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Özet 
Bu çalışmada, manyetik levitasyon (maglev) sistemi kullanılarak elektromanyetik kuvvet etkisi 
altındaki bir konsol kirişin deneysel olarak modellenmesi ve titreşim davranışının incelenmesi 
amaçlanmıştır. Deneysel düzenekte, bir ucundan ankastre olarak sabitlenmiş alüminyum bir 
kirişin serbest ucu ferromanyetik bir malzeme ile kaplanmış ve elektromıknatıslar tarafından 
oluşturulan manyetik alana maruz bırakılmıştır. Bu sayede sistem içerisinde kontaksız 
(temassız) bir sönümleme mekanizması elde edilmiştir. 

Kurulan deney düzeneğinde, farklı frekanslarda uygulanan tahrikler altında kirişin dinamik 
tepkileri ölçülmüş ve frekans tepki fonksiyonları elde edilmiştir. Bu veriler kullanılarak 
sistemin doğal frekansı ve sönümleme karakteristikleri belirlenmiş, ardından optimizasyon 
yöntemleri ile ikinci derece transfer fonksiyonu kullanılarak deneysel modelleme 
gerçekleştirilmiştir. 

Ayrıca, elektromanyetik kuvvetin büyüklüğü değiştirilerek sistemin sönüm oranı üzerindeki 
etkisi incelenmiş ve manyetik kuvvetin artırılmasının titreşim genliğini önemli ölçüde azalttığı 
gözlemlenmiştir. Literatürdeki benzer çalışmalarla uyumlu olarak, kontaksız elektromanyetik 
sönümleme yönteminin, geleneksel mekanik sönümleyicilere kıyasla sistem dinamiklerini 
değiştirmeden etkili titreşim bastırma sağladığı doğrulanmıştır. 

Elde edilen sonuçlar, maglev tabanlı elektromanyetik sistemlerin esnek yapıların deneysel 
modellenmesinde ve aktif titreşim kontrolünde yüksek doğruluk ve uygulanabilirlik sunduğunu 
göstermektedir. Bu çalışma, kontaksız sönümleme yaklaşımı kullanılarak kiriş sistemlerinin 
modellenmesine ilişkin literatüre deneysel bir katkı sağlamaktadır. 

Anahtar Kelimeler: Manyetik levitasyon, Elektromanyetik sönümleme, Kiriş modelleme, 
Deneysel analiz 

Abstract 

In this study, it is aimed to experimentally model a cantilever beam under the effect of 
electromagnetic force using a magnetic levitation (maglev) system and to investigate its 
vibration behavior. In the experimental setup, the free end of an aluminum beam fixed at one 
end is coated with a ferromagnetic material and exposed to the magnetic field generated by 
electromagnets. In this way, a contactless damping mechanism is achieved within the system. 

In the established experimental setup, the dynamic responses of the beam were measured under 
excitations applied at different frequencies, and frequency response functions were obtained. 
Using these data, the natural frequency and damping characteristics of the system were 
determined, and subsequently, experimental modeling was carried out using a second-order 
transfer function through optimization methods. 

Additionally, by varying the magnitude of the electromagnetic force, its effect on the damping 
ratio of the system was examined, and it was observed that increasing the magnetic force 
significantly reduces the vibration amplitude. Consistent with similar studies in the literature, 
it has been confirmed that the contactless electromagnetic damping method provides effective 
vibration suppression without altering the system dynamics compared to conventional 
mechanical dampers. 

The obtained results demonstrate that maglev-based electromagnetic systems offer high 
accuracy and applicability in the experimental modeling of flexible structures and active 
vibration control. This study provides an experimental contribution to the literature on the 
modeling of beam systems using a contactless damping approach. 

Keywords: Magnetic levitation, Electromagnetic damping, Beam modeling, Experimental 
analysis.
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1. Introduction 

In modern eng*neer*ng appl*cat*ons, flex*ble beam-type structures (such as robot*c arms, space structures, 
energy harvest*ng dev*ces, and v*brat*on sensors) exh*b*t sens*t*ve dynam*c behav*or *n response to external 
exc*tat*ons. Accurate determ*nat*on of the natural frequenc*es, mode shapes, and damp*ng rat*os of these 
structures plays a cr*t*cal role *n v*brat*on control, structural health mon*tor*ng, and parameter *dent*f*cat*on. 
In part*cular, systems actuated by magnet*c forces overcome the l*m*tat*ons of convent*onal mechan*cal 
exc*tat*on by enabl*ng contactless actuat*on. 

The dynam*c behav*or of flex*ble beam structures has long been stud*ed *n eng*neer*ng systems for appl*cat*ons 
such as v*brat*on control, structural health mon*tor*ng, and energy harvest*ng. Analyt*cal models based on 
Euler–Bernoull* beam theory are commonly used as fundamental tools for pred*ct*ng natural frequenc*es and 
mode shapes; however, exper*mental val*dat*on *s essent*al due to mater*al heterogene*ty, boundary cond*t*ons, 
and add*t*onal components present *n real systems (Abbas, et al. 2025). 

Many stud*es have *nvest*gated the modal parameters of cant*lever (f*xed-free) beams w*th an attached t*p 
mass. The add*t*onal mass s*gn*f*cantly reduces the natural frequenc*es, alters the mode shapes, and affects the 
damp*ng character*st*cs of the system. Th*s effect *s w*dely ut*l*zed *n areas such as energy harvest*ng dev*ces, 
parametr*c resonance, and structural parameter *dent*f*cat*on. Exper*mental and numer*cal stud*es have 
demonstrated the systemat*c *nfluence of the added mass on frequency response funct*ons (FRFs) (Meesela, 
2018). 

In recent years, beam systems actuated by magnet*c forces that prov*de contactless exc*tat*on have attracted 
*ncreas*ng attent*on. Stud*es *nvolv*ng ferromagnet*c t*p coat*ngs or magnet*c actuators have enabled the 
acqu*s*t*on of cleaner and more repeatable FRF data compared to trad*t*onal mechan*cal exc*tat*ons. Th*s 
approach has proven effect*ve *n appl*cat*ons such as act*ve v*brat*on control, electromagnet*c damp*ng, and 
magnet*cally coupled energy harvest*ng (J*ang, et al. 2021). 

Guo, et al. (2023) conducted a theoret*cal, s*mulat*on-based, and exper*mental study on the effects of added 
mass *n we*ght-sens*ng structures, systemat*cally reveal*ng the d*fferent *mpacts of mass d*str*but*on, center 
of grav*ty, and st*ffness d*str*but*on on natural frequenc*es. The results showed that added mass parameters 
s*gn*f*cantly alter the frequenc*es, prov*d*ng an *mportant bas*s for the des*gn of h*gh-prec*s*on measurement 
systems. 

Beam systems actuated by magnet*c forces or *ncorporat*ng magnet*c coupl*ng have become prom*nent due to 
the*r contactless exc*tat*on advantages. Feng, et al. (2025) des*gned and exper*mentally *nvest*gated a 
broadband v*brat*on energy harvester based on orthogonally magnet*cally coupled dual cant*lever beams. By 
adjust*ng the magnet*c angle and spac*ng, they opt*m*zed the coupl*ng between two p*ezoelectr*c osc*llators 
to w*den the frequency bandw*dth. Exper*mental results demonstrated that the proposed magnet*c coupl*ng 
conf*gurat*on s*gn*f*cantly *mproved energy harvest*ng eff*c*ency and broadened the operat*ng frequency 
range. 

Electromagnet*c actuat*on and damp*ng techn*ques have also been effect*vely appl*ed to ferromagnet*c beams. 
S*dd*qu*, et al. (2015) *mplemented electromagnet*c damp*ng on a flex*ble cant*lever beam made of 
ferromagnet*c mater*al and exper*mentally compared v*brat*on reduct*on under d*fferent electromagnet*c force 
levels. Us*ng a constant DC power supply, they proposed a new method and showed that *ncreas*ng 
electromagnet*c force s*gn*f*cantly *mproves the damp*ng rat*o. S*m*larly, Gospodar*č, et al. (2007) developed 
an act*ve electromagnet*c damp*ng system for a laterally v*brat*ng ferromagnet*c cant*lever beam. Us*ng a 
sw*tch*ng current ampl*f*er and a pa*r of electromagnets, they a*med to act*vely control v*brat*ons. 
Exper*mental results conf*rmed that the proposed system effect*vely reduces lateral v*brat*ons. 

Stud*es *nvest*gat*ng the effect of added mass under d*fferent env*ronmental cond*t*ons are also ava*lable *n 
the l*terature. Sedlar, et al. (2011) performed exper*mental modal analys*s on a cant*lever beam part*ally 
submerged *n water, compar*ng modal parameters *n a*r and water env*ronments and quant*tat*vely 
determ*n*ng the “added (v*rtual) mass” effect. Us*ng modal added mass calculat*ons along w*th model updat*ng 
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and reduct*on techn*ques, they showed that the frequency decrease *n water *s largely due to the added mass 
effect. 

In the l*terature, process*ng exper*mentally obta*ned FRF data *n MATLAB to develop parametr*c models *s a 
common approach. However, stud*es systemat*cally *nvest*gat*ng var*able added mass conf*gurat*ons 
comb*ned w*th ferromagnet*c t*p coat*ngs and perform*ng FRF-based model*ng under magnet*c exc*tat*on are 
l*m*ted. The present study a*ms to f*ll th*s gap by coat*ng the free end of a cant*lever alum*num beam w*th 
ferromagnet*c mater*al to make *t sens*t*ve to magnet*c forces, alter*ng system dynam*cs w*th d*fferent added 
masses, and analyz*ng exper*mentally obta*ned FRFs for each conf*gurat*on us*ng MATLAB to develop a 
mathemat*cal model. Th*s approach prov*des a pract*cal exper*mental framework for modal analys*s and 
parameter *dent*f*cat*on of magnet*cally actuated flex*ble structures. 

In th*s context, an alum*num beam f*xed at one end and free at the other was des*gned, and *ts free end was 
coated w*th ferromagnet*c mater*al to make *t respons*ve to magnet*c forces. D*fferent magn*tudes of added 
masses were *ntegrated *nto the system to gradually mod*fy *ts dynam*c character*st*cs, and exper*mental 
frequency response funct*ons were obta*ned for each conf*gurat*on. The acqu*red data were analyzed us*ng 
MATLAB to develop the mathemat*cal model of the system. Th*s study a*ms to exper*mentally demonstrate 
the effect of the comb*nat*on of magnet*c actuat*on and var*able mass on the modal analys*s of flex*ble beams 
and to contr*bute a pract*cal model*ng approach to the l*terature. 

2. Conceptual Framework 

In th*s study, an alum*num beam f*xed at one end and free at the other was f*rst des*gned. The free end of the 
beam was coated w*th a ferromagnet*c mater*al to enable observat*on of the effect of magnet*c forces on the 
beam mot*on. Then, d*fferent magn*tudes of added masses were placed on the beam to alter the modal 
character*st*cs of the system. After each mass add*t*on, the exper*mentally obta*ned frequency response 
funct*ons were recorded *n deta*l and analyzed *n MATLAB, and the parametr*c model*ng of the system was 
successfully completed. 

3. Methods 

The beam, made of Al 6063 mater*al, was f*xed at one end, wh*le *ts free end was coated w*th ferromagnet*c 
mater*al and pos*t*oned *ns*de the maglev dev*ce to be *nfluenced by magnet*c forces. 

The d*mens*ons of the alum*num beam used are (360 × 40 × 0.7) mm. The chem*cal compos*t*on of the mater*al 
*s g*ven *n Table 1, and *ts mechan*cal propert*es are presented *n Table 2. 

Table 1. Chem*cal Compos*t*on of Al 6063 Mater*al 

Fe Si Cu Mn Mg Zn Cr Zi Other 

0.35 0.2-0.6 0.1 0.1 0.45-0.9 0.1 0.1 0.15 0.15 

Source: The Aluminum Association, (2024) 

Table 2. Mechan*cal Propert*es of Al 6063 Mater*al 

Temper 

 

Yield Strength (MPa) 

min-max 

Tensile Strength (MPa) 

min-max 

Elongation (%50) 

min-max 

Hardness (Brinell) 

min-max 

0 50 100 26 25 

T1 90 150 24 45 

T4 90 160 21 50 

T5 110-175 150-215 12 60 

T6 170-210 205-245 12 75 

T8 240 260 9 80 
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Source: The Aluminum Association, (2024) 

3.1. Magnet@c Lev@tat@on System 

In the exper*mental setup, a maglev dev*ce (Magnet*c lev*tat*on system 33 – 210) was used to generate a 
magnet*c f*eld and determ*ne the ampl*tude of v*brat*ons *n the cant*lever beam (F*gure 1). The maglev un*t 
cons*sts of a connect*on *nterface panel w*th a mechan*cal un*t on wh*ch a co*l *s mounted. An *nfrared sensor 
*s connected to the mechan*cal un*t. F*gure 2 shows the control panel of the maglev dev*ce. 

 

F@gure 1. Magnet*c lev*tat*on system 

Source: Created by the author. 

 

F@gure 2. Control panel of the maglev dev*ce 

Source: Created by the author. 

The Maglev system measures 370 mm x 250 mm x 260 mm and we*ghs approx*mately 10 kg. The system has 
an *nternal power supply and can operate *ndependently *n analog mode w*thout any computer control 
software. 

3.2. Data Card 

PCI 1711U data card was used *n the exper*mental setup. The techn*cal spec*f*cat*ons of the 1711U DAQ card 
are g*ven *n Table 3. Here, the data card reads analog and d*g*tal *nputs from all *nput l*nes. 
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Table 3. Spec*f*cat*ons of the PCI-1711U DAQ Card 

16-channel single-ended analog input 

12-bit A/D converter with sampling rates up to 100 kHz. 

Programmable gain 

Automatic channel/gain display 

FIFO panel memory (1,024 samples) 

2 x 12-bit output channels 

16-channel digital input and 16-channel digital output 

Programmable calculator on the panel 

Source: Created by the author. 

To allow the free end of the f*xed alum*num beam to be affected by the magnet*c force com*ng from the co*l, 
a low-carbon steel p*ece (35 x 40 x 1.7 mm) was glued to *t w*th a spec*al adhes*ve. The reason for glu*ng the 
low-carbon steel to the end of the alum*num beam *s that the greatest v*brat*on occurs *n th*s reg*on. The 
exper*mental system was set up by pos*t*on*ng the free end of the alum*num beam so that *t was al*gned w*th 
the co*l and pos*t*on sensors *n the magnet*c lev*tat*on dev*ce (F*gure 3). 

 

F@gure 3. Exper*mental setup 

Source: Created by the author. 

The a*m *s to dampen the v*brat*ons generated *n the alum*num beam under magnet*c forces. Subsequently, 
the system was modeled by *ntegrat*ng d*fferent mass values *nto the beam, and the exper*mentally determ*ned 
frequency response funct*ons were analyzed *n the Matlab program. 

4. Results and D@scuss@on 

In d*g*tal mode, the maglev system operates us*ng MATLAB®/S*mul*nk software. Feedback software for 
S*mul*nk *s prov*ded for *mplement*ng control algor*thms and the *nterface between the PC and the maglev 
system hardware. It runs *n a MATLAB® env*ronment that enables the determ*nat*on of system parameters 
and model*ng of the system. F*gure 4 shows the MATLAB®/S*mul*nk block d*agram of the system. Real-t*me 
exper*ments were d*g*tally conf*gured and performed us*ng th*s block d*agram. 
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F@gure 4. MATLAB® / S*mul*nk model of the maglev system 

Source: Created by the author. 

In th*s study, the natural frequency of the beam was f*rst determ*ned by send*ng s*gnals w*th a constant 
ampl*tude of 0.2 mm at d*fferent frequenc*es *n the range of 2-10 Hz w*th a s*nuso*dal *nput to the system. The 
graphs below show the steady-state responses obta*ned *n response to the s*nuso*dal *nputs sent to the system 
(F*gures 5-8). The response w*th the h*ghest ampl*tude shows us that the resonance frequency of the system *s 
the frequency g*ven for the *nput. Therefore, know*ng that the resonance frequency *s also the natural frequency 
of the system, *t *s revealed that the natural frequency *s 5.96 Hz (F*gure 6(a)). 
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F@gure 5. Responses obta*ned to s*nuso*dal *nputs of d*fferent frequenc*es. 

Source: Created by the author. 
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F@gure 6. Responses obta*ned to s*nuso*dal *nputs of d*fferent frequenc*es. 

Source: Created by the author. 
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F@gure 7. Responses obta*ned to s*nuso*dal *nputs of d*fferent frequenc*es. 

Source: Created by the author. 
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F@gure 8. Responses obta*ned to s*nuso*dal *nputs of d*fferent frequenc*es. 

Source: Created by the author. 

Ampl*tude values were calculated *n dB based on the steady-state responses obta*ned for d*fferent frequency 
(Hz) *nputs, and F*gure 3.9 was obta*ned correspond*ng to the *nput frequenc*es. Here, the frequency values 
were also converted to rad/s. The peak po*nt *n the graph *s the natural frequency of the system and was 
calculated as 37.45 rad/s. 

 

F@gure 9. Ampl*tude-frequency graph obta*ned from exper*mental data. 

Source: Created by the author. 

The character*st*c equat*on was then used to obta*n the system's transfer funct*on (Equat*on 1). 
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𝐺(𝑠) = !
"!#$%&""#&"!

                          (1) 

Here, the natural frequency was exper*mentally determ*ned as wn = 37.44 rad/s. k and ξ represent the ga*n and 
damp*ng rat*os, respect*vely. 

The data obta*ned *n the Matlab program were plotted on the Bode d*agram (F*gure 10), and the spec*f*ed ga*n 
and damp*ng rat*o values were opt*m*zed us*ng the fm*ncon command to obta*n the closest ga*n and damp*ng 
rat*o values, thus obta*n*ng the system's transfer funct*on. The opt*m*zat*on results showed an error rate of 
4.741% and a correlat*on coeff*c*ent of R² = 0.9562. Therefore, *t can be sa*d that the system's transfer funct*on 
was successfully obta*ned through opt*m*zat*on (F*gure 11). 

 

F@gure 10. Exper*mental data and the plott*ng of the bode graph. 

Source: Created by the author. 

 

F@gure 11. The graph obta*ned as a result of opt*m*zat*on. 

Source: Created by the author. 

F*gure 11 was obta*ned to prov*de a more deta*led v*ew of F*gure 10. Through the opt*m*zat*on performed, 
k=1.0913 and ξ=0.0304 were found. Therefore, the transfer funct*on of the system was obta*ned as follows 
(Equat*on 2). 
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𝐺(𝑠) = '.)*'+
"!#$.$,-"#'.)$.+.

                  (2) 

F*nally, the phase angles of the obta*ned cont*nuous response curves were calculated and plotted on the Bode 
d*agram, result*ng *n F*gure 12. 

 

F@gure 12. Exper*mental data and bode plot plot (Phase angle) 

Source: Created by the author. 

5. Conclus@on and Suggest@ons 

In th*s study, the dynam*c behav*or of a f*xed-free alum*num beam under the *nfluence of electromagnet*c 
force was exper*mentally *nvest*gated us*ng a magnet*c lev*tat*on-based system, and the mathemat*cal model 
of the system was successfully obta*ned. By coat*ng the free end of the beam w*th ferromagnet*c mater*al, a 
contactless exc*tat*on and damp*ng mechan*sm was created, thereby m*n*m*z*ng class*cal mechan*cal contact-
related errors. As a result of the exper*mental analyses, the natural frequency of the system was cons*stently 
determ*ned us*ng both t*me-doma*n and frequency-doma*n data. F*nd*ngs obta*ned from the frequency 
response funct*ons showed that the system has a natural frequency of approx*mately 5.96 Hz (37.45 rad/s). 
Th*s value *s cons*stent w*th exper*mental observat*ons and clearly reveals the resonant behav*or of the system. 
The second-order transfer funct*on of the system was obta*ned w*th h*gh accuracy through opt*m*zat*on stud*es 
performed *n MATLAB. The agreement of the obta*ned model w*th the exper*mental data was conf*rmed w*th 
an error rate of 4.741% and a correlat*on coeff*c*ent of R² = 0.9562. These results show that the proposed 
model*ng approach rel*ably represents the system dynam*cs. Furthermore, when the effect of electromagnet*c 
force on the system was exam*ned, *t was observed that as the magnet*c effect *ncreased, the v*brat*on 
ampl*tude decreased and effect*ve damp*ng was ach*eved *n the system. Th*s shows that the electromagnet*c 
damp*ng method offers h*gh eff*c*ency along w*th the advantage of contactless control. 

In conclus*on, *t has been shown that magnet*c lev*tat*on-ass*sted electromagnet*c systems are an effect*ve, 
prec*se, and appl*cable method for exper*mental model*ng of flex*ble structures and v*brat*on control. Th*s 
study prov*des an exper*mental contr*but*on to the frequency response funct*on-based model*ng approach, 
espec*ally *n magnet*cally dr*ven systems, and creates an *mportant *nfrastructure for future stud*es *n f*elds 
such as act*ve v*brat*on control, smart structures, and energy harvest*ng systems. 
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