Calculation of Path of Contact KlSSSOFT

Calculation programs for machine design

The path of contact calculates

- the normal force during meshing

- the actual path of contact under load

- bearing force

- transmission error and contact stiffness
- stress (contact and bending)

- specific sliding, power loss, heat development

- flash temperature, lubrication film thickness

2 - micropitting, wear

Calculation of path of contact
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Calculation of transmission error KISSeoFT

I Calculation programs for machine design

Set rotation angle

Path of contact for pinion

Calculation of Meshi?ﬂlﬁ ] - .ageN:listance allowance v]
Calculation for tight flank = | Center distance a 107, 8450 mm
Accuracy of calgulation * | Single pitc’ 00000 pm
Torque gear & red | Coefficient EASSUUER O ET] nf1onn

angle for gear

Torque gear B red > | Deviation & 10000
Partial load for caloulation [ 1000000 2 Inclination errar ot axes iz; 010000 um

/

Calculate resulting
torque based on

Calculate overlap
overlap and stiffness
for each contact

for each pair of teeth

\ o

The path of contact under load or transmission error is calculated iterative using
local contact stiffness. Helical gears are calculated as slices of spur gears.

Calculation of path of contact

The term “Path of Contact” will be changed to “Contact Analysis” in 2011

Slide 2 version to better represent the calculation features.
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Calculation of transmission error KISSeoFT

I Calculation programs for machine design

The path of contact calculation is always done for right flank contact.

In 2011 version, the “Flank™ in the Modification tab will be removed, and will be
shown only when “Use asymmetric profile correction” option 1s checked.

Module specific settings |.£.| Gear 2
General Plastic Sizings Calculations Feguired safeties Surnmary ]
| I I I I | torm diameter d=. v]
Input of quality according to [Calculatiun method for strength - v]
[T Input of normal diametral pitch instead of normal module 45 000 | =
[ Input of number of teeth with decimal places :
AR D000 e

| Unsymmetrische Profilkorrekturen zulassen | \

Don't abort when geornetry errors occur WICHTIG! \ .
O o g Y ] i . W In der akiuellen KISSsoft-Yersion k¥nnen zu Dokumentations-Zwecken
[T] Maintain tip circle when changing profile shift . unsymmetrische Profil-Korrekturen eingegeben werden,

Bei der Berechnung des Zahnkontakts und bei der Berechnung der

[l Maintain root circle when changing profile shif Zahnform wird aber nur die Eingabe an der rechten Flanke verwendet!

Factor for minimum tooth thickness at tip 0. 201 o o
{Details finden Sie im Handbuch,)

Coefficient for minimum tip clearance 015

Walues on the =-axis of diagrams

Calculation of path of contact

The message says,
“In the current KISSsoft version, asymmetrical profile corrections can be
entered only for documentation purposes. Only the right flank will be used for

the contact analysis and the tooth form calculation!”
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What’s new in version 04-20107 KlSSSDFT

I Calculation programs for machine design

 Coupling between the slices

Path of contact: Couplmg stiffness

A f §|
LA AAAAAA )
S \-"r\v\-’('tvvf'u '|? \."{.t"‘
CH

Cret Lx AMAAAAA
., [TV I‘;T Cc
2

A A A A A A A o
STV Y] —

L_:.-. ,-'1\ I."In ..-"' l,l"".] I. i .-"' l,n"\".l

. [PATATATATATAY ’—I

:$—-’\N VAMA, VA €—
Lﬂ"r'ﬁ"-fﬂ "Jﬂ"s'f e

Cpret = Cz + CRK = Stiffness Tooth root following Peterson [N/m/mm]
(Cz = Stiffness from bending and shear deformation following Petersen)
(Crk = Stiffness from deformation through rotation in the gear blank)

CH = Stiffness from Herztian flattening following Petersen

Calculation of path of contact

Cc = Coupling stiffness = 0.04 * (Asec)2 * CPet
Asec: Number of slices
0.04: Empirical factor, approved through comparing calculations with FEM

Slide 4 (Asec)2 is logical because: Different number of slices must give same overall result; C is /mm
iae
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What’s new in version 04-20107 KlSSSDFT

I Calculation programs for machine design

» Decreased stiffness at tooth ends

T Tooth bending rigidity in helical gears may be decreased at tooth ends, see figure:
N .

wd .
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o |Sted

e .

9

‘E Cpet* = Reduced coupling stiffness at border = Cpret * (Sred/Sn)"0.5

— Sn: Normal tooth thickness

3 Sred : Reduced tooth thickness at tooth ends

E Exponent 0.5 was evaluated by comparing with FEM and with L\VVR calculations.
o

 Revised calculation of tooth stiffness
Tooth stiffness following Peterson is calculated based on the effective tooth form in normal
section (in earlier KISSsoft-versions tooth form was based on transverse section reduced by

cos(helix angle)).
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What’s new in version 04-20107 KlSSSDFT

I Calculation programs for machine design

 Face load factor KHp not any more added to stresses

As due to the coupling between the slices, the load distribution calculation over the face width
Is improved and non-parallelism of the axis can be introduced.

Thus, KHa, KHp (1SO) and Km (AGMA\) Factors are not multiplied to the displayed stresses.
Displayed stresses are still multiplied with the application factor Ka and the dynamic factor
Kv.

* Hertz stress

Calculation of Hertz stress is based on the Hertzian law of the contact of two cylinders. This
gives realistic results in most situations. A problem encountered is when the contact is on a
corner of the flank (as for example corner at the tip diameter, corner at the beginning of a
linear profile modification, corner at the beginning of an undercut), then the radius of
curvature becomes very small, the Hertz stress calculated has a high peak. This is not a
realistic issue, because the part of the flank near to the corner will be joined in the contact. An
algorithm to check the joining flank parts and increase the radius of curvature is included. If
high peaks still remains, we recommend to add a realistic radius to the corners and use circular
profile modifications instead of linear ones.

« 3D Graphics display along the face width introduced



Where you can see the differences?

 Graphics result menu

Transmmission Error

Mormal force curve

FMaximum normal force aver facewidth

Transmission Error

Mormal force curve (line load)

Targue curve

atiffness curve

BEearing force curve

BEearing force curve in %
Direction of the bearing forces

Kinematics

Torque curve

stiffress curve

Bearing force curve

Bearing force curve in %
Direction of the bearing forces
Kinematics

Specific sliding gear &
Specific sliding gear B

aspecific sliding per gear

Fower loss

Heat developrment

Heat developrment gear &

Heat developrnent gear B

Flash temnperature (150 TR B336-7)
Lubricating film (150 TH B336-7)
Specific film thickness {150 TR 6336-7)
oiress curve

Calculation of path of contact

Maximum stress over facewidth
otress curve gear &

Stress curve gear B

Wear gear &

Wear gear B
Slide 7
Revision 0

Power loss

Heat developrnent

Heat developrnent per gear

Flash temperature (150 TR 151443
Lubricating film (150 TR 15144)

Specific film thickness (150 TH 15144)
Safety against micropitting (150 TR 15144)
afress curve

Siress curve per gear

Wear per gear

KISSsoFT

I Calculation programs for machine design

20
a0

Gear &
Gear B



Where you can see the differences?  KISSgopFT

I Calculation programs for machine design

 Spur gear pairs with different face widths

£1.000 — /
|

ar.om—i §

21.000—

1000 | I T 1 |
-20,000 -15.000 -10,000 -5000 0000 5000 10000 15000 20000
Angle of rotation [¢]

[ 1
5 Faximum line load (normal force) [M/mm] E‘
N £00,100— 1
vl
g 400,100
u 200,100 l
L T
© ST T T T T T[T
~25, 0RO, 006 5, 00610, 0086, 0000, 000 5, 00010, 0005, DOCRD, D05, 000
: Width [rm]
©
@ ° Helical gear pairs
h Line load (normal force) [M/mm]
O B1,000—4 B E
5
(1|
®
|
0
©

« Gear pairs with deviation and/or inclination errors of axes
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Normal force curve (line load)

Horizontal axis ¢
1.

o

Save the
graphics

Print the
raphics

«— Y

Lock the
graphics

Show property

Path of contact

\

«,
\ ’\ / B

[Normal force curve (line load) 20

Tl '

KISSsoFT

Save the

}deW/) resulting curve

———— Clear the locked

0,389 vigwen

be set as:
Rolling angl

wt =100 %, a = 101,845 mm, fpt = 0 um,
u=01

| | Property Yalue
Marmal farce (line Ioad‘& [M/mm] a Coordinate system curve
150, 000— B D E > Angle of rotation autoratically
| T > Mormal force (line load)  automatically
Legend [T] False
125,000— a . Grid [] False Lock the
] .’r i a Curve (Middle of facewmm‘l) ¥ True H
1000 Colr m e resulting curve
| Type of line continuous
= 000 a Curve | True S R f
et E Calar green
— Type of line dashed ettlng Or
50,000—| a Curve |l True
| el e resulting curve
] ! Type of line dotted
26, 000— ]
i
— ! A < 1 | AR
0,000 m
' | S100% - - -
-15.000f -10000 5000 0000 Sopo  10.000 wt=100% a=101.845mm. fpt =0 pm. =01
Angle of rotation [] ngle of rotation i .
q T 7 2 Setting for axis
Unit
rmal force (line lood)|smm]
’ §_ 4 Width autornatical format
3 fram 9,5238
bt L 0 95238
S ¢ Unit mm
Ao = 4 MNormal force {lin-- autoratical
305048 Hpem g from 0,3297
26,074 wym - f % to 129,0963
28 a3 wpm - 3 TN L .
c::::«": : H u Tegeng AL Settlng for
'“ el Grid [¥] True
o5t - background
1790 W - . < I

\

Length (path of contact)
Diameter (gear A)
Angle of rotation

Comments window:
Important settings and the calculation
results will be shown

Calculation programs for machine design
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Transmission error and stiffness KISSSDFT

I Calculation programs for machine design

Path of contact =]
Transmission error is defined as e - Pm;lH = & :9 % 7|
the Variation Of rotation angle A(I)Z Traﬁ%%rglnsnm_jn ey ‘ (:Aoo.gﬂigl?ifsr%?;?i?n autornatically
= ¢ 87,525 o bt
- 2'U -(I)l . n Uit o
. -87. 950 — 4 Transmission E-- autoratically
It is usual to show as length on B [
the pltCh circle Aj = A(I)Z dW/2 —ss,nnn—: Le.gg;idt 1 Faise
48,025 0|+ e BT
. . ~ 1 Color : [ | bllue
The main part of the TE is the ::Ejz_— Tvpe ofline _|continuous
result of backlash, then the P
bending deformation of the teeth. 88,125 — | T
-7.500 5000 g 00 0002 p 5000 7500 wt =100 %, & = 101.845 mm. fpt = O pm, i =
_ Path of conac B 2222 £
For each contact a tangential S THe eEW
stiffness is calculated c; = AF, /A | {Proser______|Value
Tooth contact stiffness [M/mm/um] 4 Angle of rotation  autornatically
S | o e
¢ rOtation Of the tOOth In Its base QE'DDD__ E E 4 Tnu?hniéontact st cL‘lser—defined
* bending deformations 2000 | | IU“‘ %E/:SSSS/
. - B nit nmmam
» shearing deformations 200 | E [ Biraee
e Hertz stress 22,000 | b Curve True
21,000 ! :
The total tangential stiffness is the R Ty Py
sum of these values for contact = 100%. 2= 101,645 . fpt =0 um. 1 =
stiffness over all contacts.




Calculation of torque KISSSDFT

I Calculation programs for machine design

el

g The torque iS CaICUIated aS Path of contact [2]
E T — r)( (Fn .n + H.Fn .t) Tarque curye v]H \_:J é_ i
0o

(§) . . . - an e thm]

= And the iteration Is performed until the o] |

© torque provided as input is reached. The 0100 M’ W

= torque of one gear should be constant in o | é

g_ the output, the torque of the mating gear iﬁ'iﬁﬂf

“ shows the losses. m;

§ The diagram shows T,/u so the losses Lk e o e 5 e

- can be easily identified. ]
E - - 3
o Since one torque is constant, the normal

8 force is not constant if friction is

considered.
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Calculation of bearing loads KISSSDFT

I Calculation programs for machine design

Path of contact (]

JH @ & =

[Bearing force curve

Bearing force [N]
1200, 000 \

100,000 W

With assumed symmetrical bearing in

the distance given for the calculation —

of face load coefficient the bearing ann o0

forces are calculated by normal loads, | === ?_—JH -
axial and frictional force. ——— =

%?Uaﬂrtilng furce! [%]

Without friction there will be no
variation in bearing forces for involute

gears.

Path of contact

[Direction of the bearing forces

Direction of the bearing forces [°]

m

Calculation of path of contact

Variations in bearing loads will w0 ;
generate vibrations and therefore e T
Nnolse. 00— |
The calculation was performed with a am—| 2im
constant torque. In reality inertia will s |
generate variations of torque and om] | | '
therefore normal loads because of the P SRS < 1

) ORI O A R By

transmission error.

&ngle of rotation [#]
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Calculation of kinematics KISSSDFT

e Calculation programs for machine design

Path of contact (5]
The specific sliding is calculated Kinematcs THS e
from the local sliding velocity and | g 0 : ]
the tangential speed in the contact L] i i I
point. T et Speen tan
Ca= VW, = 1-wy/w, oo T B S 5
Cp = VglWp = 1-w,/w, 08 | _ _ _

T ER -
3 e

Calculation of path of contact

050 i i i
Vs =
-0, 750 .
-12 500 || Specific sliding per gear Gear & ']H = E %
Diarneter [rmm] )i
48, 000+
I p i
45, 000+ =
% 44, 000+ foa
We'\‘a_‘y 1 =
Walh 43,000
Vﬁ;ﬁ i 42,000
‘% 41,000 H
3 o ]
i 40,000
71 = Ol 1
39, 000+
 wgtretbend i
WO T T T T T T
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Calculation of power loss KISSSOFT

I Calculation programs for machine design

The power loss on one flank is e e
Power loss 2D ']H o E %
calculated as Ploss = v -u-F, o n
058 power L B 0 E
15,000 — 5 ; A
The local heat development is the 12500
power loss per tangential speed: .
Heat = Ploss/w -
1.500—
Both values are given for the total face 500 —
width. e
pathofcontact . .

[Power loss 3D

I
10,000

|
5,000

|
-5.000 0,000
tngle of rotation [2]

L

Loss powsr [W]

Calculation of path of contact
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Calculation of heat development KISSSDFT

Calculation programs for machine design

45,000

44, 000+
43,000
42, 000+

41,000

The power loss on one flank  ||Hestéeommen e & &
- H Heat [J/mm] i
T Is calculated as TR 0 : ;
£  Ploss=vuF, = = e

5.000— : : : : Gear & - Curve |
8 The local heat development soo—{ | | L garnntued g
“ is the power loss per 40— e el
= tangential speed: S
- Heat = Ploss/w e |
(1] 1.000— W
o am—— L e oo N
S Both values are given  [Ehsemns TR T || eat development HS e
: for the total face Width. [Heat development per gear Gear & v]l,—‘ { :
Diarneter [mm]

O 45, 000+
=
®
-
L
©
(&

40,000

39,000+

BT T T

Tooth ILnGLE T2haveree Secon) L
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Calculation of flash temperature

KISSsoFT

Calculation programs for machine design

The flash temperature IS [Flash temperature (150 TR (5144) 2D H S 8 =

CaICUIated according tO ISO Contacttemperature"?“[f] . N

110,000 —

TR 15144 and AGMA 925. o

100,000 —

95,000 —

90,000 —

——— |50 15144 - Curve (Middle of fa
—  AGMA 925 - Curve (Middle of fa
-------- IS0 15144 - Curve |

................ IS0 15144 - Curve |l
———————— AGMA 325 - Curve |
---------------- AEMA 925 - Curve ||

Both values are given
for the face width.

R e mm e mimtm e m i m e m e mam i mem e mmem s [T

[Flash temperature (IS0 TR 15144) 3D

Calculation of path of contact
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thelil = 70,0 °C, theM = 73,3 °C, etaM =

26,45 mPa=s

Propertv
Display S
4 Coordinate system 2 OE >
4 Angle of rotation au}omggically 50 Th 15144) 3D ']H =2 E w “}‘ IJ
Irom :lf VW Propertv Value
L : Display
~ Unit . 4 Coordinate system
= 4 MWidth automgtlcally 4 &ngle of rotation  automatically
2 from -9,5238 from -12,3699
ek ta 9 5238 to 8.8143
e Unit mm 2
2 4 Contact temper---  automatically 4 Width automnatically
3 ™ from 3.3110 from -9,6238
£ to 107, 2647 tUU ) 3.5238
7w Unit °C nit i
K L d ] Fal 4 Contacttemper--  automatically
< egen alse from 73,3110
s ™ > Grid [7] False to 107,2647
Unit 8]
a, Legend [7] False
“ » Grid [[] False
LF)
= < | m | »
wt =100 %, a = 101,845 mm, fpt = 0y,
=0,107293 <« 1 IR

wt =100 %, a = 101,845 mm, fpt = 0 um, p

=0,107293

thelil = 70,0 °C, theM = 73,3 °C, etaM =

26,45 mPa=s




Calculation of path of contact
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The lubricating film is

calculated according to ISO
TR 15144 and AGMA 925.

Both values are given
for the face width.

Calculation of lubricating film

Path of contact

KISSsoFT

Calculation programs for machine design

[l

Lubricating film {ISO TR 15144) 2D

CEY:

[Lubricating film {ISO TR 15144) 3D

Fidm thickness [oyer]

Film thickness [uz‘n]

0,700 —

0.600—

0.500—

0.400—

Prooerty

from
to
Unit
4 Width
from
to
Unit
4 Film thickness
from
to
Unit
Legend
> Grid

Display
4 Coordinate system
4 Angle of rotation

autornatically
-12,3699
§,6143

0,7782
um

[7] False
[7] False

< n

IS0 15144 - Curyve (Middle of far
AGMA 925 - Curve (Middle of fa
IS0 15144 - Curve |

150 16144 - Curve Il

AGMA 925 - Curve |

AEMA 925 - Curve |l

BO TR 15144) 3D

Y

wt =100 %, a = 101,845 mm, fpt = 0 pm, W

=0,107293

thelil = 70,0 °C, theM = 73,3 °C, etaM =

28,45 mPaxs

hmin{IS0) = 0,200 pym, Ra = 3,000 um

N Coeey

Property
4 Coordinate system
4 Angle of rotation

from
to
Unit
4 Width
from
to
Unit
4 Film thickness autornatically
from 0.0000
to 0,7782
Unit um
Legend [7] False
» Grid [7] False

<« T G

wt =100 %, a = 101,845 mm, fpt = 0 pm,
=0,107293

thelil = 70,0 °C, theM = 73,3°C, etaM =
28,45 mPa=xs

hmin(IS0) = 0,200 ym, Ra = 3,000 um




Calculation of specific film thickness KISSSOFT

Calculation programs for machine design

Fee : . Pathofcontact N =
The SpeCIfIC fllm thICkneSS Specific film thickness (150 TR 15144) 20 ']H \é ;_ f_gil
Is calculated according to Shact i ticknges o ]
ISO TR 15144. ZT::E N EEVLE:M {Middle of facewidth)
: : 1 I R Core I

0.150—

0.125—

The values are given
for the face width.

0,100 —

0,07 —

Calculation of path of contact
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Calculation of micropitting safety KISSSOFT

e Calculation programs for machine design

Micropitting is the generation of numerous surface cracks which are small
relative to the size of the contact zone, typically of the order 10 - 20 um deep by
about 25 - 100 um.

“Roughness and Lubricant Chemistry
Effects in Micropitting”
A.V.Oliver et. al., 2007

Calculation of path of contact

Testd Test ¢ Testb Testa 100 um
The safety against micropitting is calculated according to ISO TR 15144,
A )
Sl = :3 = S/l,min
AGFP
AGEmin = MiN (Acey) is the minimum specific film thickness in the contact area;
AGEY is the local specific film thickness (see 5.3);
AcFp is the permissible specific film thickness (see 5.4);
S;.min is the minimum required safety factor (see 5.3).
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Calculation of micropitting safety KISSSDFT

e Calculation programs for machine design

5| Define lubricant
In order to calculate AGFP, you
- - Comrnent Qil: Mobilgear 600 XP 150
should define the failure load o s J
- - Density oil I3 08900 kg/dm=
Stage Of the I u brl Cant aCCO rd I ng to Morninal kinematics wiscosity at 40°C g 150,0000  mme/s
= - - Morminal kinematics viscosity at 100°C Yoo 14,7000 mme/s
FVA- FZG = m I C ro p Ittl n g test- Loweer limit service ternperature G -24.0000 °C
Upper limit service temperature e, 120,0000 =C
Lubricant base [Mineral oil base ']
- - - - - Test procedure scuffing [FZG Test A/, 3/90; 150 14635-1 (normal) ']
Note: ThIS IS flrst Implemented In Load stage scuffing test 12
- Test procedure micropiting [GGF;’E,S/BD with Fa=0,50 (FZG) ']
K I SSSOft I n the Worl d ! Load stage micropitting test 10
k-factor (pressure viscosity) k W
s-factor (pressure viscosity) s 01348

EEEES T Path of contact_ L

Specific film thickness (150 TR 15144) 2D He g™

-

(Safety against micropiting (SO TR 15149 30~ | <3 £ 22

Specific film thickn'g\ss B D E
0,200—
— 130 15144 (Middle of facewidth)

******** Curve |
Curve |l

0178 —

0.150—

0.125—

0.100—

0.0V —

0.080—

Calculation of path of contact

0.025—

0,000

T | T | |
-15000  -10.000  -5.000 0,000 5,000 10,000
Angle of ratation [°]
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Calculation of path of contact
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Calculation of stress curve

The stresses are calculated acc. to the
calculation method but the local
normal force and the local curvature of
the contact point is used.

The Hertzian stress is mostly slightly
higher than DIN/ISO result because no
contact ratio factor is considered.
(Factors Zg, Zp, Z_ are not considered)
The root stresses are mostly similar for
standard tooth forms.

Path of contact

KISSsoFT

I Calculation programs for machine design

Path of contact

]

[Stress curve 20

1000, 000—

400,000 —

00.000—

700,000—

00,000 —

500,000—

400,000 —

300,000—

200,000 —

100,000 —

0.000

Stress [N/mmel, B D

T

T T T T
-15,000  -10,000 AHSQPQD

T T
of rUlatlUD%DPﬂ

T |
5,000

1
10,000

TEY T

Gear & - Tooth root stress (Midd
Gear B - Tooth root stress (Midd
Flank pressure (Middle of facewi
Flank pressure |
Flank pressure ||

T =

Path of contact

[Stress curve 30

s 5 4 § §F & & %

He @YY

Prooerty Yalue
Digplay
4 Coordinate system
4 Angle of rotation  automatically
fram -12,3659
to 88143
Unit °
a ‘Width autornatically
fram -9 5238
to 95238
Unit mm
4 Stress autornatically
from 00000
to 916,567
Unit A2
Legend [7] False
» Grid [ False

wt =100 %, a = 101,645 mm, fpt =0 pm, W =
01

.__

[Stress curve 30

el

He e@Y Y )|

Property
Dizplay
4 Coordinate systemn
4 Angle of rotation
fram
o}
Unit
4 WWidth
from
jul
Unit
4 Stress
fram
o}
Unit
Legend
» Grid

Yalue

automatically
-12,3639
5.6143

autornatically
-5,5238

user-defined
00000
200,0000
M/rrns

[7] False
[7] False

wi=100%, a=101.845 mm, fpt=0pm, p =

01




Calculation of path of contact
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Calculation of stress curve per gear KISSSDFT

The stress curve per gear shows the
tooth root stress by FEM.

The values are given for the face
width.

noreonse 2

Stress curve per gear Gear A 3D '] H \é ’E -

I Calculation programs for machine design

Path of contact =
Stress curve per gear Gear & 2D Y]H \:\é rL ;ig‘?

Toothzrnuﬂ%ﬂsal%ss [MAmm@ <]

175,000
150,000
125,000
100,000
75,000
50,000
25,000
0,000

3

Tooth root stress (Middle of
-------- Tooth root stress | i
---------------- Tooth root stress |l

==}

0003, 000 40,000 410, 42,1108 43 po 44, 00’45, Do 46, oo

. Path of contact

[Stress curve per gear Gear B 3D v] H \\ﬁ E L

Tooth reol slsess [NemZ]




Known issues KISSSDFT

e Calculation programs for machine design

The gear pairs with wide face width and/or high helix angle (high overlap ratio) gives bad result.
This comes from the limited number of sections for the calculation.

It will be fixed in the next patch to set more number of sections for the calculation.

We will find a solution to give reasonable result without increasing computation time (in the
next patch?).

Possible remedy: Set the Accuracy of Calculation to High or Very high.

No. of Sections: 21 No. of Sections: 61

re tooa) [N/mm)

Module: 8

Face width: 150
Helix angle: 50.6525
Overlap ratio: 2.0

0od) {rm]

Calculation of path of contact

Module: 1.5

Face width: 50
Helix angle: 16.424
Overlap ratio: 3.0
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