[45] CT-FEM Opera iii (Stress analysis)
English version

452 Software structure

The structure of CT-FEM Opera iii is shown in Table 45.1. O in
the table is included in the basic software, and © is optional. Applicable
gear: involute spur and helical gear (external gear, internal gear)

Table45.1 software structure

Item Structure

<{1>Basic rack

<2>Gear dimension

Fig451 CT-FEM Opera iii

451 Abstract

The CT-FEM Opera which was developed in 2014 is the software
which has a lot of results, doing much verification. In this time, we
developed new CT-FEM Opera iii (includes a parallel processing
feature), doing based on the CT-FEM Opera. For example, when
analyzing a helical gear (mn=2, z:=22=20, a=20°, p=11°, b1=h=10) in
3D-FEM (elements =18335, nods = 29638), the computing time of the
CT-FEM Opera is 105 seconds but in CT-FEM Opera iii, it is 13.7
seconds (Microsoft Surface Pro3, CPU: Intel® Core™ i7-4650U,
Memory, 8.0GB).
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(a) not parallel processing (b) parallel processing
Fig.45.2 CPU system operating status (Task Manager)

The CT-FEM Opera iii enriches a tooth surface analysis.
The contents can be computed in the flash temperature, the
friction coefficient, the oil film thickness, the transmission
error analysis, Fourier analyses, scuffing probability and then
the lifetime time, too. Also, it is adding an edge contact analysis and a
best tooth surface formation analysis (tooth surface stress minimum
value), too. Therefore, the damage by the trochoid interference and the
noise can do the tooth surface retouch which is proper for the occurring
gear.

Then, the stress change at the rotation angle can be observed by the
animated feature. Therefore, because the stress distribution phenomenon
can be easily grasped when analyzing by the specification of the gear
which the damage occurred to, it is very valid with the improvement of
the present situation gear and the explanation to the user.

Moreover, the beginner can use easily because the explanation is
displayed by pushing [F1] key if there are unclear contents when using
software. Fig.45.1 shows the whole screen.

See by all means because the analysis and the transmission error
analysis of the tooth surface damage experiment are shown to the
appendix [ 1], [J].

<3>Meshing drawing

<4>Tooth modification

O|0|0|0]0

<5>Tooth surface stress distribution (3D)

<6>Tooth surface evaluation
friction coefficient, oil film thickness,
calorific potential, Power loss
PV value, PVT value

O

<7>Scuffing probability of occurrence™

<8>Abrasion probability of occurrence”

<9>Life time"”

<10>Power loss®

<11>3D-FEM

<12> Edge contact analysis

<13>Transmission analysis, Fourier analyses, CSV

<14>Internal gear

<15>Best tooth surface modification

©|0]|0|6|e|0|0|0|0|0

<16>Tooth profile data(3D-IGES)

(1) Doesn't support a plastic gear

453 Property (Basic rack)
A setting screen is shown to Fig.45.3.

+ Gear combination : external X external, external X internal

+ Basic rack : standard, low, special

+ tooth tip circle decision  : normal, equal clearance

« center distance and shift coefficient

+ The switch which makes parallel processing valid

+ The switch to consider the influence of the profile deviation
oo ==

The default value i set in
sefting af dimensicn

[id Property
Gear type
(@) External X External () External % Internal

Setting of basic rack
Pressure angle | an 20.00000 | deg

@Full OSwb O Either

| __ftem | Symbol | Pinion | Gear [ T
Addendum factor hao 1.0000 1.0000 £
Dedendum factor hio 1.2500 12500 é/‘ 2
Root radius factor o 0.3750 08760 || %2 XC}SI
Glearance factor cko 0.2500 02500 Basic rack  foke

Determination of profile shift and center distance  Determination of tip diameter
@® Standard

O Equal clearance

O fram xn to center distance

) fram center distance to xn

(®) center distance no relation to xn Effect of profile errar
Operation process Back color ]

enable parallel pracessin —

Gancel Back Default
Fig.45.3 property (basic rack)

454  Gear dimension

Gear dimension calculates parts dimensions, contact ratio, sliding ratio,
tooth thickness and so on. The gear with undercut determines the contact
rate based on the TIF (True Involute Form) diameter. If tooth tip is
rounded, R and C is considered in contact ratio.

(1) center distance and shift coefficient have the following 3 relationships.
<1> shift coefficient is given to pinion and gear to determine center
distance.
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<2> based on center distance, shift coefficient of each gear is
determined.

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

<1> directly enter shift coefficient

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

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

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

Dimension setup screen is shown in Fig.45.4 Shift coefficient can be
set by tooth thickness. See Fig.45.6 for dimension result.
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(a) gear dimension (b) chamfering

Fig.45.4 gear specification

m Result of dimension

EEN

Gear  Gordact

S ien  ombel | Unt | Pmon ]
mi mm

Transverse module 3.31013
Trangverse pressure anele @t dee 21.88023
Baze heliz angle &b dee 2339896
lead Pz mm 334.5139 936.6389
Profile shift coefficient ® mm 0. 3000 -0.6000
Tooth depth h mm E.7500 B.7H00
Min involute diameter(TIF} dt mm 4B.B318 133.0284
Max involute diameter dh mm 56,8520 143.2258
Transwerse pitch pbt mm 9.5500
Transverse circular tooth thickness =t mm 5.0224 4.7176
Mumber of teeth spanned zm == | 2 I [
Base tangent leneth{ Reference] W mm 23.58028 50.63398
Base tangent lengthlDesign) w' mm 23.68028 B0.E3358
Orver ball diameter o mm | TN 50055 |
Crver ball diameter{Reference) dm mm 59.26308 144.51400
Over ball diameter(Design) dm’ mm 59.26322 144.51390

Fig.45.5 dimension result-1
i Result of dimension E E@

Gear  Gortact

S wen  Toymbol ] Uni | Pimin | Gewr

Transverse contact module cmt deg £2.85269
Gontact helix angle Bw deg 25.15362
Giontact pitch diameter dw mm 500000 140.0000
teeth number ratio zh = 2.8000 0.3671
Effective face width bww mm a0.0000
Clearance ck mm 1.1112 1.1112
Transverse contact ratio sa - 1.1256
Orverlap ratio &8 = 1.3452
Total contact ratio &Y - 2.4708
Sliding ratioftip) oa = 0.5663 0.4787
Sliding ratiofroot} b - -0.9183 -1.3035
Transverse backlash J mm 0.2797
backlash anele Je deg 0.E95E1 0.24843
Contact diameter{ma) dia mm 668520 143, 2266
Contact diameter] min) djf mm 47,6086 186.2138

Fig.45.6 dimension result-2

455 Tooth profile and rendering

Meshing drawing is shown in Fig.45.7. As shown in support form,
zoom, distance measurement, R-measurement, diameter, involute
modification, line of action, display and rotation function are available.
And a rendering is shown in Fig.45.8.
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Fig.45.7 meshing drawing & support form

[ Rendering
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# axis rotation angle
'f axis rotation angle
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=
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Fig.45.8 tooth profile rendering & support form

456 Contact line and sliding ratio graph

The contact line graph is shown in Fig.45.8. This graph shows the
relation of the meshing well because the line of action length of the gear
is shown in the vertical axis with the line of action length of the pinion
shown in the transverse. In the Fig.45.9, when the contact diameter of the
pinion is 50.030 mm, the contact diameter of the gear is 139.969 mm.
Also, the line of action length of this pinion is 9.749.657 mm and the
gear is 27.145 mm.

Moreover, the meshing of the tooth can be grasped because are
connected with contact profile (Fig.45.7). The rotation angle computation
(Fig.45.10) is the auxiliary calculation function to compute relation
between the contact diameter, the line of action length and the roll angle
and then the rotation angle. And, the sliding ratio graph is shown in
Fig.45.11.
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Fig45.11 sliding ratio

45.7 Tooth surface element setting

The tooth surface element setting is shown in Fig.45.12. It sets a
torque, and Young's modulus, Poisson's ratio and then the tooth profile
distribution number and a pitch error with this screen. The plastic gear
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can be analyzed by setting Young's modulus and Poisson's ratio. The
analysis tooth profile can choose 1 tooth, 3 teeth, 5 teeth. It chooses 5
teeth when total contact ratio is big and having a pitch error. In the
analysis of the example gear, it gives the pinion a 6pm pitch error.

o] @
Edee contact analysis settine

(O Edee analysisledee curvature setting) @) Mo edee analysis

Maximum curvature

[id Tooth face item setting

Gurvature modification range h mm

Analysis teeth number Analysis paint

O O3 ®5 @® root + face + tip (O Only tooth face
—mmmmm
Face width center position
Torae T Eeme
Normal forth at transverse plane F N 21703.8
Maodulus of slasticity E MPa | 205800.0 205800.0
Paissan's ratia 2 - 0.3000 0.3000
Root division number Nhi - 40 40
Involute division number Nh2 - 40 40
Tip, edee division number Nhd - 10 10
Face width division number Nb - 40 40

Pitch error( &£m)
I o0 oo cof 0] 0]
[ Geor [N RPN

oK

Positive : weak contact

Neeative : strone contact

Cancel Default || Back Glear

Fig.45.12 tooth surface element setting

458 The profile and lead modification setting

There are a profile and lead modification and three kinds (Typel-3) of
the fixed form respectively. In this example, it gives the pinion a profile
modification (Fig.45.13, 45.14) but a gear isn't modification.

[ Tooth profile, flank modification | ==
Frof i1elP)=8 Flank(P)=1 Profile(G)=0 FlanktG)=n
Profile modification type
O No modification (O Type! (O Type2 @ Type3d
L=13.062(mm)
» 11 .
@ L3 7 =
7 Ll =
& LI = "
o ] Wars1m0
| = ®
ST T
Tip modification 1 it [ nomn |
Foot modification 2 | mm 0.0050
Tip modification 8 | mm 0.0010
Floot madification 4 | mm 0.0160
Line of action leneth 1 0| mm 16000
Line of action length 2 | L2 | mm 74000
Line of action length 8 | L3 | mm 10.0000
Line of action length 4| L4 | mm 12,5000 T T T T BT B o T
b
e o] [om ™ b e e
Fig.45.13 tooth modification and graph (x100)
[ Tooth profile, flank modification = e ==
Profile(F)=3 Flark(P)=1 Profile(G)=0 Flank(G)=0
Flank modification type Bros =
O No modification @ Typel O Type2 O Typed [T
u =0 050
b= 35.000(mm) o, = I
. 3 i = - -
z z g
& S -
5 am=
E B =
5 o (I
Modification value 10ron®) | ft1 | mm 00500 =
Modification vakie 2back) | 2 | mm 0.0500 =
= [FERRRRERT) [ L
Gancel || Back || Glear Graph Lo ELD L)
Face witth dtarce
Fig45.14 lead modification and graph (x100)

459 Tooth modification (3D) setting

Like Fig.45.15, the tooth surface modification (3D) can type in directly.

Also, the profile modification which was set at Fig.45.13 and Fig.45.14
can be taken over, too. As for Fig.45.15, it is displaying the modification
which was set at Fig.45.13 and Fig.45.14 by 3D-profile (gear is a theory
tooth profile.). This tooth profile can be output by the [CSV] file.
Also, this screen can read the inspection data.
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(a) Setting &profile modification (b) color palette distribution
Fig.45.15 profile modification (Ex. pinion)

G

45.10 Profile modification & tooth surface stress (3D)

The tooth profile which was set with the Fig.45.15 can be confirmed
with 3D figure. The gear can be turned by the support form and it is
possible to make it magnify a gear figure. Moreover, the contact pattern
by the tooth when giving an error can be confirmed. Fig.45.16(a) is a
modified tooth profile and (b) is the adjusted figure which piled a theory
tooth profile on it. Also, a tooth surface element mesh model is
shown to Fig.45.17.
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(a) tooth modification (b) tooth modification + profile
Fig.45.16 tooth surface element
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Fig.45.17 tooth surface element model (mesh / Fig45.12)

45.11 Tooth surface stress analysis condition setting

The gear specification and torque and then, it analyzes the tooth
surface stress when giving a tooth surface modification. There are two 1
angle pitch and maximum contact angle kinds of setting of an analysis
angle range (Free angle can be set). It sets start angle 8s=-28.578° and
end angle 8:=36.102° like Fig.45.18 as the computation and divide that
contact angle into 60. Then calculate by giving discrepancy error
¢1=0.01° and parallelism error ¢,=-0.001°. This axis angle error is the
error angle when the bearing or the gear box is distorted by the load,
which causes a change in the tooth contact and a change in the stress
distribution.

[ Setting of tooth face stress analysis E’E‘@
Start, end anglel 8 5, 8 &) setting
1 pitch anele Max contact anele

[ on(anatyse ongi) |symbot | Unit |~ Volue |

Start anele ds deg -28.578

End anele de deg 36.102

Angle division number
-mm-m
Crossed errar &1 dee
Parallelism error b2 deg
o] Cancel Back | Clear

Fig.45.18 tooth surface analysis setting screen, ¢ 1and ¢ 2
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4512 Tooth surface stress analysis result (3D diagram)

Since the pitch error is given in Fig.45.12, the tooth stress analysis
result changes stress distribution depending on the tooth as shown in Fig.
45.19. However, Fig.45.20 shows the maximum stress on all teeth, so all
teeth have the same stress distribution. Fig.45.21 shows the maximum
and minimum of the tooth surface stress, and it can be seen that the
maximum tooth surface stress is when the pinion rotation angle 6=

14177 °.
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Fig.45.19 tooth surface stress  (oHma=2298MPa)
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Fig.45.20 tooth surface stress (onma=2298MPa)
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(8)ormax=2298MPa(#;=14.177°)  (b) oHmin=1590MPa(6,=-11.04°)
Fig.45.21 maximum and minimum value of the tooth surface stress

Fig.45.22 shows the stress distribution (cell display) of the entire tooth
surface. In the case of a pinion, stress in the area of 98 in the tooth width
direction (including the tooth width chamfer) and 90 in the tooth
direction (including the tooth tip chamfer) is displayed, so the stress
value at the tooth surface position is understood. In addition, the stress
value displayed here can be output as a CSV file. As for the stress at each
rotation angle, as shown in Fig. 45.23, stress distribution corresponding
to pinion rotation angle can be displayed continuously, so you can grasp
stress change and contact position.

tooth surface stress

-

Fig.45.22

Fig.4523 6,=14.177° (orma=2298MPa)
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45.13 Flash temperature, friction coefficient, oil film thickness etc.

Fig.45.24 shows the setting screen for flash temperature calculation.
Here, material (thermal conductivity) is selected in addition to the
rotation speed and tooth surface roughness (Fig. 45.25). Mineral oils and
synthetic oils can be selected for the type of lubricant, but in case of
nonstandard, kinematic viscosity and average temperature of oil can be
arbitrarily set. Calculation results of flash temperature, coefficient of
friction, oil film thickness are shown in Fig.45.26 to 45.33. The
probability of occurrence of scuffing and probability of wear are shown
in Fig.45.34.

Flash temperature tem setting == &= Mineral cillother)  ~
T 7 T R T A
Ma tooth surface stress | 0 Hmax 1753.453 50 V6 5
Torque T Nem 500.00 | 1400.00 | 130 WG 46
Power P [ 52,832 | R
Rotation speed n min-1 | 1200.000 [ #28.571 |
3.142 150 WG 220
Surfa TE0 | o | e
S 0400 0,400 150 VG §80
130 Y6 1000
L S | T 1o ¥t is00
Density o lefoms 7.870 7670
.00 | ai.om
80000 50000
70000
0l temperature o | G 70,000
Lubricant type = = Mieral oifother)
150 arade — [ — G
osity(40C) — [t/ 150000
We | G 727,000
Stondard deviation temperatire | 50 ® 57,000
Absohte visoosity e[ oP 27,779
Viscosity pressure a | WPa-i 0,014
Back Clear || Material

Te=128.6(*C)
Flg 45.27 gear temperature

A Manbrors cemeFnen)
L Trecresis!tosth protletPinen) :)‘M'elmr

Tr=58.6(C)
Fig.45.26 flash temperature
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Fig.45.29 oil film thickness

[Tere——
[ Mekeane elemer(Price)
0 Tt o i) O Wt

umax=0.098
Fig.45.28 friction coefficient
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Fig.45.33 PVT value
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Fig.45.32 PV value
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lid Damage probability - loss

o men  lomaluml e

Probability of scuffing occurrence ns
Probability of abrasion occurrence 7t % 25,00
Power loss e % 1.38

Fig.45.34 damage probability

4514 Edge analysis (option)

In paragraphs 45.11 to 45.14, we analyzed the involute tooth surface,
but here we show the result of the end analysis of the tooth tip and side
part (Fig.45.35, end set at R = 1.0 mm). As a result of analysis, as shown
in Fig.45.36, large stress onmax=4075 MPa is generated in pinion tooth
and gear tooth tip. In the analysis of the involute tooth surface, the flash
temperature is 58.5 ° C at the tooth tip as shown in Fig.45.26. However,
in the edge analysis, it can be seen that as shown in Fig.45.37, the pinion
tooth rose greatly to 182 ° C.

T Tooth face item setting = =
Edee contact analysis setting

(@ Edee analysis(edge curvature setting) (O Mo edee analysis
[Symbol | Uni ] Piion | —Goor |

Maximum curvature

Gurvature modification range h mm

Analysis testh number Analysis paint

O O3 ®5 @ root + face + tip () Only tooth face
[ en  [synbol] Unk | Pimon | Gear |
Face width center position bm mm
Normal forth at transverse plane | F N 21703.5
Modulus of elasticity E MPa | 206800.0 205800, 0

Paisson's ratio

Root divigion number

Involute division number

Tip, edee division number
Face widih divisian number

Pitch error 2 m)
[ Pinion | CICN NCAE REXN RERN
B oo oo w0 o] 0]

Ok

Positive : weak contact
Meeative : etrong contact

Cance| Default || Back Glear

Fig.45.35 tooth surface element setting (edge analysis)
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(a) pinion (b) gear
Fig.45.36 tooth surface stress (edge analysis, oHmax=4082MPa)

|

B2 Pl e 0 e

M

(b) cell
Fig.45.37 flashtemperature, Tr=182(°C)

(a) tooth profile

4515 FEM analysis

In the analysis condition of Fig.45.12, to make FEM analysis, create a
mesh model in Fig.45.38. Here we create a mesh with the standard
model, but there are two ways of setting, one is to determine the tooth
profile with accuracy and the other is to determine the tooth profile by
the number of divisions. The meshed tooth profile can be confirmed with
the 2D mesh model as shown in Fig. 45.39. Also, 3D-FEM mesh
elements can display the number of elements and the number of nodes as
shown in Fig.45.40 and the node coordinates as shown in Fig.45.41.
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=] = (]

Division type

[ FEM mesh farmation condition setting

Model shape: Fixed condition

@ Standard % Side @) ey
O Hub [ Bottom (® Number
lem mmmm
Root division number 1] b
Surface division number MNL2 -— 1] b
Tip division number MNL3 — 3 3
Side division runber G| — 5 5

15

116. 8266
20

143, 2256
127.3256

WO
dm
Division number of specified range | N
Diameter of specified ranee dal
Diameter of specified ranee dg2
oK Cancel

15
0. 4620
20
46,6316
40.9520
Back

Bottom division number

Bottom diameter

mm

mm
Default

Clear

Fig.45.38 mesh model setting
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2 FEM mesh 20 figure

CERSY-. ¢

() pinion (b) gear
Fig.45.39 2D- mesh model
2 FEM clement node table [rem]l-=i- el
Hode sacedinansl ™) Mok coondraled3) Element rods(P) Elamer ¢ [ »
|
= | | e
Fig.45.40 FEM element Fig45.41 element nod table

The mesh model can be generated as a rim / hub model as shown in
Fig.45.42, so it is effective for gears with low elastic modulus like plastic
gears.
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L L2
4 5 £
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[ FEM mesh formation condition setting
Wit shops
O Standard

Fu widtlfront)
Fub widthback)
Wab capibvont)
Wb depihback)
CorneeRlrin-meb)
Carmer Rimeb-hub)

3

Fig.45.42 rim/hub model

Next, an example of FEM analysis using the mesh model set in Fig.
45.38 is explained below. Set the angle (-28.578 ° to 36.102 °) set in the
tooth surface analysis setting in Fig. 45.18 as shown in Fig. 45.43 (angle
skipping selection) FEM analysis. The check of o also includes the angle
of 8 P=14.177 ° (Fig.45.21) with the largest tooth surface stress. Also,
analyzing all 60 divisions will consume memory and time, so it is
effective to select only the required meshing angle and calculate.

The items analyzed by FEM are the stress, displacement and strain
shown in Fig.45.44. FEM analysis results are shown in Fig.45.45 to
45.49. The displacement chart can be displayed at 100 times
(magnification selection: 1, 5, 10, 50, 100, 200, 500 times) as shown in
Fig.45.48.

AMTEC www.amtecinc.co.jp



4 FEM anlyss ange cardiion seming

4
.l

I"

Oojogdaoo
aog

[m|mljm]
C|oagloc|o;

< >

el an

FEM analysis choice

Fig.45.43

[ 7R p—

Information X

FEM stress analysis has finished.
Calculation time = 000610

Basic operation  Blink  Color range | Display chanee |
Stress Displacement Strain
Qox @at [ok:] Q et
Ooy Oo2 O oy QO e2
Ooz Qo3 O &z Oes
Oom O dw

kind of the analysis

Fig.45.44

(@) one pair gear

o) S Tals Qes
B =y .
m »

(@) pinion,  61max=551MPa

(b) gear, o1max=616MPa

Fig.45.46 maximum principal stress, 6,=24.043°
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Fig.45.47 displacement, 6,=24.043°
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Fig.45.48 displacement
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Fig.45.49 distortion, 6,=24.043°

In Fig.45.43, we analyze the pinion rotation angle as 6p = -28.578 to
36.102((Fig.45.18). When we summarize this, we can see that since the
pitch error (Fig. 45.12, 6 pm) is given as shown in Fig.45.50, the
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dedendum stress greatly changes. In Fig. 45.50, the angle showing the
maximum value is 6p = 19.665 °, and its maximum stress is c1max (P) =
551MPa and oclmax (G) = 617MPa. An analysis list at this angle is
shown in Fig.45.51.
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Fig.45.51 analysis result list

It is understood that the element number of the maximum value o 1
max=551 MPa of the maximum principal stress of the pinion in the
analysis result list is 37766. If you enter this number in "blinking" in
Fig.45.52, you can check with the stress distribution map (A flashes in
O). After completion of FEM analysis, stress at any position in the tooth
width direction can be displayed as shown in Fig. 45.53. Fig.45.53 shows
the stress distribution at the tooth width center section position (zd = 0
mm). For reference, Fig.45.54 shows the tooth root stress distribution in
the analysis angle range.

= i

(a) pinion, o1max=551MPa (b) gear, G1max=616MPa
Fig.45.53 FEM-section (zd=0mm)

(b) 3?"\7 o1max=616MPa
Fig.45.54 fillet stress in the analysis angle range

(ﬂ) =7 o1max=551MPa
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45.16 Lifetime

Calculate lifetime after tooth surface stress analysis and FEM analysis.
Fig.45.55 shows the lifetime when the allowable stress value for
material's tooth surface strength is onim=2000 MPa and the allowable
stress value for bending strength is orim=400 MPa.

[ Lifespan calculation == ==
T
| Maxcontactsiess | OHmax | MPa | 2241.088 | 2288.216
Meax bendne stress(or 1) a1 | MPa | 0.4 | B17.467
Rotation speed n | Umn | 1200.000 | 428.571
Allowable Hertzian stress oHim | MPs | 2000.000 | 000.000
Allowable bendig stress GFlim | MPs | 400.000 | 400.000
Overload sycles Ne | — i

Hitride material No nitride material

use condition Normal v

T T T T
]mw’iﬁw
||\ Expected lifespan load number | Ho - | 1.31EH06 | 8.3GEH0E
Expected lifsspan \ brs | LB2EA1 | 3.25E401
o e T T T
| Expectedstress repeat foctor | ZN | —- | 1.87% | 1.54

Expected lifespan losd rumber | We | — | 2.85E05 | 1.09E405
Expected lifespan | te [ ms | a.seEH00 | 4.24E400

Fig.45.55 lifetime

Back  Clear

4517 Transmission error (option)

Fig.45.56 shows the rotation transmission error within the rotation
angle given in the tooth surface analysis setting screen, and Fig.45.57
shows the Fourier analysis result.

Fig.45.56 transmission error Fig.45.57 Fourier analyses
4518 Analysis of optimal tooth surface modification

As shown in Fig. 45.14, instead of uniformly determining the tooth
surface modification, it is a function that can determine the amount of
correction that minimizes tooth surface stress when considering torque,
pitch error, and shaft angle error. It is possible to reduce the tooth surface
stress generated by applying appropriate tooth surface modification.

As an example, Fig. 45.4 When the torque of Fig. 45.58 is applied
with the gear and the discrepancy error of the shaft is set to ¢1 = 0.01 °
and the parallelism error is set to ¢2 = -0.001 ° as shown in Fig. 45.59,
when the modification distribution ratio is set to 0.5, You can obtain tooth
surface modification like 45.60 (finely adjusted tooth surface shape
generated by optimal tooth surface modification). Fig.45.61 to 45.65
calculate the tooth surface stress, flash temperature, friction coefficient,
etc. based on this tooth surface modification, the tooth root stress is
shown in Fig.45.67, and the life time is shown in Fig.45.68.

As a result, since the tooth surface stress decreases from ormax=2295
MPa (Fig. 45.20) to ormax=1637 MPa, the life time to the tooth surface
has also been dramatically extended.

e e rwﬂﬂﬁmmmw—-ﬂ- =

0) Devistion=+Axs devition snale (81 Ais devishon ngle=Devisten [ bput

[ Tooth tace item settng
Eee contoct anabysis settine
(O Edpe enalysis{edps curshre settig)

@1 to edes snalysis

[ 8.0000
i, 0008 | 1408, 0000

Face width divison rusber W - W C]
Fiich ervr( )

0.0 ] 0.0 6.0] 0.0 0.0
0.0 0.0 0.0] 6.6 0.9]
Q¢ |[ Gorcel | [etaun || Back || Glow

Fig.45.58 torque setting

Modication maiis | Guriuce shess

Fig.45.59 modification setting

159

Iiv-«-mm_m

@) pini.c>;1

(b) géar

Fig.45.60 optimal tooth surface modification

[csv] output, IEig.45.60(b)
Fig.45.61 optimal tooth surface modification (Excel)

(a) pinion

(b) gear

Fig.45.62 tooth surface stress (oHmx=1648MPa)

Ti=62.1(°C)
Fig.45.63 flash temperature

[ P vermperature 40 e

Tre=132("C)
Fig.45.64 gear temperature

[ |

9 7 O&

]J.max:0095
Fig.45.65 friction coefficient

A min:0.099(;,tm)
Fig.45.66 oil film thickness

Zoran Coesr
o b O Wt

©O) HNNeen) <[ oisle
ber Dapiacamant oo

2 b svess 0 e

® Shacns © he

©0) Hude) v foe
A Mmool vake by st s

(a) pinion, o1max=430MPa

(b) gear, o1max=452MPa

Fig.45.67 maximum principal stress, 6,=24.043°
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[ Lifespan calculation [ p—— S " ==
oo = Oricen maees et e Civaim e
18 bk ottt ek Ok LowdCS i 21 | Ot [21 ]| cha dhin o @ bt o gt k. D) bt vk [GATEV] Pl [15 ] Dt (15 ] [ hoemm i b
i v [ COT () S =T T
Max bending stress(a 13 al 600,967 537.620
Rotation speed n 1200.000 428.571
Allowable Hertzian stress o Hiim 2000.000 2000.000
Allowable bending stress o Flim 400.000 400.000
Overload cycles Ne — 1
Mitride material - - Mo nitride material ~ ~ 5
uge condition - - Mormal ~ Ie
T omeontoct——[opmvol | i | eion |
Expected stress repeat factor ZN - 0.820 0.824
Expected lifespan load number MNe === 1.00E+10 1.00E+10 » 3 5 A REoRT — - — -
Expected lifespan Le hrs 1.38E+05 3.89E+05 ;“‘ — 5 - ww;ﬁ : PTTYT T = cwi;.
of st sl s ¥ [ = i i i | [ Gorent S .
enbonding) |5yl | it |~ Pinon |~ Gonr ]
Expected strese repeat factar N -— 1.502 1.344 Flg,45,76 proflle modlflcatlon
Expected lifespan load number Mo - 1.37EH 5 3.48E405 — pe
[
Expected litespan Le hrs 1.90E+00 1.35E+01 e T e e
1 erton rohpoidPrind | ()i ot poiine) | @m
Gancel Back || Glear % e [

bkt

Fig.45.68 lifetime

4519 Analysis of the internal-gear (option)
The analysis result of “external gear x internal gear" is shown
Fig.45.69 to 45.84. Fig.45.77 toothsurface element  Fig45.78  oHmax=1548MPa

B ear seming. oo

o [sie shure T ;

D = [ EE e =]

em 7 My ket ree) = Wt shrrtir) O vostcation b @ Shasan [ Tre——_— 1 M o e lene) O Macitistic v 81 oo
Vo i - u : : mlowie) 2 B LS ™
Hhamb of Yeet O £ e . — —_ L
Horimad prkiune ardle an " > ,"“ ‘mt'u
TRk s D ]
Helo deection Right rand
IM = d 182.08736 e ™
e e oewras | " e o a .
O bl @ bt e .- i i
= - o] MNormal profile shift coedfacient - — 0. 3000 - 0. 2000 L] o L
e et o < Murber of teeth spanned ™ — E i
‘ﬁ_. Bass tangert kength w mm R 707881 -
dderdum faotor s 1.0 - 4 =
Ball dismeter & mm 5,604 5,001
3
T T . 2 G bl bl = LR T pmion gear
oot st - . H—" Morma| circular noth $hickness Sn mm 550754 A, 27562
el b ] L LES Center distance - mm 5. 000D -
T Ao S T ik e o bl |1 om Fig.45.79 tooth surface stress (oHmax=1548MPa)
B O enat s et VR _
8 conar distance n relation 10.m Eifect of profie srrar e —— F - e I Fucth sanpuatine 0 i
— — - - —
oot radust ool 1 radus) o mm - =] el Firson). Ll
EEfeta W T R e

A oial abnbor

Fig.45.69 basic rack Fig.45.70  gear specification S . et o

.16

a1

[ Resut of dimension (o] @ | R of drmension == I | I
e [l P
I N7 T T | e o ‘ s o
e i e Lo g Z —
Transverse pressure angle at dee. 21.8802% Gortact pich dismeter o - @750 767500 0,
B helic arsle sb | e 2.0 et st & — e v = ( ) =
lead L] -, 34 613 1226. 5508 Effuctive e midh) b - 30,000 Tﬂ 128 C IJ,I ax 0097
Profile shift coefficient xm - 0. 3000 0.5000 s ) - kg ) - - - - - .
Toh T T Tom Fig.45.80 flash temperature Fig.45.81 friction coefficient
Min rmvolute diameter(TIF) i - m 466118 1778874 T = Fhe . -
Max imvehite diametes & - 56,9520 1895168 Sk st} o [ — has ) G T e D G e 20t = -
Trarwverse pitch bt mm | 8.8500 ‘Slicne raticiroot ab — 0. 168 ~BENIE =L T 1P e
Tranzverse circular teoth thckness #t - b.9224 47176 Trareverse backlach 3 - g
Number of teeth sparmad m - 8 backlach anele 8 dee 1. 4000 [XET | et X\ oo 4 - ® Sdem Owbe fme
Bae faneent kenethiReferance) " mn 20,5902 7.74651 Gt diater ) T 54.1500 5. 1575 0 Dol i ibe P ) 4 Su e
Base tangent lenethl Des ien) w mm 20.59028 18.74651 [ ] it - [ Shdad A Nl v b | Dislammet s v Oam ) om 4 Nanrical velae b | Do acemen scele '
O bl dismeter 4 em | ma | 55201 [Guw
Over ball diameter(Reference) | am 5.28300 17842784 |
Ower ball diameter(Design) dm' - £9.26322 17642768

Fig.45.71 dimension result-1 Fig.45.72 dimension result-2 i..

B 20 contact figure. | =n (=~
E&=o0T

(a) pinion, o1max=382MPa (b) gear, o1max=355MPa
Fig.45.82 maximum principal stress,

G P s e [remen =]
ez rccen E

® eceate iy O fence O Flckon 8 declie O frer

[

ey

Fig.45.73 meshing drawing Fig.45.74 sliding ratio
[ Tooth face item setting =

[T S —

[

Edge contact analysis setting

O et nerae)  Obapamm Fig.45.83 transmission error Fig.45.84 Fourier analyses
| fem [ Symbol [ Unit | Pinion ]
| Madmumcuvatue | e | mm | ---

| Curssture modification rangs | h [ mm . . . . )
e e 31 The tooth shape given in Fig.45.15 and the tooth profile generated

[ fon Smbol] Unit | Pinon | Geor | by optimal tooth surface modification can be file output (3D-IGES), so it
Face width center position bm [ mm | 0.0000

Toraue T | N [0 | .50 can be used for analysis and processing.

Normal forth at traneverse plane F N 21703.6
Woldbeof sty | €[ Mra [W0.0 2060 32 Please see Appendix [I] for stress analysis examples, Appendix [J]
Root division number Nhi — 4 10 - - - .
Tt dhiein nbar | B2 W W for transmission error analysis examples and Appendix [K] for examples

Tip. sdee division number Nh3

Face width division number W — [ [ of power loss analySiS.

Pitch error{ sm)
[ 00 ] 0.0] 80 0.0] 0:0]  Fosilive mesk contect
00 [ 0.0 00 0.0] 0.0  Heestie  <vone contsct
Jol§ Cancel Default | Back Glear

Fig.45.75 tooth surface element setting
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