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Ver 21.00 – Base Motion   2/17/2020 

A steady state harmonic base excitation (motion) can be specified in this Ver 21.00.  The 

bearings with station J = 0, with the exception of Floating Ring Bearing (see example 5 

for more details), are connected to the base and the flexible supports with the non-zero 

stiffness and damping are also considered to be connected to the base, as shown in the 

Figures 1 and 2, and all the stations connected to the base are subject to the base 

excitation if specified. i.e., all the rotor/support stations connected to the ground are now 

considered to be connected to the base if base excitation is present. The foundation is 

neglected in the base motion analysis. 

Fig. 1 – Single Base 

Fig. 2 – Multiple Bases 

For the steady state harmonic base excitation analysis, the system must be linear and 

bearings are linear bearings.  This is a linear analysis. 

Dyrobes Rotordynamics Software
 dyrobes.com

https://dyrobes.com/
https://dyrobes.com/
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The base motion inputs are entered in the Base Motion tab under Model – Data Editor, as 

shown in Figure 3.  The inputs are described below: 

 

 
 

Fig. 3 – Inputs for Base Motion (Single Base) 

 

1) Base Type:  The Base Type can be Single, as shown in Fig. 1, or Multiple as shown in 

Fig. 2.   

 

 
 

For a Single Base model, all the stations connected to the same base are subject to the 

same base motion.  For a Multiple Bases model, the stations connected to the different 

base can have different base motion in amplitude and phase, but the base excitation 
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frequency is the same for all the bases, only the amplitude and phase can be different.  

Each base has 4 degrees-of-freedom, as described in the lateral vibration model, i.e., two 

translations (X, Y) and two rations (Theta-X and Theta-Y).  For a Single Base, the inputs 

are illustrated in Fig. 3.  Fig. 4 shows a multiple bases model input.  There is a “station 

reminder” automatically shown above the motion input.  It shows the number of stations 

connected to the base and the station numbers.  For a multiple bases model, the base 

motion for all the connected stations must be entered.   

 

 
 

Fig. 4 – Inputs for Base Motion (Multiple Bases) 

 

Note that if the rotational displacements are specified in the base motion, the bearings 

connected to the base must have rotational stiffness and/or damping to transmit the base 

motion. 

 

2) Excitation Frequency: The base motion frequency (excitation frequency) can be either 

a function of rotor speed or a constant frequency, or the excitation frequency varies at a 

constant rotor speed.   
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If the excitation frequency is a function of rotor speed or a constant, the analysis is 

performed for a range of rotor speed, as illustrated in Fig. 5. If the excitation frequency 

varies at a constant rotor speed, the analysis is performed for a range of excitation 

frequency, as illustrated in Fig. 6. 

 

 
 

Fig. 5 – Excitation frequency is a constant 

  

 
 

Fig. 6 – Excitation frequency varies at a constant rotor speed 

 

3) Base Motion:  The base motion is described as a steady state harmonic motion.   

 

    For the i
th

 base:                                                                                                              (1) 

 

 

Note that the displacement expression uses a phase lag (-), and the force expression uses 

a phase lead. 
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where A is a speed dependent amplitude multiple.  In general, the base motion is speed 

independent, therefore Ao=1, A1=A2 = 0.  For a multiple base model, the base excitation 

frequency is the same, but the amplitude and phase can be different by specifying 

different cosine and sine components (zc and zs) of the motion.  For every base motion, 4 

degrees-of-freedom can be specified: two translations (x,y) and two rotations (x, y).  

Since the motion is transmitted through bearings to the rotor system.  If rotational base 

motion is specified (x, y), then the bearing connected to this base must have the 

rotational stiffness and/or damping to transmit this base motion to the rotor system.  

Otherwise, the rotational base motion will be ignored. 

 

4) Analysis: When performing the base motion analysis, analysis option 23, the rotor 

speed input depends on the excitation frequency type entered in the Base Motion Input.  

As said before, if the excitation frequency is a function of rotor speed or a constant, the 

analysis can be performed in a range of rotor speed, and if the excitation frequency varies 

at a constant rotor speed, the analysis is performed at a constant rotor speed, as illustrated 

in Fig. 7. 

 

 
 

Fig. 7 – Rotor speed input for the base motion analysis 

 

The results can be viewed from the Postprocessor in both text and graphic formats.  

Several examples are employed to illustrate the use of Base Motion Analysis.  

Mathematically, the absolute displacement of the rotor due to the base motion can be 

verified using the Steady State harmonic Excitation Analysis.  It will be demonstrated in 

the following examples. 
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Example 1 – Single Degree-of-Freedom 
 

For a single DOF system, a mass m is supported by a spring k and a damping c.  The 

spring and damping connected to the base are subject to a base motion z(t).   

                             
     Fig. 8 – SDOF model 

 

The equation of motion of the mass can be obtained by applying the Newton’s 2
nd

 law for 

the absolute displacement x is: 

 

                                                                                                                           (2) k cmx F F 
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where Fk and Fc are the spring and damping forces acting on the mass m.  

 

                                                                                                                               (3) 

 

                                                                                                                           (4) 

 

i.e., 

(5) 

or             

(6) 

 

For a harmonic base motion 

 

(7) 

 

Therefore, the equation of motion becomes: 

 

    tzckztzckzkxxcxm exccexcsexcsexcc  sincos            (8) 

 

Define the relative displacements with respect to the base motion z: 

 

                                                                                                                   (9) 

 

Substitution of Eq. (9) into Eq. (6), the equation of motion in the relative displacement 

form: 

                                                                                                                             (10) 

 

 

Case 1: BaseMotion_1a.rot 

 

The first case is taken from “Applied Mechanical Vibrations” by David V. Hutton, page 

84. 

 m = 8 Lb, k = 40 Lb/in, c = 0, zc = 0, zs = 0.2 in, and  

       exc = 115 Hz (6900 cpm = 722.57 rad/sec) 

 

The system undamped natural frequency is:  

 

 

 

 

 

The frequency ratio is defined as below 
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For this high frequency ratio, i.e., the excitation frequency is much higher than the system 

natural frequency, the inertia of the mass keeps it from moving much, so that the relative 

motion consists primarily of the base motion relative to the mass.  The mass steady state 

vibration amplitude is 0.00074 in.  The mass relative displacement to the base is 0.20074 

in.  

The related rotor-bearing model and base motion inputs and analysis inputs are shown 

below: 
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Fig. 9 – Input data for Example 1 Case 1 (BaseMotion_1a.rot) 

 

The constraints are used to limit the system to be a single degree-of-freedom in the X 

direction only for the purposes of comparison and understanding the base motion. 

 

The reason to run the analysis from 0 to 100 rpm with an increment of 10 rpm is 

primarily for the easy presentation of the results.  For this simple system, all the system 

parameters are not dependent on the rotor speed, therefore the results are also 

independent of the speed.   

 

The results, the absolute displacement and the relative displacement of the mass and the 

force transmitted to the base, from the Base Motion Analysis are shown below: 
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Fig. 10 – Outputs for Example 1 Case 1 (BaseMotion_1a.rot) 

 

As said that the absolute displacement can be verified by using the Steady State 

Harmonic Excitation Analysis according to Eq. (8). The steady state harmonic excitation 

is a function of bearing coefficients (k and c) and base motion (z and exc).  However, the 

force transmitted to the base through the bearing cannot be verified using this analysis, 

since the relative displacement is not obtainable from the Steady State Harmonic 

Excitation Analysis without knowing the base motion.   

 

The bearing transmitted force from Base Motion is: 

 

                                                                                                                            (11) 

 

The bearing transmitted force from the Steady State Harmonic Excitation is: 

 

                                                                                                                            (12) 

 

 The input and output for the steady state harmonic analysis are show below.  Note that 

the force expression uses a phase lead () and the displacement uses a phase lag. 
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Fig. 10 – Verification of Base Motion using the Steady State Harmonic Excitation 

Analysis 

 

Case 2: BaseMotion_1b.rot 

 

Since this simple system has a constant and speed independent natural frequency, let us 

consider a wide range of excitation frequency at a constant rotor speed to plot the 

response versus the frequency ratio.  To limit the response amplitude at the resonance, 

frequency ratio =1, let us add a damping coefficients of c = 0.5 in the bearing.  Then we 

have: 
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The relevant inputs are shown in Fig. 11 below: 
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Fig. 11 – Example 1 Case 2: Excitation frequency from 5 to 1000 cpm 
 

The absolute and relative displacements of the mass and the force transmitted to the base 

versus the frequency ratio are shown in Fig. 12 below: 
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Fig. 12 – Base Motion Results for Example 1 Case 2 
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To change the graphic scales and headings, go to Options – Settings and macke necessary 

changes.  To scale the X-axis from Excitation Frequency to Frequency Ratio (Exec 

Freq/natural Freq), multiplying a scale factor (1/Natural Freq = 1/419.57=0.00238) as 

shown below. 

 

 
 

As expected, the absolute displacement starts with the base motion at  =0 and reaches 

the maximum absolute displacement before the resonance  =1, and the absolute 

displacement equals to the base motion of 0.2 inches at  =0, and      .  The absolute 

displacement decreases as the frequency ratio increases after the resonance. The relative 

displacement starts from zero and reaches the maximum relative displacement after the 

resonance and approaches to the base motion when the frequency ratio is very high.  At 

very low frequency ratio, i.e., the excitation frequency is much less than the system 

natural frequency, the mass vibrates with the base and there is little relative motion 

between the mass and the base.  At very high frequency ratio, the mass is nearly 

stationary and the relative motion is primary the base motion. 

 

Again, the maximum absolute displacement, 0.4253 inches at 395 rpm can be verified by 

using the steady state harmonic excitation analysis.  The excitation frequency is 395 cpm 

(41.36 rad/sec) and the excitation force, according to Eq. (8), is: 

 

 

 

2
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The input and output are shown below: 

 

 
 

 
 

Fig. 13 – Steady State Harmonic Excitation at 395 cpm for Example 1 case 2 
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Example 2 - 2 Degrees-of-Freedom  
 

The second example is a 2 DOF system, as shown below.  For more details, see 

“Structural Dynamics” by Roy R. Craig, Jr., page 240.   

 

 

 

m1=8 lb, k1 = 40 lb/in, c1 = 0.2 lb-sec/in 

m2=15 lb, k2 = 100 lb/in, c2 = 0.1 lb-sec/in 

base motion: zc =0, zs = 0.2, exc from 5 cpm to 1000 cpm 

 

 

 

 

 

 

 

Fig. 14 – Two Degrees-of-Freedom System 

 

The equation of motion: 

 

 

                                                                                                                                         (13) 

 

 

Define the relative displacements with respect to the base motion z: 

 

 

                                                                                                                                         (14) 

 

 

Substitution of Eq. (14) into Eq. (13), the equation of motion in the relative displacement 

form: 

 

 

                                                                                                                                        (15) 

 

 

The response can be solved in either coordinate system (absolute or relative 

displacements).  For a single base model, it is convenient to solve the equation of motion 

in the relative displacement, Eq. (15).  However, for a multiple bases model, will be 

presented later, the absolute displacement, Eq. (13) will be used.  

 

Again, this is also a simple model and the system parameters are independent from the 

rotor speed.  The system natural frequencies are constant and not varied with the rotor 

speed.  
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The system natural frequencies and damping factors can be obtained from the whirl speed 

analysis: 

 
******************** Whirl Speed and Stability Analysis ******************** 

**************************** Precessional Modes **************************** 

         ************ Frequency *************    Damping      Log.   Damping 

    Mode    rpm          R/S          Hz       Coefficient  Decrement Factor 

 

     1     321.291      33.6456      5.3549      -1.556      .291     0.046 

     2     628.304      65.7958      10.472      -7.131      .681     0.108 

 **************************************************************************** 

 

Undamped Natural Frequencies: 

 

 

 

 

Damped Natural Frequencies and Damping Factors: 
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Case 1:  BaseMotion_2a.rot 

 

The relevant inputs are shown below in Fig. 15.  Note that in this model, the support 

stiffness and damping are entered as a bearing. 
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Fig. 15 – Inputs for Example 2 
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Mass m1 absolute and relative displacements (station 1) 

 

 
 

 
 

Fig. 16 – Displacements for Mass m1 



 27 

Mass m2 absolute and relative displacements (station 3) 

 

 
 

 
 

Fig. 17 – Displacements for Mass m2 
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The transmitted forces for bearing 1 and bearing 2 are shown below.  The force 

transmitted through bearing 2 is acting on the base. 

 

 
 

 
 

Fig. 18 – Forces Transmitted through Bearings 
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Again, the absolute displacements can be verified by using the steady state harmonic 

excitation analysis. The excitation acting on the mass m2 (station 3) is: 

 

 

 

 

 

For the excitation frequency of 320 cpm, the harmonic excitation is: 

 

 

 

 

 

The harmonic excitation input: 

 

 
 

Fig. 19 – Harmonic Excitation at m2 (station 3) 
 

The results for the excitation frequency at 320 cpm can be verified.  In order to shown the 

plots, we ran the steady state harmonic analysis for a speed range of 0-1000 rpm.  The 

displacement results are: 
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Fig. 20 – Responses for the Harmonic Excitation 
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Case 2:  BaseMotion_2b.rot 

 

In this model, we can also move the bearing 2 data into the support tab, as shown in Fig. 

21. The results are identical to the previous model and not repeated here. 

 

 

 
 

Fig. 21 – Alternative inputs for Bearing 2 
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Example 3 – Multiple Degrees-of-Freedom   

 

A multiple DOF system, as shown in Fig. 22, is used in this example.  At the operating 

speed of 3,000 rpm, the first five natural frequencies are: 4,312 (backward), 4,358 

(forward), 7,342 (backward), 7,619 (forward), and 100,684 (backward) rpm and their 

associated whirling modes are shown in Fig. 23. 

 

 
 

Fig. 22 – Example 3 
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Fig. 23 – The first five modes at 3,000 rpm 
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Case 1:  BaseMotion_3a.rot 

 

A single base is assumed in this case.  The base has a motion in Y direction and the 

excitation frequency is from 200 to 10,000 cpm with an increment of 50 cpm. This 

excitation frequency will excite the first two system natural frequencies and far below the 

third natural frequency.  The base motion and the analysis input are shown below: 

 

 
 

 
 

 Fig. 24 – The Base Motion and Analysis Input 

 

The displacements (absolute and relative) at the disk (station 1) and bearings (stations 3 

and 7) are shown in Fig. 25 below: 
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Fig. 25 – The Results for Base Motion 
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Forces transmitted through bearings to the base are: 

 

 
 

 
 

Fig. 26 – The Force Transmitted to the Base 
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Although the bearings are isotropic and uncoupled in the X and Y directions in this 

example, as shown below, the X and Y motions are coupled through the gyroscopic 

effect.  So, even with the base motion in the Y direction only, the responses occur at both 

X and Y directions with dominant Y displacement. 
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Again, the absolute displacements can be verified using the Steady State Harmonic 

Excitation Analysis as described before.  For comparison purposes, the excitation 

frequency at 4,350 cpm is selected.  The excitation forces can then be calculated and 

entered in the harmonic excitation input, as shown below. The analysis is run at a 

constant rotor speed of 3,000 rpm.  The results are also listed below. 

 

 
 

 
 

Fig. 27 – The Steady State Harmonic Excitation 
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************** Harmonic Response due to Shaft (1) Excitation *************** 

               *** Excitation Frequency =  4350.0      cpm *** 

 

   Shaft  1     Speed=    3000.00 rpm  =    314.16 R/S  =      50.00 Hz 

 

 *********************** Shaft Element Displacements ************************ 

          =====  X  =====    =====  Y  =====        Elliptical Orbit Data 

  stn sub Amplitude Phase    Amplitude Phase        A          B         G  

 

   1  1  0.816E-01  267.5   0.112E+01   87.4    0.112E+01   0.130E-03    94. 

   2  1  0.692E-01  269.7   0.964E+00   86.0    0.966E+00   0.448E-02    94. 

   3  1  0.570E-01  272.9   0.810E+00   84.1    0.812E+00   0.870E-02    94. 

   4  1  0.451E-01  277.8   0.657E+00   81.4    0.659E+00   0.127E-01    94. 

   5  1  0.338E-01  286.0   0.507E+00   77.0    0.508E+00   0.164E-01    93. 

   6  1  0.239E-01  301.7   0.363E+00   69.0    0.363E+00   0.190E-01    92. 

   7  1  0.177E-01  332.7   0.233E+00   51.5    0.233E+00   0.173E-01    89. 

 

 **************************************************************************** 

 

  Element Internal Shear Forces and Moments (Semi-Major Axis) 

       ------------ Left -------------  ----------- Right ------------- 

  Ele       Shear         Moment            Shear         Moment 

 

   1       81.574         322.01           187.76         9119.1     

   2       187.76         9119.1           453.22         30367.     

   3       773.18         30367.           553.88         13049.     

   4       553.88         13049.           70.136         31195.     

   5       70.136         31195.           291.51         22154.     

   6       291.51         22154.           378.61        0.13147E-08 

 

 **************************************************************************** 

 

 ***************** Linear Bearing/Support Force and Moment ****************** 

   stn    =====  X  =====    =====  Y  =====        Elliptical Orbit Data 

   I  J   Amplitude Phase    Amplitude Phase        A          B         G  

 

   3  0  0.864E+02  264.3   0.123E+04   75.5    0.123E+04   0.132E+02    94. 

 Moment  0.000E+00    0.0   0.000E+00    0.0    0.000E+00   0.000E+00     0. 

   7  0  0.356E+02  326.2   0.470E+03   45.0    0.470E+03   0.349E+02    89. 

 Moment  0.000E+00    0.0   0.000E+00    0.0    0.000E+00   0.000E+00     0. 

 

 **************************************************************************** 

 

The absolute displacements are identical to the results from the base motion analysis.  

However, the forces transmitted through bearings are not the same since the steady state 

harmonic excitation analysis did not include the base motion. 

 

 

 

Case 2:  BaseMotion_3b.rot 

 

In this case, the Single Base is replaced by Multiple Base Option with the identical base 

motion, as shown in Fig. 28. 
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Fig. 28 – Multiple Base 

 

The results are identical to the Case 1 and not presented here.  However, when plotting 

the relative displacements, one must select which base will be used for the relative 

displacement as shown in Fig. 29. 

 

 
 

Fig. 29 – The Relative Displacement 
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Case 3:  BaseMotion_3c.rot 

 

In this case, both bearings are subject to different base motion, as shown in Fig. 30.  Note 

that the base motion can have different amplitude and phase, but the same frequency.  

The first bearing (station 3) has a base motion in the Y direction only.  The second 

bearing (station 7) has the base motion in both X and Y directions. 

 

 
Fig. 30 – The Base Motion 

 

 

The absolute displacements for the disk and both bearings are shown in Fig. 31.  The 

relative motions for both bearings are shown in Fig. 32.  The forces transmitted through 

bearings are shown in Fig. 33. 
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Fig. 31 – The Absolute Displacements 
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Fig. 32 – The Relative Displacements 
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Fig. 33 – The Bearing Transmitted Forces 
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To verify the absolute displacements caused by the base motion, the steady state 

harmonic excitation analysis is again used. For comparison purposes, the frequency at 

4,350 cpm is selected.  The amplitudes and phases are entered accordingly as shown in 

Fig. 34. 

 

The right hand side of the equation for the Steady State Harmonic Excitation: 

 

 

                                                                                                                            (13) 
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Fig. 34 – The Steady State Harmonic Excitation 
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Since the comparison is selected only in one frequency, the results are compared as 

below: 

 
 

 ************** Harmonic Response due to Shaft (1) Excitation *************** 

               *** Excitation Frequency =  4350.0      cpm *** 

 

   Shaft  1     Speed=    3000.00 rpm  =    314.16 R/S  =      50.00 Hz 

 

 *********************** Shaft Element Displacements ************************ 

          =====  X  =====    =====  Y  =====        Elliptical Orbit Data 

  stn sub Amplitude Phase    Amplitude Phase        A          B         G  

 

   1  1  0.165E+00  220.9   0.943E+00   92.1    0.948E+00  -0.128E+00    96. 

   2  1  0.132E+00  216.6   0.823E+00   91.5    0.826E+00  -0.107E+00    95. 

   3  1  0.100E+00  209.5   0.704E+00   90.6    0.705E+00  -0.873E-01    94. 

   4  1  0.711E-01  196.2   0.586E+00   89.3    0.586E+00  -0.680E-01    92. 

   5  1  0.504E-01  169.1   0.468E+00   87.5    0.468E+00  -0.498E-01    89. 

   6  1  0.495E-01  128.3   0.351E+00   84.4    0.352E+00  -0.341E-01    84. 

   7  1  0.692E-01   99.8   0.235E+00   78.2    0.244E+00  -0.246E-01    75. 

 

 **************************************************************************** 

 

 

 ************ Harmonic Response due to Base Motion (Excitation) ************* 

               *** Excitation Frequency =  4350.0      cpm *** 

 

   Shaft  1     Speed=    3000.00 rpm  =    314.16 R/S  =      50.00 Hz 

 

 *********************** Shaft Element Displacements ************************ 

          =====  X  =====    =====  Y  =====        Elliptical Orbit Data 

  stn sub Amplitude Phase    Amplitude Phase        A          B         G  

 

   1  1  0.165E+00  220.9   0.943E+00   92.1    0.948E+00  -0.128E+00    96. 

   2  1  0.132E+00  216.6   0.823E+00   91.5    0.826E+00  -0.107E+00    95. 

   3  1  0.100E+00  209.5   0.704E+00   90.6    0.705E+00  -0.873E-01    94. 

   4  1  0.711E-01  196.2   0.586E+00   89.3    0.586E+00  -0.680E-01    92. 

   5  1  0.504E-01  169.1   0.468E+00   87.5    0.468E+00  -0.498E-01    89. 

   6  1  0.495E-01  128.3   0.351E+00   84.4    0.352E+00  -0.341E-01    84. 

   7  1  0.692E-01   99.8   0.235E+00   78.2    0.244E+00  -0.246E-01    75. 

 

 **************************************************************************** 
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Whirling Direction 
 

To fully understand the effect of the base motion, we need to also examine the 

precessions of the base motion and the rotor motion.  In this Case 3, the base motion at 

station 3 is a straight line motion which can excite both forward and backward whirling 

modes. The base motion at station 7 is a backward precessional elliptical motion which 

tends to excite the backward precessional modes more.  To view the base motion, there is 

a Tool in DyRoBeS which can help you visualize the base motion, as shown below: 

 

 
 

Base Motion at Station 3: 
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Base Motion at Station 7: 

 

 
 

Use the Animation Play option, you can visualize the motion better.  Now, let us go back 

to examine the entire rotor response (absolute displacements) from the Base Motion 

Analysis at the excitation frequency of 200, 4312, 4358, 7342, and 7619 cpm. 
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In the graph, the properties of the max orbit are printed.  The value a is the semi-major 

axis, and b is the semi-minor axis.  The positive sign of the semi-minor axis indicates the 

orbit is a forward precession and negative sign indicates the backward precession.  The 

red arrow represents the base motion.  At very low excitation frequency (I.e., low 

frequency ratio), the rotor moves with the base and there is no relative movement 

between rotor and base.  The rotor whirls in the forward precession for the stations 1 

(max orbit) and 2.  The station 3 is a straight line motion which is the same as the base 

motion.  After the straight line motion, the rest of the rotor whirls in the backward 

precession, same as the station 7 base motion.  So, the rotor is whirling in a so-called 

mixed precession. 

 

At the excitation frequency of 4350 cpm, the entire rotor whirls in the backward 

precession at resonance.  The rotor deflection shape is similar to the first mode.  The rotor  

response is far larger than the base motion at or near resonance. 

 

 
 

At the excitation frequency of 7500 cpm, the entire rotor whirls also in the backward 

precession.  The rotor deflection shape is similar to the third mode. 
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To check the whirling direction for all the excitation frequency range, the easiest way is 

to plot the elliptical orbital axes (semi-major and semi-minor axes).  The negative semi-

minor axis indicates a backward whirl.   

 

The orbital axes for the stations 1 and 7 are shown below.  It shows that the station 1 

starts with forward precessions at low excitation frequency and becomes backward 

precessions around 3400 cpm, then turns to forward precessions again after 8550 cpm.  

However, for station 7, it starts with backward precessions, and becomes forward 

precessions only between 4600 cpm and 4800 cpm. 
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Case 4:  BaseMotion_3d.rot 

 

In this case, change the base motion  xs  from 0.05 to -0.05 at station 7.  This will change 

the base motion at station 7 from the previous backward precession to forward 

precession.  The rests of data are unchanged. 
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Now, at 200 cpm, again, at such low excitation frequency and low frequency ratio, the 

rotor moves with the base.  It is still a mixed precession, however, the stations 1 and 2 

before the bearing #1 (station 3) are backward precessions now, and after the straight line 

motion at station 3, the rotor whirls in the forward precession same as the station 7 base 

motion. 

 

At 4350 cpm, the response is at and near resonance.  The entire rotor whirls in the 

forward precession and the rotor response is far larger than the base motion.  The rotor 

deflection shape is similar to the second mode.  At 7500 cpm, the rotor whirls in the 

forward precession.  The rotor deflection shape is similar to the fourth mode. 
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Case 5:  BaseMotion_3e.rot 

 

Let us consider the base motion is a purely forward circular motion as shown below: 
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Now, you already know the results.  Yes, this base motion will only excite the forward 

modes and no backward precession will be present.  Since the system is an isotropic 

system,  the rotor response orbits will be purely forward circular orbits. 
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Case 6:  BaseMotion_3f.rot 

 

Consider a purely backward circular base motion in this example. 
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Results are as expected. 
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Example 4 – Industrial Compressor (BaseMotion_4a.rot) 

 

An industrial compressor, as shown below, is used in this example.  The rotor assembly is 

supported by two bearings at stations 2 and 4.  The compressor design speed is 35,000 

rpm.  The bearing #1 at station 2 is a 3-lobe bearing and the bearing #2 at station 4 is a 

tilting pad bearing.  Bearing Type 15 is used in this example. 

 
Fig. 35 – An Industrial Compressor 
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At 35,000 rpm, the first 4 precessional modes are shown in Fig. 36.  It shows that the 

base motion will most likely excite the 1
st
 and 2

nd
 modes. 

 

 
 

Fig. 36 – The first 4 Precessional Modes 

 

 

Case 1:  BaseMotion_4a.rot 

 

For verification purposes, only the 2
nd

 bearing at station 4 is subject to a base motion and 

the 1
st
 bearing at station 2 is not subject to any base motion.  Therefore, two bases are 

utilized in this model. The base 1 is not moving and the base 2 has a harmonic motion in 

Y direction.  The base motion is shown in Fig. 37. The base excitation only at station 4 

(base 2) varies from 1000 cpm to 50,000 cpm with an increment of 500 cpm at a constant 

rotor speed of 35,000 rpm. 
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Fig. 37 – Base Motion 

 

The absolute displacements at both bearings are shown in Fig. 38.  The relative 

displacements are shown in Fig. 39.  The bearing transmitted forces are shown in Fig. 40. 
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Fig. 38 – The Absolute Displacements due to Base Motion 
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Fig. 39 – The Relative Displacement due to Base Motion 
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Fig. 40 – The Transmitted Bearing Forces due to Base Motion 

 

At low excitation frequency, 1000 cpm, again, the rotor moves with the base motion and 

there is little relative movement between the rotor and base.  Also, the straight line base 

motion can excite both forward and backward precessions.  In this case and at this low 

frequency, the rotor moves nearly straight line motion (b=0) which is the same as the 

base motion.   

 

The maximum response occurs at the impeller side (station 7).  Again, at low excitation 

frequency, the rotor moves with the base motion (straight line) and proceeds with a 

backward whirl, then reaches the resonance at 19,500 cpm.  The motion becomes forward 

precession after 21,500 cpm, This is understandable since the 1
st
 mode at 18,233 cpm 

with a log. Decrement of 2.0667 is a backward mode and the 2
nd

 mode at 21,317 cpm 

with a log. Decrement of 2.4541 is a forward mode. 

 

At station 4 where the base motion occurs, the motion starts from a straight line motion, 

then backward, and forward, and backward. 
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The bearing coefficients for the bearing 2 (station 4) at 35,000 rpm are calculated below: 

 
Brg Coefficients  

Kxx        Kxy       Kyx          Kyy         Cxx          Cxy        Cyx         Cyy 

197434.  0.00000    0.00000     197434.      109.352     0.00000     0.00000     109.352    

 

Based on Eq. (13), we can calculate the equivalent harmonic excitation at the frequency 

of 22,500 cpm as shown in Fig.  41. 

 

 
 

Fig. 41 – The Equivalent Harmonic Excitation at frequency of 22,500 cpm  

 

 

The absolute displacements due to base motion and steady state harmonic excitation at 

the frequency of 22,500 cpm are identical as expected. 
 

 

 ************** Harmonic Response due to Shaft (1) Excitation *************** 

               *** Excitation Frequency =  22500.      cpm *** 

 

   Shaft  1     Speed=   35000.00 rpm  =   3665.19 R/S  =     583.33 Hz 

 

 *********************** Shaft Element Displacements ************************ 

          =====  X  =====    =====  Y  =====        Elliptical Orbit Data 

  stn sub Amplitude Phase    Amplitude Phase        A          B         G  

 

   1  1  0.419E-01  134.7   0.421E-01  267.1    0.543E-01   0.240E-01   135. 

      2  0.396E-01  134.2   0.396E-01  267.9    0.515E-01   0.220E-01   135. 

      3  0.306E-01  131.4   0.297E-01  272.8    0.402E-01   0.141E-01   136. 

      4  0.217E-01  126.2   0.203E-01  282.2    0.290E-01   0.615E-02   137. 

   2  1  0.174E-01  121.7   0.160E-01  290.9    0.236E-01   0.221E-02   137. 

      2  0.735E-02   78.6   0.101E-01  355.0    0.102E-01  -0.725E-02    80. 

      3  0.638E-02   55.0   0.116E-01   15.9    0.127E-01  -0.366E-02    65. 

   3  1  0.108E-01  351.9   0.227E-01   49.6    0.235E-01   0.879E-02    73. 

      2  0.194E-01  333.5   0.375E-01   60.7    0.375E-01   0.193E-01    88. 
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      3  0.203E-01  332.4   0.392E-01   61.5    0.392E-01   0.203E-01    89. 

   4  1  0.350E-01  311.9   0.812E-01   71.5    0.833E-01   0.297E-01   104. 

   5  1  0.547E-01  290.9   0.153E+00   76.9    0.160E+00   0.293E-01   107. 

      2  0.827E-01  275.5   0.247E+00   79.6    0.259E+00   0.216E-01   108. 

   6  1  0.103E+00  268.8   0.311E+00   80.7    0.328E+00   0.139E-01   108. 

      2  0.114E+00  266.3   0.344E+00   81.0    0.362E+00   0.998E-02   108. 

   7  1  0.120E+00  265.3   0.360E+00   81.2    0.379E+00   0.804E-02   108. 

 

 **************************************************************************** 

 

 

 

 ************ Harmonic Response due to Base Motion (Excitation) ************* 

               *** Excitation Frequency =  22500.      cpm *** 

 

   Shaft  1     Speed=   35000.00 rpm  =   3665.19 R/S  =     583.33 Hz 

 

 *********************** Shaft Element Displacements ************************ 

          =====  X  =====    =====  Y  =====        Elliptical Orbit Data 

  stn sub Amplitude Phase    Amplitude Phase        A          B         G  

 

   1  1  0.419E-01  134.7   0.421E-01  267.1    0.543E-01   0.240E-01   135. 

      2  0.396E-01  134.2   0.396E-01  267.9    0.515E-01   0.220E-01   135. 

      3  0.306E-01  131.4   0.297E-01  272.8    0.402E-01   0.141E-01   136. 

      4  0.217E-01  126.2   0.203E-01  282.2    0.290E-01   0.615E-02   137. 

   2  1  0.174E-01  121.7   0.160E-01  290.9    0.236E-01   0.221E-02   137. 

      2  0.735E-02   78.6   0.101E-01  355.0    0.102E-01  -0.725E-02    80. 

      3  0.638E-02   55.0   0.116E-01   15.9    0.127E-01  -0.366E-02    65. 

   3  1  0.108E-01  351.9   0.227E-01   49.6    0.235E-01   0.879E-02    73. 

      2  0.194E-01  333.5   0.375E-01   60.7    0.375E-01   0.193E-01    88. 

      3  0.203E-01  332.4   0.392E-01   61.5    0.392E-01   0.203E-01    89. 

   4  1  0.350E-01  311.9   0.812E-01   71.5    0.833E-01   0.297E-01   104. 

   5  1  0.547E-01  290.9   0.153E+00   76.9    0.160E+00   0.293E-01   107. 

      2  0.827E-01  275.5   0.247E+00   79.6    0.259E+00   0.216E-01   108. 

   6  1  0.103E+00  268.8   0.311E+00   80.7    0.328E+00   0.139E-01   108. 

      2  0.114E+00  266.3   0.344E+00   81.0    0.362E+00   0.998E-02   108. 

   7  1  0.120E+00  265.3   0.360E+00   81.2    0.379E+00   0.804E-02   108. 

 

 **************************************************************************** 

 

 

 

 

Case 2:  BaseMotion_4b.rot 
 

In this case, both bases are subject to the same base motion as shown in Fig. 42.  At rotor 

speed of 35,000 rpm, the bearing coefficients are: 

 
Brg Coefficients at 35,000 rpm 

 

No. Kxx        Kxy        Kyx       Kyy         Cxx         Cxy        Cyx         Cyy 

 1  335633.   183353.   -297550.   477252.      124.990   -3.22163   -3.22163    168.538     

 2  197434.   .00000   0.00000     197434.      109.352    0.00000    0.00000    109.352     

 

Again, for the comparison purposes, the equivalent steady state harmonic excitations at 

the frequency of 22,500 cpm are calculated as shown in Fig. 43.  Note that, the base 

motion at station 2 only has the Y movement, but the steady state excitations exist in both 

X and Y directions due to the coupled bearing stiffness and damping coefficients at 

station 2.  The absolute response for both base motion and steady state harmonic 

excitation are listed for comparison.  
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Fig. 42 – Base Motion 
 

 

 

 
 

Fig. 43 – Equivalent Harmonic Excitation 
 

 



 76 

 

 ************ Harmonic Response due to Base Motion (Excitation) ************* 

               *** Excitation Frequency =  22500.      cpm *** 

 

   Shaft  1     Speed=   35000.00 rpm  =   3665.19 R/S  =     583.33 Hz 

 

 *********************** Shaft Element Displacements ************************ 

          =====  X  =====    =====  Y  =====        Elliptical Orbit Data 

  stn sub Amplitude Phase    Amplitude Phase        A          B         G  

 

   1  1  0.229E-01  163.5   0.147E+00  353.1    0.149E+00  -0.377E-02    99. 

      2  0.216E-01  163.4   0.144E+00  353.5    0.145E+00  -0.373E-02    98. 

      3  0.163E-01  163.0   0.131E+00  355.2    0.132E+00  -0.344E-02    97. 

      4  0.111E-01  162.0   0.119E+00  357.4    0.120E+00  -0.293E-02    95. 

   2  1  0.858E-02  160.9   0.114E+00  358.6    0.114E+00  -0.259E-02    94. 

      2  0.144E-02  131.8   0.994E-01    2.9    0.994E-01  -0.112E-02    91. 

      3  0.785E-03   42.0   0.964E-01    4.4    0.964E-01  -0.478E-03    90. 

   3  1  0.575E-02  345.5   0.872E-01   10.2    0.873E-01   0.239E-02    87. 

      2  0.110E-01  340.6   0.792E-01   17.7    0.797E-01   0.661E-02    84. 

      3  0.116E-01  340.3   0.784E-01   18.7    0.789E-01   0.715E-02    83. 

   4  1  0.198E-01  325.9   0.770E-01   40.0    0.772E-01   0.190E-01    86. 

   5  1  0.302E-01  306.2   0.103E+00   62.4    0.104E+00   0.269E-01    98. 

      2  0.451E-01  290.6   0.149E+00   75.9    0.154E+00   0.249E-01   104. 

   6  1  0.563E-01  283.6   0.184E+00   81.1    0.191E+00   0.207E-01   106. 

      2  0.621E-01  281.0   0.202E+00   83.1    0.210E+00   0.184E-01   106. 

   7  1  0.650E-01  279.9   0.211E+00   83.9    0.220E+00   0.172E-01   107. 

 

 **************************************************************************** 

 

 

 

 ************** Harmonic Response due to Shaft (1) Excitation *************** 

               *** Excitation Frequency =  22500.      cpm *** 

 

   Shaft  1     Speed=   35000.00 rpm  =   3665.19 R/S  =     583.33 Hz 

 

 *********************** Shaft Element Displacements ************************ 

          =====  X  =====    =====  Y  =====        Elliptical Orbit Data 

  stn sub Amplitude Phase    Amplitude Phase        A          B         G  

 

   1  1  0.229E-01  163.5   0.147E+00  353.1    0.149E+00  -0.377E-02    99. 

      2  0.216E-01  163.4   0.144E+00  353.5    0.145E+00  -0.373E-02    98. 

      3  0.163E-01  163.0   0.131E+00  355.2    0.132E+00  -0.344E-02    97. 

      4  0.111E-01  162.0   0.119E+00  357.4    0.120E+00  -0.293E-02    95. 

   2  1  0.858E-02  160.9   0.114E+00  358.6    0.114E+00  -0.259E-02    94. 

      2  0.144E-02  131.8   0.994E-01    2.9    0.994E-01  -0.112E-02    91. 

      3  0.785E-03   42.0   0.964E-01    4.4    0.964E-01  -0.479E-03    90. 

   3  1  0.575E-02  345.5   0.872E-01   10.2    0.873E-01   0.239E-02    87. 

      2  0.110E-01  340.6   0.792E-01   17.7    0.797E-01   0.661E-02    84. 

      3  0.116E-01  340.3   0.784E-01   18.7    0.789E-01   0.715E-02    83. 

   4  1  0.198E-01  325.9   0.770E-01   40.0    0.772E-01   0.190E-01    86. 

   5  1  0.302E-01  306.2   0.103E+00   62.4    0.104E+00   0.269E-01    98. 

      2  0.451E-01  290.6   0.149E+00   75.9    0.154E+00   0.249E-01   104. 

   6  1  0.563E-01  283.6   0.184E+00   81.1    0.191E+00   0.207E-01   106. 

      2  0.621E-01  281.0   0.202E+00   83.1    0.210E+00   0.184E-01   106. 

   7  1  0.650E-01  279.9   0.211E+00   83.9    0.220E+00   0.172E-01   107. 

 

 **************************************************************************** 
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The responses at both bearings for the base motion are shown below; 
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Fig. 44 – Absolute and Relative Displacements at Bearings 
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Fig. 45 – The Transmitted Bearing Forces due to Base Motion 
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Case 3:  BaseMotion_4c.rot 

 

In Case 2, although Multiple Bases are used, two bases have the same base motion.  So, 

in this case, a Single base model is used as shown in Fig. 46.  The results for the base 

motion in this case are identical to the results in Case 2 and are not repeated here. 

 

 
 

Fig. 46 – Base Motion – Single Base 
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Case 4:  BaseMotion_4d.rot 

 

In this case, bearing #2 (station 4) is connected to a support (station 8) as shown in Fig. 

47.  The base motion is acting on the stations 2 and 8. 

 
 

Fig. 47 – System Model 

 

 
 

Fig. 48 – Base Motion 
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Fig. 49 – Bearing and support data 

 

At the rotor speed of 35,000 rpm, the first five natural frequencies and modes are shown 

in Fig. 50. 
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Fig. 50 – The first five natural frequencies and modes 
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The absolute and relative displacements at stations 4 and 8, bearing #2 and its support, 

are shown in Fig. 51. 
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Fig. 51 – The Absolute and Relative Displacements at Stations 4 and 8 
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Again, let us examine the impeller station (station 7) where the maximum displacement 

occurs.  It starts from with the base motion (a straight line motion), then backward 

precession when approaching the 1
st
 mode (backward mode), after 15,000 cpm, the 

motion becomes forward and reaches the maximum peak at 16,000 cpm.  From the 

previous Whirl Speed/Stability Analysis (Fig. 50), it shows that the 2
nd

 mode (forward 

mode) has a slightly smaller damping (log. Decrement) than that of the 1
st
 mode 

(backward mode).  The second peak occurs around 40,000 cpm and the motion is a 

backward precession.  This can also be observed from the mode frequency and damping 

at mode #4. 

 

 
 

 

 

Case 5:  BaseMotion_4e.rot 

 

This case is identical to the previous Case 4, except the base motion has entered as 

multiple bases.  The results are identical to Case 4, and not repeated here. 
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Fig. 52 – Base Motion – Multiple Bases 

 

Let us consider a steady state harmonic excitation with a frequency of 40,000 cpm acting 

on the station 2 and station 8 at the rotor speed of 35,000 rpm.  At 35.000 rpm, the 

bearing coefficients are: 

 
Brg Coefficients at 35.000 rpm  

Stn  Kxx        Kxy        Kyx        Kyy        Cxx        Cxy       Cyx          Cyy 

 2  335633.    183353.    -297550.   477252.    124.990   -3.22163  -3.22163      168.538     

 4  197434.    0.00000    0.00000    197434.    109.352    0.00000   0.00000      109.352     

 8  300000.    0.00000    0.00000    300000.    3.00000    0.00000   0.00000      3.00000   
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Fig. 53 – Steady State Harmonic Excitation at 40,000 cpm 

 

Again, the absolute displacements can be compared with the results from the base 

motion. 
 

 ************ Harmonic Response due to Base Motion (Excitation) ************* 

               *** Excitation Frequency =  40000.      cpm *** 

 

   Shaft  1     Speed=   35000.00 rpm  =   3665.19 R/S  =     583.33 Hz 

 

 *********************** Shaft Element Displacements ************************ 

          =====  X  =====    =====  Y  =====        Elliptical Orbit Data 

  stn sub Amplitude Phase    Amplitude Phase        A          B         G  

 

   1  1  0.241E+00  333.3   0.139E+00  298.6    0.269E+00  -0.709E-01    27. 

      2  0.222E+00  332.3   0.125E+00  303.2    0.249E+00  -0.542E-01    28. 

      3  0.148E+00  325.3   0.847E-01  334.8    0.170E+00   0.121E-01    30. 

      4  0.810E-01  306.3   0.907E-01   20.4    0.978E-01   0.722E-01    56. 

   2  1  0.582E-01  282.8   0.111E+00   35.7    0.114E+00   0.522E-01   105. 

      2  0.893E-01  204.0   0.190E+00   55.7    0.205E+00  -0.434E-01   113. 

      3  0.104E+00  198.0   0.205E+00   57.7    0.222E+00  -0.616E-01   113. 

   3  1  0.154E+00  186.9   0.253E+00   62.5    0.271E+00  -0.118E+00   114. 

      2  0.201E+00  181.5   0.293E+00   65.6    0.313E+00  -0.170E+00   114. 

      3  0.206E+00  181.1   0.297E+00   65.9    0.316E+00  -0.175E+00   114. 

   4  1  0.216E+00  175.9   0.276E+00   69.2    0.290E+00  -0.197E+00   115. 
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   5  1  0.125E+00  165.7   0.124E+00   76.4    0.125E+00  -0.124E+00    35. 

      2  0.651E-01   38.1   0.129E+00  236.5    0.143E+00  -0.185E-01   116. 

   6  1  0.189E+00   13.0   0.312E+00  242.9    0.340E+00  -0.133E+00   115. 

      2  0.254E+00    9.9   0.404E+00  243.9    0.438E+00  -0.190E+00   115. 

   7  1  0.287E+00    8.8   0.450E+00  244.3    0.487E+00  -0.219E+00   115. 

 

  *** Flexible Support Displacements 

 

   8     0.228E+00  194.0   0.355E+00   86.4    0.365E+00  -0.211E+00   107. 

 

 **************************************************************************** 

 

 

 

 ************** Harmonic Response due to Shaft (1) Excitation *************** 

               *** Excitation Frequency =  40000.      cpm *** 

 

   Shaft  1     Speed=   35000.00 rpm  =   3665.19 R/S  =     583.33 Hz 

 

 *********************** Shaft Element Displacements ************************ 

          =====  X  =====    =====  Y  =====        Elliptical Orbit Data 

  stn sub Amplitude Phase    Amplitude Phase        A          B         G  

 

   1  1  0.241E+00  333.3   0.139E+00  298.6    0.269E+00  -0.708E-01    27. 

      2  0.222E+00  332.3   0.125E+00  303.2    0.249E+00  -0.542E-01    28. 

      3  0.148E+00  325.3   0.847E-01  334.8    0.170E+00   0.121E-01    30. 

      4  0.810E-01  306.3   0.907E-01   20.4    0.978E-01   0.722E-01    56. 

   2  1  0.582E-01  282.8   0.111E+00   35.7    0.114E+00   0.522E-01   105. 

      2  0.893E-01  204.0   0.190E+00   55.7    0.205E+00  -0.434E-01   113. 

      3  0.104E+00  198.0   0.205E+00   57.7    0.222E+00  -0.616E-01   113. 

   3  1  0.154E+00  186.9   0.253E+00   62.5    0.271E+00  -0.118E+00   114. 

      2  0.201E+00  181.5   0.293E+00   65.6    0.313E+00  -0.170E+00   114. 

      3  0.206E+00  181.1   0.297E+00   65.9    0.316E+00  -0.175E+00   114. 

   4  1  0.216E+00  175.9   0.276E+00   69.2    0.290E+00  -0.197E+00   115. 

   5  1  0.125E+00  165.7   0.124E+00   76.4    0.125E+00  -0.124E+00    35. 

      2  0.651E-01   38.1   0.129E+00  236.5    0.143E+00  -0.185E-01   116. 

   6  1  0.189E+00   13.0   0.312E+00  242.9    0.340E+00  -0.133E+00   115. 

      2  0.254E+00    9.9   0.404E+00  243.9    0.438E+00  -0.190E+00   115. 

   7  1  0.287E+00    8.8   0.450E+00  244.3    0.487E+00  -0.219E+00   115. 

 

  *** Flexible Support Displacements 

 

   8     0.228E+00  194.0   0.355E+00   86.4    0.365E+00  -0.211E+00   107. 

 

 **************************************************************************** 
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Example 5 – Turbocharger  
 

An automobile turbocharger is used in this demonstration.  All the automobile 

turbochargers with floating ring bearings are operated beyond the instability threshold in 

linear theory and nonlinear analysis is required.  Currently, in Ver 21, the Base Motion 

Analysis is a linear analysis for a linear system.  The floating ring bearing data is save in 

BePerf and read directly in Rotor program.  Linearized bearing coefficients are calculated 

first before the base motion is performed.  Since this is a linear analysis, it may not give 

you the accurate prediction of the rotor behavior, however, it certainly give you some 

idea on how the rotor will behave for the base motion with the specified excitations.   

 

Case 1:  BaseMotion_5a.rot 

 

The rotor model and some inputs are shown below: 

 

 



 93 

 
 

 
 

 
 

Fig. 54 – Turbocharger Model 
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The base motion analysis is performed at a rotor speed of 125,000 rpm with excitation 

frequency from 5000 to 20,000 cpm. 

 

 
 

Fig. 54 – Base Motion Analysis 

 

The responses due to the base motion at some stations are shown below.  To further 

understand the rotor behavior, a whirl speed analysis is performed at the rotor 125,000 

rpm, it clearly shows that a precessional mode with a frequency of 14,401 cpm is excited 

by this base motion and the floating ring at the turbine end is nearly stationary and the 

ring at the compressor end is very active.  The mode shape is also shown for reference. 
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