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1.0 BACKGROUND  

A structural dynamics analysis of the Verantis Club-3650 Fan assembly is performed as required 
per the specification. The source information for the fan is provided by Verantis1 and via e-mail 
communication with Verantis engineers. The structural dynamics model of the fan, shown in 
Figure 1, is developed and analyzed using SAP 2000, version 18.0.1. 

 
Figure 1 Finite Element Model Overview 

The fan housing is not a critical element for this analysis and is approximated based on the 
drawings provided. The impeller is modelled as a solid steel circular plate with a radius of 20 in. 
and a thickness of 0.83 in., which provides the correct impeller mass of 296.4 lbm and mass 

moment of inertia about the diameter (29,843 lbmin2). This simplified impeller model has a 

higher mass moment of inertia about its axis of rotation than the provided value of 46,989 lbmin2, 
but this approximation only affects the shaft torsional mode. The fan base is assumed to be pinned 
(restrained in three orthogonal directions, but not rotationally restrained) at each anchor bolt 
location per the Verantis anchor bolt plan. The total weight of the fan assembly as modeled here 
is 3145 lbf, which is within the expected 3000±200 lbf weight provided by Verantis. 

2.0 MODAL ANALYSIS 

The principal resonance frequencies and mode shapes are computed using SAP 2000. The fan 
operates at 1800 RPM (30 Hz), and is therefore expected to cause some vibration via slight 
imbalance in the fore-aft and vertical directions at its rotational frequency. Vibration modes of 
the assembly that can be excited during fan operation are of particular interest. A summary of the 
principal resonant modes is provided in Table 1. The mode numbers in the table do not 
correspond to the mode numbers obtained from SAP 2000—there are numerous impeller housing 
modes that are not of interest in this study and do not affect the forces transmitted to supporting 
structure.  

                                                           
1 CLUB-3650 FAN ARR 1E, CW, TH, Verantis Corp., Dwg 4531-Base Rev 0, March 17, 2016. 

CLUB-3650 FAN ARR 1E, CW, TH, Verantis Corp., Dwg 4531-001 Rev 1, September 12, 2014. 



 

3 

Table 1: Summary of Principal Resonance Frequencies and Mode Shapes 

Mode Frequency Description 

1 12.7 Hz 
Shaft torsional mode (resonance frequency adjusted for correct mass 
moment of inertia) 

2 13.2 Hz Shaft bending mode 

3 14.1 Hz Shaft bending mode (orthogonal to 13.2-Hz mode) 

4 21.6 Hz Motor support mode (fore-aft direction) 

5 36.3 Hz Shaft support housing mode (along shaft axis) 

6 38.9 Hz Shaft support housing plate mode (additional modes around 50-60 Hz) 

7 60.4 Hz Motor support rocking mode 

 

The shaft torsion and bending modes are well below the fan operating frequency of 30 Hz. A shaft 
bending resonance frequency very close to the operating frequency of 30 Hz could lead to a faster 
rate of bearing wear and, possibly, shaft fatigue. This analysis indicates these frequencies are well-
separated. One of the two shaft bending modes is illustrated in the left-most illustration in 
Figure 2. 

A flexural mode of the motor support structure is present at 21.6 Hz. This mode is characterized 
by the in-plane flexing of the two channel sections that support motor (see second from left 
illustration in Figure 2). The actual construction of the motor support may stiffen this structure 
and push this mode to a higher frequency.  

 
Figure 2 Critical Fan Assembly Mode Shapes 

A resonant sway mode of the shaft support housing is present at 36.3 Hz as shown in the second 
from the right illustration in Figure 2. This motion occurs in a direction parallel to the shaft and 
therefore cannot be excited effectively by rotational mass imbalance. Motor support housing 
plate flexural modes are present starting at 38.9 Hz (right-most illustration in Figure 2). There are 
similar, higher-frequency plate flexural modes between 50 Hz and 60 Hz. 

The lowest frequency mode associated with fan base flexure occurs at 60.4 Hz. This mode is 
associated with rocking motion of the motor and is caused by flexing/shear deformation of the 
base channel section as shown in Figure 3. This resonance frequency is much higher than the fan 
operating frequency and cannot be directly excited by normal fan operation. 
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Figure 3 Fan Base Flexural Mode 

A steady-state vibration analysis is performed to identify those modes that are most responsible 
for imparting forces to the structure that the fan is attached to. A harmonic force is applied to the 
model at the center of the impeller to represent a lateral force that might be caused by a slight 
shaft/impeller imbalance. The vertical fan support forces (at each anchor bolt location) are 
plotted as a function of fan operating frequency in Figure 4. The nominal fan operating frequency 
is 30 Hz and there are no significant modes near the operating frequency. The vibration modes of 
most concern are associated with shaft bending which occur near 14 Hz and near 69 Hz.  

 
Figure 4 Fan Base Foundation Force 

3.0 CONCLUSIONS  

The structural dynamics analysis of the Verantis Club-3650 does not identify any fan base 
vibration modes that can be directly excited by normal fan operation. The motor support flexural 
mode (Mode 4) is the mode closest to being excited by fan operation; however, this mode does 
not transmit forces effectively to the supporting structure and therefore may not require 
mitigation. The actual construction of the motor support elements (plates and small-sized angles) 
may also lend more stiffness than is captured in the model.  


