[2] involute X iii (bevel gear design system)
English version

involute & iii (bevel gear design system)

Fig.2.1

2.1 Abstract

involute T i (bevel gear) has functions such as bevel gear dimensions,
strength (steel, resin), assembly chart, axial load, tooth surface
modification, transmission error, tooth surface evaluation, FEM analysis,
tooth profile data and measurement data, so it helps the users to design
efficiently and accurately.  Fig.2.1 shows the entire screen.

2.2 Software structure
Table 2.1 shows the structure of involute X iii (bevel gear). O inthe

table is the basic function of the software and @is the optional function.

Table2.1 Software structure

(2) Dimension classification
(2.1) Straight bevel
+ standard
+ Parallel summon
+ ANSI/AGMA 2005-D03
- AGMA208.03 (minimum # of teeth is 7)
+ Gleason automotive application
(2.2) Spiral bevel
+ ANSI/AGMA 2005-D03
+ AGMA 209.04
- Gleason (1960)
- Gleason  (less than 11 teeth)
(2.3) Zerol bevel gear
+ ANSI/AGMA 2005-D03
+ AGMA 202.03
(3) Tooth inclination corresponds to standard taper, parallel tooth, duplex
taper, TRL (AGMA) .
* Property 5

Default of dimension standard

Kind of bevel gear | Spiral bevel gear -
Type of dimension | ANSI/AGMA 2005-D03 |

Kind of strength calculation
@) JGMADZ-01(1976), JGMAD4-01(1977)
Plastic( Lewis)
ANST AGMA 2002- BIT?

[ OFK ]| Cancel | |Defau|t ‘

Fig.2.2 Property

No. Item Page Structure 24 Dimension
1 | Dimension 24 O Standard value can be automatically entered by inputting module
2 | Accuracy 2.5 O and number of teeth. The shaft angle is standard 90° and the inp
3 | Bearing load 2.22 O ut range corresponds to X = 60°~160° and the crown gear (pitch
4 | Drawing 2.6 O cone angle less than 90° max).
5 | Meshing drawing 28 O
6 | Tooth shape rendering 29 O M — %;
7_| Backlash changes 212 8 I Zaol el sy | |
8 | Ball height 213
Strength calculation (steel) __ Setting of dimension
% | JGMA403-01, 404-01 219 O —
10 | Strength calculation(resin) 221 O et e Eu gt oo
Strength calculation(Steel) T
1| AcmA2003-897 220 © e
Gear modification (Involute, lead) 2.10 e o (] RS.hﬁme
12 | & contact pattern 211 © e = [ e e |
13 | Transmission error analysis 2.15 © AT S TR
14 | Surface evaluation 223 © g s e wmEE
15 | FEM tooth shape stress analysis 2.24 © e et oeson |- ]
16 | Tooth data output (straight gear) 2.14 © =T T
17 | Tooth data output (Spiral + Zerol) 2.14 © L) LU L N L NI
18 | Tooth data output (Osaka seimitsu) 2.16 ©) po e e | 2 L AR
19 | measured data output (Carl Zeiss) 2.16 © AL e ) e L

2.3 Dimensionsetup (Property)
Types of bevel gears and dimension classification are shown below.
Fig.2.2 shows an example gear setting screen.
(1) Bevel gear type
Straight bevel gear, spiral bevel gear, zerol

Fig.2.3 Dimension input screen

As shown in Fig.2.3, by setting module, number of teeth, and
shaft angle, the standard value is displayed based on standard dime
nsion. Also, input operation has the following functions.

(1) In the property, gear type is selected, but it can be changed
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by gear dimension as shown in Fig.2.3.

(2) Setting criteria for tooth depth, tooth thickness and cone angle
are based on outer end or central standard.

(3) Tooth tip and toot conical angle can be switched between hexa
decimal and decimal as shown in Fig.2.4.

(4) Fig.2.5 shows the numerical value of the outer end, but middle
part, inner end part value can be also displayed. Fig.2.6 Result-2
shows the contact ratio and etc.

Angle conversion(mean helix angle) @

degrees, munites, seconds 35 7 o (1|
Decimal{deeres) 35.00000000 deg
Decimal(radian) 0.610865624 rad

[ oK ” Cancel ] [ Default ]

Fig24 Angle change
* Gear dimension o] = ]

Dimension 1 |Dimension 2 |

Bovmbol [tnit ] Pinion | Geor |
Transverse module 3 L] a.0000
Gone distance R L] 52,6711
Reference diameter d i 36.0000 83.0000
Tip diameter da i 42,6382 100.0729
Root diameter df m az.0700 96.2300
Whale depth h i 5.6226 5.6225
Effective tooth depth he m 6.1016
Addendum ha L] 4.5318 1.5698
Dedendum hf m 2.0308 4.0528
Clearance ® i 0.5210 0.5211
Circular pitch =3 [ 9.4248
Mormal tooth thickness st i 6.6841 3.8408
Tooth thinning for normal tooth t ft i 0.0000 0,0000
Ghordal tooth thickness =i mm 4.3888 3.02566
Chordal height hi L] 3.6581 1.5277

Fig.25 Dimension result-1

* Gear dimension o @ |
| Dinension 1 Binension &)
[ It [sysbal[Unit| Pinion |
Base cone angle &b | dez [16 7|43 (533 7fE2 )1 44
Addendum anele Ba | dss | 4 7[23 TE908 % 2 718 287
Dedendum anel= Bf |des |2 "[18 *[28.7 " 4 "[23 '53.8 *
Tatal dedendum angle Z& | dez [T | 3.5
Aixial distance between tooth tip =h i 14,6160 4.8710
Considerble30° bevel gear ratio mdl i 2.7600
irtual number of teeth v i 23,2303 175.6793
from cone apex to outer tip # i 48.2830 16.5247
Outer backlash EL i 0.0000
Transverse contact ratio & i 1.0861
Owerlap ratio &ed mm 1.4018
Tatal contact ratio £Y i 17731
Tooth anele ta nin 193.2650 195.0407
Material angle #x deg |87 7|43 '/36.3 "|85 T 36 7 0.2 7
Material angle By | des [7007[ 07 0.8 7|19 (88 592 ¢

Fig26 Dimension result-2

2.5 Accuracy
Fig.2.7 shows accuracy of bevel gear (JIS B 1704:1978).

 Bevel gear accuracy JIS B 1704 [l = |

Accuracy erade oo oo

Sinele pitch deviation{+) ft &n 7 i ]
Pitch valiation ftu Hn 35 36

Total cumulative pitch deviation{ ) | Ft L 106 10
Radial run-out fr Lm 48 E?

Fig.2.7 Bevel gear accuracy (JIS B 1704)

26 Assembly drawing

As shown in Fig.2.8 to 2.11, users can set assembly distance an
d boss diameter to plot. As drawing feature, there are enlargeme
nt, distance measurement, etc. In Fig.2.8, when chamfering is set,
a shape with a chamfered edge will be created at the small end
(Fig.2.9). Fig.2.10 shows an example of a pair of shaft angles of

10

60° and Fig.2.11 shows an assembled view of an axis angle of
160°.

= hosembly figure =
Zoom »
- BE.0000
Fit
1 8 Real-time shift

Distance measurement
Radius measurement the 3 point indication]

S, Boss and chamfering dimension

00,

62,4845
80.7648
38.0000
1000288

Fig.2.8 Assembly 1

Assemiy figure = |
* Boss and chamfering dimension == =
I TS 7] (TS T BT
Distancetapex to reference plane) B i 66.0000 38.0000 I
Boss out diameter b n 21.1627 30.7543 =
Boss in diameter bl n 18,6341 52,4345 —
Chamfer processing - - chamfer - chamfer -
Chamfer out diameter e i 392768 33.5144
Leneth of material e i 3.7284 24,8027 )
|
Fig.29 Boss & chamfer dimension setup and drawing
[~ assembly houre =) " Assemtiy figure [ &

- 000

P
z ﬁc o

84,8781
93,0000
1013974

Fig.2.10 Shaft angle X=60° Fig.2.11 Shaft angle ¥=160°

2.7 Bevel gear tooth shape

The tooth profile generated by involute X iii (bevel gear design)
is the spherical involute as shown in Fig.2.12, and the root is the
spherical trochoid curve. Therefore, even gears with few teeth suc
h as differential bevel gears show correct meshing.

spherical involute

Fig.2.12 spherical involute

The tooth profile calculation condition is shown in Fig.2.13. Als
o, spiral bevel gear’s lead (Fig.2.14) can select “circular arc", invol
ute, “epitorochoid”, “epui-lead”(Fig.2.15) ", or " Equal lead ".

* Tooth profile calculation items =] = =

[ tom(tooth profile) [Syabot | _Pinion | Gear |
Number of fillet divisions wuf i a0
Mumber of involute divisions wui a0 50
Mumber of rounding devisions wur 15 15
Number of tip circle divisions wut 10 10
Mumber of lead divisions hul 18 18

Circular arc -

E Involute i'

Type of lead curve

Epitorochoid
Equi-lead

Fig.2.13 Tooth shape calculation dimension
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Fig.2.14 Lead curve Fig.2.15 Epitorochoid curve

2.8 Meshing drawing

There are features such as enlargement, distance measurementfor

the front tooth form, and the outer end, the center, and the inner
end part are displayed.

2D tooth contact figure(pitch angle direction) | |
[ iton{outor) ] Finion | Goar |

Normal topland [mm] 18808 22706
Amount of undercut[mm] 00000 nonon

Zoom 3
Fit

Real-time shift

Distance measurement

Radius measurement fhe 3 point indication]

Tooth profile >
Diameter 3

Information

2.10 Involute/lead modification  (optional)

In case of involute, lead modification, modification can be given
as shown in Fig.2.19 ~ 2.23. In Fig.2.21, users can enter a numbe
r of designated points to be modified (maximum = 50), or users c
an also enter it as an arc pattern as shown in Fig.2.22.

~ Gear modification [E=2 =R
Gear
Bl HEEL SIDE Bl HEEL SIDE
I G o TIE
4
TIF il TiIF ?? ‘TIF
i
. {dsiind e
sl (o Sld s 6
| .
] = -
i TOE SIDE 3

Fig.2.19 Involute / Lead modification topo graph

~ Gear modification(Pinion) o =]
Modification Lead - Scale | BOD - D Apply module ratio
=1

TOE Profile.Lead HEEL | TOE I + ¥ 3 + . ¥ + I HEEL

X axs scale =23 (40 s soale =500 [ ads scale =23 (+ ) axs scale =500

Fig.2.16 Tooth shape (outer end) , pitch conical angle direction

2.9 Tooth shape rendering

Tooth profile rendering is shown in Fig.2.17. The display angle

and size of the gear can be changed on control form. In addition,

to confirm tooth contact, angle conversion is shown in Fig.2.18.
As pinion can be moved in "horizontal" or “vertical”, meshing con
tact line with errors can be easily understood.

- Rendering EEn

Haxis Rotate Angle & | deg <
¥ axis Rotate finele -126 | dee ¢
Zaxis Rotate finele 0 | dee 4
Scaline o[ % <
Speculer Power WK«
Gear Opasity [ &«
Rotation Interval 10 mmSes <
Fotating 0 [ndee <
Finion Vertical o[ em <
Pinion Hor zontal o[ em o«

NanModifyed Pinion NonModifyed Gear

[] Ratatian Back Color

Fig.2.17 Tooth rendering-1 & Control form

~ Rendering o8

contact line

Fig.2.18 Tooth rendering-2 (modified tooth example)

Fig.2.20 Lead modification example

" Tooth lead modification(left flank) o [
Conneot [ Spline | Division No.[_ 9| Scale (800 - ]Point of lead [ 29676 | mm
=3 Point of Anount of ~

ace nodif icat ior
width[nn] #n]
0.0000 10.0
2.0000 5.6
4,000 2.5
T”E/}—'/;t;d——'——t:uq\—{ HEEL 6.0000 0.6
8.0000 0.0
10.0000 0.6
12,0000 2.5

I

14,0000 5.6 -
K axis scale =4.2 {+) T axis seale =500 | € J, 03

Fig.2.21 Lead modification input-1

"~ Tooth lead modification(arc) (=23
16,0000 | wim |
T Top Side |Boﬂom Side
|
v L
10.0 | Mm 10.0 | 2m

[ oK ||I Cancel I I Glear I

Fig.2.22 Arc pattern input

One line of modification for involute and lead is shown as a ex
ample in Fig.2.23.

 Gear modification(Pinion) =N =R

Modifcation | Profile,Lead = [Filetsrea [ | w |Scele [ 500 |[7] Apphymodule ratio
Lol [CR]

TIF TIF | TIF TIF

Woads soale =105 (0 Hands scale =500 [ aWE soale =105 () W axz scale =500

=7 =7

TOE| p4 44444 |HEEL |TOE| 4y} p 4 4 4 IHEEL

X oads soale =23 (+) o axis seale =500 (X ads coale =23 (+] ¥ ez soale =500

[ (o] 4 H Cancel ] ITopograDh ]

Fig.2.23 Involute/Lead input
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Fig.2.24 shows an example of modification and topo graph whe
n tooth profile cross sectional division is set to 5 and lead is 1. |
n the topo graph, it is possible to set the number of divisions of t
he tooth profile and the lead up to 50 each.

(B8 Bl
§ < oo (500 <] Syt o
=

4
TR

*~ Gear medification(Pinion)

Mostcston [ProfileLead ~ [Filet sres

| TF

I
e =108 (+) V.E;hnn

=7

TR

"
frF

3¢ apE smale =108 (4) s soals =500 X 2345 5o

=

e rg fie.

30 s 12 =500

=) s seal
=7

3 svis smale =114 (4) i soaln =

=7
LRI
E Siem(e) e

=7

e e ,
Al =141 (k) Yass soal =500 < sl

=7

{mF

N k
s soale SH00 [t <o

{ HEEL

e

e =153 (#) | ¥ sodla
=7

e =153 (+)
=7

ToE| | HeEL

s coala =23 (#) | Yaws soale =500

J [ caneel ]

=23 (s} ads soa
[ ek

Involute/Lead (bias) modification & topo graph example

3 a3 soale ie =500

[_Topoersph |

Fig.2.24

211 Contact pattern (optional)

It displays contact pattern (including non-modified tooth profile)
of gears with involute/lead modification. In the setup menu in Fig.
2.25, it is possible to set the mounting error and maximum contact

clearance (paint thickness). For example, the modification given in
Fig.2.19 can be shown in terms of contact pattern in Fig.2.26.

* Tooth contact item = R~
| Itea __[symbol|Unit] Value |
AH A

Horizontal setting deviation 0.
Wertical setting dewiation Ay An 0.0
Axis anele setting deviation A% deg 0.00000
Otfset setting deviation AE L 0.0
Contact maximum clearance c Hm 3.0
Mo. of rotation angle divisions(/1 pitch) | --- == a0
MNumber of involute divisions wui --- 50
Humber of lead divisions hul - 50

Rotational direction

@ BOTH(both flank) ) GO left flank) ) Gliright flank)

Fig.2.25 Contact pattern setup
[E=8 5ol =)

" Tooth contact

[E=8 EoR =)

" Tooth contact

Left face contact ares = 33 TE64 mm?
Left face area ratio = 428 %

Right face contact area = 33 1869 mm
Right face area ratio = 429 %

Left face contact area -N 4305 mm®
Left face ares ratio = 535 %

Right face contact area HEW[IB mr
Right face area ratio = 537

(b)Gear
Fig.2.26 Contact pattern
2.12 Backlash change
Fig.2.27 shows the change in the backlash of the gear with the
tooth involute/lead modification in Fig.2.24. From Fig.2.27, the kic
k-out of this gear is observed as 0.2 um.

(a)Pinion

*~ Backlash variation =N
Rotational angle(Finion) | -10.80 deg | Kickout | 0.0000 | wm
Backlash variation 00002 | Scale 5302.6170

0.004

cklash variation (i)

Ba

Sl4-12-10 -3 -6 -4 -2 0 6 & 10 12 14
Rotatione | Ansle of Plnlun(degree)
« = v

Fig.2.27 Backlash change

12

2.13 Ball height

In order to control tooth thickness, a ball is placed near tooth width
center, and then ball height (only straight bevel) is calculated. It is
suitable for tooth thickness control during manufacturing. An example of
the ball height of bevel gear is shown in Fig.2.28.

* Ball height [E=RE=R == * Ball height e =
BT TR | B T I R
Kind of gear = [= Kind of gear [ Gear ]

Ball diameter dp i 4.000 Ball diameter dr i 4.000

Dizstance(from apex to ball center) " i 22.350 Distance{from apex to ball center) 42.075

Ball height h L 41.220 Ball height h 22.538

f
f #
(a)Pinion (b)Gear
Fig.2.28 Ball height

2.14 Tooth profile data output (optional)

Tooth profile with involute/lead modification can be output as C
AD data. By setting tooth profile file condition in Fig.2.29, 3D-1G
ES file can be output as shown in Fig.2.31 (3D-DXF can also be

output). Also, meshing tooth shaped 3D-IGES and 2D-DXF file ¢
an be output as shown in Fig.2.30. In Fig.2.30, a number of tooth
profile divisions can be changed as well.

* Tooth profile data output ==
{Fileformat | Soreen point correction setting |
Tooth profile to O Gear
output @ Pinion ) Pinion X Gear
©) DXF 3D
1 1
PINION GEAR
: DI
© IGES 3D
Format [ Division -]
Tooth No. to output 3 <+ 4 =
[ output [ cancel | [ Default |

Fig.2.29 Tooth profile setup

"~ Tooth profile data output @

File format | Screen point correction setting

[ fs —Tol] inion |
Ma. of fillet divisions wuf 100 100
MNo. of involute divisions Ui 300 300
No.of chamfering area divisions v 200 300
Mo. of tip diameter divisions wut 200 200
Mo of lead divisians hul 50 50
Output Cancel Default

FngSO Tooth shape profile setup (d|V|5|on number)

: -
I8 3|
: :
:
IC
: o
: \
B |
|
q|
:
=
gl
|
|

Fig.2.31 CAD example (Pinion ; separated type)

EEEEL

F|9232 CAD example (assembly)
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2.15 Transmission error analysis (optional)

Below is an example of analysis of rotational transmission error
(TE) at no load by using the tooth form from Fig.2.19. The moun
ting error is given as shown in Fig.2.33 and 5 um is given as Pin
ion's pitch error (only tooth number 6).

 Transmission error items

o = e
[ e oottt P ]
Horizontal setting deviation | 4H | sn 2.0
Vertical settine devistion | AY | im 3.0
fixis anele sefting deviation | AL | des 0.03000
Offset sefting deviation | AE | 4n 0.0
Humber of involurte divisions | wui | - 50
Number of lead divisions | hul | --- 50
[ ten syubol [unit] Gear
Ftational speed 0| 30000000 109.09091
Fatational direction = Chilright flark)
Fotation ancle 5 | dex 36000000 180.90808
Fotation anele pitch( pitch} | ru 50,0000 1. 18182
itch dewiation settings
Finion [ Gear
Pinion setting
(+) ¥ axis scale = 600
g
=
g
i - { Tooth number
5
T
=
2 O] ]

Fig.2.33 TE setup

Calculation results of TE, wow flutter, Fourier analysis are show
n in Fig.2.34 ~ 2.36. In the wow flutter of Fig.2.35, this graph w
aveform can be checked as sound (Sound on the upper right of th
e graph [IX ).

As shown in Fig.2.37 and Fig.2.38, pitch error can be input wit
h maximum value or tooth error individually.

* Transmission error graph | E=5[Eon==)
Transmission analysis | aw & Flutter | Fourier
Unit Rotational angle | 5450 dec | Maxvariation | 282 | em
Variation -0.047 | wm | Minvaristion | -0.25 am
B
dra
5 1.6
AN
g 0 o e
5-0.3
ERN]
2-1.4
=32
4 4 135 130 215 170 415 30
Rotational Anle of Pinion(desree)
a9 O »
Fig.2.34 TE result
"~ Transmission error graph ===

Transmission analysie | Won & Flutter |Fourier transformation |

Rotational Time
You and Flutter

0.0000 | Sec | Macimum WF
-0.0138 [ &

0.2755 [ % Sound
WinmamWF | <0285 [ & [ =movereter ()

TR PR TYIEFYFIWNCT P TTEN | TR
L

I P S —
il L Ll e i Al T

'W‘ i

0700 0. 0w 0.7

0.025  0.050  0.075

Fig.2.35 wow flutter

- o e
Transmission analysis | Wow & Flutter | Fourier transformation
Kind of dsta | Transmisson emror = Frequency | 0.00 [
Spectrum | Amplitude_v | Window func. Amplitde | 0.00000 | &
0.1504 H
0.52
0.28
0.24-|
0.20
0.04-]
’ i R
0 375.0 750.0 1125.0 1500/

Fig.2.36 Fourier analysis
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* Single pitch deviation setting(Pinion)
(+)

=S| =)
Maximum value Al tooth

footh rumber

WMaximum vake of
single pitch deviation

5.0 “m

pefB Tuath rumber

Sinele pitch deviation[ m]

anp

Seale [{_80 100
ig.2.37 Pitch error setup example (Max value)

* Single pitch deviation setting(Pinion)
+)

(=)

Tn

= e85
Maximum value |["All tooth

No. of Deviation[
teeth un]

-11.0
-4.3
.0

#.—T.—!—FC Toath numier

P Soale [_500_+]

Fig.2.38  Pitch error setup example (each tooth)

2.16 Tooth shape measured data output (optional)

There are two kinds of measurement data output function; Carl Zeiss
3D measuring machine and Osaka precision machine measuring
machine.

(1) Outline of measurement data output for 3D measuring machine (Carl
Zeiss)

Fig.2.39 shows the measurement data setting screen. By setting the tooth
shape division number, tooth surface measurement clearance amount and

measurement reference distance, this feature outputs the measurement
point coordinates and normal vector to the file.

~ Measuring machine data dimension

Lol = )

Kind of measurement | Garl Zeiss(GEAR PRO)

Division No. (face widt B2

) [

Car| Zeissimeasuring machine,
Osaka seimitsu kikai co,tid {HyB-35-65)

Pinion | Giear

Reference distance Amount of relief
0.3000
Tip _—-I
Ej w0000 o300 Ill 0.3000
Foot
0.2661

Fig.2.39 Measured data setup (Carl Zeiss)

(2) Outline of measurement data output of Osaka Precision Machine
measuring machine.

By setting measurement data from Fig.2.40, measurement nominal data
can be output to a file. "The measuring machine (HyB-35 - 65) can
measure precisely because tooth surface is measured with "line" instead
of "point". By measuring up to the edge of the tooth with a line rather
than a lattice point like a 3D measuring machine, delicate shape errors

can be captured for noise and vibration (Reference: Osaka Precision
Machinery Co., Ltd. Catalog).

"~ Measuring machine data dimension

[E=8 Nl &)
Kind of measurement | Osaka seimitsu kikai oo td(HyB-35'65) | Date 2018/01/08 [+
Note
Summary Ho

Finion | Gear

Reference distance Amount of relief

0.3000
Tie ..—-1
[ [ Weatung

H

Ej £6.0000 0.3000 ‘I =
Root
0

i I 0.3000
L2651
Division number
Mo. of profile line{face width division < profile division) ko 113
Mo. of lead lineiface width divizion » profile divizion) 113 = 9 =

Fig.240 Measured data setup (Osaka Seimitsu)
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2.17 Measurement example 1

Tooth profile data and measurement vector for bevel gear is exp
orted from involuteXiii (bevel gear design) to bevel gear measurem
ent software (GearPro-Bevel ¥) of Carl Zeiss's 3D measuring mach
ine) as shown in Fig.2.41 ~ 2.43.
* 1): "GearPro is a product of Carl Zeiss IMT GmbH, Germany"

s %
oy
L) EEE— -
-
B

ST

o W
wm =
aon T

W e

catr))

covtrian 2w (8]

o | s |

Fig.2.41 Bevel gear dimension (Carl Zeiss)

w wmsne |

a2aptRstoR

F|g242 bevel gear measurement screen (Carl Zeiss)

m6, z,=11, z,=45, 0=20°, £ =90°
Fig.2.43 Measurement point & vector data (Carl Zeiss)

2.18 Measurement example 2

Fig2.44 shows a measurement example from Osaka precision
machine measuring machine (HyB-35 - 65) by using tooth profile data
and bevel vector on bevel gear measurement from involuteXiii (bevel
gear design).

EHE R No. 1 3 5
e : —T G
\
o " i HTT— ! Y !

Fig.2. 44 Straight bevel mvolute/lead measurement example

2.19 Gear strength calculation (JGMA)

It is calculate based on JGMA 403-01:1976 (bending), 404-01:1977
(contact pressure).
(1) Power setting: Torque setting (MN - m, kN - m, N - m, N - cm, N -
mm, kgf - m, kgf - cm, gf - cm) and rotational speed, presence / absence
of crowning settings are shown in Fig.2.45.

= Strength dimension [JGMA 403-01,JGMA404-01] fo @ =
Foer [Material | Factars
Toraue input node Torque.Rotational speed input made
® Torque—Power () Power—Torque @ Pinion ) Gear
TS Ty T T T
Power _ 2.8178
Torque 25.0000 [H]) 6876500 [
Rotational speed 1000.0000 3836364
Number of load cycles 10000000 -
Nominal tangential load per mesh 1637.8201
Tangential velocity 18848
Meximum roughness 3.00 3.00
Accuracy eradelJIS B 1704) | -
oK Cancel Glear

Fig.2.45 Power setup

(2) Material setting: Allowable stress of materials can be set in Fig.2.46.
For material selection, allowable stress value can be determined based on
the hardness reference information from Fig.2.47. In addition, material
symbols, allowable stress values (oeim, owim) and hardness can be
entered arbitrarily.

* Strength dimension [JGMA 403-01,JGMA404-01] o] @ ==

Power | Material |Factars
I TR BT

Heat treatment  Carburized and quenched w Carburized and quenched

Material symbol SCHaz0 - SCHA20 -
.
Allowable bending stress number | aFlin | WPa 450.5
Allowable pittine stress number | Hlin | WPa 1275.0
Gore hardness 347.0
Surtace hardness #00.0
Modulus of elasticity E HPa 206000.0
Paisson's ratio v - 0.30

QK Cancel
Fig.2.46 Material setting

Material selectien(Pinion) =]
Heat treatment [ Garburized and quenched =] Materi| symbol [ SCM20 |
Nor malzing 5500 Sou | wa e ),
Gore hardness  Harching and temperine [958 600 |5 [ 1314
Indut 3 620 56 | 1343.5
Carbur ize B40 57 | 1363.5
Surface hardness [ Fi | 1363.5
7700 Gomparstivly 60 | 9 | 1363.5
SFlin 280 | 295 5 tisht 77 Bl | 1353.5
250 | 315 N 7 61 13435 |
480.5 SEH420 500 T 91g T 62 | 199905
adHlin 310 327 1 B3 | 1314
320 337 i 7 B3 | 12845 |
0 2 IO T I
340 [ 356 | @905 580 | B4 1530
350 | 863 | b 800 |56 | 1568
360 | 830 | o5 820 | 66 | 1608.5
370 | 330 ] b1 T N T
SHCBTE RN T & [ 1678
Cancel

Fig.2.47 Material selection

(3) Coefficient setting: Fig.2.48 shows the coefficient setting scree
n for Strength calculation. Coefficients can be either selected from
the support forms, or directly typed in specific numbers. Fig.2.49
shows strength calculation result.

* Strength dimension [JGMA 403-01,JGMA404-01]

Factors
Tool diameter effective factor e 10000 —
Face lnad factor ] 1.2000
Overlaad factor Ko 1.0000
Reliability cosfficient KR T.2000
Tten(pitting) Sy ‘ ‘
Elasticity factor({MPa) 189.800
Lubricant factor L 1.0000 Overload factor Ko =]
Velacity factor B 0.9088 Uniform
; (Mocr b 204 10 1.5 s
Size factor KH# 1.0000 b
Face load factor (contact) KHE 1.3000 (B [ tiew shocts = s o
ib-cylrce) - - =
Reliabilty coefficient 3 11500 Sosnrah o . .
OK Goncel Clear ) () et

Fig.2.48 Strength calculation coefficient
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 Strength calculation result [ANSI/AGMA 2003-B97]

 Strength calculation result [JGMA 403-01,JGMA 404-01] ==

[ ttoatoontine) vt [ tnit | Pinion | _Gear |

= Allwwsble hordine otioss | g Elim | T gan raoo | Gear ratio @ 2.800
Allowable bending stress T Flim MPa 450, 5000 480.5000
Taneential velocity et w's 14.138
Tooth form factor YF = 2.2638 | 2.2168 Dynamic factor o - 1,315
Load distribution factor Ye = 0.8266 Face load factor KHA = 1,058
Helix anele factor Y& — 0.7500 Fitting | Bending(Pinion conceve) | Bendine(Pinion convex) | Life |
i T — 00| T I
Size factor KFx 1.0000 | 1.0000 Size factor Zx 0.530
Dynamic factor (3 = 1.0885 Lead modify factor Zx - 1.500
Gircumferential load Ft N 1837.6201 sty (s & | = . 011 -
- - - Life fact T . .
Allowable circumferential load | Ftlim N 62189695 £322.6838 A
‘iork hardening factor 20 == 1.000
Tooth root stress oF MPa 126.5284 124, 4529 Contact stress oH WFa. 1402, 435
Bending strength Sft == 3.7978 3.8609 Permissible contact stress aHP MPa. 1821.096 1937.645
Allowatle pitting stress | o'HIm | MPa 1276.0000 1276.0000 Aleells bentotmprs || Ra [ B 'SB?';;l '903'232
Allowable pitting strength SF a a
Zone factar ZH -— 21307 e, b =
. Geomstry factor 1
Life factor KHL — 1.0000 | 1.0000
Contact ratio factor £t = 0.9032 H H
: Fig.2.52 Strength calculation result (stress)
‘Wiork. hardening factor Zi -— 1.0000 | 1.0000
et acftay K - 0055 ** Strength calculation result [ANSI/AGMA 2003-897] =
Circumferential load Fc M 16376201
Allowable circumferential load | Fclim M 17161767 17161767 Gear ratio e 2,800
Contact stress oH MPa 1245, 4772 1245, 4772 Tangential velocity vet wis 14.138
Pittine strenath Sfc = 1.0480 1.0480 Dynamic factor Ky S 1.378
- - Face load factor kH& == 1.088
Fig.2.49 Strength calculation result Fitting | Bendins(Pinion cancave) |Bending{Finian comvex) | Life |
[ e o]
. . Size factor i === 0.613
2.20 Gear strength calculation (AGMA) (optional) Felix anee factor e | - 11061
H - Life factar ¥NT - 1.018 1.038
It is calculated based on AGMA 2003-B97:1997, by selecting strength oo G o= o o
: " o ; 188,782 169.628
calculation "AGMA 2003-B 97" in the property of Fig.2.2. Here, an Eendrglsticss of | W
Permissible bending stress aFP WPa 386,708 393.857
example of Strength calculation for the gear from Fig.2.51 is shown in Allowsble transmission power(Unit) | Payu | ki 2048855 221,979
- Allowable transmission power Pay I 2048.855 2321.813
Fig.2.52 to 2.56. A el (oamali Sy St | - 7.048 7.322
= Setting of dimension [=]= =]
[ Finion | Gear | Fig.2.53 Strength calculation result (bending : Pinion [11)
Kind of bevel gear Spiral bevel gear - - —
Type of dimenaion N . Strength calculation result [ANSI/AGMA 2003-B97] =n
Tooth bevel type Standard taper =
Outer transverse moduls nt m 15.00000 Gear ratio G
Mumber of teeth z - 15 42 Tangential velocity wet s 14136
Normal pressure angle an | dex 20.00000 . Dynamic factor M = 1.315
Mean helix anele Bm dez 3 o0 [ Face load factar KHE — 1,056
Helix direction -~ [ lett-hand  ~| Right-hand Fitting [Bendina(Pini 3 [ Bendine(Fini 7] Lie |
Fore o = = w1 o [ itLing [Bending(Finion concave) | Berding(Finion convex
Face width b m 100. 0000 Iten(Pitting)
Outer reference diameter d | £e5.0000 | 830.0000 Expected |ife factor 1.o17 1.017
Fitch anele 5 des | 13.66062 | 70.3461% Expected number of load cycles 7.575EH0E 7.575E4E
Outer tip radius ra mn 0.3000 0.3000 Expected life time 1.052E+04 2.946EH14
Gutter tip radius o mn 0.6000 0.5000 Iten(Bending)
Gutter radius re m 228,600 (9.000} - Expected life factor 0.437 0.554
Reference of setting whole depth | --- | --- ear, - Expacted number of load cycles N &% 3. 128E+24 6. 78942
Mean tooth depth hm mm 23.5137 Expected life time L hrs 4, 346E+19 2.B44EH7
Mean effective tooth depth hem | mn 20,9011
Mean addendum ham | mn 14,5448 6.2685 i i i
o dedendum = o saat o Fig.2.54 Life calculation result
Reference of setting tooth thickness | -— = | Mean - ~ Geometry factor [ANSI/AGMA 2003-B97] =1
Mean normal circular thickness Sn m 13,4587 133628
= Geometry factor 1 | Geometry factar J (Pinion concave) | Geametry factor J (Finion convex) |
Reference of setting cone anele lean -
T srgle 00513 ] 72.13184 [ S— U c § E—|
ol O 7.88818 D 5697481 D Geometry factor for Pitting resistance
Mean cons distance
Addendum anele a1 | dee 3.471 [ 1.786
. K . Mean addendum hami2 | mm e | 5.257
Fig.2.50 Dimension eton Gmistis [ 0,13
Mean transverse diametral pitch Pm mm 0.078
* Strength item [ANSI/AGMA 2003-897] = Outer transverse circular pitch Pe mm 47,724
Domon o1 [iatoriel | Mean normal base pitch Pmbn | mm 80851
Mean normal circular pitch Pon | mm 52,831
m Mean transverse pitch radius rmptl? | mm 101.802 796.562
Farer P 1090. 0008 L] Wean normal pitch radiue ol | oo 11417 AL
Tarque Ulls2 ZEEER1000 222 820E800 Mean normal base radius rmbnl2 | mm 142.289 1115518
Rotational speed nl,2 1200.0000 428.5714 Mean normal outside radius mret2 | mm 186,082 1199.366
Number of overloaded times ! ! Leneth of mean normal addendum action eani? | — 93.835 17.944
Mominal tangential load per mesh Ft M BE173. 7968 . .
Length of action in mean normal section edin = 51.780
TeneEnt vy =t ke 14 1561 Transverse contact ratio ea [ — 1.181
Fatational dirsction Normal rotation - T o = — T
Number of load oyoles L 10000000 - e = R
Using condition of gear = | Uniforn ~ T et s o = 7738
Load distribution modification valis b -~ [ 1.0 ({both ends superiediboth) ~| Wean base spral angle Bip TS .61
Application factor KA 1.000 Length of action within the contact ellipss en o §5.228
Safety factor for pitting S 1.000 Mean narmal profile radivs of curvature at pitch cire.. | pml2 | mm 4.979 398,992
Safsty fastor for bending s 1.000 ssumed Incations of critical point on taoth for pitt V1 - 0.408
Gontact relisbilty fastor 3 1.000 — = 0 T
Bending reliability factor Yz 1.000 Distance along path of action in mean normal sectio.. | eyo | ——- 18.706
Tempersturs factor ke 1.000 Profile radius of curvature at paint f1 12 mm 62,684 370.267
Ertectehiacel i) b i 100. 0000 Reslative radius of profile curvature oo | mm 53,609
Surface rouehness Fal. 2 e 5.00 5.0 ol o o it = — S
AGMA accuracy erads [ awiEa L 8 Q1) v T I — .00
Crowning --- = with crowning | p— eal o 66.693
3 Gancel Glear Load sharing ratio ENI | — 1,835

Fig.2.51 Strength dimension Fig.255 Geometry factor (1)
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~ Geometry factor [ANSI/AGMA 2003-B97] [ @ =
Geametry factar I| Geemetry factor J (Pinion concave) | Geometry factor J (Pinion convex) |
i TSwo [wit] Pinon | ear ]
Geometry factor for bending Y12 - 0.200 0.223
Mean dedendum himl,2 | mm .869 17.257
Assumed locations of crftical point on taoth for ben. vd == 0.000
Leneth of action within the contact ellipse en mm B6.228
Determination of paint of load application for max vi -— 31.832 13.947
Distance from mean section to center of pressure go” mm 7.822 7.6822
Sum of gear and pinion mean normal pitch radii Zrmpn | mm 1438.526
Normal pressure anele at point of load application | cl12 | dee .7 19.368
One half of anele subtended by normal circular £hi12 dee 2.868 0.408
Normal pressure anele at point of load application | @hl2 | dee 21909 16.964
Distances from pitch cicle to point of load applica | Aryol2 | mm 1.948 7588
Tool or cutter tip edee radii used to produce ©a0l2 | mm 0.800 0.800
Tooth fillet radii in mean section at the tooth root rmil2 | mm 1.208 1.025
Taoth strength factor ETTE R 12,717 16.631
Tooth form factors excluding stress concentra Y12 = 0.663 0.874
Stress concentration and stress correction factor 12 = 2.393 2.897
Empirical constant used in stress correction formula H — 0.780
Empirical exponent used in stress correction formula L - 0.150
Empirical exponent used in stress correction formula ] — 0.450
Tooth form factors for eear and pinion YEXG | mm 0276 0.324
————— end | — 5.679
Load sharing ratio N - 0.338
Tnertia factor i = 1.000
Projected length of instantaneous line of contact ek mm §6.322
Toe increments of face width (sffective) Abi12 | mm 36.210 36.210
Toe increments of face width Abil2 mm 36.210 36.210
Heal increments of face width (effective) Abel? | mm 17,11 17,111
Heal increments of face width Abel? | mm 17,111 17,111
Effective face width b'1.2 mm TE.2a 74.382

Fig.2.56 Geometry factor (J : Pinion [H])

Fig.2.57 shows a support function screen that calculates the

relationship between power and torque.

Power calculation [= | = |[=E3)
Standard to input torque rotational speed
@ Pinion ) Gear
I T T B
Taraus [ W -] 79561000 22202.6800
Rotational speed n min-1 1200.0000 428.5714
Power P 1n00.0000

Fig.2.57 Support function

Clear

2.21 Gear strength calculation (resin gear)

The bending strength of the resin gear is calculated by Lewis equation,
and the tooth surface strength is calculated by Hertz's equation by
selecting "Resin™ in the property of Fig.2.2. Here, an example of Strength
calculation for the straight bevel gear from Fig.2.58 is used as shown in
Fig.2.59 and Fig.2.60.

The allowable stress value of resin material is experimental value by
considering temperature and life. The applicable materials are M90,
KT20, GH25, nylon. Other materials can be calculated by M90 ratio
coefficient (ratio to common physical property value).

" Setting of dimension =] = =
[ Pinion | Gear |
Kind of bevel ezar Straieht bevel eear -
Type of dimension Standard -
Tooth bevel type -
Outer transverse module nt i 00000
Nurmber of testh =z 18 33
Normal pressure anele an | dee 20.00000 N
Mean helix angle Su | dex [ T Y
Helix direction = =3 —
Axis angle = dex EO [
Face width b n 5.6385
Outer reference diameter d i 18.0000 33.0000
Fitch anele ] deg 25.61048 61.38354
Outer tip radius ra n 0.1000 0.1000
Gutter tip radius ro i 0.1200 0.1200
Cutter radius rc m o -
Feference of setting whole depth | -
Outer toath depth ho n 2.2500
Outer effective tooth depth heno . 2.0000
Outer addendum hao n 1.0000 1.0000
Outer dedendum hio n 1.2600 1.2500
Reference of setting tooth thickness | -
Outer transverse circular thickness | St n 1.6708 1.5708
Reference of setting cone angle
Tip anele 31.65608 [ 6443514 []
oot anele 2450648 ..  57.68466 [..]

Dimension

16

" Plastic strength item [Lewis] E = @
sombol | Uit | Pinion | Goar |
Material symbol === === HAan-44 ~ Min-44
M0 maenification - a0 kit e
Torque T 10.000 [ GH-25
Fotational speed n rpm 300.000 My lon
Mumber of load cycles L = 10000000
Taneential velocity ¥ m's 0.283
Lubrication condition - - [ Grease v]
Temperature Te o B0.000
Overload factor Ko - 1.000
Bending safety factar SF - 1.200
Pitting safety factor EH - 1.150
Modulus of elasticity E P 1721067 1721.087

Fig.2.59 Strength dimension (resin gear)

" Plastic strength calculation result [Lewis]

[ tomtbonding ——[svmbol | Unit | Pinion | Gear

(=] = ]

Allowable bending stress oFlin WP 25,7740 26,6426
Tooth form factor F - 0.5073 0.7153
Dynamic factor Ko === 1.3977
Temperature factar KT === 0.6500
Lubilicant factor KL - 1.0000
Material quality factor KM o= 0.7500
Gircumferential load Ft LI} 13.0718
Allowable circumfersntial load | Ftlin N 62,2927 76,1093
Eendine stress ab WPa 6.443% 45763
Eending Strength 4.0004 5.8224

et ee)[Srabot | it | P e

Allowable contact stress oHlin WP B4.7180 B3.2217
Circumferential load Fc N 13.0714

Allowable circumferential load | Folim N 29.6330 34,3023

Contact stress oH WFa. 20,9500 20,9500

Pitting strength Sfe - 2.2712 2.6241

Fig.2.60 Strength result (resin gear)

2.22 Bearing load

Load acting on teeth and bearings are calculated. Fig.2.61 shows a
reference diagram of the load direction acting on the teeth and the
bearing position. In Fig.2.62, bearing load is indicated by inputting
torque and bearing distance.

Reference figure

Reference figure

B

L L1

Wl W3
Bred fireh
(a) Direction of load acting on teeth (b)Bearing position

Fig.2.61 Example picture

" Bearing load ol = =
Rotational direction - oW
Torque T 26.000 £8.750
Eearine support method --- --- Owerhane v]
Cione apex ~ center of face width L i 41,982 15.266
Eearing span L1 i an.o000 30.0000
Eearing spanZ L2 i 30.0000 30,0000
] Display reference fisure
Shaft thrust load Fa N 1326.301 291,980
Transverse load factor Fu H 1637.620 1637.620
Radial lnad Fr N 291,960 1326.301
Radial laad{tatal} e N 3276604 970,252
Radial load by Fa el N 683,920 2B52.608
Radial load by Fu Wr2 N 3275.240 3275.240
Radial load by Fr Wrd N £74.813 408566
Radial laad{tatal} e N 1681.800 1877.242
Radial load by Fa Wl N 231,960 1326.301
Radial load by Fu Wr2 N 1637.620 1637.620
Radial load by Fr Wrd N £74.813

Fig.2.62 Bearing load
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2.23 Gear surface evaluation (optional)

After strength calculation, by inputting presence / absence of tooth
profile modification, type of drive gear, number of calculation points in
the tooth surface evaluation graph setting screen in Fig.2.63, slip ratio
graph (Fig.2.64) and Hertz stress graph (Fig.2.65) will be displayed.

'~ Tooth surface evaluation graph items =] @ ==

Item Symbol | Unit Pinion Gear

Gear termperature BT g 70000
Ol temperature Te c 40,000
Kind of oil = [ =1 Mineral oil -]
0 viseosity erade = = 150 ¥G 320 -
Kinematic viscosity ot 40deg G | -~ | wnfi/s 320
Average temperature We | € 252000
Standard devistion temperaturs | 50 C 41.000
Absolute viscosity o | of 59.48
Pre: cosity a |t/ 1.02158
Roughness of tooth plane(Ra) | a1, o2 | pn 0.400 0.400
Method of frictian factor = [ = Constant value -]
Friction factor an [ - 10600
Profile modificstion = [ =1 Modify -]
Driving mermber = [= T Pinion -
No. of caleulation points 100
 Tooth surfacs svaluaion oraph ool * Tooth surfecs svaluston gregh oo fes]
o], o= e e
Sidea e - ot avems -
ol et | Rl
L NN 20 f——
F ' | e | § -
N, 2 T H
avi g H— B a0
L i ~— H
5 w1
" e

3 0 B3 0 £ 3
8 Piricn il ange incagraes 8 Firion 1ol arg Indegrees

Fig.2.64 Slip ratio graph Fig.2.65 Hertz stress graph
2.24 FEM tooth shape stress analysis (optional)

Five types of stress (o ,0y, shear stress t, principal stress oy ,07) can
be calculated by inputting the longitudinal modulus of elasticity,
Poisson's ratio, number of divisions, load position and load in the setting
screen of FEM analysis as shown in  Fig.2.66. Since the actual stress
acting on the teeth can be evaluated together with the gear strength
calculation, the reliability of the gear strength can be enhanced.
Maximum principal stress ; and displacement diagram are shown in Fig.
2.67.

 FEM analysis item o] = ==
Galculation point Mean =
Material symbol === - SCHA20 SCMA20
Modulus of elasticity E WPa 206000.0 206000.0
Paisson's ratio v - 0.30 0.30
Wertical division Mo{face) | nhO0 - 21 2
Horizontal divigion Mo. WD - 21 21
Position of load point Nf - 2 2
Load F N 1637.6201
Fig.2.66 FEM analysis setup

L = E=n =]

o) (o) v (1] (02 ) [ ] [ispicam [[Eimmant snessupal tiode 5
= lepent Elmme... al
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Elese...  on
.
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(@) Pinion, o (b) Pinion, displacement
Fig.2.67 FEM analysis result

2.25 Gear drawing example

A tooth profile of spiral bevel gear outputting tooth lead at equal lead
is shown in Fig.2.68, while an example of axis angle with 160 ° is shown
in Fig.2.68. Even gears with a small number of teeth like differential
bevel gear, it shows correct tooth contact because they are spherical
involute tooth profiles.
An example of machining with a ball end mill using a tooth profile data
is shown in Fig.2.71. Also, a photograph of a photo-fabrication model is
shown in Fig.2.72.

4
m2, 2,=12, 7,23, p=35°, % =90°
Fig.2.68 Equi-lead spiral

m2, z;= 2,=20, p=35°, £ =160°
Fig.2.69 Shaft angle 160° spiral

m1,z28, a20°, 35°
Fig.2.71 Gear manufacturing Fig.2.72 Photo-fabrication model

2.26 Special bevel gear

Although it is not a standard function of software, it is also pos
sible to generate a tooth profile of a double spiral bevel gear as s
hown in Fig.2.73. Please contact us for this tooth form.

(a)Rendering

(c) Processing example (d) Made by 3D printer
Fig.2.73 Double spiral bevel gear

2.27 Process example of bevel Gear by machining center

m15, 265, ¢20°, f=35°,d=975.0
(Provided by Mitsui Seiki Kogyo Co., Ltd.)
HUB0A-5X (JIMTOF2008)
Fig.2.74  Spiral bevel gear manufacturing example
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D500 (m5, 230, 620°, 4=0°, d=150)
(Provided by Makino Mill Inc.)

Fig.2.75 Straight bevel gear processing example NMV3000 DCG (m4, z40, 020°, =35°, d=160)
(Provided by DMG Mori Seiki Co., Ltd.)
Fig.2.79 Spiral bevel gear manufacturing example

mé, 222, 620°, f=35°, d=132

Intelligent multi-task machine : MULTUS B300C
(Provided by Okuma Co., Ltd.)

Fig.2.76  Spiral bevel gear manufacturing example

(GMT-630, provided by Otori Kiko Co., Ltd.)
Fig.2.80 Example of blisk processing

YBMVi40 (m5, 220, a20°, f=35°, d=100.0)
(Provided by Yasuda Kogyo Co., Ltd.)
Fig.2.77 Spiral bevel gear manufacturing example

HERMLE C-50U (m10, 247, ¢20°, =35°, d=470)
(Provided by Aichi Sangyo Co., Ltd.)
Fig.2.78 Spiral bevel gear manufacturing example
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