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1 Initial Situation

Since the 2011 release it is now possible to include and take into account shaft deformation directly in
cylindrical gear analysis. If you do so, the deformation that occurs is determined on the basis of the shaft
dimensions and included directly in the cylindrical gear analysis. To illustrate this new functionality, KISSsoft
is providing a number of pre-defined example analyses for cylindrical gears and the shafts associated with
them. The relevant examples are highlighted in the figure below.

Examples

=)

> Connections
Crossed helical gears

4 Cylindrical gears
% CylGearPair 1 (spur gear)
#y CylGearPair 1a (topological modification)
‘Q CylGearPair 2 (Plastic-Deep Tooth Profile)
@y CylGearPair 3 (helical speed increaser)
% CylGearPair 4 (Inner gear - VDI2737 example)
s CylGearPair 5 (Plastic)

-

m

CylGearPair 6 (Helical DIN3330)
®y CylGearPair 6a (shafts for contact analysis) (Helical DIN3
CylGearParr 7 (helical AGMA2001)

®g CylGearPair 8 (Gearpump external)
% CylGearPair 9 (Grinding)

% CylGearPair 10 (helical API 613)
& SingleCylGear 1

°8 GearChain_3Gears 1

B rmcrbnin ACAaen 1

Examples

» Connections
> Crossed helical gears
> Cylindrical gears
> Face gears
> Shaft-Hub-Connections {only DIN 5481)
> Shaft-Hub-Connections {only DIN 5452)
> Shaft-Hub-Connections
4 Shafts
el Shafts 1
i Shafts 2 (Flex Pin)

efl8 Gear shaft for CylGearPair 1a

E kisssoft-tut-005-D-wellenberechnung
@ kisssoft-tut-005-E-shaftanalysis

@ kisssoft-tut-006-D-welleneditor

1 kieeen - 1r-ANE-F-chafterditar

»

m

Figure 1.

1.1 Work steps

pre-defined calculation files for cylindrical gear pair and shaft analysis

Work through the following steps with these examples:
Step 1: Analyze the current situation according to the relevant standard
Step 2: Analyze the current situation, taking into account the shaft deformation, with or without contact

analysis

Step 3: Determine the necessary modifications for the tooth trace on the pinion and the gear

Step 4: Include the modifications in the cylindrical gear calculation

Step 5: Analyze the optimized situation, taking into account the shaft deformation

03.08.2015

3/40



2 Solution

2.1 General notes

These work steps are designed to illustrate the basic procedure, to better identify and describe this new
functionality.
The face load factors take into account the effect of unequal load distribution across facewidth on flank
pressure Kug, on tooth root stress Krz and on scuffing stress Kez. The KISSsoft system has a number of
different ways in which you can input Kug:
e Input Kug directly, method A;
e Input deformation fsh and manufacture tolerance fma: The KISSsoft shaft analysis functions can
calculate the exact flank line variation due to deformation (torsion and bending) in the plane of
action, method B;
¢ An approximate analysis according to ISO6336 (or DIN 3990). To do this, input the bearing
distance I, the distance s of the pinion shaft, and the outside diameter of the pinion shaft,
method C.

2.1.1 Step 1: Analyze the current situation

Load the current cylindrical gear calculation file CylGearPair 6a.Z12 into the cylindrical gear pair module.
Compare the data inputs for the face load factor with the current dimensions taken from the shaft analysis of
the pinion. Change the settings and compare the determined face load factors for Kuz with the subsequent
analysis results from steps 2 through 5.
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Figure 2. Pinion shaft dimensions and support
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Figure 3. Gear shaft dimensions and support
To define the inputs for the face load factor, go to “Factors” tab. In the “Face load factor” section, first select

“Calculation according calculation method” in the drop down list. Then click in the plus button on the right of
the section to define more inputs for the load face factor.

Face load factor
@:alculation according calculation method ') Kus 1.6788 .
Tooth trace modification [None Z ] Type of pinion shaft 1’ "
Position of Contact pattern [favorable v ] Support effect
Figure 4. Defining the face load factor
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Information =
— = =
‘@ T—- . = s/l < 0,3
1/2 1/2
- ey [ U I U
12 1/2 |
= : = I s/l 0,3
T 1 T £l

( o Y
Define face load factor u

Pinion shaft
Bearing distance 86.0000
Distance 20.0000
External diameter 17.0000
—® Tooth trace deviation
due to deformation (without tooth trace modification) fee 0.8030 pm [T}
due to deformation (with tooth trace modification) i 0.4015 pm
due to manufacturing Faws 45000 pm [7]
[ ok J[ concel ]
\ J
Figure 5. Inputs that take into account pinion dimensions (for method C)

The application factor Ka must be set to 1 so that it can be compared with the results of the subsequent
analysis at a later point in time

|Basicda13 | Reference profile | Tolerances | Modifications | Rating | Factors | I_EToofnform | I_EConmctanalysis |

Strength

Calculation methad [DI.N 35990: 1987 Method B ~ ] Reference gear [Gear s '] ’ Details... ]
Calculation method scuffing ’according to calculation method - ] Power P 12,5000 kW ®
Tooth flank fracture calculation method ’No calculation v ] Torque T: 40,4631 Nm @

Driving gear [Gear 1 '] Speed nz 2950.0000 1fmin ()

Working flank gear 1 [right flank "] Required..ice life H 20000.0000 h
Sense of rotation gear 1 dOd(WiSBGpplimtion factor Ka m)

Figure 6. Application factor

The following message appears when you run this calculation.
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r Warning &J‘

Mesh gear 1-2:
The face load coefficient is very high.

The formulas for the calculation according ISO or DIN sometimes results
in values that are too high. We recommend that you use the
KISSsoft shaft module to calculate KHb more accurate.

o ]

" S

Figure 7. Warning message stating that the face load coefficient is too high

Note:

Any face load factor calculated according to method C which have a value greater than 1.5 must be
checked in more detail. Method C is often very conservative. In other words, the calculated factor is too high
and therefore the calculated safeties are too low. The factor should therefore be calculated in greater detail.
You can do this by verifying the value more precisely. To do this, use the KISSsoft Shaft calculation module

or the shaft analysis functions integrated in contact analysis in the KISSsoft cylindrical gear calculation

functionality.
| Basic data | Reference profile | Tolerances | Modifications | Rating | Factors | |_iTooﬂ'1form | |_iCochtanaIysis |

General factors

Dynamic factor Ky 10752 [0 Transverse load factor Ko 1.0241 =

Z¥ factors...

Alternating bending factor {mean stress influence coeffident)

[Predefined -] Y 1.0000 1.0000

Face load factor

[Cal:ulaticn according calculation method hd ] Kes 2.2027

Tooth trace modification [None - ] Type of pinion shaft IS0 6336 Picture 13a
Position of Contact pattern [favorable 7 ] Support effect no -
Results & X Geometry 2D 8 x
- = THSRE Y-
Contact ratio (Transverse/Overlap/Total) 1.5887/ 1.027/ 2.585 T
Gear1 Gear 2
Actual tip circle (mm) 45692 163.973
Root safety 2.761 2108 i
Flank safety 1.021 0817
Safety against scuffing (integral temperature) 4777 52
Safety against scuffing (flash temperature) 8.226
\gafety against micropiting (Method B) 0.518 _/ dal = 456874 mm, dfl = 38,8180 mm, Asl = -0.0540 mm
da2 = 163.9684 mm, df2 = 156.9589 mm, As2 = -0, 1050 mm
< [ ] 3
| Results | Messages I Information |
Figure 8. Calculation results according to the standard, method C, and taking into account the influence of pinion

geometry

The result shows the calculation of Kue with the appropriate settings according to the standard. This
calculation only includes the dimensions of the pinion shaft. However, the gear shaft will also deform when

placed under load, and this method cannot take this effect (which is usually significantly smaller) into
account.
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Contact analysis

[Stress distribution on tooth Gear A

& & &

0.0 963

wt = 100 %,

a = 101.845 mm,

fpt =0.000 pm,

p=0.11

Working flank: Right flank

Stress distribulion

on tgeth flank [N/mm2

792.% 1188.8  1985.1

/]

e 1

Contact analysis

Stress distribution on tooth Gear B

wt =100 %,
a=101.845mm,

fpt =0.000 pm,
p=0.11
Working flank: Right flank

""""" distributicn on tooth flonk [Ngsmm2

11888

ey

1985.1

&S &

Pinion Gear
Figure 9. stress distribution calculated with Ky =2.2
2.1.2 Step 2: Analyze the current situation, considering shaft

deformation

This calculation step determines the face load factor using the contact analysis in the KISSsoft cylindrical
gear calculation functionality. You can perform the calculation with a complete contact analysis. In this case,

the calculation will take significantly longer to run and the result for Kue is more accurate as it takes into

account the shafts deformation.

The necessary shaft calculation files have already been assigned correctly in the CylGearPair 6a (...).Z12

cylindrical gear calculation file supplied with the system.

|_i Contact analysis

-
Define axis alignment

-

4(15 glignment  [From shaft calculation

‘ Axis alignment. = ’ File shaft Gear 1 Pinion shaft for CylGearPair 6.V 10

Gears

File shaft Gear 2 Gear shaft for CylGearPair 6a.W 10

[Gears mounted by interference fit, with stiffness according ta ISO

Torsion

[From shaft calculation

Affects the contact analysis only

\Considering partial load

From shaft calculation

Ok

|[ Cancel

—

b

Figure 10. Determining Ky with contact analysis

Note:

a) If you want to consider tooth trace or profile corrections in the calculation, you must enable these

modifications in the "Modifications" tab before running the contact analysis. If tooth trace corrections

have been entered, you must enable them for this calculation step in the contact analysis. You do not

need to enable profile corrections if only Kug is to be calculated
b) If the warning message does not appear, this means either that you have not input any modifications

or that the modifications are already enabled.
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To activate modifications in the "Modification” tab, enable the status as shown in the next figure.

Ge;r Type of modification Value [um] Factor 1

Gear 1 Tip relief, arcdike 5.0000 0.8651

Gear 2 Tip relief, arcike 5.0000 0.5000

Factor 2

gdCa=163.4mm

C

=)

KISSsoFr

Release 03/2015D

Axis alignment

Axis alignment...

Figure 11. Enabling corrections in the "Modification" tab
g
KISSsoft (165) - Cylindrical gear pair - CylGearPair 6a (shafts for contact analysis} (Helical DIN3990).212
Fle Project View Calculation Report Graphics Extras  Help
A % S y L= oer &
Ud&EAsx 0 0 aEE 0EE
Modules & X | asicdats | Reference profie | Tolerances | Modifications | Rating | Factors | |3 Toothform | L Contactanalysss |
4 Toothing a
4 Cylindrical gears Contact data
% Single gear Single normal pitch deviation 00000
g Cylindrical gear pair
& Pinion with rack —|| Ccoefficent of friction u 0.1100

@ Planetary gear
®2 Three gears train
E& Four gears train
4l Bevel and Hypoid gears
el Face gears
B worms with enveloping worm wheels

Manufacturing allowances

Not taken into accourr ¥

Contact analysis

100.0000 %

Accuracy of calculation

Partial load for calculation w;

Maximum permitted wear per step Aw

Maximum no. of iterations

Centre distance tolerance  |Average center distance allowanc ¥

Center distance

a 101.8450 mm

[ Tterative wear calculation

um

g x

»

CEr—|

dal = 45,6874 mm, df1 = 38,8180 mm, As1 = -0.0540 mm
da2 = 163.9684 mm, df2 = 156,958% mm, As2 = -0, 1050 mm

CONSISTENT

B Crossed helical
4 Beveloid gear (Results [
Non dircular g min max a " B -
4 Shafts and Bearings Transmission error umy -11.0554 10,1483 0.9081 _10.611 03068
efla shaft calculati
Tangent Stiffness curve (Hpm) 329.0652 385.9492 57.8839 365.0559 14.0278
B Roling bearing
B Roling bearing]| Secant stifiness curve (Hrpm) 185.1817 2011335 15.9518 1927753 5.4054
4 Flain bearing Line load (himm) 0.0000 179.4857 179.4557 67.3255 47188
g Hydrodyn@l| forque ear 1 (Mm) 404592 40 4868 0.0076 404624 0.0016
Hydrodyng|
L VAo Torque Gear 2 Nm) 153.5049 154.1876 0.6027 153.8377 0.1837
| Modues | Prajects | | poweriss o) 145.9666 1877880 418214 167.3504 132022
Examples Contact temperature cc) 73.3086 110.7562 37 4476 823430 7.2560
> Crossed helical gears ||| Thickness of lubrication fim wm) 0.1408 1.0512 0.9104 0.3311 0.1853
“ CV“"::“E‘ QIE“ Hertzian pressure (Him?) 1434.1388 s81.2790
CylGearPar 1|
~ CylGearPair 1 Tooth root stress gear 1 (W/mm=) 337.0240 141.8068
By Cyigearpair 2f| Tooth root siress gear2 () 2636711 146.1141
By CylGearPair 3[|| L
By CylGearPair (||| Safety against micropiting (ISOMTR 15144 Method A) 0.3925 Geometry 2D
By CyiGearPar 5 sqfety against scuffing 1120
: C;:GEB'PE" 80 transverse contact ratio under load [eal 1.7888
CylGearPar &4)|
B CyiGearrair 7| mn 13578
By CylcearPair 8 | H 16173
By CyiGearParr 9 [ max 1.7684
B CylGearear 1)| Overiap ratio under load Bl 07426
By CylGearPar 1| Toal contact ratio under load [evl 25110
Wy CylGearParr 1 ——— . 95 8500
By CylcearParr 1
By CylGearParr 1
& SingleCylGear||| Face I0ad factor (50 6336-1 Appendix E)
% GearChain_3a [Kngd
Wanual | Search | gl Mete: The resuting safeties do not correspond with Method A secarding IS0 because Ky, K& and KV are not taken into account. m
o - ] )
e, —AAARReR RO
Figure 12. Results overview for a complete contact analysis without tooth trace modifications

In contrast to the calculation performed according to the equation in the standard, as shown in Step 1, the
effective occurring face load factor changes to 1.81 in analysis step 2. This can now be used directly in the
calculation. The safeties determined in the calculation then change accordingly.
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Contact analysis Contact analysis

[Stress distrbution on tooth Gear A THERS ¢ [Stress distribution on tooth Gear B 2= EE
Stress dislribution on tooth flank [N/mm2 Stress distribution on tooth flank [N/mm2
0.0 358.5 717 1 1075.6 1434 1 0.0 358.5 717 1 1075.6 1434 1
ey

wt = 100 %, wt =100 %,
a=101.845mm, a=101.845mm,
fpt =0.000 pm, fpt = 0,000 pm,
[w=0.11 [p=0.11
Working flank: Right flank ‘Working flank: Right flank
Pinion Gear
Figure 13. stress distribution calculated with Kz =1.81

2.1.3 Step 3: Determine the necessary modifications for the tooth trace on the
pinion and the gear

To do this, load the file ‘Pinion shaft for CylGearPair 6a.W10’ into the Shaft calculation module.
Then open the "Tooth trace modification" tab as shown in the figure below.

(Calculation | Report Graphics  Ext
[ 2 Run F5

| ¥ Elements-tree !
Elements-ist i
v Elements-editor

| C Tooth trace modification )
! Campbell diagram

J L; Settings

T

Figure 14. Calculating the tooth trace modification

Run the calculation after this. The next figure shows the results determined for the pinion. The calculation and
modeling have been performed in such a way as to represent the counter gear as an idealized gear with
infinite stiffness.
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X & Shaft » |5
Ui 9 KISSgorT
" Tooth trace madification  * Deformation e 03500
EHementstree 5 Roller bearing r Load distribution difica
o o wele 1 o . Tooth trace diagram
4
Outer contour Caleulation Calculation B
a Zylinder 30 export r
4 Radius right wele 1 - wielle 1
7 ey Settings —
Meshing Tooth trace medification - B
a Cylinder
s [}
ey || Meshing [Pinion from CylGearpairs | |[Deformation & B La g
4 I Cylinder Range in Y-direction (minjmax) Y 39.5000 s Ofermatan (] e
A Radius left
Inner contour Deformation in point (X,2) %z 20.9910 sais)
| 4 Forces ) e deto . . nsto]
I} Piron from Cyicearpars Direction of the deformation component 58,5749 o
[E coupling / Motor m Position of contact [ 0.0000 =
4 Bearing
g searngt Operating pitch diameter du 419819 m a5
B Bearing2 \Warking pressure angle at transverse section Que 214251 © -aste-]
4 Cross sections . sl B e |
y
e —— Contact stiffness e 200000 N .
I | Projects | Elements-tree e Tt 1§
T @ x|| Tooth helix angle modification [ 0.0000 i =y b -
‘ v
I Crossed helical gears & Tooth trace medification Naone
I Cylindrical gears
b Face gears
 Shaft-Hub-Connections (anly DIN 5481)
» Shaft-Hub-Connections (only DIN 5482)
» Shaft-Hub-Cannections
4 Shafts
ol Shafts 1 E — —
i Shafts 2 (Flex Pir) T il
o Shafts 3 Medium deformation - Calculation A Displacement (bending etc.) =) %. |_:L’ L% w |l
&gk S:a: 4(Campb:||:;it\agram - Jeff.. wmax wm wmaxdvm (=KHE) =
ez Shafts 5 (Motorshaft) 185,42 Nimm 9861 Himm 16778
el Shafts 6 (wind turbine main shaft)
afl8 Shafts 7 (truck transmission) -
ol Shafts 8 (gearbox output to elect... il [
afl8 Shafts 9 (DCT transmission input)
el Pinion shaft for CylGearPair 6a
ufl8 Gear shaft for CylGearPalr 6a o
Manual | Search | Examples | | resuis | Messages | Information | Elements-edior |
CONSISTENT

Figure 15.

Results overview without tooth trace modification for the pinion

To reach an ideal modification, enter the helix angle modification Chr step-by-step. You can then check the
result, i.e. the correct input for the size and the sign. The deformation graphic shows an optimum proposed
value (shown here in gray). If values have been defined for the helix angle modification Chg, the graphic also
shows the defined correction (shown here in green). The value for Kus should be reduced (ideally to 1). The
current value is then displayed in the results window.

KISSsoft (165) - Shaft calculation - Pinion shaft for CylGearPair 6a.W10

(= [
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s O inder Calulation A Calculation B
] Radiusright Shaft Welle 1 - Welle 1
= key Calaulation F=en Tooth trace modification o (=]
4 Cylinder
B key | Meshing [pinion from CylGearPairs | |[Deformation v]ﬁ gl L&
4 [ Cyfinder Range in Y-direction (min/max) Y 39.5000 & Defarmatan (] -
A Radus left 1
Inner contour Deformation in paint (x,2) %z 20.9910 oazs)
“ Forees Direction of the deformati t 5 58,5749 ° ooy
L pinion from CylGearPairé rection of the deformation compenen = s
E coupling /Motor | Position of contact. [ 0.0000 =
4 Bearing
8 Bearingt Operating pitch diameter du 419819 m
B Bearing2 Working pressure angle at transverse section e 214251 ©
4 Cross sections - =l ’Z‘;’
R — Contact stiffness e 20,0000 N
[TProjecks | oment e e e S
= 5% @nm helix angle modification Coo -mmn)n i grmion ¥ ] -
‘ v
b Crossed helical gears + | Tooth trace modification None
b Cylindrical gears
b Face gears
I Shaft-Hub-Connections (orly DIN 5481)
b Shaft-Hub-Connections (orly DIN 5482)
b Shaft-Hub-Connections
4 shafis
ol shafts 1 E — —
e Shafts 2 (Flex Pin) Results Shaft
o shafts 3 ) Medium deformation - Calculation A |Displacement (bending etc) =S RES L& o
68 Shafts 4 (Campbell diagram - Jeff wmax wm e —— -
- ::Exgm_":"‘j‘:m b 10141 Wimm 9861 Nimm 10284 g
el Shafts & (wind turbine main shaft) Input for the gear calculation (IS0 21771)
&8 Shafts 7 (truck transmission) o et o 4
58 Shafts & (gearbox output to elect.. el angle medification Efb=-1.% km
&8 Shafts § (DCT transmission input)
s Pinion shaft for CylGearPair 6a
68 Gear shaft for CylGearPair a o -
Manual | Search | Examples | | Resuts | Messages | Information | Elements-edior | k '
CONSISTENT
! )
Figure 16. Results overview with enhanced tooth trace modification for the pinion



Since 2012™ version, the sizing button is
to get the optimum result. In the next

also available for this calculation. It runs an internal algorithm
image, it not possible to see the gray modification anymore

as the green defined is now above it. Notice that the value is very close to the one reached before when trying

step by step but there is also a small crowning to get is exact. Also the Kugis reduced to 1.0002.

KISSsoft (165) - Shaft calculation - Pinion shaft for CylGearPair 6a.W10

=

=

> Crossed helical gears
> Cylindrical gears

b Face gears

" Shaft-Hub-Connections fon...
> Shaft-Hub-Connections (on
> Shaft-Hub-Connections

Tooth trace modification

Value of the modification
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Figure 17. Results overview with optimum tooth trace modification for the pinion

The same should be done for the Gear. Load the file ‘Pinion shaft for CylGearPair 6a.W10’ and follow the

same steps as decribed for the pinion.

(= [

KISSsoft (165) - Shaft calculation - Gear shaft for CylGearPair 6a.W10
Fle Project View Caloation Report Graphics Extras Help
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sl Pinion shaft for Cyl.. ; .
ol Gear shaft for Cyl . - -
Manudl | Search | Examples | | Resuts | Messages | Information | Elements-edtor | 1 '
CONSISTENT
! )
Figure 18. Results overview with optimum tooth trace modification for the gear
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2.1.4 Step 4: Including modifications in the cylindrical gear calculation

The Shaft Analysis report and the "Deformation” figure both state the tooth flank for which the modification is
to be performed. This is calculated from the direction of rotation and the direction of load. In this example, the
modification is performed for the right tooth flank for both the pinion and the gear.

Explanations:
f.corr : Proposal for modification : Right tooth flank

Input data: Tooth trace crowned
CHB='7'4 pm, ¢f=0.2 um, rCrown=293287.1 mm

Notice:

The angle modification fHb corresponds to a helix angle modification -0.0189 °

(Helix angle 14.0591 °)

Il Use madification by helix angle modification only, if the direction of the rotation stays the same!

Figure 19. Report note with optimum tooth trace correction for the pinion

Explanations:
f.corr : Proposal for modification : Right tooth flank

Input data: Tooth trace crowned
CHp=-3.6 um, ¢f=0.0 ym, rCrown=5581389.8 mm

Notice:

The angle modification fHb corresponds to a helix angle modification 0.0097 °

(Helix angle 14.0877 °)

II'Use modification by helix angle modification only, if the direction of the rotation stays the same!

Figure 20. Report note with optimum tooth trace modification for the gear

Now open the "Modifications" tab in the cylindrical gear calculation and enter the corrections. You should
reduce the helix angle on the pinion and increase the helix angle on the gear.

|Basicda13 | Reference profile I Tolerances | Modifications | Rating | Factors I |_)1;Tooﬂ'1 form I |_)1;Coniactanalysis |

Medifications
Gear 1 Gear 2
Start of modification at tip [Tlp drde - ] [TID drdle - ]
Start of modification at root [maximurn root form diameter e N ] [maximurn root form diameter dew A ]
Type of tip modification [none - ] [none - ]
Tip modification mm = mm =
Chamfer [ tooth end b, B 0.0000 mm 45.0000 = 0.0000 mm 45.0000 =
Gear‘ Flank Type of modification Value [um] Factor 1 Factor 2 Status Information
Tip relief, arc-ike 5.0000 0.8651 active dCa=44.408 mm
Gear 1 both  Crowning 0.2000 active rorown=275625 mm
Helix angle modification, - _ -
Gear 1 baoth tapered or conical -7.4000 active CHb=-7.4000 - Right Tooth Flank beta.ef...
Gear 2 both  Tip relief, arc-ike 5.0000 0.5000 active dCa=163.338 mm
Helix angle modification, . _ )
Gear 2 both tapered or conical -3.6000 active CHb=-3.6000 - Right Tooth Flank beta.ef ..
< 1 3
() =
Figure 21. Inputting a conical helix angle and crowning for the gear and pinion in the Cylindrical gear calculation
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The tip reliefs entered in Figure 21 are a good idea, but optional. They do not affect the result. The crowning
calculated before by the sizing button is too small to have a real influence, but the optimal value is reached
just if applying this modification. It was used also in the Cylindrial gear calculation, shown also in Figure 21
to show how the process works.

2.1.5 Step 5. Analyze the optimized situation taking into account the shaft
deformation

The calculation of Knp in the "Contact analysis” tab now returns a much lower value than previously, due to
the flank line modification that has just been applied. Both shaft deformations (pinion and gear) are now

included here.
i
KISSsoft (165) - Cylindrical gear pair - CylGearPair 6a (shafts for contact analysis) (Helical DIN3990).Z12 =

File Project View Calculation Report Graphics Extras  Help

LE&ES[ e IeRhEE HEE KISSsoFT

Release 03/2015D

Modules & X | Bascdata | Reference profile | Tolerances | Modifications | Rating | Factors | Ijt Tooth form ‘ I_i Contact analysis
4 Toothing - :
4 Cylindrical gears =3 Contact data Axis alignment
;i: Single gear Single normal pitch deviation 0.0000 pm [ e ]
Cylindrical g...
& Pinion with rack |E Coefficient of friction H 0.0973 Centre distance tolerance [Average center distance allowance * ]
@ Planstary gear Manufacturing allowances Mot taken into account ~ Center distance a 101.8450 mm

°2 Three gears tr...

8‘; Four gears train Contact analysis [ tterative wear calculation
mﬂ Bewvel and Hypoid ...

) Face gears Accuracy of calaulation Mandimum permitted wear per step Aw pm

B worms with envel Partial load for calculation w: 100.0000 % m Maximum no. of iterations
Results @
min max A I -
Transmission error (pmp -5.1094 -5.0009 0.1085 -6.0577
Tangent Stiffness curve (Nipm) 3882074 3787227 10.5154 3743484 I
Secant stiffness curve (N/um) 335.1637 341.0886 5.9249 337.9938
Line load (N/mm} 0.0000 96.6901 96690 65.8095
Torgue Gear 1 (Nm) 40.4584 40.4870 0.0077 40.4838
Torgue Gear 2 (Nm) 154.0389 154.1414 0.1018 154.1006
Power loss. W) 138.6316 1477028 §.0712 143.7230
Contact temperature (*C) 73.0861 95.1311 22.04%1 82.0280
Thickness of lubrication fim (pmp 0.1709 1.2579 1.0870 0.3279
Hertzian pressure (Nfmim™) 1045.4922 5189214
Tooth root stress gear 1 (N/mm=) 206.9704 144.8776
Tooth root stress gear 2 (N/mm=) 167.4844 142.4823
Safety against micropitting (ISO/TR 15144 Method A) 0.4763 [
Safety against scuffing 18.0208
Transverse contact ratio under load [2a] 1.6632
min 1.6526 || Geometry 2D 8 x
u 16533
I, s -] Sl @ B B E -
Overlap ratio under load [B] 0.9847 o
Total contact ratie under load [=v] 258478
Efficiency [nl 98.8500
Face load factor (130 6338-1 Appendix E}
( Kyg 1.0023 ) R
Note: The resufting safeties do not correspond with Methed Aaccording ECause Ky, an are not taken into account. -
< m ] + CONSISTENT
= J
Figure 22. Results overview with optimum tooth trace modification
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Contact analysis

[Stress distribution on tooth Gear A

Slregs distribution on Looth tlank [Mamg

i "

0.0 261 6 923.2 7849
e s

1046.5

Contact analysis

[stress distribution on tooth Gear B

Slress distribution on
= i
g 261 6 523.2

tootn tlank [Mirme
784 9

1046.5

wt = 100 %, 2 wt = 100 %,
a = 101.845mm, E a = 101.845mm,
fpt = 0.000 pm, 3 fpt =0.000 pm,
p =0.097 p =0.097
Working flank: Right flank X Working flank: Right flank
Pinion Gear
Figure 23. stress distribution calculated with Kz =1.0023
Note:

Since 2014 version, the sizing function is also available for the gear pair calculation

™
KISSsoft (165) - Cylindrical gear pair - CylGearPair 6a (shafts for contact analysis) (Helical DIN3990).Z12 [E=gEE
File Project View Calculation Report Graphics  Extras  Help
¥ | & Y e
DE&&ES>™M 9 2 Bl T KISSsorFT
Release 03/2015D
Modules B X | Basicdata | Referenceprofie | Tolerances | Modificatons | Rating | Factors | [ Toothform | [ Contact analysis |
4 Toothing ~
4 Cylindrical gears Medifications
& single gear Gear 1 Gear 2
% Cylindrical g... Start of modification at tip ['ﬂp rcle A ] [TID rcle A ]
ﬁ Pinion with rack
@ Planetary gear Start of modification at root [makimum roat form diameter de. - ] E] [makimum root form diameter dew hd ] E]
:§ Three gears t‘_ . Type of tip modification InunE b ] [I’]UI’]E b ]
[ g s | e T S
P °
|| [ Tpandrootrelief | Tooth trace modification | 0.0000  mm 45.0000
i N . .
Exact sizing in acc. with IS0 6336-1 Appendix E {(without manufacturing allowance) Status Information Cor
f Crowning in acc. with ISO 6336-1 Appendix B ctive dCa=44.408 mm
4 Shafi End reliefin acc. with ISO 6336-1 Appendix B
a| L= ctive dCa=163.388 mm
f \(_:oﬂsider manufacturing allowances Wma 50,0000 @
Module: Modification of Gear 1 Gear 2
Enampla] Crowning value Cs 4.6516 4.1516 pm
l> Autol
> Beari Radius of crowning [ —— 10749.0270 12043.5964 mm
[» Belts|
b Beve Helix angle modification value Cus -5,2183 -5,2183 um | -
[» Beve)|
I> Conr 3
b Crosil Information | £ |
4 Cylin|/|
1) i The calculation used to identify gaping specified in ISO 6336-1 Appendix E is iterative,
1 which means the sized modification does not fully compensate for gaping.
N In some drcumstances, manual changes to the tooth trace modifications may be
LU necessary to compensate for this.
1| The values used to modify cylindrical gear trains are determined arithmetically.
Ll
9 [ o |
Ll
bl
bl
N Accept | Caloate )| Report | [ cancel
| Manu;
CONSISTENT
. J
Figure 24. Sizing the tooth trace modification.
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2.2 Summary

The table below contains an overview of the results.

Face load factors on .
Step the Pinion Gear Total Note

determined in accordance with

1 K 2.203 1.332

He ( ) the standard

2 Khg 1.81 taking into account the shafts

3 Kus 1678 135 without correcno_n, calculated in
the shaft analysis

4 Ko 1.029 1.019 with correctlf)n, calculated in the
shaft analysis
With optimum correction,

4b Khg 1.0002 | 1.0001 calculated in the shaft analysis
by sizing button
with corrections, calculated in the

5 Khg 1.0023 | cylindrical gear calculation, and
taking into account both shafts
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3 Results

3.1 Report of the contact analysis of the initial variant with main
load stage

KISSsoft Release 03/2015 D

KISSsoft-Entwicklungs-Version KISSsoft AG CH-8608 BUBIKON
File
Filename: C:/KISSsoft 03-2015/example/CylGearPair 6a (shafts for contact analysis) (Helical DIN3990).212
Description: KISSsoft example
Changed by: mhoffmann am: 31.07.2015 um: 13:44:25

Contact Analysis

Meshing gear 1 - gear 2

Accuracy of calculation
Partial load for calculation [wi]

Medium
100.0000 (%)

Note: In order to obtain contact analysis results for scuffing, micropitting and tooth flank fracture according to method A of ISO

the calculation would have to be performed with
(WKgam*KA*KV = 107.52 %)

wt = 100*Kgam*KA*KV..

Working flank Right tooth flank

Center distance [a] 101.8450 (mm)
Single pitch deviation [fptl 0.0000 (um)
Coefficient. of friction [u] 0.1073
Deviation error of axis [f=pl 0.0000 (um)
Inclination error of axis [fzal 0.0000 (um)
Torque [T1] 40.4631 (Nm)
Torsion from shaft calculation
min max A 1] o

Transmission error (um) -11.0588 -10.1505 0.9083 -10.6135 0.3069
Tangent Stiffness curve (N/um)  328.9452 386.7723 57.8271 364.9457 14.0022
Secant stiffness curve (N/pm) 185.1894 201.1583 15.9689 192.7912 5.4121
Line load (N/mm) 0.0000  179.4948  179.4948 67.3408 43.7285
Torque Gear 1 (Nm) 40.4592 40.4667 0.0076 40.4624 0.0016
Torque Gear 2 (Nm) 153.6476  154.2387 0.5910 153.8845 0.1903
Power loss (W) 142.4653  183.2340 40.7687 163.3199 12.8687
Contact temperature (°C) 73.3086 110.7638 37.4552 82.3447 7.2575
Thickness of lubrication film (um) 0.1408 0.9510 0.8102 0.3268 0.1471
Hertzian pressure (N/mm2) 1434.2894 581.3539
Tooth root stress gear 1 (N/mm2) 337.0271 141.9271
Tooth root stress gear 2 (N/mm2) 263.4695 146.1006
Safety against micropitting (ISO/TR 15144 Method A) 0.3924
Safety against scuffing 11.1099
Transverse contact ratio under load [ea] 1.7684

min 1.3579

u 1.6177

max 1.7684
Overlap ratio under load [eB] 0.7426
Total contact ratio under load [ey] 2.5110
Efficiency n] 98.6900

Face load factor (ISO 6336-1 Appendix E)
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Note: The resulting safeties do not correspond with Method A according ISO because Ky, KA and KV are not taken into

account.

[KHpl

Amplitude spectrum of the transmission error

ﬁﬂﬁ Calculation - Gear 1 - Gear 2

© 0 N O O b~ WN B

=
o

Harmonics

Amplitude
0.427
0.057
0.013
0.006
0.005
0.003
0.001
0.001
0.001

0.001

Right flank
Shatft file A: C:/KISSsoft 03-2015/example/Pinion shaft for CylGearPair 6a.W10, selected gear: Pinion from CylGearPair6 (gears
as masses and stiffness)
Shaft file B: C:/KISSsoft 03-2015/example/Gear shaft for CylGearPair 6a.W10, selected gear: Gear from CylGearPair6 (gears

as masses and stiffness)
(Partial load for calculation w¢ = 100 %)

fma =0.000 pm, fyg = 0.000 pm

(um)

Result after i = 11 iterations of load distribution
Gear 1
Point in polar co-ordinates:

R =20.991 mm, ¢ =0.000 °
Displacement calculated in direction 111.425 °

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

© 00 N O O~ WDN B

y
40.196 mm

40.588 mm
40.980 mm
41.373 mm
41.765 mm
42.157 mm
42.549 mm
42.941 mm
43.333 mm
43.725 mm
44.118 mm
44.510 mm
44.902 mm
45.294 mm
45.686 mm
46.078 mm
46.471 mm
46.863 mm
47.255 mm
47.647 mm
48.039 mm
48.431 mm
48.824 mm
49.216 mm

@l.t

0.0000°
-0.0000°
-0.0001°
-0.0001°
-0.0001°
-0.0002°
-0.0002°
-0.0003°
-0.0003°
-0.0003°
-0.0003°
-0.0004°
-0.0004°
-0.0004°
-0.0004°
-0.0005°
-0.0005°
-0.0005°
-0.0005°
-0.0006°
-0.0006°
-0.0006°
-0.0006°
-0.0006°

fl.t
-0.0045 pm
0.0094 pm
0.0232 pm
0.0364 pm
0.0494 pm
0.0619 pm
0.0737 pm
0.0853 pm
0.0961 pm
0.1067 pm
0.1168 pm
0.1264 pm
0.1357 pm
0.1444 pm
0.1528 pm
0.1609 pm
0.1684 pm
0.1757 pm
0.1826 pm
0.1890 pm
0.1953 pm
0.2010 pm
0.2066 pm
0.2117 pm

fl.b
-0.0390 pm
0.0820 pm
0.2030 pm
0.3234 pym
0.4436 pm
0.5634 pum
0.6828 um
0.8020 pm
0.9206 pm
1.0389 pm
1.1570 pm
1.2745 pm
1.3919 pm
1.5088 pm
1.6254 pm
1.7417 pm
1.8576 pm
1.9732 pm
2.0885 um
2.2034 pm
2.3182 pym
2.4324 pym
2.5465 pm
2.6602 pm

1.8143

f1.tot
-0.0435 pm
0.0914 pm
0.2262 pm
0.3599 um
0.4930 pm
0.6253 pm
0.7565 pm
0.8872 um
1.0167 pm
1.1456 pm
1.2738 pm
1.4009 pm
1.5276 pm
1.6532 pm
1.7782 pm
1.9026 pm
2.0260 pm
2.1490 pym
2.2710 pm
2.3925 pym
2.5135 pm
2.6334 um
2.7530 pm
2.8719 pym

f1.C
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm

fl.tot+f1.C
-0.0435 um
0.0914 pm
0.2262 pm
0.3599 pym
0.4930 pm
0.6253 pm
0.7565 pm
0.8872 pym
1.0167 pm
1.1456 pm
1.2738 pm
1.4009 pm
1.5276 pm
1.6532 ym
1.7782 pm
1.9026 pm
2.0260 pm
2.1490 pm
2.2710 pm
2.3925 pym
2.5135 pym
2.6334 ym
2.7530 pym
2.8719 pym

03.08.2015

18/ 40



25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

Gear 2

49.608 mm
50.000 mm
50.392 mm
50.784 mm
51.176 mm
51.569 mm
51.961 mm
52.353 mm
52.745 mm
53.137 mm
53.529 mm
53.922 mm
54.314 mm
54.706 mm
55.098 mm
55.490 mm
55.882 mm
56.275 mm
56.667 mm
57.059 mm
57.451 mm
57.843 mm
58.235 mm
58.627 mm
59.020 mm
59.412 mm
59.804 mm

-0.0006°
-0.0006°
-0.0007°
-0.0007°
-0.0007°
-0.0007°
-0.0007°
-0.0007°
-0.0007°
-0.0007°
-0.0007°
-0.0007°
-0.0007°
-0.0007°
-0.0008°
-0.0008°
-0.0008°
-0.0008°
-0.0008°
-0.0008°
-0.0008°
-0.0008°
-0.0008°
-0.0008°
-0.0008°
-0.0008°
-0.0008°

Point in polar co-ordinates:
R =80.854 mm , ¢ = 180.000 °
Displacement calculated in direction 111.425 °

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

© 00 N O O~ WDN B

y
24.196 mm

24.588 mm
24.980 mm
25.373 mm
25.765 mm
26.157 mm
26.549 mm
26.941 mm
27.333 mm
27.725 mm
28.118 mm
28.510 mm
28.902 mm
29.294 mm
29.686 mm
30.078 mm
30.471 mm
30.863 mm
31.255 mm
31.647 mm
32.039 mm
32.431 mm
32.824 mm
33.216 mm

@2.t
-0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°

0.2165 pum
0.2212 pm
0.2253 um
0.2293 pm
0.2331 pm
0.2365 pm
0.2397 pm
0.2426 pm
0.2453 pm
0.2478 pm
0.2500 pm
0.2520 pm
0.2538 pm
0.2555 pm
0.2570 pm
0.2582 pm
0.2593 pm
0.2603 pm
0.2611 pm
0.2618 pm
0.2623 pm
0.2627 pm
0.2630 pm
0.2631 pm
0.2633 pm
0.2633 pm
0.2633 pm

f2.t
-0.0000 pm
0.0000 pm
0.0000 pm
0.0001 pm
0.0002 pm
0.0003 pm
0.0005 pm
0.0007 pm
0.0009 pm
0.0011 pm
0.0014 pm
0.0017 pm
0.0020 pm
0.0024 pm
0.0027 pm
0.0031 pm
0.0035 pm
0.0040 pm
0.0044 pm
0.0049 pm
0.0054 pm
0.0060 pm
0.0065 pm
0.0071 pm

2.7736 pm
2.8868 pm
2.9996 pm
3.1122 pym
3.2244 pym
3.3364 um
3.4482 pm
3.5596 pym
3.6708 pm
3.7818 pm
3.8924 uym
4.0029 um
4.1131 pm
4.2231 pym
4.3328 um
4.4423 pym
4.5516 pum
4.6607 um
4.7695 um
4.8782 um
4.9866 um
5.0949 pym
5.2030 pm
5.3108 pm
5.4186 pm
5.5260 pm
5.6335 um

f2.b

0.0226 pm
-0.0475 pm
-0.1176 pm
-0.1877 um
-0.2578 um
-0.3279 pm
-0.3979 um
-0.4679 pm
-0.5379 um
-0.6079 pm
-0.6779 um
-0.7478 um
-0.8178 um
-0.8877 um
-0.9576 um
-1.0275 pm
-1.0974 pm
-1.1672 pm
-1.2371 pm
-1.3069 pm
-1.3767 ym
-1.4465 pm
-1.5163 pm
-1.5861 um

2.9901 pm
3.1080 pm
3.2249 pm
3.3415 pym
3.4575 pym
3.5729 um
3.6879 um
3.8022 um
3.9161 pym
4.0295 pm
4.1424 pm
4.2550 pym
4.3669 um
4.4785 um
4.5898 um
4.7005 pm
4.8110 pm
4.9209 pym
5.0306 pm
5.1400 pm
5.2489 pm
5.3576 pum
5.4659 um
5.5740 pm
5.6818 um
5.7893 um
5.8968 um

f2.tot

0.0226 pm
-0.0475 pm
-0.1176 ym
-0.1876 um
-0.2576 um
-0.3275 um
-0.3974 ym
-0.4672 ym
-0.5370 um
-0.6068 um
-0.6765 um
-0.7461 ym
-0.8158 um
-0.8853 um
-0.9549 pm
-1.0244 pm
-1.0938 um
-1.1633 um
-1.2326 um
-1.3020 pm
-1.3713 ym
-1.4406 pm
-1.5098 pm
-1.5790 pm

0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm
0.0000 pm

f2.C

0.0000 pm
-0.0000 pm
-0.0000 pm
-0.0000 pm
-0.0000 pm
-0.0000 pm
-0.0000 pm
-0.0000 pm
-0.0000 pm
-0.0000 pm
-0.0000 pm
-0.0000 pm
-0.0000 pm
-0.0000 pm
-0.0000 pm
-0.0000 pm
-0.0000 pm
-0.0000 pm
-0.0000 pm
-0.0000 pm
-0.0000 pm
-0.0000 pm
-0.0000 pm
-0.0000 pm

2.9901 pm
3.1080 pm
3.2249 pym
3.3415 pm
3.4575 pm
3.5729 pym
3.6879 pym
3.8022 pm
3.9161 pm
4.0295 pm
4.1424 pm
4.2550 ym
4.3669 um
4.4785 um
4.5898 um
4.7005 pm
4.8110 pm
4.9209 pm
5.0306 pm
5.1400 pm
5.2489 pm
5.3576 pm
5.4659 pm
5.5740 pm
5.6818 pm
5.7893 pym
5.8968 pm

f2.tot+f2.C
0.0226 pm
-0.0475 pm
-0.1176 ym
-0.1876 um
-0.2576 um
-0.3275 um
-0.3974 pm
-0.4672 ym
-0.5370 um
-0.6068 um
-0.6765 um
-0.7461 ym
-0.8158 um
-0.8853 um
-0.9549 ym
-1.0244 pm
-1.0938 um
-1.1633 pm
-1.2326 um
-1.3020 pm
-1.3713 ym
-1.4406 pm
-1.5098 pm
-1.5790 pm
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25 33.608 mm 0.0000° 0.0077 um  -1.6558 pm -1.6482 um -0.0000 um -1.6482 um

26 34.000 mm 0.0000° 0.0083 um  -1.7256 pm -1.7173 ym -0.0000 pm -1.7173 ym
27 34.392 mm 0.0000° 0.0089 um  -1.7953 pm -1.7865 um -0.0000 pm -1.7865 um
28 34.784 mm 0.0000° 0.0095 um  -1.8651 pm -1.8555 um -0.0000 pm -1.8555 um
29 35.176 mm 0.0000° 0.0102 um  -1.9348 pm -1.9246 pm -0.0000 pm -1.9246 pm
30 35.569 mm 0.0000° 0.0108 um  -2.0045 pm -1.9936 um -0.0000 pm -1.9936 um
31 35.961 mm 0.0000° 0.0115um  -2.0742 pm -2.0626 um -0.0000 pm -2.0626 um
32 36.353 mm 0.0000° 0.0122 um  -2.1438 pm -2.1316 pm -0.0000 pm -2.1316 pm
33 36.745 mm 0.0000° 0.0129 um  -2.2135 pm -2.2006 pm -0.0000 pm -2.2006 pm
34 37.137 mm 0.0000° 0.0137 um  -2.2832 pm -2.2695 pm -0.0000 pm -2.2695 pm
35 37.529 mm 0.0000° 0.0144 um  -2.3528 pm -2.3384 um -0.0000 pm -2.3384 um
36 37.922 mm 0.0000° 0.0152 um  -2.4224 pm -2.4073 pym -0.0000 pm -2.4073 pym
37 38.314 mm 0.0000° 0.0159 um  -2.4921 pm -2.4761 um -0.0000 pm -2.4761 um
38 38.706 mm 0.0000° 0.0167 um  -2.5617 pm -2.5449 pym -0.0000 pm -2.5449 pym
39 39.098 mm 0.0000° 0.0175um  -2.6313 pm -2.6138 um -0.0000 pm -2.6138 um
40 39.490 mm 0.0000° 0.0183 um  -2.7009 pm -2.6825 um -0.0000 pm -2.6825 um
41 39.882 mm 0.0000° 0.0191 um  -2.7705 pm -2.7513 pym -0.0000 pm -2.7513 pym
42 40.275 mm 0.0000° 0.0200 um  -2.8400 pm -2.8201 pm -0.0000 pm -2.8201 pm
43 40.667 mm 0.0000° 0.0208 um  -2.9096 pm -2.8888 um -0.0000 pm -2.8888 um
44 41.059 mm 0.0000° 0.0216 pm  -2.9792 pym -2.9575 um -0.0000 pm -2.9575 um
45 41.451 mm 0.0000° 0.0225 um  -3.0487 pum -3.0262 um -0.0000 pm -3.0262 um
46 41.843 mm 0.0000° 0.0234 ym  -3.1183 pym -3.0949 um -0.0000 pm -3.0949 um
47 42.235 mm 0.0000° 0.0242 pm  -3.1878 pym -3.1636 um -0.0000 pm -3.1636 um
48 42.627 mm 0.0000° 0.0251 pm  -3.2574 pym -3.2323 um -0.0000 pm -3.2323 um
49 43.020 mm 0.0000° 0.0260 um  -3.3269 pm -3.3009 um -0.0000 pm -3.3009 um
50 43.412 mm 0.0000° 0.0269 um  -3.3964 pm -3.3696 um -0.0000 pm -3.3696 um
51 43.804 mm 0.0000° 0.0278 um  -3.4659 pm -3.4382 um -0.0000 pm -3.4382 um

Explanations:

y : Width

.t : Static torsion

f.t : Displacement due to torsion

f.b : Displacement due to bending

f.tot : Total displacement (f.b+f.t)

f.C : Change due to flank line modification

Load distribution
Contact stiffness = 18.895 N/mm/pum
Young's modulus = 206000.0/206000.0 N/mm2
y 5 g w

1. 40.1961 mm 0.0000 pm 10.7505 pm 203.1328 N/mm
2. 40.5882 mm 0.2050 pm 10.5455 pm 199.2601 N/mm
3. 40.9804 mm 0.4099 pm 10.3406 pm 195.3882 N/mm
4. 41.3725 mm 0.6136 pm 10.1369 pm 191.5390 N/mm
5. 41.7647 mm 0.8167 pm 9.9338 pm 187.7008 N/mm
6. 42.1569 mm 1.0189 um 9.7315 pm 183.8802 N/mm
7. 42.5490 mm 1.2200 pm 9.5305 pm 180.0804 N/mm
8. 42.9412 mm 1.4206 pm 9.3299 pym 176.2906 N/mm
9. 43.3333 mm 1.6199 pm 9.1306 pm 172.5253 N/mm
10. 43.7255 mm 1.8185 pm 8.9320 pm 168.7718 N/mm
11. 44.1176 mm 2.0164 pm 8.7341 pm 165.0328 N/mm
12. 44.5098 mm 2.2132 pym 8.5373 pym 161.3141 N/mm
13. 44.9020 mm 2.4095 pm 8.3410 pm 157.6045 N/mm
14. 45.2941 mm 2.6047 pm 8.1458 pm 153.9170 N/mm
15. 45.6863 mm 2.7992 pym 7.9513 pm 150.2414 N/mm
16. 46.0784 mm 2.9931 pym 7.7573 pm 146.5770 N/mm
17. 46.4706 mm 3.1860 pm 7.5645 pm 142.9333 N/mm
18. 46.8627 mm 3.3784 ym 7.3721 pm 139.2979 N/mm
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19. 47.2549 mm 3.5698 um 7.1807 pm 135.6805 N/mm
20. 47.6471 mm 3.7606 pm 6.9899 um 132.0758 N/mm
21. 48.0392 mm 3.9509 pm 6.7996 um 128.4802 N/mm
22. 48.4314 mm 4.1401 pm 6.6104 um 124.9044 N/mm
23. 48.8235 mm 4.3290 pm 6.4215 pm 121.3359 N/mm
24. 49.2157 mm 4.5171 pm 6.2334 um 117.7819 N/mm
25. 49.6078 mm 4.7044 pm 6.0460 um 114.2412 N/mm
26. 50.0000 mm 4.8914 ym 5.8590 um 110.7078 N/mm
27. 50.3922 mm 5.0775 pm 5.6730 um 107.1924 N/mm
28. 50.7843 mm 5.2632 um 5.4873 um 103.6838 N/mm
29. 51.1765 mm 5.4482 pm 5.3023 um 100.1875 N/mm
30. 51.5686 mm 5.6326 um 5.1179 pm 96.7036 N/mm
31. 51.9608 mm 5.8166 um 4.9338 pm 93.2258 N/mm
32. 52.3529 mm 5.9999 um 4.7506 pm 89.7636 N/mm
33. 52.7451 mm 6.1828 um 4.5677 pm 86.3081 N/mm
34. 53.1373 mm 6.3651 um 4.3853 pm 82.8618 N/mm
35. 53.5294 mm 6.5469 um 4.2036 pm 79.4276 N/mm
36. 53.9216 mm 6.7284 um 4.0221 pm 75.9988 N/mm
37. 54.3137 mm 6.9091 pm 3.8413 um 72.5828 N/mm
38. 54.7059 mm 7.0896 pm 3.6609 pm 69.1732 N/mm
39. 55.0980 mm 7.2697 pm 3.4808 pm 65.7703 N/mm
40. 55.4902 mm 7.4492 pm 3.3013 pm 62.3791 N/mm
41. 55.8824 mm 7.6284 pm 3.1221 pm 58.9924 N/mm
42. 56.2745 mm 7.8071 pm 2.9433 pm 55.6153 N/mm
43. 56.6667 mm 7.9855 pm 2.7650 pm 52.2446 N/mm
44, 57.0588 mm 8.1636 pm 2.5868 pm 48.8791 N/mm
45. 57.4510 mm 8.3412 pm 2.4092 pm 45.5233 N/mm
46. 57.8431 mm 8.5186 pm 2.2318 pm 42.1712 N/mm
47. 58.2353 mm 8.6956 pm 2.0548 pm 38.8265 N/mm
48. 58.6275 mm 8.8723 pym 1.8781 pm 35.4876 N/mm
49. 59.0196 mm 9.0489 pm 1.7016 pm 32.1523 N/mm
50. 59.4118 mm 9.2250 pm 1.5255 pm 28.8242 N/mm
51. 59.8039 mm 9.4011 pm 1.3493 pym 25.4963 N/mm

Explanations:

o :Gap

g : Flank overlap
w : Line load

Force application point, Y direction: y = 46.444 mm (F=2239.3N)

To take into account the load distribution in the shaft calculation: Force center point offset: Ay = -3.556 mm

Wmax = 203.133 N/mm, wy,, = 111.964 N/mm

Wm =Ky * Ka * KY * (F¢/b) I cos(awt)

Ky = 1.0752, Ka = 1.000, Ky = 1.000

KHB = Wmax/Wm = 1.8143 (Calculation according to I1SO 6336-1, Appendix E)
Side I, II: W /Wm=18143  wil/Wm=0.2277

Notice: The influence of the exceeding facewidth is not taken into account in the calculation of Kiyg.

Calculation of the 'equivalent' linear misalignment of the shafts

a) Calculation of the 'equivalent' linear misalignment, so that KHB remains the same
Linear misalignment in the plane of action, Gear 1: [FBX1] 6.18 pm (KHB1 =1.5211)
Linear misalignment in the plane of action, Gear 2: [FBX2] 3.47 pm (KHBZ =1.2931)
Axis alignment: Deviation error of axis/Inclination error of axis fZ3/f£5: 8.98 pm/3.52 pm

The deformation due to tosrion is included in the specification of fZB/f£3.

(Fpx = 9.65 ym)
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b) Linear misalignment due to connection of the gap from side | to Il
Linear misalignment in the plane of action, Gear 1: [FBX1] 5.94 ym

Linear misalignment in the plane of action, Gear 2: [FBXZ] 3.46 ym
Axis alignment: Deviation error of axis/Inclination error of axis fZp/f£5: 8.75 ym/3.43 pm (FBX =9.40 pm)

The deformation due to tosrion is included in the specification of fZB/fZ3.

dal = 45.6874 mm, dfl = 38.8180 mm, Asl = -0.0540 mmda2 = 163.9684 mm, df2 = 156.9589 mm, As2 = -0.1050 mm
Figure: Path of contact

Transmission error [um]
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Figure: Transmission error
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Amplitude [pm]
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Figure: Amplitude spectrum of transmission error
System stiffness [N/pm]
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Figure: Stiffness curve
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Amplitude [pm]
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Stress [N/mm?2]
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Figure: Stress curve
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Figure: Kinematics
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Power loss [W/mm]

Angle of rotation (Gear A) [°]

0.107Displaying power losses per mm facewidthWorking flank: Right flank
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100 %, a
Figure: Specific Power Loss
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Film thickness [um]
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Figure: Lubricating film (ISO TR 15144)
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End of Report lines: 312
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3.2 Report of contact analysis of the end variant with main load
stage

KISSsoft Release 03/2015 D

KISSsoft-Entwicklungs-Version KISSsoft AG CH-8608 BUBIKON
File
Filename: C:/KISSsoft 03-2015/example/CylGearPair 6a (shafts for contact analysis) (Helical DIN3990).212
Description: KISSsoft example
Changed by: mhoffmann am: 31.07.2015 um: 13:55:53

Contact Analysis

Meshing gear 1 - gear 2

Accuracy of calculation
Partial load for calculation [wi]

Medium
100.0000 (%)

Note: In order to obtain contact analysis results for scuffing, micropitting and tooth flank fracture according to method A of ISO
the calculation would have to be performed with wt = 100*Kgam*KA*KV..

(wrKgam*KA*KV = 107.52 %)
Working flank Right tooth flank
Center distance [a] 101.8450 (mm)
Single pitch deviation [fptl 0.0000 (um)
Coefficient. of friction [u] 0.0973
Deviation error of axis [f=pl 0.0000 (um)
Inclination error of axis [fzal 0.0000 (um)
Torque [T1] 40.4631 (Nm)
Torsion from shaft calculation
min max A 1] o
Transmission error (um) -6.1094 -6.0009 0.1085 -6.0577 0.0385
Tangent Stiffness curve (N/um)  368.2074  378.7227 10.5154 374.3494 3.3633
Secant stiffness curve (N/um)  335.1637 341.0886 5.9249 337.9938 2.0914
Line load (N/mm) 0.0000 96.6901 96.6901 65.8095 20.9818
Torque Gear 1 (Nm) 40.4594 40.4670 0.0077 40.4636 0.0020
Torque Gear 2 (Nm) 154.0399  154.1414 0.1015 154.1006 0.0283
Power loss (W) 138.6316 147.7028 9.0712 143.7230 2.8966
Contact temperature (°C) 73.0861 95.1311 22.0451 82.0280 5.5623
Thickness of lubrication film (um) 0.1709 1.2579 1.0870 0.3279 0.1946
Hertzian pressure (N/mm2) 1046.4922 618.9214
Tooth root stress gear 1 (N/mm2) 206.9704 144.8776
Tooth root stress gear 2 (N/mm2) 167.4844 142.4823
Safety against micropitting (ISO/TR 15144 Method A) 0.4763
Safety against scuffing 18.0208
Transverse contact ratio under load [ea] 1.6632
min 1.6526
v 1.6533
max 1.6632
Overlap ratio under load [eB] 0.9847
Total contact ratio under load [ev] 2.6478
Efficiency n] 98.8500
Face load factor (ISO 6336-1 Appendix E)
[KHpl 1.0023

Note: The resulting safeties do not correspond with Method A according ISO because Ky, KA and KV are not taken into
account.
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Amplitude spectrum of the transmission error
Harmonics Amplitude (um)
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KHp-Calculation - Gear 1 - Gear 2

Right flank

Shaft file A: C:/KISSsoft 03-2015/example/Pinion shaft for CylGearPair 6a.W10, selected gear: Pinion from CylGearPair6 (gears
as masses and stiffness)

Shatft file B: C:/KISSsoft 03-2015/example/Gear shaft for CylGearPair 6a.W10, selected gear: Gear from CylGearPair6 (gears

as masses and stiffness)
(Partial load for calculation w¢ = 100 %)

fma =0.000 pm, fyg = 0.000 pm

Result after i = 2 iterations of load distribution
Gear 1

Point in polar co-ordinates:

R =20.991 mm, ¢ =0.000 °

Displacement calculated in direction 111.425 °

y oLt fl.t fl.b fl.tot f1.C fl.tot+f1.C
1 40.196 mm 0.0000° -0.0045 pm -0.0445 pym -0.0490 um 0.0000 pm -0.0490 um
2 40.588 mm -0.0000° 0.0094 pm 0.0935 pm 0.1029 pm -0.1515 ym -0.0486 um
3 40.980 mm -0.0001° 0.0233 pm 0.2315 pm 0.2548 pym -0.3030 um -0.0482 ym
4 41.373 mm -0.0001° 0.0368 pm 0.3691 pm 0.4059 pm -0.4535 um -0.0476 um
5 41.765 mm -0.0001° 0.0502 pm 0.5065 pm 0.5567 pum -0.6038 um -0.0471 pm
6 42.157 mm -0.0002° 0.0632 pm 0.6437 pum 0.7069 pm -0.7534 ym -0.0465 um
7 42.549 mm -0.0002° 0.0759 pm 0.7805 pm 0.8564 um -0.9024 pm -0.0460 um
8 42.941 mm -0.0003° 0.0884 pm 0.9172 pm 1.0056 pm -1.0511 pm -0.0455 pm
9 43.333 mm -0.0003° 0.1005 pm 1.0534 pm 1.1539 pm -1.1989 um -0.0450 pm
10 43.725 mm -0.0003° 0.1123 pm 1.1895 pm 1.3018 pm -1.3463 um -0.0445 pm
11 44.118 mm -0.0004° 0.1239 pm 1.3253 pm 1.4492 pm -1.4932 um -0.0440 pm
12 44.510 mm -0.0004° 0.1351 pm 1.4607 pm 1.5958 pm -1.6394 um -0.0436 um
13 44.902 mm -0.0004° 0.1462 pm 1.5960 pm 1.7421 pm -1.7852 um -0.0431 pm
14 45.294 mm -0.0005° 0.1568 pm 1.7308 pm 1.8876 pm -1.9303 um -0.0427 ym
15 45.686 mm -0.0005° 0.1671 pm 1.8654 pm 2.0326 pm -2.0749 pm -0.0424 ym
16 46.078 mm -0.0005° 0.1773 pm 1.9998 pm 2.1771 pm -2.2191 pm -0.0420 um
17 46.471 mm -0.0005° 0.1870 pm 2.1338 um 2.3208 pm -2.3624 ym -0.0417 ym
18 46.863 mm -0.0006° 0.1965 pm 2.2676 pm 2.4641 pm -2.5054 um -0.0413 pm
19 47.255 mm -0.0006° 0.2057 pm 2.4010 pm 2.6067 pum -2.6478 um -0.0411 pm
20 47.647 mm -0.0006° 0.2145 pm 2.5341 pm 2.7487 pym -2.7896 um -0.0409 pm
21 48.039 mm -0.0007° 0.2232 pm 2.6671 pm 2.8903 pm -2.9310 pm -0.0407 pm
22 48.431 mm -0.0007° 0.2314 pm 2.7996 pm 3.0310 pm -3.0715 pm -0.0405 pm
23 48.824 mm -0.0007° 0.2395 pm 2.9319 ym 3.1713 pm -3.2117 ym -0.0404 pm
24 49.216 mm -0.0007° 0.2472 pm 3.0639 pum 3.3110 pm -3.3513 um -0.0403 pm
25 49.608 mm -0.0007° 0.2545 pm 3.1955 pym 3.4500 pm -3.4903 pm -0.0402 pm
26 50.000 mm -0.0008° 0.2617 pm 3.3270 pm 3.5887 pm -3.6289 um -0.0402 um
27 50.392 mm -0.0008° 0.2684 pm 3.4580 pm 3.7264 pm -3.7666 um -0.0402 pm
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28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

Gear 2

50.784 mm
51.176 mm
51.569 mm
51.961 mm
52.353 mm
52.745 mm
53.137 mm
53.529 mm
53.922 mm
54.314 mm
54.706 mm
55.098 mm
55.490 mm
55.882 mm
56.275 mm
56.667 mm
57.059 mm
57.451 mm
57.843 mm
58.235 mm
58.627 mm
59.020 mm
59.412 mm
59.804 mm

-0.0008°
-0.0008°
-0.0008°
-0.0009°
-0.0009°
-0.0009°
-0.0009°
-0.0009°
-0.0009°
-0.0009°
-0.0009°
-0.0010°
-0.0010°
-0.0010°
-0.0010°
-0.0010°
-0.0010°
-0.0010°
-0.0010°
-0.0010°
-0.0010°
-0.0010°
-0.0010°
-0.0010°

Point in polar co-ordinates:
R =80.854 mm , ¢ = 180.000 °
Displacement calculated in direction 111.425 °

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

© 00 N O O~ WDN B

y
24.196 mm

24.588 mm
24.980 mm
25.373 mm
25.765 mm
26.157 mm
26.549 mm
26.941 mm
27.333 mm
27.725 mm
28.118 mm
28.510 mm
28.902 mm
29.294 mm
29.686 mm
30.078 mm
30.471 mm
30.863 mm
31.255 mm
31.647 mm
32.039 mm
32.431 mm
32.824 mm
33.216 mm
33.608 mm
34.000 mm
34.392 mm

@2.t
-0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°
0.0000°

0.2750 pm
0.2812 pm
0.2871 um
0.2928 pm
0.2981 pm
0.3031 pm
0.3079 pm
0.3123 pm
0.3165 pm
0.3203 pm
0.3239 pm
0.3272 pm
0.3301 pm
0.3328 pm
0.3351 pm
0.3372 pm
0.3390 pm
0.3405 pm
0.3417 pm
0.3425 pm
0.3431 pm
0.3435 pm
0.3436 pm
0.3436 pm

f2.t
-0.0000 pm
0.0000 pm
0.0000 pm
0.0001 pm
0.0001 pm
0.0002 pm
0.0003 pm
0.0004 pm
0.0005 pm
0.0007 pm
0.0009 pm
0.0010 pm
0.0012 pm
0.0015 pm
0.0017 pm
0.0020 pm
0.0022 pm
0.0025 pm
0.0028 pm
0.0032 pm
0.0035 pm
0.0039 pm
0.0043 pm
0.0047 pm
0.0051 pm
0.0055 pm
0.0060 pm

3.5888 pm
3.7192 pm
3.8494 pm
3.9793 um
4.1088 um
4.2381 um
4.3671 pum
4.4957 um
4.6241 pym
4.7521 pym
4.8798 um
5.0073 pm
5.1344 pym
5.2613 pm
5.3878 um
5.5140 pm
5.6400 pm
5.7656 pm
5.8910 pm
6.0160 pm
6.1407 pm
6.2652 pum
6.3893 um
6.5134 pm

f2.b

0.0230 pm
-0.0484 pm
-0.1197 pm
-0.1911 pm
-0.2624 pm
-0.3338 um
-0.4051 pm
-0.4764 pm
-0.5477 pm
-0.6190 pum
-0.6903 um
-0.7615 pm
-0.8328 um
-0.9040 pm
-0.9752 um
-1.0465 pm
-1.1177 pm
-1.1889 um
-1.2600 pm
-1.3312 ym
-1.4023 pm
-1.4735 pm
-1.5446 pm
-1.6157 ym
-1.6868 um
-1.7579 pm
-1.8290 pm

3.8638 pm
4.0005 pm
4.1365 um
4.2721 pm
4.4069 um
4.5412 pm
4.6750 pum
4.8080 um
4.9406 pm
5.0724 pym
5.2037 pum
5.3345 um
5.4645 pm
5.5941 pym
5.7229 pym
5.8512 pym
5.9791 um
6.1060 pm
6.2326 pum
6.3585 um
6.4838 um
6.6087 um
6.7329 um
6.8570 pum

f2.tot

0.0230 pm
-0.0483 um
-0.1197 ym
-0.1910 pm
-0.2623 um
-0.3336 um
-0.4048 ym
-0.4760 um
-0.5472 ym
-0.6183 um
-0.6894 um
-0.7605 um
-0.8315 um
-0.9026 um
-0.9735 um
-1.0445 pm
-1.1154 pm
-1.1863 um
-1.2572 ym
-1.3280 um
-1.3988 um
-1.4696 um
-1.5404 pm
-1.6111 ym
-1.6817 um
-1.7524 ym
-1.8230 um

-3.9040 pm
-4.0408 um
-4.1770 pym
-4.3128 um
-4.4478 um
-4.5824 um
-4.7165 um
-4.8498 um
-4.9828 um
-5.1151 pym
-5.2468 um
-5.3781 um
-5.5087 um
-5.6389 um
-5.7683 um
-5.8973 um
-6.0259 um
-6.1536 um
-6.2810 um
-6.4077 um
-6.5338 um
-6.6596 um
-6.7846 um
-6.9094 um

f2.C
0.0000 pm
0.0706 pm
0.1412 pm
0.2118 pm
0.2824 pym
0.3529 uym
0.4235 pm
0.4941 pm
0.5647 pum
0.6353 um
0.7059 pm
0.7765 pm
0.8471 pm
0.9176 pm
0.9882 um
1.0588 pm
1.1294 pm
1.2000 pm
1.2706 pm
1.3412 pm
1.4118 pm
1.4824 pm
1.5529 pm
1.6235 pm
1.6941 pm
1.7647 pm
1.8353 pm

-0.0403 pm
-0.0404 pm
-0.0405 pm
-0.0407 um
-0.0409 um
-0.0412 ym
-0.0415 pm
-0.0418 um
-0.0422 ym
-0.0427 ym
-0.0431 um
-0.0436 um
-0.0442 pm
-0.0448 um
-0.0454 pm
-0.0461 um
-0.0468 um
-0.0476 um
-0.0483 um
-0.0492 ym
-0.0500 pum
-0.0509 pum
-0.0517 ym
-0.0525 um

f2.tot+f2.C
0.0230 pm
0.0222 pm
0.0215 pm
0.0208 pm
0.0200 pm
0.0194 pm
0.0187 pm
0.0181 pm
0.0175 pm
0.0170 pm
0.0165 pm
0.0160 pm
0.0155 pm
0.0151 pm
0.0147 pm
0.0143 pm
0.0140 pm
0.0137 pm
0.0134 pm
0.0131 pm
0.0129 pym
0.0127 pm
0.0126 pm
0.0125 pm
0.0124 pym
0.0123 pym
0.0123 pm
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28 34.784 mm 0.0000° 0.0065 um  -1.9001 pm -1.8936 um 1.9059 pm 0.0123 pm

29 35.176 mm 0.0000° 0.0069 um  -1.9711 pm -1.9642 pm 1.9765 pm 0.0123 pm
30 35.569 mm 0.0000° 0.0075 um  -2.0421 pm -2.0347 pym 2.0471 pm 0.0124 pm
31 35.961 mm 0.0000° 0.0080 um  -2.1132 pm -2.1052 pm 2.1176 pm 0.0125 pm
32 36.353 mm 0.0000° 0.0085 um  -2.1842 pm -2.1756 ym 2.1882 pm 0.0126 pm
33 36.745 mm 0.0000° 0.0091 um  -2.2552 pm -2.2461 pym 2.2588 pm 0.0127 pm
34 37.137 mm 0.0000° 0.0097 um  -2.3262 pm -2.3165 um 2.3294 pm 0.0129 pm
35 37.529 mm 0.0000° 0.0103 um  -2.3971 pm -2.3869 um 2.4000 pm 0.0131 pm
36 37.922 mm 0.0000° 0.0109 um  -2.4681 pm -2.4572 ym 2.4706 pm 0.0134 pm
37 38.314 mm 0.0000° 0.0115um  -2.5390 pm -2.5275 pm 2.5412 pm 0.0137 pm
38 38.706 mm 0.0000° 0.0122 ym  -2.6100 pm -2.5978 um 2.6118 pm 0.0140 pm
39 39.098 mm 0.0000° 0.0129 um  -2.6809 pm -2.6680 um 2.6824 pm 0.0143 pm
40 39.490 mm 0.0000° 0.0136 um  -2.7518 pm -2.7383 um 2.7529 pm 0.0147 pm
41 39.882 mm 0.0000° 0.0143 um  -2.8227 pm -2.8085 um 2.8235 pm 0.0151 pm
42 40.275 mm 0.0000° 0.0150 um  -2.8936 pm -2.8786 um 2.8941 pm 0.0155 pm
43 40.667 mm 0.0000° 0.0157 um  -2.9645 pm -2.9487 ym 2.9647 pm 0.0160 pm
44 41.059 mm 0.0000° 0.0165 um  -3.0353 pm -3.0188 um 3.0353 pm 0.0165 pm
45 41.451 mm 0.0000° 0.0173 um  -3.1062 pm -3.0889 um 3.1059 pm 0.0170 pm
46 41.843 mm 0.0000° 0.0181 um  -3.1770 pm -3.1589 um 3.1765 pm 0.0176 pm
47 42.235 mm 0.0000° 0.0189 um  -3.2478 pym -3.2289 um 3.2471 pym 0.0181 pm
48 42.627 mm 0.0000° 0.0197 pum  -3.3186 pm -3.2989 um 3.3176 pm 0.0188 pm
49 43.020 mm 0.0000° 0.0206 um  -3.3894 pm -3.3688 um 3.3882 pym 0.0194 pm
50 43.412 mm 0.0000° 0.0215 um  -3.4602 pm -3.4387 um 3.4588 um 0.0201 pm
51 43.804 mm 0.0000° 0.0223 um  -3.5310 pm -3.5086 um 3.5294 uym 0.0208 pm

Explanations:

y : Width

.t : Static torsion

f.t : Displacement due to torsion

f.b : Displacement due to bending

f.tot : Total displacement (f.b+f.t)

f.C : Change due to flank line modification

Load distribution
Contact stiffness = 18.895 N/mm/pm
Young's modulus = 206000.0/206000.0 N/mm?
y 5 g w

1. 40.1961 mm 0.0012 pm 5.9378 pm 112.1957 N/mm
2. 40.5882 mm 0.0024 pm 5.9366 pm 112.1737 N/mm
3. 40.9804 mm 0.0036 pm 5.9354 pym 112.1516 N/mm
4. 41.3725 mm 0.0048 pm 5.9341 pym 112.1273 N/mm
5. 41.7647 mm 0.0061 pm 5.9329 pym 112.1034 N/mm
6. 42.1569 mm 0.0073 pm 5.9317 pm 112.0803 N/mm
7. 42.5490 mm 0.0085 pm 5.9305 pm 112.0582 N/mm
8. 42.9412 mm 0.0096 pm 5.9294 pym 112.0366 N/mm
9. 43.3333 mm 0.0107 pm 5.9283 pm 112.0163 N/mm
10. 43.7255 mm 0.0118 pm 5.9272 pm 111.9966 N/mm
11. 44.1176 mm 0.0128 pm 5.9262 pm 111.9777 N/mm
12. 44.5098 mm 0.0137 pm 5.9253 pym 111.9597 N/mm
13. 44.9020 mm 0.0146 pm 5.9244 pym 111.9423 N/mm
14. 45.2941 mm 0.0154 pm 5.9236 pm 111.9273 N/mm
15. 45.6863 mm 0.0162 pm 5.9228 pm 111.9127 N/mm
16. 46.0784 mm 0.0170 pm 5.9220 pm 111.8985 N/mm
17. 46.4706 mm 0.0176 pm 5.9214 pm 111.8861 N/mm
18. 46.8627 mm 0.0182 pm 5.9208 pm 111.8744 N/mm
19. 47.2549 mm 0.0187 pm 5.9202 pm 111.8646 N/mm
20. 47.6471 mm 0.0192 pm 5.9198 pm 111.8557 N/mm
21. 48.0392 mm 0.0196 pm 5.9193 pm 111.8476 N/mm
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22. 48.4314 mm 0.0200 pm 5.9190 um 111.8412 N/mm

23. 48.8235 mm 0.0203 pm 5.9187 um 111.8355 N/mm
24. 49.2157 mm 0.0205 pm 5.9185 um 111.8312 N/mm
25. 49.6078 mm 0.0206 pm 5.9184 um 111.8288 N/mm
26. 50.0000 mm 0.0207 pm 5.9183 um 111.8274 N/mm
27. 50.3922 mm 0.0207 pm 5.9183 um 111.8271 N/mm
28. 50.7843 mm 0.0207 pm 5.9183 um 111.8279 N/mm
29. 51.1765 mm 0.0206 pm 5.9184 um 111.8305 N/mm
30. 51.5686 mm 0.0203 pm 5.9187 um 111.8346 N/mm
31. 51.9608 mm 0.0201 pm 5.9189 um 111.8395 N/mm
32. 52.3529 mm 0.0197 pm 5.9193 um 111.8464 N/mm
33. 52.7451 mm 0.0193 pm 5.9197 um 111.8541 N/mm
34. 53.1373 mm 0.0188 um 5.9202 um 111.8629 N/mm
35. 53.5294 mm 0.0183 um 5.9207 pm 111.8738 N/mm
36. 53.9216 mm 0.0176 pm 5.9214 pm 111.8856 N/mm
37. 54.3137 mm 0.0169 pm 5.9221 um 111.8996 N/mm
38. 54,7059 mm 0.0161 pm 5.9229 um 111.9142 N/mm
39. 55.0980 mm 0.0153 pm 5.9237 um 111.9294 N/mm
40. 55.4902 mm 0.0144 pm 5.9246 um 111.9474 N/mm
41. 55.8824 mm 0.0134 pm 5.9256 pm 111.9664 N/mm
42. 56.2745 mm 0.0123 pm 5.9267 pm 111.9866 N/mm
43. 56.6667 mm 0.0112 pm 5.9278 pm 112.0081 N/mm
44, 57.0588 mm 0.0100 pm 5.9290 pm 112.0306 N/mm
45. 57.4510 mm 0.0087 pm 5.9303 pm 112.0549 N/mm
46. 57.8431 mm 0.0073 pm 5.9316 pm 112.0800 N/mm
47. 58.2353 mm 0.0059 pm 5.9331 pm 112.1068 N/mm
48. 58.6275 mm 0.0044 pm 5.9346 pm 112.1349 N/mm
49. 59.0196 mm 0.0029 pm 5.9361 pm 112.1638 N/mm
50. 59.4118 mm 0.0015 pm 5.9375 pm 112.1914 N/mm
51. 59.8039 mm 0.0000 pm 5.9390 pm 112.2188 N/mm

Explanations:

o :Gap

g : Flank overlap
w : Line load

Force application point, Y direction: y = 50.000 mm (F=2239.3N)
To take into account the load distribution in the shaft calculation: Force center point offset: Ay = -0.000 mm

Wmax = 112.219 N/mm, wyy, = 111.964 N/mm

Wm =Ky * Ka * KY * (F¢/b) I cos(awt)

Ky = 1.0752, Ka = 1.000, Ky = 1.000

KHB = Wmax/Wm = 1.0023 (Calculation according to I1SO 6336-1, Appendix E)
Side I, Ii: W /Wm=10021 wil/Wm=1.0023

Notice: The influence of the exceeding facewidth is not taken into account in the calculation of Kyg.

Calculation of the 'equivalent' linear misalignment of the shafts
IMPORTANT: The flank line modifications are taken into account.

a) Calculation of the 'equivalent' linear misalignment, so that KHB remains the same
Linear misalignment in the plane of action, Gear 1: [FBX1] 0.02 pm (KHB1 =1.0014)
Linear misalignment in the plane of action, Gear 2: [Fgx2] 7.07 pm (K2 = 1.5969)
Axis alignment: Deviation error of axis/Inclination error of axis fZ3/f£5: 0.03 pm/0.01 pm (FBX =0.03 um)

The deformation due to tosrion is included in the specification of fZB/f3.

b) Linear misalignment due to connection of the gap from side | to Il
Linear misalignment in the plane of action, Gear 1: [FBX1] 0.00 pm
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Linear misalignment in the plane of action, Gear 2: [FBXZ] 7.06 um
Axis alignment: Deviation error of axis/Inclination error of axis f£B/f£5: -0.00 um/-0.00 pm (FBX =-0.00 pm)

The deformation due to tosrion is included in the specification of fZB/fZ3.

dal = 45.6874 mm, dfl = 38.8180 mm, Asl = -0.0540 mmda2 = 163.9684 mm, df2 = 156.9589 mm, As2 = -0.1050 mm
Figure: Path of contact

Transmission error [um]
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T T 17T 717 TT1T T
6.0 40 -20 0 20 40 6.0
Angle of rotation (Gear A) [°]

wt = 100 %, a = 101.845 mm,fpt = 0.000 pm,pu = 0.097Working flank: Right flank
Figure: Transmission error
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Amplitude [pm]
0.050—

0.040—

0.030—

0.020—

0.010—

0 |'i!|'i’i
0 20 40 6.0 80 100

Arrangement of harmonics
Arrangement of harmonics ~ Amplitude [um]1.  0.0520762. 0.0109263. 0.0098204. 0.0009285.
0.0026666. 0.0015867. 0.0003898. 0.0011189. 0.00092910. 0.000615
wt =100 %, a = 101.845 mm,fpt = 0.000 pm,p = 0.097Working flank: Right flank

Figure: Amplitude spectrum of transmission error
System stiffness [N/pm]

| A AAAANTINAAAN—— ___aananng — Csa, system stiffness at operating point (tangent stiffness)
360 ] 1 == CsB, system stiffness (secant stiffness)
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Angle of rotation (Gear A) [°]
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-6.0 6.0

wt = 100 %, a = 101.845 mm,fpt = 0.000 uym,u = 0.097Working flank: Right flankCsa_mean = 374.3984863 N/umCsp_mean =
338.0123363 N/umCsa = Cya * bCsB =CyB * b
Figure: Stiffness curve
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Amplitude [pm]
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Arrangement of harmonics ~ Amplitude [N/mm/pm]1. 3.0399272. 1.2459713. 0.5984794.
1.5214215. 0.4163106. 0.2324517. 0.5334218. 0.2120979. 0.25316210.
0.224151 wt = 100 %, a = 101.845 mm, fpt = 0.000 pm,u = 0.097Working flank: Right flank
Figure: Amplitude spectrum of contact stiffness

Normal force (line load) [N/mm]
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Figure: Normal force curve (Line load)
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Stress [N/mm?2]
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Angle of rotation (Gear A) [°]

0.097Working flank: Right flank

0.000 pm,u =

101.845 mm,fpt

Figure: Stress curve

100 %, a

wt

2.2
| -

585
T
[Shal®)
s O
85 &
8= a
wumom
1 1 1
<< <C M
| S .
© G ©
QL L
OO O

— Gear B - Sliding factor

— Slide speed

-16.0

Angle of rotation (Gear A) [°]

101.845 mm,fpt

Figure: Kinematics

0.097Working flank: Right flankMaximum sliding velocity: 1.694 m/s
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Power loss [W/mm]

12.0
11.0—
10.0—
9.0
8.0—
7.0
6.0—
5.0—
4.0
3.0
2.0—_
1.0
S L L

-16.0 -8.0 0 8.0

Angle of rotation (Gear A) [°]

wt =100 %, a = 101.845 mm,fpt = 0.000 pm,u = 0.097Displaying power losses per mm facewidthWorking flank: Right flank
Figure: Specific Power Loss

Contact temperature [°C]
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wt = 100 %, a = 101.845 mm,fpt = 0.000 pm,p = 0.097the0il = 70.0 °C, theM = 73.1 °C, etaM = 28.79 mPa*sWorking flank:
Right flank
Figure: Contact temperature
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Film thickness [um]
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Angle of rotation (Gear A) [°]

wt = 100 %, a = 101.845 mm,fpt = 0.000 pum,p = 0.097the0il = 70.0 °C, theM = 73.1 °C, etaM = 28.79 mPa*shMini(ISO) = 0.171
pum, Ra = 3.000 pmWorking flank: Right flank
Figure: Lubricating film (ISO TR 15144)

Specific film thickness
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wt = 100 %, a = 101.845 mm,fpt = 0.000 um,p = 0.097the0il = 70.0 °C, theM = 73.1 °C, etaM = 28.79 mPa*shMini(ISO) = 0.171
pm, Ra = 3.000 pm, lamGFmin = 0.057Working flank: Right flank
Figure: Specific film thickness (ISO TR 15144)
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Angle of rotation (Gear A) [°]
wt = 100 %, a = 101.845 mm,fpt = 0.000 pm,p = 0.097the0il = 70.0 °C, theM = 73.1 °C, etaM = 28.79 mPa*sSlam(ISO) = 0.476,
Ra = 3.000 umWorking flank: Right flank
Figure: Safety against micropitting (ISO TR 15144)
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