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ABSTRACT

Modeling, design, fabrication, and testing of single magnet, single axis 
DC attraction type levitation system (DCALS) has been presented in this 
chapter. The proposed two loop scheme is more attractive from control point 
of view than the mostly reported single loop position control. The order of 
the levitated system (plant) has been reduced by one due to the use of a 
controlled current source as the excitation of the magnet-coil. The analysis 
and design of the position controller becomes easier after considering the 
reduced order plant transfer function. The controllers have been designed 
based on classical control theory utilizing root-locus and frequency domain 
technique. The realization of the controller also becomes simple due to the 
use of analog circuits.

DESIGN OF POSITION CONTROLLER

The transfer function of the plant GP(s) in Eqn. 5.20 shows that the system 

is unstable in open loop having a pole at +







K

m
X in the right half‘s’ plane. 

The root locus plot (Figure 1) of the closed loop system about an operating 
gap (10 mm) indicates that the system cannot be stabilized by simply adjusting 
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the amplifier gain. To make the levitation system stable, it is necessary to 
shift the root-locus to the left half of ‘s’ plane.

For stabilization of unstable DCALS a cascade compensation control 
scheme utilizing PD, Lead, Lag-Lead, PID and combination of these controllers 
may be used. The reasons for its popularity can be attributed to simplicity, 
ease of design and robustness. The main aim of this part of work is to compare 
with the different designed controllers for the proposed designed DCALS at 
different operating points and to suggest a suitable classical controller that 
will provide fast response without any overshoots and steady-state error which 
is generally required for such type of critical systems.

PD Controller

From the transfer-function as given in Eqn. 5.20, it is clear that the system 
is unstable in open loop and it can not be stabilized just increasing the gain 
of the system. Stabilization of this type of magnetically levitated system can 
easily be achieved by shifting the root-loci at the left-half of the s-plane 
(Figure 2). The addition of a zero to the open loop transfer function has the 

Figure 1. Root locus plot of the uncompensated plant at 10mm gap



 

 

24 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/chapter/design-fabrication-and-testing-of-a-

single-actuator-dcals-part-2/327144

Related Content

State-of-the-Art Review on Power Electronics
 (2010). Technologies for Electrical Power Conversion, Efficiency, and Distribution:

Methods and Processes  (pp. 300-319).

www.irma-international.org/chapter/state-art-review-power-electronics/39377

Design of Linear Phase FIR Low Pass Filter Using Mutation-Based Particle

Swarm Optimization Technique
Taranjit Kaurand Balwinder Singh Dhaliwal (2020). Applications of Artificial

Intelligence in Electrical Engineering (pp. 344-358).

www.irma-international.org/chapter/design-of-linear-phase-fir-low-pass-filter-using-mutation-

based-particle-swarm-optimization-technique/252609

Induction Machine Rotor and Stator Faults Detection by Applying the N-F

Network
Souad Saadi Laribiand Azzedine Bendiabdellah (2019). Advanced Condition

Monitoring and Fault Diagnosis of Electric Machines (pp. 205-221).

www.irma-international.org/chapter/induction-machine-rotor-and-stator-faults-detection-by-

applying-the-n-f-network/212313

Bluetooth-Tracing RSSI Sampling Method as Basic Technology of Indoor

Localization for Smart Grid
 (2018). Smart Grid Test Bed Using OPNET and Power Line Communication (pp. 95-

112).

www.irma-international.org/chapter/bluetooth-tracing-rssi-sampling-method-as-basic-technology-

of-indoor-localization-for-smart-grid/187440

Pushing Boundaries: Advancements and Challenges in Electric Vehicle

Battery Technology
Adeel H. Suhail, Fiseha Mekonnen Guanguland Abdul Nazeer (2024). Solving

Fundamental Challenges of Electric Vehicles (pp. 282-313).

www.irma-international.org/chapter/pushing-boundaries/353328

http://www.igi-global.com/chapter/design-fabrication-and-testing-of-a-single-actuator-dcals-part-2/327144
http://www.igi-global.com/chapter/design-fabrication-and-testing-of-a-single-actuator-dcals-part-2/327144
http://www.igi-global.com/chapter/design-fabrication-and-testing-of-a-single-actuator-dcals-part-2/327144
http://www.irma-international.org/chapter/state-art-review-power-electronics/39377
http://www.irma-international.org/chapter/design-of-linear-phase-fir-low-pass-filter-using-mutation-based-particle-swarm-optimization-technique/252609
http://www.irma-international.org/chapter/design-of-linear-phase-fir-low-pass-filter-using-mutation-based-particle-swarm-optimization-technique/252609
http://www.irma-international.org/chapter/induction-machine-rotor-and-stator-faults-detection-by-applying-the-n-f-network/212313
http://www.irma-international.org/chapter/induction-machine-rotor-and-stator-faults-detection-by-applying-the-n-f-network/212313
http://www.irma-international.org/chapter/bluetooth-tracing-rssi-sampling-method-as-basic-technology-of-indoor-localization-for-smart-grid/187440
http://www.irma-international.org/chapter/bluetooth-tracing-rssi-sampling-method-as-basic-technology-of-indoor-localization-for-smart-grid/187440
http://www.irma-international.org/chapter/pushing-boundaries/353328

