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Combining KISSsoft&KISSsys with FEM analysis

In most cases, a combination of FEM calculation and standardised calculations leads to
the most accurate results in the design process. Both methods have their unique strength
and disadvantages; combining the two in a clever way is the most effective approach.
While KISSsys and KISSsoft may be used to quickly and reliably generate load data to
be exported to the FEM calculation, the resulting deformations as calculated may be
used as an input into e.g. the bearing, shaft and load sharing calculation in KISSsoft.
Furthermore, stress levels calculated in an FEM analysis may be transformed into a
corresponding lifetime or safety factor using KISSsoft rating software.

Using the transmission error calculation in KISSsoft to find the variation of the bearing
forces, the FEM analysis may be used to find the frequency response and sound pressure

levels generated.

Natural frequencies of a housing calculated using FEM may be compared with e.g.
meshing frequencies of the whole gearbox as calculated in KISSsys. In the same way,
bearing fault frequencies may be compared with the natural frequencies found from the

FEM analysis.

The below report is based on a joint project with VonRoll Casting for the development
of a gearbox and its housing. We thank VonRoll Casting for allowing us to publish some
results of our joint project. Visit www.vonroll-casting.ch to learn more about VonRoll

Casting.
Customer Supplier Project Document
KISSsoft AG Title: Version: 0
Uetzikon 4 No.: Autor:
8634 Hombrechtikon Date: Date:
Switzerland Manager: Approved:
www.KISSsoft.ch @: Date:

G:\KISSSY S\Application-Reports\app-014-combining-KISSsys-FEM.doc




1. Document information

1.1.

Table of content

Combining KISSsoft&KISSsys with FEM analysis ........cccccceeeeiiieeiiieeieecieeeee e
1. Document information ...
1.1.  Table of content......
1.2. Document change reCOTA. .........ccueiiirriieiiieiieeie ettt ettt eaee b e e

I o (0 To<Ta 111 (< SRR

3. HOUSING fOTCES. ..utiiiiieitieiie ettt ettt ettt et e st e et e st e et eeeabeenseesnbeenseesnseenseennnas

4.  Bearing suppOrt SHTNESS .....eieiiieeiiieeieece et

5. Natural frequency analySiS.......ccoerieriiieriieiiieiieeie ettt et e e ee

6.  Stress [eVel aSSESSIMENL . .....ccuviieiiieeiieeciie ettt et e et e e e e beeesabeeeareeesaeeeneeas
1.2. Document change record

Document | Dated Who Comments

version

0 28.1.2008 | HD Original document

2. Procedure

It is noteworthy that FEM analysis and the calculations in KISSsoft/KISSsys can interact at

different levels of the analysis. Standardised calculations as implemented in KISSsoft are very

fast to use and generate input in the form of housing forces for the FEM analysis at no

additional modelling effort (see section 3). The housing deformation in return does influence

the boundary condition formulation in the KISSsoft shaft analysis, influencing e.g. the gear
corrections proposed there (see section 4).
Furthermore, parameterised KISSsys models allow for the immediate calculation of exciting

frequencies, which may be compared to the natural frequencies obtained from the FEM model

(see section 5). Finally, for a given stress distribution calculated in the FEM analysis,
KISSsoft can be used to convert stress levels in to a part lifetime or strength (see section 6).
The methodology described below is independent of the FEM software used.
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3. Housing forces

Using an in-built function in KISSsys, all housing forces may be exported for a given load
case into a text document or Excel file (see Figure 3-2). The housing forces may also be
calculated for a single shaft or a system of concentric shafts using KISSsoft shaft calculation.
The housing forces thus documented may then be added in the FEM calculation as shown
below (see Figure 3-3).

Housing forces are calculated based on meshing forces and element masses. Bearing stiffness
(non-linear, including clearance) are considered for statically over-determined systems,
bearing pre-tension is considered too. Both the absolute values as well as the direction of the
force acting are given as output in tabular form.

s TNRT T

Figure 3-1 KISSsys model of transmission including housing data, display of housing forces
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Forces acting from the bearings on the casing

Bearing Name Global x-coord. | Global y-coord.  Global z-coord. |Force Fx [N] |Force Fy [M] Force Fz [N]
_0.GB.s1.b1 -551.93 -2 -20 0 7020.05 0
_0.GB.s1.b2 -551.93 -28 -20 -8693.41 0 14514 6
_0.GB.s1.b3 -551.93 -130 -20 2727.25 0 12839.75
_0.GB.s2.b1 -299.63 -15 -87 -7459.41 62.53 -38607.64
_0.GB.s2.h2 -299.63 223 -87 3465.16 0 -48492.31
_0.GB.s3.b1 0 -21.5 0 -7696.99 7468.26 17902.49
_0.GB.s3.b2 0 -231.58 0 17698.78  -14410.56 41516.62

Sum of all reactions, Fxtot, Fytot, Fztot

-158.62

Figure 3-2 Housing forces exported from KISSsys into text or Excel file

140.28

Figure 3-3 Application of forces and moments on geometry model in pre-processor

4. Bearing support stiffness

Import of bearing support stiffness (expressed through housing deformation compared to
force applied) (see Figure 4-2) from FEM model (see Figure 4-1) into KISSsoft bearing/shaft

-326.49

calculation helps to improve the shaft deflection calculation as it is superimposed to the
bearing stiffness calculation. The improved accuracy is relevant for the calculation of

crowing/modifications to be applied in the gearing to improve the load sharing. Furthermore,
any misalignment of the bearing supports calculated as bearing hole displacements may be

directly added in the shaft calculation.

e
Figure 4-1 Results of FEM analysis, housing deformation is also calculated. Calculate housing stiffness

from load applied and displacement calculated.
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First shaft IOuber sleeve j

Second shaft IGEar bedy j

Paosition 270.0000 | mm

Lagerversatz in X-Richtung 0.0000 || mm
Lagerversatz in Y-Richtung 0000 | mm

Lagerversatz in Z-Richtung 0.0000 || mm

e

Type of bearing IFIoatng bearing j

Type ICyIincIricaI roller bearing (single row) j

Diameter @ inside " outside d |300.00 ~| mm E

Label JsiF s 2260 1A =l

Tolerance | B =l

Bearing dearance IO'.\'H Input d

Diametral bearing clearance i} 0000 | mm j -\]'

Tolerance shaft

Tolerance hub

W

Radial stiffness

Figure 4-2 Left: Definition of support stiffness in bearing selection (lowest two fields). Right: symbols for
bearing support offset and for bearing support stiffness.
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5. Natural frequency analysis

Comparison of meshing and bearing fault frequencies from KISSsoft/KISSsys with natural
frequency calculation / eigenform calculation in FEM (see Figure 5-1) will show whether a
given gearbox housing is prone to vibration. For this, using the FEM calculation, the natural
frequencies need to be calculated.

Using KISSsoft and KISSsys, the gear meshing frequencies are calculated based on shaft
speeds and gear properties (see Figure 5-2). Furthermore, based on shaft speeds and bearing
properties like number of rollers, bearing fault frequencies are calculated (see Figure 5-3).
The natural frequency of an housing should then be different to the meshing frequencies
present at the given operating speed. The bearing fault frequencies may be used for the set up
of condition monitoring systems, measuring housing accelerations at the respective locations
of the housing where large displacements occur in the eigenform.

Figure 5-1 Eigenmode of a gearbox housing
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Figure 5-2 Meshing frequency analysis in KISSsys
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= T e o e R
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< | |l

Figure 5-3 Output of bearing fault frequency calculation from KISSsys

6. Stress level assessment

Figure 6-1 Left: Stress contour on housing, with various stress concentrations. Right: general describtion

of a 3D stress state in a stress raiser.
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For the final strength verification of the housing, the stress state calculated (see Figure 6-1)
needs to be compared with a permissible stress state and transformed into a safety number
using the part S-N curve. The calculation of the utilisation (a comparison between safety
factor required divided by safety factor achieved) for a required lifetime, considering material
properties (see Figure 6-2), stress concentration, stress state (see figure Figure 6-1, right) and
part properties is implemented in KISSsoft as per the FKM guideline (see Figure 6-3).

5 Material input |
[Dwn Input =] FKMAmN  [___0.00000 M/mm2
Label [AznamMorTe___ FKMReN [ 000000 N/mm2
Material type |AI knead. allaved j FKM sigedw/ M Im N /rmz
Type of treatment Iuntreated j FKM Gruppe I_T ll
Density [—Fea0.00000  kasm3 FRMaS  [___soooon %
E-Moduls [——s100000000 NAmm2 FKM deffh.p [ 15.00000 mm
Shearing moduluz Iw M/mm2 FEM deff.M.m lm mm
Poizzon's ratio IW FKM deff.ad.p lm mm
Tensile strenath [—3s000000 Mémm2 FKM deff.ad m [ 0.30000 mm
‘Yield peint [—zs000000  NAmm2
|
Figure 6-2 Definition of material properties for S-N curve along FKM guideline
£ KISSsoft [Hirnware-Moduk: Strength with local stresses (K12) {C:\Program...le\Example F =18 x]
File Project Report Settings Help
—Main- nput data
|3D part [sigma_1. sigma_2, sigma_23) j Bermel ek |
Proof poirt Supporting point Load spectumn ic stress concentration f
Mean stress Stress amplitude Streszs amplitude

sigma 1 |_119.DD NAmm2  +- |_119_DD Hrmmz |_54.1D Hmm2
sigma 2 |_29.2n N/mm2  +/- | 2920 N/mm2 | 2260 N/mm2
sigma 3 [ o0 Nemm2 et [—_000 NAm2 000 NAmm2

ISingIe stage load [ho collective] j I 1.70
ISingIe ztage load [no collective) j I 1.70
ISingIe stage load [no collective] j

Distance to support point 1.25  mm
Material IDwn Inpuat j | Rz |F|2=1D.D j
Raw diameter | 18.000000 | mm
Calculate F5 | “wiite Fieport FE | I¥ Results are consistent
rResult-Overview
Static utilization | F9.48 %
Dynamic utilization I 9713 x

= Projeck: | sz

FES KISSzoft GmbH [Hanspeter Dinner]

Figure 6-3 Conversion of a given stress state for a 3D part as calculated in a stress concentration using

FEM into an utilisation value.

The analysis program delivers a complete, well documented proof of integrity for static and
fatigue strength in a point of proof W. The proof is delivered along the local stress concept as
described in the FKMguideline “Rechnerischer Festigkeitsnachweis fiir Maschinenbauteile”.
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The basic prinicple is to estimate the lifetime based on the elastic-plastic, local stress in the
critical section compared to the S-N curve derived from the un-notched probe under uniaxial
load. In the course of the FKM-guideline, the local stress concept is modified to a purely
elastic load situation. Precondition for the use is hence an elastic material state. In this context,
the concept used is not really a local concept as the elastic-plastic notch root strain concept
but a concept close to the nominal stress concept except that the notch coefficient is ”on the
other side ofthe equation”. It is a useful tool for the static and high cycle fatigue proof. Input:
Stress amplitudes and stress ratio at the proof point and at a support point. Or the stress
amplitudes / stress ratio at the proof point and an estimate for the support coefficient.
Furthermore, for the calculation of the design factors, parameters like surface roughness, heat
treatment and so on are required. Then, load data like number of cycles, temperature,
collective are also required. Output: A static and fatigue utilisation (inverse of a safety
number) is calculated. The proof is documented in detail.

21. December 2007, 13:00:01 Cakulstion prossume for michins dnioe
KISSsofv/Hizmwaze Rel. 0
aticnsversion

Sxample

User : sxample

Warning : Calculation not consistent.
Results are probably not valid !

Proof of strength with local stresses
According to FEM-Gunideline 4. edition (2002)

3D pars

lective)
no eollecsive)
stage lead (ne collective)

materizl (mm)
Me=n reughne )

Figure 6-4 Documented proof of integrity of the housing for a given feature and its stress state
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