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Abstract 
 
T h e  st u d y  d e als wit h  t h e  m u lt i-ch anne l p owe r cont rolle r e ng ine e re d  b y  
au t h ors f or m ag ne t orh e olog ical ( M R )  d am p e rs of  sm all-scale . T h e  p ap e r 
cove rs: st ru ct u re , t e ch nical sp e cif icat ion, lab orat ory  t e st ing  of  t h e  d e vice  in 
t h e  analog  and  d ig it al m od e  and  it s t e st ing  b y  ap p ly ing  t o M R  d am p e rs’  
cont rol in a ve h icle  su sp e nsion m od e l. 
 
K e y w o rd s: p owe r cont rolle r, M R  d am p e r, vib rat ion cont rol. 
 W i e l o k an ał o w y  s t e r o w n i k  m o cy  d l a t ł u m i k ó w  MR  m ał e j  s k al i  

 
S tre sz cz e n i e  

 
W  art y k u le  p rze d st awiono op racowany  p rze z au t oró w, wie lok anał owy  
st e rownik  m ocy  d la t ł u m ik ó w M R  m ał e j  sk ali ( wy t warzaj ą cy ch  silę  d o 
k ilk u  k N ) . O p isano b u d owę  oraz p od ano p aram e t ry  t e ch niczne  st e rownik a. 
O m ó wiono wy nik i b ad ań  lab orat ory j ny ch  st e rownik a p racu j ą ce g o w t ry b ie  
analog owy m  i cy f rowy m . Poró wnano wł asnoś ci st at y czne  i d y nam iczne  
st e rownik a w ob u  t ry b ach , ze  szcze g ó lny m  u wzg lę d nie nie m  g raniczny ch  
wart oś ci p rą d ó w i nap ię ć  na wy j ś ciu  st e rownik a oraz od p owie d zi 
czasowy ch  na sk ok owe  zm iany  sy g nał ó w st e ru j ą cy ch  ( analiza czasó w 
u st alania p rą d u  w ce wce  st e ru j ą ce j  t ł u m ik a i sił y  g e ne rowane j  p rze z t ł u m ik  
M R ) . N a p od st awie  wy nik ó w b ad ań  e k sp e ry m e nt alny ch  p ok azano wad y   
i zale t y  ob u  t ry b ó w p racy  st e rownik a d o st e rowania t ł u m ik ie m  M R , 
u wzg lę d niaj ą c zast osowanie  p rze ł ą czaj ą cy ch  alg ory t m ó w st e rowania. 
O p racowany  st e rownik  wy k orzy st ano d o b ad ań  p ł ask ie g o m od e lu  
zawie sze nia p oj azd u  o d wu - i t rze ch  st op niach  swob od y  wy p osaż one g o  
w t ł u m ik i M R . W  b ad aniach  wy k orzy st ano d wa ś rod owisk a sp rzę t owo-
p rog ram owe : k art ę  we j ś ć -wy j ś ć  AC /C A t y p u  R T -D AC 4 /PC I  i p ak ie t  
M AT L AB /S im u link  z p rzy b ornik am i R T W /R T W T  oraz m ik rok ont role r 
M ot orola t y p u  M PC  555 z p rzy b ornik ie m  E m b e d d e d  T arg e t  f or 
M ot orola®  M PC 555 p ak ie t u  M AT L AB /S im u link . 
 
S ł o w a k l u cz o w e : st e rownik  m ocy , t ł u m ik  M R , st e rowanie  d rg aniam i. 
 1 .  I n t r o d u ct i o n  
 
A  co nv ent io nal M R  d amp er-bas ed  v ibrat io n red u ct io n s ys t em is  

a s ys t em w it h  clo s ed -lo o p  ( F ig . 1 ) . S u ch  s ys t em inclu d es :  
s ens o r( s )  −  ( t o  d et ect  v ibrat io n) , co nt ro ller −  ( t o  manip u lat e t h e 
s ig nal o bt ained  f ro m t h e s ens o r( s )  acco rd ing  t o  t h e co nt ro l law ) , 
M R  d amp er( s )  −  ( t o  co nt ro l t h e mech anical res p o ns e o f  t h e 
s t ru ct u re)  and  a p o w er co nt ro ller −  t o  act iv at e M R  d amp er( s ) . T h e 
main f u nct io n o f  p o w er co nt ro ller is  t o  g u arant ee t h e req u ired  
cu rrent  and  v o lt ag e rang e f o r M R  d amp ers  and  t o  ens u re t h e s h o rt  
cu rrent  res p o ns e t o  t h e p res et  co nt ro l s ig nal. 
T h e p o w er co nt ro ller d es cribed  in t h e s t u d y w as  eng ineered  f o r 

t h e p u rp o s e o f  t h e res earch  p ro g ram. T h e d ev ice is  able t o  o p erat e 
in t h e analo g  o r d ig it al mo d e. 
T h e s t u d y f o cu s es  o n t h e s t ru ct u re, t ech nical s p ecif icat io n, 

ch aract eris t ics  and  res u lt s  o f  labo rat o ry t es t s  o f  t h e p o w er 
co nt ro ller by ap p lying  t o  M R  d amp ers ’  co nt ro l in a v eh icle 
s u s p ens io n mo d el w h ich  w as  inv es t ig at ed  as  a s t ru ct u re w it h  t w o  
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and  t h ree d eg rees  o f  f reed o m ( w it h  2 D O F s  and  3 D O F s )  in t h e 
analo g  and  d ig it al mo d e, res p ect iv ely. 
 
 

  
F i g .  1 .   M R  d a m p e r -b a s e d  v i b r a t i o n  r e d u c t i o n  s y s t e m  
R y s .  1 .   U k ł a d  r e d u k c j i  d r g a ń  z  t ł u m i k a m i  M R  
 
 2 .  P o w e r  co n t r o l l e r  

 
I n acco rd ance w it h  t h e p o w er co nt ro ller inp u t  and  o u t p u t  s ig nals  w e 

int ro d u ced  t h e f o llo w ing  d es ig nat io ns :  in t h e analo g  mo d e;  
A V I −A V O  ( v o lt ag e inp u t −analo g  v o lt ag e o u t p u t )  and  A V I −A C O  
( analo g  v o lt ag e inp u t −cu rrent  o u t p u t ) , in t h e d ig it al mo d e;  D V I −D V O  
( P W M  v o lt ag e inp u t −P W M  v o lt ag e o u t p u t )  and  D V I −D C O  ( P W M  
v o lt ag e inp u t −cu rrent  o u t p u t ) . 
 2 . 1 .  S t r u ct u r e  an d  t e ch n i cal  s p e ci f i cat i o n  

 
A  blo ck  d iag ram o f  a P o w er co nt ro ller o p erat ing  in t h e analo g  

mo d e is  s h o w n in F ig . 2 . T h e f inal element  is  a v o lt ag e-co nt ro lled  
p o w er amp lif ier, eq u ip p ed  w it h  analo g u e s ig nal co nd it io ning  
s ys t em t o  allo w  f o r s et t ing  o f  t h e inp u t  v o lt ag e s ig nal in a f airly 
bro ad  rang e ( amp lif icat io n and  o f f s et ) . D u ring  t es t s  t h e p o w er 
co nt ro ller w as  s u bj ect ed  t o  lo ad  imp o s ed  by t h e R D -1 0 0 5 -3  
d amp er t o  f ind  t h e rang e o f  t h e co nt ro l v o lt ag e ( ± 1 0  V )  and  t h e 
amp lif icat io n g ain eq u al t o  1 .2 . A cco rd ing ly, t h e o u t p u t  v o lt ag e 
beco mes  ± 1 2  V . C u rrent  int ens it y and  v o lt ag e meas u rement  can 
be t ak en at  t h e o u t p u t  f ro m t h e co nt ro ller. T h e v o lt ag e 
meas u rement  circu it  ens u res  t h e ad eq u at e lev el o f  t h e v o lt ag e 
s ig nal and  p ro t ect s  t h e I / O  card  inp u t s . C u rrent  int ens it y 
meas u rement s  are t ak en w it h  t h e H all s ens o r [ 1 ] . T h e p ro ces s ing  
rang e o f  t h e s ens o r is  ±5  A . T h e relat io ns h ip  bet w een t h e o u t p u t  
v o lt ag e f ro m t h e s ens o r and  t h e ap p lied  cu rrent  is  
Uhall = 2 .5 + 0 .1 8 5 I o u t  ( s caling  1 8 5  mV / A ) , w h ere:  Uhall – o u t p u t  
v o lt ag e in t h e H all s ens o r V , I o u t  – ap p lied  cu rrent  A . 
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F i g .  2 .   A na lo g  m o d e o f  th e p o wer  c o ntr o ller  
R y s .  2 .   A na lo g o wy  tr y b  p r a c y  s ter o wni k a  m o c y   
 
 

  
F i g .  3.   D i g i ta l m o d e o f  th e p o wer  c o ntr o ller  
R y s .  3.   C y f r o wy  tr y b  p r a c y  s ter o wni k a  m o c y   
 
T h e st ru c t u re of  t h e pow er c ont roller opera t ing  in t h e P W M  

d ig it a l mod e u t iliz es int eg ra t ed  brid g e c irc u it s su pport ed  by  
c ont rol log ic  a nd  prot ec t ion sy st em ( F ig . 3 ) . M ea su rement s of  t h e 
c u rrent  lev el a re t a k en w it h  a n int eg ra t ed  H a ll sensor ( L E M )  
inc orpora t ing  t h e sig na l c ond it ioning  sy st em ( ou t pu t  c u rrent  int o 
v olt a g e c onv ersion a nd  a  v olt a g e a mplif ier w it h  t h e of f set  c ont rol) . 
F or t h e preset  ra ng e of  a pplied  c u rrent  ( ± 5  A )  t h e v olt a g e sig na ls 
bec omes ± 5  V . 
T h e t ec h nic a l spec if ic a t ion of  t h e pow er c ont roller ( f or a  sing le 

c h a nnel)  is prov id ed  in T a ble 1 . I n t h e a na log  mod e t h e d ev ic e 
of f ers:  t h ree pow er ou t pu t s,  ma xima l ou t pu t  c u rrent  of  3  A ,  su pply  
v olt a g e of  ± 1 5 V  ( c h a ng e of  c u rrent  d irec t ion is possible) . I n t h e 
d ig it a l mod e it  of f ers:  t h ree pow er ou t pu t s,  ma xima l ou t pu t  c u rrent  
of  3  A  ( 6  A  in “ pea k ”  d u ring  2 0 0  ms) ,  su pply  v olt a g e + 1 2 V  
( c h a ng e of  c u rrent  d irec t ion is possible) . 
 
T a b .  1 .   T ec h ni c a l s p ec i f i c a ti o n o f  th e p o wer  c o ntr o ller  
T a b .  1 .   S p ec y f i k a c j a  tec h ni c z na  s ter o wni k a  m o c y  
 

Parameter A n al o g  D i g i tal  
D C  s u p p ly  v o lta g e ( ±  8 ,  ±  30 )  V  ( 1 2 ,  5 5 )  V  
P ea k  c u r r ent ±  6  A  ±  6  A  ( 2 0 0  m s )  
M a x .  c o nti nu o u s  c u r r ent ±  3 A  ±  3 A  
R a ng e o f  ex ter na l P W M  f r eq u enc y  N A  ( 5 ,  30 )  k H z  
R ec o m m end ed  f r eq u enc y  ( f o r  u s er )  N A  ( 1 5 ,  30 )  k H z  
P o wer  d i s s i p a ti o n a t c o nti nu o u s  c u r r ent 30  W  2 5  W  
T h er m a l p r o tec ti o n > 1 7 0 ° C  ( s h u td o wn)  > 1 4 5 ° C  ( wa r ni ng ) ,  

> 1 7 0 ° C  ( s h u td o wn)  
S h o r ted  lo a d  p r o tec ti o n Y es  Y es  
C u r r ent s ens i ng  4  m A / A  37 7  µ A / A  
 
T h e pow er c ont roller c a n opera t e in a n open loop or c losed -loop 

sy st em. I n t h e c losed -loop sy st em a  c u rrent  ou t pu t  of  t h e pow er 
c ont roller bot h  in t h e a na log  a nd  d ig it a l mod e is prov id ed  ( F ig . 4 ) . 
U su a lly ,  f or t h e c ont roller w it h  c u rrent  ou t pu t ,  a  P I  c ont roller ru nning  
on a  P C  or a  mic roc ont roller is a pplied . I n t h e a na log  mod e,  t h e pow er 
c ont roller reg u la t es t h e v olt a g e inpu t  a nd  in t h e d ig it a l mod e t h e d u t y  
c y c le ba sed  on t h e error ∆i [ 2 ] . T h e error ∆i is t h e d if f erenc e bet w een 
t h e mea su red  c u rrent  i a nd  t h e d esired  c u rrent  i0. 
 
 

  
F i g .  4 .   S c h em a ti c  o f  th e p o wer  c o ntr o ller  wi th  c u r r ent o u tp u t 
R y s .  4 .   S c h em a t s ter o wni k a  m o c y  z  wy j ś c i em  p r ą d o wy m  
 

2.2. C h a r a c t e r i s t i c s  
 
T h e c h a ra c t erist ic s of  t h e pow er c ont roller w ere est a blish ed  by  

experiment a l t est s ru n on a  R D -1 0 0 5 -3  d a mper.  
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F i g .  5 .   S ta ti c  c h a r a c ter i s ti c s  i n th e a na lo g  m o d e 
R y s .  5 .   C h a r a k ter y s ty k a  s ta ty c z na  w tr y b i e a na lo g o wy m  
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F i g .  6 .   S ta ti c  c h a r a c ter i s ti c s  i n th e d i g i ta l m o d e 
R y s .  6 .   C h a r a k ter y s ty k a  s ta ty c z na  w tr y b i e c y f r o wy m  
 
S t a t ic  c h a ra c t erist ic s w ere d et ermined  by  mea su ring  c u rrent  a t  

t h e d ev ic e ou t pu t  in st ea d y -st a t e. T h e obt a ined  st a t ic  
c h a ra c t erist ic s a re sh ow n in F ig s 5 − 6 . T h e plot s in F ig . 5  sh ow  
c u rrent  v s. v olt a g e in t h e a na log  mod e ( A V I − A V O )  a nd  in F ig . 6  
c u rrent  v s. d u t y  c y c le in t h e d ig it a l mod e ( D V I −D V O ) . I t  is 
rea d ily  a ppa rent  t h a t  t h e c h a ra c t erist ic s mig h t  be w ell 
a pproxima t ed  a s linea r. 
D y na mic  c h a ra c t erist ic s w ere d et ermined  by  mea su ring  t h e t ime 

of  c u rrent  st a biliz a t ion in t h e c oil a nd  t h e f orc e u nd er t h e ra pid  
c h a ng e of  t h e inpu t  sig na l ( v olt a g e or d u t y  c y c le) . T h e R D -1 0 0 5 -3  
d a mper w a s su bj ec t ed  t o t ria ng le d ispla c ement  exc it a t ions w it h  
a mplit u d e of  1 0 × 1 0 −3 m a nd  f req u enc y  of  1  H z ,  a nd  a t  t h e sa me 
t ime it s elec t ric a l c irc u it  w a s su pplied  by  t h e c ont roller. T h e 
mea su red  q u a nt it ies w ere:  d ispla c ement  exc it a t ion,  inpu t  v olt a g e,  
c u rrent  response a nd  f orc e response. T h e obt a ined  c h a ra c t erist ic s 
a re prov id ed  in F ig s 7 − 1 0 . T h e plot s in F ig s 7 − 8  sh ow  c u rrent  
responses of  t h e d a mper in t h e a na log  a nd  d ig it a l mod e,  w h ile t h e 
plot s in F ig s 9 − 1 0  present  f orc e responses of  t h e d a mper in t h ese 
t w o mod es. 
T h e obt a ined  resu lt s rev ea l t h a t  t h e d ev ic e d y na mic s f or 

A V I − A V O  a nd  D V I − D V O  mig h t  prov e t oo slow  w h en t h e c u rrent  
c h a ng es ra pid ly . T h a t  is of  ma j or import a nc e w h en sw it c h ing  
c ont rol a lg orit h ms a re u sed . T h e su bst a nt ia l red u c t ion of  t h e 
d a mper c u rrent  response t ime a nd  t h u s f orc e response t ime c a n be 
a c h iev ed  f or A V I − A C O  a nd  D V I − D C O . 
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F i g .  7 .   C u r r e n t  r e s p o n s e s  i n  t h e  a n a l o g  m o d e  
R y s .  7 .   O d p o w i e d z i  p r ą d o w e  w  t r y b i e  a n a l o g o w y m  
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F i g .  8 .   F o r c e  r e s p o n s e s  i n  t h e  a n a l o g  m o d e  
R y s .  8 .   S i ł y  t ł u m i e n i a  w  t r y b i e  a n a l o g o w y m  
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2 0× D i s p l a c e m e n t  e x c .
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F i g .  9.   C u r r e n t  r e s p o n s e s  i n  t h e  d i g i t a l  m o d e  
R y s .  9.   O d p o w i e d z i  p r ą d o w e  w  t r y b i e  c y f r o w y m  
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F i g .  1 0 .   F o r c e  r e s p o n s e s  i n  t h e  d i g i t a l  m o d e  
R y s .  1 0 .   S i ł y  t ł u m i e n i a  w  t r y b i e  c y f r o w y m  
 

T h e  p l ots in F ig s 7 − 1 0  l e a d  us to th e  f ol l ow ing  concl usions:  
− th e  curre nt re sp onse  re a ch e d  th e  ste a d y  sta te ,  b oth  f or 
A V I −A V O  a nd  D V I −D V O  ( a nd  ob v iousl y  f or th e  d e v ice  w ith  
curre nt outp ut) ,  
− time  to re a ch  9 5 %  of  curre nt f ina l  v a l ue  w a s d e cre a se d  w h e n 
comp a ring  A V I −A V O  a nd  D V I −D V O  ( op e n l oop  sy ste m)  a nd  
A V I −A C O  a nd  D V I −D C O  ( cl ose d -l oop  sy ste m) ,  
− th e  f orce  re sp onse  d id  not re a ch  th e  ste a d y  sta te  f or A V I −A V O  
a nd  D V I −D V O ,  
− time  to re a ch  9 5 %  of  f orce  f ina l  v a l ue  f or A V I −A C O  w a s 0 .1 8 2  
s a nd  f or D V I −D C O  it w a s 0 .1 6 6  s,  
− ma x ima l  d if f e re nce  v a l ue  b e tw e e n f orce  re sp onse s w h e n 
comp a ring  A V I −A V O  a nd  A V I −A C O  w a s 1 3  N ,  w h il e  f or 
D V I −D V O  a nd  D V I −D C O  it w a s 5 0  N ,  
− ma x ima l  v a l ue  of  f orce  a ch ie v e d  f or A V I −A C O  w a s 2 0  N ,  
w h il e  f or D V I −D C O  it w a s –1 .0  N . 

 
 
3. S t r u c t u r e s  a n d  c o n t r o l  s y s t e m  o f  v e h i c l e  

s u s p e n s i o n  m o d e l  
 
T h e  p ow e r control l e r w a s te ste d  b y  using  control  of  a n M R  

d a mp e r in a  v e h icl e  susp e nsion. mod e l . T h e  mod e l  w a s 
inv e stig a te d  a s a  structure  w ith  2 D O F s in th e  a na l og  mod e  a nd  
w ith  3 D O F s in th e  d ig ita l  mod e  a nd  th a t re q uire d  to use  tw o or 
th re e  M R  d a mp e rs of  R D -1 0 0 5 -3  se rie s [ 3 ] . 
 
3.1 . S t r u c t u r e  w i t h  t w o  d e g r e e  o f  f r e e d o m  
 
I n F ig . 1 1  w e  sh ow  th e  structure  w ith  2 D O F s w h e re  x is v e rtica l  

d isp l a ce me nt ( b ounce )  a nd  φ is l ong itud ina l  p itch  w ith  re sp e ct to 
Pg. T h e  structure  comp rise s a  stif f  b e a m ( w ith  h e ig h t a  a nd  w id th  
b) ,  w ith  th e  ma ss m a nd  th e  mome nt of  ine rtia  J w ith  re g a rd  to 
b e a m’ s ce ntre  of  g ra v ity  ( cog )  Pg,  sup p orte d  j ointl y  a t p oints Pf ,  Pr 
on id e ntica l  sp ring -d a mp e r sy ste ms. T h e  me ch a nica l  constra ints of  
th e  structure  motion a re  e nsure d  w ith  rig id  sta b il iz ing  v e rtica l  
g uid e s p ositione d  sy mme trica l l y  on tw o sid e s of  th e  b e a m ( to 
re strict th e  motion of  th e  b e a m’ s cog ) . T h e  d isturb a nce s a re  
d e sig na te d  b y  zf ,  a nd  zr ,  sp ring s stif f ne ss in f ront a nd  re a r se ctions 
b y  kf a nd  kr,  a nd  curre nts in th e  d a mp e rs b y  if a nd  ir ,  re sp e ctiv e l y . 
I t is a ssume d  th a t d ista nce  lf + lr is l a rg e  in re l a tion to th e  ma x ima l  
a mp l itud e  of  v e rtica l  d isp l a ce me nt x of  th e  b e a m’ s cog . T h e  
nume rica l  d a ta  of  th e  inv e stig a te d  structure s’  p a ra me te rs a re  l iste d  
in T a b l e  2 . 
 
 

  
F i g .  1 1 .   S t r u c t u r e  w i t h  2 D O F s  
R y s .  1 1 .   S t r u k t u r a  o  d w ó c h  s t o p n i a c h  s w o b o d y  
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Tab. 2.  N u m e r i c al  d at a o f  t h e  2D O F s  s t r u c t u r e s ’  p ar am e t e r s  
Tab. 2.  W ar t o ś c i  p ar am e t r ó w  s t r u k t u r y  o  d w ó c h  s t o p n i ac h  s w o bo d y  
 

Paramet er V al u e 
lf 0 .7  m  
lr 0 .7  m  
a  0 .1 29  m  
b  0 .1 20  m  
m 1 7 6 .7 3 k g  
ms 6 6 .7 3 k g  
J 33.7 4  k g m 2 
kf 4 20 1 6  N / m  
kr 4 20 1 6  N / m  

 
T h e sc h ema tic  of  th e mea su r ement a nd  c ontr ol system 

d ev elop ed  f or  th e str u c tu r e w ith  2 D O F s is sh ow n in F igu r e 1 2 . T h e 
system is b a sed  on a  PC  w ith  R T -D A C 4  I / O  b oa r d  insta lled  a nd  
th e p ow er  c ontr oller  op er a ted  in th e a na log mod e. I t is su p p or ted  
b y sof tw a r e of  W ind ow s X P,  M A T L A B / S imu link a nd  R ea l T ime 
W or ksh op / R ea l T ime W ind ow s T a r get (R T W / R T W T ) . T h e 
c ontr ol a lgor ith m is imp lemented  in th e M A T L A B / S imu link 
env ir onment. T h e inp u t signa ls a r e d istu r b a nc es zf ,  zr a nd  
d isp la c ements xf ,  xr,  a nd  th e ou tp u t signa l w er e c u r r ents if* ,  ir*. 
 
 

  
F i g . 1 2.  Me as u r e m e n t  an d  c o n t r o l  s y s t e m  f o r  t h e  s t r u c t u r e  w i t h  2D O F s  
R y s . 1 2.  U k ł ad  p o m i ar o w o -s t e r u j ą c y  d l a s t r u k t u r y  o  d w ó c h  s t o p n i ac h  s w o bo d y  
 
I n F ig. 1 3  w e sh ow  a  S imu link mod el th a t w a s u sed  to b u ild  a  r ea l-

time c ontr oller  f or  th e str u c tu r e w ith  2  D O F s. T h is mod el u tilizes 
a na log inp u ts f or  d isp la c ement,  v olta ge a nd  c u r r ent sensor s (R T -D A C  
A n a l o g  I n p u t s  b loc k)  a nd  tw o a na log v olta ge ou tp u t c h a nnels  
(R T -D A C  P C I  A n a l o g  O u t p u t s  b loc k)  of  th e R T -D A C 4 / PC I  I / O  
b oa r d . S igna ls f r om th e R T -D A C  A n a l o g  I n p u t s  b loc k a r e p r oc essed  
b y th e A n a l o g  in p u t s  p r o c e s s in g  b loc k into th e linea r  p ositions xf,  xr,  zf 
a nd  zr in meter  u nit,  w h ic h  a r e f u r th er  u tilized  to gener a te c ontr ol 
signa ls if a nd  ir (C o n t r o l l e r  b loc k) . T h u s c ontr ol signa ls a r e f ed  to th e 
C u r r e n t  V o l t a g e  R D -1 0 0 5 -3 b loc k w h ic h  c onv er t c ontr ol signa ls to 
th e r a nge of  0 -1 0  V ,  sinc e th e c ontr ol a c tion u ses a na log v olta ge 
signa ls. 
 
 

  
F i g . 1 3.  S i m u l i n k  d i ag r am  f o r  t h e  c o n t r o l  s y s t e m  bas e d  o n  a P C  w i t h  R T-D A C 4  I / O  

bo ar d  
R y s . 1 3.  D i ag r am  S i m u l i n k a d l a u k ł ad u  s t e r o w an i a z  k o m p u t e r e m  P C  i  k ar t ą   

w e j ś ć -w y j ś ć  R T-D A C 4  
 

 
3.2. S t r u c t u r e  w i t h  t h r e e  d e g r e e  o f  f r e e d o m  
 
I n F ig. 1 4  w e sh ow  th e str u c tu r e w ith  3 D O F s. I n c omp a r ison to 

th e str u c tu r e w ith  2 D O F s,  th is str u c tu r e a d d itiona lly c onsists of   

a  r igid  p la te (mod elling th e d r iv er  a nd  th e sea t/ c a b )  of  ma ss ms a nd  
moment of  iner tia  Js w ith  r ega r d  to p la te’ s C O G  (Ps ) . T h e p la te is 
su sp end ed  in Pg on sp r ing-R D  1 0 0 5 -3  d a mp er  set. T h e sp r ing 
stif f ness is ks ,  c u r r ent in th e d a mp er  is is a nd  r esista nc e f or c e 
p r od u c ed  b y th e d a mp er  is dsF . T h e p la te motion is intend ed  to b e 
r estr ic ted  to th e d ir ec tion p er p end ic u la r  to th e b ea m. T h e 
nu mer ic a l d a ta  of  th e inv estiga ted  str u c tu r es’  p a r a meter s a r e listed  
in T a b le 3 . 
 

  
F i g . 1 4 .  S t r u c t u r e  w i t h  3D O F s  
R y s . 1 4 .  S t r u k t u r a o  t r z e c h  s t o p n i ac h  s w o bo d y  
 
 
Tab. 3.  N u m e r i c al  d at a o f  t h e  3D O F s  s t r u c t u r e s ’  p ar am e t e r s  
Tab. 3.  W ar t o ś c i  p ar am e t r ó w  s t r u k t u r y  o  t r z e c h  s t o p n i ac h  s w o bo d y  
 

Paramet er V al u e 
lf 0 .7  m  
lr 0 .7  m  
a  0 .1 29  m  
b  0 .1 20  m  
m 1 9 1 .6 8  k g  
ms 6 6 .7 3 k g  
J 4 9 .8 1  k g m 2 
kf 4 20 1 6  N / m  
kr 4 20 1 6  N / m  
ks 31 56 5 N / m  

 
T h e sc h ema tic  of  th e c ontr ol system d ev elop ed  f or  th e str u c tu r e 

w ith  3 D O F s is p r esented  in F ig. 1 5 . T h e system u tilizes th e 
p h yC O R E -M PC 5 5 5  single ta r get b oa r d  c omp u ter  (w ith  a  M PC 5 5 5  
mic r oc ontr oller )  su p p or ted  b y th e sof tw a r e env ir onment insta lled  
on a  PC . T h e p ow er  c ontr oller  op er a tes in th e d igita l mod e. 
 
 

  
F i g . 1 5.  Me as u r e m e n t  an d  c o n t r o l  s y s t e m  f o r  t h e  s t r u c t u r e  w i t h  3D O F s  
R y s . 1 5.  U k ł ad  p o m i ar o w o -s t e r u j ą c y  d l a s t r u k t u r y  o  t r z e c h  s t o p n i ac h  s w o bo d y  
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The applications available on phyCORE-M P C5 5 5  are activated 
from S RA M  or F L A S H -ROM . The architecture of the M P C5 5 5  
microcontroller comprises [ 4 ] : 
− 3 2 -bit P owerP C core with 6 4 -bit floating -point unit,  
− 3 6  K bytes fast RA M  and 6  K bytes TP U  (Time P rocessor U nit) 
microcode RA M ,  

− 1  M byte flash EEP ROM ,  
− three CA N  2 .0 B  controller modules,  
− 4 0  analog  inputs: dual q ueued A / D  converters with 1 0 -bit 
resolution and typical conversion time of 5  µs,  

− twelve 1 6 -bit P W M  module,  
− multi-purpose I / O sig nals. 
The P W M  control sig nals for dampers are g enerated in the 

relevant dig ital outputs of the M P C5 5 5 . The input-output data are 
acq uired and monitored via the RS 2 3 2  serial interface using  a data 
acq uisition and monitoring  system based on P C. 
The application for the M P C5 5 5  microcontroller,  implemented 

in the M A TL A B / S imulink environment,  is g enerated in the real-
time mode ex ecution for rapid prototyping . These modes enable 
the use of the developed controller in S imulink to perform 
embedded control [ 5 ] . The real-time controller blocks contain the 
procedure for use of the key elements of the M P C5 5 5  
microcontroller internal structure,  supplied in the form of libraries 
with the toolbox  Embedded targ et for M otorola M P C5 5 5 . The 
feedback loop is closed by employing  and input-output drivers 
(for sensors and actuators). This scheme is further utiliz ed to 
g enerate and compile a C+ +  code. The resultant file,  approved by 
M P C5 5 5 ,  is downloaded to the microcontroller memory and 
activated according ly. 
I n F ig . 1 6  we show S imulink diag ram used to build a real-time 

controller for the structure with 3 D OF s. 
 
 

  
F i g .  1 6 .   S i m ul i nk  d i a g r a m  f o r  t h e  c o nt r o l  s y s t e m  b a s e d  o n t h e  M P C 5 5 5  

m i c r o c o nt r o l l e r  t a r g e t  b o a r d  
R y s .  1 6 .   D i a g r a m  w  S i m ul i nk u d l a  uk ł a d u s t e r o w a ni a  z  m i k r o k o nt r o l e r e m   

M P C 5 5 5  
 
This model utiliz es analog  inputs for L V D T and laser sensors 

(QADC_A block),  three P W M  output channels ( M P W M S M  
blocks) and a serial transmission module ( S CI 1  block) on the 
phyCORE-M P C5 5 5  board. S ig nals from the QADC_A block are 
transmitted in the form of 1 6 -bit dig its to the An a l o g  in p u t s  
p ro ce s s in g  block. These dig its are then converted into the linear 
positions xf ,  xr,  xs,  zf and zr in meter unit,  which are further utiliz ed 
to g enerate control sig nals if*,  ir* and is* (Co n t ro l l e r block). Thus 
control sig nals are fed to the Cu rre n t P W M  blocks which convert 
control sig nals to the rang e 0 − 1 ,  since the control action uses 
P W M  sig nals. The M P C5 5 5  R e s o u rce  Co n f ig u ra t io n  block allows 
us to ex amine,  edit and set the M P C5 5 5  resource config uration. I t 
is seen that the block is not connected to other blocks via input or 
output ports,  however,  it provides information to other blocks of 
the model. 
 
 

4. L a b o r a t o r y  t e s t i n g  
 
The main purpose of tests was to prove the adeq uacy of 

g enerated output sig nals if ,  ir (if ,  ir,  is) of the power controller. The 
displacements xf ,  xr (xf ,  xr ,  xs) and disturbances zf and zr were 
measured by linear displacement transducers. I n the dig ital mode 
the RD -1 0 0 5 -3  dampers were activated by P W M  sig nals with 
freq uency 3 0 .0  kH z  and in the analog  mode by voltag e in the 
rang e (0 ,  2 .5 ) V . The sampling  freq uency was assumed to be 1  
kH z . The rang e of control sig nals if*,  ir* (if*,  ir*,  is*) were 
established to be (0 .0 0 ,  0 .1 5 ) A  [ 6 ] . 
 
4.1 . C o n t r o l  a l g o r i t h m  
 
The control obj ective was to reduce vertical and ang ular 

accelerations of the beam for the structure with 2 D OF s (and the 
seat for the structure with 3 D OF s only). F or this purpose a cascade 
alg orithm based on the L Q  control theory was applied. The 
schematic of the alg orithm is shown in F ig . 1 7  [ 7 ] . I t should be 
noted that the desig nations in brackets have to be taken into 
account only for the structure with 3 D OF s. Two blocks are readily 
apparent in the schematic of the alg orithm. The inputs to the first 
block are linear and ang ular velocities x& ,  ϕ&  (and x&  for the 
structure with 3 D OF s only),  and relative displacements fx∆ r

x∆  
( sx∆ ). The outputs are optimal values of the dampers forces 
according  to the L Q  concept. The solution to the L Q  problem: 
minimiz es the q uadratic performance index  of the L Q  controller [ 8 ] : 
 

 ( )∫∞ ++=
0

2 dtNuxRuuQxxJ TTT  (1 ) 
 
where: [ ]Tϕ&&xxx rf ∆∆=X ,  [ ]Tssrf xxxxx &&& ϕ∆∆∆=X  are 
state vectors and [ ]Tdrdf FFu **

= ,  [ ]Tdsdrdf FFFu ***
=  are input (control) 

vectors for the structure with 2 D OF s and 3 D OF s respectively,  and 
R are positively defined constant weig hting  matrices. 
The second block implements the inverse model of the  

RD -1 0 0 5 -3  damper. A n inverse model in the front (or rear) section 
translates the damper force ∗

dfF  (or ∗

drF ) determined for an 
instantaneous piston velocity ff zx && −  (or rr

zx && − ) into the value of 
the control current ∗

fi  (or ∗

r
i ). The operation of the inverse model 

of seat damper is analog ical. The inverse model was developed as 
the mapping  ascribing  the current in the damper coil to present 
damper force and piston velocity values. This mapping  was 
based on measurements of the RD -1 0 0 5 -3  damper force taken 
under triang ular base displacements with the amplitude 3 .7 5 ×1 0 –3 
m and freq uency rang e of (0 .3 3 ,  8 ) H z  for currents in the rang e  
(0 ,  0 .8 ) A . 
 

  
F i g .  1 7 .   C o n t r o l  a l g o r i t h m  
R y s .  1 7 .   A l g o r y t m  s t e r o w a n i a  
 

 
4.2. A n a l o g  m o d e  
 
Ex periments for the structure with 2 D OF s were conducted 

under double-sided sine base disturbances zf =  zr with amplitude 
3 .5 × 1 0 –3 m and freq uency in the rang e (1 ,  9 ) H z . Results are 
shown in F ig s 1 8 − 2 0 . 
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xf  ,  rr o p e n  l o o p :  if=ir=  0. 00 A
xf  f e e d b a c k :  P C / R T - D A C 4
rr f e e d b a c k :  P C / R T - D A C 4

  
F i g .  1 8 .   T i m e  p a t t e r n s  o f  d i s p l a c e m e n t s  xf a n d  xr 
R y s .  1 8 .   P r z e b i e g i  c z a s o w e  p r z e m i e s z c z e ń  xf i  xr 
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F i g .  1 9 .   T i m e  p a t t e r n s  o f  c u r r e n t s  if a n d  if* 
R y s .  1 9 .   P r z e b i e g i  c z a s o w e  p r ą d ó w  if i  if* 
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F i g .  20 .   T i m e  p a t t e r n s  o f  c u r r e n t s  ir a n d  ir* 
R y s .  20 .   P r z e b i e g i  c z a s o w e  p r ą d ó w  ir i  ir* 
 
T i me p atterns  of  d i s p l ac ements  xf and  xr ac q ui red  at f req uenc y  

of  about 3.5  H z  f or th e d amp ers  i n p as s i v e mod e ( 0.00 A )  w i th  
th at i n c ontrol l ed  mod e are c omp ared  i n F i g . 18 . T i me p atterns  of  
c ontrol  s i g nal s  g enerated  by  th e c ontrol  al g ori th m if* and  ir* w i th  
th at meas ured  i n th e d amp ers ’  c oi l  if and  ir are c omp ared  i n F i g s  
19 − 2 0. I t i s  read i l y  ap p arent th at th e p arameters  of  th e d amp er 
c ontrol  c i rc ui t af f ec t th e c urrent l ev el s  if and  ir. I t i s  al s o obs erv ed  
th at s h ort p ul s es  of  c ontrol  s i g nal s  if* and  ir* are f i l tered ,  and  
meas ured  s i g nal s  if and  ir reac h ed  th e s tead y  s tate af ter th e ti me 
ap p rox i matel y  eq ual  to th e ti me c ons tant of  th e d amp er c ontrol  
c i rc ui t. 
 
4.3. D i g i t a l  m o d e  
 
T h e ex p eri ments  f or th e s truc ture w i th  3D O F s  w ere c ond uc ted  

und er d oubl e-s i d ed  s i ne bas e d i s turbanc es  zf =  zr w i th  amp l i tud e 
3×10–3 m and  f req uenc y  i n th e rang e ( 1,  9 )  H z . T h e res ul ts  
obtai ned  f or f req uenc y  of  f = 3.4 H z  ( h enc e i n th e res onant rang e of  
th e v erti c al  moti on)  are s h ow n i n F i g s  2 1− 2 4. 
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xf  ,  rr ,  rs o p e n  l o o p :  if=ir=is= 0 A
xf  f e e d b a c k :  M P C 5 5 5
xr f e e d b a c k :  M P C 5 5 5
rs f e e d b a c k :  M P C 5 5 5

  
F i g .  21 .   T i m e  p a t t e r n s  o f  d i s p l a c e m e n t s  xf ,  xr a n d  xS 
R y s .  21 .   P r z e b i e g i  c z a s o w e  p r z e m i e s z c z e ń  xf ,  xr i  xS 
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F i g .  22.   T i m e  p a t t e r n s  o f  c u r r e n t s  if a n d  if* 
R y s .  22.   P r z e b i e g i  c z a s o w e  p r ą d ó w  if i  if* 
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F i g .  23.   T i m e  p a t t e r n s  o f  c u r r e n t s  ir a n d  ir* 
R y s .  23.   P r z e b i e g i  c z a s o w e  p r ą d ó w  ir i  ir* 
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F i g .  24 .   T i m e  p a t t e r n s  o f  c u r r e n t s  is a n d  is* 
R y s .  24 .   P r z e b i e g i  c z a s o w e  p r ą d ó w  is i  is* 
 
T i me p atterns  of  d i s p l ac ements  xf ,  xr ,  and  xs f or th e d amp ers  i n 

th e p as s i v e mod e w i th  th at i n c ontrol l ed  mod e are c omp ared  i n 
F i g . 2 1. I t i s  ap p arent th at th e d amp ers  i n c ontrol l ed  mod e p rov i d e 
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vibration reduction in the resonant zone both in terms of vertical 
motion and long itudinal pitching . 
T ime patterns of control sig nals g enerated by  the control 

alg orithm if*,  ir* and is* w ith that measured in the dampers’  coil if ,  
ir and is are compared in F ig s 22− 24. S imilarly  to controllers 
operating  in the analog  mode,  parameters of the of the damper 
control circuit affect the current levels if ,  ir and is. 
 
5. S u m m a r y  
 
T he paper presents the pow er controller for small-scale M R  

dampers. T he structure,  technical specification,  characteristics and 
results of laboratory  tests of the device by  apply ing  to M R  
dampers’  control in a vehicle suspension model. T he device w as 
tested in the analog  and dig ital mode in a structure w ith 2D O F s and 
3 D O F s respectively . 
T he pow er controller enables us to simplify  the w iring  structure 

and chang e the current flow  direction. T he latter is an important 
problem for demag netization alg orithms. Besides,  the dig ital mode 
enables the pow er controller to be directly  connected to the dig ital 
outputs of the control sy stem ( microcontroller,  I / O  board)  w ithout 
D / A  converters. E asy  adj ustment of supply  voltag e,  selection of 
the P W M  sig nal freq uency  in a broad rang e and g eneration of 
max imal current levels ( 5 − 6 )  A  mak e it an g ood tool for the 
controlling  any  small-scale M R  damper. 
R esults of the conducted tests prove the adeq uate performance 

of the pow er controller operation in the analog  and dig ital mode. 
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