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Starting KISSsoft
Starting the software

Once you have installed and activated KISSsoft either as a test or licensed version, follow
these steps to call the KISSsoft system. Usually you start the program by clicking
"Start->Program Files>KISSsoft 03-2011->KISSsoft". This opens the following KISSsoft user
interfacg_:
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Figure 1.2
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Starting KISSsoft, initial window

In the Modules tree window, select the "Modules" tab to call the calculation for shafts:

Modules g X

[b Toathing -
4 Shafts and Bearings

g2 Shaft calculation [W010]

W

[

e

3

B Foller bearings [Wos0]

: Plain bearing

Connections
Springs

Belts and chain drives
Various

Selecting the "Shaft" calculation module under Shaft-Hub-Connections
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2 Analyzing a Shaft

2.1 Task, opening the example calculation

You are to mathematically investigate a shaft that has already been modeled, see Figure 2.1.
The following criteria are relevant:

- Shaft deformation

- Bending critical speed

- Static and fatigue strength

Pinion (helical gear)

Roller bearing,
supported on the left or
right side

Key (notched shaft section)

Shaft body with notches

—

Coupling to motor

Figure 2.1 Shaft to be analyzed

The shaft is driven by a motor attached to the coupling. The nominal power is 75W at a speed
of 980 rpm. This power is taken from the system at the helical gear.

This shaft is present in KISSsoft as an example file called Shafts 1. W10. You can either open
this file directly in the help index window by double-clicking the left-hand mouse button on the
"Examples" tab or by selecting "File"-> "Open" by clicking on the file in the appropriate
KISSsoft subdirectory, ...\example, with "Open".
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Figure 2.2 Opening the example calculation
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Click the "Shaft editor" tab to view the tab as shown in Figure 2.1.
£ KISSsoft - Shaft calculation [W010] - Shafts 1.W10

File Project  Wiew Calculation  Report  Graphics  Extras  Help
=] = > (R E = =
DA« ZEBI3E R KIS
2 g Release 03-2011
Elements-tree & X|| shafteditor | Basic data Strength
= shaft ~
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Figure 2.3 Opened shaft calculation

You will find details of how to generate a shaft model with the help of the graphical shaft data
input interface in KISSsoft Tutorial No. 006.
When you open the shaft file the system performs an initial calculation using the settings you

entered. Once you have finished defining the shaft, either click E- in the menu bar (or press
F5) to calculate all the shaft-specific values. The results are shown either as a graphic or as a
table of values.

All important results are listed in the Results tab. To open this window, click the 2 icon in the
upper right-hand corner. You can then resize the window as necessary.
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Figure 2.4

Deformation analysis

In the "Basic data" tab, click the drop-down list to open the "Strength" group. This is where
you input how the gears modeled on the shaft are to be taken into account in the calculation:
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- Ignore the mass and stiffness of the gears on the shaft

- Consider gears as masses only (the gear is mounted loosely on the shaft and,
although it transfers its own weight, along with the external loads to the shaft, it does
not stiffen the shaft)

- Consider gears as mass and as stiffness (the gear is attached rigidly to the shaft and
forms a single unit with the shaft)
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Figure 2.5 How gears are considered

After making your selection, call the "Calculate™ function by clicking E' in the menu bar or
pressing "F5" to trigger the calculation. To display deformation as a graphic, either click the
"Graphics"> "Shaft"> "Displacement (bending curves etc.)" menu or select the

"Displacement (bending curves etc.)" option in the shaft docking window drop-down list.
[Graphics | Extras Help

Shaft L4 Displacement (bending etc.)
Lead correction factor ¥ Bending angle and torsional angle
Raoller bearing 4 Force diagram
o i Torque diagram
Equivalent stress
3D export L4 Strength
Settings Eigenfrequency (standardized displacement)

Number of eigenfrequendies i Eigenfrequency {(standardized rotation)

Buckling cases {standardized displacement)
Buckling cases {standardized rotation)

Mumber of buckling cases  j

Speed i Load applications
Sense of rotation Smith-diagram
Reference temperature TH Haigh-diagram

| -
Goodman Diagram
Temperature of housing T o

Lubricant temperature T 70,0000 =C [ consider spinni

Figure 2.6 Options for displaying shaft analysis as a graphic

Note that a graphics window is already open in the lower right-hand corner of the user
interface.
Click "Displacement (bending etc.)" to display the bending curve.
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Shaft

: " 3 = L
Displacement (bending etc.) ‘H - E

“ | | Property Value
4 Components
> ¥-companent [ False
5 v
R— ¥-component ¥ True
0,020~ > Z-component [C] False
— > Resulting X-Z [ False
0.015— > Arbitrary plane & True
> Angle of plane -67.0524°
] 4 Coordinate system
0.010— 4 Axial direction ¥
from
to
0.005—| Unit
_ 4 Displacement automatically
from
0.000 i
— \ Unit mm
0,005 Legend [T False
| > Grid [] True
Shaft [ True
-0.010 Ry - S AR R ik sy
Ry 1/2 L7
-0.020 T T T T ]
0.000 50.000 100.000 | 150,000 2004000 250.000
EQQ Auial direxction ¥ fmm]

Figure 2.7 Display produced by selecting the Displacement option

The maximum displacement shown in the results window, as the result of helical toothing and
the associated moments on the x and z axes, results in a deflection such that the maximum
displacement at plane a=-67.05°, is ux'=19.2 ym. This is the largest value from all possible
planes.

Alternatively, select "Report"-> "Diagrams of bending“ to disRIaP/ a list of calculated sizes.
1 [WO10] - Shafts LW

o e
tion | Report | Graphics Extras Help
PRy & Generate Fa

Open...

| @  Saveas... | Strer
Mail to...
ik ct

Print... cri+r Lo [hor

Diagrams of bending
e fit

Eigenfrequency

Buckling cases

Raller bearing i

Settings
| | SERSE of rotaton E

Figure 2.8 Calling the Diagrams of bending report

The first three critical frequencies are to be defined in this example. Once again, open the
"Basic data" tab and select how the gears are to be considered (here only as masses, using
conservative assumed values). Then input the number of eigen frequencies to be calculated

(three) and click the "Calculate" icon, E' to trigger the calculation process. (For more
information about the calculation, press "F1")
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Shaft editor Basic data Strength
Geometry
Position of shaft axis in space [horizcmal b ] Angle a 0.0000 *®
Strength
Mumber of eigenfrequendes i 3 / Load spectra IDon't consider load spectra v] Mao. i
Mumber of buckling cases  j 1] { Gears [Consider QEars as masses 54 D
Speed n S980.0000  1/min Roller bearing [Roller bearings, classical calculation (contact angle considered) hd ]
Sense of rotation dockwize hd l Tolerance field IMean value hd ]
Reference temperature Ta 20,0000 =C [ Enhanced bearing service life calculation according 150 281
Temperature of housing Tc 20,0000 =C [¥] Consider weight
Lubricant temperature Ts 70,0000 °C [ consider spinning effect
Environment
Housing material [C45 (1), Through hardened steel, unalloyed, through hardened b ]
Lubricant [oi: 150-vG 220
Impurity [0 lubrication with filration, 15O 4406 -/17/14, Bz==75 ]
Figure 2.9 Inputting the number of eigen frequencies
Results @ X Shaft 5 X
[ HOIEr DEarng FAE] DI = e
Roller bearing 10.14 29477h |Eigenfrequency (standardized rotation) - ] H Cg‘fi fE %
Bearing reaction force Component X ¥ z R 5 >
Roller bearing F -3.088 kN 3.264 kN 4.991 kN 5.869 1 Siri!lra%%rdl_ze;dro_tahon ———  Components - X-component r
M 0.000 Nm 0.000 Nm 0.000 Nm 0.000 1 g-gggz g ) f i
Raller bearing £ -L.501KN 0,000 kN 7.276 kN 7.429 % 0400 — T G - Y nepanent |
M 0,000 Nm 0,000 Mm 0,000 MNm 0,000 11— 0,200 — — Components - Z-component
Eigenfrequencies Critical speeds -gnzgg: =
1 0.00Hz 0.00 1/min Rigid body rotation ¥ 'Shaft' 0400
2: 1440.24Hz 86414.52 1fmin  Bending XY 'Shaft g -0.600 =
3 1440.24Hz 86414.52 1fmin  Bending YZ 'Shaft =
[T : - - § | 0,000 50.000 5 0-0Q0+459. §F; 200.000 250.000 g
-‘. Méssaaes. | Results " Information | Elements-editor | ) . 4 b
CONSISTENT
= — )
Figure 2.10 Result of calculating the number of rotations

The first 3 resulting eigen frequencies along with their frequencies are displayed in the results
window. The type of eigen frequency involved here is also shown. The first eigen frequency is a
star body rotation at OHz. Click the "Property browser" to make different settings. You can
select which eigen frequency is to be displayed, and for which angle (torsion) or which plane

Figure 2.11 The three resulting eigen frequencies

25 Strength analysis of shafts

Open the "Strength" tab (see Figure 2.12) to determine the settings for strength analysis. At
present, KISSsoft has three strength calculation methods: Hanchen and Decker, DIN 743 and
the FKM Guideline. This example uses DIN 743.
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1 Shaft edikor Easic data Strength |

251

252

Calculation
| :! 2 | 2 1
Calculation method  |DIM 743 (2000 nad case fCase 2 (constant stress ratio 0./0..) v

Type of calculation EEndurance v Required safety against Fatigue 1.2000

Required service life H | zoooo.oooo| h Required safety against deformation 1.2000

General data

Bending Torsion Tension/Caripression Shearing Force
stress atermatng v pusatng | pusating v [stemating v
Stress ratio -1.0000 ' 0.0000 0.0000 -1.0000_@
Load Factor static calculation 1.7000 E 1.7000 | | L7000| | 1.7000 |
Load Factors endurance calculation : 1.0000 ._ 1.0000 _. 1.0000 _: :_ I.DDDD:;
Figure 2.12 Buttons involved in strength calculation

(1) Load case
(2) Select the calculation method/type
(3) General data

To determine which cross sections are to be analyzed, first select "Cross sections" by right-
clicking this element in the "Elements-tree”. The software then automatically defines these
cross sections, depending on the geometry (notches, interference fits etc.). Alternatively, you
can input your own values here.

o Loy

4 |Cross sectiong”

o A-A Add »
o3 56 Sizing
03 cc

o 0o Sort
! Delete all

odules I Projects Elements-tree |

Figure 2.13 Calling the cross sections to be analyzed - automatic sizing

Data used for the calculation method

You can use the default settings for this example.

This is where you input the details of the load type, and the required proof (only static or proof
of fatigue strength).

| shatt editor l Basicdata | Strength |

Calculation

Colulston methor (DI 735 (2000) z Selecting the proof of fatigue strength. In
e o cledeton et i this case select a proof of endurance limit.

Static
Required service feEnduracs
Life fatigue strength

Figure 2.14 "Calculation" group in the "Strength" tab - details about the proof
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Type of load: (rotary bending, pulsating Load factors for static proof
torsional moment (this places a pulsating
tension-pressure load on the helix angle of
the gear)
General data
Bending Torsion Tension/Cpmpression  Shearing force
Stress [ltermating | [Pulsating * | [pulsatind ~| [Alternating  ~
Stress ratio -1.0000 0.0000 0.0000 -1.0000
Maximal load factor 1.7000 1.7000 1.7000 1.7000
Figure 2.15 "General data" group in the "Strength" tab - details about the type of load

In the case of shafts that are to be loaded with different frequencies for bending and torsion (for
example, quickly rotating drive shafts with pinions that are stopped and started once in a while),
you must first decide whether a constant load (here for torsion) or a pulsating load is to be
assumed. To avoid errors, both calculations can be carried out, and the lower safety value can
be taken as applicable.

The "Basic data"” tab in the shaft calculation module, see Figure 2.9, is where the housing
material is defined. You define the material used for the shaft when you define the shaft itself.
You can also change this data by selecting a shaft in the Elements-editor.

:E-Iament"s-'tree Shaft editor | Basic data Il Strengtl.{ |
& Shaft
- [ZOuter contour
L~ = Cylinder 1
: H ] Key
: = Interference fit
Pk 4 Radias right Drawing number |W-DD7 |
Cylinder 2 Position ¥ 0.0000 | mm
Cylinder 3 )
- \\ Radius lsft Temperature 3 20.0000| C
o ey ’ 1
= Cylinder 4 Ambient density P 1.2000 | kgfm?
: A Radios left .
: Speed 950.0000 | 1
- Inner conkour L " ! fmin - []
P& Forees § — I Sense of rokation Ic\ockwise v|
i e E Coupling § Motar
i I clindrical gear Material i42 CrMao 4 (1}, Through hardened steel, alloyed, through hardened v|
= Bearing
I B Roller bearing 1 aw diameter d 60.0000| mm )
- B rallerbearing 2 v B T |
T T Surface fackor Maone »
Ll Proj... | Expl... 7 Elem | 4 !
o —— == i IEre- i
Examples & x| State during heat treatment |Pre: turned to actual diameter v|
"3l Bearings N Material properties (DIM, FKM) Iwith reference diameter v!
[# Belts and Chains
G Bevel and Hypoid gears [ Cwin data For Waehler line (5-M cur Cefine...
[#- Connections )
- Crossed helical gears
Cylindrical gears
[# - Face gears |
[# Shaft-Hub-Cannections (only DIN 54.. |

Figure 2.16 Shaft material

However, you must input more details for the strength calculation to define the influencing
factors (for example, technological size coefficient).

Raw diameter d £0.0000 | mm

Surface Fackor |Nu:-ne vl
State during heat treatment |Pre-turned to actual diameter vl
Material properties (DIM, FEM) |with reference diameter v|
[] own data For Woehler ling (S-1 curw Define. ..

Figure 2.17 Material details

To define the technological size coefficient K; 4, Select one of these two options:
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¢ Pre-turned to actual diameter: the raw diameter has no influence on the technological size
coefficient. The value K; 4 is recalculated for each cross section based on the actual

diameter size.
e Raw diameter: K, 4 is determined once from the raw diameter and applied to all cross

sections.
Stake during heat treatment Pre-turned to actual diameter ,v-
Pre-turned to actual diameter
Material properties (DIM, FKM) Raw diameter
[ own data For woehler line (S-M curve) Define. ..

Figure 2.18 Additional information about material - heat treatment

IMaterial properties (DIN, FEM) with reference diamater Iv'
) with reference diameter
(] Own data For Woehler ling (5 curve) R, R, acc. data base, o, for reference diameter
R, R acc, data base, oy, constant
R., R. acc, data base, o, calculated from R,

Figure 2.19 Additional information about material - how KISSsoft is to determine the critical material
characteristics that are relevant for strength analysis

o with reference diameter: values are taken from database (at reference diameter) and
multiplied with K1

° Rp; Rn as stated in the database, oy, for reference diameter: the values R, and R, are
determined according to size (excluding K,), and the fatigue strength o, is determined for
the reference diameter entered in the database and then it is multiplied with K;.

. Rp, R as stated in the database, oy constant: the values R, and R, are determined
according to size, and the fatigue strength oy is taken from the database without being
influenced by the geometric size factor. The size factor K; is not taken into account here.

. Rp, Rn as stated in the database, oy calculated from R,,: the values R, and R, are
determined from the database according to size, oy is determined from the yield point R, in
accordance with the standard. Set a flag in the "Own data for Wohler line" checkbox to
define your own Woehler line.

The surface roughness used to define the influencing factor for surface roughness has already
been determined in the graphical definition of the shaft. For more information, refer to the
separate Tutorial No. 006.

254 Selecting cross sections for analysis

A maximum of 20 cross sections can be checked in one calculation. All the cross sections
listed in the Elements-tree or in the Shaft editor are analyzed.

Elementbaum & X | Welleneditor Basisdaten Festigheit
= B Shaft
= Aussenkontur
= [: Cylinder 1
B key
i z Interference fit &
_4 Radios right J f
’: Cylinder 2 al
= D Cylinder 3 i
o A Radius left
[ ey
= [: Cylinder 4
\ Radius left

Innenkontur
= Krafte d
E coupling { Motar w

ﬂ' Cylindrical gear

verbind\pde Elgflente 1 ] ki L) e

Proj.. Expl... Elem.. E]

Figure 2.20 Cross sections to be examined

The position (Y-coordinate) and notch must be defined in each cross section. KISSsoft can
then automatically select the cross sections that are to be examined (using the equivalent
stress and the notch factor). To do this select "Cross sections" and then right-hand click on

9/11



the "Elements-tree"” and select "Sizing" (see Figure 2.13). The KISSsoft system then
automatically finds the critical cross sections.

You can add and analyze two types of cross section. In the case of a limited cross section, the
notch factor is included in the geometry you enter.

A free cross section is independent of the geometry you input. In this case, you can select any
value as the notch factor.

4 [Cross sectiops. ' — 1| |
0 a-4 Add * |03 Limited cross section
o B8 Sizing = Free cross section
02 cq == EE
o o Sart | Documentation point

4

Connecting elemt
Lonnecong eem Delete all ‘ ‘

Figure 2.21 Adding another cross section

- You can input any value as the Y-position for both types of cross section (here 85 mm)

- Complete notch details (see Figure 2.23) and click "OK" to confirm this (here: cross
bore with 5 mm diameter)

- Click "Graphics" to view the position of the new cross section (you can also move the
cross section with the mouse ). See Figure 2.22

5
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R Q
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0 ]
‘
_—1 %
| S H
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———
I
X I {
[
oy = X 8]
o= < O
g
s
o
8
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Figure 2.22 Graphics with cross sections and equivalent stress (active cross section: red)

Elements-editor

Label

Comment

Position

Notch effect

Diameter of shaft
Diameter of bore

Label

Diameter of the cross hole

Surface roughness

Notch factor

Surface factor

Bending moment
Torque
Tension/Compression force

Shearing force

—

/
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Figure 2.23 Definition of notch in cross section FF

25.5 Analysis and results

Once all the cross sections are defined, click "Calculate", E— , to trigger the strength analysis.
The resulting safety factors then appear in the lower part of the window. As stated in DIN 743,
the minimum permitted safety is 1.20. However, this value only covers any uncertainties in the
procedure and may need to be increased to prevent any damage, or if you do not have precise
data about load assumptions.

2.6 Reports

For a detailed description of the calculation results, click "Report"-> "Generate" in the main
shaft calculation window. To output additional information about a specific calculation, click the

calculation report:
Caleulation | Report | Graphics  Extras He||:|”

n_?:l 1‘( Generate 2 )!-"

r

f

Diagrams of bending
erference fit

i right Eigenfrequency
r Buckling cases
r Roller bearing
dius left

; Settings
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Figure 2.24 Selecting reports

3 Further Calculations

3.1 Additional calculations

e Torsion-critical revolutions: see section 2.4 Selecting eigen frequencies

e Buckling: calculate the buckling load (axial pressure) or necessary load increase factor

e Calculation of crowning: this analysis returns a proposal for the crowning of, for
example, a pinion to compensate for the deformation of a shaft due to bending/torsion

e Calculation with load spectra: you can perform finite life analysis using different load
spectra and different modifications of the Miner rule (elementary, extended, consistent)

e Calculation of bearings and roller bearings, see section 3.2

e Calculation of other shafts

3.2 Comhination with roller hearing analysis

The shaft analysis module in the KISSsoft system also has a user-friendly integrated method of
calculating bearings and roller bearings that are modeled on a shaft. In this case, the bearing
loads are defined automatically on the basis of the external loads on the shaft and are therefore
available for use in a service life analysis (for more information, see Tutorial 007).
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