[22] CT-FEM ASM (Stress analysis of asymmetry gears)
English version
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Fig.22.2 property (basic rack)

22.4  Gear dimensions
Gear dimension calculates parts dimensions, contact ratio, sliding ratio,

Fig221 CT-FEMASM 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
22.1 Abstract rounded, R and C is considered in contact ratio.

Asymmetric gears can increase tooth loading capacity without (1) center distance and shift coefficient have the following 3 relationships.
changing gear size or material. Compared to standard pressure angle, <1> shift coefficient is given to pinion and gear to determine center
Hertz stress decreases, friction coefficient and sliding ratio are small. distance.

Therefore, the flash temperature is low. For details, please refer to <2> bhased on center distance, shift factor of each gear is determined.
[Appendix H]. <3> center distance is set, regardless of shift coefficient.

CT-FEM ASM is FEM stress analysis software for asymmetric tooth (2) shift coefficient is set per following 4 types;
gear. Like CT-FEM Opera iii, it can calculate flash temperature, friction <1> directly enter shift coefficient
coefficient, oil film thickness, occurrence probability and lifetime of <2> based on split tooth thickness, shift coefficient is set
scuffing and wear, and addition of tooth edge contact analysis and <3> based on over ball dimension, shift coefficient is set
optimal tooth surface modification function. Fig.22.1 shows the whole <4> addendum modification, shift coefficient is set
screen. For inputting dislocation coefficients, in addition to the direct input

method of dislocation coefficients, the dislocation coefficients can also
22.2 Software structure be inversely calculated based on the tooth thickness. Since it is not

The structure of CT-FEM ASM is shown in Table 22.1. O inthe possible to measure the "tangential tooth thickness" of the asymmetric
table is included in the basic software, and © is optional. Applicable tooth gear, it is not included in the setting method of the dislocation
gear: involute spur and helical gear (external gear, internal gear) coefficient. Fig.22.3 shows the specification setting screen, and Fig.22.4

to 22.6 shows the dimensional results. Fig.22.7 shows the over ball
Table22.1  software structure measurement position map of the asymmetric tooth gear.
Item Structure I G st =e |

<1> Basic rack (asymmetry tooth profile) O Ce
<2> Gear dimension O
<3> Meshing drawing O
<4> Tooth modification O
<5> Tooth surface stress distribution (3D) O | e e e e
<6> Tooth surface evaluation

friction coefficient, oil film thickness, O

calorific potential, Power loss, PV, PVT i
<7> Scuffing probability of occurrence O . = o
<8> Wear probability of occurrence O (@) gear dimension
<9> Life time " o o — S
<10> Power loss” O T T B ——
<11>3D-FEM O e e
<12> Edge contact analysis © %_ ,‘ %
<13> Transmission analysis, Fourier analyses, CSV © S S
<14> Internal gear © = =
<15> Best tooth surface modification © e .

(1) Doesn't support a plastic gear fEN N
22.3  Property (Basic rack) AN ﬂ/ﬂ}_ s

A setting screen is shown to Fig.22.3. A W P )

- Gear combination  : external X external, external X internal Lo e ] [
« Basic rack : standard, low, special (b) chamfering
« tooth tip circle decision  : normal, equal clearance Fig.22.3 gear specification
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[ Result of dimension =l =
Gear  Gontact Others
I 7 TN T ™ S
Transverse module 4.6308
Transverse pressure anele at | dee 33,1803 (L) / 19.0880(R)
Base helix angle Gb | deg 23,9898 (L) / 26.6760(R)
Base diameter db [ mmo | 72.04100L) 7 81.3373(R) | ISE.4BEACL) / 176.5174(R)
Tooth depth h mm 5.0000 3.0000
Gutting profile shift cosfficient | xnc | — 04500 0.0000
Min involute diameter(TTF} dt mm | 00.8964(L) / 82.2746(R) | 177.1713(L) / 178.7637(R)
Max involute diameter dh [ mmo | 86.B7RA(L) / 96.67B3(R) | 182.741(L) / 192.7415(R)
Normal circular tooth thickness | sn | mm 78127 6.2832
Transverse ciroular tooth thickness | st mm 8.8764 71181
Over ball diameter do mm 7775 | 5.3872 |
Gver ball distance(Reference) dm | mm 1010832 1956864
Over hall distancel Desien) dof | mm 101.0832 1356984
30 Ower ball figure

Fig.22.4 dimension result-1

[ Result of dimension [E===R
Gear  Gantact Otkers
Symbol | Unit |
Transverse contact module ant | des 34.4857(L) / 21.4664(R)
Gontact helix anele Bw | de 24,3643
Gantact pitch diarmeter dw mm 47,4000 184,600
Teeth rumber ratio 2h — 2.1679 0.4634
Effective face width b mm 30.0000
Clearance ok mm 1.2918 1.2318
Transverse contact ratio sa | — 0.9292(L) / 1.1485(R)
Overlap contact ratio e8| — 1.1208(L) / 1.1208(R}
Total contact ratio ey | — 2.0500(L) / 2.2693(R)
Sliding ratio ol | —— | -0.2474(L) / -0.7276(R) 0.1983(L) / 0.4212(R)
Sliding ratio a2 | — 0.3401(L) / 0.5876(R) -0.5164(L) / -1.3123(R)
Transverse backlash Jt mm 0.3010(L) / 0.3398(R)
Backlash anele Ja dee 0.4788 0.2219
Gontact diameter (max) dja mm | 96.6753(L) / 96.6753(R) 182.7415(L) / 192.7415 (R}
Gontact diameter{min} dit mm | B3.5572(L) / $4.0954(R) 180.5396(L) / 182, 1613 (R}

Fig.225 dimension result-2

=] =

i Result of dimension

Gear  Contact Others

__mmm

Max contact stress{membrane element strass) MPa 1700.05

Element number -— -— filil:t=t 45337
MNode number -— -— 93236 76134
Max bending stress( o 1) ol MPa 438,55 GBE.29
Max bending element Mo - - 36028 23400
Fig.22.6 dimension result-3
B 30 over bl igure e | | 0over bl fgure [
on () Gear ) Finiory (®) Giear Bask

S| @ e 5
N ) Whre flame. >
dp= 1773 mm > = BT mm >
dm= 1818832 mm > dm= 195 6064 mmv >

() pinion (b) gear
Fig.22.7 over ball diameter

255 Tooth profile

Meshing drawing is shown in Fig.22.8. As shown in support form,
zoom, distance measurement, R-measurement, diameter, involute
modification, line of action, display and rotation function are available.

[ 20 contact figure [fofe =
e Zom v owmstiuwe v
® ContactlLeftl O Contact(Right) | Operation Default
Base dizmeter db 720410 | 1654569
Reference diameter d #0753 | 1957415
1 Tie diameter da 976758 | 1937415
[] Root diameter df 796753 1757415
[] Gantact pitch diameter 74000 | 1986000
] Max involute diamete dh 966763 1927415
1 Min invelute diameter dt 09964 | 1774713
[] Max contact diameter LR 1927418
] Min contact diameter dif #3567 | 1905396
Tnput diameter
Common namal line
Pinion rotation ang e(dee)
/ \ < >
Pinian otation devition anele(dee)

Fig.22.8 meshing drawing & support form

226 Contact line and sliding ratio graph
The contact line graph is shown in Fig.22.9. This graph shows the
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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.22.9, when the contact diameter of the
pinion is 85.853 mm, the contact diameter of the gear is 190.192 mm.
Also, the line of action length of this pinion is 23.350 mm and the gear is
54.786 mm.

Moreover, the meshing of the tooth can be grasped because are
connected with contact profile (Fig.22.8). The rotation angle computation
(Fig.22.10) 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.22.11.

=T

(a) left flank (b) right flank
Fig.22.9 contact line

E Rotation angle calculation

[ tom _symbol |t | Pmon

[

Gontact diameter d' mm 87.4000 I
Fall leneth L mm 24,7430 53,3927
Rall angle @ deg 39.3672 39.3672
Rotation anele @ dee 0.0000 ikttt
Gancel

Fig.22.10 rotation angle (left flank)

B Siding rtio graph
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(a) left flank
Fig.22.11 sliding ratio

(b) right flank

22.7 Tooth surface element setting

The tooth surface element setting is shown in Fig.22.12. 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
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.

o] = ==

[id Tooth face element setting

Edge contact analysis setting
(O Edee analysizledes curvature cetting) © Mo edee analysis

EEZ T T T

mm

Minimum curyature
Gurvature modification range h
fnalysis point

O root + face + tip

bm m 0.0000 0.0000
Nemo o~ 1800.0000

Analysis testh number

Ot O3 @ Only tooth face

@5

Face width center position

Torque T 44626316
Mormal farth at transverse plane F N 44413.2
Modulus of elasticity E MPa 205800.0 205800.0
Paisson's ratio v - 0.3000 0.3000
Root division number Hh 1 — 20 20
Ivolute division number Nh2 - 40 40
Tip. edee divicion number Nh3 - 10 10
Face width divizion number i} - 40 40
Pitch error{ im)  Positive : weak contact Analysis tooth face
B 00| 0] 0.0 ] 00 ® Lot it
mmmmm O Right side

Back | Default

Gancel || Glear
Fig.22.12 tooth surface element setting (left flank)
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22.8 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.22.13, 22.14) but a gear isn't modification. Incidentally,
in this example, the gear is not modification.

[ Tooth profile, flank medification o] @ s
ProfilelP)=1" FlankiP)=1 Profile{G)=0 Flank(G)=
Profile modification type
O Mo modification @ Typel O Type2 O Typed
L=14.469(mm)
u
E L1 &
g )
= =
[Symbol | it | Vabio |
Tip modification 1 ft1 mm 0.0600
Root modification 2 | #2 | mm 0.0000
Rall lergth 1 [t | mm 3.0000

0 i s

[o]8 Gancel | Back Glear || Graph an s

Fig.22.13 tooth modification and graph (x100)
o] = ]
=1% Frofile(@)=0  Flank(cz)=0

Flank modification type
O Mo madification

Fid Teoth profile, flank medification

Frofile(F}=1 Flan

®Typel O Typez O Typed

b= 35.000(mn)

ft2
— Back side
fil _| Fromt side
=
H

[ ren — Tomor i | Voo
Madification value 1(front) ft1 mm 0.0500

| Modification value 2(back] | #2 [ mm | 0.0500 |

g
Lo

Graph um am wum
Foce it s

Fig22.14 lead modification and graph (x100)

ok || Gancel | Back | Glear

229 Tooth modification (3D) setting

Like Fig.22.15, the tooth surface modification (3D) can type in directly.
Also, the profile modification which was set at Fig.22.13 and Fig.22.14
can be taken over, too. As for Fig.22.15, it is displaying the modification
which was set at Fig.22.13 and Fig.22.14 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 (csv).

o

G ot e D P

Chargn i

o e
) bt o it k. ) b vk | (o G5V

Lie of st sl dviion (1| Gorcal | Bk || Glar 5V ot o | Ganel| Buck | Chm oo

(a) profile modification (b) color palette distribution
Fig.22.15 profile modification (EX. pinion)

22.10 Profile modification & tooth surface stress (3D)

The tooth profile which was set with the Fig.22.15 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.22.16(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.22.17.

(a) tooth modification (b) tooth modification + profile
Fig.22.16 tooth surface element

Fig.22.17 tooth surface element model (mesh / Fig22.12)

22.11 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 #.=36.102° like Fig.22.18 as the computation and divide that
contact angle into 60. Then calculate by giving discrepancy error
¢=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.

m Setting of tooth face stress analysis EI’E‘@
Rotation anglel 8 , 8 e) setting
1 pitch anele Max contact anele
[___dtem [Symbol] Unit [ Value ]
Start rotation angle ds deg -18.078
End rotation angle de dez 24,304 =1
Angle division number M - 1] ﬁ ﬂ P
Croszed angle error @1 deg 0.0100 ’ Patlrien e 82
Parallelism errar @2 deg -0.o010 ,' %l
Gancel | Back Glear hi;eriw:;w w2 T

Fig.22.18 tooth surface analysis setting screen, ¢ 1and ¢2

22.12 Tooth surface stress analysis result (3D diagram)
The results of the tooth surface stress analysis are shown in Fig.22.19.

In addition, the stress distribution with narrowed stress range is shown in
Fig.22.20. In this way, by narrowly displaying the stress range, the range
where large stress is generated is well understood. Also, as shown in
Figure 22.21, the rotation angle of the pinion with the maximum stress
(oHmax=1700 MPa) is Gp=-3.711° and the minimum stress (oHmin=1498
MPa) is 6,=7.064 °.

B et stion value-sarface stress 3D
7 K

[ ————

() pinion (b) gear
Fig.22.19 tooth surface stress (o1max=1700MPa)
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[ Modification value-surfoce stress 30 figure
0
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Win vabatole) 1500

1 Aoptdcale sttt reesh

[ ST (] Theoretical
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Fig.22.20 tooth surface stress (area: ow=1.5~1.7GPa)
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[ Setting of flash temperature item E=REER Wineral oil{other)
= fontoun o) —TSmbo |t | Prion | oo —] Mineral oi|(other)
Max tooth surface stress | o'Hmax | iPs ussT.m Synthetic of |FMIL-L-23693
Torque T Hm 1800.0 3452.8 H
— 5 - IR Synthetic oil(other)
Rotatian speed N[ min-i 1200000 | W{ =
Tangential velocity v ws 5,491 ?
Surface roughness(max height) | Re am 2.500 | 2.500 | Tib ot
Surtace roughness(averazs) | Fa wm 0.400 0.400 e
Ttem{material) | Symbot | unit | 0 V% 550
| Matwwl | —- | — [Ghroniu stes/[Chranin steel{] B V% e
Dersiy e ek [EL] [EL] 5 I Je
Specific heat oM | JAkeT) 461.000 41,000 her gruds
Thermal conductivity A | Wk 50000 50.000 T =
Gear temperature G | © 70.000
| Oiltemperatwre | OTc s [ wmam |
Lubricant type Wineral oi I(other} v
I50 erade 150 43 150 v
Kinematic viscosity(WC) | —- | mif/s 160,000
Aversge sculfing temperstwre | MIc | T 227.000
Stenderd deviation temperature | 5D 2 37.000
Pbsoluts vissosity #0_ | P 27,778
Viscosity pressure @ | MPal 0.01340 =
16
o=

Fig.22.24 flash temperature setting Fig.22.25 material and oil

B Fash gt 30 e

Cot rirge

3 c

serem e 10 Loseti o)
O P vemuT

ntassla

e

(@) oHmax=1700MPa(6p=-3.711°)  (b) oHmin=1498MPa(6,=7.064°)
Fig.22.21 tooth surface stress (max. and min.)

The stress distribution (cell display) of the entire tooth surface is
shown in Fig.22.22. In the case of example, we display the stress in the
area of 98 in the tooth width direction (including the tooth width
chamfer) and 70 in the tooth direction (including the tooth tip chamfer)
s0 the stress value at the tooth surface position is understood. In addition,
the stress value displayed here can be output as a CSV file. Stress at each
rotation angle can display stress distribution corresponding to pinion
rotation angle continuously as shown in Fig. 22.23, so it is possible to
grasp stress change and contact position.

sl s eAeeS]
S |
i

I .20

- l
] be.on0

T=26.5(C) Tre=96.5(C)

Fig.22.26 flash temperature Fig.22.27 gear temperature
| [ m—

[mp

G fim b

qu
i
/lmax:0.071 A min:0.305(],l.m)
Fig.22.28 friction coefficient ~ Fig.22.29 oil film thickness
o tvpestire e

[ ermp—

@ Shuie
(S

(ai-pinion
Fig.22.22 tooth surface stress, cell (oHmx=1700MPa)

(b) gear
Fig.22.23 tooth surface stress on 6,=-3.711° (6Hmax=1700MPa)

(e;) gi.nibn

22.13  Flash temperature, friction coefficient, oil film thickness etc.

Fig.22.24 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. 22.25). 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.22.26 to 22.33. The
probability of occurrence of scuffing and probability of wear are shown
in Fig.22.34.
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Bt

Wmax=33.2(W)
Fig.22.31 power loss

Jmax=1457(J/s/mm?)
Fig.22.30 calorific value

PVTmax=0.749(MPa-m?/s)
Fig.22.33 PVT value

PVmax=110.2(MPa-m/s)
Fig.22.32 PV value

ﬁ Damage probability: loss

Item Symbol | Unit Value

Probability of scuffing occurrence k-] 24 <h
|I Probability of abrazion occurrence nf %% 5.00
|| Power loss fe 2% 0.77

Fig.22.34 damage probability
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22.14 Edge analysis (option)

In paragraphs 22.11 to 22.14, we analyzed the involute tooth surface,
but here we show the result of the end analysis of the tooth tip and side
part (Fig.22.35, end setat R = 1.0 mm).

As a result of analysis, as shown in Fig.22.36, large stress ovmax=4423
MPa is generated in pinion tooth and gear tooth tip. In the analysis of the
involute tooth surface, the flash temperature is 26.5 ° C at the tooth tip as
shown in Fig.22.26. However, in the edge analysis, it can be seen that as
shown in Fig.22.37, the pinion tooth rose greatly to 105 ° C.

[ Tooth face element setting o] @ =)
Edee contact analysie setting
@ Edee analysisledes curvaturs settingd (O No edes analysis
—_mmmm
Miimum curvaturs
Curvature modification rares | h | mm
Analysis teeth number Analysis point
Ot (o)) [OF] O roat + face + tip ® Only tooth face
| ftem [Symbol] Unit | Pinion |  Gear |
Face width conter position | bm | mm
Torque T Mem v 3452.6318
Normal forth st transverse plane | F [ 44413.2
Modulus of elasticity E MPa | 205800.0 205800.0
Foisson's ratio v - 1.3000 0.8000
Roat division number (] - 20 20
Tvolute division number M2 | —- i 40
Tip. edee division number M3 [ —- 1 [
Face width division number Hb - a 40
Pitch error{ e2m)  Positive : weak contact Analysis toath face
M 0] o] 0.0] 0] 00 ® Leftsie
| Gear EANNINNINEINTD O Right side
Gancel | Clear || Back | Default

Fig.22.35 tooth surface element setting (edge analysis)

[E==in—~)

B2 Medtaion vauessace. et

(b) gear
(edge analysis, oHmax=4423MPa)

(a) pinion
Fig.22.36 tooth surface stress

2 s semosrstre 0 g (7= 1 )

Rt

() tooth profile (b) cell
Fig.22.37 flash temperature, T7=105(C)

22.15 FEM analysis

In the analysis condition of Fig.22.12, to make FEM analysis, create a
mesh model in Fig.22.38. 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.

[ Setting of FEM mesh formation condition =] ® =
Model shape Fix condition Division type
@® Standard % Side @ Cmesy
) Hub [ Battom @) Number
Foot division number 5 B
Tooth face division number (5 - 5 5
Tip division number NLE - 3 B
Side division rumber WO [ - 5 5
Bottom division number wHO - 15 [
Bottom diameter dm | mm 61,6758 157.7415
Division number of specified rangz | N — 20 20
Diameter of specified range dgi | mm 81,6975 177.9775
Diameter of spesified range da2 | mm 756758 17,7415
Gancel | Back | Defaut | Glear

Fig.22.38  mesh model setting
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The meshed teeth can be confirmed with the 2D mesh model as shown
in Fig.22.39 or the 3D mesh model in Fig.22.40. Also, 3D-FEM mesh
elements can display coordinates and nodes as shown in Fig.22.41.

T FEM mesh 20 figure [E=8iEEn =) 4 Mt mech 2D fgure [ )
.1‘ — Zoom ~| | Prnliris diviskn) ~ L0 Zoom ~ Gualiringl dwior) -
Detaut Befah

(a) pinion (b) gear
Fig.22.39 2D-mesh model

[ FEM stress 30 figure (= o [ FEM element node table =3 =8 =]
Basic operation Blirk  Colr rengs Display {1 * Wk cecninatelP)| N cocrtione() || ement () Eement nodel |
St e Bomeri 1o | mooel | bl | el | reel
Hloer  ©Weetlome i s | a0 | Tt | oes
W0 078Geee) ] [ Xox shift 1 S | 70 | Twdl w0 | s
] tomeriol vas b Vs sift [0 4 S s | e eme | s
5 O N
O s | el | e | e | s
i s wss | e e e
[ sen | son | e | eww | siom
1 S0 | Gt | erm | e | G
[0 sees | am | e | e | sl
" s | wss | oz ot | ot
[ s | e | i e | s
u S0 | G | e man |
< >

Fig.22.40 3D-mesh model

Fig.22.41 element nod table

The mesh model can be generated as a rim / hub model as shown in
Fig.22.42, so it is effective for gears with low elastic modulus like plastic
gears.

[ setting of FEM mesh formation condition (=R \a L4
Model shape Fix condition Division type
O Standard Side O Aceuracy
@ Hab [ Eottom @ Number
S T
Root division number NLI 5 5
Tooth face division number [ 5 5
Tip division number NG| — 3 3
Side division number WO [ — 5 5
Bottom division number wio | 15 15
Battom diameter an | nm 61,6753 167.7415
Division number of specified range | N = 20 20 Gl
Diameter of specified range dal | mm 81,6375 177.8775 Bl
Diameter of specified range dz | mm 75.6753 1717415 wn
Hub diameter | mm 30,8377 78.8707
Hole diameter do an 10.2782 26.2902
Hub width(front) 5] mm 17.5000 150000
Hub width(back) L2 n 16.0000
Wieb depth(frant) | am 7.5000
Web depthiback) D 8.7500 7.5000
GormerRirimweh) 2l mm 04000 04000
CormerRimeb-hub) r2 mm 04000 04000
OK || Gancel || Back | Default || Glear

Fig.22.42  rim/ hub model

Next, an example of FEM analysis using the mesh model set in
Fig.22.38 is explained below. Since the angle (-28.578 ° to 36.102 °) set
in the tooth surface analysis setting in Fig.22.18 is divided into 60, the
angle of 6p = 14.247 ° (Fig.22.21) with the largest tooth surface stress is
selected and subjected to FEM analysis. If you want to know the change
in the bending stress within the meshing angle, check the [ in Fig.
22.43 to calculate 60 pairs of bending stress. Since the number of
analyzes is large, it is effective to select only the required meshing angle
and calculate. The items to be analyzed are the stress, displacement and
strain shown in Fig.22.45. FEM analysis results are shown in Fig.22.45 ~
22.48.

[ setting of FEM analysis angle condition =] @ |
Pinion Gear ~

Rotat fon ang le-2.993(des) O O
Rotation angle-2.276(dez) O [}
Rotat fon ang le-1.556(deg) O O
Rotation angle-0.338(des) ] [}
rotation srele-D. 120¢ee) [ NN Blink  Color range  Display change I
Fotat ion ang|el.599(dee) [} O Stress Displacement Strain
Rotation anglel.317(dse) [m] O Oax ® ol Q &x O 1
Rotst fon angle?.035(deg) O O Oay O o2 O oy Oe2
Botation angle?.754(dsx) O M A7 Oz Ooi O sz O et
Gancel || Clear All datalP) | | Al data(Gh O om O sw

Fig.22.43 FEM analysis choice  Fig.22.44  kind of the analysis
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i FEM stress 3D figure

] Piion

=

{000 Disley waxivon vive <

(@) one pair gear (b) pinion, ommax=654MPa
Fig.22.45 om (Mises stress), 6,=-0.120°

2 FEM stress D figure-

=
B[] Dl e
™ ot

©® Shadine

Stran

¢
O oy O 62
¢

(a) pinion, o1max=499MPa (b) gear, o1max=566MPa
Fig.22.46 maximum principal stress

M s 20 e

O #inen

0o

® sdine

(2.0) Display macinn value
2 Ml v bar
init: an

'4» 0w

() pinion, dmax=28.0um (b) gear, omax=46.0um
Flg 2247 displacement

[ Momsrioal b ber

(a) pinion, e1max=2.75x 107 (b) gear, e1max=2.50 X 103
Fig.22.48 distortion

In the analysis result table of Fig.22.49, it is understood that the
element number of the maximum value o1max=499MPa of the maximum
principal stress of the pinion is 336023. If you enter this number in
"Blink" in Fig.22.50, it can be confirmed in the stress distribution chart
(A :flashes). After the FEM analysis result, as shown in Fig.22.51, stress
at any position in the tooth width direction can be displayed. Fig.22.51
shows the stress at the tooth width center position (zd=-3 mm).

]

Fig.22.49 analysis result list
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Fig.22.50 pinion, oimax point, cimax=499MPa
I FEM stress crosssection o= e | | I 7 st o section (== n
@ Prien () Gear Deplay maximum vake O Piion (8) Gear Ditplay mesemm vahe
Lacston of face width | =3 | mm | 1.000 Garcel | Back Location of fuce wigth | 24 | s s O] | cneel || Back
64838 Dox Ooy Ooz @a1 Qo2 Oot mn = - 196.209 Qox C ®o1l Do Ood

mac= BER28
[ Mumerical vahas bar
bithP

| =

Oom Oé¢x Ody Od: O Qam O

D8y Oaz Oamnx

98551

(a) pinion, o1max=499MPa (b) gear, G1max=566MPa
Fig.2251 FEM-section (zd=3mm)

22.16 Lifetime

Calculate lifetime after tooth surface stress analysis and FEM
analysis. Fig.45.52 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 [= & ==
[ en [symbol] Unit | Pmon | Gear |

Max contact stress oHmax | MPs | 1639.587 1700.049
Max bending stress(o 1) o1 | MPa | 438.550 566,294
Rotation speed n [mi1 [ 1200.000 556098
Allowable Hertzian stress | oHlim | MPa | 2000.000 2000000
Allowable bendine stress oFlim | MPa [ 400,000 400,000
Qverload cycles Ne | — i

Nitride material - - No nitride material ~

YWiorking condition Mormal “
— lontamiae) Jormbol | U | en ]
Expected stress repeat factar N 0.850
Expected litespan load number Ne -— 1.00E+10 1.00E+10
Expected I\fsspan hrs 1.39E+405 3.00E+05
m
Expected stress repeat factor | ZN' 1,245 1.416
Expected lifespan load number Ne — §.95E405 2.25EH05

0.850

Expected lifespan Lo | hrs | 9.00ER00 | 6.74E+00
Gancel || Back || Glear
Fig.22.52 lifetime

22.17 Transmission error (option)

Fig.22.53 and Fig.22.54 show the rotation transmission errors and
Fourier analysis results within the rotation angle given on the tooth
surface analysis setting screen in Fig.22.18.

[ ———

dno | |t udsEeact rn | u w) (Roctangto) I

Wincen i Spainin

@Rt O e Otsong O Bk

[ o | Froqmmoriiia | Soectrantcm) SRS,
1 0.1 10N L8V

O Diply

Fig.22.53 transmission error

Fig.22.54 Fourier analyses

22.18 Analysis of optlmal tooth surface modification (option)

As shown in Fig.22.14, when considering the torque and the shaft
angle error instead of uniformly determining the tooth surface
modification, it is a function that can determine the amount of correction
that minimizes the tooth surface stress.

As an example, Fig.22.55 and Fig.22.56 show the optimal tooth
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surface modification calculated using the torque in Fig. 22.3 and the axis
angle error in Fig.22.18 with the gear.

T Setting of optimal madification value analysis condition =) @

O Devistion—Devistion angle @) Deviation angle—Deviation [ Input

[4 Defautt setting

Gear typs

o

Setting of basic rack

O Full ) stub O Either ®) Standard

@ External=< Internal

[svmtor] ~tore e |

Crassed anele error

End face deviatin(05 b sin 1)

Parallelism error

Tip interference amount(05 da sing 2

1 pitch angle division number

Frequency of iterative calculation

Change modification distribution ratio

Modification distribution ratio n = 0.5000 0.5000
Modification value{lower) fis mm 0.0001 0.0001
Modification value(left) ftw | mm 0.0080 0.0080
Modification value(right) fle mm 0.0053 00053
Moditication valuefupper) fin mm 1.0083 0.0117
Modification ratiof lower) His — 0.8000 02564
Madifieation ratio(left} Hiw | -— 1.7428 1.7838
Modification ratioright) Hie | — 0.1571 0.1000
Madification ratio(upper) Hin | — 0.1000 0.6609
Modification curve type Cu | — Standard

“ Modification valug analysis” —Change modification distribution ratio of pinion, gear—
“Taoth face stress analysis”

Modification analysis | Surface stress analysis  Ganesl | Back  Clear  Border figurs

Changs modification distribution ratio

Fig.22.55 modification setting
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© vout o s ek O b e [ Pk 37 <] Do === @ bos ot it O ot vk [TV ok [ =] opn (17| [ b

Lrm o ion g vom | O Gl Baeh | Ohew (G5 s

() pinion

(b) gear

Fig.22.56  optimal tooth surface modification

Next, Fig.22.57 of the tooth surface stress analyzed with the tooth
profile of Fig.22.56 is 28% lower than ormax=1700 MPa in Fig.22.19. Fig.
2258 shows the flash temperature and Fig.22.59 shows the friction

coefficient distribution.

[ Modification value®surface stress 3D figure

O Modificaton valuz @ Shadng
@ Stress O Wire flame

Display masimum valuslcomman al profike)

4 Mumerical valoe bar

2 Meribxans element(Pior) [[] Theoretical tooth profis(Pion)  Biasc cperatin Doviation  Gokor rango.
[ Menteans element(Gear) [ Theoratical tooth profiie(Gear)

b=

Vertical rofation
Horzontal rotation
Zoom
Kaxis shitt
Y axis shift

>
>
>
>
>

Fig.22.57 tooth surface stress (oHmax=1330MPa)
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Tr=26.2(°C)
Fig.22.58 flash temperature

1max=0.069
Fig.22.59 friction coefficient

22.19 Analysis of the internal-gear (option)
The analysis result of “"external gear x internal gear" is shown

Fig.22.60 to 22.77

88

[ Peussnee | an |

| Addendumfactor | hao 10000
Dedendurm factor hic 12600
Root radus factor(Lef) | rol 0.2200
Root radius factor(Right) | roR 0.2200
TEom Erg 1.2500 [ Basic rack actual dimension figure
Determination af profile shift coefficient and center distance  Determination of tip diameter

() determine center distarce from (® Standard

() determine xn from center

(@) determine center distance no relation to xn O Eaqual clearance

0K Cancel Back Standard

Fig.22.60 basic rack

[ Gearsetting

Dimension  Edge shape

It
Harm 4.00000
Number of teeth z = 18 | 55
Mo mal pressure angle(Left) an | dee 3100000
Normal pressue angle(Right) | an | deg 17.00000
Helix anele: 8 dee E] B ] I'T 0.00 P
Helix direstion = [= Right hand ] Right hand
Reference diameter d mm 8.0753 [ 249.1854
Tnput type of tooth thickness | —- Profile shift coefficient « | Profile shift coefficient +
Normal pratile shift cosfficient | xn 0.95000 0.30000
Ball diameter d | mm ks et
Over ball distance dm | mm i CCO
Profile shift am | - ) ke
Tooth thinnine for backlash [ mm 0.00000 000000
Genter distance a mm 8150000
Tip diameter da | mm 97.67532 24356541
Raot diameter a 78.67832 21,5651
Foat radius(Left) RIL [ mm 0.88000 053000
Root radus(Right) RIR | mm 0.68000 0.58000
Face width b mm 3. 00000 30.00000
OK [ Gancel | Clear | Back || Default Rack || Support

Fig.22.61 gear specification

[ Resuit of dimension

{8 Contact  Others

Transverse module mm 45303
Transverse pressure angle dee 93.1903(L) / 19.0390(R)
Bass helix anele dee 23.9898(L) / 26.6768(R)
Base dismeter mm [ 72.0410(L) / 61.8373(R) | 208.5387(L) / 235.4500(R)
Tooth depth h mm 5.0000 3.0000
Gutting profile shift cosfficisnt xe | — 0.4500 0.3000
Wi involute diameter(TIF) dt mm [ 60.9964(L) / 62.2766(R) | 244.5654(L) / 244.5654(R)
Max invalute diameter dh mm [ 96.6753(L) / 96.6753(R) | 260.8583(L) / 260.5543(R)
Normal circular tooth thickness an mm 78727 5.2235
Transverse circular tooth thickness | st mm 9.9164 5.9160
Over ball diameter & mm 7.0000 7.0000
Over ball distance(Reference) dm mm 99.7696 241.2462
Over ball distance(Desien) dml mm 98.7838 241.2462

3D Over ball figure

Fig.22.62 dimension result-1

[ Result of dimension o= @
Gear | Contact? Others
awt | deg

Transverse contact module

[ s/ iesmsa®

Gontact helix anele Bn | dee 27.6948
Contact pitch diameter dw mm 84,9722 [ 245.9722
Teeth number ratio =h — 2.8947 [ 0.3456
Effective face width bw mm 30.0000
Glearance ck mm 1.4450 [ 1.4450
Transverse contact ratio 8@ | — 0.9269(L) / 1.2154(R)
Overlap contact ratio e8| — 1.12086L) / 1.1208(R)
Total contact ratio ex 2.04770L) / 2.3362(R)
Slidine ratio a1 | —— | -0.0413(L) / -0.1662(R) | 0.0336(L) / 0.1439(R)
Slidine ratio a2 | — 0.1970(L) / 0.3468(R) | -0.2454(L) / -0.5304(R)
Transverse backlash S mm 0.3467(L) / 0.8915(R)
Backlash angle Jo dee 0.5515 [ b
Gontact diameter{max) dia mm | 96.6763(L) / 96.6753(R) | 256.7924(L) / 256.3544(R)
Gontact diameter(min) dif mm | 83.5856(L) / 63.6565(R) | 244.5654(L) / 244.5654(R)

Tnvolute interference = [= Mo occur(Left)/Mo occur(right)

Trimmine Mo occur(Left)/No occur(right)

Trochoid interference Mo occur(Left)/Mo occur(right)

Fillet{root) interference = [= Mo occur(Left)/Mo occur(right)

Fig.22.6. dimension result-2

[ 2D contact figure ===
+ Zoom -
@® Cantactileft) O Contact(Right) | Operation Detauft

20 contact fiure v

|

Fig.22.64 meshing drawing
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() profile modification
Fig.22.65 profile modifica

(b) color palette distribution
tion (same: Fig.22.15)

[ Tooth face element setting

Lo & s

Edge contact analysis setting
() Edee analysis(edee curvature setting)

Minimum curyature

Gurvature modification range h mm
Analysis testh number Analysis point
Q1 O3 (CH O roat +

Face width certer position bm
Torque T Nem
Mormal forth at transverse plane F N
Maduluz of elasticity E MPa
Paiszon's ratio v -—
Root division number Nh1 -
Tvolute division number Mh2 ==
Tip, edge division number Nk -

Face width divigion number Nb -

Pitch error(.um) Pogitive : weak contact

Cancel | Clear

@® Mo edge analysis

-_mmm

I ) T T

face + tip ® Only tooth face

v
43413.2
206800.0 20680010
0.3000 1.3000
20 1
[ i
1o n
a0 a
Analysis tooth face
@® Left side
O Right side
Back | Default

Fig.22.66 tooth surface element setting
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Fig.22.67 tooth surface stress (onma=1210MPa)

[ Setting of flash temperature item

MPa

Mas: toath surface stress 1210. 167
Torque T Nm 1800.0 I 4631.8
Fower P (A} 201.082
Rotation cpeed n min-1 1200000 | 414.545
Tangential velocity v mfs 5.339
Surface roughness(max height) Rz pm
Surface roughniess(average) Ra £
[ ontmoteria) —|Synbol | Unit | Pmen | e |
Material -— | -— [Bhromiun steal([Chromiun steel(]
Density a efem 3 7.870 7.870
Specific heat oMMk 461,000 461,000
Thermal conductivity A W mk £0.000 £0.000
Gear temperature GTe T 70.000
[ fontibrican) —JSymbot [ Uit | Ve |
Oil temperature 0Te B
Lubricant type = [ = Minersl oil(other) -
IS0 grade - - 180 VG 150 ~
Kinematic viscosity(40°C) — [nmE/s 160,000
Averses scuffing temperaturs | MTo B 227,000
Standard deviation temperature s0 ‘G 37.000
Absalute viscosity #0 <P 27,779
Wisoosity pressure o | MPa-l 101340
Cancel | Back Clear Material
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Fig.22.69 flash temperature

/,lmax:0070
Fig.22.70 friction coefficient
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Fig.22.72 calorific value

F4 Damage probability-loss =] = (]

Fig.22.71 oil film thickness

Probability of scuffing occurrence Nz %
Probability of abrazion occurrence nf %% 5.00
Power loss e %4 .48

Fig.22.73 damage probability

[ setting of FEM mesh formation condition o] @ =
Model shape Fix condition Division type
© Standard % Side O heeuracy
O Hub Bottam ® Mumber
I S ) T T
Foot division number 5 5
Tooth face division number NL2 -— § 1
Tip divigion number NL3 -— 3 ki
Side division rumber hND - 5 5
Bottom divigion number WO - 15 15
Bottom diameter dm mm 61,6753 279.5654
Divigion number of specified range N - 20 20
Diameter of specified ranee dnt mm 81.8376 2E0.70EE
Diameter of specified ranee da? mm 756753 265.5654
Gancel  Back | Default | Clear
Fig.22.74 mesh model setting
TG IR | [ ams Bigre =)
Jew O Bow  Owessme

b [ s v 50

(a) pinion, o1max=513MPa (b) gear, o1max=520MPa »
Fig.22.75 maximum principal stress
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(&) pinion, dmax=32.9um (b) gear, Omax=37.3um
Fig.22.76 displacement
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(a) pinion, e1max=2.25< 103 (b) gear, e1mm=2.28 X 103
Fig.22.77 distortion
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