
Beducing noise, vibration and harshness
never-ending questtsa

3nd herchness {NVH), be@lse il h8s
b€comeone oi lhe yardstic(s used byjour
nalistsand buy€rsro €valuare newcars.lr is
a nevsrendin9 qu€sl. No soonerhav€ th6y
conquerod the loudest noiso, than a.othsr
loudest becomes 6ppa rent...
In addition, hum.nsseldom agreeon what
noise di9u fts. So, for example, lhe typi€l
dieselso!ndthal might annoy some people
€n be mlsic to olhers'ears.The silence ofa
luxury model may appeal to olderpeople,
bur moresxhausi noise is needed lo sella
sponscai In this way, th€ ggnefalnoise lev€l
in a car contributes gr€atly ro ourf€€li|gs
aboulhe car, and is often among ft6
roasons why some mod€ls app€alto mor€

Noise, vibration and harshnoss are close-
ly li.led, because noise is dealed by vibra-
tion, and even hEBhness isjusl a vibrEtion

whos€ noisews€nnot h€ar, A distincrion
should also be mad€ b€rw6€n sound and
noise.5o!nd is a ge.€ralr€rm, but nois€
uslally roferslo an unwant€d sound.
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Sound istransmiited as an enerqy wave
travellingihro!gh g6ses, solids or liq!ids.
The medium thrclgh which ittravels does
not hove any Eppreciable distance, but the
atoms vibEre back-andjorth abouttheir rest
position.This explains why sound cannot be
$ansmitted in a vacuum.

The spe6d atwhich sound travels depends
on thetransmilting medium and, in the c.se
of a gas,lhischanges noliceablywithtem-
peratore and press!re. Forerample, at zero
degreesCelrius and 10'1,325 kPa {m6.n sea
level), soundtravels at 1 235 km/h, but at
627 degfees Celsius it h6s speeded !pto
2124 km/h.  Sound a lso speeds upwhen i t
gerslransmittedthroughmaterialihatis le$
compressible than a $s, so the speed of
sound in frcsh water is s 332 km/h.ln con-
crere ittravels Ei 11 160 km/h, and in steelir
travels ar 21 960 km/h.

NE of the haiord'Ellenses a
modern automolive engineer faces
is the reduclion ofnoise, vibEtion

t tqalufY
The loudn€ss ofth6 sound w€ h6ar depends
on the frequency ofihe vibration-This is rhe
numberofwave p€aks thai pass any point
in onss€cond, m€asLired in Hortr (H2).The
fiequ€ncies audible to a iypical human v.ry
from 20to 20 000 H2.
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The sound omanatins t om any mecnanism
€n be classified as eilher direclly or indirect-

1, Direcr genemtion occurswh€n sound is
prcduced by a process such as combus-
rion, oriransteroi marsrials. Examples of
such sound production inclode loud
.peakers, exhaust tailpipes, engine com-
bustion, tluid flowthrough pipes, fans,
and jet engine noise.The levelofso!nd
produced inlhis way c.. be lowered by
reducingthe slrength otthe process or
lhe size ofrhe source, For example,
ensine noisecan be reduced by slowins

I tloi*isqe-adbyviMtu
down the ongine, or by reducing the dis

2- Indirectsound isgener6t6d wh6n afluct!-
6ting force producesa response in a near
by slructure. Aulomotive examples include
a sleelsump or bell-housing lhatis exciled
by onsine vibration, and any loos6 or
leeearcs panelon a car.Thistyp€of
noise€n be Gduced by loweins fie
amplirude or frequency oflhe force, or
runing a number ofvib.6ting iorc€s so rhat
rhey do nor resonare (inl€rad positiv€ly).
Failing that,the response can be altored so
rhat itsstrength is reduced. Forex.mpie, a
vibraling p3nel6n b€ madelhicler, or
given strengthening ribs. Many modern
iouFcylinder ensines have b3lance shafts
to redlce the amplitude, and the €rs are
fitred with a l|frh or sixth gearro reduce
the frequenc-V ofthe engine's vibration.
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The disturbance in the airtharwe callsound
is, in iacr, flociualions in pressure, densiry
andr€mp€rature. Since h s nor easyto accu-
ra1€ly m€aslir€ m inure variatio ns in dsnsiry
ortemporature, it is usualto measur€ soLnd



sum thar  i s  on ly rhreedB greaFr  than the
or ig ina l read ings  ra  so  means iharwhen a

sound eve lone ten th  o fano lher  rs
added to the larger !nil, ihe answer is

on ly  very  s lgh l l y  b igger  than the

e Dutftot oF souno
The appfecar ion  o lsound leve l read ings  is
funher hampered by eilectsarising Iiom rhe
so i iound ings  In  an  enc losed space, lhe
sound is fellectedf.od al rhe surt.cesso, tor
example,when h4sur ns the so!nd level n
a &r, the read ns is afiecied by the interior
shape as wellas the marerials employed This
meanslhar rhe same norse so!rces wil regis-
rer ditferenny Ln ditfereotcar interors, butrhe
sound readling ourears wil be aiiecled in lhe
same wat so rhe readings aresril valld for
compararive purposes

Whe.lrying to geta single'source fezd ng
in  rheopen, lhe  resLhswi  be  a t iec ted  bya
nLmber oi f:crof s.These are rhe adual sound
power  eveL,  rhed red ion  o f rhe  so ! rcewnh
respectto lhe instument, the d srance
between lhe source and lhe r6eiver, and the
anenL.Ion lcombined etiedr oi scanering and
absorprion)due ro ihe s!nounding shrubs

In the eany days of moioing, the most promi
nentsourceso lno ise  were  the  open exhausr
sysrems, but as soon as rLdimentarysilencers
becameiashionabe, the gearbox took over
rh is  foe .A l  gez fs  were  s r ra  gh t  cu l ,  and
whined wheneve.any load was app ied.
Some cars, sudr as rhe a!llnose Motr s rrom
rhe'20s, were so no sy in antlhing excepr top
gear tha t  uph i lmoto f  ng  had lo  be  cond lc red

Then ma.ulacturers staned lining helrca
gears, except forlirsr and reverse,lhus

s i2e  o f  the  la rser  unn.Th is  means,
ior example, that a number ol
noise sources acl nq togerher wi I
on ly  inc rease the  no ise  leveLby a
smal percenrage ofrhe rota thar
would be obta ned rrom add ng
rhe readrngsroge iher  us  ng  nor
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Al l lh is  we rd  a r i thmel ic  makes
decibel reading difierences difiicuh ro

in te rpre !  bU1the lo l iow ng g ! ide l ines ,
va l id  fo r  same source  read ngs ,  w i l lhe lp l
I  A  one dec ibe l  change in  the  eve  is  bare ly

Quaner window

lev€ls by usrn9 a microphone thal rs sensi'
Ive to Ilucr!aing press!re.

SoLnd pressure levels land so!nd power
levels) are usually measured n dec bels The
marhemarica I den n n on ol a decibe rs too
esotericro reprodlce hefe, burthe sca e s
chosen so  tha t  everyday  sounds la  l in  ihe  0
to 160 dB range Hea!ry machine noise is usu.
a  l y  above 70  dB,  and the  human vo ice  pro .
duces  sound in  rhe  range l rom 30 lo  70  dB.

The dec ibe  sca le  i s  based on  th€  loga.
n thhs lo the  base l0o t lhe  numbers ,  ins tead
oi the numbers themse ves, because rhrs
c lose ly  approaches the  way the  human ear
expenences sound.This impl es rhar lwo
dec be l  numbers . re  added or  subt raded by
per fo rn ing  rhe  same opera t ions  on  the  r  Log
ar i thms The resu  l  i s  tha l  when two denr lca l
sound read ings  are  €dded, lhe  res ! l t  s  a

2  A th ree  dec ibe lchanqe in  rhe  eve  is

3 A ren dec be ncrease in rhe level
appears  as  a  do !b lngoJrhe o !dness

4 A ten  dec ibe ldecrease in  the  leve l
appears  as  a  ha lv ing  o i the  oudness .

Mosl sound evel merers c.n be adrrsted for
at least thfee sensnrviiy leve s, beczuse with
or l  such an  ad j !s idenr lhe  r6ad ngs  m€y be
d stoned lo some extent al rhe upper and
ower  sound ranges lhese leve ls  a re  labe led
A,  B  and C,  and lo r  ou tdoor  and vehrc le  n re
r io r  measuremenrs ,  theA-wer9h ing  rs  com.
moniy  Lsed.Th s  reduces lhe  sens i i  v ly  o l
the  ns l rumenr  to r  bo lh  low and very  h rgh

Balance shalt rcduce the vibrations



maklng gearbox€s E iotqu €lei Som6 d6a
oi th s noise can b€ garh€r€d by rev€rsing fasr
n on6 ofrhe l6ss 6xp6nsiv€ cars, lik6 aToyora
Yaris. Sudr modes stillhave svalghr-cu
rovers€ gears, res!hin9 n a disrlncrivo whin6
This no se is nor always unpleasanr-mosi
pre war Buoanis uiilis€ a srEioht curo6sr
t ra n ro dnverhocamshel ts ,6nd rh€ resuning
norse, l ikened ro reanng a sheeio lcal ico,  can

Up unr i labout  1960,6rhcusr  sysroms w€ro
the noisiest p3.ts on mosr vohiclos,3s meas.
urod d!r1.9 l!ll-thronl6 driv..by noise 3v.1!.
at ion.Th€n c!stomsrs Es wel l6s 16gul€ lory
bodl6s st8ned d6m.ndinO q!iBt6r cErs, End
rh6 nd!stry r6spond6d,This
6cc6l6r6r6d by rh6 mov6 towdrds konr.wh66l
driv€, becauss removing lhe fesr sxle
incr6ssed rhe spsce av0ilableior a s lencer,
a lowrng larg€r  un rs to bo l ined.

The niako sysrsm then bsc8me th. noisi6st
dive'bysou.c6, and otlons to qui6t6n this
dow. w€r€ag8in €id6d by€ n6w t6dr.ic6l
d6v6iopm6nt - pon tu61 ini6crion, This 6n6.
b6d th6 us€ of pl8sric int8k€ m8nilolds rh6l
ar€ less p.one to reverberslior.

Tyr€ noise rh€n took ov€ras the main
sourco, but 0s ryr€s b€com€ q!r0t6r w€ve
now r$ch€d rhe sitlJ€ron wh€r6 6xha0st,
nlak€ andtyrs norsssr€ more or osson €
p€rwhe. ircom6s ro mo3suring tullrh.onle
dr !e.by noise in  socond orrh i rd g6ar ,

Ot  cours6,  th6 dr iv€f  dnd p3ss6n!€rs
h6v6 a diffef6nr p6fsp6ct|v6, becaus6 th€y
6re cocooned rn 6n enclosod,  so!nd-dead-

,tt xl ato axlrataf tYJtw dotal
It's obvious rh0t noise in th€ manlfolds is
caused by the 3 i r  l low,  bur  o nunboroicom.
ponenrsc.n be 'denritied The primrry
sourco s rh6l  !cr !8rno l lowrh.o!ohrh6

va lv€s ,  wh ich  appears  asa  no is€  main ly : r
rhe inrake orifice or rhe exh3ust railpip6.Ihe
iiicrion causod by the sr6adycomponent of
the flow is 6lso nois, but lslally to a l€sser
6xrenr. Sorh nois€ compononE can b€ anen-
uar€d by l6r9e, w6ll-d6signed hrake and
€xh8 ls r  s i l6nc6fs . In  add inon, lhese no  s€
sourcesv6ry  o l l€n  causeth€  a i r  c leanorand
s iencer lo .eso .s t€ ,  c rear lng  noron ly  add -

t lonaL no is€ ,  bu t  som€r im6s osd ing  ro  l s i lu16
oith6s6 compononts. hs inr6r6snng ro not6
that rh6 dddition ot 6 r!rbo.or suporch6rger
reduc6s intske no s€, presum8bly becaose
th6 ch8rg6r ho!sing sp€ce acts Es a s lencsr.

inroracrion beMeen ryres and rhe road olr€n
cf6ares ho.e noise rn an expensrve carthan
ln  a  cheaper  mod6, lead i .9  to  d  sappo inr
menr,This is usuaLly 6 false i!dqemanl
because whalreally happens is rhar ihe other
noises aro so wel m8sked of d6mped n an
upmarkor modo th8rryr6 nois6 rs now lh€
mos l  p rominenr  o f  the .ems in ing  no is6 .Th is
can aasily bd checled by coasling an expen-
siv6 v6h cl€ and a budget model in n€lva
The resu l ts  w i l l show rhar  rho  choaper  c8r
actually h3s mof€ rdd noise.

Er9 ine . fs  don ' t  a lw.ys  ag166 on  whar
acruarry g0n€rat€s tn€ most no s6 i a ryr€,

lurboclnrging reduces inbke noise
t c|at GtaL rrc,da ,io,.l
Onco thd inr€k6and exhaosisoonds Mv6
b.6n r6d!c€d, vsnous m6drsnrol so!.ds
pr6s6nr rh6ms6 v6s. v3lv6 lsppets used to be
noisy, bltth6s6 days mosl eng nes hav€
hydrEulic vElve cl@ rEnce Edj!srhenr,This nor
only.6s!lrs in E nois6 r6ducl|on, bur also
elminsbs the n€€d for rsguid I sdjusim€nt.
Som€ ongineswer€ pron6 to pison slap.
Thaso &ysrhis ismask6d fdrhe.lh8n cu.ed
byenc los ing  th6  top  p3not rh6  6ngrn6 n
sound-d$dBning m616ri6l.This is so eii6clivo
rhar mosr mode.n pi$ons no longer h8v6
slins, thus Inc.e6srng rh€ nors6eused byrhe
p is tons  n6 l ! ra l t r l in !  rondency  Es  i t  moves
down rh6 bore.Th6 advonlqgsola lighr€r pis-
ton  rs  rh3 t  i t  reducss lhe  i .en  a l load on  th€
bearings.Turbo. 6.d suporcha19or nois€ s
mosny m€sk6d by ongin6 covers, bu on
som6ong in6s  E s l ighrwh n6on be  h66rd .

'ltt, atao lAD ao,t
It you Liv€ clos6 ro s lr66w6V, n is llk6ly rhEt
one ol th6 hator compon6nrs oi lhe s163dy
d.on€ you I  h€sr  s  Vre  and foad nors€ .The

blr two so!rc€s hsv6 b€€n id€ntili€d:
1 aFpumpihg ho sscre€ted when an s d is .

p ac€d in and our oi rhe re.d and rosd
cevi i€s dur ing contsct  wth the road.Tyf6
rre€d dss gn p lays an mponsnt  ro le,  b l l
rhls is a vsry comp icored sub)sct. One
€xampl€ oa rh€ on-going rosearch is  rh6
iindin9 rhar d6ep, cross-groov6d trdds
rend ro prodlcemo.6 nors€rhan rong( ! .
d inal  grooves -  bul  rh€ lo .her  help l .8c-

2. Noise cr6si6d by ryre vibr€rlons r€su ti.g
i iom conracr  wirh the rosd 3s wel las ry fe
'negu a. i t i6s.  Etp€r iments wirh smooth
lyres comp€red wirh i r€8ded tyros hBv€
shown rhar  rh is  k ind o i  noiso ex is ts  as an

Eoth rh6s6 nors6 so!rc6s 6re 6flecr6d by ryrB
construcr ion,  r r€Ed p3n6rn, lh6 roEd su 6c6,
and rhe v6h c le sp€6d.

Nois6 f6d!ction res6arcn 's a vasr s!brecr
rhal  qurck ly  g6ls  very l6chnica,  but  in  s
furure issu€ w6 p lan to io l low op wth sr
ove.vew ol the lalesl and poss bl6 iuture
no s€ roducrion recin qles Car(


