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Abstract
This paper presents a robust controller for the suspension active magnetic bearing system (SAMB), the combination of
the sliding mode control (SMC), and a disturbance observer (DOB) is presented. The nonlinear disturbance observer is
constructed to estimate and reduce the effect of the outside disturbance and also the variation of inside system
parameters. Due to the chattering value will be dealt by the suitable control signal, this paper propose the fuzzy -neural
to cover the chattering disadvantage problem. The fuzzy Elman neural network was proposed to approximate the
nonlinear term of the chattering values. The fuzzy ElIman neural network outputis used to regulate the control signal.
The Elman neural network is a recurrent neural network structure, which based on the back propagation. The input
signal s stored by the cortex layer, which takes in charge of characterize the dynamicphenomenon. The controller will
be chose as two sliding mode controller with two surface value. Which are input ofthe fuzzy neural networksystem. The
neural networksystem are included four layer.

Keywords: Suspension active magnetic bearing (SAMB), sliding mode control (SMC), disturbance observer (DOB),

nonlinear disturbance observer, fuzzy neural network system.

I. Introduction.

This control methodology is a fuzzy-neural network control and nonlinear disturbance observer-based
cascaded controller for suspension of the active magnetic bearing system. This methodology is built by the
presents a robust controller for the suspension active magnetic bearing system (SAMB), the combination
ofthe sliding mode control (SMC), and a disturbance observer (DOB) is presented. The sliding mode surface
is constructed by a proportional-integral-derivative (PID) surface. Due to unable to construct the
disturbance mathematical model, the measured disturbance are direct feedback and filtered by a fuzzy
neural logic controller will be revealed by an observer based on input and output signals. Layer 1
Recognize the neural-fuzzy network input signal by the sliding mode surface value as neti is the input
signal, and si(k) is the output signal of the node k

Layer 2.

Output signal is the contextlayer output signal and the connective weight between input signal and hidden
layer of the neural network system.

Layer 3.
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The cortex layer with a delay time signal.

Layer 4.

The output signal here are the total signal from the hidden layer.

All the structure of the fuzzy neural network is just aim to force the chattering goes to zero.

The archived results are given out by Matlab Simulink. This part is organized as (i) overview of this part,
(ii) the disturbance observer-based control law, (iii) summary is given by the third section of this part.

IL Disturbance observer-based control law

Ahighly unstable system as AMB cannotbe presented as a dynamical system or the lump of the uncertainty
value is unmeasured. Furthermore, the unexpected disturbance is unable to observer, then an observer is
required. Which can reveal the disturbance by the input-output time history.

2.1 Nonlinear disturbance observer-based Control Law

The Eq. system is represented as

X B850 g 12502 piE 2508 5m 4 (2.1)

@B = AR aCa @1

or xRG1xAG2iAG3mg (2.2) where x@1[z(t) z(t)]Tis the system state
vector. '

This section presents the nonlinear disturbance observer as

y B ALEx2RG3 @28y RR2Zz22E 7] L2xBRPrG1RAXRIG2 Big? (2.3)

Bem q @y RARRXE

where z is an internal state vector of the DOB, p(x) is auxiliary vector of DOB, nonlinear function to make
is, LEIxPIPZIAEIxA /BX is observer gain, and m”q is estimated value of disturbance from mechanical part of
the system. Nonlinear disturbance observer is used to estimate uncertain unknown disturbance under
operating process. There exists a sub-function yAHRxEEZR™, where H(x) is smooth function, related to
degree from disturbance 1 to y for all system states x(t) . The B(x),and L(x) are chosen as

ELEM@1 HRX

LeX BeaE() aX (2.4)

PEX AREORLAA1 HEX

Respectively, where po is positive constant for  tuning the  bound of
errors. Let | no@minz LesLcixH BX @ is positive scalar.
The error of the estimated disturbance and disturbance is md Zmd@m"q. or

"ma @ mq @ LEXEARS EApy BEEXARE

LExE@Pa61Ex B LEXE Rz, (2.5)
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Elmgq @ LEIXE G4 Blmg
Suppose that mq Bk where k is positive constant given by system lump of uncertainties. The Lyapunov
function are
VEdARmM4d ™M q (2.6) will leads to
VEdE B 2mdT BEmd ALEXxEG4md
AR2maTLExESma @2mgTmg
EAR27Rlomd 2@ 2 mq k
EREO"0 mq 2Bp0kn 0 (2.7)
Then, we have

k
hamtd B mabiom evpBBCERDO w02 (2.8)
Icontrol @ Ic BIEIM"q (2.9) where Ic is the conventional control
value
X B612x A6, A% c B @A) @l E163@mg
2161 Ex @620 1c BRGARARAG3Amg B62BR Bmg (2.10)

Based on the matching condition @ is chosen as BARG221G4 js in the sense that input-to-state stable.

2.2 Fuzzy-neural network control for filter design

Fuzzy logic is widely used in many industrial machine control. Fuzzy logic was first proposed by Lotfi A.
Zadeh of the University of California at Berkeley in a 1965. This chapter is apply the fuzzy -neural network
to improve the performance tracking. The Elman neural network based some fuzzy law is proposed. The
input of the fuzzy-neural system is sliding mode surface and the output of the fuzzy-neural system is the
switching control gain value that mean the hitting control gain is modified by the fuzzy -neural system. The
precision tracking based on the memorized system of the fuzzy-neural control law. The details is presented
as following Layer 1.

si(k) Eneti 11,2, (2.11)
netj js the input signal, and si(k) is the output signal of the node k
Layer 2.

In this layer the input and outputsignal is represented as

sj (k) @ s(netj) (2.12)
s("Y) B1ee Bane; (2.13)

The input of hidden layer netjcontains the value are
netj 8¢ x. (k) @21 Wijxi (k) (2.14)
B1xc (k)is the context layer output signal. Wi;is the connective weight between input signal and hidden layer
of
Science and Engineering Research Journal
Page3|7


https://en.wikipedia.org/wiki/Lotfi_A._Zadeh
https://en.wikipedia.org/wiki/Lotfi_A._Zadeh
https://en.wikipedia.org/wiki/Lotfi_A._Zadeh
https://en.wikipedia.org/wiki/Lotfi_A._Zadeh
https://en.wikipedia.org/wiki/Lotfi_A._Zadeh

Science and Engineering Research Journal

ISSN: 2997-6227 |

Volume 13 Issue 1, January-March, 2025

Journal Homepage: https://ethanpublication.com/articles/index.php/E5
Official Journal of Ethan Publication

c the neural network system.

Layer 3.

The signal go through this layer is represented as

xc(k)@ x;(k@1) (2.15) where xj(k@1)is the outputsignal of the
hidden layer.

Layer 4. The output signal of the outputlayer is represented as
yo(K)@neto(k) (2.16)
neto(k)2BWjo@xj(k) (2.17)
The update function error is defined as

E(k)Ai(dm(k)&d(k))? B112 e?(k) (2.18)
2

The update law is

W(kal) 2 Wk)aaw (k) (2.19)

This Fuzzy-Neural network function can train by function, the Back propagation is use to regulate the
connective weight.

T v, (k)

z! e Output layer

Hidden layer

- —

Context layer

A
Input layerl Input layer2

Figure 2.1 Elman Fuzzy Neural network system

The Elman Fuzzy neural network operation as following schedule.

Input signal is normalized by the input layer 1 and layer 2, the contextlayer was applied to memorize the
hidden layer’s output values of the previous time. Taking the advantage of the back propagation learning
ability, this structure used the BP structure to store the data and training data.

The structure of the control design is as following.

(i) Inner and outer control loop was constructed.

(ii) Disturbance and uncertainty estimator structure was constructed.

(iii) The sliding mode surface is used as the fuzzy neural network input signal.
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The control structure is represented as
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Figure. 2.2 Nonlinear disturbance observer for AMB system
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This section presented the control system for active magnetic bearing system based on inner and outer
loops, the disturbance and uncertainty value was estimated and rejected by the disturbance observer. The
chattering value was softened by a fuzzy neural network structure. The performance of the proposed
controller are as following figures.

Tested disturbance
Estimated disturbance

Disurbanee vlue N)
N

o 1 2 e _ <+ s L3 7 = o 1¢
Time (s)

Figure. 2.3 The given output signal (a) The distance response signal in first 20s, (b) The distance response
signal at first 0.1s, (c) The distance tracking error value, (d) The top value of the distance tracking error

value, (e) The disturbance response signal.
The given output signals proved that the proposed controller with an observer is suitable to control the
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active magnetic bearing system. The settling time very small, it equal to 3ms, the top of the distance
tracking error value is 20um,and the average of the distance tracking error value is 0.8um, . In order to
improve the performance of the proposed control method, this paper applied an uncertainty estimation by
asliding mode surface. A fuzzy is applied to guarantee the system distance tracking error value is force to
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Zero.

This proposed method 0.2mm, 3210 B14mm,
Linetal. [6] 0.908.10%3mm 5.666.1023mm
Summary

A design methodology for active magnetic bearing system with many unexpected value is given out, the
achieved results proved that the proposed method are very good at tracking flexible input signal. The
chattering and the disturbance is reduced by an uncertainty estimator, the distance tracking error value is
significantly reduced, and a top of the distance tracking value in two case very difference.

Table 3.1 the controller parameters

Parameter Description Value
Sliding surface coefficient 500
Hitting control gain 100
Saturation function coefficient 0.0016
Cascade inner output voltage parameter 800
Cascade inner output voltage parameter 0.05
Tout Low-pass filter parameter 0.01
Tin Low-pass filter parameter 0.0952
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