[2] involuteX Bevel Gear Design System

inyolute sigma »evelgnar design system(JGMA),_User [Sample Program/AMTEC INC.]

i Descriion

Symbol_| Uit

valoe(d|  Lovel mounting error

Sigma | Pere 9

‘nge moting eror

207 (| Offset mourting error
¥ Rendering

I~ Tooth cortactng

I~ Kk ot gragh

Shattongie Sore [ deg | o 7] o

Face widh b [ 75000

IS acouracy ciass == 3 T
Outer crovarthikoess | S | mm s | 750

sigma 2 signa i
modiy valoe(Esp)

G o o w [ Gozw00 [ G240
Gusinioe depn [ h [ mm 74260 Sigmay Sgmax

vaue(atress)
splacement

7 [ m | T G
fimnn o | eo0.000 |
I T

ron

Gutsdsnerkog depth | b | mm 9000 i v 105135 )
e [ mm see | Frrvegd St ]

GutswDedendum C e | 3.o1e8 p—

2 ing srese

|| R -

ieteria symbot

Poisson ralo

3
NNV

[t partions

=T
=)

R
ThetaPiion ol angle n degrees

kil

~l

Inputransverse module.

Fig. 2.1 involuteX Bevel Gear Design System

2.1 Introduction

The involuteX Bevel Gear Design System is a complete design system
for bevel gears. It offers Gear Dimension, Strength Calculation (Metal or
Resin), Tooth Profile Rendering, Assembly Drawing, Bearing Load
Calculation, Sliding Ratio Graph, Hertzian Stress Graph, Profile Tooth
Stress Analysis, Tooth Contact Area Display, Measurement Data Output,

and many other features.

2.2. Software Features

Table 2.1 shows the available software features offered.

Table 2.1. Software Features

Item Page Straightl Spiral
<1> Gear Dimension 8 O
<2> Gear Meshing Drawing 8 O
<3> Gear Assembly Drawing 8 O
<4> Tooth Profile DXF File Output 8 O
<5> Strength Calculation (Metal) 9 O
<6> Strength Calculation (Resin) --- O
<7> Gear Accuracy 9 O
<8> Design Data Control — O
<9> Tooth Profile Rendering 10 O
<10> Sliding Ratio Graph 11 ©
<11> Hertzian Stress Graph 11 ©
<12> Crossed Axes Angle (Acute) 11 ©
<13> 3D Tooth Profile Coordinate Output 10 ©
<14> Tooth Profile IGES File Output" 11 ©
<15> Tooth Profile IGES File Output for FEM 11 ©
Analysis"
<16> Assembly Error Simulation 11 ©
<17> Over-Ball Diameter Measurement" 10 © X
<18> 2D-FEM Tooth Profile Stress Analysis" 10 ©) X
<19> Tooth Profile Measurement" 11 ©
<20> Tooth Contact Area" 11 ©
<21> STL File Output” 11 ©
<22> Crossed Axes Angle (Acute) - ©
<23> Chamfer Shape 9 ©
<24> Kick Out Graph 10 ©
<25> Minimum of 9 Teeth - ©

O (Supported as standard) © (Optional)

1) "<13> 3D Tooth Profile Coordinate" software is required.

2.3 Icon Buttons
The toolbar contains 13 icon buttons
[Assembly], [Profile], and [Rendering].

Fla) 2| A=) A AlLd )

2.4 Supported Gear Types
The System supports 14 types of bevel gears: six spur bevel gears and
eight spiral bevel gears. Fig. 2.2 shows the supported bevel gear types.

Type of bevel gears @

Straight bevel gear Spiral bevel gear
() Standard depth () Taper depth (AGMA2005-B58)
() Parallel clearance ) Uniform depth (AGMA2005-B88)
® Taper depth (AGMA2005-558) () Zeral (AEMAZI05-B55)
) Unifarm depth (&GHMA2005-855) () Taper depth (£GMA203.04)
() AGMA, 208.03 () Uniform depth (AGMAZ09.04)
() Gleazon (far automakile) () Gleason (1960)
() Gleason (Under 11 teeth)
() Zerol (AGMAZ02.03)

| ki I Cancel

Fig. 2.2 Supported Bevel Gear Types

including [Dimension],

Conical surfaces
® Standard depth taper

() Duplex taper

2.5 Gear Dimensions

Selecting a bevel gear type in Fig. 2.2 displays the Gear dimension input
screen as shown in Fig. 2.3. After specifying the module and number of
teeth of the pinion/gear, pressing the TAB key sets the default values for the
remaining items (editable). The System not only supports shaft angles of
other than 90 degrees, but also calculates the inclined and constant height
teeth.

The Modified gear dimension input screen shown in Fig. 2.4 allows the
user to specify the tip modification and crowning data and change the tip
and root angles of the bevel gear as desired.

Gear items E]|E|E]
[Clssification of bevelgear [ acmszos0z L]
Dezcription Symbaal Linit Pinicn Gear

| Transwverse moduls | it W| 2.0000

[ Humber of teeth [z [ = ] 12 [ 20

[ Pressure angle | aphan | deg | 20,0000

| | | | |

[ | | |

| Shatt anole | Sigma | dem | =20 °f [i] i ]

| Face width | b mm | 7.0000

|Gear sccuracy(JS B 1704 | — || 3 | 2

[ Cuter circular thickness | 5 | mm | 3.5702 | 2.7130
| | | Bl
[ Cuitter tip radius | o mm | 0.2400 | 0.z400
| Ousidenhale depth |k mm | 4.4280

[ Outsidewiorking depth | he | mm | 4.0000

[ OutsideAddencum | ha | mm | 2.5888 | 1,411z
| OuwtsideDedencum | hf mm | 1.8372 | 3.0148

Fig. 2.3 Gear Dimension Input Screen

Tooth modifications [Z|
Face width parttions(hu) |2 Taoth depth parttions(wu) ]
Dezcription Symbol Unit | X Pinion X Gear

[ Tips radiuz | Rt | ommo | o.zooo | 0.z2000
| Heslcrowningradius | Crwh | mm | 24,0000 | 40,0000
| Heel crowning quartty | Crh | mm | 0.0000 | 0,0000
| Toe crowening radius oooo | 40,0000
[ Toe crowning auartity oooo [ o.0000
[ Hesltip modify value oooo [ 0.0000
[ Heeltip modity depth oooo [ o.o000
[ Tpenge zze9 [ 63.5401°
[ Roct angle | Detat | cen | 26,4599 ° 51,6711 °

X Reference figure

O Cancel

Fig. 2.4 Modified Gear Dimension Input Screen




2.6 Gear Dimensions Calculation
The calculated dimensions of the bevel gear are displayed in the Gear
dimension calculation result screen shown in Fig. 2.5.

Gear dimensions E|
Description Symbol Urit Pinion Gear
Outer cone distance Re mm 23.3238
Pitch diameter d mm 24,0000 40,0000
Outside diameter dee: mm 28,4358 41,4521
Insicte: diameter dsi mm 13,6851 28,8798
Pitch cone angle [ Deta [dea [30 °[57 ''so v[sz [ 210
Adendum [ ha [“mm | 2.5888 | 1.4112
Dedendum [ ht mm | 1.8372 | 3.0148
Clearance [ E [Tmm | 0.4260 | 04260
A cdendum angle Theta a deg R NN
Dedendum angle Theta f deq RECRER AN ER
Tip cone angle Detaa EENE N ER R ER
Root cone angle Deta den | 26 °[ 27 ‘[36 *[51 °[e0 '[16 "
Working degth [ he [“mm | 4.0000
Vahole: depth I h [“mn 404780
Distance of outside tip from conictop | ® [“mm | 18.6681 | 10,7893
Axlal face width [ o [Tmm | 5.5369 | 3.1287
Circular thinning for backlash in min 0.0000 \ o.oo00
Backlash BL mm 0.0000
Tooth angle min I61.6355 | 361.6072
MWaterial angle Theta x den | 82z °[38 [ & *[es °[z5 '[46 "
Material angle [ Thetay deg |55 °f 2z ' 10 "[20 °[57 '[E0 "
Chordal thickness [ 5 [“mm | 3.5570 | z.7108
Chardal addendum [ H mm | 2.7027 | 1.4343
Ecuivalent number of testh | Iv =7 13,9943 | 38,8730
Transverse cortact ratio Epsiro alpha lT 1.3896
Owerlap ratio Epsiobeta | — 7. 0000
Total conlact ratio Epsrogamma | - | 1.38%6

Fig. 2.5 Calculated Gear Dimensions

2.7 Gear Assembly Drawing

As shown in Fig. 2.6, assembly drawings can be produced by specifying
the length and boss diameter information on the pinion and gear pair. Fig.
2.6a is an example of chamfering the outer diameter and boss ends of the
pinion for the forging process. In addition, Fig. 2.7 and Fig. 2.8 are drawing
examples for setting the shaft angle to 70 degrees and 120 degrees,
respectively. Assembly drawings can be output in the DXF file format.

o ol
a ol
a ol
| o
ol v
8 N /é Description (mim) Finian Gear
&
A Coniic top-datum level | 25.0000 | 24.0000
Boss auter diameter [ 18.0000 | 32.0000
Bioss inside diameter | 7.0000 | 15.0000
[ Chamfering Okl Cancel
Fig. 2.6 Gear Assembly Drawing and Settings
Description {mm) Pinion Gear
Conic top-datum level | 25.0000 | 24.0000
Boss outer diameter | 18.0000 | 32.0000
e é Bloss inside diameter [ 7.0000 | 15.0000
o
4 ¥ Chamfering
Description Cmim) Iv Pinion [ Gear
Chamisring outer diameter(dx) | 26.2200 |
hoss length (kx) | 10.3862 |

Fig. 2.6a Gear Assembly Drawing and Settings (Chamfering)

Combination figure Combination figure

ELi ] 40.0000
EAREE —

Fig. 2.7 Assembly Drawing
(Shaft Angle =70 ")

Fig. 2.8 Assembly Drawing
(Shaft Angle = 120 ")

2.8 Gear Profile Drawing

Gear profile drawings showing how the gear is meshed with the pinion at
the outer end, center, or inner end can be drawn. Fig. 2.9 is a gear profile
meshing drawing for the outer end.

Unclercut
PFinion : MG
Gear

Construction plane | Hest | mean | Toe

Description Pinion Gear

Tif radius (mm) | |

Ok Cancel (v

Top land wicth=0.971 Top lanl width=1 616

Fig. 2.9 Gear Meshing Drawing

2.9 Assembly Error Simulation

Improperly assembled gear pair would cause the variation of the point of
contact when the pinion and gear are in mesh. By setting the Assembly
Error Simulation, the user can observe this variation using the Tooth Profile
Rendering and Tooth Contact Variation features to evaluate the impact of
horizontal, vertical, angular, and offset errors in the gear assembly.

Simulation
Description Symbol Unit ‘alue

Horizontal mounting errar | H | mhicra-m | 0.0 Y

“Wertical mourting error W Micro-m 0.0 CB

i

Angle mounting error Theta deg 0.0000 e

Offset mounting errar e Micro-m 0.0
[~ Rendering [ Tooth contacting [~ Kick out graph

oK Cancel

Fig. 2.10 Assembly Error Simulation Settings

2.10 Tooth Profile Rendering

3D tooth profiles of the pinion and gear in mesh can be generated as
shown in Fig. 2.11. The generated tooth profiles will be based on spherical
involutes and theoretical leads. The viewing angle of the image can be
changed using the control form shown in Fig. 2.11. Setting the meshing step
angle to "1" causes the pinion to rotate in increments of 1 degree; entering
"0" produces a still image. The generated profile images are scalable.

Fig. 2.12 and Fig. 2.13 show the 3D rendering images that represent the
tooth profiles of spiral bevel and Zerol gears, respectively.

Rendering

¥ ais angle 127 q il |
W avis angle 27 . »
T axis angle a8 ] Z
Z axis mavement 2027 ] IO
Retational speed 14 v
Fotation angle step 1 4 J |
Retation compensation angle | 0.0000 | dey
Wire: Frame BackColor;

Rendering

Rendering




2.11 Tooth Contact Variation

Fig. 2.14 shows the point of contact on the pinion tooth flank when
crowning is specified on the Modified gear dimension input screen in Fig.
2.4. The pinion will be completely in contact with the gear at the flank area
shown in red but, in blue area, there is a clearance of 50- u m from the tooth
flank of the mating gear. The user can change the pinion rotation angle in
the control form to see how the contact area moves. Fig. 2.14a and Fig.
2.14b show contact area of spiral bevel and zerol pinions, respectively.

Tooth contacting

¥ s angle Eg
I axis angle -16
 axis mavemert 3390

Firion rotation angle 73372 4 [
BackColor 0 Micra-m

X ais angle -30 ‘
==
4 1

L= Lelele )

50 Micro-m

Tooth contacting

Fig. 2.14a Tooth Contact Area
(Spiral)

Fig. 2.14b Tooth Contact Area
(Zerol)

2.12 Kick Out Graph

The Kick Out feature simulates the circumferential play ("kick out") in
the gear from the start to the end of meshing with the pinion. As shown in
Fig. 2.15, the kick out value is only "0.0007" degree when the gearshaft
mounting error is 0. However, changing both the horizontal and vertical
errors in gear shaft mounting to 5 1 m in Fig. 2.10 will increase the kick out
value to "0.0093" degree as shown in Fig. 2.16, significantly changing the
kick-out curve.

Rotation angle(deq) 2.0000 ¥ cxes smalest scale Rotation angie(des) 6-0000 "+ gxes smalest scals

Gear clearance (veg) G.0008 0.00050 Gear clearance (deg) | 00951 0.02000

[ Kick out=0.0007¢cleg) Wi =0.0011(degy)

.04 [ ek out=0 D0g3(0eg)
00e

00025, e =-0.0051 (degs)
00020,
005
0om|

e —_|

00005
0.0000,
-0.0008]

play quartityin degrees

2 003

The Gear play quariity in degrees

The Gear

-oomof

Min =0.0005(te)

008, M =-0.0144(deg)

0 20 40 B0 B0 100 120 140 180 180 0 20 40 B0 B8O 100 120 140 160 184

Gesr rotation angle in cegrees Gear rotation angle in degrees

T I i K1l — i
Fig. 2.15 Kick Out Graph 1 Fig. 2.16 Kick Out Graph 2

2.13 Tooth Profile Data Output

As shown in Fig. 2.17, the user can choose to output the assembly
drawing, 3D tooth profile, or 3D meshing tooth profile image into a data
file. Fig. 2.18 is an example of a 3D pinion tooth profile output file
displayed in a CAD system. Fig. 2.19 is an example of 3D meshing tooth
profile image output for FEM analysis, where the tooth profile data will be
output into separate files for the left/right flank and tip portions.

Output gear data

[v 30 tooth

3D tocth profile data
™ Pinian ™ Gear r

Folygon mesh -

Folwvgon mesh
Lead diwision
pepth division
FEM data

[~ Gear set [~ 3D contact tooth

Cancel

Fig. 2.17 Tooth Profile Data File Output

Fig. 2.18 3D Pinion Tooth Profile
(IGES)

Fig. 2.19 3D Meshing Tooth
Profile (IGES)

2.14 Gear Strength Calculation

(1) Torque Unit Setting (N*m, N-cm, kgf*m, kgf*cm, gf-cm)
Fig. 2.20 shows the Torque unit tab of the Initial strength calculation
settings screen.

EEX

Initialize gear strength

Targue unit | Metalic material | |

¥ Metal gear strength

O Nm * Nem

Torque unit
© kgim

 kgfem
[~ Plastic gear strength

-

Torqus untt
o o

Ok Cancel
Fig. 2.20 Initial Strength Calculation Settings Screen (Torque Unit Tab)

(2) Bevel Gear Strength Calculation

The System calculates the strength of metal gears based on the JGMA
403-01 and 404-01 standards. For resin gears, the calculation of the
bending strength is based on the Lewis formula and the strength of the
tooth flank on the Hertzian stress.

(3) Materials

Fig. 2.21 shows the Metal material tab of the Initial Strength Calculation
Settings screen. The stress values shown in the Resin material tab are
experimental values taking into account the temperature and life cycle of
the resin material.

The applicable materials are M90, KT20, and GH25. The characteristics
of other material can be calculated based on M90.

Initialize gear strength

Torque unit  Metalic material ] |
Piricn material
Waterisl name: [carburizarion hardening |
Material symbol [scmazo JE|
Sigma Fiim [ wpa | 420.5
[ SigmaHim [ wpa | 1530.0 [Reterence |
[ Certralbareness | Hv | EE
[ Sufacehardness | Hv | 580
Gear material
[ Material name: [high frequency hardening |
[ Material symbol [semaqn -]
| Sigma Flim [ WPa | 284.E
[ sgmatim | wPa | 1128.0 [ Reterence |
| Certralhardness | Hv | 2632
[ Surface hardness | Hv | 540
[ Cancel |

Fig. 2.21 Initial Strength Calculation Settings Screen
(Metal material Tab)

(4) Material Selection

Clicking the [Reference] button in Fig. 2.21 displays the material
selection screen as shown in Fig. 2.22. On this screen, the user can
determine the allowable stress value for the material based on the
hardness values shown in the list. The material symbol and the allowable
stress (Opiim, Omim) and hardness values can be specified directly on the

Metal material tab.



slloysteel [ {E | HY WPa. " carburizing HY | HRc HPa

7 31| 333.5 [5a0 4] 1204.5
42 | 35 (00 [ I
R 20 £
63 | 482.5 40 7 .
3CHA1S AR B0 .
24 17 Gomparstively [ gay .
2 35 TE lieht [7qq .
scuazn L3 £ .
3 7 .
31 1
37 1.5 J
33 8
sucazn =% 20
o 59
TN 6 | 1608.5
e 7 T6e8
SNCE 16 I & | 1676
Comperatively [ BgQ F] B28 =2
QK ‘ Cancel |

Fig. 2.22 Material Selection (Reference Screen)

(5) Strength Setting (Dynamic)
Fig. 2.23 shows the metal strength setting screen, on which the user can
specify the input torque, speed, and other data.

Metal gaar

Description Symhol Unit Finion Gear
I Torcue 1 | mm | 5.000 | EREEE]
[ Rotational spesd [ | mm | 1000.000 | 500. 000
[ Lite cycles [0 [ — 1 10000000
I Tooth surface roughness | — | Microm | €.000 | €.000

Crowning conduct \ Conduct

Shaft rigiclty and Gear holding A Type
Lubricating oil coefficient L 1.000
[ Over Inad factar [ ko [ — 1.000
| Root bending strength reliabilty cosfficient | KR | — | 1.200
[ Face: intensity refiabifty cosficiert [T [ — 1.150
[ Toal diameter influence coefficient [ v [ — ]
o[ cancal

Fig. 2.23 Dynamic Strength Setting
(6) Strength Calculation Result

Fig. 2.24 shows the Metal gear strength calculation result screen.

Metal gear, strength result E|
Description(bending) Symbol Unit Pinion Gear
Circumferential speed W mis 1.2566
Allowable bending stress @Flim | Ninm2 430.5000 284.5000
Toath form factor wF - Z.6846 2.3471
Losd distribution coefficient Ve - 0.6556
Helix angle factor T - 1.0000
Lite factor KL === 1.0000 1.0000
Size factor KFx === 1.0000 1.0000
Lo distribution factor(lead) K 1.2000
Dynamic load factor Ky 1.0385
Tangentisl force povwer Ft M 490.2314
Alloveable tangential force Ftlim M 1638.9787 762.4947
Toaoth root bending stress oF Mimm2 145.7124 162.9138
Bending strength(FtlimFt) St - 3.3433 1.5554
Description(pitting) Symikol Unit Pinion Gear
Alloweable pitting stress a Hlim Mimm2 1520.0000 1128.0000
Region tactor IH 2.4594%
Material propery factar Im 60,6000
Cortact ratio factor e 1.0000
Lite factor KHL - 1.0000 1.0000
Roughness factar IR - 0.9201 0.%201
Smocth velocity factor Fal - 0.3558 0.5558
Hardnezs ratio factor i - 1.0000 1.0000
Laad distribution factar KH& - 1.2000
Dynamic load factor Lo’ -—- 1.028%
Tangertisl force power Fc i} 490.2314
Alloweable tangential force Felim i} 554.0236 301.1383
Hertzian stress oH imm2 1433,2144 1435.2144
Pitting strengthiFclimFc) Sfc - 1.1201 0.6143

Fig. 2.24 Metal Gear Strength Calculation Result Screen

2.15 Gear Accuracy

Fig. 2.25 shows the error tolerance for bevel gears as per the JIS B 1704

standard.

Bevel gear accuracy

Drescription Syl Unit Pinicrn Gear
Single pitch deviation (+-) it tlicro-m | 24 | z5
Pitch deviation ftu Micro-m | 31 | 33
Total cumulative pitch devistion (+-) Ft Micra-m | a7 | 100
Readial run-out it Micro-m | EE [ 45

ACCURACY for Gear (IS B 1704) : JAPANESE NDUSTRIAL STANDARDS.

Fig. 2.25 Gear Accuracy

2.16 Sliding Ratio and Hertzian Stress Graphs
Fig. 2.26 and Fig. 2.27 show the sliding ratio and Hertzian stress
graphs for a bevel gear pair, respectively.

l=1E3) Herzian stress [=]i=1E3)

Sliding ratio

Roling angle: Sigma 1 Siga2 g Roling angle Sigrma H

f T.Eel | 5.70 [ Gores S - f £.5el | @0 Max hertzian stres:
2 E sw -
£ 2L oear P = ——
2 1F men 7 1m0l :
R i :
= L #F oom -
2 ] 5 :
g 2 g D LpdTe HPETC
= = = conducted S
= I =
g 4 . :
w5 5

10 15 20 25 30 35 40 t7 10 15 20 25 30 385 40
Theta:Pinion roll angle in degrees Theta:Pinion roll angle in degress
kil (5] U (5]

Fig. 2.26 Slipping Ratio Graph Fig. 2.27 Hertzian Stress Graph
2.17 FEM Tooth Profile Stress Analysis

Stress analysis can be easily performed by simply clicking the [FEM]
button after the strength calculation. Fig. 2.28 shows the FEM analysis
setting screen. The user may change the Young modulus, Poisson ratio,
number of partitions, and load values.

This System supports five types of stresses (x, Oy, shear stress 6, and
principal stresses 0, 0,). The reliability of a gear pair can be improved by
calculating the gear strength and then evaluating the actual stress on the
tooth flanks. Fig. 2.29 and Fig. 2.30 show the equivalent stress curves for
the maximum (6,) and minimum (6,) principal stresses, respectively.

FEM analysis items

Description Symbol | Unit Pirion Gear
Material symbal - —  [scmazo [scmdan
Elastic modulus E P& 205800.0 205800.0
Poisson ratio Up = 0.300 0.300
Height partitions vd B B
Wicth partiions Ho 2z 18
Load point postion Fn z z
Load [ r | w 490,231
Humber of the calor tone [ e [ — | 100
Magnificstion of the cisplacement | sd [ — | 100

(=3 Can;e\
Fig. 2.28 FEM Analysis Settings

FEM tooth form stress analys ) X FEM tooth form stress analysis(Pinion)  [5]
modify | valuetdsn) | velusisiress) modiy | velue(disn) | value(stizss)
[ smay | sigmax | dspacement [ sgmay | simax | diplacement
sgmaz | sigmat | tau isigma 2 sigma 1 tau
Hama nax 125, 75200Pa) Same tmae _ze.2720nPa)
=i5ma Lo —é5 553 (WPa) Sioma 2mine-275 . 453 HPa)

I 128,752 I 28,232

I-as.s;z - I-z7;.asz -

Fig. 2.29 Maximum Principle Fig. 2.30 Minimum Principle
Stress (01) Stress (02)

2.18 Bearing Load Calculation
The System calculates the loads exerted on both the gear and bearings.

Force which is added to tooth

Bearing load 3]

Drecton of i rotets
@ Clockwise rotstion € Backi
2 ] Hokdtype Lo XX
@
Desariton B Prian Gear v
» 7 X
Toraue T | T.000 555 % M
Grounferenta foree | Fu W 50,231 [ @s0.271 2
ol orce Fa W STE0T [ 153002
Radiel force. Fr W 153,002 S1.801 J@ X
Desorpon Symiol [ Unk | Prion Gear
Ditance tocerterof facewadh | L[ mm | 365388 | i0.15
Being span 1 X[ Z0.00 20.000
Beaing span2 X[ <5.000 so.000
Woisiosd W [N STeon [ 153002
Rocil oatwhichis acd o bearng &
[ Fedaiona (o) [w [ W [ 7o [ eosm
[ Fesaiosanyrr [wy [ W[ Ziezos [ msem
[ Roduioedbyru [wa [ W [ eess [ ewam
[ Roactel load by Fa W@ [N | 1e72 [ o7
[ Feaaiosarom) [ w [ W [ oo [ ise.ess
[ FagaiiosanyFr [way [ W [ _ezor [ 367
[ Redueabyru [wa [W [ e [ o
[ Redialload by Fa W@ [N [ 172 [ so17

Fig. 2.31 Loads on Gear Tooth Fig. 2.32 Loads on Bearings
Flanks



2.19 Tooth Profile Measurement

The System produces measurement data that can be used on either Zeiss 2.21 Manufacturing Examples
3D measuring systems or Osaka Seimitsu Kikai's measuring machines. Fig. 2.37 is an example of a gear set machined using an NC ball-end
Specify whichever you prefer when ordering the System. milling machine with tooth profile data generated by this System. (The
(1) Outline of Measurement Data for Zeiss 3D Measuring Systems tooth profile data was imported into a CAD/CAM system before loading
Fig. 2.33 shows the setting screen for Zeiss 3D measuring systems. into the NC machine). Fig. 2.38 is a photograph of a photofabricated gear
Specifying the number of partitions along with the relief amount and model.

standard distance values for measurement causes the System to output the

measurement point coordinates and vectors as shown in Fig. 2.34 into a data
file.

3D tooth profile Pinion) [[=1(E3]
a0 vz oo ] o o | <

32.0000

2000

G200
c [ 0.2000 0,200
@ [ 62000 0,200

o g [ |
Fig. 2.33 Measurement Data Fig. 2.34 Generated Tooth Profile Fig. 2.37 Example of Machined Gear Pair
Settings

(2) Outline of Measurement Data for Osaka Seimitsu Kikai Measuring
Machines

Specifying the measuring data as shown in Fig. 2.35 causes the
software to output the nominal measurement data into a data file. The
manufacturer's catalog says that the measuring machines (HyB-35 and
HyB-65) perform "linear" measurement, rather than "point-to-point"

measurement, for precision measurement. Unlike the grid-point based

measurement used in the 3D measuring systems, these machines linearly Fig. 2.38 Photo fabricated Gear Model (m1, NT28, «20°, £ 35°)
measure up to the edge of each tooth to detect subtle profile errors for

improved gear accuracy.

OSK HyB-35 measurement data output g|
| HyBregistered number | 123 |
Date | 07/12,/26
Mote [aBC
SummaEry number [12345
MeasLrement position Pinion Gear
Sefting distance (mm) | 18,6681 | 10,7833

Measuring Offsst(mm)

Setting distance Measuring Offset

okt || cancel
Fig.2.35 Measurement Data Settings

s.o000 | 5.0000

Y

2.20 Ball Height Measurement

Ball height measurement is a technique to control the tooth thickness of
a gear, in which the measurement is made with respect to the ball placed
around the center of the gear face width. This technique is suitable for
controlling the gear tooth thickness in the manufacturing phase. Fig. 2.36
shows how the ball height of a bevel gear is measured.

Ball height measurement El
De=cription “alue
| Kind of gesr | Pinion |
| Bill diameter (mm) | 3.000
| Distance (gear centre - bald | 11.000
| Bl height (mm) [ 16,414
1.000Y
.00
t( -
il
+
-

I oki || cancel

Fig. 2.36 Ball Height Measurement
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