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1.0 INTRODUCTORY SUMMARY

This report is the final submittal of data for a test program sponsored by
the U. S. Environmental Protection Agency and aimed at evaluating the potential
degradation of medium end heavy duty truck noise emission levels over a vehicle's
life. This test program was first described in datail in Interim Technicai Report |,
submitted ta EPA by Wyle Research in November 1978 in support of a technology
impact analysis for revision of the interstate motor carrier emission regulations.
This document presents the results of measurements and analyses performed since
the first report. A detailed description of the full test program and a summary of
the complete data base is provided in this report, therefore no reference to the -

original report is necessary.

The results of the test program indicate there is no single discernible
trend with respect to degradation of truck noise levels. Within the population of
vehicles monitored, there were examples of trucks exhibiting increasing, de-
creasing and constant noise levals over time.

A complete analysis of the test results is provided in the sectians which
follow. The mest significant results may be summarized as follows:

o For the 26 trucks tested, the fleet average noise level mecsured
using the "ldle-Max-|dle" test procedure remained essentially con-
stant from the beginning to the end of the test sequence (81.2 versus
81.5 dB), However, the average maximum change between the first
test and any subsequent test was l.! dB, indicating that, on the
average, the trucks exhibited an increase followed by a decrease in
total vehicle noise over the course of the measurements.

o  About 60 percent {or |6) of the trucks tested completed more than
100,000 kilometers by the end of the program; two completed over
500,000 kilemeters,

o Of the 26 trucks, six {or 23 percent} exhibited a measured increase
in exterior noise level of | dB or more. Four of the tricks showed
evidence of engine noise degradation, while two showed evidence of
exhaust gas noise degradation.

! WYLE LABORATORIES
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o Of the trucks exhibiting noticeable increases in noise level, those
employing 2-cycle diesel engines showed the most significant in-
creases in comparison to f-cycle diesel engines,

o All of the vehicles studied here met the appropriate noise emission
standard for the year in which they were manufactured, both before
and after extensive time in service,

The sections which follow provide a detailed summary of the test
procedures {Section 2.0), @ complete analysls of the resulting date (Section 3.0), a
review of existing data on truck noise degradation (Section 4.0), and an assessment -
of the potential effacts of vehicle maintenance and medification procedures which
might influence truck noise degradation characteristics. Supporting information,
Including phetographs of most of the test vehicles, is provided in Appendices A
through C.

2 WYLE LABORATORIES
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2.0 TEST PROGRAM

The field test program was designed to enable compilation of data on the
degradation of truck noise emission levels for a representative sample of medium
and heavy duty trucks. |t consisted of noise measurements exterior to the vehicle
durlng stationary and passby tests, and interior noise measurements at the driver's
location during engine run-up tests, A description of the test vehicles and the
associated measurement methedology is provided in this section,

2 Test Vehicles

The trucks tested In this study were actual in-service vehicles ioaned by
rentai agencies, motor carriers, private haulers and owner-cperators. To qualify
for participation in the program, eaoch vehicle was tested prior to placement in
flaet service, By July 1978, a total of 30 trucks were participating in the noise
degradation meogsurement program. Eight of these trucks were manufactured in
1978, while the remainder were manufactured in 1977, A description of each truck
according to its key design parameters is provided in Table |. Photographs of most
of the test vehicles are provided in Appendix A, As will be discussed in Section
2.2, each vehicle was tested either at the owner's facility or at Wyle Laboratories'
Norca, California test facility., The location of each truck noise test site is also
listad in Table |. Note that two of the vehicles which started the program,
Numbers || and |2, were subsequently involved in accidents, Truck Number 12 was
rebuilt and returhed to service. A second test was performed with this vehicle,
Twenty-six trucks were tested two or more times using the stationary test
procedure (see Section 2.4). Final measurements were made in July of 1979,

Figure | illustrotes the distribution of types of trucks involved in the
program according to vehicle weight class, cab type and engine type. The total
tast sample included engine configurations manufactured by Cummins, Detroit
Diesel, Caterpillar, Mack and International Harvester.

All of the trucks utilized in this test program were equipped with fan

clutches, with the exception of Truck Numbers 10, 14, 16, !8 and 29. Vehicles
having standard and auternatic transmissions were included in the test sample.
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Teble 1

Vehicle Dascriptions, Owners, and Test Sits Locations

Truck Rtatod Exhoust | Mo, of Type of
Na.| Manufaciurer & Model | Engine Maka & Model | RPM Syttom Axleg Fan Cluich QOwnar Tas! Site Lacallan
1 | Paierbilt COE«H.D.| Cummins NTC~350 2100 Single 3 Thermal MNational Norca, CA
Turkio 14, 4cycls Vartical Air Qparatad | Car Rental
Right Side
2 | Fraightliner CONY Detroit Digse! 2100 | Singla 3 Viscous Redwing Tampa, FL
120621GT - H,D, DDAVY2TT Yerilcal Careian
Tutbo V=5, 2-cycle Right Sida
3 | Fraighilinar CONV Cumming 2100 Single 3 Vircous Redwling Tampa, FL
40 | 120621GT - H, D, V190D Varlical Carrian
Turbo V-8, 4-cycla Right Sice
4, | Fraightliner CONV Datroit Diased 2100 | Single k| Viscon Radwing Tampa, FL
4] [ 120821GT - H.D, DD&VI2TT Vartical Carrisn
Turbo V=4, 2-cycls Right Side
5 | Fraightliner CONV Cummin 2100 | Single 3 Vitcous Redwling Tampa, FL
120621GT -~ H. D, V1903 Vartical Carrisn
Turbo V-8, 4-cycle Right Side
& | Frelghtlines COE Dutrolt Dieal 2300 | Single 2 Viscous Corsalidated | Santa Fe Springs, CA
D, DDOVI2TT Vartical Frsighiliners
Turbo Yeb, 2-cycle Right Side
7 { Frd CONV Ford 4300 Single 2 Vitcous Fost Cifice | Rivardals, MD
C-400 ~ M.D. Gos V34 Horlzonal
taturally Aspirated Right Side
8 | Ford CONV Ford 4300 Singls 2 Vicous Post Offica ] Rivardals, MD
C-400 = M.D. Gas V361 Horlzontal
Naturally Aspirated Right Side
9 | Freighiliner COE Cummins 2500 | Single 2 Viscous Consolidated | Sants Fe Springs, CA
H.D, vIIn Varlical Fraighiliners
Turbo V-0, 4=cysla Right Side
10 | Intetnational Caterplilor 3208 2900 Singla k] Nana Caltrom Cajan, CA
Harvarter CONV MNaturally Aspiraled Varlicgl
2050 - H.D. V-8, 4-cycle Right Side Diroct Drlve
11} Genoral Mators=H.D, | Detrolt Diesel 2200 Single ? Thermal Alr Arrowhead Noico, CA
DD &v92T17 Vorlical Operated Waler
Turbe V-6, 2-cycla Right Side




Table | {Continued)

Mecd | e N BORA BT RSN N NND OB et | el e M S O G

Truek Raled Exhoust No. of Type of
MNo. |Manufacturar & Modal |Engina Maks & Model | RPM System Axlos Fan Clutch Owner Tast Site Location
12 JWhite CONY Cumming 2100 Singlo 3 Tharmal Air Burlington burlington, NC
foad Loss 1! ~ H.D. NIC 290 Vorllcal Oparated Industeies
Tutbe 1+4, 4=cycls Right Sida
13 |Whim COE Cummins 2100 | Singla 3 Thermal Alr Burlington Burlinglon, NC
Road Cammandat MNTC 270 Vetilcal Oparated Indusiries
H.D, Tutho 1+8, d-cyclo Right Side
14 |intarnational Interrnational Harvesior| 2900 | Singla 2 Nono Natlonal MNorco, CA
Harvaster CONV D-190DT-446 Vorlical Dirsct Car Rontul
loadstar 1750 =~ M, D. |Turbo 1-6, 4-cycle Right Side Drive
15 |while CONV Cummins 2100 | Single 3 Thormal Al | Burllngion | Burlinglon, NC
Road Bows §I - H.D, NTC 290 Vartical Oporaled indusiries
Tuwho 1+6, 4-cycle Right Sida
15 | Gamaral Molon CONY | Genaral Maton 3600 | Single 2 None u.p,s. Qrlando, FL
PO0Q Van ~ M, D. 292, Gay I=6 Horizonkal Direct
Naturally Asplrated Lal Side Drive
d-cycle
17 [Mack CONY Mack 2300 | Single 2 Viscous Caliran Gravalond, CA
Dump~ H.D, Turbo 1-6 Voriical
4~cycle Righs Side
18 |International Cummin 2100 Singla 2 Nana Caliram Whitmore, CA
Harvestar CONV NTC 250 Vertical Diract Drlve
Payske 3000 = H,D, Turbo 1-8, 4=cycla Right Side {Had Shuiters) .
19, |General Motors CONY [Ganoral Matoi 3800 | Dunl 2 Viscows Arrowhoad Nerco, CA
20, 4000 - M,D. 114348, Gas V-0 Horlzonml Waler
27, Naturally Aspirated
20
21, |Mack COMNYV Mack 675 2300 { Single 2 Vitcous u.np.s. Charlotts, NC
22 M, D, Turbo 1-8, 4-cycle Harlzenhi
Right Side
23, [Mack CONV Mack T674 2350 Singla 3 Thormal Alr | Matlack Swodoshoro, NJ
24, (R85~ H.D, Turbo 1-6, 4~cycla Vertical Operailod
25, Right Side
26
2% | International Cumming 2300 | Single 2 Nane Calirams Whitmora, CA
Harvasler CONV NTC 250 Veriical Hat Shuttan '
Paystar 5000 - H.D. Tuwbo 1-6, 4-cycle Right Side
30 | Genoral Mators COE  [Cumming NTC 270 2300 Single 2 Tharmal Alr u.B.S, Earth Cliy, MO
Astro 75 « H,D, Turbo 1-4, 4=cycle Horizontal Actuated

Right Side




TEST VEHICLE CONFIGURATIONS

TOTAL
30
| ]
HEAVY DUTY MEDIUM DUTY
2 8
| | .
_
i | | |
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Figure 1. Test Vehicle Configurations
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2.2 Test Sites

When possible, truck noise measurements were performed using the test
pad located at Wyle Laboratories' test facility in Norco, California. However, to
facilitate the utilization of trucks supplied by motor carriers and private haulers,
noise measurements were also conducted with the use of a temporary standard test
site setup at the vehicle owners' respective terminals,

Figure 2 shows the test pad used for stationary medsurements at the
Wyle/Norco facllity. !t consists of a cireular asphalt surface 36.5m {120 f1) in
diameter, This site was developed in accordance with the specifications set forth
in Section 205.54-1 of the EPA Noise Emission Standards fer New Medium and
Heavy Duty Trucks.‘ The test surface was constructed according to EPA paving
specifications outlined in Appendix B of this report.

An underground ducting system was constructed with the pad to allow for
component noise measurements, Intake air was drawn through a 30.5 em (12 in)
digmeter steel pipe, with air entering 12 m (40 1} from the edge of the pad and
exiting at the center of the site. A 20 e¢m {8 in) diameter steel pipe was similarly
used to route sxhaust gases underground ond away from the pad, The duct openings
at the edge of the pad were shielded by a [.2 m (4 ft) berm to assure that each
source was |0 dB below the measured truck noise levels, Figure 3 illustrates how

the ducting system was attached to a truck.

A majority of the trucks were tested at the vehicle owners' facilities,
thereby resulting in the use of test sites located in the west, midwest, and east,
Photographs of some of the test sites are provided in Appendix A. In all cases,
care was taken to select o test site for stationary testing that met the
specifications set forth in Subpart E of the DOT Reguiations for Enforcement of
Motor Carrier Emission Stcmdc:rcfs,2 and a test site for passby measurements that
met the specifications set forth in the EPA New Truck Noise Emission Standurds.l
All tests were performed on hard surfaces consisting of either asphalt or concrete.
With the exception of one site, sufficient space was available to ensure that there
were no obstacles within 30 m (100 ft) of the microphona or test zone. The
exception was the CALTRANS facility at Cajon, California (Truck Numbers |8 and
29). Here, oniy 24.4 m (80 ft) of clear space was available between the microphone
and the nearest obstacles. This was considered sufficient to avoid significant

WYLE LABORATORIES
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Figure 3,

Close-up of Underground Duct Attachment with Truck
Number 1 in Place
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changes In measured noise levels. At each facility the vehicle and microphone
positions were permanently established by pointed markers, thus assuring repeat-
ability of site characteristics from test to test.

Seven of the field test sites were large enough to allow performance of
passby tests. Local highways were used for passby testing at Noreo, California,
Groveland, Californio, and Earth City, Missourl.

221 Stotionary Tests

For stationary run-up noise tests, measurements were made at the four
microphone positions shown In Figure 4. Each microphone was positioned 15 m (50
f1) from the center of the front axle, and 1.2 m (4 ft) cbove the ground plane. A-
weighted noise levels, using the Fost meter response, were read on a precision‘
(Type [} sound level meter at either measurement pesition A or C (illustrated in
Figure 4) for each test sequence. Tope recordings of broad-bend noise were made
simuitaneously for all four positions. The number of microphone positions was
reduced from four to two {positions A and C) for some vehicles because of time
limitations, Measurements were made In succession at each position with a sound
leval meter and tape recorder. From these sound level meter data, maximum A-
weighted moise levels were tabulated for each microphone position for each test
run. Note that each truck was always tested at the same site using the identical
vehicle/microphone geometry,

22,2  Paossby Tests

Figure 5 illustrates the site plan used for passby testing. At each site a
clean test zone with a diameter of 30 m (100 ft) was established. The center point
of the test zone was established as the "microphone point.” A truck acceleration
point was established an the vehicle path 30 m (100 ft) from the endpoint of the
test zone and 15 m (50 f1) from the microphone centerline point. An end or test
zone was established as the lost 12 m (40 ft) of the vehicle path prior to the end
paoint.

A-welghted ncise levels, using the fast meter response, were read on a
precision {Type 1) sound level meter for each passby sequence, Tape recordings of
broadhand noise were also made for each run. Maximum A-weighted moise levels
read from the sound lavel meter were tabulated for each microphone position for
each tast run. As with the stationary tests, each truck was always tested at the
same site using the identical vehicle/microphone geornetry.

9 WYLE LABORATORIES



-

¥

T1

—
o

T4 €=

s

| )

A, 8,C, D
Microphone
Positions

-

Figure 4. Microphone Pesitions for Stationary Testing

10

WYLE LABORATORIES



30m{10CHt)

Test Zone
Acceloration b e 180 {80f1) ey . /

Point

15m(50¢r}

/ End Palnt

-
o

o .

[ U G

==> -- ---------- — N W

o
~
K

A
L
-

15m{50f1) Microphone Point

I’.'.
A
o \— Macaurament Arec

LR
= Microphons

Figure 5. Pessby Test Site Configuration and Microphone Position

11 WYLE LAZORATORIES .



T

— ——
A o, L R

| S

s

5

2.2.3 interior Tests

During interior noise measurements, the microphone was oriented |5 em
(6 in.) to the right of, and at the same height as, the driver's right ear. A-weighted
noise levels, using the fast meter response, were read on a precision (Type |} sound
level meter for each run.up sequence. Tape recordings of broadband nolse were
made for each run. From these data, A~-weighted noise levels with the engine in a
stabilized speed condition were acquired,

2.3 Test Instrumentation

All instrumentation used in this test program met the specifications
defined in Sections 205.54-| and 205.54-2 of the EPA Noise Emission Standards for
New Medium and Heavy Duty Trut:ks.I This includes the instrumentation listed in
Table 2, Primary data were obtained using a precision (Type |) sound level meter
(specified in ANSI 5.14-1971), while simultaneously the data were recorded on a
Nagra IV SJ tope recorder. This backup system used a separate %-inch condenser
micrephone In a system meeting all requirements of SAE J184, "Qualifying a Sound
Data Acquisition System," 1972, Calibration of both the sound level meter (SLM)
and tape recorder were obtained using a BAK 4230 acoustic calibrator. The 94 dB
SPL, | kiz signa! provided a means of accurately adjusting the sensitivity of the
SLM, and was also recorded on tape. The ddotd recorded on tape were later
analyzed in the laboratory to confirm the levels measured in the field, These dual
measurements with corresponding calibrations produced data with high validity,

24 Test Proceduras
The test progrem waos designed to obtain stationary run-up, passby, and

interior noise level measurements from each of the test vehicles. In conducting
these tests, the following standard test procedures were employed:

o Stationary run-up tests were performed in accordance with the
procedures provided in Subpart E of the DOT Regulations for the
Enforcement of Motor Carrier Noise Emission Sic:ndc:rds.2 These
requlations specify that the fan clutch be disengaged during the

test,

12 WYLE LABOQRATORIES
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Table 2

Primary Instrumentation Used for
Truck Noise Degradation Tests

3
&.

5.

Bruel & Kjaer Type | Sound Level Meter {Model 2203) with a |-inch
type 4145 microphone,

Recording Systemn:

o Nagra |V 5J Recorder
o Bruel & Kjaer |/2~inch type 4|34 Micraphane
o Kudaiski Preamplifier

Bruel & Kjaer Calibrator Model 4230

Engine Speed Tachometer accurate to within +2 percent of mater
reading.

Meteoralogical instrumentation to record temperature, humidity,
and wind,

13 WYLE LARBORATORIES




- o Passby tests were performed according to the procedures outlined in
t the EPA Noise Emission Standards for New Medium and Heavy Duty

- Trucks. !

s o interior measurements were conducted in accordance with the
procedures set forth in the DOT Regulations for Vehicle Interior

o
tt Noise Levels.3
{“" Six noise measurements were made for each test sequence.

§

In conducting all of the above described measurements, the following

r' general test methodology was employed for each test vehicle:

’

l. At the cutsst of testing, information was obtained regarding the
r: truck's specifications and the type of service in which it was
E typically used.
L
f y 2. A set of stationary run-up, passby, and interior noise measuremeants
‘ were performed on each truck prior to its initial entry into fleet
{‘: service,
_ 3. Initially, it was established that each vehicle would be subjected to
:: an identical set of noise level measurements at the following
approximate accumulated mileage:

>

" o 16,000 km (10,000 mi)
(. 0 32,000 km (20,000 mi)
i o 80,000 km (50,000 mi)
‘ﬁ o 160,000 km (100,000 mI)

: B

o o 240,000 km {150,000 mi)

H‘
- - o 320,000 km (200,000 mi)

g: Later, however, it was determined that it would be more convenient
tw; for the truck owners if testing was performed on a time interval
* basis (e.g., monthly}, Therefore, a time interval was established
L' that would enable at least three sets of megsurements to be
- performed on each truck prior. to completion of the test program.
L:- Table 3 summarizes the mileages at which noise measuremnents were
o performed on each vehicle,
[
o
£ 14 WYLE LABORATORIES
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Table 3

Mileage at Each Test Sequence for All Trucks
{kilometers)

Test Number
Truck Number | 2 3 4 5 [
| 1,970 51,200 201,400 261,400 333,700
2 40 49,000 08,700 184,000 193,800 268,500
3 43 57,500 109,300 181,700 201,400 281,100
] Bl 36,400 92,100 144,100 2{7,700 270,200
5 kY) 59,000 118,500 183,100 229,500 317,600
& {1,700 127,200 344,900 501,600
1 520 28,200 60,000 97,000
h 8 600 11,300 56,300 69,100

9 1,600 2t4,700 513,400

{0 700 11,900

(2 3,800 278,200

13 13 82,000 163,600 222,400 249,500

i4 1,200 22,600 23,900 72,800

15 200 62,000 120,800 215,700 346,400

i6 700 6,200 10,700 21,000

17 3,900 F§,300 16,000

i8 1,060 11,000

i9 20

20 29

—— e en
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Tabte 3 (Continved)

Test Number

Truck Number | 2 3 4

21 1,100 38,000 140,800 344,100
22 {,040 36,100 150,800 345,400
23 1,700 29,200 46,800 115,100
24 2,400 56,300 136,600

25 3,090 36,900 68,900 157,200
26 2,790 36,600 66,200

21 I8 130 32,600

28 27 230 $2,800

29 40 10,900

30 50 40,300 89,200 263,800

s — s =




E

4,  When test site geometry and truck fleet scheduling permitted, idle-
max-idle (IMI) tests were also performed under the following

conditions:

o Truck in "as delivered" condition;

0 Truck exhaust connected to remote ducting system;
o Engine fan clutch fully engaged.

For eight of the 30 trucks, it was possible to obtain passby and IMI noise
data from tests conducted by the truck manufacturers at their respective facil-
ities. The data were measured using essentially the same test procedures employed
in this study. These data are presented in this report for comparative purposes,

Maintenance sheets from each vehicle were reviewed at each test interval
to determine compliance with manufacturer's recommended maintenance pro-
cedures, Particular attention was given to noise ganerating components such as
the exhaust, intoke and cooling system, and special equipment installed for noise
contral purposes,

The degradation of the total vehicle noise as a function of exhaust
componeants and nonexhaust companants was evaluated based upon the noise levels
measured over an operating period of opproximately 240,000 km (150,000 mi).
Results of this evaluation are presented in the section which follaws.

2.5 Component Noise Degradation Testing

In addition to the measurements described abave, a selected number of
vehicles were subjected to component noise source measurements designed to
better identify the contribution, if any, of engine, fan, intake and exhaust noise
degradation to total truck noise degradation. Two series of measurements were
undertaken. In the first series, emphasis was placed on evaluation of the effects of
exhaust system deterioration on total truck noise levels, Eleven vehicles were
tasted in a configuration which allowed for remeval of exhaust gas noise from the
measured environment, Truck Numbers |, 14, 27 and 28 were tested in this manner
using the previously described ducting system at the Wyle/MNorco facility (see
Figure 3). Truck Numbers 2, 3, 4 and 5 were tested at Redwing Carrier's facility in
Tampa, Florida, using a 20-foot length of flexible ducting and a muffler attached
to the exhaust stack (see Appendix A). Truck Numbers 7 and B were tested at

17 WYLE LABORATORIES
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Riverdale, Maryland, with a 25-foot length of flexible ducting attached to the
exhaust pipe. The flexible duct was routed toward the front of the vehicle (see
Appendix A). Truck Number &, tested at Santa Fe Springs, California had a 20-foot
flexible duct attached to the exhaust stack, It was routed toward the opposite side
of the vehicle from where the microphone was positioned. In this manner, the
truck qeted as g shield to help mask out exhaust gas roise,

In a second series of measurements, Truck Numbers | and |4 were
subjected to a detailed set of component noise measurements in which the fan
intake, and exhaust noise components were each eliminated In succession, thus
providing measurements of the fallowing configurations:

Total vehicle noise

Engine noise only

Engine plus fan noise only
Engine plus exhaust noise only
Engine plus intake noise oniy.

Q o o o o

Elimination of the intake and exhaust noise components was accomplished using the
ducting systems available at the Wyle/Norco facility, while elimination of fan noise
was accermpilshed by disengaging the fan ¢lutch. Note, however, that elimingtion
of fan noise on Truck Number 14 was not possible because it used a fixed fan.

The tast methodologies employed here were identical to those used
previous|y for tatal vehicle noise, Only stationary tests were performed, For each
configuration tested, four sets of megsurements were performed, These data are
summarized and evaluated in Section 3.0,
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3.0 TEST RESULTS

31 Total Vehicle Noise Levels

A summary of the truck noise level data acquired in this test program as
well as data obtained from the truck manufacturers is presented In Table 4, All
values shown represent arithmetic averages of the two highest levels recorded
during each test sequence, Close duplication of the site characteristics and
calibration procedures between tests eliminated the need to apply data correction
factors, with the exception of Truck Numbers é and 2, where a |.5 dB correction
was added to the right side measurements in Test Number & to compensate for a-
partial soft site. This correction factor was determined by testing Truck Number 6
at the Santa Fe Springs facility and then repeating the test on the same day at the
Wyle/Noreo facility. The difference in the measured noise levels was then applied
as the correction factor for Test Number 4.

The effects which embient temperature variations might have had en the
repegtability of truck noise measurements were considered using the following
relqtionshlp:"

0
C=+|5log T(F) + 459 ,dB

T, CF) + 459
where
cC = Ambient temperature correction factor for diesel engine
noise (dB)
T =  Ambient temperature during second measurement (°F)
and
T, = Ambient temperature during first measurement (°F)

o
Using the cbove correction factor, there is an indicated tempergture-
induced variation of 0.25 dB/20°F. The maximum temperature differences
occurring during this program were in the range of 20%F. Therefore, the effects of
temperature variations were considered secondary.

Npoise degradation curves have been plotted by using the highest average
noise level for aach fest sequence regardless of whether it was measurad on the
right or left side of the vehicle. |n some instances these values did vary by more
than 2 dB from one side to the other.
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Tabla 4
Summary of Truck Noise Degradation Test Results
Fagrory Tau Tan ) Tan 2 Tasi 3 Tout 4
Truch Enhauit Exhaust Eahiau Exhous
Nunlat Pani=by Ll Pass=Dy 1Ml Ralocamd Pun-by 1ML Ralacaled Pou=by [ kalocalsd Pan-By 1M Rolocat
[ ] L R L [} I [} L | L L3 L [ L [ 3 L R L L} L R 8 [} L L L L}
| 776 | 78,3 ]70,3177.0 |77.0]| 25,7 7701760 78,2 | 76,2 70.0] 70.0 s 7.2 a2
2 51,0 [801,0 | 00,0 179.5 | 79.9 |79.6 | 00,4 (70,0 |74,7 | 77,2 | B4.2 |82,0 | 62.0 {00.B [ 79.0 | 70.0 u2.7 fo1.6 |70.4 | 70,9 02,8 81,0 [7%.0] 7
] 83.0 | 62,0 | 64,0 04,0 | 64,7 163.0 ] 65,) | 84.0 {659 45.5 | 64,5 [84.7 |68.1 [87.2] 65.2 | D66 05,0} 05,7 80,0 | 64,2 (D601 0
4 82.0 | 01,5 | 41,0 | 005 79.‘4 74,6 | o046 [ #9.0 170,23 | 17,3 | 02,7 (02,3 |62.2 |00 | ¥B.8 | 77.0 81.2100,7 |70.6 | 70.8 63,5 | 82,4 |G0.0] 7
3 03,0 | 63,0 84,5 85,0 | 62,5 {8).0 | B4.4 (04,0 (04,0 ]84.2 | 4,2 (82,9 | 05,7 [00.8 | 06,0 | V4.0 B3.) | 5.6 |83.6 |B0ee 06,0 [ Bo.2 (M. 0] 8
& 60.4|79.9 06,2 {85.7 | 60,0 | 79,2 | Dd.2 | Do,5 | 0J.6 02,8 85,4 (8531 03,2 | m2.8 [00,2f %
? 9.8 |72,2} 79,6 |77.3 |70.8] 78,0 79.9 1194 {790 | 0] | 229 (78,01 79,6 | 9.0 | 79,2 | 70,4 | 01,1 { 79,7 | D00 | 79,8 |79.2 | X
[] Fhb (708 ) 76,2 | 74,7 |74.2]75.1 77.8 [70.3]70.0 | 705 | 77,1 [ 764 | 79.4 | 01,3 | 60,7 | 60,0 | 01,2 | 00,2 | 84,1 02,7 |R34 } &
¥ 68,3 | 04.3 | 060 | U3.2 0.2 J45.0 03.5 |6t.0]|04.8 | DO,3
] 5.4 |03,2 | 5.0 (82,3 03.0 {83.0
1} 00,7 [74.3
12 7.7 10419779 80,4 | 00,7 | 6).1 J60.7
[} 78,4 | 70,4 | 00,4 | 00,5 79.3 {70.9 bo.4 | 79.2 79,0 |79.7 | 19,0 | 80.1
Nl a1.% |41.0 {00.9]01.0 03,7 01,2 41,0 | 02,5 (62,8 |02.3 80.0 |8L.0
15 79.0 | 79.0 | 79.5 | 19, 77.2 |78.5 82,3 | 0).5 194 1790
1] 77.0 [70.0 77,5 |05 76.5 |79.0 M4 |77
1?7 76,4 }71.0| 78,5 |75.0 72,5 |16.0 76,5 |75.8 177.3 | 4.4
] [IPFR YY) B2 (0.7
1 70,0 |02 )70 2000 76,1 [72.0 [ (Mo Rody)
20 1.9 |79, | 0.0 |76.8 75,0 |77.5 | (Mo Body)
|
*

I R W W N WS W W W B am SRR

All values are A-weighted sound levels in decibels (dB)



Table 4 {Continued)

faclory Test Tan 1 Test 2 Jaat 3 Toui d ¥
Truck Exhaust Exhaust Enhausy Exhoun
Number Pau-iy Mt Pain-Dy Il Melocared Poui-fiy L] Kalagaied Pau~by Il Relocomd Pan=by IMI Alocatad
] L L] L R L L3 L R L L] L ] L R L R L R [§ ] i R L [ L ] L

n 9.3 [ 78,3 o 00,3 | 79.4 ' 80,5 | 00

2 7.5 |72 79.0)7.5 0,3 | 00,7 815 | 91,3

21 81,5008 n,oj0,7 00,0 | 80.2 00,1 00,0

M ' 412 | 798 .02 B1.4 ] 00,0

5 81,4 | 00.0 03,0101,0 A7 | 01.7 80,7 | 00.0

2% 815 U0 81,6 (00,5 80,1 79.8

” .1 |7.4|72.7 [70.5 70.2 (77,2 | (No Body) 79.7|00,2 |79.2 |79.7 79773

1 dmafmalmelmel ] 70173 0 sy walng joalor | | el fzes) |
» sazfae] | | | {ea]aa

0 60,6 | 79.0 |79.6 | 00,1 79,2 [00.4 702|794 60,0 00,1 [ 79.1 | 79,3

o b

'No further tests of the vehicles occurred,
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Table 4 (Continued)

Tat § Tast 6
Truek Exhount Exhaus
Nunber Pou=By tml Relpcand Pan=By Ml Relocamd
[ [ Rl t [ L [} L[ R L

| 2.2 (74 70,2 |72

2 81,5 (81,2 61,0 |79.7 |79.8 | 77,6 | 82,4 81,7 1 82,7 | 80,2 77,7 |78.0
3 03.4 [83,9 (82,3 |02.6 |B1.5 (81,9 |83.6 |09.2 [ 84,0 {84.2 ]| 63,9 {84.2
4 03,1 [81.5 [8Q.8 [29.7 |78.9 | 78,6 (81,9 (01,4 181,01 |79.2 | 72.0 |77.2
H 8.5 (84,2 (83,4 {5),4 62,0 03,9 |8),0 (83,5 | Ba,4 | 85,4 | B4.5 |55
L)

H

[}

9

10

1

12

n 1.9 (81,9 | 64,4 |B4,1

1€

15 30,6 |80, |00.2 | 80.2

16

17

18

1%

’ |
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Figures & through 14 illustrate the noise level of the test vehicles as a
,-_' function of kilometers of accumulated travel. Three curves have been plotted for
b e those trucks which data for IM! and passby testing were also oblained. The two
curves for IM! testing represent data acquired from the vehicle in the normal

pid
l . operating condition, and with the exhaust gas ducted away.
" In reviewing these curves, it should be remembered that:
* i 0 An increagse in tatal vehicle noise with engine-related noise remain-
- ing constant indicates the change is the result of increased exhaust
by gas noise levels, '
rn ©  An increase in total vehicle moise and engine-related noise levels
r signifies that the change is the result of increasad englne noise.
o Further analysis and interpretation of the noise {evel data compiled in
b, Table &4 is presented in the sections which follaw.
P 3.2 Comparison of Truck Noise Levels to Federal Noise Emission Standards
1
o Of the 26 vehicles subjected to two or more [M! tests, eight vehicles
‘g (Numbers 2] through 28) were manufactured in 1978 and, therefore, were required
by the EPA New Truck Noise Emission Standards to exhibit an A-welghted exterior
{37 noise level of B3 dB or lower. The remaining |18 test vehicles were monufactured in
T

R 1977 and thus were required to meet the maximum A-weighted sound level
4. standard of 90dB specified in the Interstate Motor Carrier Noise Emission
'Lﬂ Standards.

i With this in mind, Figure |5 presents a distribution of the measured
lg stationary noise ievels for the entire population of test vehicles. The upper graph
(& is plotted from Test Number | dota, while the lower graph is plotted fram the final
] test results. The 83 dB level is delineated for easy reference, and levels have been

rounded to the nearest dB. All the trucks easily met the nojse standards of the
t.; year in which they were manufactured, both before and after extensive time in

service. Of the six [977 trucks which exceeded the 978 standard at the beginning
Lﬁ. of the test, four remained in violation at the end and were joined by four more

" . 1977 trucks which previously had met the standard. Of the |978 trucks, only one
f & (28) exceeded B3 dBA during any part of its service and the rast never rose closer
by than | dBA to the standard,

R m>
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3.3 Total Truck Noise Deqradation

A comparison is made of the change in total vehicle noise levels for each
of the 26 trucks tested. The resulting information is summarized in Table 5. First,
the change in noise level apparent between the first ond last test is caleulated for
each truck., Second, becouse @ greater change in noise level was sometimes
apparent during an interim test, the maximum change in noise level is also
presented for each truck. The distribution of maximum noise level variations is
presented at the bottom of Figure |6, supplemented by data regarding the
distribution of accumulated mileage and time in service for the sample population,
A similar distribution is presented at the top of this figure for the change in noise -
leve! between the first and last noise measurement on each truck.

The average change from first test to last was approximately 0.3 dB, o
difference reflectad in Figure |5 by the change in average noise level from 81,2 dB
to 81.5 dB, The average maximum difference in level between the first test and
any subsequent test was |.| dB. This number is significant only in comparison to
the averoge change, 0.3 dB, for it demansirates the variability of measured levels
about the apparent average change. [t also shows, on the average, that all trucks
had a measured decrease in level gt some time during the test. This in itself makes
it difficult ta draw any relation between noise level and distance or time, because
there will always be at least one point for each truck which deviates from this
trend liné by almost three times the amount of the total span of the averaged data.
However, such a linear regression was performed between the measured levels and
the distance traveled by the trucks. The resultant trend line had a siope of
0.27 dB/100,000 km and a correlation coefficient of 0.198. The low value of the
correlation suggests that little or no confidence can be placed in the predictive
abilities of what is already a very weak trend, The scatter about It is simply too
great,

Partitioning the trucks on the basis of beavy or medium duty, and
reexamining the changes in level revealed nothing further about the behavior of
truck noise over the course of the tests, A similar division based upon whether o
truck had a 2- or 4-cycle engine showed that the 2-cycle trucks experienced
noticeably greater increases in leve! both on a first-to-lust test and maximum
change basis, However, only three 2-cycle trucks completed the test, so that even
though the measured differences do exist, it seerns risky to generalize from such a
small data sample.
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Tabie 5
Summary of Change in Exterior Noise Levels for All Test Vehicles

Maximum Change
Change Between First and Last Test Pass-By IMi
Vehicle Pass-By 1M Mileage Test Mileage Test Milecge Test
iNo, A, db A, dB km No, [4,dB km No, |&,dB km No,
i -0.6 333,738 5 -1.2 51,200 2
2 +2.5 +2.1 268,521 6 +,3 48,958 2 +2.2 48,958 2
K| -0.6 -0.9 281, 148 6 +0.5 57,456 2 +2.1 57,456 2
4 +2.5 +0.5 270,190 6 +3.7 | 217,696 5 +2.9 thé, 128 i
N 5 +1.3 +0.6 317,561 é +1.7 58,974 2 +2.0 58,974 2
" & -1.0 +2.8 502,643 4 -1.0 | 502,643 b +5.8 127,153 2
7 +1.5 +0.4 97,008 4 +1.5 97,008 & +0.4 97,008 4
8 +6.6 +1.9 69,070 4 +6.6 69,070 b +7.9 69,070 4
9 -1.8 -l.4 513,395 K| +0.9 214,704 2 +0,2 214,706 2
10 0 12,668 2 0 12,668 2
12 +2.3 +1.6 278,224 2 +2.3 278,224 2 +.6 278,224 2
13 +3.3 +1.8 249,485 5 +3.3 249,485 5 +3.8 249,485 5
14 -0.9 72,824 4 +.9 24,480 i
15 +h.6 +0.7 346,392 5 +l.6 346,392 5 +2.8 120,829 3
¥ ~0.3 20,960 ] +2.5 6,870
17 -0.5 +0.8 15,955 3 -0.5 15,955 3 +1.0 11,331 2
18 -0.9 0,776 2 -0.9 10,776 2




Table 5 (Continued)

Maximum Change

Chonge Between First and Last Test Pass-By Il

Vehicle Pass-By iml Mileage Test Mileage Test Mileoge Test
No, a,d8 A, dB km No, |4&,dB kin No, ] A,d3| km MNo.
21 +1.6 | 344,139 4 +1.6 4,139 4
22 +2.0 | 345,398 4 +2.0 345,398 4
23 -0.7 115,075 b 0.7 115,025 h
24 +0.2 136,637 ki +0,2 136,637 3
25 -1.0 157,162 4 +1.2 36,859 2
26 -l.4 66,161 k| +0.1 34,577 2
27 -2.3 32,562 2 -2.3 32,562 3
28 -3.6 12,773 2 -1.6 12,773 3
29 ~4.0 0,830 2 -4.0 10,830 2
30 -0.5 -0.8 263,811 4 -0.5 263,811 4 +0.3 40,291 2
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Because the differance between average noise level from first to last test
was so small (0.3 dB), it was reasonable to ask what confidence there was that this
change was real, ond not due to random statistical variation, A t=test for the
difference of means was performed to answer this question. Its results showed anly
a 30 percent chance that the change was real, On this basis, it was concluded that
the trucks showed no change in qverage noise level over the course of the tests

14 Component Noise Degradation Analysis

As summarized in Section 2.0, on extensive series of measurements were
performed to evaluate the contribution of individual component noise sources to
overall truck noise degradation. Results of these tests are discussed below,

d.4.1 Change in Total Vehicle Noise Due to Exhaust System Degradation

Sufficlent dato were accumulated on 8 of the 10 vehicles for which
exhaust gases were ducted away such that the following trends were opparent:

o Five of the trucks (Numbers |, 3, 5, 7 and B) showed no increase in
exhoust gas noise [evel. Note, however, that two of thesa vehiclas
{(Numbers 5 and B) did exhibit an increase in overall noise due to an
increase in engine noise, and one vehicle (Number 2} exhibited a
decrease due o the same source,

) Three of the trucks (Numbers 2, 4 ond 6} showed an incregse in
overall noise leve! because of an increase in exhaust gas noise.
These vehicles all utilized the identical type of 2.cycle engine
(Detroit Diasel Turbo V-6),

No clear trend is evident regarding the deterioration of exhaust system
noise and its contributian to total truck noise degradation. [t is apporent that the
degrae of exhaust noise degradaotion may be directly related to engine type.
Additional data are necessary, however, before specific conelusions may be drawn,

3.4.2 Individual Truck Noise Analysis

Several of the frucks involved in this study exhibited changes in IM] test
roise levels of greater than [ dB over the length of the program. These vehicles
are analyzed in greater detail here in an attempt to determine the specific sources
of total truck noise degradation,

38 WYLE LADORATORIES



SR

-

1

Truek Number 2

Data acquired for this vehicle using the IMI test procedure are sum-

marized below:

Test Distance Maximum
Number {kilometers) A-Welighted
Sound Lavel, dB*

I 40 80.6
2 43,000 82.8
3 {08,700 82.7
4 184,000 82.8
5 193,800 81.0
6 268,500 87

*Average of 2 tests.

The obove data indicate that the total truck noise increased during the first 50,000
kilometers ond then remained constant, with the exception of Test Number 5 where
a noticeable drop in noise leve! was apparent.

Data from Test Number 5 showed a reduction in total truck noise with no
change in engine noise level, thus Indicating a reduction in exhaust gas noise. For
Tast Number 6, however, total truck ncise returned to its previous constant level
while engine noise decregsed, indicating a significant increase in exhaust ges noise.
This increass occurs for both M| and passby testing and is gpparent when one-
third-octave spectra from Tests | ond & are compared. These spectra (Appendix C)
show an increase of & dB In the area of 200 Hz, which closely corresponds to the
210 Hz firing frequency of the V§, 2.cycle diesel when aperating at 2100 RPM,

Narrow band anclysis of the noise data from Truck 2 was performed to
determine the actual engine RPM at which the noise measurements were made. It
showed that changes in noise jevel were not attributable to RPM variations.

Maintenance information for each of the test vehicles Is sumrnarized in
Table 6, Note that a muffler change is indicated before Truck Number Z entered
service. This occurred prior to Test Number | but after factory testing, such that
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Table 6

Maintenance Summary

Vehicle
Number

Maintenance Performed Which Might
Affect Noise Sensitive Components

None

2

Replace Stemeco Muffler with Donaldson P/N 00605 Exhaust
Leak Repaired (208,000 km), Replace Shift Boot (220,000 km)

Replace Stemco Muffler with Donaldson P/N 00005, Reploce
Shift Boot (191,000 km), Replace Flexible Exhaust Pipe (53,000
km), (240,000 km), Repair Exhoust Leak (240,000 km)

Replace Stamco Muffler with Donaldson P/N 000605,
Repair Engine Stop {25,300 km)

Repair Governor {48,000 km)

Tighten Clamps on Exhaust Stack (61,400 km)

Repair Hood Support Bracket {109,000 km)

Replace Stemco Muffler with Donaldson P/N 000605
Exhaust Repair (64,000 km), (82,300 km)
Hood repair (185,000 km) (205,000 km), (217,000 km)

Nene

Repilace mMuffler and Tailpipe (27,000 km)

Repair Exhaust (31,400 km)

Replace Exhaust Clemp (37,100 km)

Secure Exhoust Pipes (60,000 km)

Replace Left Side Exhaust Pipe (60,000 km)

Repair Exhaust Leak at Crossover Pipe (68,300 km)
Replace Exhaust Gasket on Left Manifold (72,200 km)
Replace Muffler Exhaust Pipe and Tailpipe (71,200 km)
Repalr Exhaust System (84,600 km)

Exhaust Pipe Repair (44,800/49,600 km), Rebuild Engine
(56,700 km}

Replace Muffler

None
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Table 4 (Continyed)

Vehicle Maintenance Performed Which Might
Number Affect Noise Sensitive Components

i2 Rebuild Truck ofter Accident, Remove Engine Side Panel in

Wheel Wel| Left Side

13 Overhaul Engine

14 None

15 Replace Injector Pump, Repair Exhaust, Remove Engine Side

Panel in Wheel Well Left Side

16 None

17 None

18 Nene

21 Flexible Exhaust Pipe and C Clomp Replaced (213,000 km)

22 None .

23 Nene

24 None

25 None

26 Nene

27 Replace Carburetor (32,000 km)

28 MNone

29 None

30 None
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it did not affect measurements related to moise degradaetion. Exhaust gas leakoge
was noted during visual inspection prior to performing Test Number 2, although no
increase in noise levels were indicoted. An exhaust leak repaired ot 208,000
kilometers apparently had no relation to the lower noise levels recorded during
Test Number 5, performed at 193,800 killometers. As mentioned previously, the
increase in total truck noise in Test Number é was apparently due to an increase in
exhaust gas maise. Thess maintenance procedures were riot to blame for the
changes in noise,

Data accumulated an Truck Number 2 indicates that degradation of the '
overall vehicle noise level occurred as o result of increased exhaust gas noise
levels., This is verified by the one«third octave band data which shows the increase
occurring over @ small frequency range, whereas an Increase in engine noise would
be associated with an increase in broadband moise [evels.

Truck Number 6

Data accumulated using the |MI test procedure is compiled below for
Truck Number &:

Test Distance Maximum
Number (kilometers) A-Weighted
Sound Level, dB*
[ 1,700 80.4
2 127,200 86.2
3 344,900 83.6
4 501,600 83,2

*Average of 2 tests.

The trend seen in this data is quite similar to that shown by Truck Number 2, Note
that both vehicles utilize the identical type of engine (Detroit Diesel Turbo V§,
2-cycle), A noticeable increose in noise levels between Tests | and 2 is apparent
for this truck. This ceincides with the fact that, beginning with Test 2, the truck
exhaust gas noise characteristics had @ pronounced resonance occurring below
maximum RPM during both IM! and passby testing. Since no relation between noise
and test RPM could be discerned, it was concluded that significant noise degrada-
tion occurred during the course of the measurements,
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Engine and exhaust moise ware isoiated first during Test 2 and then during
Test 4. The constant separation in level between total and engine noise indicates
that exhaust noise Is the predominant source., This can be calculeted on an energy
basis for Test Number 2. Total vehicle noise level is 86 dB. When the exhaust gas
component is removed, the noise level is 80 dB, representing engine noise, The
exhaust gas noise level must therefore be about 85 dB in order that engine noise
and exhaust gas nolse add up (on an energy basis) to equal 84 dB.

A review of the maintendnce logs (see Table &) revealed that no major
maintenance was performed on any noise sensitive components on Truck Number 6
during the course of the test program, However, exhaust gas leakoge was noted -
from visual inspection performed during the final test sequence. The curves shown
in Figure 7 indicate that exhaust legkage had no measurable effect on vehicle noise
levels. Noise levels recorded for engine noise {exhaust gas noise ducted away) did
not change from Test 2 to Test 4, The leakage was rot present during Test 2 but
was present during Test 4. It is therafore concluded that engine noise was high
enough fo mask any increased noise levels resulting from the |sakage. Further
analysis of Truck Number § is presented in Section 4.0,

Truck Number 8

iM| nolse data for this vehicle is summarized below:

Test Distance Maximum
Number (kilometers) A-Weighted
Sound Level, dB*
| &00 - 76.2
2 11,300 78.3
3 56,300 BI.3
4 69,100 84.1

*Average of 2 tests.

It should be noted that the noise level measured during Test Number | is most
likely lower than normal because the engine was not operating as well as could be
expectied. Regardless, a noticeable increase in total truck noise is still avident in
Tests 2 through 4. Referring to Figure 8, there is little difference between engine
noise level and total vehicle noise level, indicating minimal neise contribution from
the exhaust system,
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A review of the maintenance records (Table 8) for this vehicle indicated
an engine rebuild between Tests 3 and 4 and exhaust system repair before Test 4,
There is no way of knowing whether the indicated repairs were the cause of the
increase in vehicle naise levels.

An evaluation of the engine RPM in Figures C25 through C30 of Appendix
C indicated that the engine was exceeding the factory rated RPM (4000) during
these tests, as summarized below:

Engine RPM
Tast Test | Test 4
Condition (600 km) (69,100 km)
Ml 4425 rpm 5250 rpm
Passby 3486 4069
Steady State 4108 5268

A significant difference is shown in the one«third octave spectra (Figures
C3| and €32 in Appendix C) between IMI Tests | and 4. The engine firing
frequency at 5250 RPM is 350 Hz. The fundamental engine firing frequency wouid
therefore be 350 Hz/8-cyl. = 43.75 Hz. There are very pronounced peaks in the
range of 40 Hz and 80 Hz for Test &4, but not at the corresponding firing frequency
in Test |, indicating a significant increase in nolse level at the fundamental and the
first harmenic of the engine firing frequency.

Test Vehicle Number 8 did not perform properly when delivered from the
factory, and the performance deteriorated during in-service operation. The test
data, both noise level and RPM, indicate that an improperly functioning engine
governor allowed the engine to exceed factory rated RPM specifications, resuiting

- in an increase in vehicle noise levels, The malfunction of the governor couid be

corrected by replacement or repair of the unit,

Truck Number |2

This truck was unique within the tast progrom in that it was inveolved in an
accident, completely rebuilt, and returned to service. Since only two medsure=
ments were performed aon this vehicle (one before and one after the acci'dent),
establishment of a trend in the noise data was not feasible, However, with obvious
resarvations, conclusions may be drawn regarding the differences in noise levei
evident between Tests | and 2.
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Results of the two IMI tests are summarized below:

f—-‘ Test Distance Maximum
o Number {kilometars) A-Weighted
Sound Lavel, dB*
fn
(s | 3,840 19.7
- 2 278,220 813
t i'At‘w'eruge of 2 tasts,
L4 Maintenance recoards indicate that the only difference between the configuration of
_ the original and rebuilt truck was the removal of an engine pane! on the left side.
r: However, the increase in truck noise level between the first ond second test wos
nearly equal on both sides of the vehicle, signifying that the panel removal had
[: Iittle affect.
' Analysis of the tachometer readings revealed no major anomalies which
I; might have affected the noise data.
_ Hl A comparison of one-third-octave spectra (Figures C4l - Cib in Appen-
" la dix C) suggasts that engine noise caused the increase. While there is a peak at 100
- Mz, corresponding to the (05 Hz firing frequency of this engine at 2100 RPM, it
I: does not change leve! between tests. This eliminctes exhaust noise as the primary
cause. However, thare was an increase in level from 700 to 1000 Hz, Since the
| increase was broadbond, and the fan was not running during either test, engine
b noise remains as the only passible couse of the change,
L: Truek Numbar 13
Noise level data acquired through IMI testing is summarized below:
{4
b
7 Test Distance Maximum
L Number (kilemeters) A-Weighted
el Sound Leve!, dB*
a
- | 13 80.6
‘. 2 81,960 79.3
> 3 163,600 80.4
- 4 222,400 80.1
o 5 249,500 B4.4
L
¥ *Average of 2 tests.
- WYLE LABORATORIES
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The trend evident in this data (see also Figure 9) would seem fo indicate that a
major change In the vehicle configuration occurred after performance of Tast 4.
Specifically, results of Test 5 showed that the averall vehicle noise level haod
jumped considerably, A review of the maintenance records reveoled that the
engine had been rebuilt ofter Test 4 (222,400 kilometers (38,380 miles)). During
Test 5 it was nated that the "diesel knock" was more pronounced than in pravious
tests, Also, the maximum noise level occurred before maximum RPM was reached.

Narrow band analysis indicated that there were no major anomalies
between measured versus actual RPM levels which might affect the noise data,

Review of one-third octave band data (Figures C43 through C52 in .
Appendix C} revealed an increase in sound pressure level in the range of 400 to
4000 Hz, indicating an increase in total truck noise due to an increase in engine
noise as previously suspected.

Truck Number 21

Results of the IM| tests are presented below:

Test Distance Maximum
Number (kilormetears) A-Weighted
Sound Level, dB*
| b, 110 79.3
2 37,980 77.8
3 163,600 80.3
4 344,140 80,9

*Average of 2 tests,
Total vehicle noise was relatively constant through the test program, with the
exception of Test 2, where a slight reduction was apparent.
Maintenance records indicate that the flexible exhaust pipe C-clamp was
replaced at 213,000 kilometers. This would have been between Tests 3 and 4, This
did not have any major effect on vehicle moise,
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Narrow band analyses (reference Figures C53 and €54) indicate the
following RPM conditions during Tests | and 4:

Tingine RPM
Test Test | Test 4
Candition (100 km) (344,100 km)
Iml 2175 rpm 2276 rpm
Steady State 2175 2276

A significant point shown with the narrow band spectra is that the maximum engine
RPM corresponds with the steady state RPM indicating no overshoot character- .
istics for the governor,

A review of the one-third octave spectra in Figures C55 and C5¢ indicates
a decrease in the 40 Mz areg, but a consistent increase over the range of 150 - 2000

Mz, The broadband nature of the increase suggests engine noise was the primary
source, with the |00 RPM difference between tests the cause of the increase.

Truck Number 22

Data from the [MI tests is summarized below:

Test Distence Maximum
Numbser (kilometers) AcWeighted
Sound Leve|, dB*
! 1,080 79.5
2 26,140 9.8
3 140,810 80.7
b 345,400 B81.5
*Average of 2 tests,

No maintenance was performed thet would offect any noise-sensitive
components. A visual inspection at the final test did indicate exhaust gas Jeakage
frem the flexible axhaust piping.

Narrow band analyses (reference Figures C57 and C58 in Appendix C)
revealed no major differences between measured versus actual RPM levels.
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The one-third octave spectra (reference Figures C52 ond C50 in Appendix
C) show increases in sound pressure levels over a broad range from 400 to 4 kMz.
There are no significant peaks shown in the spectra.

Although mo increase in RPM is indicated, the broad range of one-third
octave band noise level increases would indicate that engine nolse was responsible
for the increase in total vehicle noise,

To summarize, of the [4 trucks tested or analyzed for component
degradation, four showed specific evidence of an increase (greater than | d3) in
engine noise over time, and two showed specific evidence of an Increase in exhoust
gas noise over time. One vehicle {2]) displayed a change greater than | dB, but
this was attributable to RPM differences between tests,

3.4.3 Additional Compenent Noise Degradation Analysis: Truck Number 14

Truck Number |4 was examined during the component noise test program
because it was equipped with a fixed fan. The component noise test configurations
for this vehicle were as follows:

1.  Total vehicie

2.  Engine plus fan and exhaust
3. Engine plus fan and intake
4.  Engine plus fan

Results of these tests are tabulated in Table 7. The data shown for Truck
Number |4 is representative of a vehicle where fan neise Is the predeminant noise

source,
Table 7
Stationary Test, Component Noise Levels
Truck Number 14, Test Number |
A-Weighted Sound Level, dB

Test Condition [ 2 3 4
Kilometers 1,200 22,600 23,900 72,500
Total Vehicle 81.9 83.7 83.8 81.0
Engine, Fan and Exhaust 81.0 - - -
Engine, Fan ond Intake 80.9 - - -
Engine and Fan 81.0 - 82.8 -
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If the engine and fan noise levels of B! dB are subtracted, on an energy
basis, from the total vehicle noise level of 81.9 dB, the resultant contribution from
the intoke and exhaust sources is opproximately 75 dB. This would indicate that
small changes in fan and engine noise would have a noticeable effect on total
vehicle noise, On the other hand, significant changes {4 dB or greater) in intake or
exhaust cormponent noise would have to cccur befare any measurable difference (I
dB or greater) would be noted in total vehicle noise. Engine and fon noise
increosed by 1.8 d3 after the third test, indicating the source of total vehicle noise
incregse to be engine moise, From the first to the final test, total truck noise
decregsed by 0,9 4B, Engine RPM did not change, further indicating that the
engine alone was responsible for the change in noise,

3.5 Correlation Analysis of Passby Versus Stationary Testing

Most of the noise tests performed during this program were stationary
(IMl) tests. Passby testing waos performed on elght vehicles by their respective
manufacturers while the vehicles were still at the factory, These eight trucks plus
four additional vehicles were subjected to repeat passby tests during this program.
The results of all of the possby tests compared ogainst corresponding stationary
tests have been plotted in Figure 17. The resulting linear regression fit and 90
percent confidence intervals are also displayed in the figure,

Regarding the least-squares regression fit, the squared value of the
correlgtion coefficient (i.e., coefficient of multiple determination) is .733, indi-
cating that 73 percent of the variation in stationary noise levels is explained
through associated variation in passby levels, Further, the correlation coefficient,
R, is significantly different from zero beyond the 99 percent level, indicating that
this equation can be vtilized with confidence fo predict stationary nolse levels for
@ truck based upon associated passby noise data,

The deta shown in Figure |7 exhibits mean levels of 81.4 &8 for passby
tests and 81.7 dB for stationary tests, a difference of only 0,3 dB8. Note, however,
that the resulting regression fit displays a slope of 0.83 (o slope of 1.00 would
indicate perfect correlation between stationary and passby noise levels ovar the
entirs range of data). Therefore, while the data compare closely in the vicinity of
82 B, over a wider range the data begin to disperse, indicating that the noise level
measured using IM! tast procedure is typically not equivalent to the level measured
under the passby test procedure,
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3.8 Factory Versus Wyle Test Results

As mentioned earlier, factory measured data were obtained for eight of
the 30 test vehicles. These data are used here for the purpose of identifying
possible variations between new truck noise levels as measured at the factory and
those measured at the customer facility prior to the truck entering service. Table
8 summarizes the results of this comparative cnalysis. Maximum variation
between the factory and Wyle initial test results for any one truck is 2.6 dB for the
passby tests and .| &2 for the IM] tests., [n general, correlation between the
factory ond field noise measurements is very good, thus indicating that the
procedures employed in this test program coincide well with the qualificmion.
procedures employed by the truck manufacturers.

7 Interior Noise Lavels

A tabulation of interior noise level data is given in Table 9. Of the 26
vehicles tested, |0 exhibited an increase in interior noise level, while 15 showed a
decrease. One truck, Number |0, exhibited no increase in interior level, There-
fore, while many of the vehicles exhibited increased interior noise levels, a
majority of the trucks tested displayed interior noise environments which actually
improved with time.

Table 10 presents a comparison of the change in exterior noise level
versus the change In interior noise level for each truck. The date suggest no
consistent pattern. Of the 26 trucks involved in the testing, |4 of the vehicles
displayed changes in interior noise levels which opposed the associated change in
exterior noise level (e.g., Truck Number 2 exhibited a +2.| dB change in exterior
level and a -3.5 dB change In interior level), Of the remaining |2 vehicles, five
showed coincidental increases, six showed coincidental decreases, and one

remained unchanged,
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Table 8
i~actory Data Versus Wyle Dataq, Ly (dB)

Pass-By Test, di3 IMI Test, dB
Vehicle
Nurnber Factory Wyle a Factory Wyle A
2 81.0 79.9 -t 80.0 80.4 +0.6
3 83.0 B4.2 +1.2 84,0 85.1 tl.d
4 82.0 9.4 -2.6 81.0 80.6 -0.4
5 81.0 82.5 ~0.5 85.0 84.8 -0.2
19 78.1 17.0 ~1.1
20 78.5 71.5 -1,3
27 78.5 8.2 -0.3
28 71.9 78.0 +0. 1
Mean -0.5 48 Mean -0,19 4B
Standard Stondard
Deviation 1.6 dB Deviation 0.80 dB




Table 9
interior Noise Levels L A+ 4B

Test Number
Truck
Number | 2 3 4 5 [

i 78.5 711.5 80,7 80.5
2 87.3 85.9 81.8 85.3 838
K} 84,2 a4,) 4.3 86.5 82.9
b B4 83.7 83.0 85,4 83,1
5 83.9 84.6 83.0 86.7 Bl.4
6 85.1 87.8 83.8
7 81.0 82.5 82,9
8 8.4 84.0 92.0
9 8.7 83.3

10 85.0 85.0

I 85.0 .

12 80.7 83,5

13 5.4 .9 78,5 71.0 76.0

th 86.7 81.5 87.8 B5.6

15 83.5 80.5 Biv.5 82,3 81.5




Table ? {Continued)
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Test Number

Truck
Number l 2 3 4 5 6
17 19.2 80.8 80,0
18 87.5 84.6
{9 88.5
20 85.0
21 80.4 79.0 81,9 B3.1
22 84.5 84.5 82,2 8L.0
23 83.5 85.0 84.7 82,5
24 84.0 85.4 831.7
25 83.5 85.0 86.0 83.9
26 B31.5 84.9 86.4 -
27 87.2 87.0 8.6
8 82.8 83,2 85.0
29 85.8 83.2 -
30 78.0 70.9 82,9 79.0
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Table 10

Change in Exterior and Interjor Levels

Truek Exterior Noise Interior Noise
Number ALy, dB () aL,,d8 (1)
| ~0.8 +2.0
2 +2.1 =35
3 -0.9 -1.3
T4 +0.5 -1.3
5 +0,6 -2.5
é +2.8 -].3
7 +0.4 =}
8 +7.9 +9.6
9 =l.4 4.4
10 0 0
12 +l.8 +2.8
13 +3.8 +1.6
4 +0.9 =1.l
|15 +0.7 -2,0
17 +0.8 +0.8
18 -0.9 -2.9
2! +1.6 a7
22 +2.0 -3.5
23 -0.7 =1.0
24 +0.2 -0.3
25 -1.0 +0.4
26 -l.4 +2.9
27 -2.3 4.8
28 «3.6 +2.2
29 =4.0 -1.9
30 -0.8 +1.0

(”Chcmge in A-weighted sound levels from initial test to current test results,

LS

WYLE LABORATORIES



- -

T

wd

4.0 EXISTING DATA ON TRUCK NOISE DEGRADATION

Supplemental data on truck noise degradation were solicited from publica-
tions and through direct contacts with the trucking industry. Data were found
from two truck noise degradation programs performed by two separate organiza-
ﬁnns.s’ 6 Other manufacturers and cperators expressed personal opinians on truck
noise degradation, but none had supporting data, Opinions indicated that some
believed trucks became noisier after they had been in service, while others thought

they becarne quieter.

Two truck noise degradation programs have been performed in recent
years which resulted in the publication of data. International Harvester measured
noise levels of the four heavy duty trucks Invoived in the DOT Guiet Truck
Pragram.s Wyle Laoboratories performed a truck noise degradation program for the
Motor Vehicle Manufacturers Assc:cicxtion.5

All four of the International Harvester trucks had been medified for noise
reduction on the DOT Quiet Truck Program. Two of the trucks had partial engine
enclosures while the other two had full engine enclosures. Results of this program
are shown in Figure |8, The number of kilometers over which this data were taken
is high enough to consider a trend being established with regard to noise
degradation. The results have been interpreted by International Harvester os
showing a rmaximum change of 0.5 dB in noise level. Increases in noise |evels above
0.5 dB were the result of damage and are so indicated on the graphs.

The Wyle/MVMA data were accumulated on eight heavy duty vehicles
over a much shorter pericd of time, The maximum kilometers accumulated on a
given truck was 64,000 kilometers, All vehicles involved in the progrom were
production vehicles being used in normal service. Resuits are shown in Table ||
and Indicate an average increase in total vehicle noise level of 0.5 dB. Both of
these test programs indicate a very small increase in noise levels. In the case of
the previous Wyle dataq, the trend over such a low mileage is not statistically
reliable since, as indicated in the last column of Table |1, the observed changes in
ievel could have occurred by chance with a probability of 30 to B0 percent.
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Table 11

Summary of Observed Changes in Average Noise Level with Cumulative Kilometers
Source: Wyle Report to MVMA, Reference 5

AVERAGE
APPROXIMATE |  INUMIER CHANGE PROBABILITY THAT
KILOMETERS OF FROM STANDARD CHANGE WAS
COMPLETED VEHICLES | INITIAL VALUE DEVIATION DUE TO CHANCE
{dB) (dB) (%)
' 16,000 8 +0.4 1.1 as
48, 000 7 0.2 1.1 60
84,000 4 -0.2 1.7 80

pos
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It is not advisable to consider the results of these two previous programs
for application to present day truck noise degradation for the following reasons:

o International Harvester trucks were not representative of produc-

tian vehicles.

0 The Wyle/MYMA test program was too short and the data too sparse
to place any reliance on the indicated trends.
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5.0 COMPONENT AND VEHICLE NOISE DEGRADATION RELATED TO
PROPER MAINTENANCE AND OPERATIONS

Information has been compiled on both the recommended and actual
maintenance and operational procedures associated with each test vehicle in order
to assess their effects on component and vehicle noise degradation. Sources for

this information include the foliowing:

0 Arrangements for testing of the 30 trucks utilized in this program
included a request to each vehicle owner for a copy or access to the
maintenance records for each vehicle. Response to this request
varied from agreement to supply copies of the records to verbal
communication of maintenance performed.

o A sample of drivers was contacted to accumulate information on
typical vehicle operating procedures,

o Manufacturer's recommended maintenance and operational proce-
dures for the various engine types considered in this study were
obtained from either the faetory or local manufacturer's represent-
atlves.

o Manufacturer's data on component noise specifications were also
acquired through the respective representatives.

5.1 Manufacturer Recommended Operational Procedures

Factory operational procedures for the different diesel engines are very
similar for all manufacturers, Warnings are given to not overspeed the engine
when using it as a brake on a downhill grade, Efficient operating ranges for
highway driving are recommended at three-quarter to full rated RPM. Specific
recommendations by manufacturers includes

o Detrait Diesel
a. Run the engine at 10 to 20 percent below governed RPM for
highway cruising speed,

b. In the city and other reduced speed zones, match engine speed
to the lower load requirements to conserve fuel and lower
vehicle noise level,
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c.  Avoid "overspeeding" the engine.

— d. The recommended range of engine speeds during cruise for
various engines is shown in Table 12,

-~ o Cummins

a. For improved operating efficlency (fuel economy and engine

e life), operate in top gear at reduced RPM rather than in the
L next lower gear at maximum RPM,
' b,  Cruise at partial throttle whenever road conditions end speed
¢ requirements parmit,
c.  Care should be exercised, when using the engine as a brake,
.‘ ! not to overspeed the engine,
2
Ly o Caterpitlar
; a.  Cruising speed shouid be between three-quarter and full gov-
{ . erned RPM.
'; b.  On upgrade, downshift until a gear is reached in which the
-2 engine will pull the load without lugging,
b ¢.  On downgrade, do not allow engine speed to exceed high idle.
1 5.2 Manufacturer Recommended Maintenance Procedures
' Manufacturers all supply a recommended schedule of maintenance with
" their respective vehicies, The owner Is given a range of maintenance intervals
}a from which to select, based upon fleet operational characteristics. Table 13 lists
k2 the specified change or adjustment schedule for the most important engine
13 components, Daily Inspections are also recommended for oil level and coolant,
fr depending upon the number of miles driven,
’ ¥ 5.3 Manufacturer Data on Component Nojse Specifications
mf Literature published since the issuance of the Background Document7 in
Pl support of the New Truck Noise Standards has been primarily on muffler configura-
e tions. By using the muffler manufacturers' specification sheets, the matrix can be
e developed as in Table |4 to show the lowest noise level muffler systems for the
et engines used in this program. These data, when combined with results from the
- nofse degradation-remote exhaust testing, would enable one to project noise
g_f degradation for these engine-muffler configurations.
-
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Table 12

Recommended Range in Engine Speads During Cruise

Engine Governed Speed (RPM) Highway RPM) | City RPM)
Serias 71 & 92 2100 1450 o 1850 1400 to 1600
1250 to 1600
Series 71 & 92 Bv=92TT 1400
Fuel Squeezers 1800 1o 2100 1400 to 1900 to 1600
Series 53 2400 to 2800 2250 to 2400 1800 o 2000
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Jable 13

Factory Recommended Maintenance

Ol Filter Fuel Filter
Maka Oil Change | Replacoment | Replacement Injector Fumn Adj.,
GM
Datrolt Dissal P V] *4,000-6,000 | 4,000-6,000 |0,000-12,000 50,000 50,000
CommintC1 10,000 10,000 10,000 50,000 50,000
02, wsoo-¢s00) 3,000 | **3,000 12,000 | ***12,000 ° -
INTERNATIONAL
HARVESTER
Dissal 02) 4,000 8,000 4,000 |16,000-20,000 10,000
Gy (2) 2,000 4,000 2,000 | 8,000-10,000 -
‘ MACK THUCK
' T (M3) :
Diosa) 16,000 16,000 180,000 200,000 300,000
CUMMINS
P L
Digsol 10,000 16,000 10,000 50,000 50,000
CATERPILLAR
€2)1208 Diosel *4,000 4,000 24,000 24,000 As Noadad
3306 Diesol *10,000 10,000 As Noodod| 100,000 As Noadad
3405 Dlosal *10,000 10,000 As Nooded| 100,000 As Noedad
1100 Diasal *4,000 6,000 24,000 +g,000 As Noedad

* Jnitlal Ol Chonge ot 3,000 Mi, and 4,000-6,000 Mi, thoroafter
“*Aftor Inltlal 3,000 M1, Check, avery 4,000 Mi. thareafter
sss Aftor Inltfal 12,000 Mi, use 50,000 Mi, thorealtar
+Intervals Dapend an Sulphur Contont. If baiwaon .4%and | .0%reduce interval by 1/2, IF content Is abova
1.0%us0 1 /4 of the mentianed interwals,
++Evory & months after Inltial adjusimant ragardlass of mileage,
+H-+Guidelines depond hoavily on type of utogs, Theso inlerwls ara for E.5.1. usage.

-
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Table 14

Exhaust Noise Levels for Engines Used in Noise Degradation Test Program
(Taken from Muffler Manufacturers' Specification Sheets) LA’ dB

Muffler Manufacturer

Engine Donaldson Walker Stemco
Cummins NTC 350 73 Dusl 76 73,5
DD &VR2 TT Al 78
CUM VT 903 72 75
Ford Gas V36!
Cat V8 3208 &9 70 Dual 68
QUM NTC 290 71 73.5
Mack END7675 73 66,5
CUM NTC 250 71 72 70

"All of the specified noise levels are referenced to a 50-foot nolse measurement at a
test site complying with the Federal noise measurement specification 40 CFR 203,

WYLE LABOGRATORIES



E

T~

The cooling fan is another compenent for which only limited noise data
are available from a manufacturer. Only one fan manufacturer, who was working
with a truck manufacturer to reduce overall truck noise levels, was able to provide
such data, He revealed that fan noise has been successfully reduced to a level
where the overall truck noise level of 83 dB was not affected by having the fan on
or off. The fan used slightly more than 3 HP. In this case, fan noise was not
expected to be a contributor to obsarved degradation of truck roise levels, For
fans with higher noise levels which contribute significantly to the overall levels,
changes in fan noise levels with use are not likely to be significant unless airfiow
through the fan changes. Thus, any degradation in overall truck noise is unlikely to
be attributed to changes in fan noise. However, fan noise does increase overall
truck noise where fan clutches are used and the fan clutceh is engaged.

5.4 Vehicle Operational Procedures

The wvehicles Involved in this program are typically utilized in the

following modes of operation:
o Line Haul - "slip seat" operation
[} Line Haul - single driver

o Pick up and delivery - shift work by two or more drivers

a Pick up and delivery = single driver

Discussions were held with various drivers and shop managers to acquire
direct feedback on the operation of vehicles in their fleets, Typically, line haul
operators will tend to be more experienced than those who drive smaller pick up
and delivery vehicles. This difference in experience translates into a difference in
level of knowledge of truck operation and maintenance.

Experienced line houl drivers know the speed/RPM relationship in each
gear and thus will use the tachometer rather than the speedormeter os a more
accurate measure of speed, In comparing this with pick-up and delivary operations,
one fleet found the use of automatic transmissions saved money because of the tao
frequent clutch changes or fransmission repairs required with standard

transmission.
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A distinct difference was noted in the care and operation of vehicles
driven by the same driver versus those used by many drivers, Pride resuited in an
overall cost savings for the carrier because of better care and maintenance by the

driver.

Most heavy duty drivers who were questioned indicated driving habits
correspending to factory recommended procedures. Medium duty trucks are mostly
involved with traffic conditions which govern the type of operation. The inherent
nature of city traffic operations is more severe than line hau! operation,

The presant trend of mator carriers is toward the use of high-torque-rise .
engines which allow use of transmissions with fewer gears. Fuei consumption has
been the primary goal of this trend, but noise reduction has been a spin-off. One
manufacturer, General Motors, reiates engine operation directly to noise levals; "in
city and reduced highway zones, cruise on Series 71 and 92 engines hetween 1400
and | 600 RPM and Series 53 between 1800 end 2000 RPM. By utilizing a gear that
will enaable you to do this, you will increase public acceptance by reducing noise
level."

One other concept being used by some motor carriers is to "de-rata" the
engine by reducing the maximum cliowable RPM. This procedure will allow the
driver to operate the engine only at engine speeds below maximum rated RPM
which corresponds to the factory recommended mode of operation.

The results of driver contact and shop manager interviews reveal a
specifie trend in actual vehicle operation which tends to correspond with factory
recommended operation, While individuol drivers will tend te form their own
habits, the use of high torque engines and the de«rating of engines by some carriers
appears to help considerably in confining operational procedures to those recom-
mended by the factory.

Two large motor carriers cited problems associated with drivers operating
new trucks which are much quieter inside the ceb. Drivers are used to listening to
the engine and monitoring the audible cues of engine performance, Specific
instances were quoted where the engine hod developed a mechanical problem but
the driver continued driving resulting in extensive damage fo the engine. |t was
the fealing of these motor earriers that noise reduction hod presented them with
another problam in the operation of vehicles.

CL]
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5.5 Vehicle Maintenance

Actual Versus Factory

Al] the motor carrlers within this program have Preventive Maintenance
(P-M) schedules established and procedures for collecting driver comments on any
vehicle problems. Medium duty and some heavy duty trucks used in local mauntain
areas had P-M schedules every [ 2,800 kilometers (7936 miles), Heavy duty vehicles
ranged from 48,000 to 80,000 kilometers (29,760 to 49,600 miles) for their P-M
schedules. One carrier utilizing heavy duty vehicles specifies 64,600 kilometers
(32,680 miles) or one month as his inspection interval, All the P-M discussed above
was compatible with factory recommended procedures.

Maintenance Performed Versus Noise Sensitive Components

A review of maintenance racords at each test interval indicated only
three types of noise sensitive component repair or replacement,

o Replacement of injector pump on a heavy duty diesel; no change in
noise level.

o Replacement of muffier on heavy duty diesel; noise [evels reduced,
o Engine rebuilt on heavy duty diesel and medium duty gasoiine; noise
levels increased.

o Engine side paonel removed on heavy duty diesel; no record of when
panel was removed so no relationship to change in noise levels can
be determined.

o Repair hood on heavy duty diesels; noise leve! increased on one
truck, decreased on another,

o Replace carburetor on medium duty gasoline; noise leve! reduced.

o Replacement of muffler and exhaust pipe on medium duty gasoline
engine truck; accomplished just prior to measurement; no data to
determine prior effects.

o Tightening of exhaust pipe connections; no measurable difference in

noise lavel,
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Replacement of shift boot inside cab of heavy duty diesel; noise
level increased on one fruck and decreased in another, Toble (|,
presented in Section 4.0, page 58, summerizes the maintenance

performed on each vehicle,
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6.0 COMPONENT MODIFICATION: TAMPERING, REMOVAL OR

REPLACEMENT OF PARTS

An analysis of component tampering on a truck must take into consider-
ation the concepts associated with truck purchasing, Trucks cre selected to
perforrmn an established task, defined by the type of carge, terrain, weather
conditions, type of operation, and the present type of trucks in service, These
constraints, combined with operators' prior experience, will determine the engine
size and type, transmission, differential, exhaust system, intake system, fan drive
and accessories such as air conditioning that are specified for the vehicle, The
actual truck which is delivered to the motor carrier is a preselectad vehicle with
these desired components. 1t is not surprising to find, therefore, that most of the
motor corriers contacted indicate no major cases of tampering, removal, or
replacement of noise-sensitive parts.

However, discussions with motor carriers did raveal the following types of
accepted component modifications or replacements:

0 Substitution of mufflers at the dealer to correspond with existing
typas usad on the present ficet,

0 Reduction of the governed RPM of the engine,
] Replacement of exhaust pipe clamps,

A review of the literature indicates that compenents which are sometimes
added to the trucks ofter purchase include turbochargers and engine noise covers,
as well as different fan clutches which are substituted for original equipment to
ensure fleet uniformity, However, no specific instances of these component
additions or substitutions were reported by the vehicle operators cooperating in

this program.

Engine RPM is typically mot changed for moise emission purposes, but
rather to enhance engine [ife ond fuel economy. Mowever, decreasing the
maximum RPM of the engine can reduce the noise level of the fruck., As noted
earlier, the engine manufocturers recommend operation of the truck at 3/4-to-full
throttle to achieve maximum efficiency, Although comments were received from
some of the drivers indicating their displeasure with operating a vehicle de-rated
to 1900 RPM from 2100 RPM, none of these drivers expressed any desire to try to
readjust the RPM as they reaiized it was beyond their control to introduce such

changes,
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Exhaust leaks are sometimes reported by drivers., Other exhaust leaks
show up during preventive maintenance checks. During this program exhaust gas
leakage was documented through visugl observation (see Section 14). When the
trucks were subjected to noise testing, however, there generclly was no indication
that the noise |level had increased, Most exhaust [eaks were aventually corrected
by simply tightening the clamps or instailing sheet metal sealing clamps during
preventive maintenance checks,

6.l Muffler Substitution

Inquiries to vehicle cperators revealed muffler substitution as @ commen
form of component modification which results in changes in total vehicle noise
levels, While muffler manufacturers indicate that no deterioration in muffier
performance is likely before 160,000 kilometers (100,000 miles), variations in the
insertion loss characteristics of different muffler types were evident in this study.

Muffler substitutions were made on four frucks in order fo assess the
effects on total vehicle noise levels., Two of these vehicles, Numbers 6 and 7, were
involved in the noise test program described in Section 3.0, while the other two,
Numbers 40 and 4!, were used only for muffler substitution testing. A complete
description of these vehicle configurations was provided in Table |,

Mufflers used in this substitution study were procured from truck parts
suppliers by specifying the truck model and engine. In order to reflect industry
practice, no efforts were made to use the guides published by muffler manufac-
turers in selecting the quietest muffler, Note that none of the parts suppliers
mentioned noise |evels relative to muffler selection.

Stationary IMI tests, performed in accordance with the procedures out-
lined in Section 2.4 were conducted after eocch new muffler configuration was
installed. Results of these measurements are summarized in Table 15, Factory-
measured IMI noise lavels are presented along with information regarding the
factory installed muffier (where possible).

Regarding Truck Number 6, a 2.1 dB reduction in noise level was achieved
when a Donaldson Super Stack was Installed in series with the existing muffler, A
Super Stack is a tailpipe extension lined with acoustical absorption material, A
further reduction of 0.9 dB was obtained when a new Donaldson muffler was used
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Table 15

Change in Stationary Runup Noise Levels of Selected Trucks Exposed to Muffler Substitutions

Vehicle Muffler Configuration
Number Maximum
and Substitute Substitute Substitute Substitute Change
Description Factory I 2 3 4 {dB)

ité
Freighiliner COE
Diesel V-4, 2-cycle 83.2 8l.1 82,0 80.2 - -3.0
Single Vert, Mufiler (1= (2) (3) (4)

i
Ford Conv.
Gas V-8 79.9 79.7 82.5 - - +2.6
Single Horiz. Muffler (5) {6) (7)

#40
Freightliner Conv,
Dieset V-8, 4-cycle 85,8 86.1 85.9 96.2 86.2 +0.4
Single Vert. Muffler (8) {9 (10) (11) (12)

Y
Freightliner Canv,
Diesel V-8, 2-cycle 8l.7 84.9 B4.9 BO.4 83.5 +3.2
Single Vert, Muffier {:Y] 9 (12) (o) ()

*Muffler Type and Part No.:

{7) Maremount KE 4118G
{8) Donaldsen MPMO0O9 0IB3IF7
(9) Walker 22829
{10} Riker 43-003-001
(11) Heavy Duty A8 080074
(12) Stemco

' (1) Mot available

: (2) Existing muffler plus Donaldson Super Stack 1602]
! (3) Donaldson | 1165

. {(4) Donaldson 11165 plus Super Stack 16021

' (5) Not available

t (6) Maremount TDT 20 566
]
|
]
|
|



‘.'--" along with the Super Stack, thereby enabling a total reduction in vehicle noise level
of 3.0 dB. Truck Number § was the only vehicle out of the four tested for which
muffler substitution led to a decrzase in total vehicle noise level., MNoticeable

; reaductions were anticipated, however, as exhaust noise represents the dominant
— source on this vehicle (see Figure 7).

i In contrast, Truck Number 7, a medium duty truck with a gasoline-
powered V-8 engine, exhibited significantly different noise emission character-

' . istics, Its engine ond exhaust moise contributed almost equally to total vehicle
' noise. Substitution of two types of mufflers produced by the same manufacturer

{‘: led to quite different results. As revealed in Table |5, the second of the two ,
: Maremount mufflers proved less efficient, resulting in a 2.6 dB increase in total
At vehicle noise. These data would suggest a wide variation in the insertion loss
, ',f‘ characteristics of mufflers available for medium duty trucks.
e Baosaline component noise data was not acquired for trucks 40 and 41}, thus
T eliminating the possibility of assessing beforehand the relative contribution of
{JB exhaust noise to total vehicle noise. Regardless, these similar vehicles exhibit
¥ comparable trends within the muffler substitution tests. Nota that each muffler
‘.H tested an Truck Number 40 was also tested on Truck Number 41, Compared
i against the factory-tested noise levels, two of the mufflers, Walker and Riker,
“ produced little or no reduction in noise levels on both vehicles. The remaining two
{, -« mufflers exhibited different characteristics between the two vehicles, Both the
e Heavy Duty and Stemco mufflers had essentially no effect on the overall noisa
1_: level of Truck Number 40. However, the identical mufflers caused a noticeable
rise in the noise level of Truck Number 41, compared to that measured with the
! ! stock muffler installad, Explanation of this phenomena may be found in the engine
e type, Recall in Section 3.4, it was noted that those trucks in the test program
f"' having Detroit Diesel V-6 turbo, 2-cycle engines exhibited significant increases in
LiE exhaust gas noise levels, Further analysis of one of these vehicles, Truck Number
(i 6, revealed a marked rescnance in the exhaust system noise. Addition of a tailpipe
ke extension with absorptive lining eliminated this resomance and reduced total
: vehicle noise. Truck Number 4i employed the identical type of 2-cycle diese!
&u; engine as Truck Number 8, and exhibited the identical exhaust resonance charace
: teristics. The Walker and Riker mufflers did mot affect this resonance condition,
i
.
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|whilta the Heavy Duty and Stemco mufflers enhanced the resonance, leading to
jumps in total vehicle noise. Based on these data, it would appear that additional
care must be taken in selecting the exhaust system for a 2-cycle engine to ensure
minimization of exhaust gas noise. Use of a tailpipe extension having absorptive
lining is recommended with the 2-cycle engine in order to reduce apparent

resonance characteristics,
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7.0 FANCLUTCHEVALUATION

The fan elutch has become a very significant nolse reduction device on heavy

duty trucks within recent years, This has occurred because:

o Fan cluteh reliability has been dramatically improved resulting in
increased confidence in the product by truck manufacturer and user;

o Test programs by various organizations have shown a definite fuel
savings when fan clutches are used;

a The Interstate Motor Carrier Noise Regulation aliows testing with the
fan cluteh in the off-mode,

In order to assess the impact of this retrofit device on reducing truck noise
emissions, current information on fan clutch usage, acceptance, maintenance and
projected usage has been compiled ond reviewed. Results of this evaluation are
presentad in this section,

Published literature on fan clutch evaluation was acquired from three
sources: International Harvester (for U, S. Department of Trdnsportation);s Wyle
Labaratories (for Motor Vehicle Manufacturers Associqfion);s and Regular Common
Carrier Conference Maintenance Committee cooperating with the Society of
Automotive Engineers and the U, S, Department of Transmrtorion.g

The results of the International Horvester study were presented in the EPA
Background Document for New Truck Noise Emission Standards7 and are the most
comprehensive to date. Program objectives were fo determine total fan-on time
and noise significant fan-on time. No data were collectad that would allow the
determination of noise levels with the fan on and off. It was concluded that the
significant fan-on time never exceeded | percent of the engine time, The
"significant" fan-on time was defined as the time that the fan speed exceeded two-
thirds of its maximum possible speed for @ modulating-type fan cluteh and 1600
rpm for on-off clutches., Figure |9 depicts the results of the International
Harvester Test Program.

The data shown in Figure |9 were accumulated for the on-off clutches by
vsing elapsed time meters on the engine and fan clutch, A multichannel
tachograph was clso used to monitor engine rprm and provide an event marker
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Fan Operoting Time, Fon-On Time/Engine Time in Percent

On-Off

1 F Seosonal Variation
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Annual Average

Annual Average

Seasonal Variation

‘—"—_L__..'

Cluteh

Total Time

o A o — - JigRIficant

]

[ Time

{Spead > 1800 rom)

1973

1974
Time of Year

2 - Modulated Fan Cluteh

Seasonal Variatien

Annual Average Significant

0 —573 ]

Figurs 19. Fan Clutch Operating

1974
Time of Yaor

Time (Reference 5)
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indicating clutch engagements, The top curve represents the tetal fan-on time as a
percentage of engine-on time. The lowar curve depicts fan-on time occurring
above | 800 rpm, which Is "significant fan-on time" by definition,

Cata for the modulating-type fan clutch were recorded on a strip chart
recorder, Parameters recorded were engine rpm, fan rpm, coolant temperature
and ambijent temperature as a function of time. The "significant fan-on time"
curve represents the time duration relative to the total engine (in percent) for
which the fan speed exceeded two-thirds of its maximum possible speed.

Consideration must be given as to what total truck nolse leve| was used in
establishing the significant fan-on time, This IH project was completed in 974,
Figure 20, taken from the Background Document,lo shows that 95 percent of the
trucks manufactured in 1973 produced levels less than 88 dB, with the remaining

5 percent ranging up to 92 dB.

The typical heavy duty truck configuration in 1973 had two major noise
sources: the cooling system (fan), and the exhaust, The trucks on which fan noise
was the predominant noise source had direct driven fans, The fan drive ratios used
ranged from 1.0 to 2.0, meaning that if, for axample, the engine was rated at
2100 rpmn, the fan speed range would be from 2100 to 4200 rpm, depending on the
drive ratio used.

Extensive component neoise analysis performed during the DOT Guiet Truck
Program resulted in data relating fan rpm to fan noise.5? I, 12 These results
indicated that for those truck configurations where total vehicle noise ranged from
86 to 88 dB, fans operating at less than |600 rpm would not be contributing 1o total
truck noise. It was on that basis International Horvester used 1800 rpm in
determining significant fan-en time for the fan ciutch evaluation progrom,

in order that fan noise have no influence on total vehicle noise, it must be
10 dB below the total truck noise level. Thus, it can be estimated that with a truck
noise leve| of 86 dB in 1973, the fan noise level would have to have been on the
order of 76 dB. New |978 trucks are required to meet an 83 dB level, Based on the
|0 dB-down criterig, the fan noise would be required not to exceed 73 dB, Fan
noise varies approximately 1.6 dB per |00 rpm.6 Therefore, in arder that fan noise
would not influence new truck noise levels, the new significant rpm would be

76
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1400 rpm. This would indicate that significant fan-on time may be higher than the

{ percent for present vehicles shown In the International Harvester test results.

The study done by Wyle for the Motor Vehicle Monufacturers Ass.o::im‘iorl5

indicated a fan-on time of 13.8 percent of engine-on time for summer, and
2.6 percent for winter. Seven of the eight fon clutches monitored were on-~off
type. Ne fan rpm measurements were recorded so it is not possible to assign a
noise significant fan-on time to these data.

A Fuel Economy Demonstration study was performed in St, Louis by the
Regular Common Carrier Conference Maintenance Committee in 1977. Fan on-
time was not monitored, but fuel consumption testing with and without a fan clutch
resulted in a 3.7 percent decrease in fuel consumption,

Seven of the major manufacturers of fan cluiches were contacted under this
study. Bosed upon discussions with these manufacturers, the following observations

can be made:

o Most of the fan clutch manufacturers have done testing by themselves
or had it performed by some other organization such as RCCC or
International Harvester, International Harvester, under the DOT Quiet
Truck Program, tested 24 trucks with en-off and modulating type fan
c!utches.6 One manufacturer indicated that they are in the process of
settingup @ lab for a fan clutch noise testing,

o) Manufacturer estimates as to the number of |978 trucks equipped with
fan clutches vary frem 52 to 60 percent for Class VIl and VIII trucks.
Truck users estimate that 80 percent weould be using fan clutches to
meet the 1978 Interstate Naise Regulation.9 Almost all the fan ¢clutch
manufacturers agreed, that in |982, approximately 90 percent of the
Class VIl and Vill trucks will be equipped with a fan cluteh,

o Noise degradation as a result of in-service use of the truck fan clutch is
very small, Most of the manufacturers agreed that there is not enough
test data to prove or disprove that noise levels increase or decrease as
the fan clutch is engaged.

o MNoise reduction from 2 to & dB can be cbtained by the use of fan

clutches,
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o Failure of the fan cluteh system will cause an increase in noise levels.
Mowever, most of the manufacturers point aut that the failure rate of
the fan clutch is less than | percent, Fadilure usually oceurs in the
bearings, loss of viscous fluid, or air leaks in the clutch,

o All of the manufacturers pointed out that the fan clutch not anly

reduces noise but saves fuel from 5 to |2 percent, Therefore, fuel
economy wauld be expected to be the dominant selling point for use of

fan clutches,
Table |6 presents a summary of operational and noise data collected from the

following manufacturers of fan clutches, not necessarily presented in the same
order as shown in the table: Horton, Schwitzer, Rockfard, Evans, Eaton, Facet,

and Bendix.
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Table 16

Summary of Operatlonal and Noise Data Collected from Manufacturers of Fan Clutches

Predicted % for Fuel
Type of Time On Noise Classes VIl & Vil Warranty Failure Saving
Manufacturer Fan % Reduction (978 1982 Kilometers/Year % %
A, Modulated 1.25 3-6 B 25-30 20 < | -
In-Cab
. On/Oft 3.0 - 75 100 < | 6-10
C. OnfOff 5.0 2dB 55-60 95 All Have 0.9 4
Exterior
D. On/OfF 5.0 - - - 160,000 - 10
E. OnfOff 1.0 343 52 90 or - 10
2.0 Exteriar
. On/Off 5.0 - - - More - 5
G. On/Off - - - - - 533
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APPENDIX A

Photographs of Test Vehicles and

Test Site l_ocations °
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Figure Al.

. Figure A2,

Vehicle Canfiguration for Truck Numbers 2, 3, 4, 5

Vehicle Configuration for Truck Numbers 6, 9
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Figure A3,  Vehicle Configuration for Truck Numbess 7, 8

Figure A4, Truck Number 10
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Figure AS5.

Figure A6,

Truck Number 11

Truck Number 13
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Figure AB.

Truck Number 17
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Figure A%. Truck Number 18

Figure A10.

Vehicle Configuration for Trucks 21, 22
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Figure A11. Vehicle Configuration for Truck Numbers 23, 24, 25, 26
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Figure A12, Test Site for Truck Numbers 2, 3, 4, 5

Figure A13, Test Site for Truck Numbers 7, 8
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Figure Al4, Test Site for Truck Numbers &, 9

Figure A15.

Test Site for Truck Number 10
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Figure Al6, Test Site for Truck Mumbers 12, 13, 15

Figure Al7. Stationary Test Site for Truck Number 17
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Figure A18. Pass=By Test Site for Truck Number 17
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Figure A19. Stationary Test Site for Truck Numbers 18, 29
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Figure A20,

Figure A21.

Exhaust Ducting Used on Truck Numbers 2, 3, 4, 5

Exhaust Dueting Used on Truck Numbers 7 and 8
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APPENDIX 8

Stationary Test Site

Paving Specification
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APPENDIX B

Stationary Test Site

Paving Soecification

Background Document for Medium & Heavy Truck Noise Emission Regulations
{EPA Report No. §50/9-76-008, March 1978)

The surface shall be fiat within +0.05 meters (+1.97 in.)

Type 404 Asphaltic Concrete (3" nominal thickness)

Compasitlon -

Sieve
1/2
3/8
#4
#18
#50
1#200

Bituminoys Content
Sealant

Trade Name
Application

Agqgreqate Size

100%
90 - 100%
45 - 75%
}5 - 45%
3-22%
0-8%
4.5 to 9,5%
R-P-335-D (Federal Specification)

Jennite (Exemple)

2 coasts applied without dilution
by squeegee
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Speciral Data Analysis
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APPENDIX C

Spectral Data Analysis

The level and spectral content of truck noise is directly related to engine
RPi, Engine RPM was monitored during testing with the tachometer installed in
the instrurment panel or a temporary installation just for the test duration, One
vehicle, Number §, had no permanent or temporary tachometer installation because

of no tachometer drive gear on the injector pump.

It was therefore desirabie to determine engine RPM from another source

to substantiate the tachometer readings.

The following data analysis procedure was used to determine maximum

engine RPM from the recerded noise data.
Figure C| illustrates the instrumentation used for the data reduction,

A narrow bond (}-1/4 Hz) analysis was performed using the Nicoiet Mini-
Ubiquitous Spectrum Analyzer. Grophs were plotted using the x-y plotter.
Analysis of the data to determine RPM was performed by displaying two traces on
the CRT of the analyzer. A trace was taken from a steady state condition of the
engine and anaother from the point of maximum engine RPM during either passby or
IM| testing. The cursor of the Ubiquitous Analyzer has two functions and both
were used in determining maximum engine RPM, First, the cursor ean identify any
frequency on the trace displayed. Secondly, the cursor will identify the harmonics
of that frequency, Traces were used from the steady state as a basis for analyzing
the maximum RPM because it was found that most of the steady state traces
exhibited very distinct peaks corresponding to the engine firing frequency and its

subharmonics.

Engine RPM was calculated from the firing frequency (Hz) using the
following relationships for the respective types of engines:

0 2-cycle, 6=cylinder engines: RPM = |0 x (Frequency in Hz)
o f-cycle, 8-cylinder engines: RPM = {5 x (Frequency in Hz)
Q h-cycle, é-cylinder engines: RPM = 20 x (Frequency in Hz)

C-2 WYLE LABORATORIES



 mt e

Nagra IV 5J
Tape
Recorder

Minl-Ublquitous
440A
Spectium
Analyzer

%=y Plotter

Figure C1, Instrumentation Used for RPM Determination
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The curves shown in Figure C2 can be used as an example in demon-
strating the RPM Identificatien procedure, Curve B, engine steady state running
condition, was first displayed and the trace evaluated by scanning with the curser.
An approximate range of engine RPM was known for this vehicle because the
engine is factory rated at 2|00 RPM. A distinct peak is shown at 203.7 Hz on frace
B with a subharmenic peak at 33,95 Hz, The conversion factor for this engine is
10. If we consider 203.7 Hz as resulting from the firing of the engine, the RPM
would be by 2037, If we consider 33.95 Hz g5 a subharmonic and convert it to RPM
directly by multiplying by 60, we again arrive at 2037 RPM, indicating this
frequency represents the engine RPM fundamental.

Curve A wos then evaluated in the same manner ysing the cursor as the
means of identifying frequency. Above 212,5 Hz, there is a definite drapoff which
we considered characteristic of the transient signal occurring from the acceler-
ation maode of the engine. Similar to Curve B, there is a distinct subharmonic peak
oceurring at 35,42 Hz, The maximum engine RPM is therefore identified at 2125
RPM by Curve A,

This procedure was followed in determining engine RPM for selected
vehicles in this test program.

A second type of analysis was performed using one-third octave spectra.

These spectra were then used on a comparative basis to determine if any change in
frequency content had occurred from the beginning to the end of the test pragram,
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TRUCK NUMBER: 2
TEST NUMBER: 1
MICROPHONE POS; A
TEST TYPE AND RPM
CURVE A: M1
212.5 MAX ., RPM: 2125
. CURVE B: Steady State
RPM; 2037
WW W )
~— 203.7
J !
B
] , it i J l‘ \ I
t ' i y
. )
] | L | ‘U 1 i | |
0 100 200 . J00 400 500

Frequency (Heriz)

Figwe C2 . Truck Exterior Noise Spectra (Narrow Band Analysis 1=1/4 Hertz) Measured at 50 Feat,
The Spocira Are Used For Dutermining Engine RPM.
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TRUCK NUMBER; 2
TEST NUMBER: )
MICROPHONE POS: A

TEST TYPE AND RPM

CURVE A: Pass-by

MAX . RPM: 2000

CURVE B: Steady Stata

RPM: 2037

A
—-~——203.7
0 u :
l Af
| 1 1 L i | | 1 1
100 200 300 400 500

Frequancy (Hertz)

Figure C3 . Truck Exiorior Naiw Spectra (Narrow Band Analysis 1=1/4 Hurtz) Moaswad at 50 Foot.
The Spechra Are Used For Determining Engine RPM.
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TRUCK NUMBER: 2
TEST NLIMBER: 2A
MICROPHONE POS:; ReS5.
TEST TYPE AND RPM
CURVE A: IMI
MAX., RPM: 2025
CURVE Bt Steady Staly
RPM: 1975
{ i A
" ) WWM A
-~ 197.5
]
YR
B
LRWA?
/U\.
L 1 . | L | | | 1
100 200 Joo 400 500

Frequency (Hertz)

Figura C4, Truck Exterior Noise Spectra’(Narrow Band Analysis 1-1/4 Hertz) Maaswrod at 50 Foet,
the Spoctra Are Used For Determining Engine RPM .,



TRUCK NUMBER; 2
TEST NUMBER: 2A
MICROPHONE POS: R.Sa

TEST TYPE AND RPM

CURVE Az IMI W/Ex, Exten
MAX ., RPM: 25%7
CURVE B ¢ Steady State
Wvlv y! RPMs 1575
/WU |

A
! !
”\ﬂ n
[ | | 1 | 1 | | i
0 100 200 300 400 500

Froqueney (Hortz)

Figuwa C5 . Truck Exterior Noiso Spactra (Narrow Dand Analysis 1-1/4 Hortz) Moasurad at 50 Fuat.
Thu Spoctia Are Usod For Delormining Engine RPM.



TRUCK NUMBER:
TEST NUMBER:
MICROPHONE POS;
TEST TYPE AND RPM
CURVE A;
197.5 MAX, RPM;

RPM:

2

2

R.S.

Pass-by

1975

CURVE B: _Steady State

1975

"\N !/\ﬁ\ ‘/ﬁl M 8
y 4
i 1 | | | | | | [
0 100 200 300 400 500

Frequuncy (Heriz)

Figwa C6 . Truck Extorior Noise Spectra (Norrow Band Analysis 1-1/4 Hertz) Measured at 50 Fost,

The Spuctra Are Used Far Dolormining Engina RPM .
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TRUCK NUMBER; 2
TEST NUMBER: ]
MICROPHONE POS: RsSs
TEST TYPE AND RPM
CURVE A; IMI
MAX, RPM: 1975
CURVE B: Steady State
RPM: 1975

-.—.-!975
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Figure C7 » Truck Exterior Noise Specira (Narrow Band Analysis 1=1/4 Her-tz) Measured at 50 Feet,
The Spectra Are Used For Determining Engine RPM.,

3 h



TRUCK NUMBER: 2
TEST NUMBER; é
MICROPHONE POS: R.S.
TEST TYPE AND RPM
CURVE A: Pass~by
MAX, RPM: 2012
CURVE B:  Steady Shate
RPM: 1975

EERTSWT .A.,
VL W Lt Py
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0

100 200 300 400 500
Frequency (Hertz)

Figure C8 . Truck Exterior Noise Spectra (Narrow Band Analysis 1~1/4 l-lerlfz) Measured at 50 Feet,
The Spectra Are Used For Determining Engine RPM.
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TRUCK NUMBER: 6
TEST NUMBER: ]
MICROPHONE POS: RaF,
TEST TYPE AND RPM
CURVE A: IMI
MAX, RPM: 2125
CURVE B:  Sieady State
RPM: 2125

pf\,f/
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Iu”n
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f\:’];hf \

Aﬂ fw[ V l\

! ] . ‘ | L b

!

|

200 300

Frequency (Hertz)

Figuro C13. Truck Exterior Noise Spectra (Narrow Band Analysis 1=1/4 Hertz) Maasured at 50 Foot,

* The Spectra Are Used For Delermining Engine RPM.
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TRUCK NUMBER: 6
TEST NUMBER:
MICROPHONE POS: R.F,

TEST TYPE AND RPM
CURVE A: IMI

MAX. RPM: 2075
CURVE B: _ Steady State
RPM: 2075

AM /\W\«lﬂ/\ﬂm \A

1 | | | | H

(=]

200 300 490 500

Froquency (Hertz)

Figure C14, Truck Exterior Nolse Spectra (Narsow Band Anclysis 1=1/4 Hortz) Measurod at 50 Feat.

The Spoctra Are Used For Determining Engino RPM.



TRUCK NUMBER: 6
TEST NUMBER: 2A
MICROPHONE POS: R,Fy

TEST TYPE AND RPM
CURVE A: IM! W/Ex
MAX. RPM: 2100
CURVE B: Steady Stato
RPM: 2100

-— 210

T e
hﬂ o M\U f f]\f\\ /\!, "

s M w v WI\W A

0 T 205 35 200 500

Frequency (Heriz)

Figuwo C15. Truck Exterior Noise Spectra (Narrow Band Analysis 1=1/4 Heriz) Measured at 50 Faot.
The Spectra Are Used For Detormining Engine RPM,



puimiu teamelnny |, fammacay R [oreA—— P [P— UT——
..............

RS el i pn

TRUCK NUMBER: 6
TEST NUMBER: 4
MICROPHONE POS: R.Ss
TEST TYPE AND RPM
CURVE A: IMI
MAX, RPM: 2937
CURVE B:  Steady Stato
RPM; 2100
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Figuro C16 . Truck Exterior Noiso Spectra (Marrow Band Analysis 1-1/4 Hertz) Measurad at 50 Feot.
The Specira Are Used For Dolormining Engine RPM.



TRUCK NUMBER: 6
TEST NUMBER; 4
MICROPHONNE POS; R.S.
TEST TYPE AND RPM
CURVE A Pass=hy
MAX .. RPM: 5100
CURVE B: " Steady Stato
RPM: 2100

|

/
H

300

Frequency (Hertz)

' Loy
Wl IAHJ i \/ h "y}fﬁ}‘l L

Figure C17. Truck Exterior Noise Spectra (Narrow Band Analysis 1-1/4 Hertz) Measwed at 50 Fool.

The Spectra Are Used For Determining Engine RPM.
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TRUCK NUMBER; )
TEST NUMBER: 4A
MICROPHONE POS: R,S,

TEST TYPE AND RPM

CURVE A: IMI WrEx, Ext,

MAX, RPM: 2212
CURVE B: ~ Sjeady State
RPM: 2100

S B N R
i ,v‘ i ‘j’ﬂ"!’f y / Wi ! ) ]{,Ng.. ::-\n].\w J

200

Frequency (Hertz)

Figura Ci8. Truck Exterior Noise Spectra (Narrow Band Analysis 1-1/4 Hertz) Measurad at 50 Feat.

The Spectra Aro Used For Detormining Engine RPM .
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TRUCK NUMBER: 8
TEST NUMBER: ]
MICROPHONE POS: R.S.
TEST TYPE AND RPM
CURVE A: IMI
MAX., RPM: 4125
CURVE B:  Steady State
RPM: 4106
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Figura C25. Truck Exterior Noise Spectra (Narrow Band Anolysis 1-1/4 Hertz) Measured at 50 Foot,
The Spectra Are Used For Determining Engine RPM.



TRUCK NUMBER:
TEST NUMBER }
MICROPHONE POS: R.Sa
TEST TYPE AND RPM
CURVE A; Pasi=by
MAX . RPM; 3484
CURVE 8: Staady Stale
RPM: 4106

-r——232,5

Frequency (Hertz)

Figure C26 . Truck Exterior Noise Spectra {(Narrow Band Analysis 1-1/4 Hertz) Measurad ot 50 Foot,
Tho Spectra Are Used For Determining Engine RPM.,
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Figue C27 . Truck Exterior Noise Spectra (Narow Band Analysis 1-1/4 Hertz) Measured at 50 Fect.

The Spectra Are Used For Determining Engine RPM.,

T



TRUCK NUMBER: 8
TEST NUMBER: 4
MICROPHONE POS; RaSa
TEST TYPE AND RPM
CURVE A: IMI
MAX . RPM: 5250
CURVE B:  Steady State
RPM: 5248
|
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Figure C28. Truck Exterior Noise Spectra (Narrow Band Analysis 1-1/4 He'rlz) Measurad at 50 Feer.
The Spectra Are Used For Determining Engine RPM .,



TRUCK NUMBER; 8
TEST NUMBDER: 4
MICROPHONE POS: Rede
TEST TYPE AND RPM

CURVE A: Pass=by
MAX. RPM: 4049

CURVE B: " Steady State
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Figure C29. Truck Exterior Noise Spectra (Narrow Band Analysis 1~1/4 Hertz) Moasured at 50 Foat,
The Spoctra Are Used For Duturmining Engine RPM.,



TRUCK NUMBER: 8
TEST NUMBER: 4A
MICROPHONE POS: R,3,
TEST TYPE AND RPM
CURVE A: IMI W/Ex, Ext,
MAX. RPM: 3956
CURVE B:  Steady Siale
RPM: 3956
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Figure C30. Truck Exterior Noise Spectra (Narrow Band Analysis 1-1/4 Hertz) Moasurad at 50 Feet,

The Spoctra Are Used For Determining Engine RPM.
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Truck Number 8 Test Number 1
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TRUCK NUMBER: 12
TEST NUMBER: ]
MICROPHONE POS: R.S,

TEST TYPE AND RPM
CURVE A: 1M1
MAX. RPM: 2126
CURVE B: Steady Siate
tPM 2126

Frequency (Horiz)

Figure €37, Truck Exterior Noise Spectra {Narrow Band Analysis 1-1/4 Herfz) Measured at 50 Feet,
The Specira Are Used For Delermining Engine RPM.



TRUCK NUMBER: 12
TEST NUMBER; !
MICROPHONE POS; Le3.
TEST TYPE AND RPM
CURVE A: Pass-by
MAX. RPM: 2100
CURVE B:  Steady State
| o5 RPM: 2126

. . ' n N
]&5 .3 A \.’.V “\A
|
f

l i
f
g B s
"‘I? !I‘A h. \.‘ ‘ - 1 ﬂ.\f’ j ]{/ \
'I! i |‘4 ; J;.;“).
I | ! | . " 1 | | |
0 100 206 " . |

Frequency (Hertz)

Figuro C38 « Truck Exterior Noise Spectra (Narrow Band Analysis 1-1/4 Her'tz) Measured at 50 Feet,
The Spectra Are Used For Determining Engine RPM,
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TRUCK NUMBER: 12
TEST NUMBER; 2
MICROPHONE POS: R.5,
TEST TYPE AND RPM
CURVE A: IM]
MAX, RPM: 2176
CURVE B: _Steady State
RPM: 2176

108.8

.n;"
M " )
LYy At "
¥ ﬂ.f A/ A
J 4',’/'08'8‘“’,&1’“ ail ll'"/ks.l ; | A s\i{"'l"\,*.f A : ‘,\ A
‘ R A -‘l.}H AR AT
Jann s /\ ! 4 L
'/ “‘N ‘.‘w’w ’ \ \ /_j M, f Ao \ i A
i v M | \/ ]'\\.’" 1o j“ i
p’ IU f -.-J"\"\_L ) k ! 5“‘ I /1] f\l‘ / ) J\k l\,u
) i LI "\ELHJ oo W ‘gl w ' | \/w.\' B
| | | | | | | 1 1
0 100 200 300 400 500

AN

Frequency (Herz)

Figure €39, Truck Exterior Noise Spectra (Narrow Band Analysis 1=1/4 Hertz) Measured at 50 Feet,

The Spectra Are Used For Determining Engine RPM.,
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TRUCK NUMBER: 12
TEST NUMBER: 2
MICROPHONE POS: L.S.
TEST TYPE AND RPM
CURVE A: Pass=by
MAX. RPM: 2126
CURVE B:  Steady Stote
. RPM: 2176
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Figure C40, Truck Exterior Noise Spectra (Narrow Band Analysis 1-1/4 Haﬁz) Measured at 50 Feet.
The Spectra Ara Used For Determining Engine RPM.
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Figure C41.0ne=Third Octave Spectrum
Truck Number 12 Test Number 1
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Figure C42, One~Third Octave Specirum
Truck Number 12 Test Number 2
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TRUCK NUMBER:
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TEST TYPE AND RPM
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Figure C45 . Truck Exterior Noise Spectra (Narrow Band Analysis 1-1/4 Hei'tz) Measured at 50 Feet,

The Specira Are Used For Determining Engine RPM .
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TRUCK NUMBER: 13
TEST NUMBER: 1
MICROPHONE POS; RaS.
TEST TYPE AND RPM
CURVE A: Pass=by
MAX . RPM: 2100
CURVE B:  Sieady State
RPM: 2124
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Figure C46 . Truck Exterior Noise Spectra (Narrow Band Analysis 1-1/4 Hertz) Measured at 50 Foet.

The Spaectra Are Used For Determining Engine RPM .



TRUCK NUMBER 13
TEST NUMBER: 3
MICROPHONE POS: ReSs
TEST TYPE AND RPM
CURVE A: Pass-by
MAX. RPM; 2200
CURVE B: ~“Steady Siate
RPM:
' 110 2250
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Figure C47 , Truck Exterior Noise Spectra (Narrow Band Analysis 1-1/4 Hertz) Measured at 50 Foet.
The Specira Are Used For Determining Engine RPM,
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TRUCK NUMBER: 13
TEST NUMBER:
MICROPHONE POS: R.S.
TEST TYPE AND RPM
CURVE A: Ml
MAX, RPM: 2950
CURVE B:  Steady State
RPM: 2250
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Figure C48, Truck Exterior Naise Spectra (Narrow Band Analysis 1=1/4 Heﬁz) Measured at 50 Feet,
The Spectra Ara Used For Determining Engine RPM.
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Figure C49. One=Third Octave Spectrum
Truck Number 13 Test Number 1
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Truck Number 13 Test Number 5
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TRUCK NUMBER: 21

TEST NUMGBER: ]

MICROPHONE PCS: R, S.

TEST TYPE AND RPM
CURVE As Ml

MAX, RPM: 2175
CURVE B: " Steady Siate
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Figure €53, Truck Exterior Noise Spectra (Narrow Band Analysis 1-1/4 Hariz) Measured at 50 Feet.
The Specira Are Used For Determining Engine RPM.
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TRUCK NUMBER: 2]
TEST NUMBER; 4
MICROPHONE PQOS: R.S,
TEST TYPE AND RPM
CURVE A: IMI
MAX, RPM: 2974
CURVE B:  Steady State
RPM: 2276
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Figure C54. Truck Exterior Noise Spectra (Narrow Band Analysis 1-1/4 Heﬂ'z) Measurad at 50 Foet,
The Spectra Are Used For Determining Engine RPM .
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Figure C55. One~Third Qctave Spectrum
Truck Number 21 Test Number 4
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Figure C56, One=Third Octave Spectrum
Truck Number 21 Test Number 1
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TRUCK NUMBER: 22
TEST NUMBER; ]
MICROPHONE POS: R,5.
TEST TYPE AND RPM
CURVE A: IMI
MAX, RPM: 2300
CURVE B: ~ Steady State
RPM; 300 |
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Figure C57 . Truck Exterior Noise Spectra (Narrow Band Analysis 1-1/4 HertzA) Measured at 50 Feet.
The Spectra Are Used for Determining Engine RPM,
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Figure C58 . Truck Exierior Moise Spectra (MNarrow Band Analysis 1-1/4 Hertz) Measured at 50 Feot,
The Spectra Are Used For Determining Engine RPM,
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Figure C5?. One=Third Octava Spectrum
Truck Number 22 Test Number 1
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Figure C60. One=Third Octave Specirum
Truck Number 22 Test Number 4
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