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CHAPTER 6 
 

CONCLUSIONS AND DESIGN GUIDELINES 
 

 

 Experimental studies on the effect of an AMD in decreasing nonsynchronous 

vibration in a single-disk rotor and in a three-disk rotor were completed.  The AMD 

proved to be effective in damping subsynchronous vibrations in almost all the 

configurations tested, producing reductions ranging from 43% to 93% in the single-disk 

rotor and from 93% to 100% in the three-disk rotor.  The location of the damper proved 

to be an important factor in the effectiveness of the AMD.  For the single-disk rotor the 

AMD was more effective when it was placed at the midspan where, according to the 

predicted rotor mode shapes, the rotor vibrates at higher amplitudes for the frequencies 

excited, and less effective when placed at three-quarters of the rotor span.  The addition 

of the AMD increases the stiffness and the damping of the system.  Even though the 

damping increases as a result of the addition of the AMD, the more significant 

contribution to the reduction of the subsynchronous response is due to an increase of the 

stiffness, which increases the natural frequency of the system.  For the three-disk rotor 

the location was not such an important factor in the effectiveness of the AMD, because 

the two locations tested, a quarter-span and two-thirds of the rotor-span, were about the 

same distance from the midspan where, according to the predicted rotor mode shapes, the 

rotor vibrates at higher amplitudes for the frequency excited.  However, a slightly better 

performance was achieved when the AMD was placed at two- thirds of the rotor-span.  

An AMD could not be tested at the midspan of the three-disk rotor due to limitations with 

the equipment (high bow in the shaft preventing proper alignment of the AMD rotor and 

stator). 

 

Uncompensated synchronous vibrations were also affected by the AMD.  

Uncompensated synchronous vibrations were sometimes reduced, unchanged or 

increased with the addition of the AMD.  For the single-disk rotor, reductions of 15% and 

increases of up to 231% were observed.  The worst scenario occurred when the AMD 
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was placed at midspan producing increases in the synchronous vibrations of up to 231%.  

In this case, the AMD moved the first critical speed from 3160 RPM (52.7 Hz) to 5200 

RPM (86.7 Hz) resulting in higher amplitudes at the speed at which the tests were 

performed, 6320 RPM (105 Hz). 

 

The AMD was more effective damping uncompensated synchronous vibrations in 

the three-disk rotor if compared to the single-disk rotor.  In this case, reductions of up to 

43% and increases of up to 30% were observed. 

 

An investigation on the effect of the AMD in the compensated synchronous 

vibration in the three-disk rotor was conducted, and showed that the AMD is effective 

reducing the compensated synchronous vibration.  In this case, reductions of up to 63% 

were observed. 

 

Some other factors, such as limitations of the lab equipment, may be considered 

as part of the poor performance of the AMD in damping synchronous vibrations.  For 

example, large shaft bow (which was not correctable) and some misalignment of the 

AMB radial rotor in the stator and on the shaft might have contributed to high 

synchronous vibrations which are not expected to be correctable by an AMD.  The 

following sections present more details in each one of the configurations tested. 

 

6.1 Single-Disk Rotor 
 

 
Figure 6.1: Schematic showing the single-disk rotor (not to scale)  
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6.1.1 AMD at three-quarters of the span (AMD-24)  

For the case of the single-disk rotor, shown in Figure 6.1, running at 

approximately twice its first critical speed, 6320 RPM (105 Hz), with an excitation at 

approximately ½ X the rotational speed, approximately its first critical speed, 3160 RPM 

(52.7 Hz), the variation in the uncompensated synchronous and subsynchronous 

amplitudes at the four probe locations are listed in Table 6.1.  

 

Table 6.1: Effect of the AMD-24 on the uncompensated synchronous and 

subsynchronous amplitudes with a perturbation at approximately ½ X the 

rotational speed.  Single-disk rotor at 6320 RPM (105 Hz) 

 

 

Variation in amplitude 
Probe location 

Synchronous % Subsynchronous % 

Inboard vertical + 55 - 71 

Inboard horizontal + 64 - 71 

Outboard vertical + 10 - 76 

Outboard horizontal + 7 - 76 

 

 

For the case of the single-disk rotor running at approximately twice its first 

critical speed for the configuration with the AMD-24 on as a third bearing, shown in 

Figure 2.9, 8160 RPM (136 Hz) and an excitation ½ X the rotational speed, at 

approximately its first critical speed, 4080 RPM (68 Hz), the variation in uncompensated 

synchronous and subsynchronous amplitudes at the four probe locations is listed in Table 

6.2. 
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Table 6.2: Effect of the AMD-24 on the uncompensated synchronous and 

subsynchronous amplitudes with a perturbation at approximately ½ X the rotational 

speed.  Single-disk rotor at 8160 RPM (136 Hz) 

 

Variation in amplitude 
Probe location 

Synchronous % Subsynchronous % 

Inboard vertical + 67 0 

Inboard horizontal + 113 + 71 

Outboard vertical - 15 0 

Outboard horizontal - 13 - 43 

 

 

Even though the reason of this result is not completely clear, it may be attributed 

to the fact that the damping provided by the AMD is about constant with respect to the 

frequency while the stiffness increases with the frequency.  Since this test was performed 

at a higher frequency, if compared with the previous test, there might be a decrease in the 

effective damping of the AMD due to an increase in the rotational speed.  

 

6.1.2 AMD at midspan (AMD-13) 

For the single-disk rotor running at approximately twice its first critical speed, 

6320 RPM (105 Hz) and an excitation ½ X the rotational speed, at approximately its first 

critical speed, 3160 RPM (52.7 Hz) and the AMD at the midspan (AMD-13), the 

variation in the uncompensated synchronous and subsynchronous amplitudes at the four 

probe locations is listed in table 6.3. 

 

The increase in the uncompensated synchronous vibration is due to the fact that 

when the AMD-13 is turned on, it adds stiffness to the system changing the location of 

the first critical speed, from 3160 RPM (52.7 Hz) to 5120 RPM (85.3 Hz), and it changes 

the forced response of the rotor at the speed at which the test was performed, resulting in 

higher amplitudes at 6320 RPM (105 Hz). 
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Table 6.3: Effect of the AMD-13 on the uncompensated synchronous and 

subsynchronous amplitudes with a perturbation at approximately ½ X the 

rotational speed.  Single-disk rotor at 6320 RPM (105 Hz) 

 
 

Variation in amplitude 
Probe location 

Synchronous % Subsynchronous % 

Inboard vertical + 218 - 93 

Inboard horizontal + 155 - 92 

Outboard vertical + 44 - 90 

Outboard horizontal -4 - 86 

 

 

The AMD located at midspan (AMD-13) proved to be more effective in damping 

the subsynchronous vibration than the AMD located at three-quarters of the rotor span 

(AMD-24) because at this frequency the rotor vibrates at its first mode, with higher 

amplitudes at midspan.  However, this location of the AMD also produced higher 

amplitude of the uncompensated vibration at running speed 6320 RPM (105 Hz).  

Therefore, the location of the AMD at three-quarters of the span (AMD-24) is considered 

the better of the two locations tested.  It produces significant reductions in the amplitude 

of the subsynchronous vibration (up to 76%) and the increases in the amplitude of the 

uncompensated synchronous vibration is not as significant as for the AMD located at the 

midspan, 67% versus 218%. 

 

The addition of the AMD-13 increases the stiffness and the damping of the 

system.  Even though the damping increases as a result of the addition of the AMD, the 

more significant contribution to the reduction of the subsynchronous response is due to 

an increase of the stiffness, which increases the natural frequency of the system.  The 

same effect increases the amplitude of the synchronous vibration. 
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6.2 Three-Disk Rotor 
 

 
Figure 6.2: Schematic showing the three-disk rotor (not to scale) 
 
 

 

6.2.1 AMD at quarter-span (AMD-24) 

For the three-disk rotor, shown in Figure 6.2, running at approximately twice its 

first critical speed, 2880 RPM (48 Hz) and an excitation at ½ X the rotational speed, 

close to its first critical speed, 1440 RPM (24 Hz), with the AMD at quarter-span (AMD-

24), the variation in uncompensated synchronous and subsynchronous amplitudes at the 

four probe locations are listed in Table 6.4. 

 

Table 6.4: Effect of the AMD-24 on the uncompensated synchronous and 

subsynchronous amplitudes with a perturbation at approximately ½ X the 

rotational speed.  Three-disk rotor at 2880 RPM (48 Hz) 

 

Variation in amplitude 
Probe location 

Synchronous % Subsynchronous % 

Inboard vertical - 2 - 94 

Inboard horizontal + 15 - 95 

Outboard vertical + 33 - 93 

Outboard horizontal 0 - 100 
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Compensated synchronous vibration data for this configuration shows that the 

AMD-24 produces reductions in the compensated synchronous vibration of up to 63%.  

This indicates that the ineffectiveness of the AMD-24 damping the uncompensated 

synchronous vibration may be due to the large shaft bow.  This effect is eliminated when 

the synchronous vibration is compensated with respect to the slow roll vector. 

 

6.2.2 AMD at two-thirds rotor-span (AMD-13) 

For the rotor running at 2880 RPM (48 Hz) and an excitation at approximately ½ 

X the rotational speed, with the AMD at two-thirds rotor-span (AMD-13), the variation in 

the uncompensated synchronous and subsynchronous amplitudes at the four probe 

locations are listed in Table 6.5. 

 

Table 6.5: Effect of the AMD-13 on the uncompensated synchronous and 

subsynchronous amplitudes with a perturbation at approximately ½ X the 

rotational speed.  Three-disk rotor at 2880 RPM (48 Hz) 

 

Variation in amplitude 
Probe location 

Synchronous % Subsynchronous % 

Inboard vertical - 18 - 98 

Inboard horizontal + 8 - 98 

Outboard vertical - 36 - 100 

Outboard horizontal - 43 - 100 

 

 

Compensated synchronous vibration data for this configuration shows that the 

AMD-13 produces reductions in the compensated synchronous vibration of up to 63%.  

This indicates that the ineffectiveness of the AMD-13 damping the uncompensated 

synchronous vibration may be due to the large shaft bow.  This effect is eliminated when 

the synchronous vibration is compensated with respect to the slow roll vector.  The two-

thirds rotor-span location of the AMD proved to be more effective than the midspan 

location, resulting in a better overall performance of the three-disk rotor. 
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6.3 Supersynchronous Excitation in the Single-Disk Rotor 
A qualitative analysis on the effect of an AMD in damping a supersynchronous 

vibration was performed in order to examine the potential of an AMD as an actuator for 

reducing high frequency acoustical noise such as that generated by a gear set. 

 

For the rotor running at 6320 RPM (105 Hz) and a supersynchronous excitation at 

400 Hz, chosen because corresponded with a system resonance, with the AMD at quarter-

span (AMD-24), the variation in the uncompensated synchronous and supersynchronous 

amplitudes at the four probe locations are listed in Table 6.6. 

 

Table 6.6: Effect of the AMD-24 on the uncompensated synchronous and 

supersynchronous amplitudes with a perturbation at 400 Hz.  Single-disk rotor at 

6320 RPM (105 Hz) 

 

Variation in amplitude 
Probe location 

Synchronous % Supersynchronous % 

Inboard vertical + 42 - 50 

Inboard horizontal + 50 - 67 

Outboard vertical 0 0 

Outboard horizontal 0 0 

 

 

Even though a pattern in reduction of the supersynchronous was observed, these 

results have to be reviewed carefully for the following reasons.  Due to limitations with 

the lab equipment, the highest supersynchronous vibration that could be excited was 0.3 

mils.  For such a small supersynchronous components, the values are close to the 

uncertainty of the measurement.  Therefore, it is considered that further research in the 

effectiveness of an AMD in damping supersynchronous vibrations should be conducted 

in order to reach a more reliable conclusion. 
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6.4 Design Guidelines 
Based on the experience obtained though the development of the present work, 

the author presents some design guidelines that should be taken into account when 

designing a system with an AMD to damp subsynchronous vibrations. 

 

The main support bearings and the AMD characteristics, stiffness and damping, 

have to be determined in order to account for their proper effect in the analytical 

predictions. 

 

A complete rotordynamic analysis must be performed, including an undamped 

critical speed analysis to predict how the location of the critical speeds and the mode 

shapes of the rotor bearing system may change due to the addition of the AMD to the 

system.  A forced response analysis also has to be performed to determine the expected 

synchronous response due to unbalance in the operational range of the rotor.  This 

analysis must be performed for the original configuration of the rotor, as it is supported 

on its conventional bearings, and for all the configurations considering the AMDs.  This 

is particularly important because a location of the AMD producing substantial reductions 

in subsynchronous vibration may also produce increases in the synchronous vibrations as 

it was observed when the AMD was placed at the midspan of the single-disk rotor. 

 

The shaft to be used must be straight to allow the proper alignment of the system, 

to ensure the most efficient operation of the AMD and to avoid high synchronous 

vibrations amplitudes due to shaft bow that may produce rubs with the back-up bearings 

of the AMD and other stationary parts of the machine, as labyrinth seals.  Misalignment 

of the AMD rotor in the AMD stator may also hamper the AMD ability to perform as 

predicted. 
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6.5 Final Conclusions  
 Experimental tests on the effect of an AMD in damping subsynchronous 

vibrations in a single-disk rotor and in a three-disk rotor were completed. The 

conclusions are presented below. 

 

 The effectiveness of an AMD in damping subsynchronous vibrations was 

demonstrated experimentally. 

 

 Significant reductions in subsynchronous vibrations from 43% of up to 98% were 

achieved. 

 

 For the single-disk rotor, the more significant contribution to the reduction of the 

subsynchronous response is due to an increase of the stiffness as a result of the addition 

of the AMD.  This effect increases the natural frequency of the system. 

 

 For the single-disk rotor, the AMD was more effective in reducing the 

subsynchronous vibrations when located at midspan due to a larger increase in the 

stiffness, resulting in a higher natural frequency, from 3160 RPM  (52.7 Hz) to 5120 

RPM (85.3 Hz), that is closer to the synchronous frequency 6320 RPM (105 Hz). 

 

 For the three-disk rotor, the AMD was more effective in reducing the 

subsynchronous vibration when located at two-thirds the rotor-span due to a larger 

increase in the stiffness, resulting in a higher natural frequency, from 1820 RPM (30.3 

Hz) to 2150 RPM (35.8 Hz), that is closer to the synchronous frequency 2880 RPM (48 

Hz). 

 

 Changes in the dynamics of the rotor due to the addition of an AMD (stiffness and 

damping) must be carefully considered when designing a system with an AMD. 
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 Rotordynamic instability causing subsynchronous vibration constitutes one of the 

most harrowing scenarios in turbomachinery.  If properly engineered, AMDs have the 

potential for reducing subsynchronous vibrations in rotating machinery. 

 

 Due to limitations with the equipment, further research must be conducted to 

evaluate the potential of an AMD in reducing high supersynchronous vibrations in 

rotating machinery. 
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