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Fig..1.1 Calculation Result Screen

1.1 Introduction

involute X (Spur & Helical) adopted many customer requests
from those who used conventional software, and the software
was revised in May, 2000. In addition, 3D tooth form stress
analysis software and 3D error analysis software was added in
May, 2001. The latest involute X' can output tooth form in 3D
data, and it can observe the meshing line of contact of gear
rotation continuously by tooth form rendering (see Fig. 1.1).
Other new functions to obtain gear strength standards and infer
optimum addendum modification coefficient were added. Please
review the following content.

1.2 Software Composition
Software is classified into 3 types of [ST], [PL], [SP]. Please see
Table 1.1.
Table 1.1 Software Composition

Items Page

1. Setting Basic Rack 1

2. Gear Dimension

3. Reasoning -1

4. Reasoning -2

5. Tooth Profile Generating Figure

6. Gear Meshing Figure

7. Meshing Continuation Rotation

8. Tooth Form DXF File Output

9. Tooth Form Rendering Figure
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10. Gear Accuracy

11. Design Data Management

12. Steel Gear Strength

ot

13. Plastic Gear Strength

R

14. Steel and Plastic Gear Strength

15. Sliding Ratio Graph

16. Hertz Stress Graph

17. Bearing Load

18. FEM Tooth Form Stress Analysis

19. Transmission Error Analysis

20. Fourier Analysis

21.Tooth Form IGES File Output
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22.Flash Temperature

Legend
ST: Steel Edition
SP: Steel & Plastic Edition
O: Included
A\ Conditionally Included

PL: Plastic Edition

©::Optional
X Not Included

1.3 Software Content
1.3.1 Icon Button

There are 12 icon buttons: [Dimension], [Tooth Forml,
[Accuracyl, [Strengthl, [Sliding Graphl, [Hertz Stress Graphl,
[FEMI, [Transmission Error], [Fourier Analysisl, [Tooth Form
Rendering], [Load Bearingl, and [Flash Temp.]. There is also a
[Tool] button that sets initial values of basic rack, etc.
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1.3.2 Gear Types.

- Involute Spur Gear, Helical Gear

- External Gear and Internal Gear
1.3.3 Setting of Basic Rack, etc.,

Basic rack settings screen is shown in Fig. 1.2.

Combination of Gears: External Gear,”External Gear,
External Gear,”Internal Gear
Full Depth Tooth, Stub Gear Tooth,
Special

Basic Rack:

1.8.4 Gear Dimensions

Dimension of each part of gear is used to calculate contact ratio,
sliding ratio, tooth thickness, etc. The contact rate of the gear
with the undercut is calculated on the basis of the TIF diameter.
And, the contact ratio is calculated by containing R in the tip
(TIF: True Involute Form).

Dimension Strenoth DxF

Combination of the gear
(¢ External and External " External and Intsrnal
Tip circle decision method
(v Standard " Equal clearance

Setting of the basic rack

& Ful " Stub " Either

| Pressweangle | o | zo.o0o0n0 [ deg

Description Sy, Pinian Gear
[acdendum factor |hac | |
|Bedendum factor [ ki | [
| RoctRtacter | Re | [

[ Clearance factor | cke |
Relationship between the center distance
& unto center distance

" center distance toxn

" un no relation to center distance

cke

[ Basic Rack

Type of the accuracy
JS B 1702(1876)
JGMA 116-01(1960)

o IS B1702-1(1998)
JIS B 1702-2(1998)

[T Y[ concel | [ sty ][ 5ot e erau |

Fig. 1.2 Properties (Dimensions)

(1) Relation between addendum modification coefficient and
center distance is the following 3 types.
<1>The addendum modification coefficient of each gear
decides center distance.
<2>The decision of center distance gives the addendum
modification coefficients for pinion and gear.
<3>The center distance disregards addendum modification
coefficient, and it is optionally decided.
(2) Setting system of addendum modification coefficient are the
following 4 types.
<1>The addendum modification coefficient is directly input.
<2>The addendum modification coefficient is decided by the
input of base tangent length.
<3>The addendum modification coefficient is decided by the
input of over ball distance.
<4>The input of amount of addendum modification.
The dimensions setting screen and selection screen in the
addendum modification coefficient input are shown in Fig.1.3.
The dimension result screen is shown in Fig. 1.4.



Gear dimension

Description Symhol Unit Pinion Gear
Wadule pitch mno | ommo | 2.00000
Rurmlaer of testh z | — | it [ 24
Pressure angle @n | deg | 20.00000 g
Helix angle B deg | 20  °f o oo
e crection [ R e [ o
Addendum modification cosf. | - | 0.20000 | | & Base tangent length
a | mm | 41,8 ¢ Over ball distance

 Addencum modification

Bass tangent length

Thinning for backlash
Face width
Tip circle diameter

b mm | 20.00000 |
da mm | 36.72533 |

[
[
[
[
[
[
| Center distance
[
[
[
[
[
[

|
[
[
[
[
[
[
[ mm | 0.z0000 |
[
[
[
[
[

Rt cirole dismeter dof mm | 27.72533 | [Pt Wiesy |
Ball diameter(Measurement) dp mm | 3.665 | | Base tangent length |
Tip racius ra mm | 0.00000 | [ Cutting =n [

I el || Cancel ‘ | reasoningl i| reasoning2 | I

Fig. 1.3 Dimensions Setting Screen

Gear dimension calculation result

!

Description Symhal| - Unit Pinion Gear [~}
Pitch circle diameter d mm 31.9253 51.0805
Effective face width b mimn z0.0000
Base circle diameter db mimn Z23.7702 47.6324
Lead pz mim 275.5621 440, 5333
Addendum modification m mim 0.4000 0.0000
Addencium ha mim Z.4000 2.0000
Dedendum ht i z.1000 2.5000
Whols depth k min 4.5000 4.5000
Clearance c i 0.4882 0. 4882
Base helix angle e ey 1z * 44 ' o "
Cperating transverse pressure angle o ey 2z * EL 14 "
Operating pitch diameter =1 mim Iz.z240 E1.5554
Momal circular thickness =n mim 3.4328 3.1416
Axial circular thickness st mm 3.6531 3.3432
Transverse base pitch phbt mm 5.2351
Mormal pitch phn mm 5.9043
Contact length ga [l 8.5485
Transverse contact ratio o - 1.3710
Cverlap contact ratio £h - 1.0887
Tatal cortact ratio =7 - 2.4597 [
Slicing ratioftip) e - 0.8330 0.7450
Slicling ratiolroot) op - -2.921E -2.2578
M.T of teeth for span measurement Im - 2 4
Base tangert lenogth Wy min 15.53E5%9 21,4578
Basze tangent lenothldesion) L min 15.323E5%9 21,4478
Over bals distance dm i 37.FIEL CC. 7494
Owver balls distanceldesign) dm' mim I7.3644 55,5983
Caliper depth Hi mim Z.4814 2.0426
Caliper tooth thickness Si mm 3.4276 3.1400
Caliper tooth thickness{design) 23 mm 3.216z2 3.11388
Basic rack addendum factor hac' - 1.0000 1.0000
Basic rack dedendum factor hic! - 1.z500 1.2500
Tatal backlashitranzverse) it it 0.2515 hd

Fig. 1.4 Dimension Result Screen

1.3.5 Reasoning-1

Reasoning-1 decides module and face width with respect to
bending strength. Here, inferential module and face width are
indicated, then, it is possible to advance to the next design. There
are various combinations of module, face width, and material
that can satisfy strength requirements. So, this function is very
effective in summarizing the gear on the basis of the reasoning
result. The reasoning-1 screen is shown in Fig. 1.5.

Reasonine 1 (by eear strength)} §|
Description Symkol Unit Pinian Gear
| Gear material [ = | - S45C  (NJHBZZO  ~|
| Hest treatment | — 1 — | normalizing
| Harcness == HBZZ0
| Allowskle bending stress [[oFTim [ wpa | 205,340 | 205,340
| Pinion torgue [ ] um Loo.000 | 160. 000
[ Pinion speed [ n | wm | 1zoo.o0o [ F50.000
| Mociule pitch [Twn [ mm 2,250
[ Mumber of testh [z T — ] 18 [ 24
[ Pressure andle [Tan | den | z0.00000 ¢
| Helix: angle: [ [ deg [ 2o o[ o0
[ Face width [T [ mm | EEREET]
| Bending safety factor [sr T — 7] 1,200
[ Tangertial load [ | w ] EEgE. 540
| Permission tangential losd | Ftlim | M | £885.653 | EF23.875
[ Tocth bending stress [ oF | wpa | 15.863 | 17.392
[ Bending strength [st | — 1057 | 1207
dule of the gear which satisti [catculation][cancel] [reasoning 2] [ Design |

Fig. 1.5 Reasoning-1 Screen

1.3.6 Reasoning-2

The function of reasoning-2 decides the optimum addendum
modification coefficient on the basis of specific sliding and
meshing ratio. Fig. 1.6 graphs largest sliding ratio of pinion in
red line, largest sliding ratio of gear in blue line, transverse
contact ratio in green line. This case, an addendum modification
coefficient of 0.2 of pinion is optimum tooth form, when it is
judged from sliding ratio and contact ratio.

The decision reason of general addendum modification
coefficients is undercut prevention, changes of center distance,
adjustment of operating pressure angle, etc.

But, this reasoning function can decide the addendum
modification coefficient based on the relationship between sliding
ratio and contact ratio.

Relationsip between Sliding and Gontact ratio by xn  [3)

Descrigtion Symbol| Pinion Goar
Transverse contacl rafia ) T.907
Overiap raio 6 Toa1s
Tatel corfact rafio o7 Te18
Siding raliogin) oo G.7eaE [ 0,731
Siding ratia(roct) D Trees | 3.2478
‘A ddendum modificefion coe n 0.2400 | -0.24a0
oo Siding ratio(Firion)
oo Slding rafio(Gear)
oo Transverse ontact ratio
10
a0 F————— F 140
=] ;
7 120§
o, J4im g
& €
Zs [
=) g0 T
2 [ELIN
L
1 020
0 o
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Adcendum modification coef ficient(Pinion)
<] B >
e |

Fig.1.6 Reasoning-2 Screen

1.3.7 Tooth Profile
(1) The type of the tooth profile figure.

- Tooth form generating

- Contact tooth profile

- 3D tooth profile

- Rotation tooth profile
(2) CAD file

- DXF file (2D, 3D)

- IGES file(3D)

The pinion tooth form generating profile is shown in Fig.
1.7,and the contact profile is shown in Fig. 1.8. Internal gear
checks 3 kinds of interference (involute interference, trochoid
interference, trimming). The 3D tooth form figure is shown in
Fig. 1.9 and Fig. 1.10.

T o e rost o s LEX
Generatina(P) | Generating(G) [ Cantacti] 3D tocth®) | 30 tootn(G) | Retation | OLTPLIT
TiF-29.596 mn T=40-161 mn

TLE1 072 mm

TL(G)1 578 mm

Fig. 1.7 Tooth Form Generating Fig.1.8 Tooth Form Meshing

Figure (P)
Tooth form fieure BEX

Generatina(P) | Generating(G) | Cortact 120 tocth(P) | 30 tooth(G: | Retation | oLTRUT

Tooth form fisure EEX

Generating(P) | Generating(6) | Cortact | 30 tooth(p) [ tooth(G3] Rotation [ ouTeuT

L

Fig. 1.9 3D Tooth Form (P)

Fig. 1.10 3D Tooth Form (G)



1.3.8 DXF and IGES File Output of Tooth Profile

It is possible to output the gear tooth profile by 2D, 3D-DXF
and 3D-IGES files.
(1) The tooth profile output gives module shrinkage percentage
and pressure angle correction factor for metal molds.
(2) The output tooth numbers can be set manually .
(3) The coordinate value is output to 8 decimal places.

Output files
& 2h « 30
€ Cortact Teeth & Pinion Gear
Pinion Output tooth number 1t
Module shrinkage percentage 0.00 afuin]
Prezzure angle correction factor 0.00 Hooo
v Pratile modificstion
pinian T O
Foot
| T v ho
Wixl
-~ oL ooo
Unit; mim Tip
[ ox |[icancet] | zes

Fig. 1.11 Output File Setting Screen
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Fig. 1.11-a Drawing Sample (DXF
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Fig. 1.11-b Drawing Sample
(GS)

1.3.9 Tooth Profile Rendering

3D tooth profile meshing can be drawn as in Fig. 1.12. The
pinion rotates in 1 degree increments if the gear meshing step
angle is 1; the pinion stands still if the gear meshing step angle is
0. The tooth profile direction can be freely changed, extended and
reduced. Fig. 1.12 displays figure and setting screen from the
gear side, and Fig. 1.13 displays figure from the pinion side. In
meshing part of Fig. 1.12, line of contact can be observed.

Three dimension tooth form rendering

Fig. 1.12 Tooth Form Rendering Figure and Setting

Three dimension tooth form rendering

FEX

Fig. 1.13 Tooth Profile Rendering

1.3.10 Gear Accuracy

The error tolerance (JIS B 1702-1 and JIS B 1702-2) of the new
JIS is displayed in Fig. 1.14 and Fig. 1.15. The new JIS or old JIS
may be chosen.

Gear accuracy |_'_ ” Il')(.‘
Dimension | JI5 B1702.1 || Js B 17022
Description Synkol Pinion Gesr
Single pitch deviation fot 3 £.%
Cumulative pitch devistion Fpk 6.5 B
Total cumulative pitch devistion Fp 14 18
Total profile devistion Fex 5 &
Tatal helix devistion Fié 7 7.5
Tocth-tooth tangential comp. dev. i 7.5 a
Tatal tanojential deviation Fi 22 26
Profile form devistion ffe 4 4.5
Profile slope deviation fHe 3.3 3.7
Heli form deviation ffg 5 5.5
Helix slope deviation fHE H c.t
Unit [eem]

Fig. 1.14 Gear Accuracy JIS B 1702-1)

Gear, accuracy |Z”:I|E|
Dimension | 5B 17021 |,
Description Pinion Gear
Total radial composite deviation Fi" 18 22
Tooth-tooth radial composite devi. i 6.5 6.5
Allowvable radisl runout Fr 11 15
Unit [em]

Fig. 1.15 Gear Accuracy (JIS B 1702-2)

1.3.11 Noise Reduction (Specific Sliding and Hertz Stress Graph)

On the operating pitch circle, as a feature of the involute tooth
form, contacting involute teeth make a rolling motion, while
teeth of other kinds make a sliding motion.

The graph change of specific sliding and hertz stress of an
example gear is displayed in Fig. 1.16 and Fig. 1.17 (standard
spur gear of mn=2, Z1=15, Zs=24, «=20 ). And, rapid hertz stress
modification in the first engagement is shown, because the
dedendum specific sliding of the pinion is large. In this case, the
problem is not solved, even if the accuracy is improved. Therefore,
not only contact ratio but also considering design changes of
specific sliding and Hertzian stress are necessary. There is a case
in which a solution is reached by adjusting the transposition, in
order to smooth the Hertzian stress. Plastic gear must be
designed with highest attention as the heat caused by sliding
motion considerably affects the gear. When the addendum
modification coefficients are Xn1=0.24 and Xn2=-0.24 and the
center distance is not changed, the curves of specific sliding ratio
and Hertzian stress are shown in Fig. 1.18 and Fig. 1.19,
respectively. When a profile modification is applied to the gear
whose Hertzian stress is shown in Fig.1.19, the curve of Hertzian
stress of the modified gear becomes smoother as shown in Fig.
1.20.
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Fig. 1.17 Hertz Stress-1
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Fig.1.16 Sliding Ratio Graph-1
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Fig.1.18 Sliding Ratio Graph-2 Fig. 1.19 Hertz Stress-2
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Fig. 1.20 Hertz Stress-3

1.3.12 Zero Class Gear

The involute plane of the gear tooth type is important, but the
dedendum shape is important as well. The graph of Fig. 1.21 is
a test result (both tooth surface meshing) of a tooth form that
connected the root of tooth curve in optional R; Fig. 1.22 shows
the test result of theoretical trochoid curve tooth form.

In the case of a basic generating motion, the tooth root shape is
a semi-trochoid curve decided by @D pressure angle, @ basic
rack dedendum, @ dedendum R, @ addendum modification,
® teeth number. inwvolute X outputs the theoretical tooth
form curve.
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Fig. 1.22 Gear Test (theoretical tooth form)

1.3.13 Gear Strength Calculation (Steel)

The gear strength calculation is based on JGMA401-01, 402-02.
SI unit system or MKS unit system can be chosen for designs.
The strength setting screen is shown in Fig. 1.23. The material
selection displays the material selection form adapted to "heat

treatment," as shown in Fig. 1.24. The strength calculation result
is shown in Fig. 1.25.

Steel gear streneth result DE®E

Deseription Pinion Gear
Heat treatment | ~
Material symbol SCM40 ~|[scuaan -
Heait division hardness Hy [ 358 J Hy | 284 J
Surface hardness Hy [ 580 Hy | 580
TFlin(HPs) 480.8 204.0
HI i (WP 1530.0 1167.0
Acouracy JS class(1976) 3 | F -
Description Symbol Unit Pirion Gear
Toreue T MNm 100.000 [ 160.000
Rotational speect n rpm 1200.000 [ 750.000
Bearing suppart means symmetyy in both bearings v |
Life repetiion frequency L 10000000
Ratation's direction of gear nomnal rotation ﬂ
Circumferertial speed K mis 2.0247
Profile modification conducted |
Roughness of tooth surface Fmaic Hi c.00 | 6.00
Tath cortact situation in the load good ﬂ
Material property coefficient ™ (MPa)"® 189.800 |  189.800
Lubricating oil coefficiert Il 1.000 | 1.000
Overload coefficiert o 1.000
Bening safety factor F 1.200
Taoth surface damage safely factor SH 1150

|
Fig. 1.23 Gear Strength Input Screen

Garbur izing gear X
B Centerhardness| oF | in | Efective Tooth pulsee | oHIin |~
HE [ HY HPa SRR | ][ e HFa.
4 47 | 170.5 § 54 | 1128
5 57 | 1 o 55 | 1147.5
§ 87 7 55 | 1157
7 78 5 4 57 | 1187
§186 3 R} .5 _ & 58 | 1177
] 00 5 Cromparatively ] 7] 77
light [ [ 7
5K T 7
FETH ] 7
780 | &3 7.5
780 | &3 g
g00 | &2 8
Structural [S=nterhardnsss] oF | i | Efective oo ERess| ol in
slloy steel [ 1B Y HPa carburizing [~ | HRe HPa
270 383.5 g0 | ta| (zaet
230 359 T T
240 3728 20| &6 | fa43.8
schals 250 382.5 [edn [ 57 | (63,5
ok | cancel |

Fig. 1.24 Material Selection

Steel gear strength result(JGMA:401-01.402-01) &‘
Descriptionthending) Symbal | Unit Finion Gear
Allovable bending stress oFlim [ MPa 450,500 304.000

Effective face width 3 mm 20.000 20.000
Tacth form factor W 7.826 TE7E
Lo clstribution factar Ve 0.728
Angle of torsion factor e 0.822
Life factor kL 1000 | 1.000
Dimension factor KFx T.000 | 1 600
Dynamic Inad factor Ky 1.0851
Call circumference poveer Ft 1 €206.557
Aloweble tangential force Flim 1 S055.124 | 6159.480
Bending strength Ed 458 | [REH
Tooth af hending stress oF WPa 336.198 | 306.323
Description(bearing) Symbol | Unit Pirion Gear
Allowshle piting stress [ oHim | wpa | 1530.000 [ 1167.000
Effective face width [ [ mm 20.000
Region factar [ | — z.25%

Life factor KHL 1,000 | 1.000
Contact retio factor Ze 0.854
Roughness factor R o.528 | 0,528

Smooth velocity tactor v 0.588 | 0. 566
Hardness ratio factor W 1,000 | 1.000
Load cistribution factor THE 1.000
Dynamic Ioad factor Ky 1.050
Call Circumference poveer Fo [ €264, 617
Allovesble tangertial force Felim N 3853.918 2242.132
Pitting syrength Sic 0615 0,356
Hertzian stress oH WP 1550. 686 1550. 686

Fig. 1.25 Strength Calculation Result

1.3.14 Gear Strength Calculation (Plastic)

The basis of the strength calculation of the plastic gear is an
equation of Lewis, and the material allowable stress value
adopts experimental values considering temperature and life. As
a material combination, the strength calculation of [plastic X
plastic] and [steel X plastic] is possible.

SI unit system or MKS unit system can be chosen for designs.
Input screen of the plastic gear strength calculation is shown in
Fig. 1.26. The tooth profile factor decides the tooth profile of gear
dimension given in Fig. 1.3. The strength calculation result is
shown in Fig. 1.27. The plastic material is polyacetal (M90, KT20,
GH25) and polyamide (Nylon).



Plastic eear streneth item

Material symiool Ma0-44
Description Symbol | Urit Finion Gear
Tarque T Hem 100. 000 10,000
Rotational frequency n pm 1200.000 750,000
humber of Ioad cycles L 10000000
Fitch line: velocity &t operating PD v mis Z.0055
Type of ubrication grease |
Temperature - °C 60.000
Overload factor Ko 1.000
Bending safety factor Ej 1.200
Pitting safety factor SH 1,150
0K | Cancel I

Fig. 1.26 Input Screen of Gear Strength

Deseription(bending) symiaol | Uit Finion Gear

Allovwable bending stress o Flim MPa 7.318 I 7.735
Tooth form factor vF G551 | 0.526
Spesd correction factor ] T.384
Temperature factor T 0.650
Lubrication factor [ 1,000
Material factor Kl - 0.750
Tangertial loact Ft [ 62,646
Fermission tangential load Ftiim N 134.35% 136.557
Bendling strength st 2,145 z.180
Bening stress ob [ Mra 3,411 3.575
Descriptionpitting) Symbol | Unit Finion Gear
Permission piting stress oHim | Mra 36.177 | 40573
“foung mosulus E MPa 1721.067 I 1721.067
Tangertial loact Fe [ 62,646
Fermission tangential load Folim N 252.977 | 368.600
Tooth surface intensty Stc 067 | .116

Fig. 1.27 Strength Calculation Result

1.3.15 Bearing Load

The load that affects the gear and the load that affects bearing
are calculated. Twenty kinds of load affecting each bearing, such
as contact force and normal force, are calculated. The calculation
result is shown in Fig. 1.28.

Dascription Valug

Torque(F) (N m) 100.000
Brey. span al(mm) 40.000
Br. span a2(mm) 40.000
Brg. span b (mm) 40.000
Brg. span b2(mm) 40.000

Description Symbol |
Tangertial load Fu
Norml laad Fn
Recicl load(Tatal) Fr
Shatt thrust lomd Tatal) Fa

Fig. 1.28 Bearing Load

Value (Unit |
G206.558 -
7025767
2403.380
2253.002 -

1.3.16 Flash Temperature

The flash temperature which arises on a tooth surface is
calculated. The setting screen is shown in Fig. 1.29. Then, the
flash temperature graph of the non-modified tooth profile is
shown in Fig. 1.30.

Description Symbal Unit Pinion Gear
Gear temperature GTc B 70.000
il temperature Tc B 40,000
Roughness of tooth plane(Rs) | 01,2 | om a.400 | 0.400
Friction coefficient P2 === 0.080
Profile modification - - Not conducted _v|

0K I Cancel I
Fig. 1.29 Input Screen of Flash Temperature
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Fig. 1.30 Flash Temperature

[2] 2D Tooth Form Stress Analysis Software

2D tooth form stress analysis is optional involute X (Spur and
Helical Gear Design) software. Please observe software
composition (Table 1.1).

2.1 Operation

Stress analysis is simply accomplished by clicking the [FEM]
icon after the strength calculation ends. Setting screen of FEM
analysis is shown in Fig. 2.1. It is possible to change load and
number of partitions and Poisson ratio and Young modulus.

Item of FEM tooth form stress analysis

20,30 Select
& 20 FEM 30 Togth Divistion
3o I —————

Description Symbol  Unit Pinion Gear
Misterial symbol — - ScM4zn SCM440
ioung modulus E MPa 205800.0 205800.0

Paizzon ratio mu - 0.300 0.300
Mo, of partitions(depth) Wil - i g8
Mo, of partitions(wicth) Hd - 20 19
Position of the load poirt Pn - 2 2
Load Ft M 3103. 28
Color gradation ne 100
Displacement magnification Sd - 100

Fig. 2.1 FEM Analysis Setting Screen

2.2 Stress is Analyzed by Load that Affects the Tooth

This software calculates 5 kinds of stress (o, 0y, shearing
stress t, main stress o 1, 0 2). Gear reliability can be enhanced by
evaluating the actual stress that affects tooth and by calculating
the gear strength. The maximum main stress o 11s shown in Fig.
2.2, the equality line of stress figure of the smallest main stress
o2 1s shown in Fig. 2.3.

2.3 Tooth Form Modification Quantity is Calculated by
Displacement Quantity of Tooth Form

The tooth form modification is a useful method for improving
gear running performance. Normal pitch difference arises by
deflection of the tooth in the driving gear and tooth of driven gear,
even if it is an accurate gear.

The improper contact of mating teeth caused by the difference
in this normal pitch becomes a cause of vibration and noise. The
tooth form modification is one method for solving this. The tooth
form displacement figure is shown in Fig. 2.4, the graph of tooth
form modification is shown in Fig. 2.5.

FEM tooth form stress analysis(P FEM tooth form stress analysis(P

modity | veluetdisp) | velue(stress) modify velue(disp) | velue(stress)
( sigma y T SiGME = T displacement [ sigma y T sigma T displacement
sama2 | sigmati | tau sigma2 | sgmat | tau

sigma 1 max= 385.228(MPa)
sigma 1 min=-180.902(MPa)

5igma 2z max= FO0.323(MFa)
sigma 2z min=-755.658(MFa)

70929

I 386,228 I

Fig.2.2 Maximum Principal Fig.2.3 Smallest Principal
Stress o1 Stress o 2



FEM tooth form stress analysis{Pin FEM tooth form stress analysis{Pinio.. [X]
sgma2 | sogmal | tau sigmay | somax | cisplacement
[ madify T wvalue(tisp) T vallgstress) [ sigma 2 T sigma 1 T tau

sigma v T sigma x T modify} alue(disp.) value(stress)

No.of element= 288 Load=3103.280(N) o.382¢0mm)
. mm

Node number= 171 Angle= 34.843(deg)

Max magnitude 3,098 (mm)
Amac( 154 = 12.016 A db TIF A
Aming 31 )= -0.150 I

Wmax( 109 )= 2.329 I
Wming 135 )= -2.625 )

TF=9.736(Micro-m)
Ralllen. RL{mm) | rmod Timicra m)
[~ oiooooo [ 5.736
]W]Wj
1.07951 5,313
[l 1.84845 F.229 [l
* 2.66937 6.274 j ~

Fig.2.4 Tooth Form Fig. 2.5 Profile Modification
Displacement Graph

[3] 3D Tooth Form Stress Analysis Software

3D tooth form stress analysis is optional involuteX (Spur and
Helical Gear Design) software. In the case of a helical gear, the
number of partitions of the face width direction are decided
according to the tooth form pitch number of partitions of initial
stage setting screen Fig. 3.1. The division of the tooth depth
direction is divided on basis of contact line. The smallest main
stress, maximum principal stress and tooth form displacement
figure are shown in Fig. 3.2 to Fig. 3.7.

Item of FEM tooth form stress analysis
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Fig.3.1 Initial Stage Setting Screen
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[4] Transmission Error Analysis Software

Transmission error analysis software is optional for involute
(Spur & Helical). The transmission error analysis software
requires FEM tooth form stress analysis software.

4.1 Rotation Transmission Error Analysis of Gear

The software uses the following five items as elements to
analyze transmission error:

(DTooth profile error

(@Pitch variation

(3Deflection of tooth

@Runout of shaft

(®RSliding speed

Gear rotation transmission error can be predicted at the gear
design stage, verification by actual product test and
measurement is not necessary

The object gear can be analyzed as a spur gear in case of 2D
tooth form stress analysis. However, when 3D tooth form stress
analysis is used, the transmission error analysis of spur gear and
helical gear is possible. Setting screen of transmission error is
shown in Fig. 4.1 and Fig. 4.2.

Transmission error analysis E ]

Transmission error analysis

’m ] ’W
" Revalving pinion " Revalving gear  Revolving pinion " Revolving gesr

Pinion f Gon ] tnioon Prion Y e L__ntrioon
o, Todth profle errorfp___| & 12345678910 To. Tooth profil error fp. ~ 12345678910
— 2000 1 : — 100 c©
| 2000 fo = 200 e

4] 2000 I 4| 1500

=l 4 o0 ¥ Jmicro-m =1 ¥ Jmicro-m

Phch verition i mode [ weximum vaTus seteing <] T R aximm vatue serting <]

Tooth number [ 1 Mexpichvariston | 5.00 Tooth nurmber [ 1 Maxptchvariation | z.00
Mo, Fitch variation A Nurmber of teeth No. Pitch varistion A~ Number of teeth
| [ 1 1983 B @
2| 4408 2 1917 N |
B 3362 e 172
[ 1805 . 1414
G 1453 e 107
G 2808 e 052

4004 ¥ Jimic 7 0261 ¥ Jomic
Con Jowmen) Tox o]

Fig.4.1 Transmission Error Fig.4.2 Transmission Error
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4.2 Evaluation of Transmission Error (1)

The rotation transmission error graph is shown in Fig. 4.3, the
wow and flutter graph is shown in Fig. 4.4. And, it can be
confirmed by the noise frequency.

Trangmission error

Wow and flutter,

Wi Errere iaee | g
&
E
3
| | ; § oo, i i i !
| i i i 3 0.000 0013 0025 0.050)
i a0 180 270 360 Rotational Time of Pinion(sec)
Fotational Angle of Pinion(den) [Ceorgnieeey | 3 ~][1«D> [ ]|
v 4 | “ |

Fig.4.3 Transmission Error Fig. 4.4 Wow and Flutter



4.3 Evaluation of Transmission Error (2)
Transmission error analytical result and wow and flutter graph

of a helical gear are shown inFig. 4.5 and Fig. 4.6, respectively.

The three—dimensional transmission error analysis also

considers meshing plane and back interference.
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[5] Fourier Analysis Software

Transmission error analysis of the spur gear (mn=2,
71=72=40) is carried out, and the frequency analysis results are
as follows.

The pinion tooth profile error is set to 10 pm, and shaft runout
is set to 3um. However, there is no pitch error of the pinion and
tooth profile error of the gear and shaft runout of the gear. The
setting screen is shown in Fig. 5.1. The transmission error
graph for a pinion made to rotate at 1200 rpm is shown in Fig.
5.2.

The result of the frequency analysis is shown in Fig. 5.3. The
frequency of 800 Hz (1200 min-1 x 40 Hz/60 sec) of the first
frequency and the secondary 1600 Hz, third, fourth appeared
clearly in the analytical result.
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Fig 5.3 Frequency Analysis

[6] Transmission Error Analysis of Plastic Gears

The transmission error was measured by single tooth surface
contact testing equipment, while the load was given by the drive
of molding plastic helical gear (POM). The gear dimensions are
shown in Tablel.

Table 6.1

Unit Pinion Gear
Module mm 1
Number of teeth 37 37
Pressure angle deg 20
Helix angle deg 20
Face width mm 10
Center distance mm 39.47
torque Nm 9.8
Rotational speed min! 6

A measurement result is shown in Fig. 6.1 and a frequency
analysis is shown in Fig. 6.2. Analysis shows a similar
corrugation figure and maximum value of the transmission error
of 30pm are observed on both results of the actual measurement
and the simulation.. And, the 3.7Hz frequency and the 7.4Hz
have remarkably appeared, as shown in Fig.6.4.
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