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Basic geometric calculation

Input Parameters

Teeth type - common or spiral

Gear ratio and tooth numbers i
Pressure angle (the angle of tool profile) a
Module m (With ANSI - English units, enter tooth pitch p = = m)
Unit addendum ha ™
Unit clearance ¢~
Unit dedendum fillet r¢~
Face widths b1, b»
Unit worm gear correction x
Worm size can be specified using the:
e worm diameter factor q
e helix directiony
e pitch diameter d;
Auxiliary Geometric Calculations
Design of module, Number of teeth, Worm diameter factor and correction
Calculation of worm gear unit correction
Worm gear face width design

Worm length design
Calculation of maximum tooth root fillet

Calculated parameters
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Common gearing ZN

Axial module Mmnp=m
Normal module M x =M COS Yy
Axial pressure angle ax=a

Normal pressure anglea » = arctg (tg o cos y)

Helix/lead angle y=arcsin z 1/q
Spiral gearing ZA

Axial module Mn=mMmx/COSy
Normal module Mmx=m

Axial pressure angle o = arctg (tg a cos y)
Normal pressure angleo x = a

Helix/lead angle y=arctanz1/q

Normal tooth pitch
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Pn=mmy
Axial tooth pitch

Px=mx

Basic tooth pitch

Pb=pPxCOS ax

Lead

Pz=Z1pPx

Virtual/alternate number of teeth

Lz

rd =
cos

uz

Helix angle at basic cylinder

sin yp=Siny COS an

Worm pitch cylinder diameter
di=gm

Worm gear pitch circle diameter
do=zomy

Worm outside cylinder diameter
da=d1+2mh,”

Worm gear outside circle diameter

da2=d2+2m (ha” +x)
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Worm root cylinder diameter
du=di-2m(ha"+c")

Worm gear root circle diameter
dre=dz2-2m (ha"+¢c - X)

Worm rolling(work) circle diameter
dwi=d1+2xm

Worm gear rolling(work) circle diameter
dwe=d2

Worm gear root circle diameter
dp2=d2C0S ax

Center distance

ij1+ IjU.I2
2

Chamfer angle of worm gear rim

. by
sing 5

al

Worm tooth thickness in normal plane

gy =
LA

Worm gear tooth thickness in normal plane



AUTODESK INVENTOR 1581 0, (scwiipo Sesaid /0lyl Hguigil oozl

S = Pn + 2umitie
2

Worm tooth thickness in axis plane
Sx1t=S1/COSYy
Worm gear tooth thickness in axis plane
Sx2=S2/cosy

Work face width

bw=min (b1, b2)

Contact ratio
€ % =€&aq + € [3

where:

_ b siny

e
P,

Minimum worm gear tooth correction

[ i i
¥pmin = Nap — Tﬂ[1 +hl‘_]5|n2 v
=]

where:

ha"o=ha"+c -r¢ (1 -sina)
¢ =0.3 for a =20 degrees
c=0.2 for o =15 degrees
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Design of module, number of teeth, worm diameter factor

and correction

Used Calculation

The calculation of wormgear unit corrections for all combinations of modules and worm
diameter factors, for which the resulting correction is in the range from - 0.5 to 1.

Unit Correction Design:

Used Calculation

2a—d, -d;
¥ — =
2m

Worm Gear Face Width Design:

Metric units

b, = 2miD5 + g+ 1)

ANSI with English units

by = 14254(d,, + 2¢"mf - [, — 4R, "mf

Worm Length Design:

Metric units

by =25m,fz, +1



AUTODESK INVENTOR 1581 0, (scwiipo Sesaid /0lyl Hguigil oozl

Calculation of strength proportions

Input values:
Gearing ratio i
Driving worm
Input power P 1
Input speed n 1
Driven worm gear
Input power P
Input speed n >

Calculated values

.. n. = M
a) Driving worm Output speed: 2 ~ 7
b) Driving worm gearOutput speed: n1=n2i

Metric units
Worm circumferential speed
‘J'I:|j1 rl1

W= mis
"= Sooog

ANSI with English units
Worm circumferential speed
mdyny

¥y = i [ft /5]
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Worm gear circumferential speed

_ Zy
Mg TV —

Sliding speed
Vk=V1/COSy

Friction factor in gear

0.03

=002 + —|———
Hz " Ime]

Friction angle

tgpz=p;
a) Driving worm

Gear efficiency:

tgy

Ne =
Z tgly+pz)

Output power:
P2=Pin

Metric units

Input moment:

_ 60000F,
T, = - ]
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Tangential/circumferential force:

2000 T
Fy = d L h]
wil

ANSI with English units

Input moment:

BOF,
2y

T, = 550 [Ibft]

Tangential/circumferential force:

Fy = 2; Tt [Ib]

wil

Output moment:
T2=T1in

b) Driving worm gear

Gear efficiency:

_ tgiy-pz)

Nz gy

Output power:
P1=P2n

Metric units

Input moment:

10
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_ 60D00F,
T, = Zan, ]

Tangential/circumferential force:

2000 T,
e

ANSI with English units

Input moment:

60F
T, =550 2

[Ibft ]

‘J'Iir'lz

Tangential/circumferential force:

24T
W2

Output moment:

Tz
Ty = =

Tangential/circumferential force

o oda
Fie =Ft1'ﬂdL
we

Axial force

Fai2=Fewa

11
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Radial force

tano cospz

Fo=F
; sinly+ oz

r

Normal force

F. :Jcnszﬂz (F o+ F,%)+F,2

12
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Strength calculation with CSN 01 4686

Based on the fixed-end beam calculation. Includes the majority of effects.

Safety factor of contact fatigue

_ Oimz Lz 40 Ly

Sz =
[Fz ¥
Ze Zy Zy |2

where:

o Hiimcontact fatigue limit (material value)
F+ tangential force acting at teeth

bw operating facewidth
Safety factor of bending fatigue

_ OFima " Va Y2 Tx

Fy K
Ve Vg EE
2

52

where:

o rlimbending fatigue limit (material value)
Increase of Temperature Check

Safety against overheating: Q od> P,
where:

Qou=9pAKk heat conducted away in oil

2000: tmax-t0= 5y ailable temperature drop

13
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gearbox surface, which conducts away the heat, A ~ 9 . 10 °a'®®for well
ribbed gearbox

transfer of heat factor, k =~ 6.6.10 2 (1 + 0.4n 1 %) for the gearbox with fan and
bottom worm
Deflection Check of Worm Shaft

Resultant deflection if the worm is symmetrically mounted and has the length | =2.5b1:

;e 17 P2 +F3

43EJ

where:

moment of inertia
_ i}
G

Allowable deflection:
yp~0.004m shaft with hardened worm
yp~0.01lm shaft with heat-treated worm

Factor calculations

Z n ... service life (for contact)

Zyis = o[ Him2.
My 2

1<ZN<18

Y n ... service life (for bending)

Yy = {NFIimE
Nz

1<ZN<1.85
N Hiim, N Fiim ... base number of load cycles (material value)
N k1.2 ... required number of load cycles (speed)

Nk2=60Lnrn2

14
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Z ... lubricant
Z ... circumferential speed

Z e... material mechanical properties

where:

HPoisson's ratio (material value)

E modulus of elasticity (material value)

Z {... mating teeth shape

7, - 4:EDST
Vsindao,

Z ¢ ... length of contact curves

Cos
7, = 102
Elit

Y ¢... profile mesh effect

forgﬁ<1: 08
¥,=0.24
£

]

forep>1: ;
Yy =—

E\I.

Y p ... helix direction

Y
120°

YI,:3=1—EIB zyﬁmin
where:

Yﬁmin= 1-0.25 8[52 0.75

15
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Y k... tooth shape (table value)

ZvYF
20 1.98
22 1.93
25 1.95
27 1.8
30 1.76
33 1.7
36 1.62
40 1.55
45 1.48
50 1.45
60 1.4
80 1.34
1001.3
1501.27
3001.24

K w1 ... additional loads (for contact)
Kh=KaKnvKHgKHa

K r... additional loads (for bending)
K= KaKr Krg Ky

K a ... outside dynamic forces

where:
Khv=Kgy table values
1 portion of single tooth loading
Ko = Kpa =

loading non uniform teeth along the width (for contact)

worm deformation (table value)

loading non uniform teeth along the width (for bending)

16
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o bupP
[ + [y f)+ 1
h=2m

17
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Strength calculation with ANSI

Based on the fixed-end beam calculation. Includes the majority of effects.

Dynamic Load

Fa=FeKy
where:
Fu Poisson's ratio (material value)
12m+v, circumferential force factor
N 1200
V2 gear circumferential speed [ft/min]

Allowable Bending Force
Fs:Sanpyz Fd

where:

Slimiting bending strength (material value)
b >gear width

p gear pitch

y form factor (Lewis factor)

Allowable Contact Force
Fw=d2b2Kw>Fyg

where:

K wlimiting contact strength (material value)

b gear width

18
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d > gear pitch diameter

Increase of Temperature Check

Qmax> P

where:

P.=P(1-n+03) lost power

3?3%%(0: CA (tmax-to) ) peat conducted away in oil

tmax- to=120&deg; F  allowable temperature drop

gearbox surface, which conducts away the heat, A = 0.3 a for well
ribbed gearbox

transfer of heat factor, C = 0.0356 n 1 + 20 for the gearbox with fan
and bottom worm

A

C
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