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1. Introductian

The principal objective of the DAV Projeet‘ at the start in 1971 was to
produce two demonstration articulatad vehicle tractora powered by diesel
engines, ane at 32.5 tonnes (32 tons!) groes wehicle weight and 158 kW
(212 bhp) and the other capable of 44.7 tonnes {44 tons) gvw with 261 kW
{350 bhp).

For both vehiclea the specification was:-

(1) bolse level to be reduced by at least 10 4B(A) with a target level
of B0 dB(A). This target level was to apply for the BS 3225 : 1966
test and wunder any normal operating conditicns.

(2) Target levels for the major vehicle conponents were set as in Table 1.
(3) The target noise level inside the driver's cab to be 75 ds(a).
(4) The vehicles should comply with all cwrrent and proposed legislation.

{5) Account was to be tsken of the possible introduction of significant
* sowrces of additional nolse, ey exhaust brakes.

(6} All essential research featurvs of the vehicles were to be capable of
incorparation in practicable production vehicles.

An important chjective was the evealuation of the additicnal costs of quietening
the final demonstration vehicle and the estsblishment of the variation in cost
for variou. degrees of quietening. ’

The project was managed by TRRL who also earried out the tyre nolse research.

In addition to contributions from the manufacturers, research on nolese reduction
was done at the Institute of Sound and Vibration Research (ISVR) at

Southempton University, the Motor Industry Research Asscciation (MIRA) and

at the Naticnal Engineering Leboratary {NEL).

Experimental vehicles in the two categories described above were bullt
besed wpon Leyland (32.5tonnes) and Foden/Molls Royoe products and a final
demonstraticn vehicle based upon the latter is now undergoing long term
trials.

The first Foden vehicle supplied for the project was a 6AR6 tractor with

the capability of 44.7 tonnes (44 tons) and powered by a Rolls Royce Eagle
261 kW {350 bhp) turbo-charged diesel engine. Experimental work was carried
out by MIRA and ISVR on the major compenents of this vehicle until it was
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superseded by a later design based on a 4 x 2 chassis and a gross vehicle
weight capability of 38 tonnes. This wehicle, shown in Plate 1, was the
basis for the research vehicle and with re-engineered quietened components,
alao for the final demonstration vehicle on which an engine maximum

power of 320 bhp was specified.

TABLE 1

Upper limits of sound levels tobe emitted by vehicle components

Rescarch - Maximmm level dB(A}
Organipation Source
at T m at 7.5 m
ISVR Engine including gearbox 92 77
Alr intake, exhaust
system (computer modelling) 84 ' 69
Cab noise: (Internal} - 75 aa(n) -
Cocling system B4 69
MIRA* Exhaust system (development
of practical systems). B4 69
{Addi ticonal
target of
90 dB(C)}
NEL Final cocling fan design B84 69
Tyre road surface noise

Research on the Rolls Royce Engine.

Early in the programme Rolls Royce showed that a reviged turbocharger and cam-
shaft profile gave useful reductions in open pipe exhaust nolse. Thisatandard
of engine, shown in Plate 2, was the baseline for further work.

2.

Holse meagsurements were made with the engine and gearbox installed in an
mechoic test cell at ISVR. It was loaded by & dynamameter mounted beyond
the rear wall of the cell so that the noise from the dynamometer itself was
substantially eliminated.

The effect of engine speed on noise is shown in Pigure 1 and was typified by a
change of slope at about 1700 rev/min. E£vidence from cylinder pressure spectra,
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the effects of load, boost and speed on noise and the influence of timing
gear noise all pointed towards overall noise being mainly determined by
combustion nolse at low gpeeds and by mechanicel neise at higher speeds. This
meant that a reduction in maximum engine speed from 2100 to about 1900 rev/
min would give a 3 dB(A} benefit in noise; the fipal demonstration engine
used a maximwm of 1950 rev/min.

Lead covering tests were carried cut to establish the rank order of the
varigus nolse sources which for this engine was (1) structure, (2) sump,

() front end, (4) geaxrbox and (5) inlet. As an example of the data obtalned,
Figure 2 shows the spectra of noise distribution from the front of the englne
obtained during the lead covering tests while Figure 3 gives the A-weighted
spectra of the uncovered emgine running at maximum load and peak torque spaed,
The nolse from the front of the engine was shown to emanate largely from the
timing gears and oil pump plus its drive gear. The aluminlum gear case and
gump were efficient nolse radiators contributing to front end noise and they
were also important at the sides of the engine. Replacing the timing gears by
& chain drive resulted in a reductlon of front end noise of 7 dR(A) on average.

s a result of these tests the timing gears were removed to the rear on the
ISVR research engine where their effect was screened by the mass of the
engine and the gearbox.

vibration measurements were made at a grid of accelerometer positions

on the engine surface. Typical engine surface vibration patterns are {llpstra-
ted in Figure 4 for 200 Hz where one of the major bending modes cccurred.
Because phase information was not cbtained (one transducer being used

in sequence) Figure 4 does not represent vibration mode shapes but rms

vibration amplitude over the surface.

The frequency content of the noise and vibraticn of the principal sources on
the engine may be sumarised as follows: Major engine astructure plate modes occ-
urred at 200, 350 and 500 Hz. There were also several peaks controlled by the
response of the sump at 620, 730 and 1100 Hz and resonances of the stracture
occwrred at 1.45, 1.6 and 1.9 kHz) the tappet cover was important at 2.8 kHz,
The basic structure was a major noise radiator mainly due to the large area
rether than a particularly high vibration level. The gump was the second most
impor tant radiator having high vibration levels in the frequency range 2.5

to 4 kHz.

From these and other findings the basic design of the quieter version of
this engyine was egtablighed.

2.1 Research engine (revised structure)

A research engine was designed by ISVR based upon a new cylinder block/
crackcase structure, the cylinder head design being unchanged. .

Figure 5 shows cross-sectione of the original Rolls Royce Eagle and the revised
ISVR structures, the basic difference between them being that the revigmed
crankcase employed a bed plate contalning the lower halves of the bearing
saddles for greater stiffness. The bottom deck of the cylinder block was moved
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down to the lower end of the cylinders to form a more rigid section at this
point. The crankcase design also provided Elat sides to enable close

fitting damped panels to be attached. The research engine is illustrated in
Plata 3.

2.2 Characteriatics of ISVR/Rolls Royce research engine

{1) Overall results: the nolse level epectra of the standard and research
engines are compared in Figure 3. Overall nolse reductions of 9 dB({A) were
cbtained when averaged rom'd the engine.

(11) toise rnd.tat.i.m was greau!r cn the near side vhere part of the surface was
exposed far the attachment of auxilimries.

vibration level on the sunp of the revised engine was reduced by up
to 20 4B compared to the original engine above 2.5 kHz, and about
10 dB in the 0.5-2 kHz range. The lower vibration levels due to the
bedplate contributed about half of tHe improvement up to 2 kHz while
the sump isolation was the major contributor above that frequency.

{iii) Fuel purp and exhaust manifold: the noise levels of the Maximec fuel
pump and exhaust mapifold were reduced by 2.2 and 4 dB{A) respectively but
desplte these reductions they contributed proportionally more to the
overall level of the research engine than to the original engine.

(i1v) Rocker covers and damped panels: The vibration levels on the igsolated
rocker covers were an average of 31 dB lower than the original covers but
this resulted in only 3.5 dB(A) reduction in noise level 1 ft abave
the engine. The effect of the laminated damped panels on radiated noise
was conplex, and depended on the frequency band and the location of the
panel. The vibration level ¢n some panels was greater than on the
underlying structure, particularly at frequencies below 500 Hz. At
frequencies between 2.5 kRz and 10 kHz the damped panels attached to
the sides of the revised atructure vibrated at amplitudes up to 20 dB
less than the underlying structure. The average noise reduction on the
offside of the engine due to the panels was 1.8 4B(A),

3. Exhaust system

The open pipe exhaust nolse of the Rolls Royce engine supplied at the start

of the project was 109 dB(A) at 2100 rev/min measured 7.5 m from the end of the
pipe and 600 off the axis. With the later type turbo-charger and modified
camshaft uging reduced valve clearances, a reduction of 9 dB(A) in open

plpe exhaust noise was cbtained thus easing the difficulty of designing

a quleter exhaust system.

Initial designs of the exhauat silencing system were prepared using
Prof P O A L Davies® computer package?. However, practioal davelopment meant that
a total of 22 versicns of experimental silencers were bullt bafore the

final design was cbtained. An sarly system canprised two separate boxes
each containing two extended inlebt/outlet expansion chambers and had

a8 total volurme of 100 litres. Back presswre of this system was just within
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the target but it failed to meet the nolee target by 10 dB{A), A 1 m long
absorpticn section was added which improved the reduction by & dR{A) and
only increased the back pressure by a small amount; this system was used to
enable the quietening programme far the whole vehicle to be continued with a
sufficiently subdusd exhaust nolse.

Subsequent designa were aimed at achieving improvements at lower frequencies, overall
noise reductions, improved design of per foratea bridges, and reduced silencer
case noise, using entirely reactive silencer designs.

The size of the holes and the percentage open area in the perforated sections
proved ‘to be critical factors in the performance of the silencers, and holes
of I m diameter with percentage open srea between 5 and 10 per cent were
weére adopted. The sllencer palr finally fitted to the Foden vehicle i1s shown
in Figure 6 together with test results.

The spatial average this system met the dB(A) target over the speed range
from 1000 rev/min to over 2100 rev/min. The mecondary dB{C) target

was exceeded as the speed of the engine was reduced duve to difficulty in
silencing the firing frequency components of exhaust noise.

The maximm exhaust back pressu:re:' was well within the allowable maximum.

The weight of the final silencer pair was 81.7 kg and the volume (mainly
determined by back pressure} was 186 litres.

4. Cooling system

The cocling gystem on the original Foden tractor was of the thermo syphan
impeller-assistad type and used an B bladed axlal fan.

The teats carried out by MIRA to determine the baseline cooling system

- characteristics concluded that in order to meet the QHV cooling systemnoise target
the overall noise level of the standard system would need to be reduced by about
25 dB{A). A new design of cooling system was therefore required.

The fan duty in the research vehicle was considerably increased by the need to
drive cooling alr through the engine enclosure and a double inlet multi-vane
centrifugal fan was chosen by MIRA, driven by an hydraulic motor coupled via
flexible pipes to an engine driven hydraulic pump. The layout of this cooling
ayctem is shown in Figure 7. nlthough rig results indicated that this should
have met the cooling and noise targets, when installed in the vehicle the cool-
ing performance was well below the requirement for extreme Ewropean temperatures.
After conaidarable efforts to improve this system, a new cooling system based
on a mixed flow fan deaigned by the Naticnal Engineering Laboratory eventually
provided the required noise and cooling performance on the demonstxation
vehicle. The fan rotor is {llustrated in Plate 4.

5. Tyre Nolse

Tyre nolse has been studled at TRRI, with the object of reaching an understanding
of the mechanism of tyre noise and of specifying a tyre design for the Quiet
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Haavy Vehicle which would meet the target noise level of 77 4B(A).

The main conclusions of the work on tyre nolse as it affects the QHV project
are:=-

1) Radlal-ply tyres are scme 3-4 dB(A) quieter than cross-ply tyres
of similar tresd patterns. |

{11) The quietest tread patterns were those having 5 or more circunferential ribs ‘
an? no pronounced shoulder pattern to produce Btrong tonal effects.

{111) Traction tyres or dual purpose tyres having pronounced edge perrations are
noisier than the tyres described in {1i) by up to 5 dB{A) in the dry and
exhibit subjectively annoying tonal sounds. On wet surfaces the differences
between the tread patterns tend to reduce.

{iv) A typical radial-ply tyre with 5 circumferential ribs met the QBV tyre

' noise target on dry surfaces up to 80 km/h, exceeding it by 2-5 &B(A)
at 100 km/h. On wet surfaces the target is exceeded hy $~13 dB{(A)
at B0 km/h and 11-15 4AB(A) at 100 km/h, On the TRRL pervious macadam
surface at 80 km/h the QHV target level was met in the dry andexceeded by
6 dB(hA) in the wet.

6. External and cab nolse of Foden vehicle

The spectra of noise emitted during acceleration tests conducted in accordance
with the procedure of BS 3425 : 1966 are shown in Figure 8 where F1 indicates
the initial vehicle and F4 the final research vehicle fitted with the ISVR
engine. Thus the maximum overall nolse level on this teat had been reduced
from 92 dB(A) to 83.5 @B(A) at thls stage and the demonatration vehicle now
returns a ﬂq-ure aof 80 4B(A).

Similarly the neise level in the cab was reduced from a maximum of 92 dB{A)
to 78 dB(A) in the final research vehicle and {s 72/75 AB{A) in the
demonstration vehicle.

The passing nolse of the final research vehicle coasting, cruising and
accelerating in the appropriate gemr 1s shown in Figure 9.

7. Demonstration Vehicle

The final demonstration vehicle, completed in 1978, included a version of
the gquiet Rolls Royce engine built to production standarda, commercially made
examples of the silencers. the new cooling system and other components.

The external nolse of the wehicle had been reduced to 80.-d8(A) and the
cab noise te 72 AB(A) under normal operating conditions, levels which are below
those set in the original targets for the project.

The cost penalty of quietening this vehicle to 80 dB(A) has been eatimated at

7-8 per cent of the initial cost. The tare weight penalty in a production
vehicle is llkely to be 3 per cent which represents 1 per cent of a fully
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laden tractor-trailer combpination. The vehicle is jlingtrated in Plate S
while Plate 6 shows the upper encloaure in & tilted position and the Rolls
Royce engine.

In considering the cost and weight penaltles of camponents of thisz vehicle,
the‘engine enclosure is at the top of the list with the cooling system a close
secand. The exhaust syatem represents a small problem in these respects. It

1s worth noting that 1f tha engine encloaure could be removed or extensively ven~
tilated then a much less bulky, cheaper fan could be used. However this would
imply a considerably noisier vehicle or a dramatically quister engine.

Measurements of the wehicle noise levels in various stages of assembly are ghown
in Table 2.

TABLE 2

Avérage measured noise levels for acceleration tests {dB(n))
Measured with a sound level meter)

Test BS 3425 : 1966 70/157/BEC
condition
2nd high 2nd overdrive
Vehicle
condition nearside | offaide | nearside [ of fside

Full enclogsure without
fan B81.8 79.0 - -

Full enclosure with

£an 82.13 79.5 80.3 80.0
Uppar and

lower side encle-

swe but no under-tray

and with fan 84.8 84.0 03.8 82.8
No enclosure with /
fan 87.3 86.0 86.7 85.5

Thus for the measwements with the fan running, the enclosure accounted for 5 dB (A) ,
reducing the nearside nolse level of the vehicle from B7 to 82 dB (A) in the BS
test.

With no bottom enclosures the nolse level of the vehicle was 84 dB(AN). The
standard Foden Fleetmaster cab provided some degree of shielding of the uppar
surfaces of the engine, but was not of course as effective as the fibre glass
shields fitted to the QHV.
Measvrements were also made to dotermine the effect of shielding the upper

’
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parts of the engine, the exhauwst outlet pipe and the gearbox. This was

done by lagying with a combination of lead sheet and fibre glass. Nome of

the treatments applied to the exhaust encleswure and the top of the engine

had any discernable effect on the noise levaels. However, when all of the enclosure
was removed, and the gearbox wrapped in lead and fibreglass the noise lewel of
the vehicle in the BS test was reduced by 1 dB(A)} by this covering.

8. In-Service Trials

The demcnotration QHV has been cperated by a general haulage contractar since
November 1979 being treated as far as possible as & normal fleet vehicle, the
principal difference being that its operatiocn is closely monitored and a test
at TRRL of its noise and fuel consumption is performed during its 3 monthly
service. Results from the firat five manths of this trial are summarised

in Pigures 10-12, Average trip load factor was 0.43 with the majority of journeys
under 100 km - As the trial progresses it iz intended that these factors will bo
increased. Fuel consumption shows the varlability typical of trials on the
road, even when divided into fully laden and unladen conditions. The curves
shown are for & computer simulation of this class of vehicle with no special
adjustment for noise reduction features. It can be seen that the practical
results cbtained are consistent with the computed curves except that

unusually good fuel consumptions have been measured at high average speed.
Further analysis will be required befare this can be confirmed and special
attention to the type of load involved (if any} may help to explain this

if aerodynamic drag is fortultously low.

In general the operating economics of the vehicle are locking quite favourable
with only a small effect on maintenance costs due to the quietening features
though it is too esrly in the trial togive any comprehensive information on this.

Reference 1. Tyler, J W. TRRL quiet vehicle programme. Quist Reavy vehicle (0HV)
Projact. Department of the Environment,. Department of “Transport
“TRRL Supplementary Report 521.

Reference 2. Davies, P O A L. Silencer Design Camputer Package SECT F -
Compeda Ltd Stevenage.
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Fig. & TVYPICAL ENGINE SURFACE VIBRATION PATTERN
{Rolls Royce engine) . )
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Neg. no. B266/79

Plate § ORIGINAL FODEN 4 x 2 TRACTUR WITH EARLY DESIGNS OF
EXPERIMENTAL COOLING AND EXHAUST SYSTEMS (F3).
THIS VEHICLE FORMED THE BASIS OF THE FINAL
RESEARCH VEHICLE F3

-Neg. no, B1091/77

Plated ORIGINAL ROLLS ROYCE EAGLE ENGINE
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Plated ISVR/ROLLS ROYCE RESEARCH ENGINE SHOWING LAMINATED DAMFING
PANELS, BEDPLATE AND ISOLATED SUMP

Nrg, 0o, B212/79

Plate . THE MIXED FLOW FAM DESIGNED BY NEL FOR THE FODEN/ROLLS ROYCE
VEHICLE limpellor at Tront, stator at rear)
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Ay, no, Hui) i

Plate * FODEN/ROLLS ROYCE DEMONSTRATION QUIET HEAVY VEHICLE
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MNeg. no. CR1121/78/12

Platé & VIEW OF DEMONSTRATION VEHICLE SHOWING ROLLS ROYCE QUIET
ENGINE AND UPPER ENCLOSURE IN FULLY RAISED POSITION
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