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Basic geometric calculation

Input Parameters

Gear type - according to the position of root and head cone

Gear ratio and tooth numbers 1

Pressure angle (the angle of tool profile) a+

Helix angle B m

Axis angle

Tangential module on outer cone met (for metric calculation)
Tangential Diametral Pitch on outer cone Pet (for English units)
NoteModule and Diametral Pitch are reciprocal values.

Unit addendum height ha ™

Unit clearance ¢~

Unit dedendum fillet r¢”

Facewidths b1, b>

Unit correction X =X 1=- X2

Unit change of tooth thickness Xt= X = - X

Auxiliary Geometric Calculations

Distribution of Unit Corrections for Single Gears

Design According to the Strength Calculation

Design of Face Width
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Calculation of Maximum Dedendum Filleting

Calculated parameters

Normal Pressure Angle in Middle Plane
tg anm=1g a1tCOS B'm

Pitch angle

SN
U+Ccosk

& = arctg[ ] By = Z— 5y
Outside pitch diameter

de12=MetZ12

Outside length of surface line on pitch cone
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der2
e - A _._ .
250N 842

Length of surface line on the mean cone
R m= R e~ 0.5 b

Relative face width

_b
Yr R,

Tangential module on the mean cone

R
Mgt = Mgt T
Fe
Normal module on the mean cone
M mn = M mt COS Bm
Mean pitch diameter

dmi2=MmtZ12

Equivalent number of teeth

_ A2
COS5d; 5

L2

Ekvivalent pitch diameter
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d |dm1,2
w12
C05512

Ekvivalent base diameter
dvb12=dv12CO0S ot

Ekvivalent outside diameter
dvar2=0dviz+ 2haer2Mmi/ Met
Ekvivalent center distance
av=05(dvi+dv2)

Virtual gear ratio

I~
<
]

Virtual number of teeth

Lz

Oriz = ——=—
“ costg,

Virtual pitch diameter

Lz

Ijl‘ﬂ? =
“ cost g,

Virtual base diameter
dpn1,2=dn12C0S 0t

Virtual outside diameter
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dant2=dn12+ 2 Naer2Mmt/ Met
Virtual helix angle at the base cylinder
sin Bp=SiN B m COS 0. nm

Virtual center distance
an=0.5(dn+dn2)

Dedendum reduction
K12=0.02 (17 - Zn12)
for k > 0 the dedendum shortening is done

Addendum

hae12=Met(ha +X12-K12)
Dedendum

hfero=me(ha +C - X12)
Outside diameter
daer2=de12+ 2hae12C0S 31,2
Root diameter

dfer,2=de12- 2hfe1,2C0S 61,2)
Outside diameter at small end
dait2=dae12(1-yRr)

Vertex distance

A12=ReC0S012-ha12SiNd12
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Outside bevel angle

h
581,2 = 512 + arEtQ[ ;312]

=

Cutting angle

h
612 = By = arctg[ I;EH]

=

Tooth thickness (measured normally on the pitch diameter)

T
Se1z = Met 7 + 2 at00y + 3y 0
Chordal facewidth (normal)

Skel2= Se12C0OS? 0t

Addendum height above the chord

_ Serzldcy

hke1,2 = hae1,2 5

Unit addendum width (measured normally)

3 Qaetz [ Ser2 +ir‘fot — Mt
dE1,2 60551.2
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oy

COSCL, =

COS0y

ael?

Operating width of gears
b w= b

Factor of mesh duration

€y=€qt€p

e = Jdgm - dﬁm +Jd3a2 - dibz - 2a, sinoy
o

2TM gy COSCLy

g
6. = o
" coslg,
0.85b sing_
go=— 0 Mm
P T

mn

Minimum correction without tapering

] COS o,
CDS[iﬁthn + J
lny}
Xy, =g — Zaz)
21,2 — Mlan wl,2
' 2005 B '
m
where:

hao ' =ha +c -1 (1-sinot)

Minimum correction without undercut

Zn1,2

* L2
o1 =h,, - sin® e

Minimum correction without undercut
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T Zn12

z
Ky = Ehau -

“ gin
5 m

Helix angle at end
SinBe: Sian Rm/Re
Normal pressure angle at end

tana ne = tana ¢ cospe
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Distribution of unit corrections for single gears

By user

User inputs X, Xt

With DIN

- 14 - Lol
17

With Merrit

x=0.02.(30-2zwn1)

Complex
1 cosB,

x=2l1-—| J=—"" % =a+bh (u-25)
u z,

where:

a, b are constants dependent on helix angle

With compensation of relative slips, such as iteration of nonlinear equation

1 _ Uy, +uv—1:0

2 2 oo
[dvm] 1 [dvaz] 1 t
Clypg iz

10
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Calculation of maximum root filleting

Used calculation
Unit root filleting

-

1-sino

11
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Calculation of strength proportions

Input values:

Input power P 1
Input speed n 1
Gearing ratio i
Gearing efficiency n

Calculated values

My

Output: P, = Plnnz "
Metric units
Input moment

BO0o0 Py
2mhy

1= [rum]

Tangential/circumferential force

. 2000 T, E\-l]
I:’lml

Speed

_ 60000 P, o]

M
Lo zaT,

Circumferential speed

gy
"= %0000 [m/s]

Resonance speed

12
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7
e - 1.9110 Jll+uzlﬁ3-?58m +0.25)pm]
202

ANSI (English) units
Input moment

60F,

2, [Ift ]

T, =550

Tangential/circumferential force

F = E::—Tlﬂb]

rml
Speed

BOPy
2n Ty

fy =330 [rp m]

Circumferential speed

_ﬂdmlr-ll
M 5T fe/s]

Resonance speed

5
ng = 22210 12 )p.7se,, +0.25)Fpm]
240

Output moment
To=T1in
Radial force

F,, =F *(tge*cosd, —sinp, *sin& ) /cosp,
F. =F *(tgoe*cos & +sinp, *sind,) fcos B,
F.,=F *(tge*cos 8, +sinp, *sing, )/ /cosp

rZa

Fo =F *(tge®cos & —sinp, *sing, ) /cos B

13
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Axial force

F... =F *(fge*sing, +sinp, *cos &, ) /cos B,
F., =F, *(tge™sing, —sinp, *cos &, ) /cos B,
Fo,=F *(tge*sing, —sinp,_ *cosd,)/cos B

Fop =F, *(tgee*sin g, +sinp,_ *cos &,)/cos B,

Normal force

P S
" roswmcosf,,

14
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Strength calculation according to Bach

Based on the fixed-end beam calculation. Anticipates that the total circumferential force can be
carried by only one tooth.

Allowable load
Fai=mchb MenE Men> Fry

where:

c=0.065ca, tooth allowable stress in bending [MPa, psi]

o Ab allowable stress in bending (material property)
b tooth gearing width
Men normal module at end (normal diametral pitch at end inverse value)
width factor
_(1-05ye P
- K
where
K = 1.4 for straight teeth, 1.25 for helical teeth
Ft circumferential force acting on the gearing
Safety factor
S=Fal/F:

15
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Strength calculation with Merrit method

Based on the fixed end beam calculation. Anticipates that the total circumferential force can only
be carried by one tooth. Adds an extra contact check.

Allowable load
Fai=m Cminbwé Men > Ft

where:

Cmin=Min (Cp, Cc)minimum tooth allowable stress

bw operating facewidth
Men normal module at end (normal diametral pitch at end inverse value)
H factor of dependence on the precision degree (material property)
Ft circumferential force acting on the teeth
width factor
_(1-05ye
- K
where:
K = 1.4 for straight teeth, 1.25 for helical teeth
Safety factor
S=FalFt

Bending factor

_ Tty

Ch
¥b

where:

o avallowable stress in bending (material property)

16
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ro speed bending factor (table value)

yb shape bending factor (table value)

Contact factor
- aJ T
Ca 0 v
where:
G Ac allowable stress in contact (material property)
le speed pressure factor (material property)
Ve shape pressure factor (material property)

ozSize factor

xe

17
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Strength calculation with CSN 01 4686, ISO 6336 and DIN
3990

Based on the fixed-end beam calculation. Contains the majority of effects. Accessible only for
metric units.

Safety factors

Contact fatigue

Otimiz Zre 2L Zr 2y Zyiz

Fo 'Ky U, +1
ZE'EH'EBLz'zE'Zp'ZK'\H t .
by A Ly

She =

where:

o Hiimbase number of load cycles for contact (material property)
F+ tangential force acting at teeth

bw operating face width

Contact during one-time loading

O HPmaxiz

Le -y -Lmg Lo Ly Ly J

S =
H5H 2 Fo Ky Kag uy,+1

b, -d u

w mi W

where:

o Hpmaxcontact fatigue limit (material property)

Kas one-time overloading factor

Bending fatigue

o - GOrimtz Mz "1z Yz ez Yerz TR
Fl,z = F X

F

TFal,z  Tsalz  Tsarellz Vg Ve Tk g t

wrL,z M

18
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where:

ormim  bending fatigue limit (material property)

b wr1,2 = btooth width for bending

Bending during one-time loading

g i} Cepmantz ~ Tz Tirz
Fatl2 Ft - KF B KAS
Yratz  Vsatz  Vearenz Vg Te T T————

|:'I.I.IF1.2 "M
where:

o remaxallowable bending stress in dedendum (material property)

Factor calculations

Z n ... life factor (for contact)

M Wi, 2
Z g = i |—imh2
M1, 2 N
K1,2

1 <Zn<1.3nitridated steels
1 <ZN<1.6 other steels

where:

N Hiim base number of load cycles for contact (material property)

N k1,2= 60 L nn1zrequired number of load cycles (speed)

Y n ... life factor (for bending)

M e
y _ Flim1,2
M1,2 M
kA2

1 <Zy<1.6 nitridated steels
1 <Zv<2.5 other steels

where:

19
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N Fiim base number of load cycles for bending (material property)

N k1,2 =60 L nn1orequired number of load cycles (speed)
Z ... lubricant factor

DIN and ISO:
Z =Cz.+4(1-Cz)0.158
pro o Hiim < 850 Mpa C z. = 0.83
pro o Hiim> 1200 Mpa Cz. = 0.91

Z R ... roughness factor

Z v ... speed factor

CSN Zy=0.95+0.08 log v
ISO and DIN:EU = Cpy 42 1-Cay
|:|.E+§

W

Czv=Cz +0.02

Z e ... elasticity factor

1

B el T B o
E1 E2

Ze -

where:

HPoisson's ratio (material value)

E modulus of elasticity (material value)

Z H ... zone factor

1 2. C05By,
Zy =
COS Cy tQCEtW

Z g ... single pair tooth contact factor

20
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for e3> 1 or internal gearing:
Zpi2=1

forep=0:

2n

L2

forep>1:

ZB12=Zso-ep(Zpo- 1)

where: Zgo=Zp12forep=0

Z ¢ ... contact ratio factor (for contact)

forep=0:

forep<1:

Y ¢... contact ratio factor (for bending)

CSN: forep<1:
v, =02+28

ED::

21
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CSN: for gg> 1:

DIN and 1SO:
Ve, =020+ 0.75

Fy

Z g... helix angle (for contact)

g = JoosB,,

Y ... helix angle factor (for bending)

CSN:

Y pmin=1-0.25 5> 0.75
DIN and ISO

forepg>1theep=1isused

for g > 30 deg. the B = 30 deg.is used
Z ... size factor (for contact)

Y x... size factor (for bending)

Y fa... form factor

h
2 cosog,,
m

fra =B

7
[Sﬂ] oS
r-Il'-ll'l
where:

hra bending arm of a force acting on the tooth end
srn thickness of dedendum dangerous section of alternate gear

a ranbending angle at the end of straight tooth of alternate gear

Y sa... stress concentration during mesh by tooth end (regression function)

22
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YSa: (12 +0.13 La) qseXp

1

2.3
121+ —
L

a

exp =

Y sag ... teeth with grinding notches factor

13
[
q
1,3- D,fi\[:
r-;

ao0®
tg '_

rg :

Y 5 ... notch sensitivity factor (depends on the material and curvature radius of dedendum
transition)

Y r ... tooth root surface factor

K ... additional loads factor (for contact)
Khu=KaKn Kb KHa

K k... additional loads factor (for bending)

K= KaKr K KFa

K a... application factor )external dynamic forces)

K hv ... dynamic factor (internal dynamic forces) for contact

K rv ... dynamic factor (internal dynamic forces) for bending

\ 2
Ko, =Ky, =1+ K—F‘mg R
Ka R /D, 100 J1+042

23
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for CSN: at KaF+t/bw< 150 considering KaF¢/bw=150
for DIN and I1SO:at KaF+/ bw< 100 considering KaF¢/bw=100

where: Kp, Kq... table values

K ng ... face load factor (for contact)

for CSN:

) C iy
e R
where:
c=04 gears with hardened tooth sides
c=0.3 non-hardened gears

FZ:

fzg =

b, - ¢ Cosa

fry=|Ffsna+ fsnz2|+fuz-yp

fiz = JD.QS&E +17 +[f, -toey 12 . cosoy - cosy,
fo, fx, fy... teeth tolerance

yp... table value

P = =
o= CwCp Cgrosg, E +E;
':|I Esteel

g'=0.04723 + 0.15551/z 1 + 0.25791/z 2 - 0.00635 x 1 - 0.11654 X 1/Z v1 - 0.00193 x 2 - 0.24188
X2/Z 2+ 0.00529 x 12+ 0.00182 X » 2

Cm=0.8

Cr=1forsolid gears
Cg=[1+0.5(1.2-h¢/m)] [1-0.02 (20 deg.- a)]
E steet = 206 000

24
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Cc,=c (0.75 &4+ 0.25)

2
b F
funa = A .[_d w J 1B +D_?|+D_3]._b K, Ky,

2 W

A, B ... table values depend on the arrangement of teeth gears, shafts, and bearings

K rp ... face load factor (for bending)
CSN:

Kep= (Knp) "

where:
_ (b
lby /) + (b, fh+1
h=2mle, spur gears
h=2m helical gears

for DIN and ISO:
Krp=Krp

K ra... transverse load factor (for bending)

fore,<2:

-5 [oavoa 2o linl-be
2 Ft KA KHU KHp

fore,>2:

at KaFt/bw< 100 considering KaFt/bw=100
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limit values:
for CSN: 1 <Kgu<ey

14Kg, £ —

for DIN and I1SO: £, e

K Ho ... transverse load factor (for contact)

for CSN: K o = 1 for straight teeth
K e = K ro for helical teeth
for DIN and ISO:K o = K kg

limit values: s
1Ly, « —
T It

26
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Strength Calculation according to ANSI/AGMA 2001-
D04:2005

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

Safety factor of contact fatigue

Sac " ZnLz  THLz

K C
CK - K K K K ] ml.2 Fl,2
p T E l}‘:t e} W =1,2 dml'bw I

SH1,2 =

where:

sac allowable contact stress (material property)
Ft tangential force acting at teeth

d mipitch diameter in middle plane

bw operating tooth width

Safety factor of bending fatigue

Satz - Tz Tasz

SFLz =
! Pre K a4
Kt Kp i Ko Ky K e 28
w2 J1,2
where:
Sat allowable bending stress
P mt tangential diametral pitch in middle plane

bwri,2=min (b12, bw+ 2m)operating tooth width

Factor Calculations

27
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Poisson's ratio (material property)

1)
E modulus of elasticity (material property)

| 8eometry factor for pitting resistance

Z nstress cycle factor for pitting resistance
C whardness ratio factor

Ko overload factor

K size factor

K s stress cycle factor for pitting resistance
K mload distribution factor

Knm=1+Cmc(CpfCpm+ CmaCe)
C mc - Lead Correction Factor
C pt- Pinion proportion factor
C ma- Mesh Alignment Factor

Ce- Mesh Alignment Correction Factor

J geometry factor for bending strength
Y nstress cycle factor for bending strength
Y . alternating factor

C ¢ surface condition factor

K rreliability factor

K ttemperature factor

K grim thickness factor
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