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Fig.3.2 Basicrack (worm gear)

34 Dimension

Input screen for worm gear dimension is shown in Fig.3.3. As shown
in Fig.3.4 (a), worm tooth profile includes five types such as A, N, K |
and C-type in the standard software. However, since C-type is not
applicable to strength calculation standard, it is limited to generating
dimensions and tooth form only. In addition, input range is 0.001 to 50
3.1 Abstract for module, 5 to 30 ° for pressure angle, and 1 to 15 for number of

This software is a newly developed software that combined both threads. The method of tooth thickness modification can be set by tooth
involuteX (worm gear) and involuteX (worm and helical gear). In thinning amount or transverse profile shift coefficient as shown in Fig.
addition, some optional functions are incorporated into the basic software, 3.4 (c). Inthis example, decreased tooth thickness of worm and increased

and various new functions are also added. tooth thickness of worm wheel are shown.
. Setting of dimension =] ® (=
3.2 Software structure | mem  [Symbol[unit]  Worm | Wheel |
. ) ) L. . kinds of tooth profile — | |1 typsld type) | Worm Uhesi-1 (H)
Table 3.1 shows software configuration. O in the table is included in referenca plene — | — [omalplane_v] normal plane
the basic softwareand © is optional. — an [ 3o
In involute ¥ iii (worm gear), the worm's mating gear is a worm wheel, TTEEEET T - . -
but it can be helical gear. In case of helical gear, please see 3.16 or later. e e
When ordering, please select necessary software from the price list. protTE s 2= ) o
tip diameter/out diameter da mm 14,0000 90.6909
root diameter df mm 5.0000 78.6908
Table3.1 Software structure center distance s mm 45,8455
clearance ck mm 0.5001 0.5001
Page face width b mm 34.1000 3.6000
No. Item WG WH Structure tonth (hil;m‘nlgd(ur hjcklash - ;n m ;;EEB ; :EED
1 | Basicrack 33 316 | O e e o
2 Dimension 34 3.17 O Cacel Clear
3 Gear modification 35 3.18 © Fig.3.3 Dimension input
4 | Tooth profile calculation 3.6 3.19 O
5 Meshing drawing 3.7 3.20 O [I type(d typel ,] - Select ineel type =
- - [ tom ]
6 Tooth profile rendering 3.8 3.21 O b typell fvpe) kind W whesl-1 =
face anglef( ¢ ) Wb dee
7 | Contact pattern 39 3.22 © W type(? type) I T
8 Strength calculation(metal-to-metal) 310 | -——- O K typeld type) heel=1 Ww‘;?g tooth thinning for backlash -
. tooth thinning for ba
9 Strength calculation(metal-to-resin) 3.10 3.23 O C twpel(h tvpe Gl transverze profile shift coefficient
10 Bearing load 311 3.24 O (a)Tooth type (b) Wheel type (c)Thinning amount
11 FEM tooth stress analysis | 3.12 3.25 ©) Fig.34 Support form
12 Transmission error analysis 3.13 3.26 ©
13 | Center distance change analysis 3.13 3.26 © 35 Gear modification (optional)
14 Tooth surface evaluation 3.14 3.27 © Worm tooth shape modification can be set as shown in Fig.3.5. As
15 Tooth profile export 3.15 3.28 O shown in Fig.3.6, worm is given with tooth shape modification of 3 pm
16 Design data management 3.29 O at tooth tip and root.
WG : worm gear, WH : worm and helical gear £ Gear modification fo o e
3.3 Basic rack (property) ’
Basic rack of worm gear is shown in Fig.3.2. Reference plane can be 1, A
selected for a right angle of axial plane or shaft plane. In addition, as il
shown in Fig.3.2, actual dimensions of the basic rack can be displayed, i e SR,

scale | 600 v

modification profile v |profile desienation | tooth depth v
and then, lead angle can be determined from base circle diameter of the =

worm, or alternatively, base circle diameter can be determined from lead ‘
angle. =D . Ca)
Fig.3.5 Worm tooth modification 1
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Z Tooth profile modification(arc)
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Fig.3.6 Worm tooth

3.6 Tooth profile calculation

Tooth profile calculation condition can be set for wheel processing tool
(hob) dimension as shown in Fig.3.7 (a). The number of divisions can be
set for displaying tooth profile as shown in Fig.3.7 (b). When applying
tooth profile modification to wheel hob, it can be set as shown in Fig.3.8.

modification 2

. Tooth profile calculation =] B (=)
Sandition | Agouracy |
[ fteaorn) —Jovmbon [ ]
module m | mm 2.000000
prassure angle an | des 15000000
W
e
[ rooi(neer) ——[sympon [
modkle e | mm 2-D00000  Tooth profle calculation ==
pressure angle anc | de 15000000 _
rumber of threds o | — 1
reference diameter dme | mm 16.0000 “, o . ""
P — . 150t Gircl division number
e ve |d= | VT[] [ oot radis division number 5
helix direction — | tooth flank division number 100
set angle Tc | dee -3.87470 [ tip radius division number ]
set center distance ac mm 43.3454 tip circle division number B
addendurm tke | mm 2.5000 = l o
e e L0 _E_
tooth thickness | mm 21063 0
tip radius r [ 07600 w0
number of gashes M _— 12 tip circle divigion number 30
modification S face width division number 50
—
frost redias o 000 () accuracy for erindstone profile processing a0
(e ee] (o) R
(a) Condition setting (b) Accuracy setting
Fig.3.7 Tooth profile calculation setup
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Fig.3.8 Tooth profi

e modification
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It is possible to set wheel processing hob as shifted hob (e.g. a =12 °)
as shown in Fig.3.9 (m,=1.975 is determined by setting as a = 12 °). This
method is adopted as a contact pattern adjustment method. Fig.3.10
shows contact patterns when processing with standard hob and shifted

hob, but it shows that the contact pattern of shifted hob is close to the

center of the tooth. Please see 3.9 for contact patterns.

Z Tooth profile calculation ol & =
Condition | Accuracy |
T T
modhule | mm 2.000000
pressure angle an | dee 16.000000
et
e
[ Tooi(Mheel) —[svabol |Unit |
module mne | mm 1975010
pressure anle e | deg 12.000000
number of threds Zm [ — 1
reference diameter dme | mm 16..0000
lead To |dee 70 93 50437
helix direction — [
set anele o | de -3.92481 (W)
set center distance | mm 45,4148
addendum bke | mm 2.5685
dedendum hie | mm 19305
tooth thickness sc | mm 2.1023
tip radius ED 0.7408
rumber of gashes N [— 12
moditication = [=
throat radius ®_ = 3.0001  [m)
8 [ Gancel | [ clear |

Fig.3.9 Shifted hob setting
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= Teeth contact . Teeth contact

(a)standard hob (b)shifted hob

Fig.3.10 Contact pattern (No tooth modification)

After tooth profile calculation, dimension result is displayed in Fig.
3.11. The three-needle dimension and backlash of worm are calculated
based on the actual tooth form considering tooth profile modification.

£ Result of dimensional calculation =3
[ en  [oymbol[tmit]  Wom | Wheot |
addendum ha mm 2.0000 2.0000
dedendum hf mm 2.5000 2.5000
whole depth h mm 4.5000 4.5000
operating pitch diameter d mm 10.0000 836309
base circle diameter db mm 6.9816 80.7266
thearetical center distance a mm 46,8454
lead pz mm B.4127 EEEEld
pitch Px/Pt mm B.4127 B.4127
diameter coefficient q -— 4.8330 s
bottom land Wi mm 2.9407 shikkekd:
chordal height hj mm 2.0088 2.0283
chordal tooth thickness(thearetical) | =jo mm a.1418 a.1408
chardal toath thickness{desien) Bl mm 2.0028 41762
number of teeth spanned zm -— ki 4
$pan measurement Wl mm skt 22,7588
stitch dimension(pin to tip) dma mm 12,5631 EiEod
three stitch dimension dmm mm 10,7382 shikkekd:
measurement aver balls dmh mm bt 91.5378
throat radius rt mm ek 3.0001
transverse contact ratio sa -— 2.1183
axial/eircumferential backlash ElLx mm 0.1084 0.1028

Fig.3.11 Dimension result

3.7 Meshing drawing

After tooth profile calculation, tooth profile can be displayed as shown
in Fig.3.12. There are enlargement, distance measurement,
R-measurement, and rotation functions for tooth form as shown in Fig.
3.13.

£ Tooth contact figure =8 EoR == Z Tooth contact figure (=3 EoR ==
+
,,,,,,,,, =4
Fig.3.12 Meshing drawing
. =@
/
jﬁ N
J." 7 [ R
—
!
/
/
E Tooth contact figuj (===~
zoocm »
— |
fit
- real-time shift
correstion angleWorm) 0,000 [des ¢ = v I —
correstion angle{ihee) 00000 [deg ¢ [ v
center distance correction 0,000 |mm < = v R measurement(3 points indication)
rotational anele 0.0000 |dee ¢ = +
T diameter 3

Fig.3.13 Tooth meshing & Support form
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3.8 Tooth profile rendering

After tooth profile calculation, tooth profile rendering can be displayed
as shown in Fig. 3.14. In Fig 3.13, the tooth surfaces are not in contact
with each other, but this does not come into contact at the pitch circle
area because the tooth surface is in contact with the root and the side
surface area of the wheel as shown in Fig. 3.15. The support form in Fig
3.15 has an observation angle, gear position change, enlargement
function, and automatic rotation function.

= Rendering

=] 5 )]

T e | [ = Renderng

Fig 3.14 Rendering Fig 3.15 Tooth contact
39 Contact pattern (optional)

In contact pattern setting shown in Fig. 3.16, shaft mounting tolerance
and max. contact clearance (paint thickness) can be defined. In this
example, the contact pattern is shown in Fig. 3.17 when max. contact
clearance is ¢=3 pm. Contact pattern changes can be studied by
considering tooth profile of worm, tooth profile modification, mounting
tolerance, and machined wheel with shifted hob.

In addition, tooth profile can be enlarged and observation angle can be
changed by support form at the bottom right of Fig 3.17 (b). Fig 3.18
shows that the contact pattern significantly changes when the lead angle
isy=5.74°.

I EEENET EI'E'@
ENUEELE i
EAFEILE AT | deg 0.00000
LB LR da | dm 0.0
HEAT TS c m 3.0
1y FEEzmEE 20
[ElEz A=
@ BOTH(fEEE) () COW(ZCERdE) O G tEmE)
[(®@zE |[#Fetrn] [ w7 ]

Fig 3.16 Contact pattern setting

£ Teeth contact

(=S Eo =)

Z Teeth contact

[=e ]

3.10 Strength calculation
3.10.1 metal-to-metal

Strength dimension is shown in Fig 3.19, and strength calculation
result is shown in Fig 3.20. Strength calculation is calculated based on
JGMA405-01:1978. Also, kW and W for power, MN - m, kN - m, N - m,
N - cm for torque can be selected. In addition, tooth surface strength
allowable stress coefficient (Sclim) can be arbitrarily defined. Although
various coefficients are displayed as standard value, they can be changed
arbitrarily. Even if the gears are not applicable to the standards, they can
be entered arbitrarily at the judgment of the designer.

alloy carburizing and quenching__ ~

phosphar bronze centrifugal casting

zine and quenchine
E al\oy HB&0D
t bronze chilled casting alloy HB250

bronze centrifugal casting

flake eraphite high erade cast iron
phosphor bronze casting or forgings
plane cast iron(pearlite)

p
phosphor bronze zand casting or foreines
alminium bronze alloy
\

. strength calculation =] = =
toraue Input node toraue, rotat ional speed input mode
© from Torque () from Pover @Yo O Worn whesl
steel Xsteel |steel Xplastic
Ttem Material
Worm alloy carburizing and quenchine v
Warm whes| phosphor branze cent fugal casting. ~
allonable pitting strass factor(Selim) 1560 MM
| Unit | Worm ] "
ransmission pamer 3 Wi - 0.1257 lM=m
toraus T 2.0000 [E) 66,4162
rotational speed n min- §00.0000 14,8341 W
riction factor u 0.044) m
2one factor 7 = 0.6748 M tmim
o kefem
expected Iife span th hr 2000
ubricant factor E — 1.000 kef-cm
lubricating system oil bath lubrication - gf-cm

lubrication method factor ZM = 1.000
roughness factor affecting ZR = 1.000
tooth comtact factor Ko = 1.000
start up factor Ks —- 1.000

time factar Kh = 1.000

Fig3.19 Strength dimension (metal-to-metal)

= Result of strength calculation =5

steel ®steel |steelxplastic
-_m

sliding velocity mis 0.321
efficiency nR - 0.810
dynamic factor K == 0.543
rotational speed factor Kn == 0,766
tangential load Ft N 1087179
allowable tangential stress Ftlim N 1761.436

contact strength - 1.110

Fig 3.20 Strength result

3.10.2 Metal-to-resin

When worm is metal and wheel is resin, strength dimension is shown
in Fig 3.21. Strength calculation result is shown in Fig 3.22. Strength
calculation is based on Lewis's equation and the tooth surface strength is
calculated based on Hertz stress.

M90-44 is the standard resin material, but other materials (KT-20,
GH - 25, MC nylon) can be selected. For other materials, it is possible to
cope with M90 ratio coefficient (ratio with common physical property
value).

(a) Worm (b) Wheel % Strength calculation o e
H -9 —1E° ,— o | torque input nods torque, rotational speed input mode Ma0-44
Fig3.17  Contact patternl (m” 2,6=15°, y=11.54% 1 type) © fron Toraue () frow Fover © Yorn () Ylorn vhee| ET-20
T Testh ot To)o | | = Teethcontact o)e e [sislateal] semieietic | GH-25
T I T
v S MC_nlon
Worm nheel 0~ 44 -
L e 0
“mmm
fiction factor w 0.0700
arsmission power B 0.0258
torque T 20,0000 5962026
rotational speed n 1230.0000 30.0000
number of losd cycles L — e 10000000
Lbrication condition — = erease -
ambient temperaturs t c 60,000
safety factor SF -— 1.200
(3) Worm (b) Wheel oK Cancel Cloar

Fig 3.18 Contact pattern2 (m,=2,a=15°, y=5.74°, I-type)
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Fig3.21 Strength dimension (metal-to-resin)
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= Result of strength calculation

steel xstee|  stesl Xplastic

tangential velocity
efficiency
tangential load

effective face width

material factor
tooth profile factor
dynamic factar
temperature factor
lubrication factor
allowable bending stress
max allowsble bending stress
allowable tangential load
bending strength

arc tooth thickness
croogs-sectional area
allowable shearing stress
allowable tangential load
shearine streneth

 dem ool U | vawe |
W m/s

Bendine(Worm wheel)

Shearing(Worm wheel)

==

0.131

7R - 0.7:7
Ft M 142.477
by m 4.800
KM - 1.000
YF - 0.908
Ky == 1.399
KT - 0.650
KL - 1.000
Thlim MPa 10.843
alim MPa 9.860
Fa N 308.089
Stb == 2,162
So mm 4.678
A mm? 102.626
aslim MPa 5.975
Fs N 510,471
Sts - 3.483

Fig3.22 Strength result (metal-to-resin)

3.11 Bearing load

Bearing load calculation result is shown in Fig 3.23.

. bearing load[Worm x Worm wheel(steelxsteel)] == =4
|symbot |_unit ]
torque of Worm - T Nm - 2.0000 [H) 66.4162
riction fastor ® = 0,044
bearing span wihi nm 50,0000 50.0000
bearing span wzh mm 50.0000 50.0000
retational dvestion of worm
<load acting on Warm, Wheel>
e [Symbol | Unit |
cheumference load Ft N 400,000 1547.178
axial load Fa M 1587.178 400.000
radiue load Fr N 438,128 438.126
<load acting on Worm side bearing> = Reference figure ==
e [Symbol [ Uit |~ Breol | Brec2 |
thrust load Faa | N 1567.178
radial Inad(comp) of Ft Fral M 200. 000 200.000
radial loadicomp ) of Fr Fra2 N 219.082 219.083
radial loadicomp) of Fa Fra3 N -79.253 79.389
radial load(res) Fra N 242,962 359.243
<load acting on Yheel side bearing
e [Symbol | Uit |~ brebi | brbe | 7
thrust load Fb | N 400.000 i
radial Inad(comp) of Fr Frb1 M 219.063 219.083 o
radial loadicomp ) of Ft Frb2 N 793.583 733.533 Right hand =
radial loadicomp) of Fa Frb3 N -167.282 167.382 Worm X Worm Whee| l
vadial load(res) Fib N 796,270 962,660
i

Fig 3.23 Bearing load

3.12 2D-FEM TOOTH STRESS ANALYSIS (optional)
In FEM setting screen in Fig. 3.24, modulus of longitudinal elasticity,
Poisson’s ratio, number of divisions and the load (in the example, the
value obtained by dividing the circumferential force by €) can be set.
Fig.3.25 and Fig.3.26 show the analysis results of worm and wheel. The
maximum value node and element can be displayed in flashing display.

. FEM analysis condition

=1 el T

material unitiWorm}
material unit{ihesl)

modulus of elasticity
Poisson's ratio
Ma. of partitionsidepth)
Mo, of partitions(width)
position of the load point
load

E
w0
mNo
who
Hi
F

alloy carburizing and gquenching
phosphor bronze centrifugal casting

MFa 205800.0 £0000.0
== 0.30 0.30
- 21 21
- 21 21
- 2 2

N 7500000

Clear

Fig3.24 FEM analysis setup

. Result of FEM analysis(Worm) el = Result of FEM analysis(worm) == r=n |
o[y ] [t ] (1) [72] (o) (displn || lene s(WPa) contact o ox](oy][ 2w )(o1][02] [0 | [Fmh [elomnt stressidn) contectiss
@ elemert rode. al T - @ clmert e S clement LAl o=
oY S " N O ek T R
o {waximm prgaainal st ress) .1 ¢ a6 2 dizplacemant. 2 a8l -t
s 3 685 k] 113 Ll
§ 45T 1] 1457
1.4 o v ! -
i | S el |0
(a)Max main stress (o) (b)Displacement
Fig3.25 Worm
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£ Result of FEM analysis{WWorm wheel) = | ]

= Result of FEM analysis{Worm wheel)

=n|Eon ==
ax ] [ax] [ za | (1] [#2][ @ ][daph ||elonont strossiife} contact +]s st
8 element node . L. ! i:nz; a b-":::m\ ere . lamant. ':f: f‘
T o [ ] A
5.0 _‘:L ] a0 : : :‘
(@Q)Max main stress (gy) (b)Displacement
Fig3.26 Wheel
3.13 Transmission error analysis (optional)
3.13.1 Transmission error analysis (optional)

Transmission error (TE) analysis is shown in Fig 3.27. Transmission
error analysis due to single flank engagement and center distance change
analysis due to double flank engagement can be performed. Worm with 1
rotation and wheel with 1 rotation can be selected. In the example,
analysis is performed when wheel is 1 rotation at worm rotation speed
600min’* while there is no shaft axis mounting error.

Pitch error can be set (maximum value setting or at each tooth) as
shown in Fig. 3.28. Transmission error analysis results are shown in Fig.
3.29, wow flutter (rotation irregularity) is shown in Fig. 3.30, and Fourier
analysis result is shown in Fig 3.31 There is also a function to convert
wow flutter to “sound"”, and analysis result can be exported to CSV file.

= Transmission analysis condition == . Transmission analysis condition (o = )
i 0 Tty B Vo) e 0 ey & o
CENE lw\l-‘lwn contect) = s(lert lwlhmllw contact) =
"G = <o =
t+) +) ¥ scale = 1000
1 (£ L] ) L]
(@Worm (Lead error) (b)Wheel (Pitch error)
Fig 3.27 Pitch error setting
e Transmission error graph. (== ey =)
 sstng of s pich e In
5 I bttt Tl .
=) [ ;H‘.“M e CoW File |+
Fig 3.28 Pitch error(Wheel) Fig3.29 TE results

vetion

v v o e [ et
E:V::EW|‘I{|L nl‘HLiHF“H o
e LR ARl
Fig3.30 Wow flutter Fig 3.31 Fourier analysis

3.13.2 Center distance change analysis (optional)

Many worm gears are used as single-tooth flank contact, but
depending on the device, double tooth flank may happen. Center distance
change analysis analyzes fluctuation of the center distance in
consideration of pitch error and mounting error settings in Fig 3.27. The

analysis result is shown in Fig 3.22.

exported to CSV file.

AMTEC INC.
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Falalion| #ole r».-,l * .
(a)Graph1 (b)Graph2

Fig3.32 Center distance change analysis

3.14 Tooth surface evaluation (optional)

Tooth surface evaluation has slip velocity graph (Fig 3.33) and Hertz
stress graph (Fig 3.34). The slip velocity is calculated from the tooth
contact position, and Hertz stress is calculated from the tooth profile at
the tooth contact position (tooth deformation is not taken into
consideration). Both are valid after strength calculation and transmission
error analysis.

Z Tooth surfoce avalustion graph
M =0 8T}

£ Tooth surface evalustion graph

j=nzen =]

Mae =4 3880/

[E=EER=]

Mae 21013 1420MPa)

| moma i
S {11
i
Saousan GHLLEE by il
i

T

Min =HLEAMPS)

om0

- i"'N

I D
Rotational Argle of me! (dogres)

\Iﬂ

iy

Ty —

LR s
s g of G

Fig 3.33 Slip velocity graph Fig3.34 Hertz stress
3.15 Tooth profile export

Tooth profile file is generated in worm, wheel and tooth form of the
tool (hob) as shown in Fig 3.35 (output of arbitrary number of teeth is
possible). There are three types of files such as DXF - 2D, DXF - 3D,
and IGES - 3D. An example of CAD drawing is shown in Fig 3.36.

= Tooth profile file output <]

. Tooth profile file output (mE3a)

worm
DHF 2D | D¥F 3D | IGES worm wheel DHF 2D IDXF 3p | IGES
{aaltaxial plane) —

output tooth number 1 = output tooth number intgration
[

(@) Output tooth profile (b)3D-IGES example
Fig 3.35 Tooth profile export

)

Se——— -

cex

ErEE s Sent
Gims WiPRT BeNGE

GiNs WiPRT BeNGS

(b)WheeI (all teeth output exa;wplé)
Fig3.36 CAD example

(a)Worm
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& Worm and helical gear®

Fig 3.37 Example when worm's mating gear is a helical gear

3.16 Basic rack
Basic rack of worm gear is shown in Fig 3.38. The reference plane can
be selected as a right angle to teeth, or an axial plane.

=)
=]
i = Basic rack actual dimension figure (o]
[(Wesn ) - |
2142
1.671 1,571

E fo.000 \

g s/ N s/ \
= e || A \/ \
= ornal sl =

8K ) [Comemt o

Fig 3.38 Basic rack (\Norm & helical gear)

3.17 Dimension

Fig 3.39 shows input screen for worm & helical gear dimension. As
shown in Fig. 3.40 (a), worm's tooth form is included in the standard
software in five types such as A, N, K, I and C types. However, since C
type is not applicable to the strength calculation standard, it is limited to
generating dimensions and tooth shapes only. In addition, input range is
0.001 to 50 for module, 5 to 30 ° for pressure angle, and 1 to 15 for
number of threads. The method of adjusting tooth thickness can be set by
tooth thinning amount or transverse shift coefficient as shown in Fig 3.40
(c). In this example, decreased tooth thickness in worm and increased
tooth thickness in helical gear are shown.

. Setting of dimension o] & |-
[ en  [ombei[Uni]  Worm [ ol |
kinds of tasth profile = |[= Helical gear (M
reference plane [ — nornal plane
moduls | mm 2.00000
pressure angle an | deg 15.00000
Pumher of threds/teeth |- 1 41
reference circle dismeter dm | mm 10.0000 838808
Teadd/helix angle TmiE [dee 11 m@ 13.05 "W
helix direction = |[= right hand -
profile shift coefficient | - 1.00000 1.10000
HRR Lt
tip diameter da | mm 14,0000 878804
root diameter d [ mm 50000 74,8808
center distance a | mm 463455
clearance ok | mm 15001 05001
face midth b | mm g4, 1000 45000
taath thinning for backlash  ~| | mm 0.5000 -1.4000
ball diameter P 1324 2.288
tip radivs R 1.2000 n.2000
[ mm 0.7500 0.7500

Fig3.39 Dimension mput
[I typeld typed v] © Select Wheel type

Item
b type(l type)
N type(? type)

default D260’

K type(d type)

tooth thinning for backlash -

ilorm
Center

Wheel-1 Wheel-2
[Vorn wheel Type] tooth thinning for
C tvpelh type tranzverse profile shift coefficient

(a)Tooth profile type  (b) Helical gear  (c) Tooth thinning amount
Fig 3.40 Support form
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3.18 Gear modification (optional)

As shown in Fig 3.41, tooth profile modification can be given to worm,
and tooth surface modification can be given to helical gear. Fig 3.42 and
Fig 3.43 show an example of worm's tooth profile setting and helical

gear tooth surface modification.

EOTTOM SIDE
I e

o

341000
LEFT FLANE
FRISHT FLAK.
95000 mm
LEFT FLANE

Cancel

= Gear modifcation =
Worm 7] Rl eear
Wie e
HLER EL

FIGHT FLATK

Fig 3.41 Tooth profile modification (Worm & helical gear)

. Gear modification({Worm) E@ = Tooth prafile modification(arc) ==
madification profile x| profile desienation | tooth depth =
zcale 500 - 3.0000 | om
=0 =7 N
} Tip side Raot Side |
e g o e t \/_ I ‘—f
X s soale =46 (1| Yaxisscde 500 [Xais soslk =46 (#) | Yaxs soale =500 0.0 [zn 3.0 [am
ol s C | —
l——J &] s Gl

= Gear modification(elical gear) [ o)
modification profile, lead v | profile designation | line of action

division rumber of tooth profile | 3 v scale | 500
i =0

Fig 342 Worm tooth modification

e e

X s soale =30 (4 eis soale 800 [ as soale =30 () wasis soale =300

= Gear modification(Helical geer)

otie,lead

= G [ referer

Tr A pmF

X iz soale =00 (k) e soale 600 [ e sl S5 (w0 Taxis soale 2500
i =7

TIPE e e iTIE

Wads soale =30 {0) Yads scale =500 |[Wads scale =34 (%) Wads soale 2500
2] (5]

TOP |ttt BOTTOM | TOP |4t { EOTTOM

W aris scale =34 () as soale =500 | s soale =34 (+)  Yais soale =500

[ ok ][ Cencel | [ Topeeraph |

3

Wadification

3.19 Tooth profile calculation

Fig 3.43 Helical gear involute/lead modification & topo graph

Tooth profile calculation conditions can be set in helical gear
processing tool (hob) as shown in Fig 3.44 (a). A number of divisions for
displaying tooth profile can be set in Fig 3.44 (b). After tooth profile
calculation, dimension result is displayed in Fig 3.45. Three-needle
dimension and backlash of worm are calculated based on actual tooth
shape considering tooth profile modification. Helical gear is generated

based on tooth shape of the tool from Fig 3.44.

. Tooth profile calculation =] =@ ==
Condition | Agouracy |
[ tieattorn) —[svubol [unit]
modle mn | mm 2..000000
pressure angle an deg 15.000000
Wk
Ak
[~ ool tOheol) —[svabol |Unit
madule mne | mm 2.000000 © Tooth profile calculation =] @
pressure anele anc | deg 15000000 T
number of threds Zw - 1
reference diameter dme m 15.0000
lead Te dee 799" e
helix direction - - right hand -
set angle Ze | dee -3.687470 [
st center distance ac mm 43.3454
addendum hke m 2.5000
dedendum hfc mm 2.0000
tooth thickness sc m 2.7278
tip radius 3 mm 0.7500
number of gashes N[ — 12
modification - - non-modified -
[ ok [ gancel | [ Clar ] o[ Ganoe
(a)Condition setting (b)Accuracy setting

Fig 3.44 Tooth profile calculation setting
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. Result of dimensional calculation =)

[ dten  [symbolfUnit] Worm | Wheel |

addendum ha mn 2.0000 2.0000
dedendum hf mm 2.5000 2.5000
whale depth h mm 4.5000 4.5000
operating pitch diameter i mim 10.0000 83.6309
base circle diameter db mm 63818 20.7268
theoretical center distance a mn 46. 8454
lead Pz min B.4127 1288.0530
pitch Pe/Pt | mm B.4127 B.4127
diameter coefficient q - 4.8390 el
bottom land Win mm 2.3195 ok
chordal height hj mim 2.0099 2.0283
chordal tooth thickness(theoretical) | sjo mim 2.1418 2.1409
chordal tooth thickness(desien} s mm 2.8240 #.5650
rumber of teeth spanned s kb 4
span measurement W mm kA 22,1688
stitch dimension{pin 1o tip) dma mm 15.2411 ekt
thres stitch dimersion drtiwy mit 12,4823 bk
measurement over balls dmh mm A 28.0844
throat radius r mim ok ek
transwerse contact ratio £ - 2. 0862
axial/ircumferential back lash BLx mm 0.1084 0.1055

Fig 345 Dimension result

3.20 Meshing drawing

After tooth profile calculation, tooth shape can be displayed as shown
in Fig 3.46, and there are some functions such as enlargement plotting,
distance measurement, R measurement, and rotation function are
available as shown in Fig 3.47.

£ Tooth contact figure o)) £ Tooth contact figure =N |
=

[[% o comace e ol = distance between two points  [s23m]

\ \0\ digtance=0.0611mm
\ U

Z Tooth contact figure

zoom 3
fit

real-time shift

distance measurement

correction anele(Worm) 0.0000 [deg ¢
correction angleCihesl) 0.0000 [dez < R measurement(3 points indication)
center distance correction  0.0000 |mm < e )
rotational anele 0.0000 [des <

Fig 3.47 Tooth meshing & support form

3.21 Tooth profile rendering

After tooth profile calculation, tooth profile rendering can be displayed
as shown in Fig 3.48. Support form in Fig 3.49 has observation angle,
gear position change, enlargement function, automatic rotation function
etc.
£ Rendering (=5 o == £ Rendering (=1 EoR =)

Fig 348 Rendering Fig3.49 Tooth contact
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3.22 Contact pattern (optional)

For contact pattern setting in Fig. 3.50, axis mounting error and max
contact clearance (paint thickness) can be defined. In this example, Fig.
3.51 shows the contact pattern when max contact clearance is ¢c=3um.
Contact pattern changes can be studied when worm type, tooth profile
modification, and shaft mounting error are given.

In addition, support form allows users to enlarge tooth profile and
change observation angle at the lower right of support form as shown in

Fig 3.51 (b).

. Teeth contact specification o] @ ===
IR T S ) KT 7T
deviation of axis position
deviation of axis angle AE dag 0.00000
deviation of center distance Aa L 0.0
maximum contact clearance ® Lm 3.0
divigion number of rotation per pitch === = i}
rotation direction
@ BOTH(both faces) ) GG left face) ) CWrieht face)
(80 [ Cancel | [ Glear |
Fig 3.50 Contact pattern setting
= Teeth contact = |2 &S] || £ Teeth contact (===

(a) Worm

3.23  Strength calculation

(b) Wheel
Fig3.51 Contact pattern

Strength dimension is shown in Fig. 3.52, and strength calculation
result is shown in Fig 3.53. Bending strength is based on Lewis equation

and tooth surface strength is calculated based on Hertz stress. KW and W

for power, MN - m, kN - m, N - m, N - cm for torque can be selected.

For material setting, any materials can be selected from Fig 3.52a for
both worm and helical gear. Although standard value is displayed for
friction coefficient and various coefficients, it can be changed arbitrarily.

. Resuilt of strength calculation ==

sliding velocity 0.821 ELEeE]

tangential velocity W m/s ekt 0.064
Efﬂc\ancy m - 0.727
Py MParmis 16.452
I T 7 T N BT
taneential stress 71.288
material factor KM - 1.000 1.000
tooth profile factor F - 0.504 0.838
dynamic factor Ky - 1.000 1.389
temperature factor KT - 1.000 0.850
lubrication factor kL - 1.000 1.000
tatal effective face width b mm 18.835
allowable bending stress Thlim MPa 136..000 8.826
max allowable bending strecs a MPa 163.333 6.E91
allowable circumferential stress Fa N 3263407 124,838
bending stress ab MPa 3.560 2.573
bending strength - 45,880 2.535

Hen(contact) Sy | e [ Ware | Helor e |

allowable Hertzian stress a Hlim MFa 430. 500 67.308
modulus of elasticity E MPa 205340000 1721.087
allowable circumfarential stress Fh N 7378.542 100.718
Hertzian stress aH MPa 48.133 48193
bendine strength Sth 103.533 1.414

Hen(shearine m-m_

arc tooth thickness: bk 8.564
crooss-sectional area A mm2 HERAR 67.715
allowable shearing stress aslim MPa i 4.863
allowable circumtbarential stress F= N kb 233.904
shearing stress o3 MPa bk 1.481
shearing strength Ste - HERHA 3.288

Fig 3.53  Strength result

3.24 Bearing load
Bearing load calculation result is shown in Fig 3.54.

- bearing load[Worm x Helical gear] o] = =
[ e o e [ Wem |
T [N 10.0000 (] s52.0808
riction factor “ - 0,044
beering span wih | mm 50,0000 50,0000
beering span wihd | mm 50,0000 50,0000
e Oemaien | — | —
Lload actine on Worm, Wheel>
[Symb | Uit | Worm |
circunerence laad) F N 20.000 79.958
il load Fa | N 75,950 20000
vadus load Fr N 21,508 71,08

= Reference figure

<laad acting an Wiorm side bearine>

[symoot nt | breal | ogaz |
Faa N 79.359

thrust load
radial load(camp ) of Ft Fral N 18,000 10,000
radial load(camp) of Fr Fra2 | N 19,953 10,953
radial load(camp. of Fa Frad | N -3.989 3,868

radial load{res.) Fra N 12198 17.952

<load asting on Whesl sids bearing>

[symoat |t | brewi | onsvz |
Fab N 20.000

thrust load
radial lnad(comp ) of Fr Frbt N 10,953 10,953 o
radial lnad(comp ) of Ft Frb2 N 39,679 39.679 nghl hand 5
radial load{comp) of Fa Frbd N -8.369 8.369 Yo rm X Helical Gear L
radial lnad{res) Frb N 39,763 44,134
g2

Fig 3.54 Bearing load

= strength calculation

[E=E Nl =)

torque input mods

© from Torque () from Fower @® Worm

[ Helical gear drive

torque rotational speed input mode
() Helical gear

[ notor stalling toraue

Pl m

kM-m

3.25 2D-FEM Tooth stress analysis (optional)

For FEM setting screen in Fig. 3.55, modulus of longitudinal elasticity,
Poisson's ratio, number of divisions and load (in the example,
circumscribing force divided by €) can be defined. Fig 3.56 and Fig. 3.57

Clear

Fig 3.52 Strength dimension

material — - st ructural stee v MEEI 4“4 - N "Ih
material name — — sasc wwww MH=cm
stress ratio — - g e N i
friction fastar 0.070
transmission power 0.0083
mator stalling tarque et
toraue 10,0000 (B 298.7019 — N
rotational speed £00.0000 14,8341 structural steel
rmber of load cycles L = 210000000 10000000 phosphor bronze
e e e BS
ambient temperature i ‘C 60.000
moculus of slastictty £ MFa 206840.000 otk
alionable bending stress | oblm | MPa 196.000 e
allowable shearme stress | o'slim | MPa [ [
allowsble Hertzian stress | aHlim | MPs 430.500 ey
safety factor(bendine) SF = 1.200 M nwlon
safety factor{contact) SH == 1.150
safety factor(shearing] = == 1.200 F|g 3.52a Material

show analysis results of worm and helical gear. Maximum value node
and element can be displayed in flashing display.

= FEM analysis condition =R =R =T
material unit(Worm} alloy carburizing and quenchine
material unit(Whes () phasphor bronze centrifugal casting
[Symbol [ Uit ]~ Worm | ool |
modulus of elasticity E MPa 205800.0 80000.0
Poisson's ratio v - 0.30 0.30
No. of partitions(depth) mho | - 2 21
No. of partitions{width} who | - 21 21
position of th load point N | B B
Ioad F N 750.0000
----- e T
Fig 3.55 FEM analysis setting
T Result of FEM analysis(Worm) By ==} T Result of FEM analysis(Worm) R =)
] [ote) () (210 (2] (o) [dmpl [[etonent. strosatia) contsct's]s ) () [ ) [1]) (2] [ ) 5 [[etemert. ot recstd contuct
ol & oloment L ckment_ 01 a
o — ([ e i) 2% ([ W
& (maximn. 2l =t ross) o dise | nconent coment 553 ! LI
(R
| .

L

(b)Displacement

iig

(2)Max main stress (ay)
Fig3.56 Worm
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1 Result of FEM analysis{Helcal gear] === = Result of FEM analysis(Helical gear) =
] () [ ) (0] (2] [ ] (gl [areomet. strsestop) emntectrs ] ] [0 [z ) [21] (02) (0| (G558 [[etencrt stresatibu) tact].
et IR LD —— e a1 0+
E - ik o O T
1| @ 1| -

-
e -
a5t
881
[
0. -
i

(a)Max main stress (gy) (b)Displacement
Fig 3.57 Helical gear

3.26 Transmission error (optional)
3.26.1 Transmission error analysis (TE)

As shown in the upper part of Fig. 3.58, transmission error analysis
can be performed for analysis due to single tooth flank engagement and
center distance change analysis due to double tooth flank engagement.
Also, users can select between worm at 1 rotation and helical gear at 1
rotation. In the example, helical gear at 1 rotation at worm rotation speed
600min™ is analyzed assuming that there is no shaft mounting error.

Pitch error can be set (maximum value setting, or setting for each
tooth) as shown in Fig 3.58. Transmission error analysis results are
shown in Fig. 3.60, and wow flutter (rotation irregularity) is shown in Fig
3.61, and Fourier analysis result is shown in Fig 3.62. There is also a
function to convert wow flutter to "sound", and the analysis result can be
exported to CSV file.

£ Transmisslon analysis condition

o] @ =

kinds of snsbysie ] ansimsion envor dictanca betwesn e flctuatin | (12 condibon [ESS N
renee of analvais 1 rotationtWormd 8 1 rotation(Whead Kinds of anaivtis 4] bansmission seror || distance betmesn axes flctustion
1 pitch rotational division number n 1ratation(Worm) @ 1 rotation(Whesl)
COVCIeft tooth flank contast) v -
T oo | mint [CC#Claft tooth f lank contect) =]
X e
0.0 Hm
0 w
.o “m it
00 am
it rn ot setties
pm [ sbnnodtengls  0.0000 | dep
7 boad srroe settings
+) Y wxia scals = 500 = Y e
i 5
& hreds b 5 —— e —— .
() w & -) L]
Goncel o8] [[Gareet Gex

(2)Worm  (lead error) (b)Gear (Pitch error)

Fig 3.58 Pitch error setting

(PE arammitin arvor gragh =
0 R
Ty —— - 7
: F ]l T T
B § -2 I [ S S
o i R b R vertical neale
] g4 [2500.0000
t T
i [l I3 LD B3 0
e 2 || st -
Fig 3.59 Pitch error(gear) Fig3.60 TE results
| E=m{EoR === [ola &S
. i
% Sound Fr rey [XT)
S || ey
g
i
=0
4
- |
0.5 18 154 28 2k al a8 4.8 o3 e 9.5,

Fig3.61 Wow flutter Fig 3.62 Fourier analysis
3.26.2 Center distance change analysis

Many worm gears are used as single flank contact, but depending on
the device, double flank contact may be used. For center distance change
analysis in Figure 3.63, it analyzes variation of center distance in
consideration of pitch error from Fig 3.58. In addition, analysis results
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can be exported to CSV file.

0.0 | —
6 | o
.56 | un

"
NM‘MWWW

13 EEEED
Fobatiora | drgle of Wresl (degree)

ELTEE

(a)Graphl (b)Graph2
Fig 3.63 Center distance change analysis

3.27 Tooth surface evaluation (optional)

In tooth surface evaluation, there are slip velocity graph (Fig. 3.64) and
Hertz stress graph (Fig 3.65). Slip velocity is calculated for the velocity at
the tooth contact position, while Hertz stress is calculated from the tooth
profile at the tooth contact position (the tooth deformation is not taken
into account). Both are valid after strength calculation and transmission
error analysis.

e el e e
= il (5=l
= \-‘l!MNi. [HIL\"!HNH‘?" H'[,‘i'ﬁ” £ e R i
}’_ | ‘““ * 2

i

I L] L
Fotatioral fngi uf Wheal (dagree)

LD
Retstioral Arale of Whes! {deres)

Lt

Fig3.65 Hertz stress

Fig 3.64 Slip velocity Graph

3.28 Tooth profile export

Tooth shape file is generated for worm, helical gear and tool (hob) of
tooth profile (output of arbitrary number of teeth is possible) as shown in
Fig 3.66. There are three types of files such as DXF - 2D, DXF - 3D, and
IGES - 3D. An example of CAD drawing is shown in Fig. 3.67.

=

. Tooth profile file cutput £ Tooth profile file output ===

output tooth profile worm -
D¥F 2D | DKF 3D | GBS

output tooth profile helical gear -

format

integration

output tooth number

format

DXF 20 | DXF 30 IGES
i integration b

integration
divizion

output tooth number

—

(a)Output tooth profile (b)3D-IGES example
Fig 3.66 '[Qoth profile export ‘

(ajWorm . (b) Gear (AII teeth output e_xample)
Fig 3.67 CAD drawing example

3.29 Design data management

The database is compatible with Microsoft Access Database,
Microsoft SQL Server and ORACLE MySQL Server. In addition, it is
also possible to read design data created by old software such as involute
% (Worm Gear) and involute ¥ (Worm and Helical Gear). The setting
screen of the database is shown in Fig 3.68.
* Microsoft SQL Server and ORACLE MySQL Server must be installed
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. Setting of database

lo] B =)

| kinds of database server

i Mictosoft Access Database -
Microsoft Access Database Microsoft Access Database

e Irvol Microszoft SQL Server |
e TR UL b L0 L .
Test H Create ” oK ][ Cancel ][ Delete ]

Fig 3.68 Database setting

e

Fig 3.74

[39]Internal teeth worm

3.30 HELP feature

If there are any questions how to use it during the operation, [F1] key
can be pressed on the active screen to display explanation as shown in
Fig 3.69.

Fig 3.75 [37]LCCW Worm X helical gear

Drum shape worm meshing with hob cut wheel
Fig3.76 [44]SS-Worm gear (drum shape worm gear)

Fig 3.77 [3]Cylindrical worm gear (Wheel wide tooth example)

Fig 3.69 HELP feature example

3.31 worm gear types
Types of worm gear are shown in Fig 3.70 to 3.76. The numerical
value in [ ] indicates the software number.

Fig 3.70 [3]Cylindrical worm gear

Gy D

Fig3.71 [3]WormX helical gear

-

Fig 3.72 [36] Hindley worm gear

Fig 3.73 [28]Tilted worm gear
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