[47] Strain wave gearing design system

Fig.47.1 Strain wave gearing design system

47.1

Strain wave gearing design system is a software that generates wave
gear tooth profile, based on basic rack or tool (hob). Meshing of the
generated tooth profile and rendering can be displayed, and also
2D-DXEF file output can be generated. Overall display is shown in Table
47.1.

Overview

472 Software configuration
Strain wave gearing design system configuration is shown in Table
47.1.

Table 47.1 Software Configuration
No. Item Figure
Basic rack 473
1 | Tool (HOB) [ - 47.12
TypeofRng | | -
2 Tool dimension | = - 47.12
3 Gear dimension 474 47.12.2
4 Tooth profile 47.5 47.12.3
5 Tooth modification 476 | -
6 2DTooth profile 477 47123
7 Tooth rendering 47.8 47.12.3
8 FEM-Analysis 479 47.124
9 Hertzian stress 47.10 47.12.4
10 Output (Tooth profile) 47.11 47.12.5
11 Design-data management 47.13

473 Basic Rack (Property)

Basic rack (cup type) is shown in Figure 47.2. As basic rack can be
chosen between full depth tooth, low tooth and special tooth, itializs |
hac=0.8, hte=1.05, 1=0.375.
After basic rack is specified, actual basic rack can be displayed as shown
by Figure 47.3, by clicking [ Tasth profile | (Hob-based tooth profile is
shown in Figure 47.12)

is used to set up special tooth with 0=25°,

O Properties (==
e s P <] 1) Set default vaue for gear dimension
settings
Basirack ngﬁgﬁa‘gﬁi toal) ‘
@ Standa Spesific
Sy mb Value
Pressure anele an | des  20.00000
Addendum coefficient | hac 1.0000
Dedendum coefficient hfc 1.2500
Root raduus cosffivient | 1 1.3760 e
Clearance cosfficient cke 0.2500 Basie rack
[ok [ encel | [ Ditialize || Tooth profile

Fig472 Basicrack (Cup type)

204

O Properties ==
P e Cup ype - Set default value for gaar dimension
settings
Basic rack
Standard Stub @ Spamhc Tie Side
T ST T ‘
Pressure angle deg 2500000
Addendum coefficient hac — 0.8000
Dedendum coefficient hic - 1.0600
Root radivs cosfficient re — 0.3750
Clearance coefficient chke - 0.2500
[ ok [ Cancel | [ Initialee || Reference |

Fig47.3 Property and basic rack (Cup type)

474 Dimension

Dimension display is shown in Figure 47.4 by using the example with
my=0.3, zrs=100, zcs=102. Although the addendum modification
coefficient is shown as x,=0.2, it can be set to any value. Also, tip R can
be defined all the way to the addendum pointed limit. In basic rack root
R, the value specified in Figure 47.2 is taken as the standard value, but it
can be defined all the way to the established limit of basic rack profile.
The input range is shown below.

Module 0<mn<10
Number of teeth 10<zps=1000, zpst2<zcs=1000
Profile shift 2<x<+3
Face width 0<b <1000
O Gear dimensions =] @ @
I ) ) o e
Madule n.30000
Mumber of teeth z = 100 102
Freszure angle an deg 25.00000
Helix angle [ deg 1] 0.00
Direction of helix - - - |
Reference diameter d mm 30.0000 40.6000
Base diameter db mm 27,1882 27.7380
Frofile shift coefficient *h - 0.20000 0.20000
Diffraction dg mir 0.6000
Tip diameter da mm 30,6000 30,2400
Root dismeter df mm 29.4300 31.3500
Thinning for backlash n mm 0.0000 0.0000
Tip radiug ra mm 0.1500 0.1500
Eazic rack root radius tf mir 01125 01125
Facewidth b mir G.0000 5.0000
Cancel Clear

Fig474 Gear dimensions

475 Tooth profile calculation

The tooth profile calculation setup display is shown in Figure 47.5.
Flex spline thickness, device outer diameter and number of divisions for
tooth profile calculation set-up can be specified. After setting the values,
click to proceed to tooth profile calculation.

Q) calculate items

=] = ==

IS 7 () M

Flex zpline rim thickness 0.4500

Reducer out diameter on mm 42.0000
Distribution number of fillet curve wi == ]
Distribution number of involute curve Wi == ]
Diztribution number of tip rounding curve W == 20
Diztribution number of tip curve wt == 20

Gancel Clear

Fig47.5 Tooth Profile Set-up

47.6 Tooth profile modification

Generated flex spline tooth profile can be modified as shown in Figure
47.6. Tooth profile can be specified either by line of action or diameter,
while the magnification of the tooth profile modification can be selected
from 50, 100, 200, 300, 400, 500, 1000.
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Q Pprofile modification [E= =) Q 20 profle === | [ O profie ol s

Twpe l Profile v] Dezignation Rolling leneth Scale l
= Rolling lenzth i 50
Diameter 100
TiP} + |TIET[iE 200
G i

¥ans soale =430 (4 s soale =500 X axds soale =430 (41 s o

oK Cancel 1000
Fig47.6 Tooth Profile Modification

|

[”] Rotation [] Ratation
The tooth profile modification can be applied by track-bar (shown at (a) Section[A] (b) Section [B]
the center of Figure 47.7) and table.—entry on tl?e rlgh‘t hand side (?f the Soun —=ny O =
screen. In Figure 47.7, tooth profile is shown with 9 divisions, but it can
be specified up to 50 divisions. Also, connection of the tooth profile can
be spline (as shown by this example) or straight line connection.
Moreover, numerical value can be entered into the template figure as
shown in Figure 47.8.
Q Profile medification(Left Face-1) =5 oH =) ] Rastation [] Rotation
Gonnection Spline = | Distribution rurmber [ 5 |Seale [ 500 )
= I R——— (c) Section [C] (d) Section [D]
e - Fig47.10 Enlarged figure at each section
8.7108 0.0 QO 20 profile (=@ [=]
e | TIF z:;;z ;; Distance between two points @
Rolling length=6.4773mm Value=1.2um § i ) —
[ﬁu Distance=0.1267mm
W axis acale =86 [ ¥ axis scale =500 )
Fig47.7 Profile modification setup
QO Profile modification(Arc) ==l LT
Fig47.11 Distance measurement
0.5334 | mm 478 Rendering
ﬁ- Tip Side Root Side Tooth profile can be displayed as shown in Figure 47.12. This
! 1 rendering can be enlarged, reduced and rotated by using [ Rotation .
i
T T O Renderng fo e )
[ ok ] [ Cancel I [ Cilear J

Fig47.8 Profile modification setup (Template)

47.7 Tooth Profile Figure (2D)
Generated tooth profile can be displayed as shown in Figure 47.9.

Xaxis Rotate Anele  -65 | dee
is Fotate Angle  -35 | dee ¢
5 | des

Enlarged sections [A] to [D] are shown in Figure 47.10. Also, distance = R

can be measured as shown in Figure 47.11. Moreover, rotation-related e

tooth profile meshing can be checked by rotation [7] Ratation in right ..
hand corner of Figure 47.9. Fig.47.12  Rendering and supplemental form

O 20 profile (=)o =]
[A] [B]
N 1)
3 ““.

Fig47.13 Rendering enlargement[E]

e (D)
e e e 479 FEM Analysis (2D)
Measurement radius/{3points) When load is applied to teeth, root stress in the teeth can be calculated.
% E'W:u‘;:”;pm @ FEM analysis setup display is shown in Figure 47.14, but in FEM
[Z] weve generato analysis, material is symbols only, as it is based on longitudinal elastic
Fig47.9 Tooth Profile & Supplemental Feature modulus and Poisson's ratio. Vertical division number and horizontal
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division number can be specified arbitrarily. The position of the load (2 in
the example: the second node from the tooth tip), less than 2 in the
vertical division number can be specified. For the load applied in this
case, please set the value per designer’s intension.

QO FEM analysis ol @ (==
= besoription | Symbol [ Units | _Flex spline_[Gicular splne]
Material sy mbol == = Al By

Young's modulus E MPa 208000.00 208000.0
Paizon's ratio v = 0.30 0.30
Mumber of vertical distribution mHo -— 21 al
MNumber of horizontal distribution bl -— 20 20
Load point position number Mf == 2 2
Load F M 10.0000
(o ) oo |

Fig47.14 FEM analysis setup

FEM analysis results are shown in Figure 47.15 to 47.20. The analysis

items are (] , and flex spline max

main stress is found to be g1mwx=24.0MPa as shown in Figure 47.15. Also,

displacement figure is shown in Figure 47.17 while stress summary
(selective results only) is shown in Figure 47.18.

QO FEM analysis result (Flex spline) == Ec ==
o Jled] Color bar [Etenent stress(upe) Node disp lacement {uem)
© Eloment 0 Nodsl points Nuber ol a2 o0~
Number 1 10000 1 0.2 -0.97 0
2 6.23 0.88 5
o1(Max principal stress) 3 301 T ]
4 ez -0.90] o
5 0.24 -0.08 0
8 I
7 0.78 0.00 0
8 054 008 0
o4 3 0.81  -0.08 0
10 0.74 -0.07 0
[ EIEEI
12 2.24 0.13 2
El 9.38 n.an 2T
‘ ] v

Fig.47.15 Flex Spline, o1mx=14.4MPa

Q FEM analysis result (Circular spline) Felr= ==l
[FREzE) Oolr b |[Eloment stresofiPal Neds displacenertl n) |
© Eloment ) Nodal points Manber o1 o T~

Mumber T 100.00 1 -0.82) -1 1

2 5.42 0.74 5
o1(Max principal stress) 13.41 3 IR o0 ;
4 [
5 .28 -3 0
B 0.77 0.14 o
7 0.78 0.00 o
3 0.52) -5 0
0 3 0.85 0.16 o
10 2.73 0.37 z
l a0 0| 4
12 .06 0.8 8§
13 2.23 0.45 2=
“ ] '

Fig47.16 Circular spline, oimn=13.4MPa

[ e

[Etcpent.st ress(WPay) ods displscenent (un) |

Q FEM analysis result (Flex spline)

Displacement settings

© Element ) Nodal points ® Truss Color Nouber a1 az on »
Fumber 1 Scale 50000 IR X
: 628 0.8 5.
Ga(Total displacement) 0.08 . o
4 052 080 o
§ 0.4 b3 w0
0 038 00 o
7 078 a0 o
[ 054 -bg 0
0.0 9 0.91 0.09 0.
0 074 007w
1 I I
12 2.04) 003 2
1 28 el 2T
4 0.00 < n v

Fig.47.17 Flex Spline displacement, omax=0.08pm
|E\Emen( stress(MPa) MNode displacement( tm)

Number ol =43 am o oy Txy
468 14.33 1.22 13.81 818 7.42 .57
601 18.63 0.08 13.48 .23 7.38 .70
453 12.47 1.40 11,84 .52 5.35 6.80
1080 12.39 1.21 11.88 4.47 3.14 6.08
i 11.61 0.32 11.45 8.5 .27 4.98
1082 10.27 1.03 4.80 4.31 B.93 4.42
1087 10.15 n.72 9.81 272 8.16 3.88
az20 a.27 1.53 4.58 6.07 5.79 .82
A0 a0 -0 1a T & R2 2 R PR

Fig.47.18 Stress Summary (selective results)

47.10 Tooth contact stress

The calculation of Hertzian stress acting on tooth surface is shown in
Figure 47.19. The purpose of this feature is to compare the Hertzian
stress due to tooth profile differences, so the load acting on one tooth
should be designer’s intended value.

Q) Hertzian stress

IEI'E'@

oo o Lot | Fecepine Torcu i
Load({Marmal force) 10,0000
foune's modulus E MPa 20600000 (W] 206000.00 [j)
Paizzon's ratio v === 0.30 0.30
Contact diameter dc: 30,7200
mwm
Radiuz of tooth curvatures £.4833 B.B112
Hertzian stress CrH MPa 148.3314

Fig47.19 Hertzian Stress

47.11 Tooth profile output

The resulting F/S (perfect circle), F/S (ellipse) and C/S tooth profile
output can be generated. F/S tooth profile output display is shown in
Figure 47.20 while CAD drawing sample is shown in Figure 47.21.

O Output files (=]
Flex spline{Circle) v]
Interpalation mode Brc -
@ DXF 2D interpolation accuracy 0.1 M
Mumber of teeth 100 =

[ Output ][ Cancel ] [ Default ]

Fig47.20 F/S Tooth profile output setup

(a) F/S(perfect circle)
Fig47.21

F/S(Ellipse)
CAD Drawing sample

() C/S

47.12  Tooth profile made by hob
47.12.1 Hob dimensions

When hob blade profile is known, the hob profile can be defined by
selecting cup | Cup type(Specific tasld_~| in reducer type property in Figure
4732.

Q Properties ==
Reducer type | Gup typelSpecific tool) S::ﬁ;‘:uh value for gear dimension
Basic rack
_) Standard ) Stub @) Specific
- NN T T
Pressure anele dee 1450000
Addendum coefficient hac -— 0.8000
Dedendum coefficient hic -— 1.0600
Root radius coefficient re -— 0.2750 ‘
Glearance coefficient cke -— 0.2500 Basic rack
8k [ Cancel | [ Initialize || Taoth profile |

Fig47.32 Property, Cup type (Special tool)

Hob dimension input sample is shown in Figure 47.33. In this sample,
pitch=0.9425 is used to achieve module 0.3, but any value can be
specified. After input entry, true hob profile can be displayed by clicking

profile . The hob profile is based on gear front surface.
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Q Tool dimensions =] 2 ]
F= 0.3424% | es ieomn
& 0.47124
./)
/ ha= 0.2200
/ fos 03000
il / hes 0.4500
| \ f
hf= 0.3000
/ = 03500 \\ / Sl l
- 7 i
[mit dxial plane | \ s 0.0400 '
Gancel Clear Tooth profile
Fig.47.33 Hob dimensions
O Tool profile = e

Fig47.34 Hob profile

47.122  Gear Dimensions

In Figure 47.4, module was entered, but module, pressure angle and
root diameter cannot be entered in Figure 47.35 because pitch is already
entered in Figure 47.33 (background is grayed out).

Q) Gear dimensions o] @ (=]
—Description [ Synbol | Units|_Flex spino_ Girculr spie]
Madule mn mm 0.30000
Humber of teeth H - 100 10z
Pressure anele &h deg 14.00000
Helix angle 8 deg noc 0 oo
Reference diameter d mm a0.o001 30,8001
Prafile shift coefficient *n - 0.0000 0.0000
Diffraction ds mm 0.60000
Tip diameter da mm a0. 4801 an.30m
Foot diameter df mm 29.5601 t.zom
Clearance ® mm 0.0700 0.0700
Thinning for backlash fn mm 0.0oon 0.0000
Facewidth b mm 5.0000 5.0000
Fin diameter dp mm 0.5000 0.5000
Cancel Clear

Fig.47.35 Gear dimensions

47.12.3  Tooth profile

After gear dimensions are specified, tooth profile calculation is
performed based on rim thickness and outer diameter as shown in Figure
47.36.

Q Calculate items [=] @ (=]
I N

Flex zpline rim thickness 0.4500
42,0000

Clear

Feducer out diameter

- Cancel

Fig.47.36 Rim thickness and outer diameter

it

After tooth profile calculation is completed, transverse tooth profile
can be displayed as shown in Figure 47.37. However, tooth profile
modification cannot be performed when it is based on hob. Since C/S
tooth profile is generated to mesh with F/S tooth profile, both gears are
contacting without any gaps as shown in the enlarged view of [E] in

Figure 47.37. Also, there is 22um of gap between tooth tips in [F], and
there is 2.6pm of gap between teeth in [G]. The clearance is 0.07mm as
shown in Figure 47.40, and F/S tip area is found to be arc-shape of
0.359mm as calculated in Figure 47.41. When gear is specified as
over-pin, tooth profile and pin are contacting as shown in Figure 47.42,
and F/S contact diameter is found to be d.=33.01mm.

Q 2D profile

| Gear contact

(E]

(F]

del = 29.260m
Renber of catact teeth ez = 12 Rotation
Fig47.37 Tooth profile
O 20 profie ol =] | | O profie =
Gear contact - Giear contact A
f(ﬁ Rotation
(a) [E] section (b) [F] section

Fig.47.38 Enlarged tooth profile
oo sl |

Distance between two points @

.:0} Distance=0.0022mm

Q 2D profile

Gear contact

Rotation

Fig47.39 Enlarged tooth profile [G] section, distance measurement

Q 20 profile === O 20 profile e ]
| Gearcontact = Gear contact
o R=0.5688mm
Rotation Ratation

Fig47.40 Distance measurement

Fig47.41 Arc measurement
Q 2D profile [ Fa@E=s) | | O 20 profile (=3 Ech ==
[
Giear contact
i pee ten(Flex spiie)
Contact dianster do = 30.0413 wm Contact dismeter dc = 30.5245 mm
(a) F/S & Pin (b) C/S & Pin

Fig.47.42 Pin positions
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After tooth profile is generated, tooth profile rendering can be 47.12.5 CAD drawing sample
displayed as shown in Figure 47.43. This figure can be rotated just like Drawmg samples are shown in F1
2D tooth profile, while changing observation angle in the supplemental
form.

Q) Rendering [ [-E 3]

F/S(circle) F/S(ellipse)
. Fig4748 CAD drawing sample,

Xaxis Rotate Angle -85 | des ¢ =] 3
¥ axis Rotate Angle 40 | des ¢ =] c
Z axis Rotate Angle  § | deg < [=] ’
Sealing w %« [ »
Sl P A W
Gear Opacity 100 % « [P0

Flex Spline Gircular Spline

Wb Generator [ Rotation
|
Fig47.43 Rendering & supplemental form

47.124 FEM analysis & Hertzian stress
Analysis results are shown in Fig.47.44 to Fig. 47.47. =
Q FEM analysis Eﬂ?‘@ Fig.47.50 CAD drawing sample, C/S

I!EE
Material symbal .
‘foune's modulus E MPa 20600000 (W] 206000.00 (M) 4713 Design data management
Paisan's ratia w -— 0.30 1.50 Design data can be managed as shown in Figure 47.51, while it can be
Mumber of vertical distribut N - 21 21 . P
ciEe L also imported and exported as shown in Figure 47.52.
Mumber of horizontal distribution who - 20 ]
Load point pasition number Mf === 2 2 O search design data(Load) ==
Load F N ]D.UDDD Design administrat ion _
Management test _
x P— =
eslener Desien aduinistration| Gear iten
Draming No.
. . e nams Reducer type
Fig47.44 FEM analysis setup By Hode
] Date I e :: ::zﬂgz:‘:j‘)"e)
Memo -
Q FEM analysis result (Flex spline) [E=n B '”E;'“‘;E;:(j:"a'" itz ~ .
-mm-ﬂ@- [¥] Galor bar ‘E\emm stress(iPa) Mode displacement( i) I D;"‘;:::‘; LI P LT A T T 2L
VBl () R el © Munber, g 2t CLI parch nce| lear arch ancel lear
T T = R TTIET E— | =]
o1(Max principal stestyg 106 | s B Fig47.51 Design data management
[ | o | cos qim) o Q Strain wave gearing design
5 0.07 -0.03 0
¢ 03 0al 0 File | Edit View Tools
2.99 7 .21 -0.04 0
8 057 004 0 |_] New Ctrl+N |
9 0.26 -0 0
10 0.48 -0.13 0. Lj DPEI"I... Ctrl+0
L===rr—| C Import
FigA47.45 Flex spline, oimax=11.5MPa | save.. CtrsS
Delete... Ctrl+D
Q FEM analysis result (Circular spline) == = Export
(o] (o) (mw ] (o] (2] (g |[[6d]  [Z Colerbar [Erenent stressiuea) W
@ Element  © Nodal poirts @ Hunber a1 a2 au - eXit
Number 1 10000 ! 0.3 -1.02 =
a1 (Max principal st 20 I Fig47.52 File management
4 0.20 0.08 ]
5 0.03 -0.03 ]
[ 0.23 0.10 [}
2.47 7 0.27 0.08 [}
8 0.37 0.00 [}
9 0.39 -0.08 )
10 0.7 -0.08 (U
Fi e — v

Fig47.46 Circular spline, o1max=472MPa

O Hertzian stress E] = @
I R [ T ey
Load! Mormal force) 10,0000
Youre's modulus E MFa  208000.00 [B] 208000.00
Paisson's ratio v = 0.30 0.30
Ceiest stisiy i a0.7200 Fig47.53 Ring type, m=0.15, 21=25=200, =204
mmm
Radius of tooth curvatures 3.7647 1.3832
Hertzian stress G’H MPa 2B6.8955
@ FRFERR) 2 0 2 RS Lo < AL,

Fig47.47 Hertzian stress
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