KISSsys application: Critical speeds, characteristic curves

KISSsys application:
Automatic generation of characteristic curves
based on critical speeds for electro motors

1 Task
For different speeds of an electromotor, the maximum possible mass flanged on its shaft is to be
calculated so that the critical speed (bending) does not fall below the operating speed. The position of
this (lumped) mass on the shaft varies. The permissible masses calculated are being used as technical
data in a catalogue. The objective is to reduce the time required to generate this data considerably.

2 Solution
For a given pair of starting values (position of the mass on the shaft and operating speed), the
permissible mass is calculated using an iteration. Using starting values, the critical speed of the shaft is
calculated and compared to the operating speed. Based on the difference between the two, the estimate
for the mass is varied. The iteration is terminated successfully when the difference between calculated
critical speed and operating speed is smaller than an allowable error. This iteration is performed for all
combinations of operating speed and position of mass and the results are compiled in a table. From
there, the results can be exported to e.g. Excel for graphical representation.
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3 Description of the model
3.1 Structure of the shaft
The shaft geometry is defined in KISSsoft and includes the bearings, a distributed mass to represent
the winding of the electromotor and the lumped mass to represent the mass to be flanged on the shaft:

Figure 3.1-1 Shaft geometry with supports and the lumped mass at the right end of the shaft (red arrow)

The position of the mass at the right end of the shaft can be varied from y=1515mm to 1715mm. The
geometry of the shaft can be modified at any time. The bearings are assumed to be rigid (infinite radial
stiffness), but can also be defined with a given bearing stiffness.

3.2 The user interface
The calculation of the permissible mass is controlled using the user interface shown below:

Figure 3.2-1 User Interface to control analysis and to show the results
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The model allows for calculation of twenty operating speeds and twenty positions of the mass on the
shaft. The number of operating speeds and number of positions to be considered is set using „No. of
speeds“ and „No. of positions“. In the above figure, four speeds and four positions are to be analyzed
hence, sixteen results are created. The positions are defined in the column „Position (mm)“. The
operating speeds for which the critical mass is to be sought are given in the row „Speed (Upm).
Additionally, settings for running the iteration are necessary (permissible error, start mass), which is
started by double click on “Analyze”. The results can then be copied and pasted into e.g. Excel:

Figure 3.2-2 Graphical representation of the results in e.g. Excel

Following the above outlined process, characteristic curves can be generated in very short time.

3.3 Iteration
The KISSsys model described here is based on an algorithm to search for a target value. Here, the
target for the critical speed is the operating speed. Hence, the iteration is repeated as long as the critical
speed of the shaft – mass arrangement divers considerably from the operational speed:
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The iterations starts with an initial estimate for the mass (field „Start mass (kg)“) to be defined by the
user. The closer this start value is to the permissible mass, the fewer steps are necessary to complete
the iterations. With the start mass at the defined position, the first critical speed of the shaft is
calculated in KISSsoft and returned to KISSsys. In KISSsys, this value is then compared to the
operational speed of the shaft. The estimate for the mass is then adjusted and the iteration is repeated.
If the difference between these two values is below a critical value (defined in „Accuracy (Upm)“), the
iteration is terminated. As a safety feature, the maximum number of steps in the iteration not to be
exceeded can be limited („Max. Iterations“).
The iteration is repeated for every pair of given values for the operational speed and the position of the
mass on the shaft.
The code for the iteration looks as follows:
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Figure 3.3-1 Code for the mass calculation

Using two loops, for each speed and for each position the iteration is performed. The first iteration
starts with two starting values and follows the Newton procedure.

4 Conclusion
Using KISSsys, an analytical model has been established with which, permissible masses to be flanged
on a shaft can be calculated. The masses are calculated such that the critical speed of the shaft is above
the operational speed. The calculation can be performed for twenty different operational speeds and
twenty different positions of the mass. The time required for calculation of these four hundred
combinations is in the range of five to ten minutes, whereas the generation of the curves shown above
without this model took several hours.
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