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Re s e arch  Training Ne tw ork  on 
a Com pute r Aide d Engine e ring 
Approach  to Sm art Structure s  
De s ign 

Out of th e  InMAR cons ortium , a re s e arch  
training ne tw ork  (RTN) on s m art s tructure s  h as  
be e n propos e d unde r Marie Curie  and finally ap-
prove d e arlie r th is  ye ar. Th is  RTN ne tw ork  is  com -
ple m e nting th e  RTD activitie s  pe rform e d in 
InMAR and aim s  at furth e r e xte nding, inte -gra-
ting and cons olidating th e  k now le dge  in th e  diffe -
re nt re s e arch  fie lds  of InMAR by a s truc-ture d 
re s e arch  training program , 
w ith  a m ain focus  on inte gra-
ting th e  re s e arch  re s ults  in 
s ys -te m -le ve l s olutions . Th e  
ove rall obje ctive  of th e  RTN 
ne tw ork  is  to de ve lop an 
e ducational and re s e arch  
fram e w ork  for de ve loping 
m acro-s cale  nois e  control 
applications  bas e d on inte l-
lige nt m ate rial s ys te m s . Th e  
s cie ntific and te ch nological 
obje ctive  of th e  ne tw ork  is  
to ad-vance  th e  s tate -of-th e -
art in s m art m ate rials  re s e -
arch  to th e  le ve l of s ys te m  
inte gration and indus trial ap-
plicability, w ith  a s pe cific fo-
cus  on s olutions  for nois e  
and vibration re duction and 
for vibration-bas e d dam age  

de te ction. Th is  re q uire s  th at th e  involve d re s e -
arch  te am s  not only focus  on th e  de ve lopm e nt 
and us e  of nove l m ate rials  and control algo-
rith m s , but th at th e y e xplicitly addre s s  th e  in-
te gration into s e ns or/actuator m ate rial s ys te m s  
and e ve n furth e r into application-le ve l s olutions . 
Th e  s tudy w ill include  not only th e  targe t pe r-
form ance  of th e  s olutions , but als o th e ir 
cons traints  w ith  re s pe ct to s ys te m  re liability and 
cos t. In th is  proce s s , particular atte ntion is  paid 
to m ode lling as pe cts  on th e  diffe re nt s cale s : 
m ode ls  for th e  inte lli-ge nt m ate rials  and m ate rial 
s ys te m s , for th e  s e ns ors  and actuators , for th e  
inte grate d control s ys te m s  and th e  s ys te m -le ve l 
applications .

Th e  RTN w ill s tart in January 2007 but is  alre a-
dy ope n for applications  of Early Stage  Re -s e ar-
ch e r. Young re s e arch e rs  inte re s te d in a pos ition 
w ith in th e  RTN m ay contact th e  RTN coordinator 
W im  De s m e t (w im .de s m e t@ m e ch .k ule uve n.be ) 
or th e  InMAR s e cre tariat for furth e r inform ation.

Th e  InMAR Fe m ale  Ne tw ork
Th e  Fe m ale  Ne tw ork  initiate d w ith in InMAR as  
one  of th e  k e y ge nde r re late d activitie s  h as  now  
be e n e s tablis h e d w ith  its  firs t m e e ting h e ld May 
3rd in Be rlin. Th e  Fe m ale  Ne tw ork  is  aim e d at 
be ing a platform  to dis cus s  ge nde r as pe cts  in 
profe s s ional life  and to prom ote  fe m ale  re s e ar-
ch e rs . At th e  m e e ting, an action plan w as  
dis cus s e d and agre e d upon. Am ong oth e rs , th e  
focus  w ill be  on re cruiting m ore  w om e n for e n-
gine e ring-re late d topics  s tarting alre ady at 
e le m e ntary and h igh -s ch ool le ve l, to provide  
m onitoring and coach ing program s  and to rais e  
th e  aw are ne s s  of e xis ting diffe re nce s  in 
profe s s ional life  of w om e n and m e n. It is  of gre at 
im portance  for th e  ne tw ork  th at it doe s  not e nd 
w ith  InMAR. So e ve ryone  in th e  Europe an Re s e -
arch  Are a inte re s te d in th is  ne tw ork  is  ve ry w e l-
com e  to tak e  part. De tail inform ation can be  
obtaine d from  th e  IP s e cre tariat.

De ar Stak e h olde r in Nois e  and 
Sm art Structure  Te ch nology,

Ove r th e  las t s ix m onth s , InMAR w as  q uite  

active  in finis h ing its  s ucce s s ful s e cond ye ar. 

Follow ing th e  bas e line  analys is  of cons ide re d 

applications , s olutions  are  curre ntly de s igne d 

s h ow ing th e  fe as ibility of an active  nois e  

re duction in all trans port re late d applications . 

Be s ide s , m ore  and m ore  e nabling te ch nologie s  

are  provide d allow ing th e  com m e rcial 

im ple m e ntation of active  s ys te m s . Many InMAR 

partne rs  w e re  als o q uite  active  in pre s e nting 

th e ir re s ults  at Europe an and inte rnational 

confe re nce s . Th is  s e cond is s ue  of InMAR’s  

Ne w s le tte r give s  an update  on th e  progre s s  

and  inform s  you on th e  late s t ne w s  re garding 

InMAR.

Any Que s tions ?

Ple as e  contact us !

IP Se cre tariat
Suz anne  Kritz e r
TU Darm s tadt
Sys te m  Re liability and Mach ine  
Acous tics  (Sz M)
Magdale ne ns tr. 4
64286 Darm s tadt, Ge rm any
Ph one : + 49 -(0)6151-16-69 24
Fax: + 49 -(0)6151-16-69 28
Mail: k ritz e r@ s z m .tu-darm s tadt.de
InMAR H om e page : w w w .inm ar.info

If you do not w is h  to re ce ive  
our ne w s le tte r, ple as e  s e nd 
an e -m ail to our IP s e cre tariat.
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InMAR Pre s e nt at Confe re nce s
Many InMAR partne rs  w e re  participating at various  confe re nce s  
w orld-w ide  pre s e nting th e ir re s ults  obtaine d w ith in InMAR. Ove r 
th e  las t tw o ye ars  about 70 publications  w e re  m ade  of w h ich  
s om e  can be  found on InMAR’s  h om e page . H igh ligh ts  w e re  th e  
Forum  Acous ticum  2005 in Budape s t and th e  Euronois e  2006 in 
Tam pe re , both  coordinate d by InMAR partne rs  w ith  s e s s ions  de di-
cate d to InMAR. In addition, ge ne ral ove rvie w s  on InMAR w e re  
and w ill be  pre s e nte d at m ajor confe re nce s  on nois e  and 
trans port is s ue s . Th is  ye ar, InMAR w ill be  pre s e nte d e .g. at th e  
Trans port Re s e arch  Are na 2006 in Göte borg and th e  TRANS-
FAC 2006 in San Se bas tian. Anoth e r h igh ligh t w as  th e  Fraunh o-
fe r Day in Brus s e ls  w h e re  InMAR w as  pre s e nte d to 
Com m is s ione r Potocnik .

W h at are  Inte llige nt Mate rial Sys te m s  and 
Adaptive  Sys te m s ?

Th e  cons tantly grow ing de m ands  on m ode rn s tructure  s ys te m s  
today incre as ingly caus e  conve ntional pas s ive  as  w e ll as  active  
m e ch atronic approach e s  to re ach  th e ir te ch nical and e conom ic 
fe as ibility lim its . Adaptive  s tructure  te ch nology (s m art s tructure s ) 
bas e d on inte llige nt m ate rial s ys te m s  is  an innovative , ne w  cros s  
s e ctional te ch nology for th e  optim iz ation of s tructure  s ys te m s . It 
is  bas e d on th e  inte gration of additional functionality by com -
bining conve ntional s tructure s  w ith  inte llige nt m ate rial s ys te m s , 
w h ich  e xte nd th e  clas s ic function of load-be aring and form -de -
fining s tructure  to s e ns ing and acting capabilitie s . In conne ction 
w ith  s uitable  adaptive  controlle r s ys te m s , adaptive  s tructure  s ys -

te m s  can optim ally adapt 
to th e ir re s pe ctive  ope -

rational e nviron-
m e nt. Inte llige nt 

m ate rial s ys -
te m s  th e m s e l-
ve s  are  built up 
from  of pas s i-
ve , conve ntio-
nal ligh t w e igh t 
m ate rials  and 
s o-calle d trans -
duce r m ate rials  

w ith  acting and 
s e ns ing prope rtie s .

By us ing th is  approach , m ode rn s tructure s  can be  im ple m e nte d 
e as ily and com pactly as  w e ll as  w ith  low -vibration and low -nois e  
and/or as  dim e ns ionally s table  as  w e ll as  w ith  th e  pote ntial for 

s tructure  inte grate d m onitoring. Th is  le ads  to th e  
prote ction of raw  m ate rials , low e r e nvironm e ntal 
s tre s s  re s ulting from  nois e  and e m is s ions , low e r 
s ys te m  and ope rating cos ts  and h igh e r functio-
nality and e fficie ncy of s ys te m s .

W h ile  m e ch atronics  e xte nds  th e  functionality of 
th e  e xis ting s tructure  s ys te m  pe rtaining to a 
de s ign point m ainly by adding com pone nts , th e  
core  goals  of adaptive  s tructure  te ch nology 
cons is t

• in  th e  continuous  inte rfe re nce  into th e  s truc-
ture -m e ch anical, m os tly s tructure  dynam ic, 
ch aracte ris tic of th e  ove rall s ys te m  and

• in th e  optim iz ation of th e  s tructure  s ys te m  by 
re placing s tructure  com pone nts  w ith  inte llige nt 
m ate rial s ys te m s  (e ffe ctive  in th e  s e ns or-ac-
tuator s e ns e ) to s ave  m as s  and de s igne d 
s pace

Adaptive  or inte llige nt s olutions  are  th us  ch aracte -
riz e d by a function inte gration and a ce rtain m e a-
s ure  of function cons olidation, i.e . a s tructure  
conform e d inte gration of th e  s e ns or ch aracte ri-

s tics  and actuator com pone nts , and an active  s ys te m  inte rve nti-
on w h ile  as s um ing m e ch anically load-be aring ch aracte ris tics  in 
th e  ove rall s tructure . Th e y fundam e ntally e xpand th e  s tructure  
ch aracte ris tics  and pe rm it th e  figh t agains t s tructure  dis turban-
ce s  at th e ir s ource , in th e  trans m is s ion path s  and/or in s e ns itive  
are as  of th e  s ys te m . Adaptive  s tructure  te ch nology can be  un-
de rs tood as  a logical cons e q ue nce  of m e ch atronics , w h ich  doe s  
not los e  th e ir im portance , h ow e ve r.

Th e  goal of adaptive  s tructure  te ch nology is  to influe nce  s truc-
ture s . By s o doing, a ne w  te ch nology is  m ade  available  to th e  
us e r to optim iz e  h is /h e r products . Th e  m ain focus  is  in particular 
th e  vibration re duction, nois e  re duction and th e  s tructure  in-
te grate d dam age  m onitoring. Lik e w is e  of im portance  are  s h ape  
control and th e  fine  pos itioning. At th e  s am e  tim e , furth e r appli-
cations  can be  de rive d from  th e  partial com pe te nce s .

Th e  ne e d for inno-
vative  adaptive  
m e as ure s  is  ris ing 
for m any fie lds  of 
application.

A ne e d for s olu-
tions  us ually e xis ts  
in th e  vibration 
and nois e  re ducti-
on, s h ape  control 
and th e  Structural 
H e alth  Monitoring. 
By im ple m e nting 
adaptive  s tructural 

Com m is s ione r Potocnik , M inis te r Frank e nbe rg (Bade n-W ürrte m be rg), Prof. Bullinge r (Fh G Board m e m be r) 
and Dr. Be in dis cus s ing active  nois e  re duction at th e  Fraunh ofe r Day in Brus s e ls

e le ctric fie ld

ch arge , 
voltage

m agne tic 
fie ld

re s is tance , 
inductance

h e at

re s is tance

ligh t

lum inous  
inte ns ity

pie z o ce ram ics
pie z o polym e rs
e le ctros trictive  ce ram ics
e le ctrovis cous  liq uids
polym e r ge ls

m agne tos trictive  alloys
m agne tovis cous  liq uids

m e m ory alloys
m e m ory polym e rs
h ybrid m ate rial s ys te m s
polym e r ge ls

polym e r ge ls
e le ctros trictive  m ate rials
ph otom e ch anical m ate rials
optical fibe rs

e .g. 
m e ch anical 

force ,
de form ation
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m e as ure s , functionality, life  s pan, com fort, s e curity, production e f-
ficie ncy and q uality are  to be  incre as e d and s tre s s e s , w e igh t and 
cos ts  re duce d.

Adaptive  Nois e  Control
Contrary to pas s ive  s tructural m e as ure s  of nois e  re duction th at 
conce ntrate  on th e  s trong incre as e  of s tructure  m e ch anical im pe -
dance  and s tructure  dam ping by adding m ate rial, adaptive  nois e  
re duction is  bas e d on th e  principle  of re placing pas s ive  s tructure  
com pone nts  w ith  active , m ulti-functional com pone nts , to control 
th e s e  ade q uate ly and th us  counte ract th e  s pre ading s tructure -bor-
ne  s ound and th e  propagation of inte rfe re nce  e ne rgy and not on-
ly th e  cons e q ue nce s  of th e  inte rfe re nce .

Th is  m e ans  th at ide ally th e  s ound e ne rgy's  inte rfe ring radiation 
is  not only re duce d by active  counte rm e as ure s , but rath e r pre -
ve nt s uch  nois e  dis turbance . Th is  approach  of active  s tructure  in-
flue nce  is  s um m ariz e d unde r th e  te rm  of th e  Active  Structural 
Acous tic Control (ASAC).

In contras t, th e  m anipulation of active  nois e  according to th e  w e ll-
k now n principle  of Active  Nois e  Control (ANC) purs ue s  th e  goal 
of w e ak e ning prim ary acous tic s ource s  and th e ir e m itte d s ound 
by s upe rim pos ing artificially produce d s ound fie lds  and de s truc-
tive  inte rfe re nce . To accom plis h  th is , s e condary s ource s  (loud-
s pe ak e rs ) are  e le ctronically controlle d.

Se le cte d Re s ults
Nois e  Re duction by Tunne ls  and Bridge s

Th e  w ork  are a aim s  at de ve loping active  s olutions  for nois e  re duc-
tion of s te e l bridge s  and re duction of s q ue al nois e  in tunne ls . 
Th e  e ffort s pe nt s o far h as  be e n focus e d on diffe re nt activitie s  
s uch  as  inve s tigation on bridge  nois e  and s q ue al nois e , conce ptu-
al de s ign of nois e  re duction s olutions , s e le ction of actuator con-
ce pts  and e xte ns ive  num e rical and e xpe rim e ntal s tudy. Bas e d 
on th e s e  outcom e s  and re q uire m e nts , th e  de s ign of th e  active  
s ys te m s  w ill be  re vie w e d and optim iz e d w ith  s pe cial atte ntion to 
nois e  re duction pe rform ance , actuator de s ign and inte gration, 
control s trate gy, and fe as ibility cons ide rations .

Re garding bridge s  it w as  s h ow n th at th e  bottom  plate s  of th e  rail-
w ay bridge , due  to th e ir large  radiating are as , are  th e  m ain con-
tributors  to th e  far fie ld pas s -by nois e  le ve ls . It w as  furth e r 
conclude d th at us ing Active  Dam ping De vice s  (ADD) to re duce  

s tructural re s onance s  of th e  late ral s te e l plate s  of th e  bridge  
w ould not be  e ffe ctive  in re ducing th e  far fie ld nois e . According 
to th e s e  re s ults , it h as  be e n ne ce s s ary to e nvis age  th e  w ide -
band control of th e  bottom  plate s  of th e  s te e l bridge s . Th is  can 
be  done  w ith  th e  ADD providing th at actuator is  s tiffe ne d to al-
low  for ve rtical ope ration and th at th e  analog control board is  re -
place d by a digital one . Th e  latte r w ould allow  im ple m e nting 
e ith e r (i) w ide -band fe e dback  controlle rs , (ii) nois e -cance llation 
fe e d forw ard controlle rs  or (iii) local active  dam ping controlle rs , 
as  th e  analog ve rs ion, but w ith  a h igh e r de gre e  of fle xibility.

Nois e  Re duction by Pow e r Trains  and Bogie s

Th e  w ork  are a “Pow e r Train and Bogie s ” cons ide rs  th e  propuls i-
on s ys te m , i.e . pow e rtrain (die s e l e ngine  and ge arbox) and th e  
bogie  as  th e  m ain is s ue , e s pe cially in th e  cas e  of die s e l 
prope lle d ve h icle s . Back ground is  a Die s e l Multiple  Unit ve h icle  
by Bom bardie r, de ve lope d to th e  s tate  of th e  art w ith  pas s ive  
Nois e  Vibration and H ars h ne s s  (NVH ) te ch nologie s . Th re e  m a-
jor ope rating are as  w e re  pre -s e le cte d s o far, de coupling, s h e ll 
nois e  and e ncaps ulation. W h e re as  in total four ANR applications  
are  actually unde r inve s tigation:

• Die s e l e ngine  e ncaps ulation by active  s h ie lding

• Active  in-duct valve  s ys te m  in e xh aus t s ys te m

• Active  ve rtical dam pe r in s e condary bogie  s us pe ns ion

• Active  vibration control in s e cond s us pe ns ion s tage  of Die s e l 
e ngine

Tw o m ajor nois e  and vibration te s t cam paigns  w e re  carrie d out 
to provide  bas e line  data for th e  AGC train. In paralle l, a vibro-
acous tic m ode l of th e  train e ngine  in vie w  of active  control 
de s ign w as  e s tablis h e d including an e xpe rim e ntal s tudy of th e  
nois e  com pone nts  and building an e xpe rim e ntal and a num e ri-
cal boundary e le m e nt m ode l to de rive  s urface -le ve l s ource  de -
s criptions . Bas e d on th e s e  m ode ls , a couple d vibro-acous tic 
m ode l of an e ncaps ulate d e ngine  w as  de rive d and validate d 

Fig. 3   Pe rform ance  of th e  active  dam ping de vice  (Source  D2S)

Fig. 2   Corre lation Mount Vibration / Cabin Nois e  (Source  FEV)
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w ith  e xpe rim e ntal data. Th is  m ode l w as  th e n us e d as  th e  bas is  
for building m ode ls  including active  nois e  control w h ich  can be  
us e d in optim iz ation algorith m s  for pos ition and s tre ngth  of ac-
tive  m onopole  s ource s . W ith  re s pe ct to s tructure -borne  nois e  
and vibration from  die s e l e ngine s , an FEM m ode l of th e  DMU 
(Die s e l Multiple  Unit: e ngine  and ge ne rator) w as  s e t-up and firs t 
s im ulations  w ith  re gard to pow e r train vibration e xcitation and th e  
re late d pow e r train vibration natural vibration m ode s  w e re  pe r-
form e d (Fig 2). Th e  e nvironm e nt for a s m art inte rface  to re duce  
th e  pow e r train vibration trans m is s ion via th e  s ub fram e  m oun-
tings  into th e  train ch as s is  (car body) and th e  active  de vice  m e -
ch anical ch aracte ris tics  re q uire d w e re  as s e s s e d bas e d upon 
e xpe rim e ntal data. A pie z oce ram ic-te ch nology bas e d inte rface  
s e e m s  to re pre s e nt th e  te ch nical s olution able  to cove r th e  de s i-
re d fre q ue ncy range  and to provide  th e  ne ce s s ary dis place m e nt 
/ force  profile .

Any Que s tions ?

Ple as e  contact us !
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Suz anne  Kritz e r
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