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Abstrat: One approah to vibration ontrol involves shunting an eletromagneti transduerby an eletrial impedane to dampen vibration of a mehanial struture. This letter presentsa method for designing a novel shunt impedane: the negative indutor-resistor ontroller.Experimental validation is performed on a simple eletromagneti mass-spring-damper sys-tem.Introdution: Mehanial strutures are subjet to vibrations that an diminish strutural life,or in the worst ase, ontribute to mehanial failure. Due to the highly resonant nature ofthese strutures, a disturbane, if ourred at a resonane frequeny, may ause atastrophifailure.Eletromagneti (or eletrodynami) transduers an be used as atuators, sensors, or both.By attahing an eletromagneti transduer to a resonant mehanial struture and shuntingthe transduer with an eletrial impedane (or admittane), an opposing eletro-motive-fore(emf) is indued in the transduer, resulting in mehanial damping.This letter will attempt to develop a simple broadband shunt ontroller by using some of thefundamental properties of the eletromagneti transduers.Bakground: An ideal eletromagneti transduer, as shown in Fig. 1, satis�es the following1



relationship, Ve�e = FeIe = Ci, where Ve is the indued voltage, proportional to the veloity �e,that appears aross the terminals of the transduer. Fe denotes the fore ating on the oilwhilst arrying a urrent Ie and Ci is the ideal eletro-mehanial oupling oeÆient.As shown in Fig. 1, an eletromagneti transduer oil an be modeled as the series onnetionof an indutor Le, a resistor Re and a dependent voltage soure Ve. If the transduer isattahed to a resonant mehanial struture, the voltage soure Ve represents the induedemf that is dependent on relative veloity �e, and hene strutural dynamis.Using Ohm's law, KVL and the priniple of superposition, we obtain the following rela-tionship between the measured veloity �e(s) to the fore Fe(s) generated by the shuntedeletromagneti transduer, Fe(s) = C2eZ(s)+Les+Re �e(s) [1℄. Note Ce is the eletro-mehanialonstant for the shunted eletromagneti transduer.Developing the Negative Indutor-Resistor Controller: Assuming a resonant struture, a sim-ple eletromagneti mass-spring-damper system as shown in Fig. 1, the omposite systemtransfer funtion relating Id(s) to �(s), is�(s)Id(s) = CdsMs2 + �C + C2eZ(s)+Les+Re� s+K ;where M , K and C represents the mass, spring onstant, and damping onstant respetively[1℄. �(s) is the veloity of the massM and Fd(s) = CdId(s), where Id(s) is the applied urrentdisturbane and Cd is a eletro-mehanial onstant.Assuming we want in�nite damping of the mehanial struture, i.e.�C + C2eZ(s)+Les+Re� =1, the ideal shunt iruit network should onsist only of the negativeindutor and resistor, that is, Zideal(s) = �(Les+Re). This is not a realizable network as itreates an undamped resonane when attahed to the eletromagneti transduer. Instead,we implement Z(s) = �"(Les+Re), where " is some gain " < 1.2



Implementation of the Negative Indutor-Resistor Controller: There are two possible waysto implement the proposed negative indutor-resistor ontroller: (a) negative impedaneonverter (NIC) [2℄ or (b) voltage-ontrolled-urrent-soure (VCCS) [1, 3℄, as shown in Fig.2. In this letter, we employ the VCCS whih is de�ned as a two terminal devie thatestablishes some arbitrary relationship between voltage and urrent at its terminals i.e.,Iz(s) = Vz(s)Z(s) = Vz(s)Y (s). For experimental purposes, a digital signal proessor (DSP)system dSPACE 1 was used to implement the required funtion Y (s) in real time.Appliation: To support the preeding setions, a simple eletromagneti mass-spring-damperexperimental apparatus was used [1℄. Shematis of this system are shown in Fig. 3. Theassembly is essentially a translational solenoid with two idential �xed oils and a magnetiplunger supported at eah end by exible supports. Experimental apparatus parameters areM = 0:15Kg, C = 2:677Nsm�1, K = 56kNm�1, Ce = 3:4, Cd = 3:65, Le = 1mH andRe = 3:3
.Together with the proposed eletrial admittane Y (s) = �1"(Les+Re) where " = 0:94, as syn-thesized by VCCS, oil 2 is employed to damp translational vibrations resulting from anapplied disturbane urrent Id to oil 1. To remove disrepanies in Ce at high frequenies,the experimental admittane is low-pass �ltered at � 1kHz, i.e. Y (s) = �10:94(Les+Re) 10:16s+1 .Open-loop and losed-loop responses are ompared in Figure 4. It an be observed that thefundamental mehanial resonane is heavily damped, approximately 28dB.Conlusions: In this letter, we have introdued a new type of eletromagneti shunt impedane.The proposed negative indutor-resistor ontroller was experimentally validated on a simpleeletromagneti mass-spring-damper system.1dSPACE is a rapid prototyping digital signal proessor system.3
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Figure CaptionsFig. 1: Eletromagneti shunted mass-spring-damper system.Fig. 2: Implementation of negative impedane-resistor ontroller using a voltage-ontrol-urrent-soure (VCCS), where Rs is a sensing resistor.Fig. 3: Experimental eletromagneti shunted mass-spring-damper apparatus. Note alldimensions are in millimeters (mm).Fig. 4: Experimental results �(s)=Id(s): open-loop (� � � ) and losed-loop (|).
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