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•IT HAS BEEN pointed out by others that the demand for quieter heavy equipment is 
not consistent with some requests made in the past. Many persons in the heavy ma
chiner y and heavy highway truck manufactur ing busines s have told me how operators 
associate noise with power. The straight exhaust stack truck has apparently long been 
the ultimate in truck driver's exhaust systems. I believe this era is coming to an end. 

Many reasons can be cited for the increasing interest in noise control of earth
moving machinery. Size of such machinery in terms of either load capacity or engine 
horsepower is increasing faster than most imagined 10 years ago, and indications are 
that further increases in size can be expected. Use of multiple engines in a single ve
hicle can result in special sound effects that are particularly undesirable. 

In the past, the smaller machinery then in use probably did not produce noise levels 
much greater than heavy traffic in urban areas. Now, the large size and numbers of 
machines used on a single job may produce sound levels much greater than the back
ground. Our living in suburbia has affected the requirements for noise eontrol also. 
It is difficult to be out of earshot of a subdivision these days when building a highway 
or a shopping plaza anywhere within 40 miles of any large city. 

Besides these factors, the exponential increase in numbers of powered equipment of 
all types has caused noise to become a factor that society as a whole takes exception to. 
Our customers have for a long time expressed their interest in silence by choosing 
automobile models that provide extensive noise control treatment. Thus, it is not too 
surprising that quieter earth-moving machinery is in demand. 

We have recognized noise as a potential problem for several years and have been 
accumulating noise data on various earth-moving machines. For the past three years, 
noise produced by every machine assigned to operate at the GM Milford Proving Ground 
has been measured. Certain of these machines were selected by Euclid Engineering to 

use in pilot projects to determine the means 
required to significantly reduce noise. Front 
loaders, rear dump trucks, and a crawler 

Figure l. Recording system. tractor were studied. 

NOISE SOURCES AND 
THEffi CONTROL 

To date, these studies have involved 
primarily only the engine and its acces
sories as noise sources. Studies of the 
noise due to operations such as loading, 
scraping, and dozing have not yet been 
made 

Noise at operators' stations and the 
noise heard by an observer at some distance 
from the vehicle usually must be considered 
separately. Although the same sources are 
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Figure 2. Playback and analysis system. 

responsible for noise at each of these locations, the manner of treatment required may 
not be the same. 
Instrumentation 

The basic instruments shown in Figure 1 were used throughout the program to re
cord noise. Data signals from the sound level meter were usually recorded on the tape 
recorder. Later the tapes were played back through the octave band analyzer (Fig. 2) 
to determine frequency content. Playback listening comparisons were used also to de
fine noise sources and to evaluate changes. 
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Figure 3. Noise level of components at 50 ft. 

Exhaust Noise 
Exhaust noise is probably the most ob

vious to most persons acquainted with 
earth-moving machinery. From a techni
cal standpoint, however, it is also one of 
the most easily reduced. Furthermore, 
significant overall noise reduction cannot 
be achieved without adequate exhaust noise 
control. Mufflers that adequately reduce 
exhaust noise are generally available for 
any degree of silencing required. More 
silencing, of course, requires a larger, 
more expensive muffler. Figure 3 shows 
the noise level measured at a distance of 
50 ft for a well-muffled exhaust. A fan 
spectrum is also shown along with that of 
a diesel engine with no fan and with intake 
and exhaust silenced. The exhaust noise 
is lower than the other components shown 
over at least part of the frequency range. 



8 

Cooling Fan 

Cooling fans generate considerable noise as can be seen from Figure 3. Each time 
a blade passes a certain point in its rotational travel, a disturbance is caused in the 
air. This results in a fundamental frequency corresponding to blade passage. Many 
multiples of this frequency are produced, as well as aerodynamic flow and vortex noise. 
This results in the broad frequency spectrum of noise shown. The data were taken 50 ft 
from the coolant radiator end of a front loader. 

To reduce the noise to a certain intensity, the engine compartment in which the fan 
is located can be enclosed with a hood and side covers, with air ducted around the bot
tom of the enclosure. If the sound at the operator's location is the problem, the radiator 
must be located so that noise from the fan and other components must travel a maximum 
distance to get to an operator. Sound absorptive linings inside the engine enclosure also 
are beneficial in reducing the higher frequency parts of fan noise. Accoustically treated 
louvers outside the radiator can be used to reduce noise radiation in that direction. 

Noise Radiated by Engine 

The engine itself is a significant noise source in some cases. Because of the high 
combustion pressures and rate of pressure rise in diesel engines, they are usually 
noisier for a given output than is a gasoline engine. The firing of the engine and other 
dynamic forces generated causes forced vibration and may excite resonant modes of 
engine block walls, rocker arm covers, and other components, such as the clutch 
housing, transmission, intake silencer, and exhaust piping. The spectrum of noise 
shown in Figure 3 is that radiated by a diesel engine running on a dynamometer with 
intake and exhaust greatly silenced. Engine noise can be a problem for an operator 
whenever a cab or the operator is in very close proximity to the engine itself, and 
particularly if the engine is not enclosed. 

Vibration of the engine caused by dynamic forces can result in excitation of ave
hicle frame and this, in turn, will cause any sheet metal, attached to the frame, such as 
a cab or engine enclosures, to vibrate also. Any vibrating panel, of course, radiates 
noise. With proper design, use of fairly stiff isolators to maintain good control of the 
engine can still result in good isolation over the audio frequency range. 

Combustion Air Intake Noise 

The combustion air intake of an engine can produce nearly as much noise as the ex
haust. Among other factors, intake noise is dependent on the type of air cleaner used 
and the character of connections. At times the mounting of the intake silencers and 
the associated piping can cause some noise problems by causing vibration of a cab or 
other sheet metal components. Also, any ducts between the air cleaner and the engine 
that are flexible, such as those made with thin rubber, are quite transparent to noise 
and could allow radiation of noise through them. 

Accessory Noise 

Within the classification of accessories are transmission, pumps, generators, com
pressors, etc. Many of these generate very large dynamic forces. Mounting of oil or 
hydraulic equipment, such as filters or coolers, directly to flexible sheet metal can 
result in vibration and thus radiation of noise. When such equipment is either mounted 
directly to the heavy frame or mounted on isolators, the vibration and noise radiation 
can be reduced. 

Operator Location Noise 
Often, in heavy equipment, the sources that are important in producing noise at the 

operator location are not the same as those that are problems from an annoyance stand
point as heard some distance from the vehicle. In some cases, good control of operator 
noise can be achieved without affecting the noise level heard by observers. 

Exhaust noise generally heads the list on present equipment for noise at the operator 
location. It should be pointed out, however, that in many cases there are other sources 
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Figure 4. Experimental treatment on front loader. 

that are as loud or louder than the exhaust at the operator's location. Reduction of all 
the significant sources must be achieved simultaneously or little actual noise reduction 
will be apparent. 

Cooling fan noise has been found to be very important on some equipment, such as 
small front loaders and on crawler tractors where the operator location is close to the 
fan. As mentioned, one means of controlling the cooling fan noise at the operator lo
cation is to increase the effective path length of the sound between the fan and the oper
ator. Figure 4 shows a means of doing this on a front loader vehicle. The figure shows 
the external appearance of a Euclid front loader complete with experimental noise con-

Figure 5. Sealing flap in foot well. Figure 6. Screen-covered sound-absorbing mate
rial in engine compartment, 
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Figure 7. Location noise-loader. 

-

Figure 8. Sealing between cab and engine. 

trol accessories. Engine covers are shown 
by the No. 1 arrows, cooling air outlet 
louvers by No. 2 arrows, and experimental 

muffler and hood by the No. 3 arrow. Figure 5 shows where sealing flaps were added 
at the driver's foot and control locations. The type of sound-absorptive treatment used 
in the engine compartment shown in Figure 6, was screen- and foil-covered fiberglass. 
The engine enclosure also reduces accessory noise. Normally the sides of the engine 
are uncovered and the exhaust outlet and inlet stacks are closer to the operator location. 
The noise path from the cooling fan, engine, and accessories would normally be out the 
sides of the engine compartment and directly to the operator. Figure 7 shows the oper
ator location noise reduction achieved by these measures. Nearly 10 decibels sound 
level reduction was achieved as measured on the A-scale of a sound level meter. 

Another development program was conducted on a Euclid rear dump truck. The 
muffler was relocated; the engine, oil filter, and accelerator control were mounted 
using rubber isolators; sealing of cracks between the cab and engine compartment was 
added; and acoustically absorptive treatment was installed in the engine compartment 
and inside the cab. Figure 8 shows the nature of the sealing, including a shift lever 
boot, added to the cab. Figure 9 shows some isolators used to mount an oil filter . In 
Figure 10 the foil-covered fiberglass hood liner used for these tests is shown. These 

Figure 9. Isolated oil filter, Figure 10. Foil-covered fiberglass hood liner. 
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Figure 11. Operator location noise-truck. 
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Figure 12. Noise during passby-truck at 23 ft. 

changes resulted in the operator position noise reduction shown in Figure 11. A reduc
tion in sound level greater than 11 decibels resulted, as measured using the A-scale. 

Cabs on machines may be isolation-mounted instead of, or in addition to, the engine 
isolation. In the past, soft cab mounts have usually resulted in undue pitching of the 
cab during operation on some terrain. But with proper design this need not be so, and 
more isolation-mounted cabs will probably be seen in the future as advanced technology 
is applied to the problem. 

OBSERVER NOISE CONTROL 

Experience to date with earth-moving machinery has shown that exhaust and cooling 
fan noise have been the major problems as an observer hears a vehicle. Radiation di
rectly from diesel engines causes a distinct sound that is annoying to some primarily 
because of its character. 

It has also been found that use of turbo-chargers may result in some objectionable 
noise. Sometimes this is because no mufflers are used, and sometimes because the 
turbo-charger operation results in excessive whine . We have found in some recent ex
periments that rather simple, although large, mufflers can be used on turbo-charger 
exhausts. These produce very little back pressure, but greatly reduce low-frequency 
exhaust noise as well as high-pitch whine. 

The changes made to reduce noise at the operator's location on the Euclid truck re
sulted in less difference at an observer's location. Figure 12 shows this difference to 
be about 5 db as measured on the sound level meter A-scale. 

In summary, a few comments about future trends are called for. It has become ap
parent that concern about environmental conditions is becoming our society's present 
preoccupation. We expect to see more and more requests for quieter equipment of all 
sorts. We have our job cut out for us, since the size and number of units produced will 
certainly be on the increase. To counter this, fundamental studies are being conducted 
and more are planned to reduce noise at the source. The engine itself is receiving con
siderable attention; novel cooling fans and fanless cooling systems are under study, as 
are unique exhaust muffling systems. By far the greatest benefit will accrue from the 
application of fundamental noise-control techniques on the drawing board as new models 
are planned. It is a fascinating and challenging opportunity. 




