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1 Starting the Shaft Editor

1.1 Starting the Shaft Editor

For more information, refer to KISSsoft Tutorial 005, Shaft Calculation, Section 1.2.

1.2 Call the Shaft Editor, Settings

The main shaft calculation screen (Figure 1) consists of these tabs: «Shaft editor», «Basic data» and
«Strength». In the Shaft editor you can model various shafts, taking into account their constraints and loads.
These shafts can then be used in other calculations (deformation, strength etc., see Tutorial 005).

You can input fundamental settings (shaft position, speed, sense of rotation) directly in the «Basic data» tab.
Click on the «Calculation/Settings» menu item to make further settings (for more information about calculation-
specific settings: press «F1» Help/Manual):

Fle Project View

O&d=

Calculation | Report  Graphics

2 Run

Thermally safe operating speed

[ K15Ss0ft - License number 165 - Shaft calculation - Shafts 1.W10

Extras  Help

s IEEPE @AW

- [m] X

KISSsoft

Release 20198-70

Element Tree ¥ Toath trace modification viewsr Basicdata | Strey 3 Tooth trace modification ElementBox B X
== Campbell diagram Sr
Forced response H T -
v O shatt = Don't consider load spectra Speed 980.0000 | 1/min
~ Outer contol _
M Gears mounted by interference fit, with stffn irection of rotation docknise - Outer contour
> Cyline ¥ Rough sizing ] =
- t s in space®, | horizontal Consi
|4 Settings -
> __ 8 %.0000 | © [ consider gyroscopic effect Notch effects
> [ Cylinder 4 Consider deformation due to shearing (Timoshenko beam, not Euler-Bernouli beam) a b »
Inner contour Number of eigenfrequendes | | 0]
v Forces Number of bucking cases | o] Toake=
E coupling /Motor 2@
{F cylindrical gear Rolling bearings
~ Bearing ) ) Forces
B Roller bezring 1 Rolling bearings Rating life and stiffness from internal geometry + Modified rating life according IS0 281 P
»
B Roller bearing 2 Tolerance field Mean value - Lubricant temperature - T 30.0000 °C
™ (Cross sections v i - Bearing
—— Lubricant Oil: 150-VG 220 T A @ »
& = Contamination il lubrication with fitration, ISO 4406 /17/14, ¥
Cross sections —
Modules  Frojects  ElementTree Housing L
Examples 8 x Housing material Through hardening s * | |C45 (1), unalloyed, ~ | Temperature of housing Te 20,0000 | °C
> Automotive
> Bearings
> Belts and Chains
> Bevel and Hypoid gears
> Beveloid gears
> Cannections
> Crossed helical gears
> Cylindrical gears
# Face gears Results (basic calculation) & X | shaft & x
> Shaft-Hub-Connections (only DIN 5481)
> Shaft-Hub-Connections (only DIN 5482) Results Displacement (bending etc.) -
> Shaft-Hub-Connections maximum deflection 17.37 pm
v Shafts maximum equivalent stress 12,70 Mimm? k -
o shafts 1 minimum bearing rating ife 36525672 h
s Shafts 2 (Flex Pin) minimum static bearing safety 7.20
o Shafts 3 minimum fatigue safety 365
ol Shafts 4 (Campbell disgram - Je... minimum stafic safety 513
Safet Results [ #
i Shafts 5 (Motorshaft) ies. ) esults [ ) g
Fatigue static Fatigue static T
w8 Shafts & (wind turbine main shaft) aa 365 1051 30443 a75.70 £
o shafts 7 (truck transmission) BB 3.80 544 316.91 453.51 B,
s Shafts 8 (gearbox output to ge... cc 4.01 1321 33453 110088
sl Shafts § (DCT transmission input) 0-D 410 5.13 4 42745
sl Shafts 10 (Turboprop turbine) Bearing rating life S0 Leh Lomn Larh Lnmrh pmax_i
Roller bearing 1 720 RO37 h 15311 h 50499 h 365257 h 1590 Nimm?®. i
Manual  Search  Examples Element Editor  Resuts (basic calculatio)  Resuits (special calculaon) ~ Messages  Information
CONSISTENT
Figure 1. Shaft editor, module-specific settings, input speed, materials etc.




2 Modeling a Shaft

2.1 General Remarks

To model a shaft in the KISSsoft system, you must input the main dimensions, notch geometry, external loads
and supports/constraints and critical cross sections. You define these values in the «Elements-tree». To do this,
select the appropriate element and right-hand mouse click to display a list of elements that can be added to the
calculation. You can also create sub-elements for axially symmetrical contours (cylinders and cones).
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Figure 2. The five most important elements required to create a shaft
Elements Data about Necessary data To define Color
Outer/inner Shaft section Diameter and length of a shaft section, surface A, L, Iz, 1o, Wy, | Gray
contour roughness W,, W,
Cylinder/Cone Notch Type of notch, geometry Ol White
Forces Loads Centric or eccentric force/vectors of moment, Fy, Qx, Qz, Myy, Blue
machine elements for load introduction Moz, T
Bearing Bearings Selection of roller bearings, information about Reaction forces, | Yellow
bearing stiffness, degrees of freedom constraints
Cross sections Critical cross Effect of notch, position, geometry, surface Notch factors, Black
section roughness strains
Note that the coordinates system is right-handed and Cartesian
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You can display or hide the coordinates system by activating/deactivating the «Show coordinate system»

Positive x-axis: Out of the screen
Positive y-axis: Along the length of the shaft, from left to right
Positive z-axis: From bottom to top
Position of contact: Positive angle counter clockwise (looking towards the
positive direction of the y-axis), with zero position in the x-axis.

checkbox in the «Module specific setting».

m Meodule specific settings

General

[ Show coordinate system ]

Display symmetry line

Show automatic dimensioning

Display oil level

Movable forces and supports

Enable automatic zooming when adding elements
Display reference cone apex

[ use simplified gear model in 3D viewer

Display

Calculations Rolling bearings Reliability Shaft editor and 30 viewer

Shadowed

Figure 3.

Shaft editor tab in Module specific settings dialog

Alternatively you can, with the right mouse button, click the corresponding sub-menu in the shaft editor selected

for the activation (see Figure 4).

2.3 Editing functions, screen view

The following editing functions are available in the graphical Shaft editor:

Function Explanation
+ key . key % JHome key g Zoom in/zoom out/full screen
Mouse left-click b Select element/move element (when flag is enabled)
2 Zoom in/zoom out/full screen
Delete Delete selected element
il All shafts mirror
il shaft mirror
‘é‘ Moving the shaft
s Measuring function
| Display shafts overview
| Read in background drawing
| Move background drawing
23.05.2019
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¥ Display background drawing
' Remove background drawing
iL Display coordinate system
= Display symmetry line

1= Display automatic dimensioning
=h Display oil level

o Movable forces and bearings
d Display pitch apex

= Display shadowed

i Display background grid

,:q-i: Snap to grid

To move the forces and bearing icons, the corresponding sub-menu can be selected for activation by right mouse

click.

(= Print..

Settings

On the right-hand side of the Editor you see the following icons that make it easier to input the elements:

r"";ﬂ'ut a5, ‘r\‘m-]

/ . Show coordinate system

~  Display symmetry line
Display milimeter grid lines
Show automatic dimensioning
Show il level

Display reference cone apex

Maovable forces and supports
Display shadowed

L IR L L Y

Figure 4. Selection of sub-menu with right mouse click
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System elements Add shaft general connecting joint or
W X @ = bearing or roller bearing
QOuter contour
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Notch effects
d h b L JdE SIS03RS Add notch effects
Inner contour
2 @ Add conical bore
Forces
T 4 & I C 2+ &t & & ) e Add forces/ machine element, cylindrical
Bearing gear ...
£ ¢ B Add bearings ...
Cross sections
RS Add limited/free cross section
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2.4 Entering main dimensions

To define a shaft section, select the element in the «Elements-tree = Outer contour» or select the element in

the shaft editor, or select the element in the shaft editor. (Figure 5).

[ Kisssoft - License number 165 - Shaft calculation - Shafts 1.W10 - O X
File Project wiew Calculation Report Graphics Extras  Help
i g &y F '3 b | e 7 Kl
Ud&E8m A I 08 ERE EN SO
Release 20194-70
Element Tree B X chafteditr 3D Viewsr Bascdats  Stength |3 Tooth trace modification Element Box & X
Overview - Bl ¢ 8 = { Q@ @ { B EE I W dh @ I "R { ZEE Pl [ o & System elements
»
v @ st ~ S e ) A ®E
v Dusee— PR Y ammmmmmmammn e P ima 1 OQutercontour | | Outer contour —
.Cvlmder 1
ow iy < Q-
on <t
> Cylinder 3 Notch effects —
> Cylinder 4 z a B o»
Inner contour
~ Forces R Inner contour —
E Coupling / Motar =@
{} cylindrical gear I =
¥ Bearing Aidanaien rm— e e Forces
B Roller bearing 1 [ A T
B Roller bearing 2
™ Cross sections v F I Feming
- 1 a & »
B & 7
Cross sections —
Modules Projects Element Tree hh =@ »
Examples J x o <
> Automotive <«
> Beaings W A e e e e A e e e A e A P P P e P P
o R e e . - e . L
> Bevel and Hypoid gears L <
> Beveloid gears < >
> Connections )
> Crossed helical gears Force and support symbol size - +
> Cyindrical gears
? Face gears Cylinder & X | Shaft & x
> Shaft-Hub-Connections (only DIN 5481)
> Shaft-Hub-Connections (only DIN 5482) bl | | isplacement @ending tc.) <
> Shaft-Hub-Connections
~ shefs Positon on shat S0 - @
& 13 * »
o Shafis 1 by | B
i Shafts 2 (Flex Pin) Fosne bl -
@ shaf 3 Lergth
Shafts 4 (Campbell di -3 o t
0 S 4 Conppetdagram-e. || -
e Shafts 5 (Motarshaft) £
58 Shafts 6 (wind turbine main shaft) Surface roughness N6 Rz=4.8 (Grinding) EEZZ i
ofi8 Shafts 7 (truck transmission) 3oned
ofis Shafts 8 (gearbox output to ge... anm ]
o8 Shafts § [DCT transmission input) cnm ]
S
ofia Shafts 10 (Turboprop turbine) ERE I
s ot e
Manual  Search | Examples Element Editor  Results (basic calculation)  Results (special calaulation)  Messages  Information
CONSISTENT

Figure 5. Dialog in which you define a shaft section (cylinder)

You then define the diameter, length and surface roughness in the Elements-editor. Every new shaft section you
add can be positioned either before (to the left) or after (to the right) of existing sections. To add a shaft section to
an existing section, first select the existing section with a left-hand mouse click and then right-hand mouse click
and select «paste before» or «paste after» to insert the new shaft section. To modify an existing element in the

Elements editor, simply select it with a left-hand mouse click.

If a main element is active in the Elements-tree, e.g. “Outer contour”, the Elements-list is shown (Figure 6).

There, it is possible to modify the elements, too.
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Figure 6. Call the Elements-list

Bores («Inner contour = cylindrical bore») are also added to the existing shaft, from left to right. However, if
you only want the bore to be present on the right-hand end of the shaft, first define a bore with diameter zero
from the left-hand end of the shaft.

2.5 Inputting Notch Geometry

Before you can add a notch, you must select a shaft section (left-hand mouse click on the section, to display that
section in red) or a suitable element in the «Elements-tree» on which the notch is to be positioned. First right-
hand mouse click on shaft section in the Elements-tree and then select the appropriate notch. Here you can
select one of the various notch types that are available (for example, circumferential groove). After you select the
notch type, you see a dialog in which you can define the geometry and position (reference dimension: the left end
of the selected shaft section) of the notch.

The sub-elements «Radius», «Chamfer» and «Relief groove» do not need to be positioned because these are
set automatically on the selected end (left/right) of the current shaft section.

To add a general notch effect, select «General notch effect». You input the corresponding notch factors directly
in the «Elements-editor».

23.05.2019 8/18



Cylinder? | |
Cylinder. Add ¥ & Chamfer left
Cylinder Pazste Ctrl+V | By, Chamfer right
Inner contour
h FUF':EE Paste before p A Radusleft
Couplin ius ri
-D- - pd .gl Paste after » _J Radius right
g wr Lylindnc L. Relief groove left
Bearing Delete Del J lief iah
E Rollerbe: Relief groove right
B Rollerbe; Rename FE  Keyway
¥ Cross sections = Interference fit
=
03 a-a T P
o3 B8 ms Circumferential groove
0 c-C B2 v-notch
03I oo = Square groove
E=  Cross hole
Bl straight-sided spline
B spline
: Thread
= General notch effect

Figure 7. Dialog for defining sub-elements

2.6 Inputting Loads

2.6.1 General forces

Select «Forces->Centrical load» or «Forces>Eccentric load» in the «Elements-tree» to define a load vector
(three forces, three moments), that have either an effect on the midline of the shaft or an eccentric effect. You
can also predefine linear loads. The force vector is shown symbolically in the graphic as a single arrow in the
negative z-direction and not as a vector.

2.6.2 Machine elements

In addition to allowing the input of general force vectors, KISSsoft also provides a range of predefined machine
elements. Here, the resulting forces on the shaft are determined from the geometry of the machine elements and
the predefined power. As you no longer need to convert the helix angle and reference diameter, for example,
manually, the load data you input is significantly less prone to errors.

In «Forces», select a machine element. The dialog shown in Figure 8 then appears.
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Import...
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Sort
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Eccentric load

Magnetic force

Rope sheave/belt/chain
Coupling / Motor
Additional mass

Power loss fseal
Cylindrical gear

Woaorm

Worm wheel

Bevel gear [ hypoid gear

Face gear

Figure 8. Adding machine elements

Here you can now define and position the machine element. You can also define the load and its effective

direction.

Element Editor

Elements-editor for defining the

«Cylindrical gear» element

[[] read data from file Direction: (power flow)

[ Jlizke shFmess matmonts accomt Driving: The shaft drives a system. Power
is drawn from the machine element.

Label Cylindrical gear Driven: the shatft is driven from outside.

Position of cylindrical gear on shaft ¥ 160.0000 | mm Powgr is applied to the machine element.
Position of contact:

Position of cylindrical gear in global system Y 160.0000 | mm From the positive x-axis, counter

[ Multiple counter gears clockwise (to the positive z-axis.)

Position of contact s 130.0000 | = I Position of the cylindrical gear on the shaft
(y-coordinate)

Length of load application | 80,0000 | mm

Operating pitch diameter e 120.0000 | mm o+

Working pressure angle at normal section Qi 20,0000 | =

Mumber of teeth (only for display) z

Hand of gear hielisc left hand

Helix angle at operating pitch cirde B 15.0000 | =

Power p 75.0000 | kw ®

Torgue T 730.8135 | Nm (@]

Direction driving {output)

Load spectrum | Single stage load (no load spectrum) r

Figure 9. Definition of a machine element, using the example of a cylindrical gear

Two machine elements are used in this example: one coupling/motor (Figure 10) and a cylindrical gear

(Figure 9).
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Elements-editor

Label |Cu::up|ing,.'|'~"lub::r

Center point of load application on shaft ¥ mim

Center point of load application in global system Y T

Length of load application | mm
Effective diameter d mmm

Axial force factor Fa

Radial force factor Fa

Direction of the radial force o g

w [ omoli
Fower = ke (O]
Torgue T Mm )]
Direction driven (input) -
Load spectrum | Single stage load {no load spectrum) v | |

Figure 10. Definition of the coupling

Here power is applied to the shaft from outside, which is why it is «driven».
You must ensure that the total power applied to and drawn from the system equals zero, otherwise, this warning
message appears:

[d warning >

Shaft 'shaft':
the sum of torgues is not zero.

AT = -730.814 Mm

Warning message to tell you that the power balance in the system is not equal

Figure 11.

2.7 Adding Bearings

In KISSsoft system you can define either general bearings or roller bearings.

2.7.1 General bearings

A bearing is defined in the Elements-tree. In the Elements-tree, click on «Bearings» and then right-hand mouse
click on «Support» or «Roller bearing» to add these elements. A simple dialog appears in the Elements-editor.
You can then position the bearings (input the bearing's y-coordinate, measured from the left-hand end of the
shaft). In the next step, enter the bearing type.
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Element Editor H
Label Support ‘
Position on shaft ¥ mm
Position in global system Y mm
Type of bearing Own Input -
Displacement in X-direction | fixed -
Displacement in ¥-direction | free -
V Eearing I I i Displacement in Z-direction | fixed -
E Ralls Add ¥ = Suppart Rotation around X-zxis free <
E Rolle — g @ . bearing Rotation around Y-axis free <
E Rolli Rotation around Z-axis free =
- Impart... B Roling bearing A
Export... i X Damping = Nftm/s)
| ¥ Damping Crx Nmj{rad/s)
= E Sort I Damping o Nimjlrad/s)
hles Delete all I Damping [ Nm/(rad/s)
!
Figure 12. Dialog for positioning and selecting the bearing type

2.7.2 Inputting roller bearings

In the Elements-tree, click on «Bearings» and then right-hand mouse click on «Roller bearing» to add these
elements. Alternatively, you can select the bearing in the graphic. To do this, click the «Shaft editor» tab. You
can then define the bearing data:

Elements-editor
Label Rolerbearing! Positioning bearings
Position on shaft v mm
Position in global systam ¥ mm
Type of bearing |Fixed bearing adjusted on left side <- i Will the bearing take axial forces?
Type Spherical roller bearings = Select bearing construction
Number SKF 21308 E (d=40.000 mm, D=90.000 mm, B=23.000 mm) - Select bearing type
Comment SKF Explorer - SKF Popular Ttem | The bearing diameter is determined automatically on
Inner diameter d 40000 v|mm ® [¢ the basis of the bearing position
External diameter D |50.000 ~ mm O
Nominal width B mm
Bearing clearance | Stiffness/damping  Thermally safe operating speed  Lubrication Select radial bearing clearance group
Bearing clearance | Own Input - If required, specify bearing offset
Diametral bearing dearance h pm
Tolerance not considered ~| [ If required, specify bearing stiffness
Offset external ring in X-drection B om
Offset external ring in Y-cirection 3, mm ® [i If required, input factors for the calculation of the
Pretension force in Y-drection F N O thermally safe operating speed
Offset external ring in 2-drection 5 om
Titing bearing outer ring around X axis B .
Tilting bearing outer ring around Z axis G- .
Figure 13. Defining a roller bearing

2.7.3 Special bearings

You can also input stiffness values for bearings. These are then taken into account when calculating load,
deformation and also when calculating eigenfrequencies. This allows you to simulate the influence of roller
bearing or housing stiffness. However, you must determine this using a different method (for example, in an FEM
calculation).

You must use several individual bearings to fully model linear bearings. In this case, you must use bearings that
have resilience/stiffness values!
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2.8 Sizing for constant equivalent stress

Figure 14.

Element Editor

Label Support

Position on shaft i mm
Position in global system ¥ mm

Type of bearing Mon-ocating bearing

Enter stiffness

Digplacement in X-direction |fixed with stiffness

Stiffness Cx M fpm
Displacement in Y-direction |free

Displacement in Z-direction |fixed with stiffness

Stiffness [ Mfum
Rotation around X-axis free

Rotation around Y-axis free

Rotation around Z-axis free

Set damping

Damping Cux Mf(m/s)
Damping Cuy Nj(m/s)
Damping [ Nf{m/s)
Damping - Mmf{rad/=)
Damping e MNmf{rad/s)
Damping Gz MNm/f(rad/s)

Example showing modeling of a line bearing using several individual bearings

Now optimize the shaft geometry (main dimensions) so that the equivalent stress (nominal stress) is more or less
constant along the length of the shaft (lightweight construction). In the module-specific settings, input the data on
which this calculation is based (see Figure 15). Here you can input the equivalent stress on which the calculation
is based (in this example 100 N/mm?).
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[ Module specific settings ? X

Calculations Rolling bearings Reliability Shaft editor and 3D viewer
General
Show coordinate system
Display symmetry line
Show automatic dimensioning
Display oil level
Movable forces and supports
Enable sutomatic zooming when adding elements
Display reference cone apex
[1 Use simplified gear model in 3D viewer

Display Shadowed

Background grid
Display background grid

Snap to background grid
horizontal wvertical

Grid spacings 1.0000 | | 1.0000 | mm

Background drawing
Display background drawing
Color of the background drawing black -

Calculations

1000000 | Njmm?

Equivalent stress for sizings T max

Maximum deflection for sizings U ‘ 0, 1000 | mm

Figure 15. Predefining permitted values for the sizing

In the menu, click «Sizing» -> «for strength» to start the calculation to define the outer contour of the shaft for
the specified load so that the predefined equivalent stress is achieved in each cross section.

v OB shaft -
~ Oute Verify strength

>

Sizing 4 for strength
3 Order » for deflection
’ Change color...
Inne

w Forc| ¥ Welle anzeigen

Delete Del
~ Bear Rename
Figure 16. Call the «Sizing»-> «for strength» menu option by clicking with the right-hand mouse button on the shaft

The resulting contour appears as a green line. You can now modify the shaft's dimensions — insofar as is
practical to suit the design — to match this green line. This enables you to achieve an even load (excluding the
notches) along the entire shaft

o ] 8 & 8 8 <!
o @ - &~ & o
80 40 80 35 o @ — &~ o
Outer contour } 80 - 40 - 80 } 35 { Outer contour
2 1 g 21 ¢
ofi) T

== ==

#h
% X
| A | ot tevel [ 1 oil level
I =
s} < Q = @)
ea) << (s] on =< o
nn n i
n o o 8 [t
= 0 aied 65 160
b 6 ot 160 +| Bearing } | 1| Bearing
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Figure 17.

2.9 Sizing for maximum bending

Original geometry with proposal for the diameter (green line), right: Modified shaft geometry, with «Sizing» -> «for
strength» menu called

In a similar way, you can also optimize shaft geometry to ensure that the permitted bending (deflection) is not

exceeded. This permitted deflection is predefined here as shown in Figure 14 (here 0.1 mm). After you click

«Sizing»—> «for deflection» to call the calculation, a factor is calculated by which all the shaft diameters are

increased/reduced to ensure that the degree of deflection matches the predefined value. The resulting shaft
geometry is then displayed as a magenta line. You can now modify the shaft's dimensions — insofar as is

practical to suit the design — to match this magenta line.
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Figure 18.

2.10 Several shafts

You can now use the shaft system's calculation module to input and analyze several coaxial shafts at the same
time in the same shaft calculation. This type of modeling is very useful, for example, when analyzing the shaft in

a planetary gear.
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Original geometry with proposal for the diameter (magenta line), right: Modified shaft geometry, call «Sizing»->
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Figure 19. Example Shafts 6 (wind turbine main shaft)
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2.11 Additional Function

Used the marked icon (see figure 20) and the drawing of a shaft in DXF format can be placed in the background
for better control during modelling.

Shaft editor 3D Viewer Basic data Strength |_iTooﬂ’1 trace modification
Bl el Q@ s maoa lili[?"'ﬂ va x| [ [=] 8 =] » 4[] ] [ e
@
(=] —
Fy 19 = Quter contour
SRR d: ES
b
» \
11 3
11
T 1
O
0
EEEEEEEaL N
<
Force and support symbal size I + Font size I

A filter is available in the element tree. This allows you to change the display according to different criteria.

Figure 21.

Figure 20.

Read in backround drawing

Elements-tree

Overview

Overview

Geometry overview
Forces overview
Bearings overview
Supports overview
Flain bearings overview

Rolling bearinas overview

Forces
¥ Bearing
201
Cross sections
w M BrgHousRS
¥ Quter contour
Cylinder
~ Inner contour
ﬂ Cylindrical bore
Forces
~ Bearing

L

|

P

Change the scope of the display change the scope of the display

The reprensentation of the existing elements can be completely displayed or hidden.
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Elements-tree n Elements-tree n

Cverview = Cverview =
h BrgHousGS v Op BrgHousG5 4]
g BrgHousRS ~  Quter contour
b s1 Cylinder
O sRotor ¥ Inner contour
P sc1 &) cylindrical bare

Forces
dP sc2 * Bearing
B s & u1
0 ss1 Cross sections
gP ss2 w P BrgHousRS
Connecting elements “ Quter contour
Cylinder
~ Inner contour

ﬂ Cylindrical bore

Forces
V¥ Bearing v
<[] a
Hidden elements All elements completely displayed
Figure 22. showing and hiding elements
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