titls
© Toal seftings [ manseement No. Cataloz-Externa|
O eear settines [ title DERS Gl
O Tooth contact figurs [ desiener
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