[1] involute X iii(spur and helical gear design system)
English version

Fig.1.1 involute X iii(spur and helical)

1.1 Abstract

involute X iii (spur and helical) has functions such as cylindrical gear
dimensions, strength (steel, resin), axial load, tooth surface modification,
transmission error, tooth surface evaluation, FEM analysis, tooth profile
data, etc. for efficient and accurate design. Fig.1.1 shows the whole
screen.

1.2 Software structure

The structure of involute X iii is shown in Table 1.1. O in the table
is included in the basic software, and © is optional. Applicable gear:
involute spur and helical gear (external gear, internal gear)

Table1.1 Software structure

No. Item Page Structure
1 | Basic rack setup 13 O
2 Dimension 14 O
3 | Inference 15 O
4 Tooth creation drawing 16 O
5 | Meshing drawing 1.6 O
6 Meshing rotation function 16 O
7 Tooth profile rendering 1.7 O
8 | Gear accuracy 18 O
9 | Gear strength calculation (steel) 19 O

10 Gear strength calculation (resin) 1.10 O

11 Metal x resin gear strength 1.10 O

12 | Bearing load 111 O

13 Sliding ratio, Hertzian stress 112 O

14 | Tooth profile output (oxeices) 1.17 O

15 | HELPmenu 1.19 O

16 Design data management 1.20 O

17 | FEM Tooth Profile Analysis 1.13 ©

Rotational transmission error
18 (Fourier analysis, Wow - flutter, CSV output) 116 ©
Tooth surface evaluation

19 | (surface temp, film thickness, 112 ©

sliding velocity, PV value)

20 | Tooth modification (nvolte, lead, bies) 1.14 ©

21 | Contact pattern 1.15 ©

1.3 Property (Basic rack, accuracy, strength)
Setup screen is shown in Fig.1.2~1.5.
+ gear combination . external x external, external x internal
+ Basic rack : normal, low, special
« tooth tip circle decision  : normal, equal clearance
- steel gear strength calculation spec is shown in Fig.1.5 as 3 types;
» JGMA 401-02:1974, 402-02:1975
» JGMA 6101-02:2007, 6102-02:2009
* 1SO6336:2006
Plastic strength calculation spec is JIS B 1759(2013).

BT o
Basic rack |Dinension | Accuracy | Strength|
Basic rack factor
© Full ) Stub ) Ether [Fressure.[on  20.00000 |  des
[“bescription ] 571 ;
Addendum factor | hao 1.0000 1.0000 £
Dedendun factor | hio 1.2500 1.2500 q B
Root R factor ra 0.3760 0.3760 iy =
Clearance fa... | cko 0.2500 0.2500 Basic rack  licke
GCancel Apply | [ itialize
Fig.1.2 Basicrack
"~ Property fo) = s
Basic rack | Dimension |fccuracy | Strength|
Conbinat fon of the sear Tip circle decision nethod
@ External gear pair Internal gear pair @ Standard
Equal clearance
ane /| Default value (auto setting)
oK Gancel Apply | [ Tnitialize
Fig.1.3 Dimension
 Proparty ol o ==
[Basic rack |Dinension | Accuracy |Strensth|
Tupe of the accuracy
1S B 170201976) JGMA 116-02(1983)
@ JIS B 1702-1(1939) JIS B 1702-2(1398) ) JIS B 1702-3(2008)
oK Ganeel fpaly | [ Initialize
Fig.1.4 Accuracy
BT R
Basic rack | Dinension | Accurscy | Strength |
Steel zear strensth Plastic sear strensth— Typs of unit
JIS B 1759:2018
@ JGMAET01-02,6102-02 @ EI unit
PlastictLeniz)
JGHAd01-01,402-01 ks unit
Steel and Plastic

Fig.1.5 Strength

14 Dimension

Gear dimension calculates parts dimensions, contact ratio, sliding ratio,
tooth thickness and so on. The gear with undercut determines the contact
rate based on the TIF (True Involute Form) diameter. If tooth tip is
rounded, R is considered in contact ratio.
(L)center distance and shift coefficient have the following 3 relationships.

<1> shift coefficient is given to pinion and gear to determine center
distance.

<2> based on center distance, shift coefficient of each gear is

determined.

<3> center distance is set, regardless of shift coefficient.
(2)shift coefficient is set per following 4 types;

<1>directly enter shift coefficient

<2>based on split tooth thickness, shift coefficient is set

<3>hased on over pin dimension, shift coefficient is set

<4>hased on arc tooth thickness, shift coefficient is set

Dimension setup screen is shown in Fig.1.6. Shift coefficient can be
set by tooth thickness. See Fig.1.7 for dimension result.
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" Setting of dimension

[ Decoription 5%~ Junit|_Pinion

==

I

Mormal madule mh | i 3.00000
Mumber of teeth 2 = 2 ]
Pressure anele cn | dee 20, 00000
Helix angle B [dee @0 " D o
Helix directions — | — Left hand
Reference diameter d i 7E.21024 114.31535
Baze circle diameter db | mm 70.26753 105. 38630
Tooth thickness input ty. | — | —— “n - wn -
Profile shift cosficient x| - 012300
Humber of teeth spanned | am | -— sg A Em B
Span meazurement i mm sn 51.04770
Meazuring ball diameter dp | mm 61048 5.0735
Measurement over ballz | dm | mm 43.69825 121.73753
MNormal circular tooth thi.. | Sn | mm 4,53077 4,98100
Center distance a i 96.00000
Tooth thinning for backla.. | | mm 0.05000 0. 06000
Face width b | mm 23.00000 20..00000
Tip diameter da | mm g2.01024 121.06335
Root diameter df | mm E5.31024 107.56325
Tip radiuz ra mm g.on0on 0.oo0on
Root radius (Basic rack) | rf | mm 1.1250 1.1250
[ QK ] [ Cancel ] [ Clear ]

Fig.1.6 Dimension setup

" dimension result

Transverse module
Transverse pressure angle
Effective face width
Lead
Profile shift
Addendum
Dedendum
Whole depth
Clearance
Base helix angle
Operating transverse pressure &..
Operating pitch diameter
Tranzverze circular pitch
Mormal circular pitch
Contact length
Transverse contact ratio
CQwerlap ratio
Total contact ratio
Sliding ratio (tip side)
Slidine ratio {root side)
Span measurement (design)
Measurement over balls (desien)
Normal circular tooth thickness ..
Transverse tooth thickness (des..
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1.00000

1.26000
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1.00000
1.26000

0.20737
0.16423

Fig.1.7 Dimension result

Inference

For Inference-1, bending strength is used to set module and tooth
width. Based on the estimated module and tooth width, next step of the
design can be carried out. As there are multiple combinations of
module/tooth width/material to satisfy strength, inference can be used to

determine concept design.

For Inference-2, shift coefficient can be set based on sliding ratio and
contact ratio. Fig.1.9 shows max sliding ratio for pinion in red line, gear
in blue line, and contact ratio in green line. In Fig.1.9, the most suitable
shift coefficient is 0.3 based on sliding ratio and contact ratio. Reasons
for determining the shift coefficient are prevention of undercut, change of
center distance, adjustment of meshing pressure angle, etc. However, by
using this inference function, it is necessary to determine the shift
coefficient based on the relationship between sliding ratio and contact

ratio. When undercut is observed, sliding ratio will be large.

“* The reasoning by JGMA6101-02,JGMAG102-02 strength ===
Reazoning methord Bending and Pitting -
The range with Pion standard yen diamete. 0. 600 1.500
Heat treatment - - normalizing
Hardness - Hez2N
Nominal stress rumbe..| oFlin | WPa 205.9397 205.9397
Alloweble stress num..| oHim | WPa 5295591 5295681
Torue T [Hm 30.0000 (1] 75.0000
Ftational speed n von 10000000 4000000
Module m m 1.5000
Number of teeth z 20 50
Pressure angle an de¢ 20.00000
Helix angle 8 dez o0 000 [m)
Face width b m 47.8880
Bending safety factor | SF 1.000
Ciroumference power | Ft N 1879.3852
Alloneble bendine str..| gFP | WPa 07,6787 307.8787
Tooth bending stress | o F WPa 93. 0444 86.5919
Bending streneth | STL 3.5090 3.5555
Tooth surface damage..| GH 1.000
Gircumference power | Fo N 1879.3852
Allowable pitine ste.. | OHP | WPa 626.1118 526.1118
Hertzian stress oH WPa 615, 6360 6156360
Pitting strensth Sfc = 1.0208 1.0203
sear of the reasoning result is New JIS 7 class(1998) and The bendi |
[ Reasonine | [ Gancel | [ Reasonine Gxn) |

Fig.1.8 Inference-1 (Bending strength)

The reasoning by profile shift coefficient = @]
2 T
Worws| modile | wn | e 1,500 W[ 2450 1
o o » " e S e
Pressure sngle | an | deg 20, 00000 | a0 - ¥
Hel ix angle & deg w L 0.00 “ W | 34,00 2 3 1
Prof TTe shiTT €.ox | an 020000 -0.28000 | ¥p.50 41— a0 E
Genter distance | & | an 5.6033 R 8
Face width b | e 41,6000 @ g50 _ §
Transverse cont... | g 1.4778 = I e '
Ouerlop ralic | &8 8457 0.4 0.2 02 04 06 08 LD o1n 5
Total contact ooy sy | s = Pinion prof ile shift cosfficient -
ETiding ratio (... | ga | --- .5856 584
&llding ratio (... gb 1.2905 1.4130
Reasoning | [ Cencel ox_]

Fig.1.9 Inference-2 (Shift coefficient)

16 Tooth profile (Involute) drawing

Meshing drawing is shown in Fig.1.10. As shown in support form,
zoom, distance measurement (Fig.1.11), R-measurement (Fig.1.12),
diameter, involute modification, line of action, tooth tip width, odd teeth
Y-measurement value display and rotation function are available.
Involute creation is shown in Fig.1.13.

"~ 2D-figure-Contact EI@
Zoom ,
fit
real-time Transfer
Distance measurement - :eme”“e arde
o > Maxfd circle
Line of action Contact circle(Min)
e Contact circle(Max)

{

Fig.1.10 Meshing drawing & support form

20-gure-Contace ElC 2D-fgure-Contact =

{ ‘The distance calculation, =)

‘., 0 Tha distance.=0.8370mm

Fig. 1.11 distance measurement Fig.1.12 R measurement

real-time Transfer
Distance measurement
radius Measurement [3 point indication]

draw circle »

Optional diameter circle »
profile line

|
Fig.1.13 Involute creation (Pinion) & support form

AMTEC INC. www.amtecinc.co.jp



1.7 Tooth profile rendering

3D tooth profile meshing can be created as shown in Fig.1.14, and
contact line can be also observed. Control form allows the users to
change tooth profile direction and size.

*" Rendering

=8 ECR T Toom prfle cleaon =] o ==
mlmm

Fillet area it
Tnvalute area wi 50 50
Chamfer area r 15 i
Tip circle area it in i

Face nidh hul 50 50

1

Hads Fowte Angk B8 | die ¢

W e Fotate Angle 25 dee ¢

s Fotate Gk 26 dew 4
Sealhg 7 | K

i ) ManMagityed Gear

[(Back Colu_] [ Dtialiee |

Fig.1.14 Tooth profile rendering

1.8 Gear accuracy

In Fig.1.15 & Fig.1.16, new JIS gear accuracy spec JIS B
1702-1:1998and JIS B 1702-2:1998 are shown for tolerances. Also, New
JIS and Old JIS can be switched as shown in Fig.1.4. Gear accuracy spec
are 5 types as shown below;

+ JIS B 1702-1:1998, JIS B 1702-2:1998, JIS B 1702-3:2008

+ JISB 1702:1976

+ JGMA 116-02:1983

"+~ Gear accuracy

B

mm-ﬁ-

Single pitch doviation | fet
Gumultive pitch deviation | Fok | 4 [ [
Total cumilative pitch deviat.| Fp | un 18 1
Total profil deviation | Fet | i 8 8
F6 | am 10 1 "~ Gear accuracy fol @ ==
Toot-tooth tangertal conp | 71 | 75 5
Total tanential deviation | F'i | &n 7 7 Dlacesion | 15,0102, 18 B 17022
Frofile slope devistion | fHet | 4t 5 5 otal
Hol form deviation [ T7@ | &n 7 7
Heli slope deviation |6 | &n 7 7 Alonable radial rurout | Fr | pm [ 7

Fig.1.15 JISB1702-1 Fig.1.16 JISB1702-2
1.9 Gear strength calculation(steel)

Gear strength calculation has several spec types as shown in Fig.1.5
for 1SO6336:2006 based JGMA6101-02:2007 and JGMA 6102-02:2009
spec and JGMA401-01:1974, 402-01:1975. Design unit can be switched
between SI and MKS unit. Strength calculation power setup menu is
shown in Fig.1.17. Material selection is shown in Fig.1.18 for material
and heat treatment. Bending coefficient setup menu is in Fig.1.19, stress
coefficient setup menu in Fig.1.20, strength results are shown in Fig.1.21.

[E=NRERS|

" Strength calculation[JGMA6101-02 , JGMA6102-02]

Powsr |Material | Bending JGMAG101-02 [ Pitting JGhAG102-02 |

Toraue input mode

Tarque, Rotstionsl speed input mode

@ From Tarque ) From Power @ Pinion ) Gear
[ besorpton —[Sym] Unit | Pion | Gear |
Tranz migzion power P W - 10,4712
Torque T [ Wwm +| 1000000 160.0000
Rotational speed n min-1 1000, 0000 BGE.BEGT
Humber of Inad cycles L === 10000000 -
Taneential load Ft N 2624.3194
Taneential velocity v s 3.9901
Virtual number of teeth | zv === 33.8712 50.8068
Accuracy B B 1702-1 [--- [ - | H - H -
Transverse contact ratio | & === 1.2885
Owverlap ratio e 1.0610

Fig.1.17 Strength calculation (Powersetup)

1.10 Gear strength calculation(resin)
Plastic gear strength can be calculated by JIS B 1759(2013) or Lewis
as shown by Fig.1.5. According to JIS B 1759 "Method for evaluating

" Strength calculation[JGMA6101-02 , IGMA6102-02]

Lo o

| Power [Haterial Bending JoMARINI-02 | Pitting JoUAR10Z-02 |

Glags  Carburized and quenched gear = Carburized and quenched gear

Kind Alloy steel ~ Alloy steel -
Symbol  SGHA15H + SCH4TEH -
[ bescription | Sym. | Unit | Pinion |
Allowable bending stre... | o Flim | WFa 863.0 353.0
Allowable pittine stress | orHlim | WPa 1260.0 1200.0
Gore hardness of tooth | -—- Y 24 242
Surface hardness of to. | --- HY 530 530
Modulus of elasticity E WPa. 2060000 (M) 208000.0 (W)
Poisson's ratio v 0.30 0.30
oK Gancel Clear

** Strength calculation[JGMA6101-02 , JGMA6102-02] [o] 8 ==
Power IMalErra\ |{Bending JGHAGTOT-02" [ Pitting JOMAE102-02]
I T T T T
Met face width of narro.. b 23.000 20.000
Tooth form factor F 2,426 Z.308
Stress correction factor | Y8 | --- 1881 1.762
Total tooth form factor | WFs | --- 4102 (W 4042 (W)
Gontact ratio factor | Y 0.704
Helix anele factor Yé 0.750
Life factor W 0.9% (M) 0.576  (m)
Size factor | — oz (m Loz (m
Application factar [ 1.000 O}
Dynamie factar ] 1.270 (m)
Dynamic factar v’ 1,033 (m)
Face Ioad factor KF @ 1.000 (m)
Operating condition fac..| BT | —— o (W 1000 (m
Safety factor for mater. | SFM = 1,000 1,000
Cancel Clear

Fig.1.19 Strength calculation (bending coeffrcrent)

* Strength calculation[JGMA6101-02 , JGMA6102-02]
Faver IMalwla\ | Bending Jomag101-02 | Pittine JGUARTOZ-02

[E=EEN XY

Roughness factor(ZR) calculation

I 7 I T T lmm-mm
Effective face width 20,000 et at
Zone factor E 2,189 [FUTSEEEITE - 2| [
Gritical load pont factor | 2 | - 1.000 1.000 M;a:h':‘a"ve Dei o
Elasticity factor ZE A MPa 189.800 Roughns R —
Contact ratio factor Ze - 0.882
ol angi foctar | 28| 1.0t . ) o)
Lubricant factor A == 1.000 Ll
Lubricant speed factor | 2v = 0,577 T ==
Rovehriess factor affe., | R | - 1,000 L) ;
Dirmension factor = | - 1.000 1.000
Vork bardening factor | 2w | --- 1.000 Lo (@
Life factor W - 293 (W) 1295 (W)
Application factor [N - 1.000 (m)
Dynamic factar v - 1.270 (m)
Dynamic factor [ - 1,033 O]
Face Ioad factor KHE | - 1.200 (m)
Face load factor KHe | - 1.200 (m)
Transverse load factor | KHe - 1.000
Transverse load factor | KHe: |~ 1.000
Material safety factor | SHnin 1.000
Gancsl Clear
Fig.1.20 Strength calculation (stress coefficient)
" Gear strength result[JGMA6101-02,JGMA6102-02] o] B ==
Bending JGMAG101-02 | Sym_ | Unit Pinion Gear
Bending stress oF WP, 104.642 118.549
Allowable berding stress aFP HPa 522.934 52.934
General safety rate F 4.998 4412
Allowable tangential force | FLlinm N 16126389 14233673
Pitting JGMAG102-02 | Sym. | Unit Pinion Gear
Hertzian stress aH (29 764.825 769.825
Alowable pittine stress | G HP | WPa | 1816874 1616.974
General safety rate SH 128 7779
Allowable tangential force | Felin N 14830.874 14830.874

Fig.1.21 Strength results

bending strength of plastic cylindrical gears", a method for determining
the allowable bending stress of gears is based on testing, and POM
allowable bending stress is set as 80.0[MPa] based on testing, and
materials other than POM can be determined based on spec. Root
bending stress and allowable root bending stress by considering each
coefficient (root profile coefficient, life coefficient, ambient temperature
coefficient etc) can be compared to determine the safety. Please see spec
for details.

Plastic gear strength calculation example is shown in Fig.1.22,
strength geometry is shown in Fig 1.23, bending stress is shown in Fig.
1.24, spur gear equivalent value is shown in Fig.1.25, coefficient and
safety factor are shown in Fig.1.26.
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* Setting of dimension o] @ =]
= oercrion o unt]

Mormal madule | 1.00000 =)
Number of teeth z |--- 18 30
Fressure angle an | deg 20.00000 .
Helix angle # [dez w0 00 C(m]
Helix directions Left hand
Reference diameter d | m 17.02684 31.92633
Base circle diameter | db | wn 15.37745 9.77022
e e e s |
Profile shift coefficient | | --- 0.20000 0.12000
Humber of testh sparned | zm | === B 5
Base tangent length W 7.78468 13.86629
Ball diameter de | 1.7705 1.7261
Over balls diameter du | wm 19.36843 34.54661
Girculer tooth thickness | Sn | mm 1.71638 1.65815
Genter distance a | m 24.30000
Tooth thinning for backla.. | fn ™ 0.00000 0.00000
Face width b | m 10.00000 10.00000
Tip diameter da | um 19.42684 34.16533
Foot dismeter & | um 14.92684 29.56533
Tip redius ra | 0.10000 0.10000
Basic rack root radius | rf | mm 0.37560 0.5750 (]
[ ok [ Gancel | [ Clear |

Fig.1.22 Gear geometry

* Bending strength of plastic gears JIS B 1759:2013 oo =
Torque input nods Torque, Rotationa| speed input mode
© From Toraue ) Fron Pover @ Pinion 0 Gear
[ Deocripton [ Syn. | Unit | Pion | Gear |
Mater al — [ POMendPm  ~]
Trans mission power P v~ 523660
Torque: T 0.5000 () 0.9375 (W
Rotational speed n nir1 1000.0000 532.3333
Taneential load Fut N 57,7309
Taneential velocity w /s 0.5070
Cperating fransverse pre.. | awt | dez 23.56317
Transverse contact ratio | & = 1.2829
Number of load contact | N - 10000000 5333333
Thickness of rim SR n 2.0000 2.0000
Allowable bendine stress | oFlim | WPa 60,018 80,018
Tool tip radius 2Py n 0.3750 0.3750 [H
Tooth form factor I - 000 (H) 000 [m)
Life factor T = .73 (H 0.623  [m)
Environment temperature.. | Y8 - 1,000 ®
Temperature rise factor | YA & - 0.981 =
Ludricating factor L == 1180 ®
Matting gear factor I 0,650
Minimum safety factor | SFnin 1000 1.000

Clear

Fig.1.23  Strength geometry

** Bending strength of plastic gears JIS B 1759:2013 [o] B ==
Bending stress || ¥irtual spur sear | Factor|
Description Sym. | Unit Pinion Gear
Bende stress oF | WP 18.083 17862
Tooth form factor G 1.4808 1747
Basic rack root radius distance | E mm 0.088 0.088
Ausliary factor for critical se.. | ~0.675 ~0.755
Auxiliary anele for critical sec.. | H rad -0.889 -0.963
Generatine angle of the tool | @ rad 0.814 0.508
Gritical section SFn mm 2,043 2,150
Bending moment arm hFe mm 1.285 1.340
Radius of root fillet oF mm 0.504 0.499
Base helix anele Bb | dez 18.74728
Fig.1.24 Root bending
** Bending strength of plastic gears JIS B 1750:2013 = & ==
Bending stress || iriual spur zear |[Factor |
Description Sym. | Unit Pinion Gear
Number of teeth =n 18,8882 46.6029
Transverse contact ratio ean | - 1.3748
Reference diameter dn m 18,9882 45.6029
Normal cireular pitch Pbn m 2.8521
Base crcle diameter dbn m 178831 33.568
Tip diameter dan m 21,3602 37.8429
Diametar (on HPSTG) den e 20.2523 6. 8606
Presswe anele (on HPSTC) | aen | dee 23.23206 2482013
Tooth anele (on HPSTC) Te | des 3.50209 1.64374
Work angle (on HPSTG) aFen | dex 24.72998 2297645

Fig.1.25 Equivalent spur gear

** Bending strength of plastic gears JIS B 1750:2013 o] B =
Berding stress | Virtual spur gear |Factar |
Description Sym. | Unit Pinion Gear
Stress correction factor s 1.844 1.883
Function (sFn/hFe) L 1615 1.604
Function {sFn/2 0 F) as 2,027 2,156
Helix angle factor i 0.83%
Rim thickness factor B 1.128 1.128
Back-up ratio BR 0.589 0.889
Allomable bending stress aff | MPa 46.935 50.335
Safety factor for bending stre.. | S 2,803 2.819
Safe judgment = [ = [sP%in SF>SFmin

Fig.1.26 Coefficient

** Bearing load =] = ==
[ Descripton [5om. | tnit | rimin | coor NI @

Torque T | Nem 100.0000 (@] 150.0000 (]

Bearing span [pl,z1 [ mu 100.0000 1000000

Bearing span | p2,g2 | mm 100.0000 100.0000

Tangential load Fu 26041687 =

Normal load Fn 3200.0173 ~ra
Radis! loadiTatal) Fr 1084.4704

Foxial losd(Total) Fa 1603.5163

Radial load(Como) | Full.Fusl | 18020883 13020833

Beference [ Cancel

Fig.1.27 Bearing load

1.12 Gear surface evaluation

In surface evaluation, sliding ratio, Hertzian stress, film thickness,
contact temperature, sliding speed, sliding speed drawing (PV value) are
displayed. These are not used for tooth surface modification. Also, film
thickness, contact temperature (gear temperature + flash temperature) are
based on AGMA2001-C95, Annex A. Thus, for analysis by considering
surface medication amount and load sharing, [45]CT-FEM Opera iii
should be used. Oil types in Fig.1.28 can be Mineral oil, synthetic oil and
ISO grade (customized setting is possible). In addition, the friction
coefficient can be selected from a fixed value, 1ISO, AGMA method. Fig.
1.29 to 1.34 show the sliding ratio, Hertz stress graph, etc., but the
horizontal scale can be switched between roll angle and line of action
length.

Probability of occurrence of wear can be calculated from the oil film
thickness in Fig.1.31, and the probability of scuffing from the contact
temperature can be calculated as shown in Fig.1.32.

** Tooth surface evaluation graph item | =N ol |
| Deccrivtion [Symbol| Unit | Pinin | Gear |
Gear temperature Glc @ 70.000
Ol temperature Tc @ 40.000
Kind of ol — [ Hiners/.ai hd
IS0 viscosity erade | --- - IS0 YG 150 - 150 G 160 v]
Kinematic viscosfty at | —— | /s 150 ! IS0 Ve 46
fuerage temperature | Ntc @ 227.000 30 V& 63
Standard deviation tem 5] C 37,000 120 Y6 100
#bsolute viscosity Lo oF 2773
Fresswremviswssty | @ [m o.01838 Hme
Foughness of tocth pla.. | o o2 | wm 0.400 0.400 [30 ¥G 480
Method of friction cosf.. | -~ | - I30 VG §30
Friction coefficient am | - 0.0600 %gg ;g }ggg

Frofile modification | --- | - Conducted ~ All other oil
Crivine member === — [ Pinlemn ]

Mo, of caleulation points | — | —— 100
[ ok ][ anea | [ clar |

Fig.1.28 Surface evaluation (setup)

Tooth surace evaluation gragh EREY | Tooth surtace Evahiaten graph == N v
Roll angle g T P = =1200 @ i) = -0850 Foll wigle v " Maxe hertrian swess = 7501 MPa
Sl sl 0~ Tortzian st -
ol lidnc) | o foll aruictien) | § g0y
F =T g
T o ; o | B
= Sy |
7.t H — Fur
i Em
5., Z
? 160
) 0

el i El E) 7 El
8 Frion roll ange in degrees 8 Pirion roll angls i degrees

Fig.1.29  sliding ratio Fig.1.30 Hertz stress

Toath surtace evaluation gragh = | Tooth surface evalustion graph
A = 0705 He =037 [E——— Rl amls = M serperamrs = 110020 Seuthine srcbsbiley ¢ %

[ re——

B i o 0 RN
& Firhonrol snge incegmse & Pirion ol argk n degrees

Fig1.31 Film thickness Fig1.32 Flash temperature

N (=l | [ oot autace evauation oo e
Holl angle v Mo = 0008 i s = 1134 s Roll angle v I‘
ot -
iz
= ol | angle{der)
E ™ , L

111 Bearing load

Gear load and bearing load are calculated. Types of loads are
tangential force, normal force and 20 loads on bearings are calculated as
shown in Fig.1.27.

3 D 3

E) El
6 Pirion all e in degrees

Qevitcontn

=i

Fig.1.33 Sliding velocity

AMTEC

Fig.1.34 Sliding velocity drawing
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1.12a Sliding ratio and Hertz stress graph

As involute tooth form, meshing pitch circle will be rolling motion,
but others will involve slip motion. The example gear (m\=2, z:=15,
2,=24, 0=20° normal spur gear) in Fig.1.35 (left column) has sliding ratio,
Hertzian stress, tooth surface contact temperature (gear temperature +
flash temperature) and oil film thickness graph. Large Hertz stress
change is observed in early meshing cycle due to pinion root sliding ratio.
In this case, accuracy improvement would not help. In addition to contact
ratio, sliding ratio and Hertz stress changes must be considered in design.
To smooth out Hertz stress changes, shift coefficient medication may
easily solve the challenge. It is important to consider sliding heat when
designing resin gears.

When tooth modification (Smooth meshing) is carried out by using
shift coefficient of xn1=0.24, x.2=-0.24 without changing center distance,
sliding ratio, Hertz stress and tooth surface contact temperature changes
are shown in Fig.1.36. As a result, scuffing probability is reduced from
59.4% in Fig.1.35(c) to 17.9% in Fig.1.36(c), while wear probability is
reduced from 36% to 32%.
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Tooth surface evaiuation greph == .
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(b) Hertz stress

g
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I
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(c)Tooth surface contact temperature (flash temperature)

Teath mrfsce evshustion graph
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Proabiit of mus S

Foll sl _~ Arin + 0215 H =05

(d) Qil thickness
Fig.1.35 Normal gear Fig.1.36 Shift coefficient

1.12b  Oclass grade gear

Involute surface is as important as root shape. Involute testing result
(both flank meshing) is shown in Fig.1.37 by connecting root curve with
specific R. Also, theoretical trochoid curve involute test result is shown in
Fig.1.38. Considering the creation motion as the basis, the root shape is a
quasi-trochoid curve determined by (1) pressure angle, (2) basic rack root
height, (3) basic rack root R, (4) shift amount, (5) number of teeth.
involuteX iii (spur and helical) can output theoretical involute curve.
Please see Appendix [D] for the effect of stress on the root shape.
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Fig.i.38 Gear test (theoretical involute)

F‘ig.1.37 Gear te;t (s;;éc'i;{c R)
113 FEM (Tooth profile stress analysis)

After strength analysis, clicking [FEM] icon allows the users to carry
out stress analysis. FEM analysis setup screen is shown in Fig.1.39. By
providing longitudinal elastic modulus, Poisson's ratio, number of
partitions and load point position and load (changeable), stress
(ox ,0y ,shear stress T, main stress o1, 02) can be analyzed. Gear strength
reliability can be improved by evaluating both gear strength and actual
stress on teeth. Pinion max main stress o1 distribution is shown in Fig.
1.40. Tooth profile displacement (contour display is possible) and
involute modification amount is shown in Fig.1.41.

Tooth profile modification is a useful method for improving driving
performance of gears, so even if the gears are accurate, the difference in
normal pitch occurs between the teeth of the drive and the driven gears
due to deflection of teeth at the time of meshing. Mismatch due to this
difference in normal pitch causes [vibration] and [sound]. Tooth profile
modification is one way to solve this. Since displacement of small elastic
modulus like resin material increases, it can be said that the tooth profile
modification effect is even greater. As shown in Fig.41, it is possible to
know the amount of deflection of teeth when determining tooth tip
modification by 2D-FEM, determination of 3D tooth surface
modification requires [45] CT - FEM Opera iii.

" FEM analysis item EI = @
" oscrptonJom] Unt | Pmon | oo |
Method of analysis - - 20-FEM stress analysis -
Material symbol seo seo SCH415H SCH415H
Elastic modulus E MFa 208000.0 Z0E000.0
Paisson's ratio v === 0.30 0.30
Mo. of partitions(depth) | b0 === 21 21
MNo. of partitions(width) | wNO oo 21 21
Pozition of the load point | NF =eo 2 2
Load F N 2624.3134
Fig.1.39 FEMsetup (2D)
*~ FEM analysis result{Pinion) =2 iR ===
color bar || slement stress(Pa) contact dise[ [,
@ element © node : = elene... ol g2 -
blink. Mo 1 : 100.00 487 133.83 14.52
458 114.53 16.81
g{maximum princips, 133,83 49 105,23 1643
518 104.72 14.16
416 101.66 12.97
544 96.88 14.43
56,53
978 87.34 5.12
1029 84.57 2.33
570 A3.NR 7840 T
« m v

Fig.140 Max mainstress o1 (Pinion)

clexent st ress(UPs) | [contact elaplasmoen s[5

" FEM analysis result(Gear)

el s oy 3

displacement display sett w00 02

@ element () node @ truss color i 1 [X] 41
i - : T ; &

blink No 1 scde 10000 [ EREI S
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Fig.141 Tooth displacement & graph (Gear)
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Fig.1.42 shows 3D-FEM analysis condition setting screen. Fig.1.43
shows pinion and gear stress distribution, and Fig.1.44 shows pinion and
gear displacement. Also, observation angle can be changed by vertical
rotation and horizontal rotation function with the scroll bar at the top of
the screen in Fig.1.43 and Fig.1.44, and the figure can be enlarged or
reduced with zoom function.

In this software, stress and displacement of the tooth is calculated
when a load acts on one tooth. However, stress, tooth displacement, axial
angle error, tooth profile error, pitch error, and tooth surface modification
need to be considered when load is applied to multiple simultaneous
meshing teeth, please use [45]CT-FEM Opera iii.

°* FEM analysis item ol =@ ==
| esorioion _Jsym] ekt | pinion | Geor |
Method of analysis e 3D-FEM stress analysis -
Material symbol --- --- SCMA15H SCHM415H
Elastic moduls E MPa 208000.0 208000.0
Poisson's ratio o -- 0.30 0.30
Mo of partitions(depth) | nh0 == 1" 1"
No. of partitions(width) whO - 1" 1"
Position of the load point | Nf - 2 2
Load F N 2624.3194
Fig.142 FEMsetup (3D)
o

(b)Gear

>

(b)Gear
Fig.1.44 Tooth displacement

(a)Pinion

1.14 Gear modification (involute, lead, bias)

Fig.1.45 shows an example of giving tooth surface modification. In
order to obtain this tooth form, it is possible to give tooth profile
modification by numerical input as shown in Fig.1.46, or it can be done
by inputting a numerical value to patterned tooth form as shown on the
right side. Likewise, lead modification can also be set as shown in Fig.
147.

The tooth profile modification and lead modification represented in
Fig.1.48 can be copied on the opposite tooth surface for identical tooth
profile as shown in Fig.1.45. In addition, “involute”, “lead",
"involute/lead" in the combo box at the top of the screen in Fig.1.48 can
be selected, and involute height direction can be assigned by line of
action or diameter. In addition, the magnification of tooth profile
modification can be set up to 1000 times.

[

Fig.1.45 Tooth surface modification (Topo graph)
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[ c ju| & i 14,1596 | on
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Fig.1.46 Involute modification
Lead(Left fank) o G-
Camsati Spine,__) tumber of prttons ¥ | Scale [0_=] Lead positon &
e Modify valus
= ** Lead modification(arc) ===
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o
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Y 25,0000 | m
WRLE CoSe e e : -
=T = 115000 5 1 Top side Bottom Sidey
12,8750 0.4 ‘ [ [
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Fig.1.47 Lead modification
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Fig.1.48 Involute & Lead modification & Topo graph

[ topograph |

Modified tooth profile can be set with the tooth profile calculation data
in Fig.1.49. The tooth profile calculation conditions set here are valid for
the tooth form shown in Fig.1.10 to 1.14 and can be superimposed on the
tooth form rendering of Fig.1.14, so it can be displayed as shown in Fig.
1.50. Here, since tooth surface modification is given to Pinion, a yellow
tooth surface appears within the red tooth surface in the figure (Gear is
unmaodified).

*" Tooth profile calculation o] @ ==
[items of partiton [Sym.| Pinion ]

Fillet area wuf 30 30
Ihvolute area Wi 1] a0
Chamfer area WL 15 15
Tip circle area wut 10 10

Face width hul | H

oK |[ Cancel ] [ Clear ]

Fig.1.49 Tooth calculation dimension
[E=Een

> Rendering

Haxis Rotate Angle  -60 | dee
¥ axis Rotate Angle 36 dee
7 axiz Rotate Angle 0 dee
Sealing [T
Speculer Power

\\\

«
«
«
«

NonModifyed Pinian 7] MonModifyed Gear
Modifyed Gear
[ Wire Frame

Fa o

7] Top Side Marker
[C] Ratation
i

Fig.1.50 Tooth rendering (tooth modification)

1.15 Contact pattern

It is possible to check the tooth contact by setting the tooth contact
condition in Fig.1.51 on the gear given the tooth surface modification
(Fig.1.45). Here, the tooth contact is shown in Fig.1.52 and Fig.1.53
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when parallelism error and discrepancy error are 0 and the contact
maximum clearance is 2.0 um.

" Teeth contact ana\vsis ftem [=n =R
oo i
Center distance mm 960000

Parallelizm error P deg 0.00000
Digcrepancy error di deg 0.00000
Lead divizion number hul -- 20
Ihterpolation accuracy ac LI 0.0
Mo, of divizion of ratationiPe.. [ up o= a0
Contact maximum clearance [ Hin 3.0

Direct ion of rotation

@ Both faces () COWLeft face) () Gi(Right face)

[ aK H Cancel ] [ Clear ]

Fig.1.51 Contact setup
oo

Teath contact analysis

Wavis Rotate Angle 45 | deg
¥ axis Rotate Angle 0 | deg
Z axis Rolate Angle 0 | des
Sealing [E
Speculer Power 0

@ Pinion () Gear Top Side Marker [T Wire Frame

Tnformation Back Color

e

= Teeth contact analysis

Left flank contact area = 69.3802 mn*
Left flank area ratio = 365 %

Right flank contact area = 639374 mn?
Right flank area ratio = 368 %

Fig.1.53

Contact pattern (Gear) & magnified

1.16 Transmission error (TE) analysis

In TE analysis, it is possible to perform a rotation transmission error
test under no load with a non-modified tooth profile or the tooth profile
given in Fig.1.45. The TE setting is shown in Fig.1.54. In this case, 2D
analysis or 3D analysis can be selected, and axis runout and rotation
speed can be set. As for pitch error, maximum value or pitch error of all
teeth can be set as shown in Fig.1.55. TE analysis, wow flutter (rotation
irregularity) and Fourier analysis results are shown in Fig. 1.56 to 1.58.

InFig. 157 [5%%s= @] [Sound] can be heard.

 Transmission aror analysis conditon setting = = ==
LR o FRatation speedlF) 1000, 900 2D @30 EEAYE 204 PrucrZ#Es?  1000.0000
) #ophes gear modit staticedF) | GOW (el lace conlact] . V| hEEBEEETD | P @i ARE oIV (iR -
ball [ Piven [ 1] |
oo 1,00 [ | P i 1000 o -
= i oo LT
- - HoshE 5.0 mm HEGTIRE 00000 dee.
e T - TET V] EoFEERE
= i3 +) ¥ exiz scals = 600
L3 i
3 "
. ——— T e
= 1]
- 1
E o . B - =
(3 Gancal W= FrAnl [ 7
(a)Pinion (b)Gear
Fig.1.54 TE setup
Single pitch deviation settings(Pirion) Single pitch deviation settings(Pinion ]
e [ :
B " e H ' o
§ : T
s . I3 "
& | Gwce Cles [
(@ Max value setup (b) All teeth setup

Fig.1.55 Pitch error setup
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Fig.1.56 TE result Fig.1.57 Wow flutter

TE analysis, Wow flutter, Fourier analysis results can be output to csv
file (361 pieces of data in this example) as shown in Fig.1.59 in the lower
left corner of Fig .1.56 ~ 1.58

This software is a TE analysis test with no load. For TE analysis
corresponding to load and shaft angle error, please use [45]CT-FEM
Operatiii.

A B
3598568
375217¢
3806162
378179
34604352
374881 E
3077734
355008
3731161

csv file example

w0 om0

0~ | [ o | |

W ol O s 03 R = O

&)
Fig.1.59

Fig.1.58  Fourier analysis
1.17 Tooth profile output

The generated tooth profile can be output in the tooth profile file
format shown in Fig.1.60. In the case of 3D-IGES, it is possible to select
integrated type and separated type of tooth profile,

In the case of a separated type, it is split into a root fillet part, involute
tooth surface, tooth tip R, and a tooth tip, and then output as shown in Fig.
1.61. In the coordinate correction setting shown in Fig.1.62, it is possible
to output tooth profile considering the module shrinkage rate, pressure
angle correction, helix angle correction, and discharge gap in
consideration of use for molds. As an example, Fig.1.63 shows a tooth
profile (2D) considering the module shrinkage factor of 20/1000. Also, it
is possible to output the tooth profile coordinate value as a text file as
shown in Fig.1.64.

oot B (arcor line)
File format |Coodinate nodify settings|
Gearkind  [© Pinion © Gear () FinionXGear
°) DRF 2D /
hrc clenents |
i i |
PINION GESR |
3 13 3
DKF 3D f H H
i i 4 B
12 S
PINICH GERR |H .
= = s
M
© I0Es 30 :
fomat [ |5
No. of teeth f .
TEXT 2D [F] Do not add tip circle coodinates. >
Output ][ Gancel 5

Fig.1.60 Tooth file format ' Flg 1 61 CAD sample

~ File output ==

File fornat |[Goodinate nodify settings

L

Fille

Twohite i 10 100
Chamfer area wur 30 30
Tip circle ares wt 20 20

Face width hul 50 50
Acouracy setines

interpolation accuracy [N

RV
X T

(7] Profile madify settings B
oo el Dono |ceo RN
Module strinksge per_ | sp | /1000 20
Pressure angle modii 0.0000  0.0000 2]
Fressure angle modifl.| 5% | % vono 00000
Helix anele modificati..| 56 | /1000 [

Spark gap 5 | em

i

5

Fig.1.62 Coordinate correction setup

g e N wlE

Fig.1. 63 CAD sample
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IFig_1_64.txt - MR = [ e
IFLE) BEE) SH0O) FRY) ~LTH)

-6.01281934 41.82007712 &
-5.94961652 41.82911558
-5.88640011 41.83805852
-5.82317026 41.846890592
-0 75992711 41.85565776
-0.69667031 41.86431402
-0.6334015 41.87287469
-H.57011933 41.88133973
-0.50682444 41.83970914
-0, 44351697 41.89798239
-5.38019707 41.90818096
-9.31686488 41.91424334
-5.25352056 41.92223001

4 b

Fig.1.64 Text file (:txt)

1.18 Internal gear

Internal gear can be calculated like External gear by selecting
"External gear x Internal gear" in Fig.1.3. Fig.1.65 shows concept
dimensions, while Fig.1.66 shows detail dimensions. Fig.1.67 shows
tooth profile rendering while Fig.168 shows tooth contact pattern. In
addition, Pinion that meshes with Gear in Fig.1.68 is given the same
tooth surface modification as Fig.1.45. Strength calculation, TE analysis,
FEM analysis and tooth profile output are the same as "External gear x
External gear".

*" Setting of dimension ol & =
[ esoriotion—Jsym Ui
Marmal module wno | 3.00000 @
Mumber of testh z |- a4 (1]
Pressure anele an | deg 20.00000
Helix anele 6 [deg 30 ' 0 7 .00 " (m
Helix directions === |- Rizht hand
Reference diameter d i 76.21024 225, 16660
Baze circle diameter db i 70.25753 207.57807
Tooth thickness type | - | - | #n -] wn =
Profile shift coefficient EORNIEES 0.10000 0.12300
Mumber of teeth spanned | zm | --- 4 1"
Base tangent leneth W i 32.50267 47.35160
Ball diameter dp i 5.0000 5.0000
Over balle diameter dm i 82.30747 219.165682
Gircular tooth thicknsss | Sn | mn 4,93077 4,44378
Center distance a i 74.54701
Tooth thinnine for backla.. | fn | o 0.05000 0.08000
Face width b i 23.00000 23.00000
Tip diameter da i 82.681024 219.90460
Root diameter df i E8.31024 233.40460
Tip radius ra | mi 0. 10000 0.10000
Basic rack root radius | rf | 1.1250 1.1250 ()

Fig.1.65 Concept dimension (Internal gear)

* dimension result ol @ ==
| oecrition —Jsym[uni | Pmon | e |
Transverse module mt L 3.48410
Transverse pressure anele at | dez 22.73588
Effective face width be | um 23.00000
Lead pz . 414.83028 1225.22118
Profile shift B | oo 0.30000 0.36300
Addendum ha | um 3.30000 2.63100
Dedendum hf L 3.45000 4.11300
thole depth h mn £.76000 B.76000
Clearance © i 0.75017 0.75017
Base helix angle Ab | deg 2% 17 27.55
Operating transverse pressure a. | cow | deg 2 [ s [ 17
Operating pitch diameter dw | um 7. 28066 225.37468
Transverse circular pitch pbt | mm 10.0827%
Mormal circular pitch pbn 8.85639
Contact leneth & Hm 14.05211
Transwverss contact ratio ea | - 1.40062
Overlap ratio g8 | == 1.22018
Total contact ratio £y |- 2.62081
Sliding ratio (tip side) Ta | = 021184 0.37589
Sliding ratio (root side) gh | === -0.80227 -0.26747
Span measursment (desien) L3 i 32.542672 47. 411604
Over balls diameter(desien) din | nm 82.198908 219.335224
Gircular tooth thickness (design) | sn . 4.877662 4.373328
Transverse toath thickness (des..[ st | wm 5.643564 5.131234
Transverse span measurement | Wa | mm 36985179 110.350381
Ghordal height hi . 3.36881 2.62087
Ghordal tooth thickness i L 4.87578 4.36331
Basic rack addendum factor hac | --- 1.00000 1.00000
Basic rack dedendum factor hfe | --- 1.25000 1.25000
Back lash (transverse) it L 0.1352%
Backlash (normal) ino | um 0.10791
Contact circle diameter{Min) def 82.71681 220.24702
Gontact circle diamster{Max) dca | mm 71.35802 231, 16352

Fig.1.66 Detail dimension (internal gear)

= Rendering {E=1 Eon =)

Fig.1.67 Rendering

* Teeth contact analysis

(E=8EoR =

Fig.1.68 Contact pattern (Gear)

119 HELP feature

[HELP] function can be used to understand the operation method. For
example, if the user wants to know about gear accuracy, by activating
the "Precision” form and press the [F1] key, the explanation about
accuracy is displayed as shown in Fig.1.69.

T p— ===
- [
P X i

B

i | omcion X ?

T ol upm rcarge = diplayed ard the sres surrourcisd

Fig.1.69 HELP function

1.20 Design data management (Saving / Loading)

The design data can be saved and loaded as shown in Fig.1.70. In
addition to the control number and the title, users can also retrieve the
data from the gear specification (module, number of teeth, pressure angle,
helix angle).

7 involuteZ iii spur & helical gear design system
Edit

View Tool Window Help

1 MNew Cerl+N Y araEd]
E Open. ctrl+0 Save
Import... Wariagemant No._ Tesl Wanagenent. Ko. |15t
I Save.. Ctrl+S Designer
Travine
Delete... Ctrl+D Mame of articke
Export... I .
Dt I/10/200 G- 16:08:6E
& Print... Ctri+p ke
Page setup...
-1
Ext e |[ Cancel Clesr

Fig.1.70 Data saving, loading
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