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PROSPECTS FOR THE REDUCTION OF NOISE FROM HEAVY 
DUTY DIESEL VEHICLES 

Federico Filippi 
Iveco Fiat SPA, via Puglia 35, I-I056 Torino, Italy 

1. Fmblem statement 

Road-traffic mise has a t o  the fore in 
recent years as an e n v l r m t a l  issue of 
g r m g  mprtance.  In t h s  respect, according 
to a recent GEm study (hg.l),heavy duty 
trucks take t h e  t h r d  place as an "annoymg" 
source of noise Mnnd a r c r a f t  and nutorcycles 
and ahead of construction iradimery and cars. 

PERCENTAGE OF PEOPLE 
ANNOYED BY NOISE 

OTHFRS 

hg.1  - "~nnoymg" sou~ces of noxe 
[Infratest, 19871. 

Although mst of the people who m i d e r  
traffic noise to  bf a nmsarice are the mhabi- 
tants of bult-up areas,those who live close 
to busy hlghways often find ths  noise no less 
hsturbmg. Tlus has been damstrated very 

clearly by the Austrian opposition to rught 
traffic an their highways. 
Heavy duty truck noise is therefore a major 

enr;irmital prablem and will be increasingly 
so in the future. 
&fore discussing ways arid methcds to reduce 
this noise we must h e r  make a very clear 
statement. Noise being a very elusive subject 
we must f i r s t  define what we are aiming at : 
- are we trying to lower the " measured" noise 
level of trucks as defined by current EEC 
regdatians ? 

or 
- are we trying to reduce the nuisance caused 
to  people by truck traffic ? 
As we will see below, the two objectives are 

not the same. 'ha-e are clear indications 
today that wthcds us& to reach the flrst 
objxtiv? have no ylfluence on truck noise 
nuisance.lihat is mre serious , there are 
hmts that m i s t i n g  on reduclng "maasured" 
noise my even hamper tedmcal  developrents 
mrected towards reducing "real" noxe as 
perceived by people. 
In any case today's truck noise evaluation 

standa,rds,wfuch are b e d  on a totally obssle- 
t e  technique, are leading t o  a waste of ef- 
forts by all truck manufacturers and to an 
increase in transportation costs with 170 real 
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advantages for the fma l  "custaner" : the 
public. 

Sources of no- m a travellmg truck are 
m y  (Flg.2): 

- the w e ,  
- engmedriven accessories ( a x  ampressor, 

- the engme a r  mtake. 
- the ervJlne exhaust, 
- the engLne cmlmg axflow and the r d a t o r  

- the e n m e  brake valve, 
- the exhaust of the peumatic brake system 

- the g e a r h .  
- the tranmssion shaft (s) , 
- the front and rear axles, 
- ae rdynmc  noise fran the cab and 
- aerdynanc noise fm the superstructure, 
- noise mma f r m  superstructure m t a l l a -  

tions (refrigeration mnpressors, etc.) , 
- the tr iuler or s m t r a l e r ,  
- tyre-road mterface noise. 

steerlng gear pap,  etc.), 

cmll.mJ fan, 

valves, 

f r m ,  

Scme of these were not mportant when very 
l i t t l e  attzit ian was a t tach4  to truck noise 
and the ran soace of nusance was the engme 
enaust. As swn as better exhaust mufflers 
&an to  ie r~~:allid and the e n m e  noise was 
reduccd by the mtch-over frcn naturally- 
aspra t=  tG turbocharged enames (a chanue 
whch was dxtated by fuel consumption requi- 
rements) the "iillllor" noise sources k c c m e  
unprtant. Tday none of thex can be nmlected 
and tyre-road mterface noise is clearly co- 
r u g  to  the front. 
b s t  of the m p r o v m t s  have occurred m the 

last 10 years (the acoustic pressure level e 
mtted by t d a y ' s  trucks is 1/10 of that a t -  
ted by a truck of the early '80s). W s  has to  
be kept m mnd when assesslng their mt r i -  
bution to  truck noise nusance: today there 
are m y  mre  o l d  "noisy" trucks on the road 
than "old" cars. 
Notmthijtandmg these mprovenwts, the star- 

dard methais for evaluatmg truck rmse h i -  

cally have no: changed for 15 years.We are m 
the sane position as we were,evaluatmu a 
Boeing 717 vlth methds devlsed t o  "certiff '  
the Wright m a h e .  

2.- w a y ' s  measurePent methods and their li- 
mitaticns 

The current metha3 for masurmg truck noise 
d m g  h p e a n  type approval tests is defmed 
by EEC mrective 84/424 in the t e r n  of 1x1 
362.  

Fig.3 - Schematic of IS0 362 "ps-by" noise 
test. 

The test has to be performed by the truck 
manufacturer. 'fberefore anly light vans or 
buses are tested m their final form. All 
other trucks are tested as chassis-cab (vlthout 
any superstmcture) or as isolated tractors. 
The test requres that the unladen vehcle be 

driven up to the start  lme (Mg.3) vlth the 
engine rumba at 3 /1  its &al sped and 
vehlcle speed ( 50 )an/h and then k a c m l t  
rated at m u m  engme power over the 20 m 
long test track.?he maum noise k z e l  dmiig 
acceleration is waswid by two mcrsi;i;i,~s 
lccated a t  7 . 5  m f r a  the track cfnterlue. 
The test is  rewated vlth different Usxs 
engagid and the truck noise level is the hlgh- 
hest .xasured durlng this series of tes5;s. 
Normally ths o c m s  with the gear ratio r f x h  
allows the enwns to reach i ts  m w a  rs;.Ja- 
ted sped m the second half of the t t s t  
track. 

l h u m u m  values for " ai-rbient" noise and m d  
velocity are specified.To take into account 
all other influences (anbien: tenprature,rmd 
surface type,road surface tanpxatue ,  tyre 
tyw, tyre we=, tyre pressure, prdiction 
toleran:zs,fuel specificatia?,etc.) E &/U4 
grants a +1 d B 2  tolerarce.That is: wise 
masurid with the saw mthd on a p r d w i a n  
truck can deviate by + ldB(A)  f r m  the lvfel 
measured durmg type approval tests Kithoilt 
the truck bemg rejected.In order to evalute 
t h i s  "tolerance" it has to be kept III u n d  
that changes in the ambient temperature alone 
can b r q  a 2 dFI(A)charqe between the noise 
levels mqsured at 0 'C and 33 ^C. 
A slightly different acceleration test is 

specified for "silent" v&cles by the German 
Adage X X I  to para.49 of the S t W  ~ c h  is 
also used in other D.lropear countries.'Ihe main 
diffuence consists in t e s t q  d y  mth tha 
gear ratios that a l l o w  raxmm engule spej  to 
h reachsd within the 20 m length. W,i:ional 
tests are specified : 
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-for the truck staticaGuy mth engue r e w  
at max. speed (8 nucrophones at 7 m around 
the truck), 

-for m e  brake nolse. 
-for pneumatic system ahaust noise. 

I n  any case the acceleration test is the 
strictest me so that the chassis-cab has to 
be designed acoustically m order to uunuuze 
the "pass-by" noise: a d t i o n  that is very 
seldan encountered m real l i f e  today smce it  
corresponds to  an unladen truck or isolated 
tractor acceleratmg at uamnuro. engue speed 
andengue pwer. 
No truck driver mll normally drive like that 

for the sake of fuel mnsunption, nor would 
road cangzstix allow hm to do so excipt m 
totally &abl td  areas. 
Even i f  the test is performed at a relatively 

low speed are its rssults to be taken as a 

S o u n d  l e v e l  [ d B I A l l  

measure of the "noismess" of the chassis-cab 
or tractor or as a measure of the noismess of 
the tyre t rack  surface mnbmtion ? In &ern 
trucks, where engvle noise has already 
reduced to a very low value, tyre noise can be 
dormnant even durlng low sped acceleration as 
shown m Rg.4. l l u s  figure presents the 
results o b t u e d  durmg a standard IS0 362 

test on two identical hlgh-pwer IYECO 190.AgT 
tractors f i t t ed  mth two bfferent udzs of 
tyres. The tests were performed on the sam3 

day, on ths s m  track, wrth the sane UI- 
s t m n t a t i o n  and the sax drivers.Admttedly 
the tvo "extrew" makes of tyres madable on 
the market were used, but even so the results 
are so mldly bfferent as to  cast  me doubt 
a b u t  what one is really measuring durlng the 
test. 
Of course the r b  pattern of the tyre 
("traction" or "non-traction") has the mt 

Fig.4-Test results Kith different tyres. [IVRTlI 

Rib pattern Traction Pattern 
Fig.5 -Influence on -road interface wise of drivinJ mode ard 

tyre inflatim pressure. [(Xmtinental] 
m e  size 315/80 R 22.5 - IS0 362 (7.5 m). 
me load = 9250 N/whxl : speed = 37 M. 
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fig.6 - Tests on the Brenner Aut&,7.9.1989 rJercedes-Benz]. 
1st set : IS0 362 pass-by test 
2nd set : same tyres, canstant spsed = 60 
3rd set : bfferent tyres, 2% climb, cmstant speed = 60 

4th set : as no. 3 but on wet road. 
k m h  

lnfluence but mflation pressure IS also 
lmportant (Fig.5). The same figure also shows 
that tyres produce bfferent noise levels wha 
rollmg, whv, drivlng at constant speed and 
*en acceleratmg. Incidentally i t  can be 
noted that no truck nll ever respect an 80 
&(A)  noise lmt if even one of its tyres 
durmg the pass-by test produces a noise lev21 
of 80 & ( A )  wkLch is a c ~ m ~ n  occul~ence mth  
today's traction tyres, . 
Another lnfluence whch has to be ccmbmed 

n t h  tyre mfluence is that of the track 
surf ace. 
There are udxations that a a f e r e n c e  of up 

to 5 & ( A )  can enst ktween a concrete and a 
" d r u e d  asphalt'' surface.The surfaces of 
tracks usd for noise masurewat x e  ms t ly  
asphalt but e e n  lxtweJ1 these a 2-3 db(Z 
bfference is not unusual. 
To further canplicate thmgs, the temperature 

of the track surface also has a very strono 
mfluence. Tests pfrformed by the Geman 
Emdesanstalt fuer Strassenwesen have shown 
that an rncrease of 10 C m the road surface 
tanperatwe brlngs a reduction of 1 & ( A )  m 
the noise levils masured durn9 pass-by 
tests. 
The a h e  results refer to car tyres . An 

even largsr depaknce has to k W t e d  wlth 
truck tyres ar~d t k s  effect &mes mth the 
u i l u e n c e  01 arblent tmpxature. 

S b i w :  up, n k a s u r m t s  perfonxd on ricdcrr~ 
trucks accordmg to IS0 362 K E  unriliable, 
unrepeatable and do not q v e  any mdication of 
thz real "noismess" of the truck even under 
the me operatrng conbtion for which they 
were d e n s 4  : fu l l  power acceleration of an 

unladen truck III urban d t l o n s .  
It is M wonder then that "silent" trucks 

designed t o  pass such a test m.11 III practice 
p m  to  be as noisy as "rrormal" trucks. Thls 
pomt has been very clearly dmmstrated by 
Mercedes - Benz durlng the sumner of 1989 hen 
"silent" and "nonnal" trucks were ampred 
durlng actual operation on the very m t m e r -  
sial Brenner Autobahn (Rg.6). 
'Ihe " n o d "  truck (1748 D;) was "rated" at 
84 & ( A )  acmrdmg to the current EEC W424; 
the "silent" trucks (1748 ga and 1733 ga)r;ere 
"80 &(A)"  trucks a m d u g  to the Austrian 
requrewnt. khvl fi t ted mth the sanr tyres 
the "normal" truck was ln fact gueter than 
the "low nose" trucks when travelug at 60 
M h .  yhen the "low noise" trucks were fitted 
n t h  b f fe ren t  tyres (less w e d l  adapted t c  the 
rcad surface) they becare actually much 

than the "normal" truck. Cn a wet road 
the tyre noise k a m e  so d m a n t  that all 
three trucks regxtered a noise level of about 
89 & ( A ) .  

3.- Methods to  reduce noise measured accordmg 
to IS0 362. 

Before b s a s s m g  the xthods wkLd, cai~ k 
usd to rduE pass-by noise l e t  us corsider a 
practical case, takrng a --code 4x2 tractor 
d 5 i g n . d  to  met EC 8 4 / 4 2  r e q u m t s .  1.e. 
84 db(L1. R s w k r m g  the uncertamties due to 
the masurement method, the target design 
value s h a l l  be a m m m  of 83 d B ( A 1 .  T&na 
into account only the mxt unportant noisa 
swces ( h g . 7 )  and the state of the art tcday 
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Fig.7 - Noise level of main sources, a t t a u t i a n  and resulting 
noise level for a truck designed accordiryl to 

EEC 84/424. 

we can bssumE the folloKLnp situation. 
bgme (and accessories) mise at  1.5 rn Le = 
101 &(A) wh~ch correspands to  88 &(A) at 
7.5 rn (measured value; theoretical attenuation 
muld be - 14 dB (A)  1. As thls value is clearly 
ta, bgh  we have two alternatives: 
- use an w e  hamg a noise level at  IMX. 

rpn of 95 db(A) ; 
or : 

- encapsulate the engme in order to brmg the 

The secMld alternative IS currently the me 
mt used SUE designng a new heavy duty 
truck w e  franscratch can take anythmg 
fran 5 to 7 years. An attenuation h=-6 dB(A) 
at 7.5 m can k o b t m d  today by fully encap- 
sulatlng the ~ M U C  (top. sidzs. b t t a n , r i u ) .  
This pses serious problems for engine and 
accessories m l m g .  mess problem can k 
solved but at a c e r t m  cost : for instance i t  
i s  much mre  c h f f i d t  to wtall e l e c t m c s  
on the i n a n e  UI Europe than ln the USA. b 
far as the front engme noise frun the mlmg 
f a n  is mncernai, a l l  miem heavy duty ens- 

noise level a t  7.5 m to 82 @(A) .  

nes have a vlscostatic or h y d r a S a l l y  driven 
fan so that the fan itself is rotatlng at a 
very low speed durmg acceleraticm cm a flat  
road. 
Norse fran the muffler is not a big problem: 

a good mff ler  ml l  glve a noise level of LiiF 
95 @(A) a t  0.5 m, mrresponclx~ to 75 &(A1 
at the mcrophone lagam : measured values). 
As far as t r m s s i o n  noise is concerned a 

level at 1.5 m of Id43  d B ( A ) i s  sufficient to  
mure a level a t  7.5 m of 70 dBW. In a 4x2 
vehxle mth a smglereduction rear axle such 
a transnssion nose lwe l  does not requre 
encapsulatian either mth spur gear or mth 
helical gear gearbaues. 

In  a 6n4 vehxle the situation IS a bit wre 
critical but still manageable. 
In 4x4, 6x6, 8x8 veiucles the trarmiussron 

noise is much more rmportant but these 
veiucles f a l l  under the "off-road" categop 
for h c h  a slightly hlgher total mise level 
is allow€d. 
hnal ly  we can forget the noise of the front 

tyres s m  (hg.5) i t  is about 65 &(A)  at 

Rib pattern Traction pattern 
Fig.8 -Influence of tread pattern cn tyre/road noise at  different 

distance [ccntinentall . 
'&re size 315/80 R 22.5 - Inflation pressure 7.5 bar - 
Tf1-2 load = 9250 N/vheel - Spd= 37 kdh 
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fig.9 - NoSoise level of main mas, attenuatian and result* 

noise level for a truck designed Krcofdiap t o  an 80 
&(A) requirement. 

7.5 m,  while we can allow up to  70 &(A)  a t  
7.5 m for the rear tyres, correspding to  a 
tyre-road interface noise level at  0.5 m of 
Lt= 90 &(A)  or less. This is clearly incurpa- 
tlble with the current generation of traction 
tyres or even of straight rib tyres (Fig.8) Y 

that the type approval tests will have to  kx 
run Kith "low noise" tyres.Talay "low noise" 
tyres with f a i r l y  go3d traction performan= 
are available m the market.bwever i t  must k 
borne in uund that, in the w e  of trucks, the 
choice of tyres is made by the custaner smce 
tyres represeii: a cansidecable part of the 
operating cats. It cannot be guaranteed, 
therefore, that a truck tested for noise with 
a specific kmd of tyres will be run on the 
road with the saw tyres. 
Clearly the situation muld becane untenable 

hen the nurkr of driven tyres increases and 
the tyres thenselves have to be of the "trac- 
tion" type ( l ike  on "off-road" v e h d e s  4x4, 
6x6, 6x4 etc.) but fortunately so far remved 
fran reali ty the measuretent mfthcd is that 
evin these vehicles can bi ' ~ ~ l q a t e d " .  
In fact in the unladen vd-icle conbtion the 

traction load , Mch is not very h f f e r m t  
fran a 4x2 version, is spread hstrlbutd 0-m 

a largsr n w k r  of tyres. 
So much for the current EM: 84/424 requla- 

t ion<. 
Uhat a b t  the "low noise" Austrian rqu re -  

m t s  or the forthcarmg EX regulations ? 
They stipulate that the 84 &(A)  total  pass-bjj 
noise levsl h brought dmn to 80 d B ( A )  which, 
for politicians, is a 5% reduction vfulr for 
engineers i t  represtnts a 70% reduction in the 
sound pressue level. 
Repatlng the same exercise as before (Fig.91 

Kith a target pass-by noise level of 79 &(A) 
we sse that the engine noise at  1.5 m has t o  
be brought dsm to Ir= 95 &(A)  so that, with 
a -6 &(A)  attenuation due to f u l l  encapsula- 
tion, the noise level at  7.5 m should not 

exceed 78 dB(A).This,  of oM11se .m a total- 
ly different enghe fran the 84 &(A)  truck. 
The muffler also has to be improved since its 
noise contribution a t  7.5 m has to be reduced 
by 5 &(A) .  
An alternative could be to reduce 

transmissim and tyre/road interface noise but 
thls looks very difficult since : 
- encapsulation of the ccmplete transmission 

is practically impossible, the transmission 
shafts and the rear bejng rmvrng 
parts with respect to the truck frame; 

- already the 84 &(A) noise level implies the 
use of today's "low noise" tyres. 

As a consequence : those truck d e l s  vfuch 
already use a "law noise" eng.me can be 
brought down to  the SO &(A)  level n t h  sane 
mdification to  the exhaust s j t m .  Other 
models have to  undergc a ccGlplete engine chan- 
ge iduch might be or right be not psssible. 
A "low nois;" m e  at today's s ta t i  of the 
art rLeaas a low-revmg lG direct mjx t ion  
&esel 2ngine . This correspcolds to a large 
swept voluine , heavy and expensive ergme 
while the rrarket request is exactly ths o p p  
site.  
RLis explams why all the trdck manufacturers 

are m a p s i t i o n  to supply sc~l f  truck nnisls 
i n  respect of the Austrian or Dutch "lw ~ S E "  

requirements but cannot afford to m b f y  
their tmcks, in a shx t  time span . 

As we have s w ,  in order to mxt the mxe 
stringent raise requirmts f o m d a t d  ui 

terms of IS0 362 testing, the truck m u f a r  
turer has to  concentrate on noise raiuction 
fran the a g h o  durlng f u l l  p e r  accelira- 
tion. 
Up to r m  th is  has & accmplishal by nnt- 

c h w e r  frcm naturally aspirated to turbodiar- 
ged engines, a mve that ha5 also beneficial 
in t e r n  of fuel consumption and m e  size 
and weight.Turbxharping has also made i t  
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m s l b l e  to reducemumunengme speed, and 
therefore e n m e  noise, wtLlle lncreaslng the 
specific max~~;~ in  per.However, today turbo- 
chargmg lmts have already been reached, 
mth respect t o  the maxlll~il allamble mnr 
bustion pressure (mechamcal engme huts )  
and the maxmum a u  supply pressure (aerodyna- 
rmc and &arucal l m t a t i c m  of the exhaust 
turbxhargsrs) . 
7he adoption of turhxharged-mterco3led en- 

gmes,vhlch is beneficial ln terms of fuel 
cmsumption and ermssions,has wrsened the 
situation as  f a r  as by-pass mise is mmed 
so that xme manufacturers are resortlng to 
intercooler by-pass durlng acceleratim. 
Other means of reducing m n r  noise must 

therefore be mvestigated. 
The mst obnous one : reduction of cun- 

bustion noise fran th? k e c t  mjection bese l  
ergme dces not show muoh prarmsa. hg. 10 
shok5 the rasults of tests performid 3.11 an 
h u h  pwsr IXZ0 engme. By rduclng the 
m;$&iS:io;; nJ iS i  by 20 &(A)  throuah th= use 
of a "r=for. ;Jatd ' ,  h g h  cctane na?ber, be- 
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Fig.10 - Influence of ccmbusticm noise on the 
to ta l  noise f m  an hlgh pwr 
truck enOine. [IMI)] 

s d  f u d ,  the engne nolse. as msasured a t  a 
&stance of 1 m, was practically unaffected. 
Mechamcal noise is ln fact th2 darur,atma 

factor ln modern &esel engmes and one that 
can be controlled only through engme dssign. 
Stiff m e  block structures (hg.111, new 

piston designs rnth low clearances,use of 
dmpmg materials on oil pans and head c o w s ,  
redesigned t u g  and accessories drive gear 
trams,extensive use of torsional dampers,ca- 
reful design of external ergme walls,caii all 
contrlbute to  ths reduction of "DrYnari" en- 
m e  nose.  ?his means harevu that the engrne 
has to  be ccmpletely redesigned, mdi 1s 

pss lb le  but it all take tlme before new 
"noseless" eng.mes are amlahle .  
In  the wantlme the manufacturer has to re- 

CAST IRON dLllNUM STEEL. DAhlPEF CJZL 

Fig.11 -Influence of eIgi.ne stnlcture cn 
engine noise lirino Pbtorsl. 
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sort to  "secondary" ways to reduce e w n e  
raise, tdat 1s: by encapsulating the engme. 
Ihfferent degrees of encapsulation are psi- 

ble (Rg.12), a l l  of them have an mfluence cm 
the truck weight and cost. ?'?us mfluence was 
calculated years ago by cac (Fig.13). The 
valu2s currently avalable on t ruck  designed 
for t ha  Austrian "low noue" 1mt confm 
that forecast. 
a manufacturers have also suggested a fu l l  

I 0% 4 
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w [L 

Y 

Y 
- 5:! 

a 
5 
C 

0 

i 5 6 7  

pig.12- Influence of different encapsulation 
stages on agine noise fmn a medium 
-light truck.[IMx)] 

0-ItA enqn2,no encapsulation 90 & ( A )  
1-TC e n g m e , c m l ~ u  air duct 85 & ( A )  
2-Top and side noise screens 83.5 dB(N 
3 - N 1  encapsulation abve fraw 82.5 & ( A )  
4-hcapsulation klow frame up to front 

axle 81 & ( A )  
5-Full b t t a n  encapsulation 79.5 d B ( A )  
6G2arbox  encapsulation 78 dB(A) 
7-1biSe da.zpiiq m l i n g  ar exhaw: 

duct 77 d B ( a  
6-lbiss dar?ir,g cooling a x  m l e t  

duct 77 & ( A )  

encapsulation munted on the e n g ~ i e  itself 
(fig.14). However this solution poses severe 
raintenance problem and, again, can only be 
implenwted on new engines ,so that the en- 
capsulation screens are usually f i x d  to the 
frame and to the cab. 
me point to  be mentioned abut  engine encap- 

sulation is : how long Kill i t  stay on the 
truck during "real life"? Since encapsulation 
makes service and maintenance mre  difficult, 
since i t  lowers the A l E  (air to boil) lkdt of 
the engine, since i t  weighs , it may be conve- 
nient for ths truck operator to r m J e  i t  
during day-by-dxf operationand instdl i t  
again for the official  periobcal controls. 
As wa ha-;;. alrszijj mtiond , cooling System 

noise is not important durmg IS0 362 tests i f  
the engine has !xen f i t t d  with a vlscostatic 
fan, which is also mproves fuel cunsum?tion. 
Injection pu~D noise nay k relevant, but its 

influence can bi "mtigated" by mtalllng the 
injection pucp on th? o p m i t e  side of the 
engine to the exhaust. pronded this dces not 

PRICE INCREASE 
FROM 841424 EEC 
TO "LOW NOIe ' '  

Pig.13-Cast increase for an 80 &[A) heavy 
truck as estimated byccMc in 1980 
and actual llst price increase by 
European manufacturers for Austrian 
"low noise" vehicles i n  1990. 

means a major m p n e  redsign. 
Reduction of noise fran exhaust mufflers 1s 

not a major problm today, mthm the lmts 

and cost penalties are accepted (Rg.15). 
of Fig.9, pro;:d& the corra- 'deist 

4.-kthods t o  reduce mise nuisance fran 
trucks. 

As we have already stated, the methods used 
to reduce truck noise a s  measured during the 
pass-by test  are not necessarily those wtilch 
should be used in order to reduce noise nmsa- 
nce fran trucks. 
It is MmDn experience that mst  noise 

nuisance m s  fmn traffic travellrnp at 
constant medium or hgh  sped on highmix. If 
we repfat the exercise of Figs.7 and 9 for a 
t r ac to r - sd t r a i l e r  cabination t r a d i n g  at 
80 )an/h on a level road ws reach tctally 
diffsrent conclusions frar the prscedinu 
paragraph. 
Thi engins will k rumnu at 3/4 r-mr 
sped and partial load. E;ren i f  we assurx that 
cunbution noise h a s  no mfluence on the total 
agine noise, the engine noise lev21 at 1 m 
vlll be of the order of 96 &(A1 Vhlch g;.as: 
at 7.5 in ,78 &(A)  even without any enciwula- 
- tion. Yith encapsulation the engue noise 
contribution at  7.5 rn goes down to 72 dB(h) 
whch ream that t h e  m i  is no longer con- 
t n b u t m j  to ths overall noise level. 
Even ~ S S U T ~  that muffler and transz-ission 
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Fig. 14- ' between a frame m t e d  "dry" W a t i c n  aod 
an a m t e d  "wet" mcapda t i cn  [steyr] . 

Fig.15ibise level at  7.5 m of different 
exhaust mufflers fa r  a redirmrlight 
truck. [ r n l  

Model 1 : mass 9.5 kg , volume 22 1 ,cost=l 
2 : mass 15 kg , volume 37 1 ,cost=1.6 
3 : mass 18.5kg , volume 48 1 ,cost=1.8 
4 : mass 18.5kg , volm 48 1 ,cost=1.9 

wis2 level remain unchanged kith respect to  
the pass-by test (in fact they will Le lower), 
the total noise level at 7.5 m cuuirq f m  
noise sources that are under the truck manufa- 
cturer's control mll amxlnt to less than 79 
& ( A ) .  
But then tyredrcad noise comes into the pic- 

ture. 
The front tyres of the tractor can no lcnger 

be ignored as a source of noise sources smce 
their noise level (fig.16) at 1 m can be as 
h g h  as 74 d B ( A ) .  Ihe same is true for the 

tr idm axle of the semitrailer : using the 
data of Fig.16 its noise 1ec.d at 1 m can h 
assumed to he 102 dB(A).Assming the tractor 
to be a 4x2 nodel , the noise level of the 
tyres on the driving axle at  1 rn Kill  be 99 
&(A)  (Fig.16). 
Altogether the noise level at  7.5 m Kill be 
83.5-84 & ( A ) ,  (fig.171, almost entirely &g 
- to  tvre/road interface noise and this nll he 
the noise level perceivd by the public. 
?he aimve calculations are of course approxi- 

mate especially since they do not differen- 
t iate k t w m  "unladen" and fully laden tyre 
noise ard do not take mtc  accomt the 
seiiitrailer aerdynaaic noise ( d i ~  tc  the lack 
of v i m f n t a l  data). However they denun- 
strate wkat is m A d y  perceisd : ergme and 
muffler noise are no longer Mp3rtait in d2- 
ter;nining "traffic" noise : only tyre/rcad 
intyface noise is  releirant. 

Another very important pint to  be considered 
is  "noise quality".limit values and measuring 

standards for truck noise have so far been 
focusd exclusively an engine noise and the 
part of the whaust noise which is disturbing 
outdmrs in built-up areas. But due t o  our 
knowledge of traffic nuisance t d a i  i t  is 
important that ,  when tackling noise problem, 
we should take into account the nuisance ef- 
fect  oe various sound frequencies to @ 
people who may be affected. In this m e c t i o n  
low frequency noise that has the ability to  
penetrate walls becanes much mre imprtant 
that the overall &(A) noise level. 
It is c~rmrm experience that people are fully 



128 

. .  
AL: AL: A L =  AL: AL: ALz-18 
-18 -13 -20 -13 -18 

T 

Sound level [dB(A)] 
Close dislance (1.0~1) 

Traction pallern 

Close (Iislaiicc 
Rib [)allern 

IS0 362 (7,5111) 
Tiacl ion palleiii 

IS0 362 
Rib pallern 
- - .*. . . 

- 
...a .... 

_ _  .--- 

Speed [l<m/h] 
Fig.16 -Influence of speedand treadpattern an tyre mu-e 

(erlgine switched off, ans tan t  speed) [ccatinentall. 
Tyre size : 315/80 R 22.5 
Tyre load = 9250 N/wheel 
Inflation pressure = 7.5 bar. 

83,S'dBIAI 

Fig.17 - Noise level of main xufces, attenuatiaa and result* 
noise level for  a tractorsemitrailer ambinatian 
traveling at  80 km/h. 

prepared for the high level of noEe that will 
occur when they sight an accelerating truck. 
lhey will therefore tolerate an expected tern 
prary noise peak withcut mch nuisance. Noise 
which encroaches OPI the individual without a 
vislble reason is much mre irri tating and 
disturbing even i f  its level is much lower 
than that of a "visible" ~ i s e  we.  Indoor 
noise h c h  awakemasleepingperm is a 
particularly serious nuisance especially i f  i t  
is of a mtlnuous nature. 
As a consequence today's efforts by a l l  the 
truck manufacturers t m d  noise reduction are 
misdirected i f  we judge them frcm the p i n t  of 
view of the actual nuisance to  people: 
- engine noiss at  rpn and maximum 

parer is not as iivprtant : on the contrary 

lw frequency m p e n t s  at  m t e m d a t e  
sped are to  h reduced : 

- low frequency muffler noisc 1s mprtant  : 
mans to  reduce i t  at constant SD& we :c 
k sought, l ike  active noise r2duction 
(Wtuch is now n s g l x t d  S ~ C E  i t  has ric ef - 
fect on acwleration noise) ; 

- lov frequency ax intake noise m$: be 
Imp3rtant: agam no attention is t day  g ~ v m  
to ths  problem; 

But,  alxr~c a l l ,  the utmst effort should b;. 
&rected towards reducmg tyre/road lnterface 
noise m a l l  the frequency spectrum. 
Today what little research effort g-s Lnto 

tyre noise reduction is  manly concern4 nth 
low speed, low load, accsleration con&i:isns. 
Nobody hows i f  tha results of such resa-ch 
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will also bi applicable to amstant high speed 
and high load operations, especially as low 
frequency noise i s  coicuneed. 
Rssearch on tyres has to go together mth  

research on "low noise" road surfacing. It is 
well )mown that, besides the use of curtain 
walls,the nature of the road surface conside 
rably affects the traffic noise & s t u r h c e  
Wig.18). 
lilttle attention is paid today to t h ~ s  p i n t  

since noMy has apparently evaluated the 
cost/return ratio between the improverent of 
road surfaces ( h c h  affects & ruMing vehi- 
cles) and the reduction of source noise level 
(hi& affects new v&dcles only). 
Ty-re/road in te r fae  noise is  also affected by 

the truck swp;imon systec,. kgau; no resiarch 
has been pxformzd on this subject since truck 
suspension does not have any influence during 
IS0 362 tests. 

research is done on noise frm truck 
superstructures, sexitrailers or trailers. chi 
the contrary WE fund "lw noise" diassis-cabs 
for m c i p a l  trucks wh~ch are fitted with 
extrwly noisy garbage ca;pctcjr system. 
People wil l  still b2 ar;akcid in the early 
mnlir1g a1d t h q  nll b2 happy laurnin,- that 
their mmcipality his paid for th6 increased 
uxt 0: the "lm noise" t ruck .  That, as we 
have seen, is &,at is h a p p s i  tci piople 
lib3ng alongside the Brenner Autobahn. 
M e w  to  further reduce noise nuisanze by 

trucks are, and hill be, available. Hwever 
noldy will use them suw they are expensive, 
both XI t e r n  of basic research and in 
production, and they will not lnfluence the 
"noise level" of the truck as defued under 
the current measurenent m t M .  

h t t l e  

5.- ccnclusicu. 

I n  the history of mtor vehicles there is  no 
greater ewrrple of efforts wasted and misdi- 
rected by o h l e t e  regulations and burfaucra- 
t i c  inertia than the case of the reduction of 
truck noise nuisance. 
In b o p 2  many millions of Ecu are spent in 

research and in product cost increases just t o  
obtain a "political" noise reduction which 
will not be perceived by the W p l e  for whm. 
truck noise is a real nuisance. 
Today to increase our knowledge of heavy 

vehicle noise research efforts should be &- 
rected Minly toward the tyrelrcad interface 
problen. However this is prevvltd by EZC 
insistence that the IS0 362 method is the 
only one usis, to  regulate trudi noise.It mi ld  
not k difficult  to  devise other, mre  reali- 
st ic,  ~ t h &  to  inasure truck noise. Fcr 
instance a wtlrod sjxilar to the one used for 
exha t ing  truck engjn? kssiors could k 
us;d.The use of s x h  a methcd,which wasages 
"weighting" factors for bfferent op;ra:inj 
con&tions,wmld redirect research toward mre  
realistic objectives and, what is mre mpr- 
tant, v w l d  establish a much closer collabora- 
tion between truck, tyre and road designers. 
We that this paper, admittedly provoca- 

tive, will be of scm3 help m m v i n c h g  mn- 
cemed people to  rethink the global approach 
to  the truck noise problem. 

Car L i  qht T r u c k  T r a c t o r -  
t r u c k  Semi t r a i  l e r  

Fig.18 - lleasured wise levels a t  80 kn/h ~n different road 
surf aces. IIYD21 
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