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Motivation (1/5) 
 Flywheels 
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The complexity of AMB suspended flywheel systems  

We recently developed an experimental platform for AMB suspended 
energy storage flywheel in the Rotating Machinery and Controls 
(ROMAC) Laboratory, University of Virginia (Lyu, et al., 2016). 

Test rigs  Too 
costly  

The absence of past operational data  The implementation of 
control designs  

 Literature review  

Too  
difficult 
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Motivation (2/5) 

The classical PID control design method 
Easy to implement but not 

effective in handling complex 
rotordynamics 

Modern control theory (H∞ and μ-synthesis) Usually requires a plant model 
and an accurate characterization 

of the uncertainties 

 Literature review (Cont’d) 

Di and Lin (2014) explored the application of 
characteristic model based all-coefficient 
adaptive control (ACAC), originally proposed by 
Wu et al. (2007, 2009). 

Resulting in lower levels of 
vibration than that of a 
benchmark μ-synthesis 

controller 

We implemented the characteristic model based all-coefficient adaptive 
control (ACAC) on the platform mentioned above (Lyu, et al., 2018). Despite 
its simplicity, the characteristic model based ACAC can achieve a strong 
control performance according to both simulation and experimental results. 
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Motivation (3/5) 
 AMB suspended flywheel test rig 
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Motivation (4/5) 
 AMB suspended flywheel test rig (Cont’d)  

To emulate the 
operation of an 
energy storage 

flywheel 
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Motivation (5/5) 
  AMB suspended flywheel test rig (Cont’d)  

The exciter AMB at the quarter span To emulate the negative stiffness 
induced by the generator 

Two exciter AMBs at the mid-span and 
the quarter-span 

To generate gyroscopic coupling 
resulting from the flywheel disk 
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Main idea 

To examine the robustness of the characteristic 
model based ACAC on the AMB suspended energy 
storage flywheel platform with respect to:  

1. plant uncertainties; 

2. external disturbances;  

3. time delay.  
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Method (1/3) 
 The characteristic model based ACAC 

Overview of the closed-loop system: 
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Method (2/3) 
 The characteristic model based ACAC (Cont’d)  

Considering a linear time-invariant plant 
described as 

If the control objective is position keeping 
or reference tracking, and the sampling 
period T is sufficiently small 

Characteristic modeling: 
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Method (3/3) 
 The characteristic model based ACAC (Cont’d)  

Maintaining/tracking control
： 
Golden section adaptive control
： 
Differential control： 

Integral control： 

The controller 
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Major results (1/11) 
 Review of simulation results 
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Major results (2/11) 
 Review of experimental results 
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Major results (3/11) 

 Robustness with respect to plant uncertainties 
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Major results (4/11) 

 Robustness with respect to plant uncertainties 
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Major results (5/11) 
 Robustness with respect to external disturbances 

Constant disturbances:                        
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Major results (6/11) 
 Robustness with respect to 

external disturbances 

Constant disturbances:                        
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Major results (7/11) 
 Robustness with respect to 

external disturbances 

Constant disturbances:                        
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Major results (8/11) 

 Robustness with respect 
to external disturbances 

Sinusoidal disturbances:                      
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Major results (9/11) 
 Robustness with respect 

to time delays 

Control input delays: 
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Major results (10/11) 
 Robustness with respect to 

time delays 

Sensor output delays: 
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Major results (11/11) 
 Robustness with respect to 

time delays 

Delays at control inputs and 
sensor outputs: 
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Conclusions 
1. The robustness of the characteristic model based all-coefficient 
adaptive control (ACAC) on an AMB suspended energy storage flywheel 
test rig with respect to plant uncertainties, external disturbances, and time 
delay is investigated. 
2. The experimental platform for the AMB suspended energy storage 
flywheel, developed from an existing flexible rotor-AMB test rig in the 
ROMAC Laboratory at the University of Virginia, has been reviewed. 
3. The rotor behaviors of the flywheel emulation platform under the 
characteristic model based ACAC have been briefly presented. 
4. The performances of the closed-loop flywheel AMB systems with plant 
uncertainties, external disturbances, and time delay have been tested in 
the simulations. 
5. Extensive and systematic simulations demonstrated that the 
characteristic model based ACAC possesses considerable robustness 
with respect to plant uncertainties, external disturbances, and time delay. 
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