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

It h as  now  be e n about one  ye ar s ince  th e  Inte g-

rate d Proje ct “Inte llige nt Mate rials  for Active  

Nois e  Re duction – InMAR” h as  h ad its  official pro-

je ct s tart. Afte r a s ucce s s ful s tart, firs t dis s e m ina-

tion and training activitie s  com e  in play of w h ich  

th is  ne w s le tte r is  jus t one  tool. Th e  aim  of th e  

Ne w s le tte r is  to ge t you as  s tak e h olde r in touch  

w ith  InMAR and to inform  you on a re gular bas is  

on th e  ne w e s t re s ults  of InMAR or activitie s  

planne d by InMAR.

Sh ort Introduction to InMAR

Las t ye ar th e  Europe an Com m is s ion 
launch e d a 27 m illion € Inte grate d Proje ct (IP) 
th at s e e k s  to re duce  nois e  le ve ls  as s ociate d 
w ith  trans port s ys te m s  and infras tructure s . Nois e  
is  a s e rious  form  of e nvironm e ntal pollution be -
lie ve d to affe ct th e  live s  of s om e  100 m illion 
Europe an citiz e ns . Th e  cos t of th e  as s ociate d 
dam age  is  e s tim ate d at m ore  th an te n billion 
e uro pe r ye ar. Now , unde r th e  nanote ch nologie s  
and nanos cie nce s , k now le dge  bas e d m ultifunc-
tional m ate rials  and ne w  production proce s s e s  
and de vice s  (NMP) s e ction of th e  Sixth  Fram e -
w ork  Program m e  (FP6), a cons ortium  of s om e  
41 partne rs  from  13 Europe an countrie s  is  pre par-
ing to addre s s  th e  proble m . 'Inte llige nt m ate rials  
for active  nois e  re duction' (InMAR) aim s  to re -
duce  nois e  le ve ls  as s ociate d w ith  road and rail 
trans port, both  inte rior and e xte rior, as  w e ll as  as -
s ociate d infras tructure  s uch  as  bridge s . Th e  IP 
InMAR is  aim ing at introducing ne w  te ch nologie s  
into m as s  production, w h ich  h ave  prove n e ffe ct-
ive  in th e  laboratory.

During th e  las t de cade , fundam e ntal re -
s e arch  on s m art s tructure s  us ing inte llige nt m ate r-
ials  h as  rais e d indus trial inte re s t in applying 
th e s e  re s ults  to m any proble m s  found in com m e r-
cial and civil life . Th e  m ain obje ctive  of s m art 
s tructure  te ch nology is  nois e  and vibration re duc-
tion in civil e ngine e ring, m ach ine  tools , autom o-
bile s , trains , and ae ros pace  e ngine e ring. Both  
s trongly couple d ph e nom e na lim it th e  de s ign of 

h igh ly advance d and e fficie nt ligh tw e igh t s truc-
ture s , w h e re by now adays  nois e  is  cons ide re d 
one  of th e  w ors t form s  of e nvironm e ntal pollution 
w orldw ide . In addition to s im ply be ing annoying, 
day-to-day nois e  e xpos ure  m ay caus e  s e rious  
h e alth  proble m s  s uch  as  s le e p dis turbance , 
s tre s s , dis turbance  of m e ntal activitie s , h ardne s s  
of h e aring, and e ve n de afne s s  as  w e ll as  an in-
cre as e d ris k  of h e art attack s . Cons e q ue ntly, th e  
political targe t of th e  EC m us t be  th e  s ubs tantial 
re duction of th e  num be r of pe ople  re gularly af-
fe cte d by long-te rm , ave rage  le ve ls  of nois e . Th e  
EC is  de fining ne w  s tandards  for th e  ye ar 2010 
to com pe ns ate  for th e s e  nois e  e m is s ions , targe t-
ing a re duction of 19  dB(A) for road traffic and 
an e ve n h igh e r re q uire d re duction of 21 – 26 
dB(A) for fre igh t rail traffic. It is  obvious  th at th e  
EC goals  cannot be  ach ie ve d w ith  advance d 
traffic m anage m e nt or political m e th ods  (e .g. 
traffic re s triction) alone . An approach  bas e d on 
ligh tw e igh t de s ign and s m art s tructure  te ch no-
logy com bine d w ith  traffic m anage m e nt conce pts  
h as  to be  purs ue d. 

Be yond th e ir im pact on nois e , s m art s truc-
ture  te ch nology w ill for th e  firs t tim e  allow  for a 
concurre nt ligh tw e igh t de s ign th at e nable s  th e  e f-
ficie nt us e  of natural re s ource s  in th e  product it-
s e lf (le s s  fue l cons um ption, le s s  e xh aus t 
e m is s ion,… ). W ith  th e  upcom ing de m and of 
h igh ly e fficie nt, e m is s ion-le s s  ligh tw e igh t s truc-
ture s  and incre as e d s tandards  for any type  of 
e m is s ion, ne w  inte llige nt m ate rials  s ys te m s  are  
ne e de d th at allow  for both  h igh ly dam pe d and 
controllable  as  w e ll as  ligh t but durable  s truc-
ture s  for any type  of h igh -te ch  application.

In orde r to gap th e  bridge  be tw e e n funda-
m e ntal re s e arch  and applie d te ch nology th e  con-
s ortium  of th e  IP InMAR cons is ts  of all le ading 
re s e arch  ins titutions  in Europe  (8 re s e arch  or-
ganiz ations , 11 unive rs itie s ) in th e  fie ld of s m art 
s tructure s  and inte llige nt m ate rial s ys te m s  as  
w e ll as  m os t of th e  m ajor indus trie s  of th e  inte n-
de d applications  (23 com panie s ), 8 of w h ich  are  
cons ide re d SMEs . Th e  cons ortium  com bine s  re -
s e arch e rs  from  various , com ple m e ntary s pe cial-
tie s  and e nable s  th e  cros s -frontie r coope ration 
of partne rs  be yond th e ir traditional targe t m ar-
k e ts  by providing S& T e xce lle nce  and by e ns ur-
ing th e  q uality of th e  cons ortium . Th e  s cie ntific 
and te ch nological obje ctive s  are  re fle cte d in th e  
s tructure  of th e  IP as  s h ow n in Figure  1 be low . 
According to th e s e  obje ctive s , th e  IP InMAR is  
s tructure d in th re e  com ple m e ntary te ch nology 
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are as  (s ub-proje cts ) de aling w ith  inte llige nt m ate rial s ys te m s  
and th e ir inte gration, s im ulation, and life -cycle  as pe cts . Th e s e  
te ch nology are as  s trictly conce ntrate  on providing th e  e nabling 
te ch nology re q uire d for th e  application s ce narios  but at th e  
s am e  tim e  s trongly re ly on th e  s ys te m  de finitions  and re q uire -
m e nts  provide d by th e m . Th e  application s ce narios  again are  di-
vide d into th re e  s ub-proje cts  for application, inte gration, and 
ve rification in autom otive s , trains , and infras tructure .

Th e  InMAR H om e page

Th e  InMAR h om e page  can be  found at w w w .inm ar.info. Th is  
h om e page  w ill cons tantly be  update d according to th e  proje ct pro-
gre s s . It is  s tructure d in s uch  a w ay th at it can be  us e d as  an in-
te ractive  tool to provide  re ce nt inform ation for th e  targe te d 
audie nce  as  w e ll as  us e ful inform ation for th e  s e ctors  con-
ce rne d. Th e  h om e page  le ads  to page s  w ith  ge ne ral de s cription 
of th e  proje ct and its  obje ctive s , participating partne rs  and inform -
ation on th e  re s e arch  pe rform e d and re s ults  obtaine d as  far as  
th e y are  for public us e . Link s  are  give n to organis ations , public 
bodie s  and proje cts  conne cte d to InMAR. It is  als o us e d to dis trib-
ute  public de live rable s , proje ct broch ure s  and to announce  con-
fe re nce s , w ork s h ops  and calls  pe rform e d by th e  cons ortium . 

One  k e y fe ature  of th e  h om e page  is  a dis cus s ion forum  
(ne w s group) for all s tak e h olde rs  in s m art m ate rials , vibro-acous -
tics  and nois e  &  vibration control. Th e  purpos e  of th is  forum  is  to 
ge t in touch  w ith  you as  s tak e h olde r dis cus s ing or e xch anging in-
form ation on InMAR re late d topics . You can join th e  ne w s group 
e ith e r as  gue s t or as  re gis te re d us e r. All gue s ts  can e nte r th e  
ne w s group on a re ad-only bas is . If you are  inte re s te d in obtain-
ing furth e r inform ation on InMAR-re late d topics  or in providing 
com m e nts  and/or s ugge s tions  to th e  InMAR cons ortium  or 
w ould lik e  to dis cus s  s pe cific proble m s , a re gis tration is  re -
q uire d. As  re gis te re d m e m be r acce s s  to th e  InMAR public s e c-
tion of th e  BSCW -s e rve r is  grante d w h e re  s e le cte d s cie ntific and 
te ch nical inform ation as  w e ll as  non-confide ntial proje ct re s ults  
are  place d. Ple as e  vis it our h om e page  and re gis te r as  m e m be r. 
W e  w ant to h e ar from  you.

Local Dis s e m ination Points

W ith in th e  InMAR proje ct, s pe cial focus  is  give n on th e  dis -
s e m ination of re s ults  to th e  local SME indus try by introducing re -
gional dis s e m ination node s . Local SME's  are  not ne ce s s arily 
involve d in inte rnational re s e arch  program s . W ith  a de dicate d 

te ch nology trans fe r by partne rs  of th e  InMAR con-
s ortium , local s e m inars  w ill be  s e t up to e nh ance  
th e ir k now le dge  on th e  topics  of th e  proje ct. Fur-
th e rm ore , pre m ium  acce s s  w ill be  grante d to s e le c-
te d proje ct training activitie s  and as s is tance  w ill be  
provide d in us ing th e  te ch nology cons ide re d in In-
MAR. Th e s e  dis s e m ination node s  are  curre ntly im -
ple m e nte d. Ple as e  vis it our h om e page  to obtain 
furth e r inform ation.

Firs t Se le cte d Re s ults

Nois e  Re duction in Brak e s

Th e  W A "Tire s  and Brak e s " de als  w ith  
tire /road inte raction as  th e  m ain s ource  of nois e  of 
autom obile s  at h igh e r s pe e d. W ith  re s pe ct to th e  
w ork  tas k s  on brak e s , th e  brak e  s ys te m  BOSCH  
BENDIX V w ith  floating calipe r and not-ve ntilate d 

brak e  dis c w as  ch os e n as  targe t s ys -
te m  for in-de pth  inve s tigation. 

W ith  th is  s ys te m  four m ajor 
w ork  tas k s  h ave  be e n car-

rie d out de aling w ith  th e  
s im ulation of th e  active  
s ys te m , th e  actuator 
conce pts , m ode lling of 
th e  pas s ive  brak e  s ys -
te m  and firs t e xpe rim e nt-
al inve s tigations . 

In orde r to m ode l th e  
active  s ys te m  in clos e d 

loop it w as  ne ce s s ary to m od-
e l th e  Brak e  Sys te m . Th e re -

fore  an NVH  FE m ode l of th e  
Bos ch  Be ndix V brak e  s ys te m  
h as  be e n cre ate d. Th is  bas e line  
m ode l h as  be e n m e s h e d and as -

s e m ble d appropriate ly in orde r to s im ulate  th e  re al m e ch anis m  
of th e  brak e . It cons is ts  of about 25000 grids  in orde r to be  of s uf-
ficie nt com ple xity to e nable  fre q ue ncie s  of up to 15 k H z  to be  de -
te cte d and analyz e d. Th e  m ode l w ill be  th e  bas e  for th e  
num e rical – e xpe rim e ntal com paris on as  w e ll as  th e  bas e line  for 
th e  s im ulation of s e lf–e xcitation m e ch anis m . Th is  m ode l h as  
alre ady be e n te s te d and validate d w ith  re s pe ct to th e  functional 
s pe cification of th e  brak e . Bas e d on th is  m ode l, th e  unde rlying 
brak e  s q ue aling proble m  including th e  s e lf e xcitation m e ch anis m  
h as  be e n as s e s s e d. In future  w ork , th e  NVH -Mode l h as  to be  re -
duce d in its  com ple xity in orde r to pe rform  s im ulation in th e  MAT-
LAB/SIMU-LINK e nvironm e nt of th e  active  s ys te m  to be  

Bos ch  Be ndix V – m os t 
critical e ige nm ode  at 3.3 k H z  

(Source : C.R.F.)
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Figure  1: InMAR Proje ct Structure
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de ve lope d.

Nois e  Re duction in 
Ve ntilation Sys te m s

Th e  aim  of th e  w ork  are a 
“Ve ntilation” is  to ove rcom e  th e  
lack  of alte rnative s  and is  initi-
ate d and s upporte d by nove l, 
s uitable  m ate rials  w h ich  are  ro-
bus t, re liable , durable , and inte lli-
ge nt. Th e ir configuration w ith in 
active  control s trate gie s  for s e ve r-
al application s ce narios  on rail-
w ay ve h icle s , e .g. th e rm al, 
load-controlle d fans  of s e lf-ve ntil-
ate d traction m otors  and activ-
ate d, acous tic re s onance  
s tructure s , w ill com ple te  th e  radical 
innovation. Due  to th e  com m on fe a-
ture s  and nois e  proble m s  of H VAC 
s ys te m s  of trains  and cars , s pe cial 
e fforts  w ill focus  on th e  ge ne ral-
iz e d and m ulti-s e ctoral applicability 
of th e  de ve lope d m ate rials  and 
nois e -control s olutions .

At firs t, typical nois y ve ntilation 
com pone nts  h ave  be e n s e le cte d 
com pris ing a s e lf-ve ntilate d trac-
tion m otor and a drive r cab H VAC 
unit. Th e s e  com pone nts  are  in-
s talle d in s uitable  acous tic laborat-
orie s , s uch  as  th e  s e m i-ane ch oic 
ch am be r and ae rodynam ic/ae ro-
acous tic w ind tunne l and bas e line  
m e as ure m e nts  pe rform e d. Th e  dia-
gnos is  of nois e  s ource s  and 
propagation path s , of ope rating 
conditions  and re s trictions  is  re q uire d for th e  ae ro- and vibro-
acous tic m ode ling and for additional acq uis ition of s pe cial e xpe ri-
m e ntal data. 

Th e  acous tic tre atm e nt of th e  s e lf-ve ntilate d traction m otor 
s trongly de pe nds  on th e rm al (load ch aracte ris tics ), ae rodynam ic 
(pe rform ance ) and m e ch anical (torq ue  trans m is s ion) as pe cts . 
As  th e  air outle t is  th e  dom inating nois e  s ource  an im prove d 
ae ro-acous tic de s ign of fan and flow  path s  (active , pas s ive , h y-
brid m e th ods ) as  w e ll as  a te m pe rature  controlle d vis coe las tic 
(de )coupling of th e  fan w ith  a s m art clutch  w ill be  re q uire d. Fur-
th e rm ore , m odifications  of th e  ae rodynam ic and acous tic fan 
pe rform ance  ne e d to include  active  blade  s h aping and/or pos i-
tioning s ys te m  and adaptive  control s ys te m s  for s e parate  
tailore d fans . Th e  H VAC unit for drive r’s  cab include s  th re e  dif-
fe re nt (inde pe nde nt) s ound s ource s  (conde ns e r fan, ve ntilation 
fan, and com pre s s or) w ith  diffe re nt ch aracte ris tics  and propaga-
tion path s . Additionally, inte rior and e xte rior im m is s ion points  
are  involve d. Since  th e re  is  s ignificant (and annoying) tonality of 
th e  flow  nois e , e .g. ve ntilation fan nois e , s pe cific tailore d active  
m ate rial s ys te m s  are  cons ide re d. In orde r to re duce  nois e  le ve l 
and tonality active ly abs orptive  s ile nce rs  or activate d acous tic re s -
onators  h ave  to be  de ve lope d or adapte d to th e  s ce narios  w h ich  
w e re  found during th e  bas e  line  analys is .

Cons ide re d traction m otor (Source : 
H VAC unit (Source : Bom bardie r)

Pote ntial of ANC m e as ure s  (Source : IBP)

Tonal nois e  radiation of H VAC unit (Source : CRF, IBP)
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