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Abstract ─ In magnetic vibration isolation field, magnetic 

force is used for the isolation, while the whole isolation 

system is always supported passively, which have non-

control shortcomings. Aimed at this problem, a novel 

active control strategy with a double closed-loop PID 

algorithm was designed in this paper. The double closed-

loop strategy includes an internal and external loop 

control, which was designed to fulfill the magnetic 

levitation and isolation, respectively. Firstly, the vibration 

isolation strategy proposed in this paper was simulated 

in both time and frequency domain. The simulation results 

showed that this method possesses good performance  

of vibration isolation. Then, an active levitation and 

vibration isolation control experiment was designed. The 

experimental results showed that the control algorithm 

has a good vibration control effect under periodic 

vibration and random vibration conditions. 

 

Index Terms ─ Double closed-loop PID, magnetic 

levitation, vibration isolation. 

 

I. INTRODUCTION 
With the development of precise and ultraprecise 

manufacturing technology, the vibration control in the 

process of mechanical equipment operation is getting 

more and more attention. The research on the vibration 

isolation control has developed from passive isolation 

control to active isolation control [1-2], and from single 

degree-of-freedom (DOF) vibration [3-4] to multi degrees-

of-freedom vibration [5-6]. 

The magnetic levitation technology possesses the 

advantages of no contact, no friction, free of lubricating 

oil pollution, adjustable bearing stiffness and levitation 

position [7]. Thus, the application of vibration control 

combining with the magnetic levitation technology has 

good prospects. 

For most of the magnetic vibration isolation system, 

the whole system is supported by the traditional methods 

such as spring, rubber pad and air bag [3, 6, 8]. Although 

traditional passive support can bear more weight, the 

bearing characteristics like height and stiffness are not 

easy to adjust. And traditional passive support is unable 

to achieve active control to the external disturbance. 

Therefore, the magnetic technology can be utilized to 

support and isolate vibration using the electromagnetic 

force without any additional vibration isolation equipment, 

which is very promising for the optical instruments, or 

those light load equipment sensitive to vibration. This 

method can simplify the vibration isolation system 

structure, reduce cost, and increase the vibration isolation 

frequency range combining the passive and active 

vibration isolation. So the magnetic suspension platform 

realizing both stable suspension and broadband vibration 

isolation has great research value. 

In this paper, a new double closed-loop control 

based on the PID control [9] was proposed and applied 

to a one DOF magnetic levitation platform with the 

combined functions of active levitation and the active 

vibration isolation. The controller using the relative 

displacement and absolute acceleration as feedback signal 

adopted the inner loop to control the magnetic levitation 

support and the outer one to control the vibration isolation. 

The remainder of this paper is organized as follows: 

Section 2 analyzes the vibrating transmissibility of the 

passive vibration isolation system and the passive-active 

vibration isolation system. Section 3 presents the vibrating 

transmissibility of magnetic levitation system with inner 

PID loop controlling the magnetic levitation support. 

Section 4 is the simulation of the system with double 

closed-loop PID. Section 5 shows the experimental results 

of the magnetic levitation system with double closed-

loop PID control, and conclusion are drawn in Section 6. 

 

II. ACTIVE AND PASSIVE VIBRATION 

ISOLATION 
According to whether the controller is needed or not, 
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vibration isolation system can be divided into active and 

passive vibration isolation system. Passive vibration 

isolation system can be simplified as one DOF mass-

spring-damping vibration isolation model, as shown in 

Fig. 1. 
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Fig. 1. Principle for passive isolation. 

 

For the Fig. 1, the equation of motion can be written 

as: 

 
2 2 2 1 2 1( ) ( ( ) (t)) ( ( ) (t)) 0,m x t k x t x c x t x      (1) 

where m2 is the mass of the target plane, k is the 

supporting stiffness, c is the damping coefficient, x1(t)  

is vibration displacement of the basis plane, and x2(t)   

is the vibration displacement of the target plane. The 

main purpose of the vibration isolation is to reduce the 

vibration transmitted from the basic object to the target 

plane. 

The transmissibility of vibration acceleration 

amplitude is: 
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where X1 and X2 are amplitude of the basis plane and  

the amplitude of the of the target plane, respectively. 𝜔 

is the frequency of vibration. Therefore, the relationship 

between the vibration frequency and the vibration 

transmissibility can be obtained: 
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where  𝜔𝑛 is the natural frequency of vibration without 

damping. According to Equation (3), the passive vibration 

isolation is effective only when the vibration frequency 

𝜔  is larger than √2𝜔𝑛 . This limitation restricts the 

application of passive vibration isolation in low frequency 

vibration. 

With the development of control technology, active 

vibration isolation becomes more and more important 

and relatively has better performance in theory 

comparing to the passive isolation. In order to combine 

the advantages of passive vibration isolation with the 

advantages of active vibration isolation, active isolator 

can be series connected with the passive vibration 

isolation, which is shown in Fig. 2. 
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Fig. 2. Principle for series connection of passive isolation 

and active isolation. 
 

The active vibration isolation uses the acceleration 

signal of the target plane as the feedback signal. Then, 

the vibration isolation controller outputs the control 

signal to change relative position between x1 and the 

support reference position xref. The control function is: 

 
1 2,ref cx x K x   (4) 

where Kc is the active controller transfer function. The 

motion equation of the whole system is: 

 2 2 2 2

1 2

( ) ( ) 0
.ref ref

ref c

m x k x x c x x

x x K x

    
  

 (5) 

In order to simplify the analysis, we assume that  

the control transfer function Kc is the constant gain kc. 

The vibration acceleration amplitude transmissibility 

with the active vibration isolator is: 
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The effect of vibration isolation is expressed by the 

logarithm of the transmissibility: 

 2
10

1

=20log .
X

X
  (7) 

Figure 3 draws the vibration transmissibility for 

passive isolation with and without active isolation. 
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Fig. 3. Comparison of vibration transmissibility between 

the passive isolation with and without active isolation 

series connected. 
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In Fig. 3, compared to passive vibration isolation, 

resonance frequency and resonance peak decrease with 

vibration active isolator series connected. Logarithmic 

transmissibility of vibration acceleration is less than 0  

at low frequency. And when kc is larger, the vibration 

transmissibility is lower. 
 

III. MAGNETIC LEVITATION PLATFORM 
Magnetic levitation system is composed of 

controller, power amplifier, displacement sensors, 

acceleration sensor, soft magnetic material and coil, as 

shown in Fig. 4. The displacement signal of target plane 

measured by the displacement sensor is used as a 

feedback signal to be input to the controller. The control 

signal is converted into the control current i through a 

power amplifier, which is superimposed with the bias 

current I, and input to the coil. Then the electromagnet 

generates electromagnetic force to the suspended target 

plane, in order to control movement of the target plane. 

The mathematical model of 1-DOF magnetic 

levitation platform is: 

 + ( , ),mx mg F x i  (8) 

where m is the total mass of suspended target which 

contains target plane and thrust disc and shaft between 

them as shown in Fig. 4, �̈� is the acceleration of the 

levitation target, F is electromagnetic force resultant 

from the upper and lower magnetic poles, and x is the 

displacement compared to the middle position. 

At the equilibrium position, the linearized 

electromagnetic force F(x, i) can be written as [10]: 

 ˆ ( , ) ,i xF x i k i k x     (9) 

where 𝑘𝑖and 𝑘𝑥 are the open loop current gain and the 

actuator stiffness, respectively. 

The control block diagram of the magnetic levitation 

supporting system is shown in Fig. 5. 
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Fig. 4. 1-DOF magnetic levitation platform. 
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Fig. 5. Diagram of magnetic levitation supporting system. 

Figure 5 presents the magnetic levitation supporting 

system based on PID control. 𝐾1(𝑠) is the support 

controller with PID control, 𝐺𝑝𝑎(𝑠) is the transfer function 

of the power amplifier, 𝐴𝑠(𝑠)  is the displacement 

sensor, 𝑥𝑟𝑒𝑓  is position reference signal. 𝑥2 is absolute 

displacement of the target plane. 𝑥1 is the basis plane 

absolute displacement. The input of magnetic support 

system is the acceleration signal of basis plane. And the 

output of magnetic support system is the acceleration 

signal of target plane. The transfer function is: 
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𝐺1(s) = 𝐴𝑠(𝑠)𝐾1(𝑠)𝐺𝑝𝑎(𝑠)𝑘𝑖 + 𝑘𝑥, 𝑠 = 𝑗𝜔, so the 

vibration transmissibility is: 
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The transfer function of the PID control can be 

written as: 
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where j = 1,2, 𝑃𝑗 = 𝐾𝑝,𝑗 is proportion coefficient, 𝐼𝑗 =

𝐾𝑝,𝑗/𝑇𝑖,𝑗  is integral coefficient, and 𝐷𝑗 = 𝐾𝑝,𝑗𝑇𝑑,𝑗  is 

differential coefficient, and 𝑇𝑓,𝑗  is the time constant of 

the low-pass filter.  

Using three different PID control parameter groups, 

the vibration acceleration transmissibility of magnetic 

support system is simulated without vibration isolator. 

The simulation results show in Fig. 6. 
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Fig. 6. Simulated vibration transmissibility of levitation 

supporting loop with different control parameters. 

 

The three PID parameter groups (parameter 1, 

parameter 2 and parameter 3) have different value of 

proportion coefficient and integral coefficient and 

differential coefficient respectively. According to the 

simulation results, the levitation support system has the 

effect of vibration isolation only in the high frequencies, 

while the vibration that transmitted to the target plane 
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will be amplified in the lower frequencies. The vibration 

transmission characteristics are similar to the passive 

vibration isolation system. 

 

IV. NUMERICAL SIMULATIONS FOR 

DOUBLE CLOSED-LOOP PID 
To realize active supporting and active vibration 

isolation at the same time with only one magnetic 

levitation actuator, the controller needs new control 

strategy. The control system contains the active vibration 

isolation loop and the levitation support loop. For the 

vibration isolation, in order to facilitate the installation 

of sensors and vibration signal measurement, the 

acceleration sensor is used to measure the target plane 

vibration. For the levitation support, displacement sensor 

is used to measure the relative displacement of the target 

plane relative to the basis plane.  

Figure 7 is the control system block diagram in 

which the inner loop is nested in the outer loop. In the 

outer loop, �̈�2  is the acceleration signal of the target 

plane measured by acceleration sensor, 𝐴𝑎(𝑠)  is the 

transfer function of acceleration sensor. 𝐾2(𝑠)  is the 

isolation controller. The output signal of 𝐾2(𝑠) which is 

the position reference signal 𝑥𝑟𝑒𝑓  of the inner levitation 

support loop, is input to the levitation support controller 

𝐾1(𝑠) . The control signal from 𝐾l(𝑠)  is transformed 

into control current by power amplifier to control the 

target plane. 
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Fig. 7. Diagram for internal-and-external loop control 

system. 

 

Vibration isolation controller K2(s) also uses the PID 

control. The structure of the system can be equivalent to 

the system shown in the Fig. 2. 

After adding the isolation loop, transfer function 

from the basis acceleration �̈�1 to the target acceleration 

�̈�2 is: 
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The acceleration sensor transfer function is: 

 0.0078,a gA A   (15) 

where Ag is the acceleration signal gain. The vibration 

transmissibility at different Ag shows in Fig. 8. 
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Fig. 8. Comparison among the simulated vibration 

transmissibility with different Ag. 

 

As Fig. 8 shows, the addition of active vibration 

isolation loop can effectively reduce the vibration 

transmissibility and the resonance frequency. 

After adding the active vibration isolation loop, the 

dynamic characteristics of new system is obtained through 

the step response simulation. The result shows in Fig. 9. 
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Fig. 9. Step response of double closed-loop PID control 

system with different Ag. 

 

Figure 9 is the system step response at different Ag, 

when adding vibration isolation loop. It can be seen from 

the figure, with the increase of Ag, the overshoot 

decreases and the settling time increases. So when Ag 

ranging from 100 to 300, the system can get better 

performance. 

The vibration isolation effect of the system is 

simulated in time domain, taking Ag=10, with the 

vibration acceleration amplitude of basis plane is 1.0m/s2 

and vibration frequency is 25 Hz. Amplitude of target 

plane with and without the isolation shows in Fig. 10. 

Without the vibration isolation, the vibration amplitude 

of the target plane is 1.0m/s2, while with the vibration 

isolation, the amplitude becomes 0.08m/s2. So the 

amplitude transmissibility is -21.9 dB. 
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Fig. 10. Simulated result in time domain, 25 Hz. 

 

When the basis plane vibrates randomly with 

maximum amplitude of 1.0m/s2, it can be seen from the 

Fig. 11 that, without vibration isolation loop, maximum 

amplitude of levitation target is magnified and about 

5.5m/s2. With the vibration isolation loop, the maximum 

amplitude of target plane is 0.6 m/s2, so isolation effect 

to the random vibration is equally obvious. 
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Fig. 11. Simulated results in time domain of random 

vibration isolation. 

 

V. VIBRATION ISOLATION EXPERIMENT 
The principle diagram of the experimental magnetic 

levitation platform with active vibration isolation and 

levitation support is shown in Fig. 12. And the real 

experimental system built according to principle diagram 

consisting of seven main parts is shown in Fig. 13. 
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Fig. 12. Vibration isolation with double closed-loop PID 

control. 
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Fig.13. Real experimental equipment. 

 

Setting vibration frequency of the basis plane to  

25 Hz, for the convenience of observation, using 

acceleration sensor to detect the vibration signal, the 

vibration acceleration with and without vibration isolation 

loop is compared in Fig. 14 and Fig. 15. The vibration 

acceleration amplitude of the basis plane is 10.1m/s2. 

Without the vibration isolation loop, the target vibration 

acceleration is amplified to 13.2m/s2. After adding 

vibration isolation loop, the amplitude of acceleration is 

3.33m/s2. The vibration acceleration transmissibility 

from the basis to the target plane before and after adding 

the vibration isolation loop is respectively 2.33 dB and  

-9.46 dB. 

As shown in the Fig. 16, after the vibration isolation, 

the power density of the basic frequency 24.9 Hz and the 

double frequency 49.8 Hz of the target plane respectively 

reduce 71.4% and 93.3%. 
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Fig. 14. Experimental comparison between base plane 

and target plane vibration without vibration isolation 

loop, 25 Hz. 
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Fig. 15. Experimental comparison between base plane 

and target plane vibration with vibration isolation loop, 

25 Hz. 
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Fig. 16. Experimental spectrogram of frequency domain. 

 

Setting the basis plane vibration to random vibration 

which has lower frequency components, the comparison 

between the acceleration without and with the vibration 

isolation is shown as Figs. 17 and 18. Without the isolation 

loop, vibration amplitude of the basis plane acceleration 

is 3.59m/s2 and the amplitude of the target acceleration 

is 4.10m/s2. And after adding isolation loop, vibration 

amplitude of the basis plane acceleration is 4.15m/s2 and 

the amplitude of the target acceleration is 1.84m/s2. The 

vibration acceleration transmissibility from the basis 

plane to the target plane without and with the vibration 

isolation is respectively 1.15 dB and -7.06 dB. So the 

target vibration acceleration is obviously reduced relative 

to acceleration without the isolation. 

From Fig. 19, in the power density of random 

vibration, the main frequency components after the 

vibration isolation have a significant reduction in. Such 

as in 14.8 Hz frequency, the power density decreases by 

55.1% and in 29.1 Hz frequency, the power density 

decreases by 75.9%. 

 

Time[s]

A
cc

el
er

at
io

n
[m

/s
2
]

Basis plane 

Target plane 

 
 

Fig. 17. Experimental comparison between base plane 

and target plane vibration without vibration isolation 

loop, random vibration. 
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Fig. 18. Experimental comparison between base plane 

and target plane vibration with vibration isolation loop, 

random vibration. 
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Fig. 19. Experimental spectrogram of frequency domain 

of random vibration. 
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VI. CONCLUSION 
This paper proposed a new double closed-loop 

vibration isolation strategy which contained inner loop 

for levitation support and outer loop for vibration 

isolation. The double closed-loop control system was 

designed for the magnetic levitation platform. The 

simulation result shows the good vibration isolation 

effect of this method. And the bigger the acceleration 

sensor gain Ag is, the better the vibration isolation effect 

is. The vibration isolation experiment of magnetic 

levitation vibration isolation system with double closed-

loop PID control under periodic and random vibration 

conditions was designed to prove the effectiveness of 

vibration isolation. After adding the vibration isolation 

loop, vibration acceleration transmissibility of 25 Hz 

periodic vibration decreased from 2.33 dB to -9.46 dB. 

And the maximum acceleration transmissibility of low 

frequency random vibration decreased from 1.15 dB to -

7.06 dB. 
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