
Journal of Physics: Conference Series

PAPER • OPEN ACCESS

Energy efficient active vibration control strategies
using electromagnetic linear actuators
To cite this article: Angel Torres-Perez et al 2018 J. Phys.: Conf. Ser. 1048 012011

 

View the article online for updates and enhancements.

Related content
Active vibration control of a plate using
vibration gradients
T Kaizuka and K Nakano

-

Active vibration control using mechanical
and electrical analogies
A Torres-Perez, A Hassan, S
Kaczmarczyk et al.

-

Mode shift and stability control of a current
mode controlled buck-boost converter
operating in discontinuous conduction
mode with ramp compensation
Bao Bo-Cheng, Xu Jian-Ping and Liu
Zhong

-

This content was downloaded from IP address 90.193.162.170 on 02/06/2020 at 13:57

https://doi.org/10.1088/1742-6596/1048/1/012011
http://iopscience.iop.org/article/10.1088/1742-6596/744/1/012003
http://iopscience.iop.org/article/10.1088/1742-6596/744/1/012003
http://iopscience.iop.org/article/10.1088/1742-6596/721/1/012013
http://iopscience.iop.org/article/10.1088/1742-6596/721/1/012013
http://iopscience.iop.org/article/10.1088/1674-1056/18/11/023
http://iopscience.iop.org/article/10.1088/1674-1056/18/11/023
http://iopscience.iop.org/article/10.1088/1674-1056/18/11/023
http://iopscience.iop.org/article/10.1088/1674-1056/18/11/023
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvKZqtoVW6EvVR8a-Qwp_V2owDVnIf-KtHaINh1-UP4JlCckdFYbWAC1JV7dAxtwl5SgiqevMvbHgIj0Qr6zhOVfIR7sXZ9PhP_FBe_pYmZ0rmsSNwiz2xG9StxSN6xzjM4cISTcKgZIbhWPMdW-5C-GusBTm33xlaK201Krrq1IEfUxmjrsU7BSw_YwH--csTtuh-F2zVByShWbw8zmXOqWSFrDxUhowcmQGwvQyqp-wKuDLW0&sig=Cg0ArKJSzNJhzHxHfh7Z&adurl=http://iopscience.org/books


1

C o nt e nt fr o m t his  w or k  m a y b e us e d u n d er t h e t er ms of t h e Cr e ati v e  C o m m o ns  Attri b uti o n 3. 0 li c e n c e .  A n y f urt h er distri b uti o n
of t his  w or k  m ust  m ai nt ai n attri b uti o n t o t h e a ut h or(s) a n d t h e titl e of t h e  w or k, j o ur n al cit ati o n a n d  D OI.

P u blis h e d u n d er li c e n c e b y I O P P u blis hi n g  Lt d

1 2 3 4 5 6 7 8 9 0 ‘’ “ ”

T h e 7t h S y m p osi u m o n M e c h a ni cs of Sl e n d er Str u ct ur es I O P P u blis hi n g

I O P C o nf. S eri es: J o ur n al of P h ysi cs: C o nf. S eri es 1 0 4 8  ( 2 0 1 8) 0 1 2 0 1 1  d oi : 1 0. 1 0 8 8/ 1 7 4 2- 6 5 9 6/ 1 0 4 8/ 1/ 0 1 2 0 1 1

 
 
 
 
 
 

E n e r g y effi ci e nt a cti v e vi b r ati o n c o nt r ol st r at e gi es usi n g 
el e ct r o m a g n eti c li n e a r a ct u at o rs  

 
A n g el T o r r es -P e r e z, Ali H ass a n, St ef a n K a c z m a r c z y k, P hil Pi ct o n  

T h e U ni v er sit y of N ort h a m pt o n, St. G e or g e’ s A v e n u e, N ort h a m pt o n, N N 2 6J D, 
U nit e d Ki n g d o m  
 
E -m ail: a n g el.t orr es p er e z @ n ort h a m pt o n. a c. u k  

 
A bst r a ct. E n er g y effi ci e nt c urr e nt c o ntr ol m et h o d s i n el e ctr o m a g n eti c li n e ar a ct u at or s ar e 
r e q uir e d t o mi ni mi z e t h e el e ctri c al p o w er r e q uir e m e nt s i m p o s e d b y a cti v e vi br ati o n c o ntr ol 
str at e gi e s. I n t hi s p a p er a n effi ci e nt bi dir e cti o n al b u c k -b o o st c o n v ert er is dis c u ss e d i n t w o 
s c e n ari o s: a n a cti v e vi br ati o n is ol ati o n s yst e m a n d a n a cti v e d y n a mi c vi br ati o n a b s or b er                               
( A D V A ) usi n g  a v oi c e c oil m ot or ( V C M) a ct u at or. A n el e ctri c al a n al o g o u s cir c uit of a n 
e x p eri m e nt al t est pl atf or m i s u s e d as p art of t h e si m ul ati o n m o d el. T his t est pl atf or m is b as e d o n 
a vi br ati o n s h a k er t h at pr o vi d es t h e b as e d e x cit ati o n r e q uir e d f or t h e si n gl e D e gr e e of -Fr e e d o m 
( 1 D o F) vi br ati o n m o d el u n d er st u d y. T h e pr o p o s e d bi dir e cti o n al n o n -i s ol at e d b u c k-b o o st 
c o n v ert er c a n r e c o v er t h e e n er g y w h e n t h e V C M a cts as a g e n er at or a n d st or e it f or f ut ur e us e. 
Si m ul ati o n r es ults pr o v e t h at t his t y p e of t o p ol o g y i s f ar m or e effi ci e nt t h a n li n e ar a m plifi er s 
t y pi c all y us e d i n a ctiv e vi br ati o n c o ntr ol. Wit hi n t h e c o nt e xt of sl e n d er str u ct ur es, t his effi ci e nt 
c urr e nt c o ntr ol m et h o d i m pr o v es t h e vi a bilit y of usi n g a cti v e vi br ati o n c o ntr ol i n fl e xi bl e 
str u ct ur es s u c h as b e a ms.  

K e y w o r ds: a cti v e D V A, bi dir e cti o n al D C c o n v ert er s, s wit c hi n g p o w er a m plifi er, b u c k -b o o st, 
v oi c e c oil m ot or s  

1.  I nt r o d u cti o n 
A d y n a mi c vi br ati o n a bs or b er ( D V A), or vi br ati o n n e utr ali z er is a t u n e d s pri n g -m as s s yst e m w hi c h 
r e d u c es or eli mi n at es t h e vi br ati o n of a h ar m o ni c all y e x cit e d s yst e m. T h er e ar e t w o t y p es of D V As  
d e p e n di n g o n t h e n e e d of e xt er n al p o w er t o p erf or m t h eir f u n cti o ns. P assi v e D V As d o n ot r e q uir e 
a ct u at or s a n d t h e y c a n n ot g u ar a nt e e hi g h vi br ati o n c o ntr ol p erf or m a n c e f or di st ur b a n c e wit h v ari o us 
fr e q u e n ci es i n g e n er al. H o w e v er, a cti v e d y n a mi c vi br ati o n abs or b er s ( A D V As) h a v e s e ns or s a n d 
a ct u at or s a n d  ar e oft e n c o nsi d er e d w h e n hi g h vi br ati o n c o ntr ol p erf or m a n c e i s r e q uir e d f or dist ur b a n c e 
wit h v ari o us fr e q u e n ci es. T h e a ct u at ors of A D V As ar e t y pi c all y c o ntr oll e d usi n g f e e df or w ar d or cl os e 
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l o o p c o ntr oll er s. D V As h as b e e n e xt e nsi v el y st u di e d i n b uil di n g str u ct ur es, as d ef e n c e m e c h a ni s m 
a g ai nst e art h q u a k es, t o c o u nt er s ei s mi c m o v e m e nt s a n d wi n d f or c es [ 1 ].  
I n t hi s p a p er a n el e ctr o d y n a mi c a ct u at or i s us e d t o m o dif y a n d eff e cti v el y c o ntr ol t h e m e c h a ni c al 
stiff n es s a n d d a m pi n g of a t u n e d m as s d a m p er. A f e e df or w ar d c o ntr oll er  i s us e d t o e ns ur e t h e n at ur al 
fr e q u e n c y of t h e vi br ati o n a bs or b er tr a c ks t h e dist ur b a n c e m ai n e x cit ati o n fr e q u e n c y. As a r es ult, t h e 
s yst e m h as o pti m al p erf or m a n c e t hr o u g h o ut a l ar g e r a n g e of e x cit ati o n fr e q u e n ci es. T h e f e e df or w ar d 
c o ntr oll er r e q uir es a c c ur at e c urr e nt c o ntr ol fl o wi n g t hr o u g h t h e el e ctr o d y n a mi c a ct u at or.  
T hi s st u d y a n al ys e s a n a cti v e D V A usi n g a n el e ctri c al a n al o g o us cir c uit m o d el as di s c uss e d i n [ 2 ]. T his 
el e ctri c al a n al o g y i s us e d t o s et a c o m p ari s o n b et w e e n a li n e ar bri d g e c urr e nt c o ntr ol a m plifi er a n d a 
s wit c h m o d e p o w er a m plifi er ( cl ass D) b as e d o n a bi dir e cti o n al b u c k -b o ost c o n v ert er.  

2.  M et h o d ol o g y  

2. 1.  A cti v e c o ntr ol ri g  
T h e  e x p eri m e nt al ri g s h o w n i n Fi g ur e  1 a. w as b uilt t o t est t h e c o n c e pt of a cti v e c o ntr ol usi n g a n 
a dj ust a bl e m as s c o n n e ct e d t o a pl a n ar s pri n g a n d o n e V C M a ct u at or. T w o m oti o n s e ns ors ( pi e z o el e ctri c 
a c c el er o m et er s) ar e c o n n e ct e d t o t h e a bs or b er m as s a n d t h e s h a k er t a bl e  r es p e cti v el y. T w o el e ctri c al 
si g n al s ar e r e c or d e d f or V C M c h ar a ct eri z ati o n t h at c orr es p o n d t o t h e c urr e nt a n d v olt a g e si g n al s w hi c h 
ar e m e as ur e d usi n g o n e i s ol at e d diff er e nti al v olt a g e pr o b e a n d o n e c urr e nt pr o b e r es p e cti v el y. T h e 
p h ysi c al m o d e l w hi c h i s a pi ct ori al r e pr es e nt ati o n of t h e s yst e m u n d er st u d y i s s h o w n i n Fi gur e  1 b.  
T h e vi br ati o n m o d el c orr es p o n ds t o a 1 D o F wit h b as e e x cit ati o n as s h o w n i n Fi g ur e  2.  

 

 

  

 
a)  E x p eri m e nt al ri g  b)   b)  P h ysi c al m o d el  

Fi g u r e 1 . A cti v e vi br ati o n c o ntr ol ri g [ 2 ] 
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Fi g u r e 2 . A cti v e c o ntr ol vi br ati o n 
m o d el wit h a g e n eri c a ct u at or U        
( 1 D o F )  [2 ] 

 

2. 2.  El e ct r o m e c h a ni c al A n al o g o us  C i r c uit 
 
If t h e t y p e of a ct u at or is a V oi c e C oil M ot or, t h e c o u pli n g e q u ati o n b et w e e n t h e el e ctri c al a n d m e c h a ni c al 
s yst e m i s d u e t o L or e nt z F or c e a n d F ar a d a ys’s L a w of I n d u cti o n. T h e a ct u at or m e c h a ni c al f or c e i s 
pr o p orti o n al t o a ct u at or’s c urr e nt w h e n  t h er e i s a c o nst a nt m a g n eti c fl u x d e nsit y i n t h e V C M g a p u n d er 

all  a ct u at or str o k e p ositi o ns
d

N ct e
d x


=  as s h o w n i n ( 1) .   

V C MF l i i =  = 
 (1 ) 

T h e c o nst a nt t h at m ulti pli es t h e a ct u at or c urr e nt is r ef err e d as m ot or c o nst a nt V C M . T h e d efi niti o n is 

s h o w n i n ( 2)  w h er e V C M i s t h e m ot or c o nst a nt;  N  i s t h e n u m b er of t ur ns;  β  t h e m a g n eti c fl u x d e nsit y 

i n t h e g a p a n d l t h e l e n gt h of t h e w o u n d e d wir e. 

V C M

d
N l

d x
 


= =

 
(2 ) 

T h e B a c k El e ctr o m oti v e F or c e i s pr o p orti o n al t o t h e t ot al n u m b er of t ur ns a n d a ct u at or s p e e d as s h o w n 
i n  (3 ). 

V C M

d d d x
E  N  N x

dt d x dt


 
= − = − = −

 
(3 ) 

A p ossi bl e cir c uit r e pr es e nt ati o n t h at c o u pl es t h e m e c h a ni c al s yst e m a n d el e ctri c al si d e us e s a g yr at or 
a n d it i s s h o w n i n Fi g ur e  3 .  T h e g o v er ni n g diff er e nti al e q u ati o ns f or t hi s cir c uit ar e o bt ai n e d b y a p pl yi n g 
Kir c h off’ s V olt a g e L a w i n l o o p 1 a n d l o o p 2 as  s h o w n i n (4 ).  
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Fi g u r e 3 . 1 D o F a cti v e c o ntr ol ri g wit h V C M ( T y p e II)  

1 10    E  E  E

di
V  R i L v i i

dt
−  −  − = =

( ) ( ) ( )2 2 1 2 1 1 2 2 10    v k x x c x x  m x i x x+ − + − − = = − −  

(4 ) 

T h es e e q u ati o ns c o ul d b e  r e pr es e nt e d as a f u n cti o n of t h e c urr e nt s i n t h e el e ctri c al a n d m e c h a ni c al s i d es 
of Fi g ur e 3   as s h o w n i n ( 5 ). T h e r el ati o ns hi p b et w e e n el e ctri c al a n d m e c h a ni c al q u a ntiti es i s s h o w n i n 
T a bl e 1.  

( )

( ) ( )

2 1

2 1 2 1 1

0
   

    0   

E  E  E

V C M

V C M

di
V  R i L r x x

r l dt

r i k x x c x x  m x  U r i i

 



−  −  +  − =

= = 
  + − + − − = =  = 

 (5 ) 

 
T a bl e 1.  I nt er pr et ati o n of el e ctri c al a n d m e c h a ni c al q u a ntiti es  

El e ctri c al  
Q u a ntit y  

M e c h a ni c al  
A n al o g II  

( F or c e V olt a g e) 

V olt a g e, e  F or c e, f  

C urr e nt, i  V el o cit y, v  

R esist a n c e, R  Fri cti o n, B  

C a p a cit a n c e, C  C o m pli a n c e, 1/ K  
(I n v ers e s pri n g c o nst a nt) 

I n d u ct a n c e, L M ass, M  
 
A b ett er cir c uit r e pr es e nt ati o n t h at c o nsi d er s d a m pi n g d u e t o e d d y c urr e nt s i n t h e V C M w h e n t h er e is 
a n o p e n cir c uit a cr oss t h e t er mi n al s  is s h o w n i n Fi g ur e 4 . T h e cir c uit s h o w n i n Fi gur e  4  pr o vi d es a tr e n d 
t h at i s i n g o o d a gr e e m ent wit h e x p eri m e nt al r es ult s w h e n t h e V C M t er mi n al s ar e u n d er o p e n a n d cl os e d 
cir c uit c o n diti o ns r es p e cti v el y. T h e cir c uit v al u es ar e s h o w n i n T a bl e 2 . A f urt h er di s c ussi o n a b o ut t h e 
d eri v ati o n of t his cir c uit i s s h o w n i n [ 2 ] .  It h as b e e n o bs er v e d t h at t h e d a m pi n g d u e t o e d d y c urr e nts it 
i s al s o aff e ct e d b y t h e a ct u at or str o k e a n d c urr e nt fl o wi n g t hr o u g h t h e m ai n c oil.  
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Fi g u r e 4 . 1 D o F a cti v e c o ntr ol ri g wit h V C M  

 
T a bl e 2 . Cir c uit v al u es  

P a r a m et e r  m  c  k  0

1

2

k
f

m
=  

V C M r =   

V al u e  4 3 2. 4  
0. 5  

N e gli gi bl e  4 2. 1 6 7  4 9. 7  7. 4  
 

U nit  [ g] [ N s/ m] [ k N / m] [ H z] [ N/ A]  

       

P a r a m et e r  EL  ER  O CR  MC  ML  
MR  

V al u e  4 . 1 3. 3  9. 7 8  2 3. 7 1  0. 4 3 2 4  0. 5  

U nit  [ m H] [ Ω] [ Ω] [ µ F] [ m H] [ Ω] 

 
 
3.  A C TI V E C O N T R O L L A W S ( A D V A)  
T h e f or c e U i ntr o d u c e d b y t h e a ct u at or usi n g t h e f e e df or w ar d c o ntr oll er as s h o w n i n ( 6) m ust r e m o v e 
t h e d a m pi n g of t h e s yst e m c  a n d m o dif y t h e n at ur al fr e q u e n c y of t h e a bs or b er t o b e t h e s a m e as t h e m ai n 
h ar m o ni c c o m p o n e nt of t h e vi br at i o n si g n al [3 ].   

( ) ( ) ( ) ( )

( ) ( ) ( )( )

2

2

1 2

k j
U j  V j c j  m  V j c  m k

V j j  X j  X j




       
 

      

   
    = + − = + −           

=  −

 (6 ) 

W h er e ( )V j   i s t h e r el ati v e s p e e d of t h e a bs or b er m as s wit h r es p e ct t o t h e vi br ati n g b o d y i n t h e 

fr e q u e n c y d o m ai n.  T h e a bs or b er t u ni n g c o ul d b e s hift e d t o t h e h ar m o ni c e x cit ati o n fr e q u e n c y ω b y 

i ntr o d u ci n g a f or c e pr o p orti o n al t o a ct u at or r el ati v e p ositi o n ( )1 2x x−  ti m es a c o nst a nt of m a g nit u d e 

α or a f or c e pr o p orti o n al t o a ct u at or r el ati v e a c c el er ati o n ( )1 2x x−  ti m es a c o nst a nt of m a g nit u d e γ. 

T h us, t w o p ossi bl e g ai ns, o n e pr o p orti o n al t o a c c el er ati o n ( α)  a n d t h e ot h er pr o p orti o n al t o p ositi o n ( γ)  
c o ul d b e d efi n e d r el ati v e t o t h e n at ur al r es o n a nt fr e q u e n c y of t h e a bs or b er m as s ω 0 . T h es e g ai ns ar e 
s h o w n i n ( 7)  a n d ( 8). 
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0

2

0
2

1
k

mk
m m

 
 

 

=    
= −  ⎯ ⎯ ⎯ → = −         

 (7 ) 

 

( ) ( )
02 2 2

0

k

mm k m


       
=

= − ⎯ ⎯ ⎯ → = −  (8 ) 

T h e f or c e U, e x ert e d b y t h e V C M i s t h e c urr e nt ti m es t h e m ot or c o nst a nt (r). T h er ef or e, t h e a ct u at or 
f or c e i s c o ntr oll e d b y t h e c urr e nt fl o wi n g t hr o u g h t h e V C M t er mi n al s. A c urr e nt c o ntr oll e d p o w er 
a m plifi er is n e e d e d f or t his t as k. T h e stiff n ess i n t h e m e c h a ni c al si d e of Fi g ur e  4 . c o ul d b e m o difi e d b y 
s el e cti n g a c urr e nt  i t h at i s pr o p orti o n al t o t h e r el ati v e p ositi o n ti m es t h e p ositi o n g ai n o v er t h e m ot or 

c o nst a nt 
r


.  T h e eff e cti v e m as s i n t h e m e c h a ni c al si d e of Fi gur e  4  c o ul d b e alt er e d b y s el e cti n g a 

c urr e nt t h at i s pr o p orti o n al t o t h e r el ati v e a c c el er ati o n ti m es t h e a c c el er ati o n g ai n o v er t h e m ot or 

c o nst a nt 
r

 .   

4.  C U R R E N T C O N T R O L A M P LI FI E R  
T h e c urr e nt fl o wi n g t hr o u g h t h e V C M i s a dj ust e d usi n g a p o w er a m plifi er. T h e f e e df or w ar d c o ntr oll er 
r e q uir es a n a m plifi er wit h a f ast-c urr e nt  l o o p mi ni mi zi n g a n y d el a ys i n t h e a ct u at or f or c e. T hi s pr e cisi o n 
a m plifi er is t y pi c all y i m pl e m e nt e d wit h a cl as s A B a m plifi er wit h l o w dist orti o n l e v el, n e gli gi bl e o ut p ut 
v olt a g e/ c urr e nt ri p pl e a n d p o or effi ci e n c y ( 5 0 %). T h e m ai n dr a w b a c k of t hi s p o w er a m plifi er i s t h at t h e 
di ssi p at e d p o w er d e p e n ds o n o ut p ut p o w er f a ct or. T hi s t y p e of a m plifi er is q uit e i n effi ci e nt w h e n dri vi n g 
l o w i m p e d a n c e a n d r e a cti v e l o a ds. All t h e r efle ct e d e n er g y fr o m r e a cti v e c o m p o n e nt s a n d b a c k E M F i s 
c o ns u m e d di ssi p ati n g h e at. A bl o c k di a gr a m of a cl ass A B a m plifi er wit h c urr e nt c o ntr ol i s s h o w n i n 
Fi g ur e  5 a a n d i n a bri d g e c o nfi g ur ati o n i n Fi g ur e  5 b.  
 

 

Fi g u r e 5 a.  Li n e ar a m plifi er ( cl ass A B), 
p us h -p ull o ut p ut st a g e  

 



7

1 2 3 4 5 6 7 8 9 0 ‘’ “ ”

T h e 7t h S y m p osi u m o n M e c h a ni cs of Sl e n d er Str u ct ur es I O P P u blis hi n g

I O P C o nf. S eri es: J o ur n al of P h ysi cs: C o nf. S eri es 1 0 4 8  ( 2 0 1 8) 0 1 2 0 1 1  d oi : 1 0. 1 0 8 8/ 1 7 4 2- 6 5 9 6/ 1 0 4 8/ 1/ 0 1 2 0 1 1

 
 
 
 
 
 

 
 

 

Fi g u r e 5 b.  Li n e ar a m plifi er ( cl as s A B) 
i n a bri d g e c o nfi g ur ati o n 

 
I n t hi s p a p er, a n effi ci e nt c urr e nt c o ntr oll e d cl ass D a m plifi er c o ntr ols t h e c urr e nt t hr o u g h t h e V C M. 
T h e cir c uit t o p ol o g y i n Fi g ur e  6 a r es e m bl es a s y n c hr o n o us b u c k c o n v ert er [ 4 ] a n d it i s s o m eti m es 
r ef err e d as bi dir e cti o n al b u c k-b o ost c o n v ert er [ 5 ]. A s m all si g n al m o d el a n d a v er a g e st at e s p a c e m o d el 
i s s h o w n i n [5 ].  T h e st e a d y st at e a n al ysi s ass u m es a c o nst a nt a v er a g e  c urr e nt t hr o u g h t h e i n d u ct or, 
h e n c e t h e v olt -s e c o n d b al a n c e d c o n diti o n i n o n e s wit c hi n g c y cl e i s m et a n d t h e r ati o b et w e e n  t h e o ut p ut 
a n d i n p ut v olt a g es c o ul d b e o bt ai n e d as s h o w n i n (9 ) w h er e Ts i s t h e s wit c hi n g p eri o d a n d D i s t h e d ut y 
c y cl e . 

( ) ( ) ( ) ( )1 1 2 1s s s s

s

V
V V D T  V V  D T  D  D  D

V
− = + −  → = − − = −  

 

(9 ) 

T h us, t h e D C v olt a g e g ai n is a li n e ar f u n cti o n of t h e d ut y c y cl e D as s h o w n i n Fi g ur e 6 b.  F or  D > 0. 5 
t h e o ut p ut v olt a g e is of p ositi v e p ol arit y, w hil e f or D <  0. 5 it i s of n e g ati v e p ol arit y. T h e s wit c h S c o ul d 
b e i m pl e m e nt e d usi n g t w o tr a nsi st ors all o wi n g a bi dir e cti o n al c urr e nt fl o w.  

 

 

Fi g u r e 6 a.  S wit c hi n g a m plifi er d eri v e d fr o m t h e b u c k c o n v ert er  
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Fi g u r e 6 b.  R ati o b et w e e n t h e o ut p ut a n d i n p ut v olt a g es (t w o q u a dr a nt o p er ati o n)  
 
T h e h ar d w ar e i m pl e m e nt ati o n of t h e s wit c h S i n Fi g ur e  6 a, c orr es p o n ds t o a p o w er a m plifi er i n a h alf 
bri d g e c o nfi g ur ati o n as s h o w n i n Fi g ur e  7 a. A si n gl e p o w er s u p pl y i m pl e m e nt ati o n r e q uir es f o ur 
tr a nsist or s a c c or di n g t o t h e bri d g e cir c uit i n Fi g ur e 7 b. T h e P W M o ut p ut of t h e PI c urr e nt c o ntr oll er i n 
Fi g ur e 7 c is t h e c o ntr ol si g n al f or t h e tr a nsi st ors of t h e cl ass D a m plifi er. T h e P W M si g n al i s g e n er at e d 
c o m p ari n g t h e o ut p ut si g n al of t h e PI c o ntr oll er a g ai nst a hi g h fr e q u e n c y s a wt o ot h si g n al.  
 

 

 
 
 
 
 
 
 
 
 
 
 
 
Fi g ur e 7 a.  Cl ass D a m plifi er 
( h alf bri d g e) 
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Fi g ur e 7 b. Cl ass D a m plifi er             
(f ull bri d g e) 

 

 

 
 
 
 
 
 
 
Fi g ur e 7 c.  P W M  si g n al 
g e n er ati o n ( c urr e nt c o ntr ol)  

 
5.  Si m ul ati o n r es ult s  
T h e f ull bri d g e i m pl e m e nt ati o n of t h e s wit c hi n g a m plifi er wit h t h e a n al o g o us cir c uit as t h e l o a d w as 
si m ul at e d i n P SI M. T h e l o w p as s diff er e nti al L C filt er w as d esi g n e d wit h a c ut -off  fr e q u e n c y of 2 3 0 H z 
w hi c h i s m u c h l o w er t h a n t h e P W M fr e q u e n c y. T h e i n d u c t or L i s 1 m H a n d t h e c a p a cit or 4 7 0 μ F. T h e 
e q ui v al e nt si n gl e e n d e d filt er s h o w n i n Fi g ur e 8  i s us e d f or c al c ul ati n g t h e c ut off  fr e q u e n c y a n d q u alit y 
f a ct or c al c ul ati o ns of t h e diff er e nti al filt er. T h e b as e e x cit ati o n (s h a k er t a bl e) w as as s u m e d t o b e a 
c o ns t a nt a m plit u d e si n us oi d al s p e e d si g n al of 0. 1 m/ s of p e a k a m plit u d e a n d a fr e q u e n c y of 5 0 H z. 

 

 
 
 
 
 
 
 
Fi g ur e  8 . Diff er e nti al filt er a n d 
it is Si n gl e-E n d e d E q ui v al e nt  
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A fr e q u e n c y r es p o ns e a n al ysi s of t h e s wit c hi n g a m plifi er s h o w n i n Fi gur es  9 a -b w as c o n d u ct e d i n o p e n 
l o o p ar o u n d t h e o p er ati n g p oi nt ( D = 5 0 %). T h e g yr at or bl o c k i n Fi g ur e 9 b w as i m pl e m e nt e d wit h t w o 
c urr e nt c o ntr oll e d v olt a g e s o ur c es.  T h e a c s w e e p w as c o n d u ct e d b y v ar yi n g t h e d ut y c y cl e ar o u n d t h e 
o p er ati n g p oi nt  (si g n al i nj e cti o n). T h e o p e n l o o p r es p o ns e of t h e i n d u ct or c urr e nt as a f u n cti o n of t h e 
d ut y c y cl e f or diff er e nt fr e q u e n ci es i s s h o w n i n Fi g ur e  9 c.  T h e s yst e m i s st a bl e,  a n d t h e p h as e m ar gi n 
i s 9 0⁰.  
 

 

Fi g u r e 9 a.  Cl as s D a m plifi er wit h a n al o g o us cir c uit as t h e l o a d  

 

Fi g u r e 9 b.  A n al o g o us cir c uit i m pl e m e nt ati o n (l o a d)  
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Fi g u r e 9 c.  A C S w e e p a n al ysi s ( o p e n -l o o p, d ut y c y cl e 5 0 %) 
 
Cl os e d l o o p r es p o ns e w as a n al ys e d usi n g t h e tr a nsi e nt a n al ysis s h o w n i n Fi g ur es  1 0 a -c . C urr e nt c o ntr ol 
w as p erf or m e d usi n g a PI r e g ul at or G( s) = k ( 1 + s T) / ( s T) wit h a g ai n of 8 a n d a ti m e c o nst a nt of 1 0 0 μs. 
T h e P W M si g n al i s g e n er at e d c o m p ari n g t h e o ut p ut of t h e PI c o ntr oll er  a g ai nst a s a wt o ot h si g n al 
fr e q u e n c y of 5 0 K h z a n d p e a k t o pe a k v olt a g e of 1 V. T h e s at ur ati o n bl o c k aft er t h e PI r e g ul at or li mits 
t h e r a n g e of t h e d ut y c y cl e fr o m 0 t o t o 9 5 % (it c orr es p o n ds wit h a n o ut p ut b et w e e n 0 a n d 0. 9 5 V). I n 
Fi g ur e  1 0 b, a  tr a nsi e nt a n al ysi s w as p erf or m e d t o m e as ur e p o w er r e q uir e m e nt s a n d  t h e diff er e nti al 
v olt a g e a cr oss t h e l o a d . Fi g ur e 1 0 c r e pr es e nt s t h e m e as ur e d a n d r ef er e n c e l o a d c urr e nt s w h e n t h e 
r ef er e n c e c urr e nt si g n al is a si n e w a v e of 5 0 H z a n d 2 A of p e a k v olt a g e wit h 1 A of D C off s et.   T h e  
si m ul ati o n  r es ult s i n Fi g ur e 1 0 b d o n ot c o nsi d er  t h e o n r esist a n c e of t h e s wit c h es, t h e r esist a n c e of t h e 
o ut p ut filt er  a n d wir e r esi st a n c es.  T h er ef or e, t h e p o w er c o n v ersi o n effi ci e n c y i s i d e al , a n d all t h e i n p ut 
p o w er i s tr a nsf err e d t o t h e l o a d. A li n e ar a m plifi er ( A B t y p e) will n e v er r e a c h t hi s  effi ci e n c y b e c a us e 
t h e tr a nsist or s ar e o p er ati n g i n t h e li n e ar r e gi o n.  
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Fi g u r e 1 0 a.  Tr a nsi e nt a n al ysi s ( PI c urr e nt c o ntr oll er)  
 
 

 
Fi g ur e 1 0 b.  Tr a nsi e nt r es ults ( PI c urr e nt c o ntr oll er) . R ef er e n c e a n d m e as ur e d c urr e nts. 
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Fi g u r e 1 0 c . Tr a nsi e nt r es ult s ( PI c urr e nt c o ntr oll er) . V olt a g e a cr oss t h e l o a d a n d p o w er i n p ut 
r e q uir e m e nt s. 
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6.  C o n cl usi o ns  
 
T h e pr o p os e d el e ctr o m e c h a ni c al a n al o g o us cir c uit is q uit e us ef ul f or st u d yi n g t h e d y n a mi cs a n d 
effi ci e n c y of p o w er a m plifi er s i n a cti v e vi br ati o n c o ntr ol s yst e ms . St a n d ar d cir c uit si m ul ati o n s oft w ar e 
c o ul d b e us e d f or t u ni n g t h e r e al s yst e m.   
T h e pr o p os e d c urr e nt c o ntr ol a m plifi er s h o ws hi g h effi ci e n c y (t h e l oss es ar e l ar g el y d et er mi n e d b y t h e 
r ati o of t h e l o a d r esi st a n c e t o t h e t ot al D C l o o p r esist a n c e w hi c h i s t h e s u m of t h e o n r esi st a n c e of t h e 
M O S F E Ts, wir e r esi st a n c es (i n cl u di n g t h e o ut p ut filt er) a n d c urr e nt s e ns e r esi st or if us e d, a n d t h e l o a d 
r esi st a n c e.  
T h e b a n d wi dt h of t h e c urr e nt c o ntr ol a m plifi er i s q uit e hi g h w hi c h is d esir e d f or s u c c essf ull y i m pl e m e nt 
t h e f e e df or w ar d c o ntr oll er. T h e m ai n dr a w b a c k w h e n c o m p ar e d t o t h e cl ass A B a m plifi er i s t h e o ut p ut 
c urr e nt ri p pl e. T his o ut p ut c urr e nt ri p pl e c o ul d b e mi ni mi z e d i n cr e asi n g t h e s wit c hi n g fr e q u e n c y a n d t h e 
L v al u e i n t h e o ut p ut filt er.  
Si m ul ati o n r es ult s i n di c at e t h at t h e pr o p os e d c urr e nt c o ntr oll e d Cl ass D a m plifi er i s a n effi ci e nt V C M 
dri v er f or a cti v e vi br ati o n c o ntr ol.  
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