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PREFACE

Bolt Beranek and Newman Inc. (DBN) 1s pleased to submit this
propesal in response to Reguest for Proposal No, WA 7H-R322
subsection'Transportation and Recreaftlon Vehieles, issued June

"1974% by the Environmental Protection Agency.

The proposed program 1s intended to be entirely responsive
toe the requiréments of the request to provide technleal expertise
in the development of noise measurcment tests and technology/cost
reports lor the control of product noilse emlsglons in transporta-
tion and recreation vehicles. This capertise will be provided
under task-order agreements to he defined as needs arilse.

Any questions concerning technical or organizational matters
should be addressed to Dr., Erich K. Bender. Inguirles related to
gontractual or financilal matters should be addressed to Mr. Theo-
dore Sihpol. Both may be reached at

Bolt Beranek and Newman Ine,
50 Moulton Street
Cambridge, Mass. 02138

(617) 491-1850
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1. INTRODUCTION

The Noilse Control Act of 1971 identifled ftransportation as
one of the major sources of nolse requlring control, Certainly,
transportation and recreational vehileles cause the most extensive
impact on the community of any category of nolse sources. Through-
cut the United States, the population 1s exposed dally to the 100
millien automeobiles and 20 million trucks currently in use. In
fact, automobiles, because of their very large number, contribute
substantially to the acoustic energy levels, Leq’ in urban areas.
In a study of transportation noise conducted by Bolt Beranek and’
Newman Inc. for the Motor Vehlcle Manufacturers Association, the
autcomobile was ildentified more than any other vehicle class as a

source of annoyance,

Other moedes of transportation, such as railroads, urban and
intercity bus lines, motorcycles, and rail rapid transit, also
contribute substantlially to environmental nolse, Recreational
vehidles, ineluding off'-the-road motoreycles, snowmoblles, and
motorboats, contribute not only to environmental nolse but to
hearing damage of operators and passengers as well.

We believe that cur proposed program is wholly responsive
to the Environmental Protection Agency's RFP No., WA TU-R322 for a
Basle¢ Ordering Agreement to provide qulek response task orders for
the development of nolse measurement standards and technology/
cost studies. This RFP also requests a specilfic propogal on the

.development of measurement standards and technelogy/cost informa-

tlon on automoblles. We have structured our preoposal to deal
generally wlth transportation and recreational vehicles and spe-
clfically to study automobiles. Accordingly, Sec, 2 aof this
proposal discusses our general technical approach, which is
divided into three maJor parts: the first deals with the
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development of measurement standardsy the second with the

nolse reduction achlevable through ﬁhe appllicaticn of the best
available technoleogy; and the third with the costs associated
with such noise treatments. Sectlon 3 presents our general
organtzational and management approach for dealing with a number

‘of tasks anticlpated in a BOA. In Sec. ), we apply our general

.approach to the specifle task of developing measurement standards

and conducting technology/cost studies for automobiles. Section 5
presents our task organization and program plan for the automo-~
bile task, and Sees. 6 and 7 discusses our qualifications,

We belleve that BBN 1s unlquely qualified to deal effectively
with a wide range of tasks under a BOA on transportation and re-
creational vehiecles and with the speciflc automobile task. We
have already conducted technology/cost studies for EPA on new
trucks, railroads, interstate motor vehilcles, and rail rapid
transit, as well as numerous. types of other products, such as
construction equipment and lawnmowers, For the Freightliner
Corp., we have achieved greater success in quieting a motor vehicle,
1.e., a heavy diesel truck, than any other research development,
and consulting organization. For the Ford Motor Company, we have
quleted vehlcle cooling fans beyond that believed achlevable., We
have prepared and taught speecial noise and vibration courses to
the technlcal staffl of General Motors and Ford. For DOT, we have
conducted in-depth R&D programs on rall system noise. We propose
to apply this wealth of experience to the general problem of
transportafion and recreatlonal vehicle nolse and specifilcally to
automobile noise control,
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2. GENERAL TECHNICAL APPROACH

‘ Our general technlcal appreach te the development of the
background material for product labeling and nolse emisslon stand-

.ards for transportation and reereatlonal vehileles is to (1) review

and develop measuremont standards as needed, and (2) estimate the
nolse reduction and costs assoclated wilth the appllcation of the
best presently available technology. In this section, we will
discuss this approach in general.

2.1 Measurement Standards

A measurement standard forms ohe of the key elements in a
labeling or emission regulatlion. Thils standard must typlcally
meet a number of requirements, which are often mutually confllet-
ing. For example, 1t must be a rellable indicator of community
Impact, 1t must have relevance to the consumer or equipment pur-
chaser, 1t sheuld not be overly complicated or expensive to per-
form, 1t must be repeatable, if should yleld data that are rele~
vant to large exlsting data bases, and it must be sultable for
field enforcement. Let us conslder each of these requirements in

gome detail,

2,1,1 Relevance to public health and welfare

Since a primary responsibility of EPA is to develop regula-
ticons to protect the public health and welfare, 1t 1s necessary
that noise measurement standards used for product regulations be
consistent with the data required for asscssing the impact of the
noise of a product class on the publlec health and welfare. De-
veloping these types of standards is difflcult because of (1) the
complexlty of human response to a given nolse signature; (2) the
varied relation between nolse sources and the public; and (3) the
effeet on noise level of the varlous operating modes and condi-
tions of a partieular class of equipment.
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The general approach that we proposeé to follow In consider-
ing the relation between the measurement standard and human re-
sponge criterla is to evaluate measurcement standards principally
in terms of criteria eastablished by EPA. In 1ts extensive docu~
ment "Information on Levels of Envirenmental Nolse Requislte to
Protect Public Health and Welfare with an Adequate Margln of
Safety," EPA has focused on the energy equivalent sound level,
Leq’ and the companion day-night sound level, Ldn’ as measures of
environmental nolse. For a single pass-by, characteristlec of
transportation and recreational vehileles, an appropriate measure

is then the sound exposure level, L_, whilch 1s defined by

2
= {t)
L, = 10 log,, J B"Z-" at ,

]

where p(t} 1s the A-welghted pressure as a functlon of time, ¢,
and Le 1s a basic element in predicting communlty energy levels.
For example, the value of Leq generated at the measurement dis-
tance by N cars of equal noise level passing in time, T, 1s glven

by

Leq =L, + 10 leg N/T .
If the sound radiated from a motor vehicle were omnidirec-
tional, there would be a preclse relation between peak level
measured during a pass-by and Le' However, the peak levels which
result from directive sources Imprecisely indicate the impact on
the community as measured by Le. Flgure 1 shows the sound level
along a line 50 ft from a quiet truck and parallel to 1ts center-
line (Bender and Patterson, 1974). This figure also shows the
profile of the sound level from an omnidlrectional source of equal
peak level, Quite clearly, the area beneath both curves is not

i
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ﬁhe‘same. The Le for. the

truek 1s approximately 2.2 20 ) I _ .
dBA greater than that of the MEASURLD NOISE LLVEL

===~ OMNI-DIRECTIONAL
omnidirectional source, 7 ool~ gggg%ﬁegfounL

It is also necessary @

te account for the geo-~ tf N
metrical relationship be- G 701~ ‘,wzgyngﬂhm\
‘tween & source of noilse and . . ’,/" \§~ \‘\\
the people exposed, This is ‘,xﬁl ‘\‘u
especially lilmportant for . Egoo 100 o 160 : 200
sources such as automobilles FEET :
where both the user and
community are exposed to FIG. 1. SIDELINE NOISE FOR AN
substantially different OMNIDIRECTIONAL SOURCE AND
noise sources or noise trans- A TRUCK WITH A PARTIAL
mitted along substantially " ENGINE ENCLOSURE.

different paths, The nolse
level within automeobilles, for example, may be only weakly corre-
lated to automobile nolse levels measured at community locations,

Along these lines, 1t is also necessary to ensure that
standard microphone positions are selected in a way that allows
for extrapolation to locations occupled by people. For example,
distances of 50 ft may be adequate for motorcycle or automobile
measurements, but they are in the geometrical near fleld of rail-

road locomotives. . '

The third factor, determining appropriate values of operat-
ing varlables, is extremely important for machinery that operates
over a wide range of conditions, which is the case for most
transportation and recreational equipment, Tor much of this
equipment, nolse 1s a strong function of at least two variables:
speed and engine load. If sufficient operating cycle data are

LS



-

U

P

iy 3

3

P

acd

TIP3 s e o, e —

il

B-h

0

s

i

-3

"P74-PSN-232 "Bolt Beranek and MNewman Inc.

avallable, 1t then becomes deslrable to consider as a basellne a
histogram of percentage of time spent at various speed and load
candlitions, as illustraﬁed in Plg., 2. Communlty nolse estimates,
measurement standards, and operating cost Increments can all be
bullt from this baselilne,

% TIME

Xa(SPEED)

X; (LOAD)

FIG, 2. HISTOGRAM OF MACHINERY SPEED AND LOAD VARIABLES. DATA
SUCH AS THESE CORRESPOND TO ACTUAL USAGE,
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An energy contributilon to communlty noise is found by appro-
priately welghting and summing the nholse levels correspondlng to
each element of the hlstogram as [allows.

L, /10 L,/10

L =10 log(Tllﬂ ! + T,10 boaee )+ c,

eq

or, equlvalently

L,/10
- i
Leq = 10 log(€§ T, ) + 0.

Here, Ti 1s the percentage of time the machinery operates at the
ith set of load and speed varlables, Li ls the A-welghted spatially

‘averaged sound level generated at a standard distance by the ma-

chine, and C is a constant. The parameter, C, 1s important in
determining specific wvalues of communlty impaet, but 1t need not be
speclfied for purposes of developing a measurement standard.

2.1.2 Relevance to the consumer

Many of the same problems as discussed above, in additlon to
those of dealing with a group of people unfamlliar wlth the speci-
a%ized field of acoustics, are found in making labels and noise
emission standards relevant to product consumers, As with com-
munity nolse, we would rely most heavlly on exlsting EPA and 0OSHA
eriteria. However, we would also be sensitive to other factors
that have been found to be significant by manufacturers of con-
sumer products. For example, the annoyance assoclated with pure
tones or rattles may not be adequately measured by A-welghted
sound levels or energy equlvalent levels.

o t—l
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2.1.3 Industry impact

Measurement standards must be evaluated In terms of industry
impact from the viewpoint of cost and ol Industry attilitude,

Product nolse measurements of any kind cost money to conduct,
and they often require speclal facllitles that, in turn, requlre
capltal to construct. These expendltures are typlcally passed on
in part through the chain of purchasers and users of the produets
being controlied and are absorbed in part by the product manufac-
turer, Both forms of costs should be minimized to the extent
posslble as an anti-~-inflationary measure and to allow for the
optimal allocation of industrlal resources.

In the broad political sense, it 1s necessary to account for

‘industry attitude toward various types of measurement standards.

A greater degree of environmental noise reduction will. be achleved
with a favorable attitude by industry than through an adversary
procedure, The latter can easlly lead to delaying actlons in the

- courts, direct political Influence, and a search for loopholes 1in

regulations. Accordingly, our appreach in these matters has'been,
and will continue to be, to use lndustry standards and te build
on them when environmental protection will not be compromised.
For example, we found during our worik for EPA on developing tech-
noiogy and cost information for construction machinery that minor
modifications of the SAE J8B test made through the use of ad hoe
standards comnittees* resulted in well-accepted and meaningful
tegt procedures,

¥Typically, these committees were composed of representatives of

EPA, BBN, NBS, manufacturers, and users.
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2.1.4 Repeatability

One essential aspect of a measurcment ustandard ls that it
must yleld repeatable results. In a sense, repeatablllty is a
measure of the accuracy or precilsion ol a tezt., There are & num~
ber of causes of variatilon from one test to ancther, ineluding
variations 1n machinery operating conditions and test sites,
changes 1n environmental effects, and instrumentation variabillty.
In testing enéine-powered equipment, such as trucks and automo-
billes, variations of #1/2 dBA are often tound in sequentilal tests
of a partlcular machine, Test site varlabllity Involving slight
variations 1n surface profile between the equipment and microphone
and the impedance of the surface can lead to variations of the
order of %1 dBA. Also, even precision sound measurlng eguipment
can drift durlng the course of a serleg of measurements or have
variations of a fraction of a decibel from unit to unit. Such
variations In machinery, test sites, and instrumentation can lead
to =2 dBA varilatilons under good cconditiens. We prepose to account
for and attempt to minimize such variations in the development of
labellng or emlssion standards.

2.1.5 Relevance to existing data base

Another factor to conslder in the development of a measure-
ment standard Is its relevance to an exlsting data base. The
importance of thils factor is, in a sense, propartional 'to the ex-
tensiveness of the data. Products thai have been extensively
measured accordling to an existing standard are relatively well
understood., Accordingly, new measurement standards, which can be
related to existing data, facilitate the development of regula-
tions by EPA and complignce by dindustry.
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2.1.6 Feasibility of field enforcement

The feasibllity of enforeclng compllance with a regulation
will be accounted for In any measurement standard to which we
contribute, In thils regard, measurements that can be conducted
simply and qulekly by an EPA rleld-enforcement off'lcer are desired.

2.1.7 Procedure for developing measurement standards

The general procedure thalt we propose to fellow in developlng
measurement standards is: (1) to assemble and review exlsting
standards in terms of the ceriteria discussed above (see Secs,
2.1.1 to 2,1.6); (2) to concelve of new standards that satilsfy
the above criteria better and then to decide, in collaboration
with cognizant EFA staff, whether or not to pursue the develop-
ment of these new standards or rely on-existlng ones. . If 1t is
decided to develop new standards that are only marginally differ-
ent from existing standards (e.g., adding a few more measurement
locations or selecting different machinery-operating conditions),
we would recommend the formatlon of a commltter of EPA, NBS, BBN,
and industry representatlves to work out the details. On the
other hand, 1f the new standards differed substantially from
existing standards, we would first wish to conduct a series of
preliminary tests, and then either form a commiitee as described
above or meet with a standing committee of an industry organlza-
tion. This would "bring the industry on board" and give eadch
company an opportunity to evaluate the standard on its own products

at 1ts own facilities.

2.2 Technology/Cost Studies
Iin order to repgulate noise effectlively, the EPA must base
1ts strategy on four factors:

10
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1. Knowledge of the prescnl scope of the problem.
2, Asseasment of available quictlng trechnology.

3. Knowledge of the costs incurred {and on whom they are
Impeosed) as a result of nolse control,
4, Estimates of the beneflt to the public health and wel-
' fare in terms of people removed [rom nolsc exposure as a
result of a plven strategy.
This section descrlhes BBN's approach toward providing the Agency
with this material.

2.2.1 Baseline assessment

The first step in formulating noise control strategles i1s
to undersatand the nature of the noise exposure problem. This
problem 1s compesed of the following elements. '

~ Identification of the noise source population

The numbers, types, characteristics, and prices of the
machlne beilng studled must be determined, In the case of the
proposed regulation governing newly manufactured units, this
means that the composiltion of annual salez must be analyzed. In
mény cases, this information 1c avallable from governmental (U,S,
Census of Manufacturers, Current Industry Surveys, etc.,) or
industry (trade associgtion, trade journal) sources. BBN has
used such sources to determine the sales composltion of such
goods as railroad locomotilves, truck mufflers, diesel trucks,
and portable air compressors. In a few cases, the required in-
formatlon ls held proprietarily by the manufacturing firms; we
have found this to be true, for example, in the cases of con-
struction tractors and truck tires. In these cases, BBN reliles

11
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on contacts among the subJect Industries to provide dAnformation
on a confildential Basis. Such data-gathering 1s done by telephone
eontact and by personal visit,¥*

IFor regulations aimed at retrofitting nolse control treat-
ments to sources already in place, 1t 1s necessary to analyze the
composltion of the existing population. This 1s normally more
difflcult to obtain than annual sales infermation., Again, govern-
ment and industry sources are helpful to some extent. Government
statlstlices are particularly helpful 1n the transpertation indus-
tries, In the past, BBN has used industry publications to obtain
population breakdowns for such sources as machlne tools, coal
cleaning equipment, and pulp mills, In a study of truck noise
for EPA, we alsc analyzed data on 100,000 trucks stored on a dig-
ital tape provided by the Bureau of the Census. Vhere collected
information does not exist, nonstructured surveys of the type
cutlined above may be necessary.

Determination of Noise Level Distribution

The extent to which a unit will require treatment depends on
how noisy 1t 1s; the total level of treatments for all unilts,

*BBN has had conslderable success with surveys of thils type 1in

the past. Under contract to the Department of Labor (Bruce et al.,

1974), within an eight-week period, BBN directly contacted 50
industry assoclations and 70 private firms to determine their
problems regarding industrilal noise control,

1z
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thercfore, depends on the distributlon of nelse levels over the

total population.

BEN will ohbtain nolse level distributions from three sources:

{a) Previous work. As a result of our 25 years' ecxperience
in neise control, we have accumulated a large body of measurement
data that is avallable for the purposes of this work.

(b) Industry sources. BBN has had considerable success ob-
taining, on a confidential basis, manufacturers! nolse measure-
ments of their products. An example of one such study 1s our
analysis of noise distributions for portable alr compressors;
Table 1 shows one result of thils.

TABLE 1. PRESENT STATUS OF PORTABLE COMPRESSORS WITH RESPECT
TO NOISE EMISSIONS AND PRICE PER RATED cfm. -

piezal Driven

Gasoline Driven
Batow 501 cfm Above 500 cfm

Standard Quisted Standard Quioted Standard Quieted

Husbher of Unlits In

Sanplun B kK 26 45 35 32 2H

Price/cfn
Honn $39,23 $43.32 $06.16 $52.11 443,57 tuB. 70

Standard devia-
tion - $ h.ko $ 6.20 4 h,57 $ 8,30 $ 3.56 $ 3.16

8L at Tm .
Mean 82.0 dBA 76,1 daBA 86,1 dabA 76,4 dBA 2,8 dDA" 78,7 dBA

Standard devia-
tion u,52 dba 2.40 ABA . 3.35 dba 4,07 dBA h,08 dpA 3,90 dBA

Quivteuat Hochineo

{Lowent declle)
Nla, in doeila 3 3 6 . L] L 2
Hean MLt Tm 72,6 dpa 72,3 dDA &z dup 70 apA 87.5 ana 73.5 dBA
Deviation of

averufe price in
lovest decile

fron nean price
of quiched +$5.42 +35,14 150,43 +$10,23 +40,31 +$2.50

13
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(¢) Original measurements. In support of this project, BBN
will measurc noise from speclfled sources in cases where data do
not already exlst or sample silzes are too small., We have done
this in support of past LEPA studies, notably in the cases of rall-
road locomotlves, construction equipment, and diesel trucks. An
example of our results for canstructlion equipment is given in
Table 2.

Determination of the Nature of Noise Ezpoaure

The optimal noilse control strategy will vary depending upon
how people are exposed to the offending sources. Some sources
are very local in their influence (e.g., home appliances)} but,
because there are so many of them, many people are exposed,

Other sources are few in number (e.g.,.railroad locomotives) bhut
have high noise levels and high surrounding population densities.
5t11l others (e.g., construction equipment) have elements of both
of the two previous categories. Therefore, the distribution of
people in space and time relative to the sources is dmportant in
developing cost-effective control stratepgles.

To perform this aspect of the basellne description, BBN will
rely chlefly on populatlion data developed by the U.,S. Bureasu of
the Census as we have in the past. We have successfully used
these data to estimate patterns ol exposure to railroad, construc-
tlon, industrial, and highway nolse. '

2.2,2 Noise control assessment

Literature Search

The rirst task in cur assessment of nolse control potentilal
will be a survey of the existing lilterature on controlling emls-
glons from the subject machine. The important informatlon to be

14
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'TI'\BLE 2. CONSTRUCTION EQUIPMENT KOISE RANGES,

HOISE LEVLL (abA) AT 50 FT

SCRAMEHRS, GRADERS

'

. PAVERS

10 no 90 100 "o
COMPACTERS (ROLLELRS) H
FRONT ILOABLRS -t
0 - L {
= BACKIIOES [ —]
> -
g )
= TRACTORS ! |
1-
[f '
5 ]

Y INTERNAL COMBUGTION ENGINES

TRUCKS i
(%)
S COHCRETE KINTRS [ ]
1] :-:':I
ail CORCRETE PUMPS, -
] s CRANES [MOVABLE) b
m [¥7)
w
MK CRANES{DERRICK) H .
N
o | PUMPS i
55
o
s i GENERATORS e |
=
bt COUPRESSORS e}
b PNEUMATIC WRENCKES —q '
-
O
Eg JACK HAMMERS AND NOCK DRILLS [ e |
= -
o PILE DRIVERS {PCAKS ) —t
& VIBRATOR [ {
e 4
- -
o SAWS ! |
Note: Based on Limited Available Data Samplas
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obtained in this manner will include:
* Nolse source dlagnoses,
+ Treatment case histories, dincluding technlques and costs.

The survey will be conducted along several parallel paths. BBN

‘has access to and experience wilth a number of automated litera-

fure retrieval services, such as the Northeast Academle Scilence
Informatlon Cénter at Massachusetts Instltute of Technology and
the Countway Library at the Harvard Medlcal School.

In addition, we are familiar wilith many of the trade and in-
dustry Jjournals not commonly abstraeted by technical literature
reviewers, but which coften contain user-oriented artiecles on
nolse control. These two search methods are complementary, and

. we have used them successfully in the past,

Noise Source Diagnosis

Using the literature search results as a starting point, we
will conduct a detailled investigation ol the noise-making mechan-
isms that contrlbute to the total output of the product, This
wlll be done in two ways:

{a) Estimation based on knowledge of compenent levels. In
many cases, BBN has prior knowledge of the noise levels produced
by machinery components., This is true, for example, of electric
motors, gears, and diesel englne casings; a summary of'noise out-
puts of the latter 1s glven in Table 3.

(b) Measurement. The levels of some noise sources depend
critically on the detalls of thelr construection or installation.
Fans, engine exhausts, and flow nolse phenomena rall in this
category. As required, we shall measure the contributions from
such sources on representative product models to f11ll the gaps in

16
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our prilor knowledge. In general, the procedurcs used to take
such diapgnostic measurements musti be desipgned to sult the nature
of the product., Flgure 3 shows the layout of a microphone array
developed by BBN under EPA sponsorship to measure dlrectilve nolse
from concrete mixers; typilcal measurement results are contalned

“in Pig. 4.

2,2.3 Noise treatment

For representative examples of the product, BBN will deter-
mine the noilse conirol techniques necessary to reduce nolse emls-
slons to the target levels agreed upon by EPA and BBN staff.
Ordinarily, we would select three levels:

l. The level associated with the guietest products cur-
rently on the market.

2. The level associated with using the best demonstrated
technology (demonstrated on the product in question
or a similar product).

3. A level between 1. and 2. i1f the difference between
them 1s greater than 3 dBA.

Rowever, i1t may turn out that these criterila do not lead to the
most appropriate range of levels., For exampie, the guietest pro-
duct on the market may be that way because it already employs the
heat demonstrated technology. Thus, the above three criteria lead
to the selectlon of enly one level. Clearly, EPA must view the
costs associated wilth alternative levels and we would propose to
select two others as well. 1In evaluating technology and costs,
we willl view target levels as "not-to-exvceed" values and account
for appropriate manufacturing tolerances.

/
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It will not be pos- ' T —
glble, nor 1s it desirable, \
to design a complete nolge
control treatment for every
model of each product.
Rather, we will determine
the slignlfieant classes ' ®as'muur
{with regard to noise
emissions) within each
product category, and we
will present the.typical ‘ . . X
treatments which would be - o o o

. 8

required for each class, i
In the case of diesel ' 4 FRONT : 3 FIGHT TREARJ
trucks, for example, we — @_Eﬁ:::i o} .
have found that the AN 50 ) ' 28" REAR
classes can be differ- -, %y et B
entiated according to _ Iéﬂﬂﬁﬁ”

engine manufacturer, with
a further breakdown into
two subelassges for cer-
tain manufacturers
corresponding to their
medlum- and heavy-duty engines (see Table 3). ,

FiG. 3. NOISE MEASUREMENT LOCATIONS IN
RELATION TO CONCRETE MIXER,

Onece the product classes are defined, we will be able to
apply our noise contrel expertise to determine the treatments
appropriate to a typical model representling each class. The
range of possible treatments 1s too great to treat here; however,
we can discuss the general principles that will be applied.

Where posslble, the nolse control engineer seeks Lo reduce
the nolse at 1ts source. This approach might involve replacement
ol a nolsy process or ltem by a system that 1s inherently less
noisy, e.g., changing from pneumatle to hydraulic systems, or

15
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changing from impact
hammers to osellla-
tory shakers. TIans
can sometimes be elim-
lnated by redesigning
cooling systems. Of
course; such measures
are generally eas-
lble only in the case
of new-product nolse
control; they are
generally impractical

.as retrofit treat-

ments,

In many cases, 1t

is possible to identify
. the proeess that 1s

responslble for the

nolse made by a given
equipment Ltem and to
modlfy or treat this

Bolt leranck and Hewman Inc.
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URE, EXTRA MUFFLING, AND FAN
REMOVAL IN SUPPRESSING TRUCK
NOISE BELOW MIXER NOISE, RIGHT
SIDE AT 50-ft ENGINE AT 3200
rpm.

process wlthout materially altering the equipment or its perform-
ance., For example, 1t often is feasible to add resilient layers
to cushlon nolse-preoducing impacts, to add mass, stiffness, or
démping to erdtical components to reduce noise-producing vibra-
tions; to modify nolse-producing fluid flows by changing some
orifices, valves, plpes or ducts; or to replace other noisy sub-

systems, such as fans and gears.

When the noise control englneer cannot treat the source of
the neise, he deals wlth the path that the nolse traverses from
the source to the affected listener, Thils path may Involve

20
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structural components and liquids (water and 21lj, 25 well as
air. Molse control along the propagallen path may involve the
use ol lsolation (e.g., of internal vibrating components I'rom
scund-radiating surfaces and of machines from floors, ete., that
transmit vibrations and radiate sound), Lreatments to reduce the
radlation effilclency and/or acoustic transmlssinn of equipment
surfaces (e.g., by adding mass, damping, secondary panels, wrap-
pings), provision of enclosures for entire pleces of equipment or
of partlcular noise-radlating areas, Installation of sound-
absorptlve surfaces (e.g., wall tlles, hanging baffles, curtains)
in the reverberant spaces, and the provision of lined ducts or
mul'flers.

Tables 4 and 5 show the results of one study that we have
performed Tor the EPA on quieting diesel trucks. Table §

" i1llustrates the division of the producﬂ population Inté nolse

classes and the selection of representative treatments within

each class.

2.2,4 Cost assessment

To estimate properly the economle effect of changes in the
product design or method of use, 1t 1s necessary flrst to define
the appreprlate cost categorles and then to estimate the cflect
of desigh or usapme changes on each category.

Expendltures can be categorized as either iniltlal (or acqulsi-
tion) cost or operating cost. The latter can be further divided
into direct and indirect components. We wlll now summarize the
most slgniflcant ways in which acoustile treatments may affect

these costs.

21
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TABLE 5. NOISE CONTROL KEY.

Code Source love) or
System | (See Fig. 29} | Deseription of Hulse Contro) Heaswvre | Hoise Reduction
Fan ’ al Use ef larger=8loder turnlng foan 8o dop
with shrouding
a? Larger-slower tusnipng fan with 75 dBA
thermontat contral to celiminate
shutters or contrcl thely opening
[i%] Bust technelegy lan systemn 65 dbA
Exhaust bl Best avallcble systen 7% dBA
b2 Advanced systes better than pre- 75 dDA
sontly avalinble
b3 Best technolopy exhoust system 65 dop
Enpgipe el Clost fitting ccvers and ipelated op @3 dBA
damped exteplor pirty supplied by un
cngine manufucturesr
Cub dl Under hood tpeatsunt such 83 GCOUSDe 2= dBp
tie absorbing ruteriul, aide
shields, reecirsulation pancls, cte. .
de Portial or full engine enelesures 10-15 dBA
R

Direet Initial Coste

One element of 1nltlal cost 1z the expense

or procuring components,

affect these costs in the following ways:

of manufacturing

In general, acoustlec treatments tend to

+ More materials may be required, such as damplnpg compounds

on stiffeners,

« More manufacturing steps may be required to provide for
attachment of acoustle materials or devices.

+ Tighter tolerances, to minimlze vibrations, may result in
greater quallty control expendltures,

+ Retooling costs must be recovered, thus lncreasing the
indirect cost of the components.

23
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Another part of inltial eost is eomponent asscmbly, where acoustic
treatments could have a simllar effeet on cost., Naturally, such

conglderatlons as the need for more skilled labor, tighter toler-
ances, and hetter Inspectilion procedures can add to the production

costs.

BBN will estimate the magnitude ol the inltlal cost changes
using our long experience in nolse treatment specilfleations and
our many contacts among suppliers of nolse control devices. We
have used this approach, for example, in our studles of truck
noilse abatement; the initizl costs assoclated with truck treat-
ments are shown in Table M,

Indirect Initial Costea

In the case of some products, especially these which are
mass-produced, the Introduction of nolse abatement devices
can create significant start-up costs. These arise from the
need €o re-tool and re-integrate assembly facilitiles. Data on
case hlstorles of thls type are avallable to some extent iIn
the industrial engineering llterature; some Federal studles of
this problem have alsc been dene regardings the introductilon of
safety or antipollution devices.

Direet Operating Costs

Design changes can affect operations in a number of ways,
but the most common effeet on dircet operating costs is the
resulting change in power requlrement to perform the gliven task.
This may arise because of greater weipght of the unit, the in-
creased drag in ducts and plpes due o wall treatments, and the

24
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reduced englne performance resulting from incroaced muffler back-

pressures,

Examples of the changes in truck characteristics that
as a result of nolse contrcl are shown in Table §; the

may occur
resulting change in annual operating costs 1o shown in Table 7.%
"TABLE 6. CHANGES IN TRUCK OPERATING CHARACTERISTICS FOR NOISE
CONTROL TREATMENTS.?
ABackpressure AMaintenance
AGVH {1b) {in, H,0) Ahp Cost {$/yr)
Cada Treatment Med Hvy Hed Hvy Hed vy Med Hvy
al Large Pan (3} (T)
a2 Large Fan with
Thermostat Contpol, {6) (15)
a3 Best-Tech., Fan
System ) (6) (15)
bl Best Avallable .
Mufrflexr 0 0 0 o $ 9 4 19°
b2 Advanced Muffler 100 200 0 $ 19 $ 38°
b3 i gh=-Tech, Muffler 100 200 15 15 $ 38" % 76"
cl Covers 0 0
d1 Undor-Hood Treat-
ment . 0 1]
a2 Enclosure 250 500 $150% $300°?
!Source; Estimates by noilse eontrsl engineers based on past truck-quieting
experlence
?Represents 10 man-hours per year at a burdencd laboer rate of $15/man=hour,
Represents 20 man-hours per year at a burdened laber rate of $15/man-hour,
“Includes ineremental coat of replacing muffler three times in eight yeesrs,

%#The costs shown in Table 7 also include increased annual mainte-

nance.



-y

T E A\ ey 8 8 P oA . e comm

T

e
[R3F ]

Ba Boa

i

i

H

| S

P784-PSD-232 Bali Beranek and Newman Inc.

TABLE 7. ANNUAL OPERATING COST INCREASES AS A RESULT QF CHANGES
IN GVW, BACKPRESSURE, AND ACCESSORY HORSEPOWER FOR

HIGHWAY TRUCKS.

Annual Operating Cost Increase Per Unit

GVW Backpressure Accessory Horse-

($/1b) (8/1in. Hz) pawer ($/hp)
Casoline - medium 0.016 0 17.50
Gasoline - heavy 0.029 0 17.10
Diesel - medium ¢.011 3.15 11.97
Diesel ~ heavy 0.029 3.40 16.20

Indireet Operating Coats

For the purpose of this study, the chlel elements of in-
dilrect operating cost with which we will be concerned are relia-

" bllity and maintenance. Malntenance costs, however, may be af-
fected by equipment modiflcations. Components, whilch are subjected,

to harsh environmenta and heavy perlodle loading, will be poten-
t1ally subject to wear. Thils 1s especilally true of vibration
meunts and damping compounds, which transform mechanlcal motleon
into heat. Tor each acoustle treatment, therefore, we willl esti-
mate the mean time between repair or replacement based on our
knowledge of the material's properties and leoad and enﬁironmental
histories. The last column of Table & shows the estimated change
in annual maintehance cost brought about by nolse control fireat-

ments [or trucks.
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3. CENERAL MANAGEMENT APPROACH
3.1 Program Organization

In a Basle Ordering Agreement such as this, there are two
levels of management: the Program level, and the Task level,
The program management plan must provide for appropriate allocca-
tion of skills to the various tasks in a timely manner, and it
must ensure that deliverable outputs are provided on time and
within budget. The task menagement plan must ccordinate the day-
to-day technlcal work and assembly of outputs, The program
managemént plan 1s presented here; the task plan is described 1n”
Sec. 5. !

The structure of the program organizatlon is displayed
gchematically in Flg. 5. Our overall philosophy 1s to define a
Program Manager, who will have overall responsibility, and who
will delegate the specific tasks to Task Managers, who will be
chosen at the time that each task is formulated. The Program

" Manager will be supported by an Advlisory Committee made up of

high~levél experts in various relevant flelds, and by an admini-
stratlve assilstant.

The Program Manager for this effort willl be Dr., Erich K.
Bender. Dr. Bender is uniquely qualified to direct the proposed
project. Having worked closely with EPA's Office of Noise Abate-
ment and Control since its inception, he has a clear understand-
ing of the needs for and application of the propesed investiga-
tion. He has managed most of BBN's efforts for EPA, and he has
supervised exftenslve projects for the Department of Trensporta-
tion (truck quieting, railway noise mechanisms) and many govern-
ment laboratorles (chiefly in the fleld of dynamies). In his
role as Manager of one of BBN's largest departments, he is able
to ensure that the most approprlate personnel are assigned to the
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ADMINISTRATION

L. BERNASKI

PROGRAM
MANAGER
E.K. BENDER
ADVISORY GROUP
i\. ELDRED ~COMMUNITY
T. SCHULTZ-STANDARDS
C.DIETRICH -LABELING
TASK NO.1 TASK NO.2
MANAGER ~AUTOMOBILES MANAGER

E.K. BENDER

FIG. 5, STRUCTURE OF PROGRAM ORGANIZATION,
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hrOposed program, Dr, Bender wlll have approximately 10% of his
time available for his managerial and technleal responsibilities
on this project.

The Advisory Committee will consist of Dr., T, Schultz in the_
area of standards; Mr, K. [Lldred in the area of communlty nolse
exposure; and Mr, C.W, Dietrich in the area of labeling technology.
The expertise of these individuals is described in the Personnel
Qualifications Section (See, 7).

To assilst him Iin his superviscry tasks, Dr. Bender will have
the use of BBEN's internal management information system, This 1s
described in the following section.

3.2 BBN Program Management Techniques

Two central problems arise in managing projects of this type.
The first 1s to ensure that staff members with the appropriate
8kills are avallable at the time they are required. The second
problem is ensuring that the overall project proceeds as scheduled
with respect to deldiverable ocutputs and rate of expenditure, and,
as a corollary, that the effort is distributed properly among the
various tasks. BBN has developed management information systems
to assist the program supervisors in these areas,

Manpower Planning Syetem

As part of BBN's normal internal planning, the Professional
Services Divisions use an automated routine that combines the
labor commitments of individual staff members to specific Jjoba
into an overall personnel avallabillity forecast for the succeed-
ing 12 months, This routine permits immediate avoldance af
future canflicts (such as an individual being overcommltted to a
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number of projeets) or labor shortapges, Using thls system, 1t is
posslihle to ensure, months Iin advance, that specific Individuals
will be availlable when they are necded and that sufficlent total

manpower will be applied to upcoming tasks.

Program Revig¢w Syastem

To ensure proper allocatlon of effort wilthin programs, BBN
uses a formal:review procedurc. Each program is thoroughly
analyzed by the Division's management at the 50% completion and
804 completion points. The percentages refer to elther elapsed
calendar time or allocated man-hours, whichever is reached first.
The review establishes whether the progress to date 1s satis-
factory and the prognosis for completion within schedule and bud-
get is goed. This procedure ensures thaet problem areas are
revealed 1n adequate time to resolve them within BEN or te con-
sult with the sponsor, as appropriate,

3.3 Program Personnel

The dlversified range of skills demanded by this project is
easlly supplled by BBN. For this effort, we have made avallable
a labor force whese gualifications in the required disciplines
are well established. Table 8 1lists the avallable personnel by
area of expertlse; thelr qualifications are described in Seec. 7.
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TABLE 8. AYAILABLE PERSONNEL.

: -~
, v Area of Expertise Investigators
i Noise Control Englneering Dr. E,K. Bender*
1l Mr. W.N. Patterson
. Dr. P.J. Remington
- Dr. M.J. Rudd
‘{j . Dr. E.E. Ungar
- Cost and Engineering Economy Mr. G, Fax
:;2 _ Mr. H, Fox
3! .
i Measurements and Test Procedures Mr. G.6. Hugglns
o Mr, R. Ely
i Mr. M. Alakel
P Labeling Mr., C.V. D:l.etr:l.ch'r
k'l ' .

Community Noise Exposure Pr. T. Schul’tz+
™ : Mr. K. Eldred®
i» Dr. W. Galloway
L Technical Writing Ms. N. McMahon

3. A. Rooney
2 M A. R
g
i Library and Informatlon Seclences Ms. C. Long
| Ma. M. Troy
|
k
%
b '
|
2 ]
I'5
-
P
i
‘ -
Ir! *Project Manager
’ ﬂ TAdvisory Commlttee plus technical responsibility,
A
Y
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4. TECHNICAL APPROACH FOR AUTOMOBILES

The purpoge of this seetlon 1s to respond to Enclosure III
of the subject RFP, which requires the inclusilon of a sample taslk
order, In thils case, the specific tople is the development of
measurement procedures, and the techneology and coats of regulating
automobile nelse. The RFP requlres a three-month pregram to
develop pertinent information and dellver all findings. For many
preoducts three months Is sufficlent for a complete study. For
example, BBN conducted a rather thorough study of medlum and heavy
trucks for EPA in two months (Bender and Patterson, 1974). How-
ever, the situation for automebiles 18, 1n our Judgment, sub-
stantially different.

Plrst, the cconomic consequencies of automobile noise control
may be far greater than for any source.consldered thus far by
EPA's ONAC. Effects of prlce changes for roughly 10 million cars
manulfactured annually, effects of changing the fuel consumptlion
of a 90 million car population in the U.8. {Automotive Nawa, 197H),

-and effects on the balance of trade of one of the nationts leading

import products* will all require most careful consideratlion and
should be based on a thorough study.

Furthermore, as we shall discuss, the inadequacy of existing
automobile nolse measurement standards, such as the SAE J986a
procedure, as indicators of communlty noise, necessitates a
greater-than-three-month pregram. Developing a new standard alone
takes at least three months. Technology/cost studles must follow
the establishment of a standard, and, of course, time is needed
for report preparation. Accordingly, we belleve 1t is not

#1,.7 million imported cars registered in U.S. in 1973 (Autometive
News, 1974).
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feasible to conduet a comprechensive study in three months, How-
ever, a prelimlnary study which produces a dralt measurement
standard and first-cut estimates of the technology and ceost of
automoblle nolse abatement would be very valuable and can be per-
Tormed in three months, Tt 1s this level of effort that we
address here.

4.1 Measurement Standards
4.1.1 Relevance to community impact

The impact of automeobile noise on the community and the
abllity of a measurement standard to quantify the impact are a
extremely criticel issues, Although the autemoblle 1s currently
one of the quietest transportation vehleles in operation, 1t is
stlll a major community noise problem due to (1} the large number
in use and (2) the proximity of the automobile to pecple.

Community impact of the automoblle is of two types:

. {1) nolse emitted during typical or average use of the vehicle,

and (2) nulsance impact through improper use. The current mea-
surement standard that has had wide employment — the SAE J986a
standard — does not provide an adeguate measure ol elther type of
impact. This standard measures exterior noise under wide open
throttle (WOT) conditions at speeds low enough that tire noise 1s
not a concern. Wlde open throttle operation, however, occurs
only for a very small portion of average use time {(Ford Motor
Company, 1973). Accordingly, SAE J986a does not acecount for com-
munity response to noise generated during constant speed cruise,
deceleratilon, or moderate acceleration. In addition, tlre noilse,
which is a definite factor 1in community response to automoblle
neise, is not measured by SAE J986a.
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The deeond aspeet of the lmpact of automoblle nolae on
people — a nulsance because of improper use — 1s also lnadequately
assessed by thls standard. Although one's first lmpresslion ls
that WOT operatlon might correlate well with Improper use, the
nulsance value is closely assoclated wilth the listener's soclal
feellngs and attitudes. Because of the subjJectlvencss of nulsance
impact and the lack of adequate measures, .1t i1s ilrnapproprilate at
this time to attempt to include 1t as an aspect of a measurement
standard.

There are a number of additional measurement standards or
practlices that are similar to SAE J986a. Some of these are:

1. I50-R362, Measurement of Noise Emitted by Vehicles, 1964,
developed by the International Standards Organlzation,

2. AESMC 1-72, from the Automotive Exhaust System Manufac-
turers' Committee.

3. An SAE proposed statlonary test at no load and 75% rated
engine speed, SAE Vehicle Sound Level Committee,

4, A test developed by A.E, Mailnes, Dept, of the Environ-
ment, Mechanical Engineering Division, England.

5. British Standard 3425:1966, Method for the Measurement
of Nolse Emitted by Motor Vehilcles.

Some of these tests correlate fairly well wlth SAE J986a; others
are intended primarily to measure exhaust nolse. None of them
provide a very good measure of community impact, however.

Additional studles that do attempt to measure locomotive noise
i1n a manner meaningful to community Impact are work being done by
Ford Motor Ca, (1974) and a current program belng conducted by
the Motor Vehicle Manufacturers Assoclation {Wasko, 1874). In
each of these studies, an appreach simllar to that described in
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Sce. 2,1.1 1s taken; di.e., a measure of the cenergy emltied during
a typlcal-usc scenarlo 1s obtained, The use scenarlos for these
studles were developed ag part of the CAPE-10 program (to deter-
mine measures of vehlele exhaust emlsslons), and industry studles
aimed at obtalning data relevant to vehilele nolse emlssions.

The appreoach BBN proposes is Lo use the data from these
studles and others to generate the basellne histogram shown in
Fig, 2 as a function of speed and engine load., The first step 1s
to assemble the scenario information which shows, for typical
automoblle use, the amount of time the vehlele 1s at a glven
speed/load condltion. These data can be directly correlated to
neise emission, and the Leq for the vehlcle can be calculated as
shown iIn Sec. 2.1.1, The next step is to devise a test methodo-
logy that 1s reasonable to conduct and will closely correspond to
the Leq determined from the seenario distribution. ’

4.1.2 Relevance to the consumer

Some means must exist to translate the measurement standard
into a product label that 1ls relevant to the consumer., For a
one-to-one relatlionshlp to exist, the noise sources evaluated by
the standard must be common to those affecting the consumer of
the product,

SAE J986a agaln does not provide an adequate measure of
automoblle interior noise -~ i.e., a eriterion relevant to the
consumer. Studies {Rarf and Perry, 1973; Ford et al., 1970) have
shown that automebile interior noilse 1s controlled by engine nolse,
road surface excltation, and aercdynamle noise. Also, during
a course on noise and vibration given by BBN to a major U.S. auto-
mobile manufacturer, we found that rear axle (i.e., differentlal)
nolse was lmportant, principally because of its tonal gquality.
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The importance of these gources varles as a functlon of load,
apecd, and frequency. In additlon, low-{requency nolse ls rela-
tlvely more important Iln the interlor than for the exterior, be-
cause of excltation of and reradiation from the car body. The
latter condition 1s more true for cars than for trucks because the
car hody 1s larger and meore susceptible to low-Irequency forces
{Raff and Perry, 1973}. In addition, whille exhaust nolse 1is im-
pertant to the truek interlor, 1t I1s less'so for the car for which
the exzhaust ié more remctely sltuated. The overall result is
that, while the SAE J366b test may be scmewhat relevant to the
consumer for trucks, SAE J986a is not relevant to the consumer

purchasing an automobile.

What is needed is an adaptation to the data obtained by the
measurement standard to devise an automoblle labeling technlque
that provides the required information’ to the consumer, More-
over, the data must be presented in a fashlen that 1s meaningful
to the lay person unfamlliar with the fleld of acoustics.

4.1.3 Industry impact

One of the major cancerns of any product nolse measurement
procedure 1s i1ts impact on industry. An involved and complicated
test 1s costly to conduet and much of the burden 1is eventually
assumed by the buyer, SAE J986a has a significant impact on the
industry for a number of reasons:

1., It is a complex test that 1s costly to conduect. A
rather high degree of skill is required of those per-
forming the test.

2, The results are variable and not repeatable enough.

This can cause the manufacturer to design his product a
few "safe" dB below the regulated level in order to
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egnaure that a high enough percentage of hls cars passes
the test. This result also adds to costs,

3. Thils technlque is unsatlsfactory for enforcement and
for use by local governments who rarcly have the required
site avallable, A new-product standard promulgated by
EPA using SAE J986a will force manufacturers Lo reduce
noise sources emphasized by this test, and to reduce
différent sources to meet local In-use regulations that
employ a different measurement procedure.

Minimizing the costs assoclated with each of the above three
factors requires the employment of a measurement standard that
evaluates the approprilate parémeters, is acecurate, and 1is repeat-
‘able, Accompanyling the standard should be a brief enforcement
test that accurately identifies those automoblles that would fail
the standard procedure. -

A second factor to minimize industry impact 1s to incorporate

* fully the experience, facllitles, and cooperation of the manufac-

turers In the development of & new noise-emission test. Particu-
larly in the case of automobiles, the industry 1s very concerned
about appropriate nolse measurement technlgues and is currently
cqnducting studies to derdive improved techniques. We would enlist
the support and assistance of the Industry to the maximum extent

possilble.

4.1.4 Repeatability

Any successful measurement standard must have a high degree
of repeatability. A lack of repeatability has a major impact on
the manufacturer, since he must counter the wlde variance in the
test by deslgning his auto quileter than called for by the regula-
tion. As before, the result 1s increased costs that are passed
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on Lo the consumer, A deslrable goal In repeatabllity 1s to re-
duce the variance of the test procedure Lo a value on the order
of or less than the variance due to other factors (e.g., propaga-

tion and the source itself).
SAE J986a has an unsatisfactory varlance due to:

1. The long measurement zone of 100 f't, varlations of
several dB can occur, especlally between high~ and low-
povered cars.

2. Variations in driver skill and timing.

3. ©Site-~to-silte physlical wvariations causing measured noise

variations of up to 3 dBA (Ford Motor Company, 1973).

The development of an automobile nolse-emlssion standard with
good repeatablllty can be accomplished by attentlon to a number

of factors. One of these 1s a2 test requiring minimal driver skill,

Ancther 1s to minimize the effect of the surface-reflected frans-

. mission path, which 1s primarlily responsible for site-to-site

variations. Another would be a source~to-microphone distance of
less than 50 ft. We will explore these and cther apprcaches teo

increased repeatabillity.

4!1.5 Relevance to Existing Data Base

Although a great deal of data have been accumulated on aute-
moblles through the use of SAE J986a, there i1s stlll & need to
develop a new standard because:

1. The inadeqguaey of SAE J986a as a measure of community
nelse iIs wldely recognlzed by the industry and regula-
tory agencles alike,

2. A signiflcant amount of data has been collected using
other measurement techniques.
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One important aspeet of developlng a new measurement proced-
ure te repulate automoblle nolse is the relevance of the data
obtalned by that procedure Lo exilsting data. One way to judge
the appropriateness of a new procedure is to compare lts resultls
Lo the current data base. The abillity of a new test is degraded
if' no satisfuactory means exlsts to make thls comparison.

Relevancy to the community and the consumer has a bearing on
the relevancy to an existing data base. 'The welght given the
latter must be modified by the relevancy to community and con-
sumer, In the case of the automoblle, for example, SAE J986a does
not provide the correct measure of community Iimpact. Therefore,
less 1mportance has to be attached to the relevancy of & new
measurement procedure tc the known data. Fortunately, a reason-
able amount of nolse data on automobiles has been gathered using
procedures other than the WOT technlque of SAE J9B86a.

4,1.6 Feasibility of field enforcement

A test procedure as complex as SAE J986a possesses minimal
use as a fileld enforcement test. The requirements of a feasilble
procedure are speed and simplleity. In fact, 1t 1s preflerable ifl
such a test can be performed on-site at the manufacturing plant,
near the end of the production line,

An enforcement test that i1s a corollary to a new standard
test procedure is described in Sec, 4.1.3, The objective of the
brief field test ls to determine,with a high probabilility, those
cars that would fail the sdtandard measurement procedure., A fleld
test of this sort would be useful to the manufacturer as well as
to EPA enforcement personnel,

As a part of developing a draft of a new automoblle measure-
ment standard, BBN will also develop a draft test methodology for
field enforcement.
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4.1.7 Procedure for developing new measurement standard

It has been stated that the SAE J9806a standard 1s ilnadequate
for a number of reasons, the prineipal one belng that It is not a
good nmeasure of communlty lmpact. We propose to develop a new
draft measurement standard for automoblle nolse emlssion followlng

& three-step program:
1. Document inadequacy of SAE J986a.
2. Concelve new test procedures.

3. Conduct tests to determlne feasibility of new procedures.

All three phases will be accomplished using the speed and load
scenario dlscussed in Sec., 2.1.1.
The first phase wlll be to quantily the abillity of SAE J986a

to satisfy the criteria of Secs. 4.1.1 to 4.1.6 and document the
results. Second, one or more new standard measurement technigues

" that more closely meet these erlteria will be developed. Finally,

prelinminary tests wlll be conducted to evaluate the procedures,
and select one of them,

4.2 Technology/Cost Studies for Automobiles
4,2.1 Baseline assassment

The basellne assessment for the proposed study of automeblle
nolse comprises two parté: (1) & descriptlon of the sallent fea-
tures of automobiles and the automotlive industry and (2) the
preparation of a data base on automoblle nolse levels, component
eharacteristices, and priece. In prior technology/cost studiles
conducted for EPA, we have found it useful to describe the pro-

ducts and companles, We therefore propose to provide a descriptilon

ho
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of automoblle classlflcations, lypical construction configurations
and noise sources, a distribution of number of vehleles produced
by manufaeturer, numbers of vehleles lmported and exported, the
sales volume of each manufacturer, and an ldentiflecatlon of which
components relevant to nolse are made by automobile manufacturers
and which are supplied by vendors. These data will provide an
important picture to EPA and will be a valuable data base for any
econcmic lmpact analyses EPA chooses to conduct. Moreover, such
data are readlly available from the MVMA, the government, and
other soureces and thus will require very little time to aecguire
and present.

We also propose to provide EPA with a thoroughly documented
set ol baseline interlor and exterior noise levels measured accord-
ing to the SAE J986a standard and a draft test procedure developed as
part of the proposed study. We will use three basic sources for
this information: the open literature, the automobile manufac-
turing industry, and ocur own measurements. We find that, in the
open literature, there already Is a signiflcant body of data on
forelgn models but not on domestic cars. Domestic manufacturers
treat thelr data rather confldentlally. However, we are reason-
ably optimistic that domestlc manufacturers willl provide us wlth
data, at least for purpcses of statlstical analyses. This view
1s based on the success we have had 1n obtalning proprietary data
for truck and constructlon nolse studles and on our reasonably
close working relationship with certaln automoblle manufacturers.
Finally, we belleve that,EPA should noft base its repulations
solely on data provided by an industry that is about to be regu-
lated. Accordlngly, we propose to conduct independent noise
measurements on a cross-secilonal sample of new automoblles,

The format In which we propose to acquire data 1s glven in
the following table. We will present interlor and exterior nolse

b1
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NOISE DATA

SAL J986a Community Standard

Test Test
Run bt | Run 2 | Rup 3 ves Result ffRup 1 | Run 2 | Run 3 re Result

Interior Level

Extcrior lLevel

deoar Steop

Approach Speed

VEHICLE DATA

Automobile Intake-Air Cleaner

Make: Make:
Model: Model No.:
Model Year:
Serial No. Cooling Fan
Transmisson:
Rear Axle Ratilo: Make:
Medel No.:
Fngine Diameter:
No. of Blades:
Model: Fan/Engine Speed:
' Displacement:
No. of Cylinders: Firea
Pxhaugt Muffler Make:
. Model No.:
Malke: Rib Type:
Model: . Condition:

ha



e

|

O R |

Y

i

F |

7 P A e W s e
=

ITITT A

=

i3

i

A

.

p74-pSD-232 ‘Bolt Beranek and Newman Inc.

data for each run made (for purposes of evaluating varlability) as
well as the test result for the SAE J986a standard and what we

may call the "community standard.” We wlll also provide all rele-
vant parameters on cecach automobile tested, We are not optimistic
that data gleaned from the llterature or the industry will be
sufficiently comprehenaive to fill out this table completely for
each vehicle. Howevér, data that we acquire under the proposed
program will be documented in thls manner.

4.2.2 HNoise control assessment

To assess the technology and cost of controlling automobile
nolse, we propose a four-part program invelving: (1) the acqui-
gitlon and analysis of existing informatlon; (2) measurements of
component source contributions; (3) estimation of the cost and
effectiveness of state-of-the-art application of noise control
technology; and (4) an evaluatlon of nolse reduction that can be
achieved by means of a component lnterchange.

Acquiaition of Existing Information

We propose to collect two kinds of information for purposes
of noise control assessment. Plrst, we will determine the degree
of noilse reduction that has been achieved by exilsting techniques,
We expect it will be relatively easy, for example, to determine
the insertion loss and price of automobile muffleras. It wlll be
somewhat more difficult to estimate the cost associated with the
applicatlon of quileting to automoblle interiors.

The second type of information that we will collect Is com-
ponent nolse contribution to Interior and exterior total nolse
levelsa. Components that we will evaluate lnelude

43



.l

TR T T el M

e P AP g

k]

i b e A T

-

B
o,

¥ |

Sy,

-

BR

L.d

L

L

P74-pPSDp-232

englne intake
engine exhaust
englne structure
cooling fan
tires.

Bolt Beranek and Newman Inc.

Ve will also acquire data on other scurces, such as rear axles
and air condlticners {interior only) as the need and opportunity
arise.

Source Identification

Antleipating that industry-supplied data and data in the

1lterature will be inadequate, we propose to measure the contri-
bution of the abave five sources to interior and exterlor levels.

The following table summarizes the‘diagnostic test procedures e

propose to follow.

Source

Englne Intake

Engine Exhaust

Englne Structure

Test Procedure

Operate vehilele at low speed,
with fan removed, with exhaust
equipped with extra muffler

and possibly wlth englne wrapped.

Operate vehicle a2t low speed,
with mierophone located
approximately 1 £t from ex-
haust line terminus.

Operate vehicle at low speed,
with fan removed, wlth intake
and exhaust equipped with
extra mufflers.

Il
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Source Test Procedure
Coollng Pan Drive fan with electrice motor.
Tires Coast vehicle by statlonary

microphone with transmission
disengaged and englne turned
off,

Noise Treatment

Vle propose to evaluate the application of the best avallable
technology required for automobiles tc meet the three levels
selected in a manner described in Sec. 2. This evaluation in-
volves an assessment of replacing nolsy components with quiet
ones, lneffectlve nolse-suppression devices with effective ones,
and incorporating various stages of nolse control technology.

The following 1s a summary of the application of these technlques

to the major sources,

" Engine Intake: Apply a more effective alr cleaner, aim the
intake nozzle forward, apply under-hood sound-absorptive treat-

ment.

Engine Exhaust: Apply a more effective muffler. (It is

likely that off-the-shelf hardware i1s sultable for most obJectlves;

if net, we could readlly estimate muffler effectiveness through a
preliminary design.)

Engine Structure: Apply under-hood sound-absorptive material,

side shlelds, damped and vibratlon-lsoclated valve covers, oll pan,
intake manifold, and accessories.
Cooling Fan: Use a larger, more slowly turning fan and pos-

slbly a larger radiator.
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Tires: Replace noisy tires wlth guiet ones. (Unfortunately,
the state of the art of deslgning qulet tires is tee undeveloped
to do much more,)

4,3 Cost Analysis for Automobiles

Estimating the direct and lndireet costs of automobile noise
control will take several steps. The first will be to develop
models for cost computations; these models wlll take inteo account
automobile design characteristies, operating prefiles, and produc-~
tion techniques, Specific conslderation will iIneclude: )

Direet Inltial Costs: These costs are primarily the cost of
labor and materials for the nolse treatments themselves and do

not require an extensive modellng effort.

Indirect Initilal Tests: The autoﬁobile production process
is highly sensitive to perturbations of the assembly llne opera-
tion; 1in thils fashion, nolse ceontrol treatments may cause consld-
erable indirect costs in the form of retooling or assembly line
integration. We can estimate the extent of such cost on the
basis of simllar events., In particular, much literature is
avallable on the 1lndirect cost lmpacts of alr pollution systems
and safety devices (such as collapsible bumpers).

Direct Operating Costs: Noise control treatments can be ex-
pected to affect automobile operating characteristics (welght,
backpressure, ete.) and, therefore, fuel econcmy. The magnitude
of thls effect in terms of annual cost depends on a car's average
annual mileage, speed, and load factor, whlch we shall estimate
on the basls of data from the industry and from the U.8. Trans-

portatlion Census.

h6
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Indlrect Operatinm Costs: ‘fhe effects of nolse treatments

on the required maintenance effort can be estimated on the basils
of our knowledge of the wear and deterloration properties of the
applicable materials and does not require extenslve modeling.

The seeond phase of cost estimation will be to asslmulate
and crltically evaluate cost data obtained under the literature
search and industry interview phases. Clearly, cost estimates by
interested pafties such as manufacturers must be carefully analy-
zed, We have found cases 1n the past, for example, of some pro-
duct manufacturers estimating thelr cost of noise control by using
list prices for abatement devices which would normally be obtained
at a substantilal discount. This is not to say that such informa-
tion 1s valueless, only that it must be independently assessed.

The third phase of the process is'to combine the .data with
the models Go obtaln estimates of the four cost categorles by
class of automobile.

47
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5. PROGRAM PLAN: AUTOMOBILE TASK.

The proposed program conslsts of zeven subtasks, as shown in

the attached Program Schedule,

Subtask 1. Develop Measurement Procedure

This subtask has asg 1ts objective the development of a draft
measurement procedure, Followlng thils inltial three-month pro-
gram, a final measurement procedure can be developed, lor example,
by convening a committee comprising government and industry repre-
sentatlives, BSpeclfiecally, we propose to:

1.1 Review automoblle use data and develop a speed and load

uge scenarilo.

1.2 Select approximately four representative operating
conditions to be used Iin the Technology subtask.

1.3 Use dnformatlon from vehilcle standard test and dlagnos-
tle studies to develop vehlecle nolse measurement pro-
cedures.

1.4 Dvaluate comparatively these measurement procedures
and such measurement standards as SAE J986a from the

standpoint of community nolse, Industry impact,
repeatibility, relevance to exlsting data base, enforce-

ment feasibility, ete.

1.5 Draft a recommended automobile measurement procedure.

Subtask 2. Conduct Literature Review
Under thils subtask, we will:

2.1 Acquilre noise, cost, and use data from Industry sources.

h8



-,

SN S

A |

<o St BT [

-

Wo-8

.

P74-PSNH-232 ' Bolt Beranck and Newman Inc.

2.2 Acnuilre nolge znd cost data I'rom sources other than
industry — e.g., government, foreign sources, the
literature, and our own data,

2.3 Characterize the automotive industry economleally and
lo terms of production volume, varlety and types of
models, role of imports, etec. '

Subtask 3. Industry Interviews

Since consultation and cooperation with the automotive indus-
try are of paramount importance to the success of thils study, we
ldentdify as a specific subtask intervilews with the industry.
Maintaining this type of contact with the industry has proved
Important to the success of past programs with EPA - e,g., trucks
and portable ailr compressors. Specifically, we propose to:

3.3 Contact a large number of industry personnel via tele-

phone,

3.2 Follow the telephone contacts with in-depth vislts to

a smaller number of industry representatlves.

3.3 Maintain contact and maximum communication with the
industry through continuing follow-up discussions.

Subtask 4. Noise Control Technology

The development of nolse control technolegy involves total
vehicle tests, diagnostlc tests, and an evaluation, based on
these tests and data gathered elsewhere, of nolse control tech-
nology. dSpecifleally, we propase to conduct the following:'

4,1 S8elect vehiecles. We propose Lo select representative
vehicles for testing that will give us a eross section
of a product llne as well as a cross section of major

9
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4.3

b, i

manulacturers, For example, we might select a cbmpact,
intermediate, standard, and luxury model from one manu-
facturer and one standard slze car from each of lour
manufacturers,

Arrange for Vehlele Tests, Ve expect to conducht tests
on cars made avallable by vehiele manufacturers 1ln ex-
change for nolse data acquilred on these vehicles.

(This arrangement has worked well In the past for tests
conducted on trucks, rallroads, and construction ma-
chinery,) If manufacturers choose not to make cars
avallable, we will rent approprilate models from car-
rental agencles.

Conduct Standard Tests. With approximately seven cars
selected under Subtask U.l, we propose to measure ex-
terior and interior nolse according to

+ SAE J986a
+ IS0-R362

+ An SAE-proposed stationary test at no load and 75%
rated engine speed.

+ Operating conditlons identifed Iin Subtask 1.2.

Conduct Diagnostic Tests. On four to seven automobilles,
we propose to conduct dlagnostic tests as deseribed in
Sec, 4 of this propesal to determine interlor and ex-
terior contributions from

« englne exhaust
« englne intake

+ englne structre
¢ coaling fan

+ tires,
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Subtask 5.
This

Lvaluate Nolse Control Effectlveness. Using data ac-
quired from the dlagnostle tests conducted in Subtask
W%, we propose to evaluate the eflectlveness of nolse
treatment for the vehicles consldered,

Fatimate Total Nolise Contrel Requlrements. We propose
to combine the results of Subtaak #.5 with dota acquired
from the industry {(Subtask 3) and literature (Subtask 2)
to estimate the technolegy required teo reduce automo-
blle nolse to thrée target levels,

Costs

task Involves the development of cost estimates for

reducling automobile nolse and comprises the following three parts,

5.1

5.2

5.3

Define Cost Model. VWe propose to develop a cost model
relating nolse control measures to direct and indirect
capltal and coperating costs,

Evaluate Cost Data. We propose to evaluate and put
into usable form all cest data acquired as a result of
literature (Subtask 2.2) and industry (Subtask 3} sur-
veys.

Estimate Direet and Indirect Costs, We propose to
esgtimate the costs of neolse control developed 1in Sub-
task 4 and combine these data with the modeling (Sﬁb-

task 5.1) and other data (Subtaslk 5.2) to obtain first-~
cut estimated values of direct and indirect, capital and

operating costs assoclated with reducing automobille
noise to three target levels.

. —r
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Subtask 6. Documentation and Reporting

6.1 Documentation. We propose to document thoroughly all
data acqulred under the proposed program. This will be
done by provlding work sheets and check lists for all
data-gatherers and will be separately monltored.

6.2 Pinal Report. Ve propose to preparc a final report
documenting &ll findings.

Subtask 7., Meet With EPA
We propose to maet with the cognizant EPA program supervisor
+ during the first week of the program
« approximately mldway through the program, and
« several weeks after submilssion of-the final repoﬁt.

The purpcae of these meetings willl be to review work accompllshed

- and plans for accomplishing remaining work.

Organization

The organization that ve have developed for the proposed
tasle on automobiles Ils 1llustrated in Fig., 6. The task will be
managed by Dr. Erich Bender who will also be responsible for the
industry interviews and technolopgy studles (Subtasks 3 and 4).
Measurement standards (Subtask 1) will be developed under the

supervision of Mr, Geoffrey Huggins, who will also be the principal

technlcal contributor to this effort. Ms, Charlene Long will
supervise the literature acquisition and review (Subtask 2).

Mr. Gene Fax willl be the prinecipal contributor to cost analyses
(Subtask 5). Reporting and documentation will be coordinated by
Ms. Nancy McMahon, Manager of our Publications Department.

52
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P74-150-232
TASK
MANAGER
E.%. BENDER
MEASUREMENT LITERATURE REPORTING AND
STANDARDS ACQUISITION TECHNOLOGY cost BOCUMENTATION
G, HUGGLNS €. LONG E.K. BENDER 6. FAX N. Mc MAHON

Summarles of the qualificatlons of these senior people are
found in Sec, 7 of thls proposal; complete resumés are appended,

FIG, 6. TASK ORGANIZATION.
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6, RELATED EXPERIEMNCE.

For more than fifteen years, BEN has been studylng and
solving nolse control problems associlated wlth transpertatilon
and recreatlonal vehicles., Actlvities In thls rleld ranpge Trom
detecting nolse sources and colleetlng data to meking cost/
effective recommendatlons for nolse reduction. In addltlon,

BBN has conducted numerous studles of traffilc noise and 1ts
environmental'impact, asslsted c¢ity, local, and national agencies
In the regulation of vehlcular nolse, and participated Iln the
development of nolse measurement standards. Some speclific
projects performed in these areas are summarized below.

6.1 Technology and Cost Studies: Motor Vehicles
Medium- and Heavy-Duty Tvychks (EPA) . N

For EPA, BBN conducted a two-month study of the technology
and associated costs of controlling the nolse of medium- and

" heavy-duty trucks., We ldentified the costs to the ilndustry of

reducing truck noilse to (1) the level associated wlth the quletest
trucks currently on the market, (2) the level assoclated wilth
using the best demonstrated technelogy, such as the DOT Qulet
Truck Program, and (3) a level between (1) and (2), 1f the
difference between them is greater than 3 dBA. 1In the course of
our Investipgation, we found that the quletest truck avallable

on the market has a diesel engine rated between 350 and 400 hp

and has SAE J366a test results of 78 dBA. The truck representing
the best that availlable nolse control technology can produce has

a 350-hp diesel engine and an SAE reading of 72 d4BA.

——



g e

vl

LA

EN I |

.

1

e

i

[t

H_%

—i B X OIE

I

L_

p74-P3D-232 Bolt Beranek and Newman Inc.

Molor Carrier Regulation (EPA)

In support eof EPA's development of the regulation of nolse
from interstate motor carrlers, BBN flrst studled and character-
lzed both the industry and the vehleles subject to regulation.
We then evaluated means for develeping (1) a large data hase,
(2) an erfective measurement methodology, and (3} possible
enforcement strategles. Also lnecluded in the study were Inves-
tigatlons of the best avallable technolopgy, cost of and schedule
for compliance, ldentlfication of major nolse sources, and the
econamle impact of the proposed regulatilon.

Quiet Pruck Program (DOT)

For the Department of Transportation, BBN and Freightliner.
Corporation, Portland, Oregon; have together undertaken a program
to design, bulld, and extensively road test a quiet dlesel truck.
Sound power level measurements have been used to diagnose the
maJor nolse-~producing mechanisms. Ordinary diesel trucks have
noise levels of 88 dBA at 50 ft. The BBN-designed prototype,
whileh has sueccessfully completed a year ol road testing, now
operates at a significantly reduced nolse level of 72 dBA at 50 ft.

Some of the sallent noise control rfeatures of the Qulet Truck
are:!

+ An exhaust system, which includes a manifcld muffler
mufflers within the exhaust line, and fiberglass and
aluminum wrappings on the exhaust lines.

+ Two-stage englne mounts for vibration isolation.

* A thermostatlically controlled fan, whlch operates only

when necessary.
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+ A partial cngilne enclosure to provide adequate attenua-
tlon of englne structural nolsc without decreasing engine
acceass or coollnpg ablllty.

Of three parallel DOT-aponsored efforts with teams of manufac-
turers, research firmg, and universitlies, this program has been
the most asuccessful in terms of guleting achieved and delivery
into service.

Also under this eentract, BBN analyzed the economilcs of
line-haul diesel trucks that use advanced techneclogy to achleve
low noise levels. The work Involved estimating changes in truck
manufacturing and operating costs for a variety of nolse control
measures and selecting the optimal mix of treatments for any
speciflied noise reduction.

Studies for Highway Reseaveh Board

For several years, BBN has worked clesely with the Highway
Research Board of the Natlonal Academy of Sclences., Two projects
conducted 1in 1965 involved (1) development of a simulation method
for determining noilse from highway traffle and (2) ildentification
of the physlcal measure of vehicle nolse which predlets with the
highest degree of correlation the average subjJectlve reactlon of
a group of observers. In 1970, we developed an englnecring
design gulde for calculating the acoustilc impact of any highway

configuration and the effect on this impadt of deslgn medification.

In February of this year, we submitted a B-volume final report

on a major study for the HRR to establish standards for highway

nolise levels:
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Vol. 1. Descign Culde for Highway Noise Prodictilon
and Cantrol

Vol. 2. Assessment ol Vehlcular Nolsce Sources
and Reductlon Technology

Vol. 3. 'Highway Noise Propagation and Trafflc
Nolse Models

Vol. 4. Evaluatlon of Community Measures to Control
Highway Nolse

Vol., 5. Eg¢onomic Trade-0Offs of Highway Noilse
Control Strategies

Vol. 6. Time-Varying Noise Crilteria

6.2 Technology and Cost Studies: Rail Systems

Contribution to Background Doeument for Rail Carrier Noise
Regulations (EPA)

BBN compiled all data on train noise up to 1973, 1n a search
for information on measurements of nolse caused by tralns. Among
the sources utilized were technlical jeournals publlshed In the
United States, Canada, Eurocpe, and Asla; acoustlelans; personnel
from the two locomotlve factorles still In existence; personnel
from the Assoclation of American Railroads: and rallroad employees.

As part of thils program, BBN also studled the costs of fitting
muf'flers on all diesel-electric rallroad locomotlves 1n the U.S.
Included in the study was an investilpation ol the effects of such
a retrolflt program on the rallroads' malntenance activitles and
on peak-load capacitles. Projections of effects on revenues
and expenses were made for each of the Class I railroads.
Estimates were also made of the impact on freight rates and
quality of service.
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Evaluation of Ratlroad Noise Reduction Techniquen (EPA)

In an earller BBN report, iwo technlques were suggested lor
quletlng the operatlon of raillroads: fltting mufflers to loco-
motilves and erecting barriers around retarders. In the
"Evaluation"” preport, BBN sclentists consldered the technleal
aspects of both techniques, the cost (both for new locomotives
and for retroflt programs), the economlc Impact on rallroads,
and the benefit to the community from noise reduction thus
achieved,

Measurement and Evaluation of the Impact of Railvoad Noise

Upon Communities (EPA)

In an interim report, published in 1873, BBN described
recent measurements of nolse caused by rallroad operafions.
Numerlcal measures of the intrusiveness of the nolse upon.
communitiecs were llsted, and Ilmportant nolse sources were
ranked 1n order of theilr intruslveness., Programs for improving
the descriptlions of poorly understood nolse sources were recom-
mended, and procedures for determining the need for control
of those sources were deserilbed.

Computer FProgram for Prediction of Notise from Line-laul
Locomotives (EPA)

BBN developed an automated technique te predlct community
exposure te rallroad noise, taklng environmental detalls into
account., Factors affecting the radiation of such nolse are
numerous: Cthey include geometrical spreading of the wavelronts,
absorption by atmaeapheric water vapor, ground absorptlon,
atmospheric refraction; and shilelding by ground barrilers. Any
or all of the factors may vary with frequeney and range.
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BBN wrote a speclal computer propgrin, EXAIMO (Fxcess Atmespheric

Attenuation Model), to perform thae caleulatlons needed to
predlicet attenuation of rallroad noilse,

Wheel/ﬁaillﬁaiae (hop)

BBN has been studying rall system dynamles for many years.
Currently, we are completing a study for DOT/T3C on nolse
generated by'the interaction of wheels and ralls In rapild transit
systems. This study involves modeling Interactlons of the
wheel and rail and represents the state of the art in analyzing
ratl system dynamics. The advanced analytilcal techniques devel-

oped under thls program will be used to reduce nolse and vibration

Irom wheel/rall interaction. This fundamental research on rail/
wheel interaction 1s needed to help characterize the physical
mechianisms by whieh trains generate nolse and vibratibn. e are
also Investlgating methods of detecting high levels of stress
before they can cause wheel fallure. These activitles represent
an important step toward achleving greater safety, comfort, and
quiet through deslign of Improved suspenslon systems, tracks, and
track-mounting metheds.

As part of thils wheel/rail nolse study, BBEN developed an
algorithm for the -Urban Mass Transit Administration to use
in determining the most cost-effective treatment from a set of
proposed nolse control treatments.

Noise in Rail Transit Cara: Ineremental Conta of Quieter Cara
(EPA)

Rall rapild transit systems, car operatlon=z, and the car
bullding indusatry are described iIn relation to the procurement
of quieter cars. All combinatilons ol car noilse-control
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modlfilcatlons that are considered technlcally and cconamicully
feagihle lor lmplementation are descrlbed, FEstlmales are pre-
sented of Initlal and operating costs.

6.3 Technology and Cost Studies: Recteational Vehicles

Work on Four Privately Owned Yachts

Kalamoun, & 94-rt aluminum diesel Ekpress erulser, was
launched in Bremen, (ermany, June 1973, and achleved a M-kt
light dlsplacement speed trdial. Work on Xalamoun was aimed at
control of all onboard noise sources that might contribute to
underway or at-anchor nolse, plus provision of a high level of
speech privacy between compartments. Absolute minimizotion eof
the welght of acouatle treatments was required fo prevent
reduclng the boat's exceptlonal speed -potentlal., Sources treated
ranged from maln engine exhaust to toilet flush nolse. Partic-
ipation in preliminary and final design stagesz, as well as on~site
Inspectlion of acoustlec treatment installation, resulted i1in noise
levels censlderably below those found on boats much heavier and

much less powerful.

Sea Star 1s a 123-Tt steel three-masted schooner and BBN
performed retrofit work on her. Problems consisted of nolse
belng transmitted from diesel pgenerators inte stuterooms,
from the engine room vent fan onto the quarter deck, and from
the roll-stabilizer hydrauvlic pump into the galley and crews!
quarters. Significént reductions (8 to 12 dBA) were achieved by
treatments which included enclosing the generators, remounting
the generators and hydraulic.units, and muf'fling the engine room

vent fan.
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In the 15-m wocden high~speed crulser, tossarc, the dlesel
generator was causing an annoying vilibraticn In the cabin sole,
Simple tuned vibration dampers, deslgned and feabricated at BBN,
were Ilnstalled causing an 8-dB reductlon of the erlilcal vibration
frequency.

The problem with Caprieta, a 20-m wooden yacht, was nolse
during motoring. At moderate speed, nolse on the deck and in
the aft cabin was louder than at full throttle, Increased
nolse at reduced throttle was determined to be due to an under-
pitched propeller that face-cavitated at speed less than hull
speed. Lngine noise was helng transmitted through the engine
compartment top and also hy vibration transmisgion through

‘age~hardened rubber mounts. Recommendatlons inecluded a smaller-

diameter, higher pltched propeller, speclal carpent underlayment
over the engline enclosure, and replacement of the aged engine
mountts.,

' Regulatiana for Reereational Vehieles (Chicago)

As part of a broad study to asslst the Qity of Chleago
in regulating all sources of community nolse, BBN ildentified the
various noise sources of recreaticn vehlcles, suggested remedlal
steps for abatement of these sources, and described the practlcal
limits of noise control with present technology and the attendant
costa. We also reviewed the fundamentals of nolse measurement
aﬁd specific measurement procedures likely to be useful in the
noise abhatement efforts of the City of Chicapo,
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6.4 Work Performed for Transportation Tndustry

Noiae and Vibration Courses (GM, Ford)

Over the pasi several yeare, BBN has developed a close
working reiaﬁionship with manufacturers of hoth transpertatlcon
and recreatlional vehicles. A geod Indicatlon of the regard in
which we are held by the autometive industry 1ls that, in 1971,
we presented -a 72-lecture~hour course on "Understanding and
Solving Automotive Nolse and Vibration Problems" to about 0
speclallsts from most dlvislons of General Motors Corporation,
This course proved so successful that we were asked to, and
did, present the same course at Ford Moctor Company.

Truek Fan Study (Ford)

BBN undertook a study of dlesel truck fan noise for the
FFord Motor Company. ZInltlal research proved that the fan noise
levels were due, in part, to poor cocling system confilpguration.
Therefore, in addltion to redesipning the shroud as originally
planned, we extended our research to 1Include a new basic design
for the truck fan, Our shroud and fan design changes reduced
the nolse by 11 dBA, inecreased cooling effectlveness 15%, and
reduced power requlrements by 50%. The efficiency of the entire
fan system increased from 15% to 27%.

Studies for Motor Vehicle Manufacturers Association

For the MVMA, BBN has conducted several studles of motor
vehliele nolse. Among the most recent of these are research
projects to determine fthe contributions of varlous types of motor
vehicles (1) to the physleal characteristles of noilse that are
Judmed most annoyinpg and (2) to most common traffic situatlons;

a study of the trends in motor vehicle nolse, including technical
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and soclal/economlc/legal varlables; and nolse measurements
off several makes and models of motoreyecles and trucks under

varylng operating conditlons.

Studies for Assoeiation of American Ratlroada

Tor the Assoclatlon of American Rallroads (AAR),.BBN measured
nolse levels from railroad operatlions 1in and around the Mlssouri-
Pacifilc yard and line facillties in PFt. Worth, Texas. AAR needed
this Information to respond to questions published by EPA
concerning measurement, control, and impact of nolse from
rallread operations. Among the measuréements made durdng thls
eontract were noilse levels from retarders, englnes, horns, and
car-car impacts, wayside nolse, and community necise. Techniques
uzed for data dnterpretation included time historles, dlstrlbu-

tions, A-~weighting, and 1/3-octave baend analysls.

In another study for AAR, BBN assembled informaticn on
rallroad nolse, then measured sound characterlstics encountered
during both line and yard operations. The report focused on
three aspects of railroad nolse: 1ts environmental effects,
identificatlion of the relative importance of wvarilous sources, and
prediction of nolse levels that may be reached through the appli-
cation of varlous noise control strategles.

Studies for Transit Authorities

BBN has conducted a number bf studies for transit authorlties
in the U.S., and abroad. Some of these studiles have involved
the evaluatlon and development of desipgn techinlgues Tor the
reduction of nolse and vibration caused by rail transit systems.
Scme of the approaches we have considered inelude "Tloated"
slabs, rall fasteners, rall welds, and track desipgn., Tor example,
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the New York Clty Transit futhority, we evaluated the dynamles

of reslliently subported concrete track slabs to provide guldance
Tor slab design. Included In this study were the physilcal aspects
of slab response, sound radiatilon, and vibratlon lsolation;
predletions of nolse and vibration for several slab configurations;
and recommendatlons for slab parameters.

Also for the New York City Transit Authority, BBN conducted
a study of the influence of rall-rfastener design on noise and
vibration control. The baslc mechanisms of nolse and vibration
generation were considered in light of the effects of fastener
parameters; then, two types of fastener design were consldered:
the resillient raill fastener and the resiliently supported tie.
In a study for the Washington Metropolltan Area Translt Authorlty
on the effects of rall-fastener stlffness on the vibratlon trans-
mitted to bulldings adlacent to subways, BEN developéd design
parameters for track fasteners. A sample fastenef design was
used to 1llustrate how one may obtain a fastener with the required
vertlcal and lateral values of stiffness. Implementation of our
recommendations could result in a 15-4B reductlon of nolase
transmitted to neighboring bulldings, '

Other translt authoritles for whom we have conducted studiles
ranging from wayside nolse measurements to deslgns for reducing
noise in subways include those in Boston, Calgary, Toronto,
Munich, and London.

6.5 Measurements and Test Procedures

As a well~recognized leader in the field of acoustles,
BBN has over the last 25 years made signifilcant contributions to
the development of measurement technolopy., Because cof these
contributions and because ol the outstanding qualifications of
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our personnel, members of the BBEN stalfl have served on several
committees for the'establishment of measurement standards.
Technical starff members who will be partlelpatling In the proposed
program and who have served on such commlttees are E.K. Bender
and W.N. Patterson (ad hoc committees on the development of
measurement standards for constructilon nolse and rail transilt
nolse) and K. McK. Eidred, who served on the Y50 Nolse Measure=-
ment Standards Committee. Currently, G.G. Hugglns 1s conducting
for EPA an evaluation of measurement procedures to be used to
assure compliance of trucks wlth EPA truck noise regulations.

Examples of recent programs involving measurements or the
development of test procedures are summarized below.

Measurements of Noiae from Portable Air Compregsoar (EFA)

BBN, under EPA sponsorshilp, perfeormed dilapgnostic noilse
measurements on three portable alr compressors, The measurement
results were used to identify levels from individual sources,
go that technlqgues and cost of noise control could be estimated.
The data were also used to establlsh the effects of phenomena
such as nolse directlvity on the sultability of exlsting
test procedures for predicting actual community exposure
levels.

Moteor Vehitele Noise Investigation (Californial

In an investigation sponsored by the California Highway
Patrol, BBN provided the technical basls from which the State
of Callfornla enacted legislation to limlt motor vehicle noise.
Comprehenslve nolse measurements were made on passenger and
sports cars, motoreyecles, and trucks under a number of different
operating conditions. The relatlve amount of nolse produced
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by moelLor vehlele exhausts as compared to the resldual vehlcele
noise (1l.e., gears, engine, tire noilse) was examined,

Analyaig of Noiae From Individual Highway Vehieles (HRB)
Data were presented and analyzed for noise produced by pas-

senger cars and dlesel trucks. The report discuzsed. the observable

effects for such varlables as the vehicle speed, kind of road sur-
face, the existence of an up or down grade, the load on the vehlele
engine. A slmulation method for determining the noilse from highway
traffic was developed. This method allows analysis of complex high-
way situatlions and enables prediction of traffic nolse levels on a

statlstlcal basis.
Railroad Locomotive Noise Mequuvements (EPA)

During a study of railroad locomotive noise for the EPA
(referred to abeve), the Agency determined that it was necessary
to obtaln additional measurements; BBN was requested to perform
them. The measurement team was in the field wlthin 10 days
after the Agency's request; 15 locomotives were measured in the
course of a week; and a summary report was issued a week after
the measurements were completed.

Environmental Noiaze Measurement Procedurea (DOT)

Under contract to the Office of Noise Abatement, BBN lnves-
tlgated the rationale and plans for the measurement of environ-
mental nolse on a natlonwide basis, The survey was designed
80 that actual slte selection and data acquisition could be
carried oul by relatively unskilled perscnnel in local communi-
tles; hence, rather specific guidelines were develeoped for
measurement, selectlon of measurement sites, data collection,
and field observation,.
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6.6 Labeling

Noiae Emitting and Attenuating Pevieces (EPA)

We are currently under contract to EPA to perform technleal
analysis In support of the development of labelinpg repgulations
for nolse-emitting and attenuating devices. Thils projeect 1s
Just getting underway.

Regearvch on Child Seat Safety Standardc (Juvenile Product
Hanufaeturera, Car Seat Group)

In this prejeet, we developed specifle language for the
labeling requirements of Federal Motor Vehlcle Safety Standard
213 (49 ¢.F.R. 571.213), based on our research for safety
performance and on an extensive social survey that investigated
actual usage patterns of U.S. families in widely separated
geographical areas and Iin different soclo-economic levels.
Specific lines of inqudiry included the user's age, the extent
of the user's exposure tc the hazardous sltuation, and the
reasons for product purchase and use, including the value of
information contained on product labels or hang-tags.

Investigation of the Design and Performance of Traffic Control
Deviees (FHWA)

For the Pederal Highway Administration, we assembled from
our technical stalf a multldisclplinary team of engineering
and experimental psycheologlsts, engineers, and graphic desilpners
to conduct a desigh and an experlmental study. The work encom-
passed an analysls of the legal background for uniform traffic
control signs, an extensive serles of laboratory investigations
and controlled road testing, and a group of graphle deslgn

10
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exerclses, "The experimental Investipatlon was directed to the
communlcations performance of pgraphle elements: ecolor, outer
shape, border wldth, type style, strcke widih, word placement, and
the meaning and recognilzabllity of pletiographs. TRxperdmental
deslgn and data snalysls methods were developed through the
application of statistlcal declaicn theory.

Regulation of Baby Bouncers or Walker~Jumpera (Juvenile
Producto Manufacturers, Baby Walker Group)

BBN recommended specific lanpuage Tor a product label to
be required by Federazl regulatlon, Our recommendatlons included
the language and the silze of type, as well as the Information to
be furnished in order to meet the purposes of the Federal
statute involved. In additilen, we analyrzed the requirements
for a separate label on the package of shilpping contalner for
the purposes of Federal enforcement, Ve also ezamined the need
for manufacturer record-keeping requirements relating to the
sales and distribution of these articles and recommended spe-
clfliec regulatory language on this subject,

6,7 Technical Writing

' In addition to writing and editing, BBN's Publications Starf
members coordinate the work of typilsts, illustrators, desipgners,
and printers to produce BBN proposals, reports, and journal
érticles. Working closely with BBN sclentists, they have com-
pleted various papers and undertaken orlpglnal rcsearch. The
members of the department are publlshed writers in theilr ocwn
flelds.

7L
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Some examples ol thelr work ineclude:

HUD WNoine Aacepsment Guide and and accompanyling TFraining
Proagram

Shipboard Noise Control Handbook (see below)

Handbook for the Asscssment of DE 1082 SHIPALY Maehinery
on Sonar Self-Noine

Noiae from Congtruetion, Home Appliancces, and Building
Bquipment

Some Journal articles Include "Deslgn and Calibratlon of a

High-Volume Cascade Impactor," and "Nolse in Stamping Industries.,”
Below 1s a more detalled discussion of one of the above-mentioned

projects.

Shipboard Neise Control Handbook (DOP)

Under the joint sponsorshilp of the U.3. Navy and Coast

Guard, BBN developed a handbook to assist ship designers in
controlling ailrborne nolse. The work required us to present

a large amount of technically complex information and procedures
in a simple, structured format for use by shipyard deslgners
untreined in acoustics. The completed document represented the
first time that all the relevant techniques had been aésembled
in one place and reduced to a worksheet format.

6.8

Library and Information Sciences

BBN has designed, developed, and implementoed computer-hased

Iinformation systems slnce 1959, partilcularly Iin the areas of
informatlien managing, time-sharing, computer networks, medlcal

applications, and educatlonal technology.
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Information Seiences

BBN has developed informatlion-manacement systems for the
management and operation of a major lionten hospltal, for the study
of the structure of complex organle moleceunles by the National
Institute of Health, and for the storape and retrieval of
underwater acoustlec data by the Naval Scientlfle and Technlcal
Intellligence Center. We have also developed an experimental
data-management system o explore the preblems of flle security
and access posed by a large data base embedded In an Interactilve,
time~shared environment,

Eaeh of these BBN-developed systems provides: the means for
specilying the logical and physleal organlzation of data, for
updating files, and for manipulating and retrieving data; a
language for speclfying querles; and the ahllity to dlsplay and
print query responses and reports in a specified format. Most
of the systems operate in a time-shared, on-line mede. Our
principal design criteria were eazse ol application, simplicity
of deslgn, responsiveness, and economy of hardware and software.

Library

The BBN Library 1s one of the filnest speciallized techniecal
libraries in the area., In addition to maintaining current
references in our areas of Interest, the librarlans prepare
literature searches, develop speclal-lnterest eollections,
and coordinate all BBN reports and technleal publlcatilons.

13
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7 PERSONNEL QUAL IFICATIGNS

: This section presents brief summaries of the qualificatdions
‘of key personnel under each area of expertise. Those cases where
individuals have projeet responsibilities in addition to their
_technleal work are so noted. Complete resumes may be found in
Appendix A,

7.1 HNoise Control Engineering

Dr. Erich K, Bender — Program Manager

| Task No. 1 Manager

Dr; Bender's contributions to engineering system and design
include evaluations of fan noise mechanisms, desipgn of duect

. 8llencers, evaluation of noise treatment for dlesel engines and

gear tralns, and analysis of the response and sound transmission
in complex structures. He has contributed to rall system nolse
control through studies of the effectiveness of resiliently sup-
ported track slabs, resllient rall fasteners, the effectlveness

of welded rall, and the acoustic treatment of stations and tunnels.
In the fleld of motor vehlele'noise controi, Dr, Bender~has been
BBN's prineipal Investigator in a DOT-sponsored truck-quieting

- program. In support of the EPA's report to Congress, Dr. Bender

supervised’an " intensive study of the sources, impact, control
potential, and industrial actlvities concerning noise from various
sources.

William N. Patterson

Mr. Patterson is engaged in research, development, and con-
sulting In the fields of noise, vibration, and testing. He has
evaluated rapld transit vehicle designs and predictlon of subway-
induced nolse as well as vibration ln adJacent structures. On
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jthe Quiet Truck Program, he has designed and tested the englne
;exhaust system for a new heavy-truclk generation. He has 1in-
:vestigated the nolse-producing mechanisms on dump trucks, concrete
mixers, bulldozersa, and compressors, as well as analyzing the
costs to manufacturers and owners of guieting thils machlinery.
Cther recent worlk includes engine-vibration isolatlion and muffler
‘design for the Mk 48 and refrigerator compressor-nolse control.

Dr. Paul J. Remington
At Bolt Beranek and Newman Inc., Dr. Remington has partilci-

pated in a number of projects involving the dynamies of complex
structufes, numerical analyses, and control system studies. These

Anelude studles of the transmission of sound through compleXx
aerospace structures, viscoelastleity with application to com-
‘pliant coating technology, automoblle exhaust system dynamlcs,
and the unsteady dynamies, and the unsteady dynamics of parachute
deployment. He has also been prineipal investigator in a project
for analyzing mechanisms of wheel noise 1ln rail transit vehicles
and evaluating ahatement technlques. .

Dr, Michael J. Rudd

Dr. Rudd 1s involved in several projects related to aero-
dynamic and hydrodynamic turbulence and noise. He has also
partilcipated in projects sponsored by the Environmental Protection
Agency, including ones aimed at setting noise limits for tralns
and home appliances. At New York University, he coriducted re-
gsearch on the reduction of jet noise by partilculates and on
‘methods of predicting nolse in struétural spaces due to sonle
boom; he also taught courses on nelse, vibration, and dynamics,
and enpgaged 1n consulting activities on Jet and turbine nolse '

problems.,
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Dr. Eric E. Ungar

: Dr. Ungar, an Associate Divislon Director, is concerned with
Evarious aspeets of structural dynamics and noise and wlth the
-direction of multidlsciplinary approaches to the solutlon of
technological problems. A recognized authorilty In the mechanileal
engineering field, he ls listed 1in American Men of Science; he

is a fellow of the Acoustical Soclety of America; Chalrman of

the Technlcal Committee on Vibration and Sound, Deslgn Engineering
Division of the American Society of Mechanical Engineers; Referee
of the Natlonal Academ& of Sclences, and is a member of many other

scientlfic organizations.

. 7.2 Cost and Engineering Economy

Gene E. Fax

Mr, Fax is 1nvolved in the application of engineering
economy technigues to noise contrel programs. In the course
of hlis work, he has Investigated fdr EPA the economic effects of
a proposed nolse contrel standard requlring the installation of
muflflers on railroad locomotives, and performed a cost/benefllt
study lor the Department of Transportatlion of the worker nolse~
exposure standard of 85 dBA on the manufacturing industries,
Mr. Fax has performed economle and demographic studies to defier-
mine the extent of construction noise in the community. As task
leader under the Department of Transporétation Quiet Truck Pro-
gram, he is studylng the economle impact of high-technology
qﬁieting techniques on line~haul trucking operatilons,

76




B ST R 3 o T P T Ty TR e

S

TR

o g L MW T,

L.

-

Lo

1 €1

iy iy

I |

173

T3

S

i

L

1

‘P74-PSD-232 ) Bolt Beranek and Newman Inc.

‘Herbert L. Fox

Mr. Fox 1s a Senior Eeonomist at BBN and a Lecturer in

‘Economles at Norfheastern Unlversity. Under the sponsorship of
'the National Scilence Foundation, he has performed basie research

in the dynamics of developing economics, and 1s completing a
socloeconometrlic survey of Massachusetts. He has conducted
studies of the economic impact of regulating nolse from air
compressors, censtruction equipment, and ceoal cleaning machinery.

7.3 Measurements and Test Procedures

.Mr. Geoffrey G. Huggins

Mr. Huggins, Cormerly manager of BBN's Washington-based
Applied Research Department, has recently moved to the BBN
Cambridpe office to pursue hls interest in noise control research.
He has measured and examined the results of alr compressor mea-
surements for various manufacturers in a project sponsored by the
Envirenmental Protection Agency. Presently, he 1s respensible
for evaluating nolse test procedures for medlum- and héavy-duty
trucks. He recently served as Project Manager for a nolse mea-
surement and control program under the sponsorship of the
Washington Suburban Sanitary Commissilon.

Mr. Richard Ely

Mr. Ely ls involved in predictlons, design of experiments,
and measurements related to acoustle and rheologlcal prepertles
of metals and viscoelastic materials, and nolse Irom machines

‘and vehicles. He is active in evaluating the impact of noise and

nolse regulations on the health and welfare of the community.
One of his recent projects was the development and applicatlon
of techniques for measuring nolse from rallroad locomotives and

retarder yards.
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Myr. Richard N. Alakel

Mr. Alakel, a research technician, works closely with

sclentists 1n system integration and design for experimental

analysis and data collection, and also in field measurement work

in areas of nolse and vibratlon control. Recent applications of

his work have been toward measuring and analyzing nolse from

'portable alr compressors, rail transit wheels, and aggregate

screens.,

7.4 Labeling

Mr. Charles W. Dietrich — Advisory Committee

Mr. Dietrich, the head of our Regulatory Acoustlcs activi-
ties, is widely known for his work for governmental agencies in
the development of nolse control statutes and regulations that

have had national impact. He 1s presently working wilth the EPA

Office of Noise Abatement and Control on the development of the
‘Interstate Motor Carrier Regulation and has partilecipated in the
development of the Interstate Railroad Regulation,

he assisted the EPA during the hearings held pursuant to Title IV
of the Clean Alr Amendment of 1970 in the areas of Standards and

Measurement Method, Legislation and Enforcement Problems, and

Technology and Econamics of Nolse Contrel: National Programs

in the development of labeling repgulatlons, as well as past and
current noise reggulations projects for local government (Boston,
Cook County, Chicago), for States (Illinols, Florida, New Yorl,
Maryland) and lor Industry groups. He 1s presently prineclpal
investigator for BBN's efforts under EPA sponsorship to develop
labeling regulations for noise sources and nolse-attenuation

~devices.
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7.5 Community Noise Exposure

.Dr, Theodore Schultz ~— Advisory Committee

Dr. Schultz currently is working on the establishﬁéﬁt_of
reallstic erilteria and monitoring procedures lor ahatement of
urban noise, particularly the nelse from road and alr trafflc,
Recently, he prepared a state-of-the-art review of impact nolse
testing and rating, in support of ongoing research efforts at
the Naticnal Bureau of Standards. He has also dealt with problems
of measurement and design in architectural acoustles; design and
evaluation ol acoustical-testing laboratory facilitles; noise

.and vibration erlteria and control for high-speed tralns and for

alreraft, He has also prepared two surveys on undersea reverbera-
tion. He 1s active in the writing and reviewing of acoustlcal
standards at the national (ASTM and ASA) and international (IS0)

levels.

Mr. Kenneth Eldred — Advisory Committee

Mr. Eldred 1is Director df the Architectural Technd}ogies and

Noise Control Division of BBN. In additlon to his 20-year involve-

ment in ncise generatian and control, he is a recognlzed authority
on criterlia for measuring the effect of nolse on communitles. He
has consulted extensively in this fleld for the Office of Noise
Abatement and Control since its inception. Among his recent
projects in this area has been the estimation of the distribution
of the U.S8. population by degree of nolse exposure. Hils many
professional affillations inelude membership in the Natilonal
Academy of Sclences — Commlttee on Hearing, Bloacoustics, and
Biomechaniecs, and Fellowship in the Acoustical Society of America.
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ir. William J. Galloway — Advisory Committee

Dr. Galloway has performed research and consulting in
physical acoustiecs, noise control, and the response of people fo
nolse. He has directed work on noise problems assoclated with Jet
alrcraft, wind tunnels, rocket and ramjet engines, motor vehicle
noise, and many industrial projects. His major efforts have been
concerned with physical measurements, develepment of predictive
models, and establishment of acceptabllity ceriteria for jet alr-
craft nolse and noise produced by moter vehicular traflflic.

7.6 Technical Writing

Nancy McMahon

Ms. McMahon, the Manager of the Publications Department, is
responsible for coordinating the publleatlon servieces with the
printing, 1llustration, and photo departments. She has recently
completed a booiltlet for the Department of Housing and Urban

.Development and prepared other technical papers on noise in vari-

-

ous Iindustries,

E. Ashley Rooney

Ms. Rooney 1s responslble for editing and writing technical
reports. Working closely with the sclentists, she prepares
proposals, reports, and Journal articles in additilon to under-

taking origilnal research.

7.7 Library and Information Sciences

Margaret Tnoy

Ms. Troy, the Chlef Technical Librarian at BBN, 1s responsible

for the complete adminlstration of the library. She also prepares
literature searches and reference work.
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.Charlene Long

Ms. Long has developed and applled a slmple computer-based
;system Tor information retrieval, which is presently belng con-
:sidered by a majJor sclentific abstracting service. She has begen
responsible for over 20 major bibllographile compillatlons on such
toples as man-zomputer interaction, robotles, learning aids for
the deaf, deedsion ailds, ultrasoniecs in medicline, and linear
predictlion — state of the art. She has conducted demographlc
‘and industrial surveys Iln diverse areas, including ecrib injuries,
characteristics of populations near rallroads, and the c¢ffects of
OSHA and NIOSH regulations on industry.
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ERICH K. BENDER — Manager, Applied Physics fdepartment

T

Education: S.51,, 1962, 8.M., 1963, M.E., 1066, Se.D,, 1967

(Mechanical Engineering), Massachusetls Inntitute of Technology.

Professional Experience: Englneer, Grumman Alrcralt Engineering

Corp., summers, 1961 and 1962; Research Asslstant, Staff Engl-
neer, MIT Instrumentatlon Laboratery, 1962-1965; Research Assis-
tant, MIT Mechanical Engineering Dept., 19565-1967; Bolt Beranek
and Newman.Inc., 1967-present.

Honors and Societies: Acoustiecal Soclety of America; Institute
of Nolse Control Engilneering (Board of Examiners); Sigma Xi;
American Soclety of Mechanlcal Engineers; American Institute of
Aeronauties and Astronautics.

Professional Responsibilities and Projects: Dr. Bender has been
engaged 1n research, development, and consulting in the [ields of
nolse, vibratior, control systems, and fluld mechanies. TFor the
majority of hls projects, he hasz served as principal investlgator
with the'accompanying technical and manaprerlal responsibllities.

" At Bolt Beranek and Newman In¢., Dr. Bender has contributed to the

evaluatlon and solution of noise and vibratlon problems, as well
as the assessment of community noise levels. Nolse prohlems have
ilncluded dlagnosis of fan nolse mechanlisms, the desipgn of duct
sllencers, the evaluation of nolse treatment for dilesel englnes
and gear tralns, and the analysis of the response and sound-
transmlisslon 1In complex structures. He has contributed to raill
system nolse control through studies of the effectliveness of
resiliently supported track slabs, resillient rail fasteners, the
effectiveness of welded rail, and the acoustleal treatment of
stations and tunnels. In addition, he has conducted field mea-
surements of varlous North American and European subways. In the
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J fiecld of moter vehlele nolse contrel, BDr. Bender has been BBN's
prineipal investipator 1n a DOT-sponsored truck-quleting program
with the Freightliner Corp., and has been active on an ASA motor
vehicle nolse group. He has also taught automotive noise and
vibratlion courses at General Motors and the Fofd Motor Co. 1In
suppert of the Environmental Protectlon Apgency's report to
Congress, Dr. Bender supervised an intensive study on the sources,
impact, control potentlal, and industrial activities concerning

.|

e ettt e e
1
L I

L L1 3 Ll

noise from various sources.

At BBN and previously at MIT, Dr. Bender has contributed to engl-
neering system analysis and design, including evaluations of
hydrofeil ship and spacecraft control systems, and the use of
analog multiplexing circuits to improve system rellability
through the use of redundant components. v

i3

TR

Technical Papers:

e

"Sampled~Data Veloclty Vector Control of a Spacecraft," ASME
63«WA-314, November 1963.

1

"Multiple Sensors Boost Signal Quality"™ (with D.C. Karnopp),
Control Eng., 13, No. 7, pp. (68«73, July 1966.

EAS L 1T T
I

1 "Frequeney Effects in Analog Channels Multiplexed for Rellability"

age-

i (with D.C. Karnopp), Proceedings of the Joint Automatic Control
ﬁ d Conference 1967:447-453 (1967).

: pat "optimum Linear Control of Random Vihratlons," Proceedings of
3!& the Joint Automatio Control Conference 1967:135-143 (1967).

"On the Optimization of Vehicle Suspensions Using Random Process
Theory' {(with D.C. Karnopp and I.L. Paul), Proceecdings of the
Sesquicentential Forum Transportation Engineering, Aug. 1967, New
York; ASME Paper G67-TRAN-12.

[

"Multiplexlng of Continuous Signals to Improve Accuracy and
Rellabllity" (with D.C. Karnopp), Regelungstechnik, 11:494-498

(1967).

C: 1z
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"Optlmum Linear Preview Control with Applicatlon to Vehicle
Suspenslons," ASHME Trang. J. Basie Eng. {(Ser. D}, 90-2:;213-221,
June 1968,

"Some Fundamental Limitations of Actlve and Passlve Vehlcle-
Suspension Systems," 1868 SAE Transactions, pp. 2910-2915.

"Noise Problems of High Speed Ground Transportation" (with
C.W. Dietrilch and P.A. Franken), Proceedings of the Carnegic-
Mellon Conference on High Speed Ground Transportation, Pltts-

burgh, Pa., pp. L41-156, May 1969,

"On the Generation and Reduction of Automotive and Rail Vehicle
Nolse," 1979 Proccedings of the Institute of the Envivonmental

Seiences, pp. 221-227.

"Environmental Effects of Transportation NHoise" (with P.A. Franken),
ASME Paper No. 7T0-TRAN-52 (1971).

"rhe Minlmization of Hydrofoil Ship Control Power" (with P.J.
Remington and W.C. O0'Neill), Proceedings of the Third Ship Control
Systema Symposium, Bath, England, 26-28 September 1972,

"Noise From Cohstruction, Home Appliances, and Buillding Equipment,"
J. Inst. Environmental Sciences, September-October 1972 (to be

publizhed).

"A Review of Internal Combustion Engine Induetion and Exhaust
Noise" {with T. Brammer), J. Aeoust. Soe. dAmer. {to Le pub-

lished}. .

"Analysis of the Response, Sound Radiation, and Vibration Trans-
misslon of a Reslliently-Mounted Track Slab" (in preparation),

Book Review:

Introduetion to Terrain-Vehiele Systema, by M.G. Bekker (The
University of Michlgan Press, Ann Arbor). Review published in
The Shock and Vibration Digeat, 1:7 (1969},

bender 3
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Sponsored BBN Technijcal Reports: (

"Some Noise and Vibration Problems Aupoclated with Pncumatic-
Tube Transportatlion" {(with K.S. Lee), BN Rept, Ho. 1590,
February 1968,

"High-Speed Ground Transportation: HNolse Sources™ (with C.W.
Dietrleh, R.D, Bruce, H.H. Heller, and P.R. Nayak), BBEN Rept.
No. 1741, October 1968.

"Analysis ‘and Reduction of Strapdown Navigation System Errors
Induced by Random Vibration" (with R. Abilock), BBN Rept. No, 1748,

January 1969,

"Effects of Vibration on Human Performance: A Literature Reéiew”‘
{with A. Collins), BBN Rept. No. 17067, PFebruary 1969.

"Development of Prototype Muffler-Diffuser Assemblies [for 3-IVB
Workshop Ventilating Fans'" (with I. Ver and E. Ungar), BBN
Rept. No. 1774, March 1969.

"An Analysis of the Nolase Reduction of Orthotropic Cylindrieal
Shells," BBN Rept. No. 1775, April 1969.

"Predictions of Subway-Induced Noise and Vibration in Builldings"
(with U. Kurze, K. Lee, and E. Ungar), BBN Rept. No. 1823,

May 1969.
"Effects of Rall~Fastener Stiffness on Vibratilon Transmitted to

Bullding Adjacent to Subways" (with U. Xurze, P. Nayak, and
E. Unpar), BBN Rept. No. 1832, June 1969.

"Effects of Reslliently Mounted Track Slabs on Noise and Vibra-
tion" {(with U. Kurze and E. Ungar), BBN Rept. No. 1878, Septem-

ber 1969.

"Noise Oenerated Aboveground and in Stations" (with M. Heeckl),
DOT Rept. No. OST-ONA-T0-1, January 1970.

"Nolse and Vibration Measurements in the Toronto Transit Commi-
sion Subway" (with R. Bruce and E. Ungar), BBN Rept. No. 1899,
November 1969,

"The Acoustical Treatment of Stations to Alleviate Wheel-Squeal
Nolse" (with F. Hirtle), BBN Rept. No. 2052, October 1970.

"Sources and Control of Oround Vehiele Nolse," BBN Rept. No. 2058,
Neovember 1970.

bender 4
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TA Peasiblllity Study of Active Landlop dear™ (wlth B.F. Berkman
and M. Bleber), Technlcal Kept. No. AFPDL-TR-70-1206, December 1970.

"Phe Unsteady Hydrodynamies and Control of Hydrelfolls Near a Free
Surface”" (wlith J.I, Smullin), BBN Rept. No. 1970, January 1971.

"Noise From Construction lguipment and Operations, Bullding
FEqulpment, and Home Appliances" (et al), Rept, No. 2192, December
1971. Aluso. Environmental Protectlon Apgency Rept. No. NTIR300.1.

"Station Acoustles" {with P, Hirtle and R, Stern}, BBN Rept., No.
2380, July 1972.

"The Effect of Tunnel Acoustle Treatment on the Nolse Insilde
Subway Cars" (with H. Heller), BBN Rept. No. 2391, August 1672,

"Resiliently Supported Track Slabs: Analysic and Design Recom~
mendations," BEN Rept. Neo. 2398, August 1972.

bender 5
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MICHBAEL N. ALAKEL — Engineer

Education: B.3. (Electrical Enpglncerdrng), Lowell Technolopical
Institute, 1971.

Professional Experience: Draftsman, Western Electrle Company,
Summer, 1969; Draftsman, Consultants and Designers, 1871-1972;
Electronlc Techniclan, Bolt Beranek and Newman Inc., 1972-1973;

Engineer, 1873~present.

Professional Responsibilities and Projects: At Bolt Beranek'and
Newman Inc., Mr. Alakel works closely wlth seclentists in system
integration and design for experimental analysis and data col-
lection,uand glso in fleld measurement work in areas ol nolse

and vlibration control. . .

As a techniclan at BBN, he maintailned and calibrated sound and
vibration equipment and other related eguipment.

Recent projects on which Mr. Alakel worked include:

l, EPA Compressor Noise Project: field measurements to
determine SPL and directlivity of sound generated and spectral
analysls of 1/3-cctave and 1/1l0-octave bands.

2. EPA Wheel Rail Nolse: setting up and running experi-

ments to determine directlvlity, sound power, radlation eflficiency,

impedance, and phase.

3. United States Coast Guard Fog Horn: testlng directivity
of new ballle designs in the anechole chamber,

4, Bureau of Mines: reduction ¢f taped data, which 1in-
volved 1/3 cctave bands (real-time analysis); reduclng and
calculating reverberation time by gencrating a computer program
to assist in the calculations.
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In progress on

experlments

Man Labs Damping Mats:

[
D
damping of varilous materials.
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CHARLES W. DIETRICH — Senior Engineering Scientist,
Requlatory Acoustics

Education: S.B., Massachusetts Institute of Technology, 19563
S.M. (Electrical Englneering), Massachusectts Institute aof
Technology, 1958.

Professional Experience: Teachlng Assistant (Electrical Engi-
neering), Massachusetts Institute of Technology, 1956-1958,
Bolt Beranek and Newman Ine., 1958-present; Guest Lecturer,
Massachusetts Instltute of Technology, 1964, 1967-1970, 1972.

Hanors and Societies: Member, Tau Beta Pi, Eta Kappa Nu,
Sigma Xi, Acoustical Soeclety of America, Audle Engineering
Soclety, Soclety of Automotive Engineers, Hlghway Research
Board, Human Factors Socclety, Electrlical Rallroaders'! Associa-
tion, Institute of Nolse Control Englneers.

Professional Responsibilities and Projects: Mr. Dletrich has
worked in the flelds of lnstrumentation, data acquilsltion, and
environmental studies, Hls responsibilities have included
experimental programs, including extensive field measurements,
in studies of random vibraticn and acoustic response of struc-
tures, and the assessment of community noilse pollution.

Mr, Dietrich has partlcipated in and led several studles for
governmental agencles at local, state, and Federal levels
concerned with the development of rules and regulations for
safety and the protection of the enviromnment. Ilis current
responsibillities lnclude the develeopment of nolse pollution
standards and comprehensive regulatory programs for the control
ol environmental noise arising from such scurces as property
uses, utility and recreation vehleles, and other engine-powered

equipment,
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CHARLES M. DIETRICH — Senior Engineering Scientist,
Regulatory Acoustics

Education: 8S.B., Massachusetts Institute of Technology, 1950;
S.M. (Electrileal Englneecring), Massachusetts Institute of
Technology, 1958.

Professional Experience: Teaching Assistant (Electrical Engi-~
neering), Massachusetts Institute of Technology, 1956-1958,
Bolt Beranek and Newman Inc., 1958~present; Guest Lecturer,
Massachusetts Institute of Technology, 1964, 1967-1970, 1972.

Honors and Societies: Member, Tau Beta Pl, Eta Xappa Nu,
Sigma Xi, Acoustical Soclety of America, Audlo Englneering
Soclety, Soclety of Automotlve Englneers, Highway Research
Board, Human Factors Soclety, Electrical Rallroaders' Assocla-
tlon, Instltute of Nolse Control Englineers.

Professional Responsibilities and Projects: Mr. Dietrich has
worked in the Tilelds of 1lnstrumentation, data acquisitlon, and
environmental studies. His responsibilities have ilncluded
experimental programs, including extensive fleld measurements,
in studles of randem vibration and acoustic response of struc-
tures, and the assessment of community nocise pollution,

Mr. Dietrich has participated in and led several studies for
governmental agencles at leoeal, state, and Federal levels
concerned with the development of rules and regulations for
safety and the protection of the environment. Hls current
responsibllitles include the development of nolse pollution
standards and comprehenslve regulatory programs for the control
of environmental noise arising Irom such sources as property
uses, utillity and recreation vehicles, and other engine-powered

equlpment.
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Papers and Publications:

"Relaxatlon Oscillations in Some Cordl Helnforeced Rubber Struc-
tures," 3,M, Thesls, Department of Electrlcal Englneering,
Ma'"aChUaCtLu Instiltute of Teehnology (1958).

"Study of & Response Load Recorder" (with D.U.‘ﬂoiseux, P.W.

Smith, Jr., and E,A. Starr), ASD-TDR-62-165, Vol. IT {Jan. 1963).

"Random Vibration Studies of Coupled Sthuctures In Electronile
Equipments™ (with D.U. Noiseux, E.E. Eichler, and R.H. Lyon),
ASDP-TDR-63~C-205, Vol. II {(Oct. 1963).

"Dynamic Response, Energy Methods, and Test Correlatlon of
Plight Vehlele Equipments" (with D.U. Noiseux, R.H. Lyon, and
E.A. Starr), AFFDL-TR-G5- 92 Vol. I (May 1965), AFFDL=TR=65=92,
Vol., II (July 1965).

"High-Frequency Vibration Isolation" (with E.E. Ungar), J. Sound

vib., 4, 224-241 (1966).

"Modellng of Spacecraflt for Low-Prequency Noise Reduction" (with
R.H. Lyon and R.E. Apfel), Shoek Vib, Buiil, 35, Pt., 5, 235-242

{Feb. 1966).

"Low-Frequency Noise Reduction of Spacecraft Structures" (with
R.H. Lyon, E.E, Ungar, R.W. Pyle, and R.E. Apfel), NASA CR-G89
(Sept. 1966),

"Noise Problems of High Speed Ground Transportation" (with E.K.

Bender and P,A. Franken}, Proceedings of the Carnegie-Mellon

. Conference on High Speed Ground Transportation, Plttsburgh, Pa.
{Carnegle-Mellon University Press, 1969), pp. 141-156.

Oral Presentations:

"Measurement of Average Mechaniecal Power Input to a Structure
Exclted by Frequency Bands of Nolse" (with D.U. Nolseux), pre-
sented at the 65th Meeting of the Acoustical Soclety of America,
New York, N.Y. {May 1963)., J. Acocuat. Soec. Ame». 35, 802 (A)

{1963). -

"Vibration Mounts for Nonrigld Structures" (with E.E., Ungar),
presented at the 69¢h Meeting of the Acoustical Society of
Amerieca, Washington, D.C, (June 1965). J. Acoust. Soe. Amer.

37, 1207 (A) (1965).
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"An Investlpatlon of Automobilc Driver Information Procescing
(with J.W. Senders, W.H. Levison, amd J,L, Ward), presented at
the AGih Annual Meetinp, Highway Research Board, Sesslon 3
(Jan. 1967). Highway Reu. Absir. 36 (12):95 (1666).

"Meaguring Wolse and Vibratlion, and Interpreting the Data,"
presented at the 1969 Deslgn Engineering Show, New York, N.Y.

(May 1969).

Testimony on Highway Safety, Deslpgn, and Operations - Traffic Signs,
Signals, and Pavement Marklng, presented to the Special Committee
on the Tederal Ald lighway Program of the Committee of Publice
Works, U.S. House of Representatives, Washington, D.C., (May 1969).

"Traffic Signs for the Seventles--and a Look Back," presented at
the Transportatlon Systems Center, Depariment of Transportation,

Cambridge, Mass. (Januavy 1971).

"The Ideal Infant Car Seat" (wlth W.F. Rowley), presented to the
Mew England Medical Center Hospltals, Boston, Mass. (March 1971).

"Preparation of Community Nolse Ordiﬁances,” presented at CHABA
Meetlng, Cocoa Beach, Florida (April 1971).

"Noise Test Scores - 1970 Clean Air Car Race! {(with N.R. Paulhus),
presented at the 8lat Meeting of the Acoustical Society of
America, Washington, D.C, (Aprlil 1971).

"Municipal Nolse Ordinances," presented at the Institute of
Environmental Sclences, 17¢h Annual Meeting and Equipment
Expositlon, Los Angeles, California (April 1971).

"Nolse and the Inflatable Restraint System," presented tec the
White House Orffice of Science and Technology Ad HFoe Commlttee
Concerned with Cumulative Regulatory Effects on the Cost of
Automotive Transportatlon (RECAT), Washington, D.C. (Sept. 1971).

"Tentatlve Damage Risk Criteria for Nolse of Inflatable Restralnt
Systems" (with X.S. Pearsons, R.D. Bruece, and C.H. Allen), pre-
sented at the 8ls¢ Meeting of the Acousntical Soclety of America,

benver, Colorado (Qctoher 1971).

"Noise Pollution and the Construction Industry," presented to
the Assoclated General Contractors of Massachusetts, Chestnubt

Hill, Mass. (Nov. 1971).

dletrieh
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Testlmony on Dellelencies kn Hiphway Slgning at Heardngs on
Highway Safety, Desipn, and Operatlons — Operallonal Deficien-
cics, presented to the Subcommittee on Investlpgations and OQver-
slghts of the Commlttee on Public Works, U.S. House of Repre-
sentatives, Washington, D.C. {April 1972),

"Motor Vehlecle Nolse Centrol — Regulation and Enforcement,”
presented at the Motor Vehlcle Nolse Conference, sponsored by
the N.Y.S, Dept. of Envirommental Conservation and the Dept. ol
Transportation, Valhalla, New York (December 1972).

"phe Noilse Control Act of 1972: Pre-emption and New State Nolse

Regulatilons," presented at the Conference on Nolse Pollution and
Publie Policy, University of California, Berkeley (March 1973).

Sponsored Technical Reports:

"Instrumentatlon System for New Surgical Wing, National Instl-
tutes of Health, Bethesda, Md." (with J.J. Baruch), BBN Rept.

No. 857 (July 1961).

"Measurement of Acoustic and Vibration Response of Atlas
Guidance Computer" {(with D.U., Noiseux and E.A. Starr), BEN Rept.

No. 1010 (April 1963).

"New Prineciples and Techniques for Reduclng Noise at the Ears
and Enhancing Intelligibility of Communlcation in Protective

Helmets" (with C.H. Allen),

BBN Rept. No. 1173 (Nov. 1964) BBN Rept. No. 1356 (Mar. 1966).
BBN Rept. No. 1340 (Cet. 1365) BBN Rept. No. 1430 (Jul. 1966).

"Low=Frequency Nolse Reduction of Spacecraft Structures" (with
R.H. Lyon, E.E. Ungar, R.W. Pyle, Jr., and R.E. Apfel), BBN
Rept. No. 1344 (Marech 1966).

"An Investipation of Automobile Driver Information Processing"
{with J.W. Senders, A. Kristofferson, W.H. Levison, and J.L.
Ward), BBN Report No. 1335 (April 19G6}.

"The MBTA South Shore Project - I. Passenger Nolse and Vibra-
tion Criteria," BBN Rept. No. 1428 (Aug. 1966).

"The MBTA South Shore Project -~ II, Recommendatlons lor Control
of Noilse and Vibratien in Rapid Transit Cars"™ (with T.J.
Schultz), BBN Rept. No. 1hlU6 {Sept. 1966).

"Nolse and Vibratlion Effects Study - New Orleans Riverfront
Expressway," BBN Rept. No. 1452 {(Oct. 1966).

"Alr Pollutlon Effects Study - New Orleans Riverfront Express-
way" {with II.G. Petrow), Prototech Rept. No. 110 (Qet. 1966),

dietrich
73 h .



T T T R T A DR R T e M e

A TN T T I e 1 T, YR R

B tmn | o e e e by SRt it 34

PN

-1 3

3

L

3

Boll Boranek and Newmaon Ine,

"Nolso Reduellon Por Porced-bDralt Blowers':

"Yol., I « Blower Desipn Gulde" (with C.L. Worfey, L.V,
Smith, and TE. Emersort), BB Rept. Ho. L0540 {(Dec. 1966).
"Wal, II - Blower Installatlion and Nolse Controel Guide"
{with H.I. lleller), BBN HRept. No. 1455 (Deec, 1966}.

"Attentlonal Demands of Auteomobile Driving" (with J.W. Senders,
V.. Levison, and J.L. Ward)}, BBN Rept. No. 1482 (March 1967).

”Investlgation of Some of the Problemé of Vehlcle Rear Lighting"
{with R.8. Nlckerson et al.), BBN Rept. No. 1586 (March 1968).

"High Speed Ground Transportation: Noilse Sources," EBN Rept,
No. 1741 (0ct. 1968). .

"An Investigation of the Design and Performance of Traffic Con-

fgg% Devices" (with J, Markowitz), BBN Rept. Ne. 1726 (Dec.

"Study of New Traffic Signs, Markings, and Signals" (with G,
Jones and J. Markowitz), BBN Rept. No. 1762 {(Jan, 1969),

"Comments on Chilld Seat Safety Standards" (with D.C. Miller),
BBN Rept. No. 1828 (June 1969).

"Kansas Clty International Airport - A Review of Proposed Guilde
Signing," BBN Rept. No. 1886 (Sept. 1969).

"Nolse Test Scores ~ 1970 Clean Alr Car Race" (with N.H. Paulhus),

BBN Rept. No. 2065 {Aug. 1970).

"Noise and Inflatable Restraint Systems" (wlth C.H. Allen, R.D.
Bruce, and K.S5. Pearsons), BBN Rept. No. 2020 (Sept. 1970).

"Nolse Control by Law - A New Nolse Ordinance," Chicago Urban
Nolse Study: Phase II (with G.¥W. Kamperman), BBN Rept. No. 1412
{Nov. 1970},

"Analysls of Communlty Noise and a Plan for Noise Control for
the CLty of Boston Alr Pollution Control Commission" (with P.A,
Franken and G. Johes), BBN Rept. No. 2069 (March 1971).

"Comments on Preoposed Safety Regulation on Baby Bouncers or
Walker-Jumpers" (with'J.C. Heing), BBN Rept. No. 2152 (May 1971).

dictrich
73

v



]

I I

-1

L

L

£

1

-

L

3 3

(4

|

Bolt Neranek and Nowman inc.

‘"State of Illinecis: Development of Repulatlons for MNolse at

Property Lines," BEN Rept. No. 2177 (July 1971).

"Conseclldated Pederal Law IEnforcement Tralning Center: Evalua-
tlon of Alternative Roadside Salety Measures Tor Pursuit Traclk!
{with N.R. Paulhus), BBHN Rept. No. 2336 {March 1372).

"Englinecring Analysis of Decumentation Submitted by Manufacturers
to Substantiliate 54 Mitomoblle Advertising Clalms," FTC Adver-
tising Substantiatien Program, (wlth D.C. Miller), BBN Rept.

No. 2410 (July 1972).

"Alr Bag Nolse Measurement and Analysis," BBN Rept. No., 2409
{(August 1972).

"Comments on the Proposed Regulatlons for the Control of Nolse
from Stationary Sources," BBN Rept. No. 2456 (August 1972).

"ecomments on the Proposed Regulations for the Prevention and
Control of Environmental Nolse Pollutlion from Constructien
and Stationary Sources," BBN Rept. No. 2510(b) (February 1973).

"Nolse Pollution Leglslation Study - Background Report" (with
A.S. Harris, N.M. Sober, and C. Warner), BBN Rept. MNo. 2553

(May 1973).

YFeasibility of Vehicle Nolse — Inspection Regulations" (wlth
W.N. Patterson and C. Warner), BBN Rept., No. 2571 {August 1973).

"Noise Pollution Legislation Study — Working Report" (with
A.S5. Harrls), BBN Rept. No. 2610 (July 19733,

diectrich
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Bolt Doeroneh and Mewnan Ine,

KENNETI WcK, ELDRED - Diractor of Architectural Technologies
and Neise Control Division Vice President

Education: S. B. (Gencral Enginecring) #Hassachusetts Institute
of Techneclogy, 1950; graduate courses in acoustics, Massachusctts
Institute of Technology; graduate courses in mathematics, Uni-

versity of California at Los Angeles.

Professional Experience: ELngineer, Boston Naval Shipyard, 1950-
1954; Chief, Physical Acoustics Section, Bio-~Acoustics Branch,
Wright Alr Development Center USAF, 1954-1957; Vice President and
Consultant, Western Electro Acoustic Laboratory, 1957-1963; Vice
President and Technical Director, Wyle Laboratories, 1963-1973;
Bolt Beranek and Newman Inc., 1973-present.

Henors and Societies: Fellow, Acoustical Society of America;
Member, Institute for Noise Control Engineering (member of Board
of Directors), American Institute of Aeronautics and Astro-
nautics, Audio Engineering Society, Institute of Environmental
Sciences, National Academy of Sciences - Committee on Hearing,
Biocacoustics, and Biomechanics, Society of Automotive Engineers,
Alabama Society of Professional Engineers, California Society of

Professional Engineers.

Professional Responsibilities and Projects: Mr. Eldred is
responsible for all activities of the Architectural Technologies
and Noise Control Division of BBN. This division develops and
applies englneering techniques for quieting machines, controlling
vibration, protecting workers from hearing loss, and minimizing
community noise., It provides measurement apalysis, and control
of environmental noise, for Federal, state and municipal
agencies, airports, highway builders, urban planners and others

73
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Qolt Boranok and Nowman Ing.

concerned with noige impact, The divizion also undertakes.
acoustic design of schools, offices, apartments, performing

arts centexs, and fine arts facilities,

At Wyle Laboratories, he directed the technical efforts of the
Scientific Systems and Services Group over a wide range of
scientific diseciplines including acoustics, dynamics, aero-
dynamies, biodynamics, reliability, and architectural acoustic
consulting.

)
Mr. Eldred's consulting work for Western Electro Acoustic
Laboratory including missile and aircraft noise and vibration,
simulation of environment in meodel scale, sonic fatigue,
investigation of basic factors controlling aerodynamic generation
of noise in jets, boundary layers and wakes, investigation of
vibration transmission in complex vehicle structure; development
of dynamically similar structural models, evaluation of community
and factory noise and vibration problems, acoustical design of
auditoriums, office buildings and schools.

At Wright Ailr Development Center, he directed research for
evaluation and control of major USAF noise sources, including
extensive measurements of rocket and jet noise, investigation of
noise radiated from aircraft, development of methods for predict-
ing community reaction to noise from air base operations,
evaluation of engine test cell treatments, and development of
prototype ground runup neise suppressors for jet aircraft.

As Engineer in charge of the Vibration and Sound Laboratory of
Bogton Naval Shipyard, Mr. Eldred's responsibilities included
evaluation of shipboard wvibration and noise problems of all
types, evaluation of underwater noise radiated by submarine
auxiliary machinery, research to determine fundamental sources

eldred
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Boll Boranek and Newman Inc,

of vibration in rotating mechinery, and development of
precision portable halancing instrumentation and techniques.

Publications:

"Resume of Applications of Vibration Engineering to Solution of
Marine Operational Problems" (co-author), Trana. SKAME, 1953.

"Results of KExperience in Balancing Submarine Auxiliaries,"
Summary of USHN Underwater Sound Symposium, May 1954,

"Criteria for Short Time Exposure of Personnel to High Intensity
Jet Aircraft Noise" (co-author}, WADC IN 55-355,

"Noise Radiation from Jet Alrcraft in Flight" (coc-author), J.-
Acount., Soe. Amer., 28:51% (RA). .

"Prediction of Rocket and Turbojet Noise," presented at ASA
Fall Meeting, 1956.

Comments on "Noise Characteristics of the Caravelle Jet Airliner,"

Noige Control, 4(3):46-48, May 1958

"Measurement of Industrial Noise," Noise Controil, 4(4):40-46,
July 1958,

"Acoustical Factors in Jet Airport Design," J. Acoust, Soe. Amer.,

32 (5):547-557, May 1959.

"Prediction of Sonic Exposure Histories," WADC TR 59-507,
September 1959.

"Review of the Noise Generation of Rockets and Jets," J, 4dcoust,
Soe. Amer., 32(11):1502 {(A).

"Bagse Pressure Fluctuations," J, Adeoust, Soe. Amer., 33{1):
59-~63, January 19G1.

"Structural Vibration in Space Vehicles" (co-author), WADD
TR 61~62, 1961. .

gtructural Vibration in Space Vehicles," AIA-ONR Symp. Struct.
Dynamic High Speed Flight, p. 649-685, ACR-82, April 196l.

"Empirical Prediction of Space Vehicle Vibration," Sheock,
Vibration and Assoetiated Environ, Bull. 29, Part 4, June 1961,

eldred
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Bolt Boranok and Nowman Inc,

"Wolse Uonerated by Alreraft In FPlipght " J. Aecoust. Soe. Amer.,
33:6, BYS5 (M), June 1961,

"peousntical Evaluation of the (varlaus) ftiround Runup Noise
Suppressor" (co-author), ASD TK Hoz. 61-5H0, G1-511, Gl-542,
61-5411, October 1961 and Pech. Documentary Reports Nos, 62-21,
62-22, 62-~23, 62-24, and 62-2%5, Aeronspace Med, Research Div.,

Aprll 19G?2.

"Ugilization ef Dynamically Simllar Structural Medels in Predicting
Vibration Responses of Flight Vehlectes" {(co-author), Shoek,
Vigration and Ansecetated Envirvon. Bull. 31, Part III, Aprill

1963.

"Nolse Radiatlon In and Near a Jet Flow" (co-author), J. Acoudt.
Soe. Amer., 35 {(A), May 1963,

"Investigation of a Method for the Prediction of Vlibratory

" Response and Stress in Typical Fligh: Vehicle Structure" {co~

author), ASD-TDR-62-8061, August 1963.

"Suppression of Jet Noise with Emphasis on the Near-Fleld" (co-
author), ASD TR 62-578, September 1963.

"Problems in the Laboratory Qualification of Structures and
Equipment Exposed to Intense Acoustle Environments," Pree.
IES, 19864,

"Nolse and Aeredynamic Pressurc Pluctuations Antlelpated for
Space Vehieles," or "Laboratory Simulation of an Acoustilce
Fnvironment for Qualification Testing," Presented at the Second
International Conference on Acoustie Fatipgue, 1964,

"Noise Reductlon of Jets by Multlple Nozzles and Turbo Fans,"
J., Aeoust, Sce. Amer., 36:1035 (A}, 1G64.

« "Empirical Correlation of Excltatlon Environment and Structural

Parameterz with Flight Vehicles Vibration Response" (co-author),
WPAFB TR-6H160,

Miigh Intensity Acoustic Testing — Reverberant or Progressive
Waves," Presented at the Fifth Conpgress International D'Acoustlque,

Liege, Belplum, September 1965.

"Estimating the Acoustle Loading on Bullding Structures Near
Launch Sites," Presented at the Acoustlcal Soelety of Amerilca,

Washington, D.C., June 1965,

eldred
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Palt Baranzk nnd Nowrnan Inc,

"Basle Model Tlor thé Correlation amct Predietion of [Mllight
Vehicle Vibratlion" (co-author), Fresented al the 35tk Symposlum
on Shock & Vibration, October 1965,

"Performance of a New 100,000 Cuble Fnot Reverberation Room,™
Presented af the Tlst ASA Meetlng, Boatan, June 1966,

"No Sonlc Barrier to the Moon," Teat Kngineeving, 1966,

"Gas Turhine Nolse Control" (co-author), Presented at the 1967
Annual MeeGing of the SAE, January 1967.

"Large Acoustilic Facilities for Environmental Simulation" (co~-
author), Presented at the 1967 Annual Mecting of the IES.

"Development of Acoustic Test Condliions for Apollo Lunar Module
Plight Certification (co-author), Shock & Vibration Bulletin,
37: Part 5, January 1968. Also presented at the 37%(h Shock &
Vibration Symposium, Orlando, Florida, 1967.

"Concept, Design, and Performance of the Spacecraft Acoustie
Laboratory” (co-author), Shoek & Vibration Bulletin, 37: Part 5,
January 1968, Also presented at the 37&h Shock & Vibration
Symposium, Orlandc, Florida, 1967,

"Large Vibroacoustic Test Facllitles — Vibroacoustie Environ-
mental Simulation for Aerospace Vehicles," Shoeck & Vibration
Bulletin, 37: Part 5, January 1968. Also presented at the
37+h Shock & Vibratlon Symposium, Orlando, Florida, 1967,

"Coupling of Finlte Slzed Sources to a Modal Reverberant Sound
Field" (co-author), Presented at the 76:th ASA Meeting, Cleveland,
Ohio, 1968.

"Fibration and Acoustilce Test Techniques," Presented at the IES
15tk Annual Technical Meeting & Equipment Exposition, Anaheim,
California, April 1969,

"Simulation of Space Vehlele Launch Environment, with Emphasis
on Acoustles" (eco-author), Presented at the 77¢h ASA Meetlng,
Philadelphia, Pa., April 1969.

"Some Technical Aspects of Noise Abatement Regulations,"
Presented at the 1979 Annual Meeting of the National 2ssociation
of State Aviation Officials (NASAD), Hartford, Conn., September
1970. '

"High Transmission Loss Wall Panels" (co-author), Presented at
the 80th ASA Meeting, Houston, Texas, November L1970

eldred
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Balt Boranek and Nawman Ine,

"Meoretleal and Bxperimental Resullpn for foaxinl Mow Jel
Noise" {(co~author), Presented ab the B0k ANA Mectlng, Houston,
Texan, November 19670.

"Standards or Nolse Monitoring Systems for Industrial or
Community HNoise" (ce-author), Presented at the ASHME 1970
Winter Annual Mecting, New York, December 1970,

"A Redetermination of the NOY Contours" {(co-author), Presented
at the 8lst ASA Meetinp, VWashingbton, D. €., Aprit 1971.

"Control of-Nolse Generated by Alreraft at Subsonic Speeds,"
Presented at the 8let ASA Meeting, Washington, D.C., April 1971.

"Future Trends in Alrport Noise," Presented al the 8lat ASA
Meeting, Washington, D.C., Aprdil 1971.

"Adrport Nolse," Presented at Purdue Nolse Control Conference,

-Purdue Unlversity, Indlana, July 1971.

"Review of Alrcraft Noise, Rotor Noise, Jet Noise and Sonle
Boom" (co-author), Presented at the 82nd ASA Meeting, Denver,

Colorado, October 1971.

"Airport Nolse Moniltoring," Presented at the B2nd ASA Meeting,
Denver, Colorado, October 1971,

"Using BEngineering, Research and Development Results to Imple-
ment a Nolse Control PFrogram," Presented at the National Safety
Congress and Exposition, Chicago, I1l., October 1871,

‘“Community Noise," NTID 300.3, Environmental Protectinn 2genev,
‘Wash., D. C., December 31, 1971. )

"Noise Pollution," Presented at the Arden House Workshop on
Noise Control Engineering, Columbia University, Harriman,
.New York, January 1972,

"Effective Modal Density in Reverberant Sound Fields for Finite
Sized Sources" (co-author), Presented at the 83rd ASA Meeting,

Buffalo, N.Y., April 1972.

“Community Noise," Presented at the 18th IES Meceting, New York,
May 1972.

"Transportation Noise," Presented at the 18th IES Meeting,
New York, May 1972,

eldred
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Bolt Baranok and Nawman Inc.

RICHARD A, ELY — Senior Engineering Scientist

Education: 1.5, {Physles), Oklahoma State Unlvernliy, 190603 M.3,
{Physles — Acoustles and Rheolagy), Oklabhoma State University,
1962; graduate courses In Statistices and Meonomles, 3outhern

Methodist Unlverslty (Engineering Adminlstratlion propram), Dallas,

Texas, 1966; U.£. Navy Electronles Technleian Sehocl, 19554 re-
cent short courses on Flulds In Porous Media, Rock Mechanles,
Economic'hnalysis, Fundamentals of Finanee, Prinelples of Manage-

ment.

Professional Cxperience: U.S, Navy, 1954-19%6; Oklahoma State
University Research Assistant (Acoustles), 1960-1962; Acoustics
Engineer, Ling Temco Vought, 1962-196l4; Research Physleist, Senior
Researceh Physicist, Research Sclentist and Physiles Section Head,
Sun 0il Company Research Laboratory, Richardson, Texas, 1964-1972;

Bolt Beranek and Hewman Inc., 1973-present,

Honors and Societies: ‘Member, Sigma P1 Sigma, Phl Kappa Phi,
Soclety of Petroleum Engineers, Soclety of Rheclopy, and
Acoustlcal Socicty of America (1960-1066).

Professional Responsibilities and Projects: Mr, Ely has been
working in the fields of acoustles and rheolopy for 13 years. He
has experience in desipgning acoustical equlpment, in nolse and
vibration control, and in fluicd dynamics, He supervised a pgroup
of his own for five years. He served as a l1llalison for university

and industry research laboratorles, served on inter-industry
steering committees, and worked in community relatlons. He has
considerable experience with computers,
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(olt Boranek and Nowman [ne,

AL Sun 011 Company, he was a research ucientiut, supervising and
particlpating in research on many aspocts of fluld flow. His
dutle: dneluded prejecet plannineg, loplstles, materlals coordlina-
tlon, budpgoting, and project accounting. ie preparcd économjc
analyses of alternative Investments 1n rescareh and development,

and he wrote computer programs for use in those analyses.

As an acoustics enginecr with Ling Temce Vought, he predicted and
measured nolse and vihratlon levels and resulting structural fa-
tigue in land, alr, and sea vehlecles. He emphasized studles of
propeller nbine, and predicted and measurcd the propagation of
propeller nelse, Jet noise, and rocket noilse through the atmos-.
phere, The work also involved studles ol human factors — volce

communication, hearing damage, vibratlon of the human body, stress

and fatigue of human belngs.

As a prescarch assoclate at Oklahoma State Unlversity, he deslgned,
bullt, and calibrated test equipment, and measured and theoretic-
ally analyzed the mechanlical parameters of viscoelastic fluids,
Acoustlenl methods were used, and computer programmlng and oper-
ation were involved, le also assisted in computer analyses of
acoustie wave propagation through layers of viscoelastle material,

At Bolt Beranek and Newman Ine,, he 13 studying methods for mea-
surlng and controlling nolse and vibratlon 1n hydraulic systems.,
He 1s also assisting in measurements of nolse generated by refripg-
erator comprensors, and is partlceipating In studles of vibrations

In some vehicle components.

o
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Bolt Beranek and Newman Inc,

Publications and Oral Presentations:

"Acountile Fulilpue Testlng of Alrerafi Sbructures by Simulated
Propeller Holae" (wlth B.D, Grifflth ant N, Hancock), Chap.
36 of Acoustieal Fatigue in Acroapace Sirnetures, Syracuse
Universlity I'ress, Syracuse, N.Y. (10645},

"Measurement and Reductlon of the Dynamicen] Mechanical Para-
meters of Aqueous Solutions of Milling Yellow Dye," Oklahoma
State Universlty (Physles), M.3. Thesis, May 1962,

"The Guerra Experiment — A field Test of Tertlary Detergent
Flooding," Scclety of Petroleum Engineers Paper SPE 3800,

Presented at the SPE Improved 011 Recovery Symposium, Tulsa,_

Okla., Aprll 16-19, 1972,

Public apeaker for the 0il Information Commlttee of the Mld-
Continent 011 and Gas Assoclation, 1972.

Technical Reports:

"The Role of Network Models and Clnephotomleregraphy in the
Development of a Tertlary 0Ll Recavery Process," Sun 0il Co.;

1971,

"The Applicatlion of Rolling-Ball Viscometers to Non-Newtonian
Plulde™ (with S. West), Sun 011 Co, Research Report No. 7250~
70-8 (September 1970),

"Use of Monte Carlo Methods in Computerized Network Models
of Porous Medila Wlth Randomly Varyinpg Surface Properties"
(with L.¥. Rlce), Sun 011 Co. Research Report No. #16-68-3
{May 9, 1968).

"Computer Predictlons of the Steady Lamlnar Flow Character-
isties of an Incompresasible Non-Newtonian Viscous Fluild in a
Cylindrical Tube," Sun 011l Co. Rescarch Report No. 416-67-5
{May 1967).

"Machine Calculation of Caplllary Pressure Curves by Means of
Network Medels of Porous Media” {(wlth R.M. Rice}, Sun Qil Co.
Research Report No. H10-66-1 (Hovemher 1066),

"A Feasibllity Study of TPolymer Mlooding of the Gloriana Path
'"AY Reuservolr,'" Sun 01l Co., Reneareh Report No. 415-67-1
Mareh 1967).

L2
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Boll Boranek a&nd Noewman Inc,

GENE E. FAX — Senjor Scientist

Education: B.3. (Mechanleal Fngincering), Massachuaetts Insti-

tute of Technolopy, 1967; Graduate Study in Qcean Engineering,
Massachusetts Institute of Technology, 1967-68,

Professional Experience: Research Assiatant, Westinghouse
Research Laboratory, Churchill, Pa., Summers 1966 and 1967;
General Oceanology, Ine. {(a subsidlary of Bolt Beranek and
Newman Inc.), 1968-1969; Bolt Beranek and Mewman Inc., 1969~

present.

Honors_and Societies: Sigma Xi, P1 Tau Sigma, American Soclety

ol Mechanlcal Engineers.

Professional Responsibilities and Projects: Mr. Fax's recent
work at Bolt Beranek and Newman Inc, has involved the appllcation
of engineering econcmy technigues to nolse control programs,
Examples of studles in which he has participated include the
investigatlon of the economle effects of a proposed nolse control
standard requlring the installatlon of mufflers on railroad
iocomotives (under the sponsorship of the Environmental Protection
Ageney) and a study of the costs and benefits involved in
imposing a worker nolse exposure standard of 85 dBA on the
menufacturing industries {(sponsored by the Department of Labor).
Mr. Fax has performed economic and demographic studles to
determine the extent of construection nolse In the community
environment. He 1s currently leadlng a task under the Depart-
ment of Transportatlon Quiet Truck Program to determine the
economle impact of high-technology quieting technigques on line-

haul trucking operatlons.

While associated wilth General Oceanoclogy, hls projects in
engineering economy included a feasibllity study and synthesis

73 _
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Dolt Boranck and NHowman Ine,

of a Cinanclal plan for a Plsh protein eoncentrate plant., e
aloo perlormed aolleoction and annlyslis ol doala on the operations

‘of the New England ground—Fishing‘Pleet.

Publications:

"A Generalilzed Analysis lor Urban Power Systems,™ B.S. Thesis,
Massachuselts Institute of Technolegy, Depariment of Mechanical

Englneering (June 1967).
"Contributlons to Background Document for Raill Carrier Nolse

Regulations™ (with E, Bender, R. Ely, M. Rudd and S, Swanaon},
prcpared by BBEN feor the Environmental Protectlon Agency

(November, 1973).
Qther Reports to which Mr. Fax has been a Major Contributor:

YProject Bosporus,'" MIT Student System Project, MIT Rept. Ne.

21 (1970},

"Commercial Feasibllity of Flsh Protein Concentrate in Developing
Countries, Vol., II — Chile," deneral Jdeeanology Inc., Rept. No,
12 (1970).

"Nolase from Construction Equipment and Operations, Building

Equipment, and Home Appliances," prepared by Bolt Beranek and
Newman Inc. for the U.S. Environmental Protectlion Agency, 1971,

"Impact of Noise Control at the VWorkplace," HBBN Report No. 2671
(in progress).

fax
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Nalt Baranok and Mewman Ine,

HERBERT L. FOX — Senior Physicist/Economist

Education: #.A., 1959, M.A. (Physlces), Boston Unlversity, 1962

Ph.D. Program (Physlces}, Boston Unlversity,

Professional Experience: Desipgn Englneer, Technibal Products
Co., Hollywood, California, 1.955-1958; Teachlng Fellow, Physles
Boston Universlty, 1963; Lecturer in Leonomles, Unilversilty
College of Northeastern Universlty, 197l~prenent; Bollt Beranek
and Newman Inc., 1958-precent.

Honors and Societies: National Scilence Foundation Fellow, 1962
1963, 1963-1964. Sigms Xi. Member, American Physlecal Soeciety,
American Associatlon of Physics Teachers, American Association
for the Advancement of Sclence, Sclentists and Englneers for
Soclal and Politlcal Aetlon. Past member, Acoustical Scclety
of America, past Fellow, Instrument Soclety of America.

Professional Responsibilities and Projects: At Bolt Beranek
and MNewman Inc., Mr. Fox has given technlcal leadership in
quantum optlcs, atmospheric optles, atmospherle acoustics,

the physies of air pollution, nonlinear mechanlecs, and soclo-
econometrlices. Presently, Mr. Fox 1s contributing to studies of
edge noise and cost analysis of nolse reduction and completing
a socloeconometric study of Massachusetts on which he 1is co-
principal investlgator. He 1s also involved in developlng BBN!
capabllities in economics particularly with respect to probiemé
that requlre a substantial enginecering input.

Other projects on whilch Mr, Fox has been a principal contribu-

ter or project manager have been in the areas of kinetic theory

(1963-1965), stochastle processes (1961-19@4), computer control °

(1963~1964), geometrical acousties (1964-1966), electroacoustic
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Bolt Boranok and Nuovanan ing,

transducer (1958-1960, 1966), optlcal pumplng (1964}, quantun

~optles (1968-1969), metcorolory (1967-19G8), atmospheric

acoustlen (1905-1968), sipgnal processing Lnstrumentatlon {1967~
19G8), meteorovlogleal Instrumentation {1965-1967), vibrations
in nonlinear systems (1970-1973), and soeclocconometrics (1971~

1973). .

Papers and Publications:

"An Automatic Analyzer for Spectral Density Plots™ (with R.C.
Moody), Proceedings of the Third National Flight Test Symposium,

Flight Pest Instrumentation {May 1957).

"Wave Analyzer Tracks Automatleally," Eleetronie Design, 20-25
{(Dec. 1, 1857,

YMeasurements of Probabllity Densities of Small Ensemblies of
Periodic Waveforms" (with E.A. Starr), Proe. IRE 50:2118 (0ct.

1962). ’

"Probability Density Analyzer Iﬁstruction Manual" (orlginally
issued as BBN Rept. 895, 1961), B&K Instruments Inec., Cleveland

Ohio (1963).

"Propagatlon and Reflectlon of Sound in Rarefied Gases: I.
Theoretical" (with G. Maidanik and M.A. Heekl), Phys, FPluids

B8:258-265 (Feb. 1965).

"Comments on a Paper by L. Slrovich and J.X. Thurber, 'The
Propagation of Forced Sound Waves in Rareflled Gasdynamics!'"
(with G, Maldanik), J. Acouat. Soe. Amer. 38:477-478 (L) (1965).

"A Quantum Optiecal Phenomenon: Implication for Logile" (with
E.M. Ring and L.C. Clapp}, in Optical and Electro-Opiicul
Information Proceasing (MIT Press, Cambridge, Mass., 1965),

Chap. 2, pp. 31-43.

"Vortlcal Profiles of Wind and Temperature by Remote Acoustilcal
Sounding," in Atmospherie Exploration by Remote Probes, Val. II
of the Flnal Report on the Panel of Remote Atmospheric Probilng
and Commitiee on Atmespheric Scilences, Natlonal Academy of
Sclences, National Research Council (May 1969).

Th 2
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Roll Dotnnek and Nowman -Ine,

"Development Throupgh Induced Polardzablon in Turkey," Dept. of
Eeonombies, Northeastern Universlly, Rescarel Report Mo, 10
(Cct. 1969), .

"Dynamles of Structural Changesn' (wlth G. Schachter) (1972)
(to be publlshed).

"Soelocconemic Converslion: The Problem of Developument in
lMassachusetts" (with G, Schachter), Northeast Regional Seience
Review 2, (1972).

"Peaalbllity Study of F/S Dynamile Model of Structural Change
to One Repion" {wilth G. Schachter), Dynamic Modelling and

Control of National Economics, Internatlcenal Federatlon of
Automatic Control, Dusseldorf, FDR (1973).

Selected Oral Presentations:

"A Wide Band Carrier System for Condenser Microphenes," J.
Aeoust. See. Amer. 33:853 (A) (1961).

"The Measurement of Probability Density," J. Acoust. See. Amer.
33:863 (A) (1961).

"Errors in the Averaging of Logarithmic Estimators of Sound
Pressures," J. deoust. Soec. Amer. 34:73B {A) (1962),

"Automated Psychoacoustic Laboratory" (with R.J. MeQuillin,
J.I. Elkind, and J.A. Melaramgni)}, J. Acoust. Soe. Amer. 34:1999

{A) (1962).

"Response Spectra for Nonlinear Dynamical Systems," J. Acoust.
See. #Amer, 34:2004 (A) (1962).

"Dispersive Properties of Sound Propagation In Gases" (with
G. Maldanik and M.A. Heckl), J. Acoust. Soec. Amer. 35:1900 (A)

(1963).

"A Simple Algorithm for Determining the Locatlon of a Focus in
Atmospherle Sound Propagation" (with F.M. Wlener), J. Acoust.
Soe. Amer., 39:1260 (A) (1966).

"Propagatlon of Sound in Fog," presented at the U.S. Coast
Guard Alds to Navligatilon School, Groton, Conn. (October 1966).

(& 3
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B3olt Deranok wnd Howanan Ine,

"On the Relatlenship bBetween Yheory and Lzperiments In the
Kinetle Theoretile Deseriptlen of Sonnd Propasation," invited
papoer presented at the Kinctle Theory Sombnar, llarvard
Univerclty, Cambpldpe, Mass, (Dec. 1960).

"Growlh Poles as a Tool of Eeonumle Development In Southern
Ttaly" {wilth G, Schaehter), invited paper azt the Economics
Colloqulum, iniverslty of Connecllcut (Dec. 1967). !

A Multifold Correlatlon Technique ror Azlmubth Determination,”
invited preosentation of the Sound Ranging Semlnar, Plcatlnny
Arsenal, Dover, N.J. (Junc 1968).

"Develepment through Induced Polarization in Turkey" (with
G. Schachter), presented at the Middle Last Technleal Unlversity,

Ankara (Aprll 1969).

"Remote Acoustle Sensing of Low-Level Winds and Temperatures"
{with R. Ablloek), invited presentation at the Air Pollution
Control Assoclation 62nd Annual Meetilng, New York City (June

1969},

"Dynamlics of the Development, Polarlzation, and Spread Effect
in Underdeveloped Regions" {(wlith G. Schachter), presented at
Lhe Itallan Sectilon, Regleonal Sclences Assoc,, Rome Italy
{Sept. 1970).

"Science for the People," invited paper of the Symposium on
Social and Economie Seiences, 13844 Meetlng of the American
Assoclatlon for the Advancement of Sclence, Philladelphila,
Pennsylvanla (Dee. 1971).

M"The Problem of Develepment in Massachusetts"™ (with G. Schachter},

Northeast Regional Setence Conference, Penn State {April 1972).

"Organizing Sclentlsts for Politieal Actlon" (with 5. Uhuru),
Jorum on Physles and Society, Amerlcan Physical Soelety Spring
Meeting, Washington, D.C. {April 1072).

"Growth, Development and Dynamic Modellinp," invited Seminar at
the Instituto Demografla e Statlstlica, Universltid di Roma,
Rome, Italy (Dec. 1972}.

"Is the /S Model Suitable for the Problems of Mezszogiorno?!

{wlth G. Schachter), invited talk at Centro dl Speclallzzazine
e Rleerche, Universitd di Napoll, Naples, Italy (Dec. 1872).

T l
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Bolt Boranok and Nowman Ine.

"Peasihllity Study of 10/8 Dynambie Model of Structural Change
to One Repglme" (with G, Schuelhter), TIRAC/IPORS International -
Confercnee on Dynamle Modelling and Control of Natlonal
Eeconomlen (July 1973).

Sponsored Technical Reports:

"he Potentlal Application of Ultrasonies to the Depolymeriza-
tlon of Polycthlence" (with C.H. Allen), BBH Rept. 642 (March
1959}).

"Description and Instructions Tor BRN 339A Bllateral Logarith-
mic Converter" (with E.A. Sturr), BBN Rept. 680 (Nov. 195%5).

"Description and Instruction Booklet for BBN 338A Average and
RMS Detector"” (with E.A. Starr), BBN Rept. 682 (Oct. 1959).

"Low Nolse Level Carricer Microphone System," BBN Rept. 723
(Oct. 1960).

"Descriptlon and Instructions for BBN 334C Absolute Value and
Sguaring Unit," BBN Rept. 735 (Aprill 1960).

"Summary Report on the Probability Density Analyzer," BBN Rept.
895 (Jan. 1962).

"The Influence of Phase Distortion on Random Signals" (with
G. Maldanik) {(June 1963),

"Report on Joint Probabllity Density Measurements" (with E.A,
Starr) (March 196Y4).

"Sound Propagation in Rarefled Gaszes — Final Report! {with
G. Maidanik), BBN Rept. 1169 (Nov. 1964).

"Development of Technlquec for the Automatic Control of Experi-
ments in a Psychology Laboratory — Final Report" (with J.T.

Elkind, J. Brown, and W.E. Fletcher), ESD-IDR-65-175 (Feb. 1965).

"Analytilcal Studies of the Generatilon Meehanism, Propagation
and Measurement of Rockel Nolse, Minal Report" (with F.M,

w;gg§r, E.A. Starr, and D.U. Nolseux), BBN Rept. 1322 (Sept.
1 Dl :

"Meteorological Teehnlques for Sound Ranging: Conceptual
Basls," ECOM-00151-4 (Deec, 1066).

7 5
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Bolt Berpnek and Mowman - tne.

"peteorologsleal Technlques for Seound Eangdneg: Cowputer Programs

Lor Hesearch," RCOM-00L61-5 (Jan. 1967,

"Meteorolopieal Techniqucﬁ for S8ound Rangilnge:  Rensults of Com-
puter Studies" (with P.E. Sherr), LECON-001LL-1" (Aug. 1967).

"Meteorolopgical Techniques for Sound Ranging - II, Interlm

Report" (with P.E. Sherr), BECOM-0233-1 (June 1967).

"Sipnal Processing Technlques for Scund Runglng: Preliminary
Studles — 1ot Quarterly Report" (with D.U. Nolseux, E,A, Starr,
X.L. Chandiramanl, and 8.P. Robinson}, ECOM-0378-1 (Oct. 1967}).

"A Quantum Optical Phenomenon: Impllcations for Logic" (with.
E.M. Ring and L.C. Clapp), BBN Rept. 1567 (Nov, 1967},

"Continuous-Wave Three Component Soniec Anemometer," USAFCRL-68-
0180 (Marech 1968).

"Sighal Processing Technigues Tor Sound Ranging: Quantizing
Delay Vectors" (with K.L. Chandiramanl}, ECON-0378-3 (June 1968).

"Meteorologleal Techniques for Sound Ranging: Theory of Errors,'

ECOM-0233-2 (Oct. 1968).

"On the Peasibllity of Remote Acoustic Sensing of Low-lLevel
Winds and Temperatures" (with R. Abiloclk, R.H. Lyon, and

U. Ingard), BEN Rept. 1735 (Nov. 1968).

"Meteorologlecal Techniques for Sound Ranpging: The Influence
of Meteorcloglecal Variabllity" (wilth P.E. Sherr), ECOM-0233-F
{Dec. 19G8).

"Spontancous~Emission Lifetimes of Strongly Coupled Atomlc
States," BBN Rept. 1768 (Dec. 1968).

"Signal Processing Technlques for Sound Ranging: From

Correlatlon Functions to Target Coordinates" (with R. Abilock),
BBN Rept. 1746 (Dec. 1969).

"Problems in the Theory of Laser Modulation," BBN Rept., 2060
{Oct. 1970}, :

"he Posaibllity of Converslon Within the Framework of American .
Capitalism: Three Views" (with B. Ilocher.ct al), Socloeconomle
Converslon Research Project, Northeastern Unlversity T.M, 000

(Dee. 1971).

!
74 p
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Boll Beranalt and Nowman ine,

Mihe Statle Deserdptlon: Link Charte and Structure Munctlons'
(wilth-D. Hamilton and G. Schachter)}, Socloecconomie Converslon
Regearch Froject, Northeastern Unlversity .M. 007 {(Jan. 1972).

"Pen-Month Summary Technlceal Report" (with 4. Schachter) Soclo-
econombe Conversion Rencarch Project, Northeastern Unlversilty
T.M. 010 (May 1972}, ’

"Contributions to the Theeory of Randomly Forced, Nonlinear,
Multiple-depree-of~Ireedom, Coupled Mechanical Systems" (with
P.W, Smith, Jr., R.W. Pyle, P.R. Hayak}, AFFDL~-TR-72-15

(Jan. 1973) (also BBN Rept. 2279). :

"Impact of Noise Control at the Workplace" (with R.D. Bruce,
¢.E. Fax, C. Coelen, R. Merrill), BBN Report 2671 (in 3 volumes)

(Jan. 1974).

"Wolse Control In Surface Mining Facllitles: Working Information
on the Industry, Its Noise, and the Cost of Noilse Control" (with
6.E. Fax, W.N. Patterson, and E.E. Ungar)}, BBN T.M. 183 (Feb. 1974).

"Portable Alr Compressops: The Costs, Beneflts, and Penaltles of
Reducing Their Noise" (with T.W. Freéze and W.N., Patterson), BBN

Report 2566c (March 1974).

"Portable Air Compressor Nolse Diapgnosis and Control" (with
W.N. Patterson et al), BBN Report 2795b (March 1974).

I'ox ‘
Th 4
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Bolt Bueranck and Noewinan Inc,

WILLIAM J, GALLOWAY ~ Principal Consultant

Education: B.S. (Applied Physics), 1949; M.S. (Applled Physics),
1950; Ph.D, (Physiles), 19%3; Universlty of Callifornia at Los
Angeles.

Experience: U.S. Army 1942-2946G, 1951-1952; Teaching Assistant,
Research Asszlstant, University of Californla at Los Angeles,
1950-1951,; 1952-1953; Research Staff Physiclst, Signal Corps
Engineering Laboratorles, 1951-1953; Bolt Beranck and Newman Inec.,
1953-present, Commerclal pilot's license wlth current instriument
rating.

Societies: Fellow, Acoustlcal Scclety of Amerleca; Member,
Amerilcan Institute of Aeronautles and Astronguties, Institute
of Noise Control Engineering, Sigma Xi. )

Committees: Chairman, National Academy of Sclence/Highway Research
Board Commlttee on Transportation Noise Research; Precislon Mea~
surement of Alrcraft Nolse, ANSI S1-62; Land Use Planning with
Respect to Nolse, ANSI S3-55. Member, Internatlional Standards
Organlzatlon Technical Committee 43 on Alrecraft Nolse and 20 on
Alreralft Nolse; Socilety of Automotive Englneers A-21 Alreraft
Nolsej American Institute of Aeronautlcs and Astronautics Committee
on Aero-Acousties; Natlional Academy of Scilence/National Research
Council Committee on Hearing and Bioacoustles., Advisor, Blow~
acoustles Panel, Federal Interagency Transportatlon Nolse Abate-
ment Program.

Responsibilities and Projects: Dr. Galloway has performed re-~
search and consultilng in physlcal acousties, nolse control, and

the response of people to neolse. He has directed work on noise
problems assoclated with Jet alrerafi, wind tunnels, rocket and

73 1
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Bolt Bomnok and Nowman Inc.

ramjJet engines, motor vehicle nolse, and many Industricl projecto,
His majJor efforts have been coneerned with phytlcal measurenents,
development of predictive models, and establlshment of accept-
abillity e¢riterla for jet ailreraft nolsc and nolse produced by
motor vehlcular traffic.

Papers and Publications:

"Ppransistors and the Military" (with IL.R. Obenchain), Proe. Inst.
Radio Engrs., 40, 1287-1288 (1952).

"A Simple Calibratlon Technique for Low Sensltlvity Transducers,"
J. Adeoust. Soe. dmer., 25, 1127 (1953).

"Apparatus for the Study of Cavitatlion in Liqudids," J. Acoust.
Soe, Amer., 26, 149 (A) {(1954).

"Experimental Study of Acoustically Induced CaviLaLion in Liquids,"
J. Acoust. Soe., Amer., 26, BYO (1954).

"Noise Characteristics of Turbojet Englnes 1n Teat Cells" (with
A.C. Pletrasanta), J. Acoust. Soe. Amer., 27, 203 (A} (1955),

'"Procedures for Performlng and Evaluating Acoustilcal Surveys of
Turbojet Engine Test Facllitles" (with A.C. Pietrasanta}, WADC
Technical Report No. 55-145 (April 1955).

"Explosive Noise Source® (with B,G, Watters and J.J. Baruch),
J. Acoust. Soe. Amer,, 27, 220 (1855),

"hcoustical Evaluatlon of Jet Engine Test Facllitles"™ (with
N. Deelling and A.C. Pietrasanta), J. Acoust. Soc¢. Amer,, 28,
163 (A) (1956).

"Wolse Produced on the Ground by Jet Aireraflt in Flight" (with
K.N, Stevens and A,C. Pletrasanta), J. Acoust, Soe. Amer,, 28,
163 (A) (1956}, .

"Noise Produced by Alrcralt During Ground Runup Operations" {with
W.E. Clark and A.C, Pietrasanta), WADC Technical Note No. 56-60

(June 1957).

"Preliminary Investipgation of Vehicular Noise Assoclated with
Super Highways" {(wilth W.E., Clark and V.A. Clark), J, Acouat, Sece,
Amer,, 29, 779 (a) (1957).

galloway
73 2
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DBolt Boranek and Newman Inc,

"Nolse Intrusion Into Communlty Arcas e Lo Adecralt Plight
Cperutlons" {(with W,E. Clark, A.C. lletrasanta, and K.N. Stevens),
Jd. Aeoust. See. Amer., 30, 692 {(A) (19%8).

"Eguipment and Procedures for Fleld Measupoments of Alreraft
Nolse and Flight Paths® (with D.N. Keast and W.E. Clark), J.
Acount, Soe, Amer., 30, 693 (A) (1958).

"Behavior of Sound VWaves" (with L.L. Beranck) In Noise Reduetion,
L.L. Beranek, ed., McGraw-Hil1l Book Campany, Inc., New York (1960).

"Alreraft Noise," "Nolse Control," and numerous other articles
on acocustics, noise, sound and wave motion, Eneyclopedia of
Seience and Pechnology, MeGraw-Hill Book Company, Inc., New York

{1960). '

"Wind Tunnel Nolse Measurements," J. Acoust. Soe. Amer., 32,
932 (A) (1960). '

"Noise Control," MeGraw-dill Encyeclopedia of Scienece and Technol-
ogy Year Book, Mcfraw-H1ill Book Company, Ine., New York (1961),

"predictloen of Nolse from Motor Vehicles in Freely Flowlng Traffic!
(with W.E. Clark), Proe. IV International Congrecss on Acoustics

(1962).

"Frequency Analysis of Short-Duration Random Signals," Sound, 1
(6), 31-34 (Nov.-Dec. 1962).

"Nolse Control of a Jet Engine Converted to a Fixed-Plant Instal-
lation," A.S.M\E, Paper HNo, 63-AHGT-43,

"Land Use Planning with Respect to Alrcraft Nolse: Discussion of
a New Procedure" {(with E, Guild, J. Cole, H., Von QGlerke, and
A, Pletrasanta), dercapace Medicine, 35 (8), 719-723 (August 1964).

"Land Use Plamning Relating to Alrceraft Noilse" {(with A.C.
Pletrasanta) for FAA (OCctober 1964},

"Effect of Departure Procedures on Jet Alreraft Noise Control"
{with J.F. Woodall), Proe. V International Congress of Accuatics,
Liége (September 1965},

"Study of the Erffect of Departure Procedures on the Noise Pro-
duced by Jet Transport Alrcraft (wilth A.C. Pletrasanta and K.S.
Pearsenc), PAA-ADS-U1 (October 1965),

"Seleetion of an Objective Measure for Motor-Vehlele Wolse,"
J. Acougt, See. Amer., 37, 1198 (A) (1965).

galloway
73 3 .
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Bolt Boranok and Nowman Inc,

"Measurement and Deserilption of Alreraft Noise Around an Alrport,!
Alleviatilon of Jet Alreraflt Nolse Near Alrportu, 0ffice of
Sclence and ‘lechnelogy Report 28-34 (Murch 19606).

"Indivldual and Community Reaction to Alreraft Noise; Present
Status and Standardizatlon Efforts" (with H,E. Ven 0lerke),
Proceedings of London Confervence on Reduction of Noige and Dia-
turbance Cauased by Civil Aireraft (November 1966).

"Urban Highway Nolse: Measurement, Simulation and Mixed Reaetions"
{with W.E, Clark and J.S., Kerrick), Hilghway Research Board, NCHRP

Report 78 (1969).

"Opening Remarks, Problems of Recent Technological Development,"
Proc, Conf, on Noise as a Publiec Health lHazard, pp. 205-207;"
ASHA Report No. 4 (February 1969).

"Predicting Community Response frem Laboratory Data," 1n Trana-
portation Noiaes: A Sympostum on Aecceptability Criteria, J.D.
Chalupnik, ed., Unlv., of Washington Press, Seattle (1870).

"Noise" (with P.A. Franken), Envirommental Health Manual, U.S.
Conference of City Health Officers (in press).

"Real~Time Spectral Analysis of Adrecraft Flyover Noise," J,
Acouat., Soe. Amer,, 47, 87 (A) (21970).

"Metheodolopgy for Hiphway Nolse Predietion" (with D.L. Nelson and
C.0. Gordon), J. Acoust. Soe. Amer., 47, 111 (A} (1970).

"Woise Exposure TForecasts as Indicators of Community Response,'
Proc, SAE/DOI Conf, on Aireraft and the Environment, Part 1,
56-63 (Feb, 1971).

"Nolse Certilficatlon of Business Jet Aircraft," SAE Annual Business
Aircraft Meeting, Paper No. 710384 (1971).

"Highway Noise — A Design Gulde for Highway Engineers" (with C.G.
Gorden, B.A. Kugler, and D.L. Nelson), Highway Research Board,
NCHRP Report 117 (1971).

"Criteria for Selectlon of NMeasurement Positions for Maximal Jet
Alreraft Sideline Nolse," 4. Aconst. Soe, 4Amer,, 50, 149 (A) (1971).

"Motor Vehilele Nodse: ITdentiflcation and Analysils of Situatlons
Contributing to Annoyance" (with G. Jones), SAE Automotive
Engineering Conference, Paper No. 720276 (1972).

galloway
73 4 .- ,
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Bolt Baranek and Newman Inc.

"Noloe annoys whe? when? why?" (wlth fi. Jonesn), Concepts for
Traffie Safety, 4 (3), 1-6 (1971).

"Wotor Vehlele Noise," Proe. 17th Annual Meeting, Institute of
Environmental Seiences (April 1971).

"Motor Vehicle Noise and Highway Planning," Pree. Seeiety of
Engineering Scienee {(June 1972) (in prenus

"Introduction to Traffio Noise and Its Effeet on People," High-
way Research Board, Highway Research Record {(in press).

"Predicting the Reductlon in Noise Exposure Around Airports,®
Proa. Inter—Noisa'?B.

galloway
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Boll Beranok and Mewman Inc,
GEOFFREY G. HUGGINS — Supervisory Scientist

Education: B.S. (Electrical Engincering), Mlchlpgan Tech-
naloglcal University, 1963; M.S. (Englneering Mechanices),
University of Michigan, 1965; doctoral course work completed,
The Catholle University of Amerlca, 1972.

Professional Experience: Student Engineer, General Motors
Proving Ground, 1963; Senior Research and Development Englneer,
Electric Boat Division, General Dynamles Corporation, 1965-
1968; Bolt Beranek and Newman Inc., 1968-present.

. Professional and Honorary Societies: Associate Member,

Acoustical Society of Amerlca; Member, Teu Beta P1, Eta
Kappa Nu.

Professional Responsibilities and Projects: As a member of our
Cambridge office, Mr. Hugglns conducts research in environmental
nolse contreol. A recently completed project for the Environmental
Protection Agency provides technlcal Informaticn for the establish-

ment of EPA repgulations for the control of nolse from portable

alr compressors. Currently, Mr, Hugpgins 1s develeping truck
noise testing'procedures for use in assuring compllanee with EPA
noise emission standards for medium- and heavy-duty trucks.

" Prior to Joining the Cambridge Offlce, Mr., Huggins was Manager

of our Washington-based Applied Research Department., As manager
of' that group, he developed a research staff of scientists and
engineers vworking primarily in underwater acoustics. He has led
several projects lavolving analytlcal and experimental research
and development as applled to the generatlon, propagation, and
reception of underwater noise,

7H
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r Holl Beranek and Newman inc,

: . .'Also whlle In Washington, Mr. Huggins began his work 1n nolse
:fr! contrel rescarch and develepmenl by dolng a number of studies for
5: ' _ a publlic utility, In Cambridge, he ls applylng his experimental
w.rg . and analytlcal experience ln acoustles to asslsting both govern-

3 ment agencles and manufacturers in thelr efforts to control

sources of environmental nolse,

Sponsored Technical Reports (a representative list):

R

& Li "Acoustie Criteria and Characteristlces of Attack Submarine

; Concepts for Near Term Concept Formulation Progrem (U)" (with
i R R. Collier and N. Paulhus), BBN Rept. No. 1747 (Dec. 1968)

r}' (Secret).

T opm Multi-Sensor Signature Comparison (U)" (with R. Hershey and
k LE R. 8tern), BBN Rept. No., 1629 {(June 1969) (Secret-NFD),

i "heoretical and Experimental Analysis of SSN 637 Class

‘ ﬁ Low-Frequency Sonar Self-Nolse Characteristiecs (U)" (with

Ci La ’ K.L. Chandiramani, P.H. White, and R.D. Collier), BEN Rept.
i No, 1880 (Nov. 1969) (Confidential).

"IDNA Sonar Program. A Preliminary Analysls of Towed Arrays
for Low Frequency Detection and Classifilecatlon (U)" (with
stalf members), BBN Rept. No. 1920 {(Feb, 1970) (Confidential).

* "Analysis and Deslpgn Guldellnes for an Improved Towed Line
' Array for DNA Sonar Functions (U)" (with D.M, Chase), BBN
' Rept. No. 2156 (March 1971) (Confidential).

=

"Next Generation Scnar: Description and Physical Mechanisms
of Submarine Self Noise (U)" (with E.F. Berkman, ¢t al),
BBN Rept. No. 2140 (May 1971} (Confildential).

s A eIy e e

X

et
i

"Ambient Nolse Spatilal Characteristles and Sonar Array Response!
{with C.B, Burroughs and R.C, Cavanagh), BBN Rept, No. 2458
{(June 1972) (Confldential).

Py
-

"AN/BQQ-5 Low-Frequency Array Acoustic Studies: 8SN 688 and
88N 594/637 Class Backfit Programs (U)" (with E.F, Berkman
and P.H, White), BBN Rept. No. 2488 (June 1972) (Confldential).

T

“Portablé Alr Compressor Nolse" (with W.W. Pattérson and R.A.'Ely),
BBN Rept. No. 279%a (March 1974).
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Bolt Boranok and Mewman Inc.

Oral Presentations:

MBome Aspects of Array Performance 1n Empirleally Derived Non-
Isotronle Nolse Flelds (U™ (wlth R.IL. Spooner), presented

at the 27&h Navy Symposlum on Underwater Acoustlces, San Diepo,
Calif, (Nov. 1969) (Confldential).

"pcoustic Criterla for 8SN Concept Formulation Studles (U)"
(with R.D. Colller), presented at the 1970 Ship Sllencing
Symposium, Washington, D.C. {(Mar. 1970) {(Secret).

"Amblent Nolse Spatlal Propertles,"” presented at a NSRDC Workshop
on Sonar Self Noilse, Washington, D.C. (Sept. 1972} (Confidential).

A Simplifled Description of Wind-Generated Nolse for Sonar
Response fApplications' (with C.B. Burrcughs), presented at the
84th Meeting of the Acoustlcal Society of Amerdca, Miami Beach,

Florida (Nov. 1972).

"Sonar Array Response to Ambient Noise Directional Flelds,
Comparing Numerical Results to Closed-Form Estimates'" (wilth

C.B., Burroughs), presented at the 8Uth Meeting of the Acoustieal
Soclety of America, Miami Beach, PFlorida (Nov., 1972},

huggins
745 3
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Cducation: 1.S.

N ralt AND HIWHBAN e

CHARLENE P. LONG - Rescarch Associate,
Educational Technotogy Deparviment

(Bioloplcal Sciences), Florida State University,
1959; M,S8. (Zoelogy), University of New Hampshire, 1963; numecrous
science courses at Northeastern University and larvard University,

1963 to date,

Professional Experience: Intern, Swmithsonian Institution,
1959; Assistant Preparater, Peabody Museum of
1960-

Washington, D.C.,
Natural llistéry, Yale University, New Haven, Coanccticut,
1962; [Lditor, Ginn and Company Publishers, Boston, Mass., 1963-

1967; Instructor, Massachusetts Bay Community Collcpe, 1967-1968;
Editor, Harvard Eceonomic Rescarch Project, Cambridge, Mass., 1968~

1970; research associate, Marine Invertebrates, Harvard University,

- 1963 to date; Teaching Assistant, Harvard University, 1967 to date;

'Bolt Beranek and Newman Inc., 1871 to date.

~

Honors and Societjes: Phi Sigma Award for Most Outstanding Under- .

fraduate Research, Florida State University, 1959; Sigma Xi,

Life Meombership.

Scientific Projects: Miss Long has directed and been involved
in numerous life eycle and ﬁollution studies relating to the
marine cavironment with particular reference to industrial sites
such as desalinization plants. Her responsibilities at Harvard
University include developing and up-dating marine biology
curricula and direccting students in vavious aspects of applied
marine rescarch: pollution indicator organisms, taxenomy of

marine animals, eotc.

Information Retrieval Projects: An ocutgrowth of her scientific

work has beoen the development and application of a simple computer-

bascd system for information retrieval, which is presently being.
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r
considered by a major sclentifiec abstracting
she has heen responsible for over twenty major bibliographic

service., At BEN,

compilations on such topics as man-computer interaction,
for the deaf, decision aids, ultrasonics

robotics, learning aids
She has

in medicine, and l}inear prediction-~stato of thc art.
conducted demopraphic and industrial surveys in diverse areas,

including crib injufies, demographic characteristics of pepula-
tions near railroads, and effects of OSUA and NIOSH recgulations

on industry.

PubTications, Talks, and Work in Progress:

Taxonomy of Phoronida, Bulletin of Marine Science of the
Gulf and Caribhean 10 (2):204-207, 1960.

Bibliography of Polychaeta, Vol. 1 (References to Polychaeta
in the Zoolopical Record, 1864-1964), 400 pages, pribate publica-
tion, 18969. '

~ Bibliography of Polychacta, Vols. 2 and 3.

Palychacte Colonization of Artificial Sponges from Bimini,
Paper prescented to 10th Meeting of the Associatioﬁ of Island
Marine Laboratories of the Caribbean, September S5, 1973,

Mayaguez, Pucrto Rico,
Pectinariidae from Caribbean and Associated Waters, Bulletin

of Marine Science, in press, scheduled for publiecation March 1974,
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Boll Roranek and Newman Inc.

NANCY M. McMAHON ~ Manager, Publications Department

Education: A.B. {Engllsh), Radeliffe Colleme, 1960; Graduate
Study (English), Boston College, 19G4-1068.

Professional Experience: ‘Feacher {(Englizh, French, History,
Muthem&tics), Cambridge School System, Cambridge, Mass.,
1960-1968; Free-lance Wrlter/Editor and Tutor, 1968-1969;
Bolt. Beranek and Wewman Inc., 1969-present.

Professional Societies: Member, Soclety for Technlecal Communi-

cations; The Technical Art Group.

Professional Responsibilities and Projects: At Bolt Beranek

and Newman Inc., Ms. McMahon is responsible for coordinating

the publicatlon services and edlting technical reports. Also,
using technical inputs from various authors as reference material,
she organizes ldeas and writes copy. A recently completed project
for the Department of Housing Urban Development resulted in a
booklet entitled Noise Assesgment Guidelines and an accompanying
Training Program. Other projects inelude technlcal papers on
nolse in various industries, preparation of propesals, and execu-
tive suwmmardes of technical reports.

In the Cambrldge School System, Ms. McMahon taught senior high
school college preparatory Enpglish courses, in which particular
enmphasls was given to exposlitory writing. She also participated
in eurrlculum development and supervision of student teachers.

Pubiications:

"Noise Assessment Guidelines" (with T.J. Schultz), BBN Rept. No,
2176 (August 1971).

"I'rainlng Program for Nolse Assessment Guidelines™ (with T.J.
Schultz)}, BBN Rept. No. 2267 (Oectober 1971).

724 1
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Borf Boranek and Newman Inc,

WILLIAM N. PATTERSON — Senior Engineering Scientist

Education: B.M.I,, 1971; M.S. (Mechanlcal Engrincering),

1971; PL.D., Candldate, Ohio State University.

Professional Experience: U.8. Navy, 1959-19G61; Patterson & Sons
Inc., 1961-1964; Patterson Machinery, 1960-1966; Automatile
Welding, 1866-1965; Ohio State University (Resemrch Assovclate),

1969-1972; DBelt Beranek and Newman Ine., 1972-present,

Honors and Secieties: FREnglneering Honor Schelar, 1971. Member,
Tau Beta P1, Sigma Xi, Pi %au Silgmna Honorariles. DMember, American
Soclety of Heating, Refrigeration apd Alrconditioning Englneers,
Americaq Soziety of Mechanical Englneers, National "Society of

Professional Engineers.

Professional Responsibilities and Projects: Mr. Patterson has
been enpgaged in research, development, and consulting in the
fields of nolse, vibratlon, and testing. He has extensive ex-
perlence in manufacturling processes and sales and service of

industrial and farm equipment.

As Viece President of Patterson and Sens, Mr. Patterson super-
vised sheet metal fabrication, At Automatic Welding, he was
productlon engineer supervising the fabrication cf aboustical
enclosures for turblne generators. His dutles included design

and cost accounting.

As a Research Associate at 03U, Mr., Patterson was involved in

free-jet noise analysis and was in charge of the acoustic labo-
ratory. le desipgned a reoom construction allowing conversion of
a reververant chamber to a listening room. le was in charge of

the construction and subsequent calibratlon of a large isolated

anechole chamber,

7h - .
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Bolt Duranok and Nowman Inc.

His master's thesis invelved analywlrgy wund measurine the nolse
produclng mechanloms in an lmpactlng—~type producilon machine.

Slnce Jolning BN, Mr. Patterson has beeon woerking with the
Noilse Conirol Research and Develeopment scetlon of Lhe Applied
Physles Department. Hls dutles have lneluded eviluation of
rapld transit vehicle designs and predictlon of subway-induced
nolise as well as vibratlon lIn adjacent structurvs. He has
worked on'the Qulet Truck Program designing and testing the
engine exhrust system for a new pgeneration of heavy trucks.

His work on other large vehlcles includes the investiligation
ol the nolse-producing mechanisms on dump trucks, concrete mixers,
bulldozers, and compressors, as well as analyses of the costs
to manufacturers and owners of quigting this machinery. OCther
recent work includes engine vibration isolation and muffler deslgn
for the Mk 48 and refrigerator compressor nolse control. Hls
dutles have'included overall program management as well as tech-

nilcal responsibllity.

Publications:

"A Noise Study of Impacting Type Production Machines," M.S.
Thesis, Chlo 3tate University (1971).

"Noise: What It Is and Where Ve as Engineers are Involved,"
The Ohio State Engineer (April 1971).

"Noilse Pollution in the Coal Mining Industry" (with R.D. Bruce),
presented at the Kentucky Industrial Coal Conference, Lexlington,

Kentucky (April 1973).

"[he Deslign of a Cost-Effeetive Quiet Dlesel Truck" (with
D. Averill), Seeioty of Automotive Engineera, West Coast Annual
Meeting, Portland, Oregon, SAE #73071H (August 1973).

"Phe Deslgn of a Quiet Diesel Wruck"™ (wilth D, Averill), presented
at the National Conference on Heise Control Engineering {(Noiase-

Con 73) (October 1973),

"Hearing Damape Risk in Farm Operations," Hearing Aid Journal
{Pebruary 1974).

yﬁtterson
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Boll Baranek and Newman ine,

Sponsored Technical Reports:

"Preliminary Noise Diagnosls of Preipghtliner Datum Iruck-Tractor”
(with M. Kaye and E.K. Bender), Department of Transporiation No.
DOT-TSP-73-6, May 1973, BBN Report No., 2317 (November 1972).

"Analytic and Experimental Develepment of Intake Mufflers for
Reciprocating Refrilgerant Compressors," BUN Report No. 2608
{April 1973).

"Evaluatlon and Design of Seallng Spool Between Engine Qutput
Shaft and Propeller Shaft for Mk 48 Med 1" (wlth E.E. Ungar),
BBN Tech Memo No., 15h3.

"Evaluation of Propeller Shalt Bearing Vibration Isolation Pro-
vided by Elastic Linings," BBN Tech Memo No., 161 {(July 1973),

"Feasibllity of Vehicle Nolse Inspection Regulations" (with
C.W., Dietrich and C. Warner), BBN Report No. 2571 (August 1973).

"Traction Vehiecles: Nolse and Cost of Abatement" {(with T.
Freeze), BBN Report No. 2566p (August 1973). .

"Speclalty Construction Trucks: Nolse and Cost of Abatement”

(wlth P. Rentz and E.X. Bender), BBN Report No. 2566e (Sept. 1973).

"Ratlonale for the Identification of.MaJor Sources of Noise"
(with K. Eldred), BBN Report No. 2636 {Sept. 1973).

"The Technology and Cost cf Quieting Medium and Heavy Trucks"
(with E.K. Bender), BBN Report No, 2710 (January 1874).

"Noise Control in Surface Mining Facllities: Working Informatien
on the Industry, Its Noise, and the Cost of Nolse Control"
(with E.E. Ungar et @l), BBN Tech Memo No. 183 (February 1974).

patterson
742 3
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Doit Boranck and Nowman Inc,

PAUL Q2. REMINGTON — Senior Scientist

Education: &.RB, and 8.M. (Mechanical Enginecring), Massachugpettls
Institute of Technolopy, 1966; Ph.D. (Mechanlcal Engineering),
Massachuzetts Instltute of Technology, 1969.

Professional Experience: Dynatech Corp., summer, 1966; Bolt
Beranek and Newman Inc., 1969-present.

Honors and Societies: Member, Tau Beta P1, Pl Tau Slgma; Asso-
clate Member, Acoustical Society of America. Shell Companies
Foundation Fellowship, MIT, 1966; National Seclence Foundation
Fellowship, MIT, 1966-1969; Union Carbide Corp., Engineering
Scholarship, 1961-1965,

Professional Responsibilities and ﬁrojects: At Bolt Beranek

and Newman Inc., Dr. Remington‘has partlcipated in a number of
projects involving the dynamles of complex structures, numerilcal
analyses, and control system studles. These lnclude studles of
the transmission of sound through complex aerospace struetures,
viscoelastliclity with application to compllant coating technology,
automobile exhausi system dynamles, and the unsteady dynamlces

of parachute deployment. He has also been principal Investiga-
tor 1n a project for develonlng ride guality cerilteria 1n STOL
alreraft, in a study lnvolving the analyses of tent dellectlons
under snow loads, and in a study for the optimization of hydro-
foll control power.

Publications:

"An Actlve Vibration Isolatlon System with Optimum Shock Protec-
tion," Master's Thesls, Massachusetts Institute of Technology,
Mechanical Engineering Department (June 1966).

"Yivbration of a Continuum Exclted by Random Motions of & Continu-
ous Foundation" {(with Stephen lI. Crandall), Revue Romaine des
Seilence Technlque — Néeanigque Appliquée, Tome 15:1(26-34) (1970).



}

P atsEn s et awwine

o

[ T

N S

3

M ket Ty A TRy A T, | W O sty

i

AT

I

G Ta

.m:u?c;,
I3

K

=

.

[T73

T s

{

b e Tt 2

Bolt Beranok and- Newman Inc.

"Response of a Coverlng Plate to Nolse 1n a Vincoelastle Half-
Space" (with Stephen lI. Crandall), J. Acoust. Sec. Amer., 48:
5, Part 2 (1970).

"pymamle Properties of Modelllng Clay" (with Stephen H. Crandall,
et al), Massachusetts Instltute of Technology, Acoustics and
Vibratlon Lab Report He. 76205-3.

"Response of a Plate Bonded to a Visecoelastle Halfl Space,"
J. Aeoust. Soe. Amer., 51:3 (1972). '

"Hydrofoil Design Cor Minimum Control Power" (with E.X. Bender
and W.C, O'Neill) presented at the 3rd Shlp Control System
Symposlum, Bath, England (Sept. 1972).

"Comparison of Statistical Energy Analysis Prediction wilth an
Exact Calculation (wilth J.E. Manning), to he published 1n the
J. Acouagi, Soe., Amer,

"Nonlinear Analyses of a Shock Loaded Membrane" (with R. Madden)
to be presented at the AIAA Aerodynamic Deceleratlon Systems
Conference, Palm Springs, California (May 1973).

remington
733
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Lwlt Heranek and Newain e,

E. ASHLEY ROOHEY — Technical Writer/Editor
Fdugatijon: H.5, (lnglish), Columbla University, 1964.

Professional Experience: Young & Rublicam, 1964-1965; Editor

of Wew York Academy of Seicnces Transactiono and Small Annails,
1965-19G6; Consulbant at Polareid Corp., 1968; Writer/kditor
at Mitre Corp., 1966G; Freelance Writer/kdltor, 1966-197k;
Pechnlcal Writer/Bditor, Bolt Beranek and Newman, 1974-present.

Prafessional Responsibilities and Projects: At BBN, Ms. Rooney
is responslble for writlng and cditing technical reports,
proposals, and journal articles, She also coordinates the

work of typlsts, illustrators, and printers.

As a freelance writer, she has published in the Boaton Globe,
Redbook and American Home, in addition to having a feature column
in a local newspaper, As a [reelance editor, she handled manhy
technlcal papers and acted as senior technlcal editor of the
Rook Mechanies Seminar, Lwo volumes, which has been translated
into 18 languages. As a writer/editor at Mitre, she edited

and rewrote technilcal reports to format specifications. At the
New York Academy of Scilences, she was in full charge of the
Tranpaciions, & monthly perlodical composed of papexrs from all
scientifie flelds. Her duties Included editing, procofreading,
processling artwork, page layout, and coordinating between the
authors, printers, and other Academy departments. At Young and
Rubleam, she acted as coordinator between Time mapazine and the
copy department of Youny; & Rubleam, advertising agency.
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fell Baranok and Nowman kne,

MICHAEL J, RUDD — Senior Engineering Scientist

Education: Ii.A. (Physics), 1966; M.A., 1969; Ph.D. (Iluid
Dynamlcs), 1970; University of Cambridge, Enpgland.

Professional Experience: Undergraduate Apprentice, British
Aircraft Corp., 1962-1969; Englneer, Acoustlcs Department
Weybridpme Division of BAC, 1969-1970; Reaearch Asslstant
Professor, Department ol Aeronautlcs and Astronautles, New
York University, 1970-1972; Bolt Beranek and Yewman Inc.,

1972-present..

Professional Responsibilities and Projects: At Belt Beranek

~and Newman Inc,, Dr, Rudd 1s lnveolved In several projects

related to gerodynamlce and hydrodynamic turbulence and nolse, par-
ticularly as related to advanced elechro-optlcal sensors and
slgnal preocessing. He has also partileipated in prejects sponsored
by the Environmental Protectlon Agency, including ones almed

at setting nolse limlts for tralins and home appllances., At New
York Unilversity, he conducted research on the reduction of jet
noise hy particulates and on methods of predicting nolse in
structural spaces due to sonic boom; he alsc taught courses on
lnoise, vibration, and dynamics, and engaged 1n consulting activi-
tles on Jet and turblne nolse problems.

At the Cavendish Laboratory of Cambridge Universlty, he worked
lunder Dr. A.A. Townsend in the Fluid Dynamlcs Sectlon, also

working part of the time at the Bristoel Division of the British

Mreraflt Corporatlon. He devised Lhe first self-aligning laser
then used this instrument to study the drag

dopplermeter,
At BAC, he

reduction produced by dilute polymer nolutlons.
worited on jet nolse reduction by means of addltlves and on
methods for analyzlng aireraft nolse, in particular for the

BAC 1-11 and Concorde,

73 L]
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Boll Qoranok and plewman Ine,

Publications:

"A Luser Doppler Veloclmeter Kmpleying: the Laser as a Mlzer-—
Osclllator,™ J, Sed, Tnutr., Sovlos 11, 1, 723-726 (1968),

"A Hew Thecretleal Model for the Laser bopplermeter," . Sei.
Inutr., Series 11, 11, 55-58 (19069),

"A Self-Allgning Later Dopplermctor,” Eif Internatienal Com-
mlsslion for Optles Confercnce, Keading, Fnpland, July 1968.
Published in Opticail Inmctrumence and Techniques, Oriel Preas

(1969).

"Mhe Laser Dopplermeter — A Practlenl Instrument," Opties
Yeehnology, 264-265 (November 194690).

"Measurements Made on a Drag Reduelinp Solutllcon wlth a Laser
Veloelmeter," Nature, 224, 587-580 {(November 1869).

"The Laser Dopplermeter and Polymer brup Reduction," 67th
National Meeting of the American Institute of Chemical Engineers
Atlanta, Georgla, February 1970. Published in Chemlcal
Engineering Progress Symposium Serles No. 11t, 67, Drag Reduc-
tion (1971}.

"Phe Laser Anemometer — A Review," Optiac and Laper Techmology,
200-207 (November 1971).

"Weloelty Measurcements Made with a Lascer Dopplermeter on the
Turbulent Pipe Flow of a Dilute Polymer Solution," J. Filuid
Mech., 51, 673-685% (I'ebruary 1972).

"A Note on the Scattering of Sound Ly Jets and the WingV
i {te be published).

"Laser Velocimetry of Phase ObJactu" (to be pubiished).

. Fhe Lager Anenometer (with Dr. B.M, Watrasiewlez) (to be
published by Butterworth and Co., London). i

"Lawn Mowers: Nolse and Cost of Abatement" (with E. K. Bender),
BEN Report No. 2566a {in prorsress).

"4 Preliminary Study of the Reductlon of Acoustie and Infrared
Emlsslons from a Military Standard 1.5 kY Engine Generatort
{with P. J. Remington), ERN Report fu. 2650, October 1973.

rmidd
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Bl Beranok and Newman lae,

“"Contrlbut:Lon to Raclkeround Docencnf. for foll Carrier Holse
Repulabtlons" (with R. Pender, &, Fly, and 5. Swansen),
prepared by BUY for the envieconmentel Profection Apency, November

19%3.

Patents Granted:

Relating to the Measurgments of Fluld or Surflace
11826GLE,

Improvcménts
Velocitles. U.K. Pateni No.

Improvementys to or Relating to Laser Debtector Systems. UK.

Patent Mo. 1183492.

Also, corresponding U.S5., West German and Japanese patents.

rucld
7311 3 '




Boll Buranek and Hewman Ine.

THEODORE J, SCHULTZ - Principal Scientist - Acoustics
Technical Director of Architectural Acoustics

-

Cm

and Hoise Control

e
B .
i Education: University of Rochester {(Eastman School of Music),
§ [} 1940-1941; University of Migsouri, 1941-1943; Uniﬁersity of Texas,
1943-1944; U,8. Naval Academy, 1944; M.S. (Acousties), Harvard

University, 1947; Ph.D, (Acoustics), Tarvard miversity, 1954,

|

Professional Experience: Instructor in Physics, Mathematics,

n Writing Committee E-33; U.S. Member of saeveral technical working
D groups of International Standards Organization; Member, Tau Beta

Pi, Eta Kappa Nu, Sigma Xi.

1
L Electrical Engineering, Electronics, U.S. Naval Academy, 1944-
_— 1246; Research Physicist, Naval Research Laboratory, 1947-1948;
Lj Instructer, Harvard University, 1948-1953; Research Fellow in
% Acoustics, Harvard University, 1953-1955; Assistant Chief,
é [} Acoustics Section, Douglas Alrcraft Co,, Santa Honicaa 1956=1960;
§ Consultant in Electronics and Acoustics, 1950-1960; Instructor,
;lJ | Summer Course in Noise and Vibhration, Massachusetts Institute of
5 ‘ Technology, 1964 and 1967; Bolt Beranck and Newman Inec,, 1960-
?{7 present.
; i
E s Henors and Societies: PFellow, Acoustical SQCiety of America;
E d Member, ASA Technical Committee on Architecture, ASTM Standards
i
¥
;

Professional Responsibilities and Projects: Dr. Schultz has worked
in the arcas of acoustical instrumentation, architectural acoustics,

electroacoustic transduction, underwater sound, and cpmmunity noise,
At the Navrl Research Laboratory, he set up a hiagh-frequency micreo-
phone calikration lacility, and also studied bicacoustical effects
of high-inteonsity noise., Dr, Schultr has been a consultant on
eloctronics and acoustics, calibration and testing of phonograph
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Dol Buranek and Nevasan Inc,

pickups, design of telemetering equipment for meteorelogical
studien, and the design of aireradt soundproofing. e has made

a theoretical study of electrostatic transducers, and has con-
ducted rescarch on pla:fic-elastic instahility in vinyl piastics.
For four years, he was Assistant Chief of Lhe Acoustics Section

of Douglas Aircraft Companv, dealing with nproblems of interior

and exterior noise control and of skructural fatique due to acous-
tical excitatinn, in both jet transport alrcraft and missiles.

His recent work at Bolt Beranck and Newman fnc, has dealt with
problems of measurement and design in architectural acoustics,
particularly of concert halls; design and evaluation of acous-
tical testing laboratory facilities; noise and vibration eriteria
and control for high-speed trains and for aircraft: he has pre-
pared two surveys on undersea reverherdkion. He has béen active
in acoustical standards writing and reviewing, at the national
(ASTM and ASA) and international (IS0) levels, He has prepared
for the U.S. Department of Housing and Urban Development a set

of guidelines in support of their recently adopted policy of
withholding support for housing proposed for locations judged

too noisy to be suitable as a living environment. He is chairman
of ASTM writing groups prewaring standards for measurement of
airborne transmission loss in the field, and for improved methods
of evaluating impact noise isolation of floor~ceiling construc-
tions. He is currently working on the problem of establishing

realistic eriteria and monitoring procedurcs for abatement of urban

noise, particularly the noise from ronad-and air traffic. Hle has
recently spent six months in Furope visiting numerous acoustical
laboratories to review the state of on-going acoustienl research
abroad, and to investigate current cfforts for enforcement of
nolse ordinances and noise control reguirements in building ecodes
in varieus countries. He has recently prepared a state-pgf-the-art
review of impact noise testing and rating, in suppert of on-qoing

research efforts in that field, at NBS.

schulty 2
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Lot Daened and Howman Ing,

Representative Consulting Projects

Sercndipliy
Transportation Noisc Study

Pratt & Whitney Alrcraft, Middletown, Conn,
Jet Engine Test Colls

Summerhill Sguare Project, Toronto,
Railway Noise Study '
Webb Zerafa Menkes, Architects

Victorian Arts Centre, The Workth End,
Melbournhe, Australia

" .Roy Grounds & Co. Pty. Ltd.

City of Chicago Hoise Survey

City of Chicago Building Code

'NASA - Ames 40' x 80' Wind Tunnel,
- Peasibility of Use for Acoustical Heasurements

U.8. bepartment of Housing and Urban Development {HUD)}

Handbook on Community

Noise Assessment Guidelines

Technical Background for Noise Assessment Guideline
Noise Barrier Design and Evaluation Guidelines

Wational Bureau of Standards
Impact lioise Testing and Rating, State-of-the-Art Review

Indiana University Musical Arts Center, Bloomington, Ind.
Evans Woollen & Associates, Architects

EPA/DOT _
Naoise Survey

Baltimore Concert llall
Pictro Belluschi/Jung Brannen, Assoc. Architects

Milwaukee Center for the Performing Arts
{(Uihlein Uall, vVegel Hall, Wehr Hall)
llarry Weese & Associates, Avrchitects

Garden State Arts Center, New Jeorsey
Edward 1. Stone, Architect

Hous ton Astrodome .
Wilson, Moxris, Crain & Anderson, Architects

Schullyx 3
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wWoBll-TY -~ Stwilio Treatment
Boston, Nassachusetts

EXPG 'G67 thewme Buildings, Montreal
ARCOD ’

Remodeling of Orehestra lall, Chicadao
Harry Weese & Associates

Budd Companv
Moise Control'on Northeaslt Corridor Railvoad Cars

National Gvpsum Company
heoustical Test Facility Evaluakion

Massachusctts Bay Transit Authority
South Shore Transit Noise Control

‘Kaman Corporation

Quiet Helicopter, HH 43 F

Fairchild Hiller Corp.
Moise Control on the FPH 227B

Office of Economic Cooperation Development - Paris
Enforcement of Traffic Noise Regulations

United Aireraft - Noise Control on Car Perry
-~ Neise Control on Turbine Train

DeHavilland - Twin Otter Exterior Noise Measurements

Trane Company
Acoustical Test Facility Design

Rohr - BART Car Design

IURD - Impact of BART Train System Noise on Community
St. Louis Car - Heise Control

Pullman Standard - Noise Control

NYCTA -~ Noise Control in Subway Stations

Schultz ‘ 4
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Papers and Publicatians:

L

e

"priode. Cathode~Followers for Tmpedance Matching to Transformers
and PFileers," IRE Prany, Audio, 28-37 (March-hapril 1955).

26, (24-625

i3

"Measurement of Membrane Tension," Kep., Sei. natr,
{Junc 1955},

PRENLOF PR RS

—
i1

"Priode Cathode-Followers: A Graphical hAnalysis for Audio Fre-
quencies," JRE Trang, Audio AU-4, No. 2, 42-45 (March-April 1956).

£33

7

1 “Alr-Stiffness Controlled Condenser Micraphone," J. Acoust. foc,
l Amer. 28, 337-342 (1956).

5 "Electronic Wattmeter with Wide Frecquency Range," Rev. Sei. Inetv.
4 ri- 27, 278-279 (May 1956).

"On the Distinction between Velocity-Sensitive and Pressure Gra-
dient-S8ensitive Micreophones," J. Aconst. fSoe. Amer. 28, 498 (L)

if{’ (1956).
hobw
"‘1 "On the Use of bDecibel Terminology in Multlplynnq Circu1ts,“
" J. Aecoust, Sec. Amaer, 28, 498-499 (L)} (195G6). ‘
It
"An Acoustic WatheLer," J. Acoust. Soe. Amer, 28, 693-699 (1956).

"BEffect of Altitude on Output of Sound Sources," Noice Control &,
No. 3, 17=-21, 54 (May 1959),.

R T e HCIE T

EX

“Problems in the Measurement of Reverberation Time," J. Audic Eng.

b el B v A

Spe, 11, 307-317 (October 19G3).

[E “De£1c1enc1es of the Dynamic Transmission Loss" (with B.G, Watters),
; J. Aeoust, Soc. Amer. 3bh, 2023 (L) (1963),
;J.q "Impact-Noise Recommendations for the FHA," dJ. Acoust. Soe., Amer.
L‘ 36, 720-739 (1964). :
% 1 A Guidé to Impact Noise Control," BRuilding Kes. 1, Ne. 1, 45~51
L {January-February 1964},
? N “propagation of Sound Across Audience Seating" (with B.G. Watters),
- [( J. Aeonst. Soe, Amer. 36, 885-896 (1964).
[
| "The Perception of Music Heard via Interfering Paths" (with B.4,
%;w Watters), J. Acowat, Soe. Amer. 36, 897-902 (1964).
oo

|

- Schullz 5



M

I

1

L.

fI—

=

L e el

T A T L T R T

IR R 2 |

1

I

3

i

Tt e

3

i

=

-

AT ST LY M DT T S

Ltz e i n § T 2t

]

i =

[

freald Tt imeke and Pegeman o,

Cracousties of Philharmenie Nall, Mew York, during its Pirst
Season" (with L.L. Beranek, B.G. Watters, and FP.Rr. Johngon),
J. Acaust. Soe, Amer, 36, 1247-12672 (1964).

“A Critical Plarameter for the Quality of Concert llall Scund,”
NEREM fee. 6, 128-129 (1964).,

"Conversion between 0ld and MNew Octave-BRand Levcis,” J. Aecoust,
Soe. Amer, 30, 2415 (L) (1964).

"Acoustics of the Concert Hall," TREE Cpectrws 2, No. 6, 56-57
(June 1965})..

"Some Recent Experiences in the Design and Testing of Concert
flalls with Suspoended Panel Arrays" {with L.L. Beranek), Acustica
15, 307-316 (August 1965).

"Acoustical Design of the louston Astrodome Sports Arena,"
J. Audio Eng. Soe., 14, No. 2, 100-104 (April 1966).

"Nach-hallmessungen mit Musik" ("Using Music to Mcasure Rever-
beration Time"), Gravesaner Blatter, No, 27/28, 115-122
(November 1965}, . T

"A New Standard for the Field Measurement of Airborne Trans-
mission Loss," Paper F-34 in Proe. of 5th Intern, (Congny,
Acoust., 1865, Lizge, D. E. Commins (Ed.} (Imprimerie Georges
Thone, Ligge, 19&5),

"Undersca Reverberation: A Critical Survev," ASW Sonar Tech-
nology Rep. 4081265 (December 1965) ({Confidential),

"Hook Review: Acongties in Arehitectural Deaipon by L,.L. Noelle,®
J. Acount., Soc, Amer, 39, 1206 (196G).,

"Electrostatic Loudspeakers for Alrcraft Communication," Sound
and Vib, 1, No. 2, 19-29 (February 1967).

"Sound Absorption of Draperies" (with J,I1. Batchelder and %.9%.
Thayer}, J. Acoust. Soec. Amer. 12, 573-575 (196G67).

"Sound Absorption by Structures with Perforated Panels" (trans-
lation of a paper by Jacques Brillouin), Sound and Vib, 2, No. 7,
6-22 (l9G68).

"Noisc Criterion Curves for Use with the USAST preferred Free
quencies," J. Aeounnt, Soc, Amer., 43, 637-638 (1968),

"New Acountical Test Facilities of the National Gypsum Company , "
Jd. Aeousl., See. Amer,, 45, 20-36 (1969).

Schultz ' 6
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Tl Boranek aind Hicwman Ine.

"Acounstical Proportices of Yoad: a Critigue of the Titerature
and a fucvey of Practiceal Applications," Fereat Pred., J., 19,
Ho. 2, 21-29 (1969},

"Architectural Imnliecations of Urban Moise," Pree. ARS ALT
Fesearchers' fonf,, Houston, Tex., {16~17 October, 1969).

"Sound Power Measurements in a Reverberant Room," ' J. Sound Vib,,
16, lio. 1, 119-130 (1971).

"Some Sources of Error in Community HNoise Measurement," Sound
and Vibration, 6 (2), 18-27 (1972).

*llow Noisec Creeps Past the Building Codes," Neise Control Engi-
neering, 1 (1), 4-15, (1973).

.

"A-TLovel NDifferences for MNoise Control in Building Codes," Noisé
Control Engineering 1 (2) {1973},

"pergisting Questions in Steady-state Mcasurements of Neoise Power

"Outlook for In-8itu Measurement of lloise from Machines," 7, Acoust.

Soc¢. Amer., 54 (4], 982-984 (1973).

"Measuremcnt of Acoustic Intensity in Reactive Sound Fields,"
paper for Hunt Symposium, Acoustical Society of America, Boston,
1973 {submitted to J.Acoust.Soc.Amer.) .

Instrumentbation for Community Noise Surveys,”" Inter Noise '73,
Copenhagen, August 1873. Code: G23X15,

Books

"Wrappinas, Nnelosures and Duct Lining," Chanter 15, Noige and

"and Sound Absorption," J. Acoust, Soc. Amer., 54 (4), 978-981 (1973).

Vibration Control, L.L. Beranck, ed., MeGraw-Hill Book Co., Inc.,

New York (1971).

"Community HNoise Ratings: A Review," Applied Acoustics, Supple-
ment No. 1, Applied Science Publishers, Ltd., London, 1972,

Schultz i




S S A T ke (28 A T g T Ly AR

L

S Ay

i1

i

3t

E.X

R ¢ R e e g e e T s

—

~3

[

]

IR B S

3

L |

i3

T X 13

—x EX

I

L=

=

i

Nestt Bedaneh ared Hevanan .

fral Prosentatinns {representative listing):

"Instrumentation for heasurement of Sound Power," oresented at
the 47th Acoustical Society of mmerieca Meoting, How York, .June
1954, J. Acoust, Soe. Amer, 26, 936 (A) {(lus4),

"Cnmpagiuon of Test Metholds for BEvaluatinag the Acnustics of Phil-
harmonmg llall, New York," praesented at the G4th Acoustical Society
of America *Mecting, Seattle, Vash., Hov. 149G}, .. Aeoust. Soc.
Amer, 34, 1975 (AY (19GR).

“chsurgmunt of Acoustic Intensitv in Reaclive Sound Fields" {with
P.W. Smith, Jr. and C.T. HMalme), presented at the IEER tieet., Hew
York City (Mar. 1965),

"Acoustical Nesian of Small Rooms" (with J.J, Fiawer), presented’

at the 69th Acoustical Society of America 'leeting, Washington,
D.C., Tune 1965. . Acouat., Soe. Amer, 37, 1202 (n) {1965).

"The Role of Rackaround MNeise in Achievina Privacy," nresented at
the National Association of lleme Builders, Chicama, Ill. (Dec.

1965). . .

“Decay Patterns of llarpsichord Strings" (with R.W, Pyle, JIr.),
presented at the 71lst Acoustical Society of America Meetina,
Boston, *ass., June 1966, J, Aecouat. Soc. Amer, 39, 1220 (A)

(1966) .

"Current Developments in Acoustical Standards and Techniques, "
presented at Chicaqn=-BBN Architects Svmnosium, Chicadqo, Ill.
(October 1966),

“ﬁevelopments in Acoustical Standards," presented at Los Andgeles
Architects Svmposium (October 19GG6).

"The Role of !odel Testing in the Acoustical Desian of Auditoria"
(with B.0. Watters and R.L., XKirkeaaard), nresented at the 72nd
Acoustical Societvy of America Meeting, Los Anneles, Calif., Hov,
1966, J. Acouat, Sce, Amer, 40, 1245 (A} (1966).

"Field Nvaluation of Sound Absorption and Sound Isolating Con~
structions," presented at the ASA-AIA Combinedl Meeting Washinaton

Chapters, Washinaton, D.C. (November 1966).

"Hoise Abatement and Control," prepared for Task Porce on EBnviron-
mental Health and Related Problems of the Recretarv of llealth,
Eduecation, and Welfare, RBoston, Mass, (Decemher 1966).

Schultg
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el Bemnk and_ Fovian Ine.

CMAcousitics of Reoms for Classical Recordings,” (with L.IL. Reranek),

nresented ol the 73vd Avoustical fSocioty of Anerica "eotina, How
York, W.Y.o (April 1967}, J. Acousi. Hoe, Amer, 41, 1597 (A)

"Acoustical Problems in Open Plan Spaces,” (with P11, Hirtle),
presentoed at the 78th Acoustical Rociety of hmarica Meetind,

{5 Nowvember 1969).

“Rating Scales for Auditorium Acousties" (with B.G. Watters,
L.L. Beranck, R. Johnson and L. Kirkeqaard), prosented at the
7%th Acoustical Socicty of America *ectina (April 1970),

"Relations Amonq the Various Sinale-Mimher Ratinns of Rnviron-
mental Moise," presented at the 79th Acoustical Snciety of Amar-

ica Meetina (April 1970),

"Privacv for Apartment Dwellers," presented at the 82nd Acoustfcal
Societv of America Meeting (October 1971).

"Recent Developments in the Design and Evaluation of Concert ljalls:
Models and Simulation", Seminar on Environmental Noise, AAAS Meet-
ing in Philadelphia, December 1971. .

“Community Noise Ordinances in the United States and ‘Europe",
Seminar on Environmental Noise, AARAS Meeting in Philadelphia,

December 1971.

"Motor Vehicle/Highway System Planning and Noise," International
Conference on Transportatieon and the Environment, Washington, D.C.,

June 1972.

"Noise Control in Dwellings: - United States, 1972", presented at
Symposium on the Micro-Environment of Human Dwellings, Warsaw,
Peoland, 4-8 December 1972,

Sponsored Technical Reports {representative listing):

"Desipgn Procedure for the Sound Abzorption of Resonant Plywood
Panels", Bolt Beranek and Newman Inc. Rept. 925 (Apr. 1962).

"Intensity KMeasurements in Near Flelds and Reverberant Spaces"
(with P.W. Smith, Jr., and C.I. Malme), Bolt Beranek and
Newman Ine, Rept. 1135 {July 19064). :

"Noise and Vibration Criteria for the Northeast Corridor
Trains®, Bolt Beranck and Newman Inc. Rept. 1276 {(Dec. 19658},

"General Deslimn Recommendations for Control of Nelse and

Vivbration in High-Speed PTrains for the Northeast Corridor",
Bolt Beranelk and Newman Ine. Bept, 1277 (Dee. 1965).

Schulte 9
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'rhe WA South Shore Projeet TE,  Keeommendations for Control
of Halge and Vibhratlon In Rapld-Yruncis Cars® (with C.M, )
Dictrieh), Bolt Beranek and Hewnsn Lne, Hept. LHNG (Sept. 19006).

"Extrapolation of AMA Ceiling Attenuation Data to Field
Situatilons", Bolt Beranck and Newman Ine. Blept. 1733 (Nev. 156E).
"Rutinps for the Assesument of Community lelne Praoblems"

Bolt Beranck and Hewman Inc. Rept. 1922 (Dec. 1969).
"Investigation of the Feasibllity of MHaking Model Acoustic

Measurcements in the NASA Ames 40 x 40 FL, Wind Tunnel® {(with
D.A. Bies), Belt Beranck and Nowmuan Ine. Rept. 1870 (Apr. 1970).

"HUD: Noisc Asscssment Guidelines', Bolt Heranelt and Newman ,
Inec. Rept. 2176 ( Aug. 1971).

"Techinical Background for Ngise Abatement in HUD's Operating
Programs," Bolt Beranek and Newman Inc., Report No. 2005R
{(Nov. 1971},

HUD Handbook - “What To Do About Noise" -~ BBN Report No, 2549
{Dec. 1973). - ‘

HOD "Noise Barriers: Design and Evaluation" - BBN Report No. 2550
(Dec. 1973).

NBS "Impact Noise Testing and Rating - 1973" -~ BBN Report No,2668
{Oct, 1973).

TSC "Acoustic Rating for Urban Rail Noise" - BBN Report No. 2674
{Nov. 1973},

TSC "pocumentation Standards" - BBN Report No, 2652 (Oct. 1973},

"Program for the Measurement of Environmental Noise", Report
No. DOT-TS5T-74-4, Sept. 1973, submitted@ to DOT, Office of Noise

Abatement,

Patents Granted:

No. 2,836,656 "Acoustic Wattmeter"
: [J.Acoust.Soc.Amer, 31, 392 {1959)]

No. 2,868,894 "Miniature Condenser Microphone"
{J.Acoust.Soc.Amer. 32, 1089 (1960)]

Schul tw 10
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olt Beranek and Howian lne.,

MARGARET HASSON TROY - Chicf Technical Librarian

Education: A.H. {Blochomical Selencen), Ra adellfle College,
Cambyldpe, fraduate .Ludy, University of London (FnL]and),

lu.l

Certiflcnte ln CCPQPdl Studies.

Professianal Experience! Research Teehnlelan, Harvard ledlcal
Sechoclk, Dept. Physieal Chemistry; Associlabe, llarvard Medical
School, Dept, IMedistries; Sclentifle Coordinator at Hational
Research Corporaticn, Cnubridbc, lMass,; llead Research Librarlan,
Natienal Research Corporatlon; Head Rescarch Librarlan, United
FPruit Compeny, Executive Offices, Boston, Mass; Executive
Asslotant, Slouan~rettering Institubte for Cancer Research,

Hew York CiLy, and Chief Technleal Librarian, Bolt Bcranek

and lewman Inc., Cambrildpge, Mass.,

Responslbllitics include complete adminlstration of the
library, preperation of lliterature searches and reference
worl, . .

Professional Societies: Soclety of the Slpgma Xi; Special
Libraries Assocclation. '

Awards and Professional Activities: " Chairman, Hospitality
Commlittoe, SLA; Chealrman, Employment Committee, SLA;
Instructor, course for library assistants, SLA. OSRD
Avard of Kerit for Research Work on behalfl of government
effort in World War ITI,

Publicatians:

"Preparation and Properties of Serum and Plasma Proteins, XII,"
J. Amer. Chem. Soc. 69:1747-1753 (1947),

"The Nophrotic Syndrome in Children," J. Clinical Invest, 30:
H71-191 (1951). '

"The Literature of Titanlum Metal and Its Alleoys," prescnted
at the American Chemical Society, Division of Chemlcal
Literature, Annual Meeting, Chicago, Illinols (Sept. 1953).
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Bolt Boranok and Nowman Inc.

"ERIC E. UNGAR =~ Associate Division Director, Dynamics and Structufas

Education: B.S. (Mechanlecal Englneering), Washinpton Unlversity,

1951; M.S. (Mechanical Engilneering), Unilverslty of New Mexlco,
19545 Eng. Sec.D., New York University, 1957.

Professional Experience: Aero-Ordnance Lngincer, Sandia

Corporation, 1951-~1953; Instructor, Assistant Professor of
Mechanleal Enpgineering, Research Secientilst, New York University,
1954-1958; Bolt Beranck and Newman Inc., 195B-present.

Professional Honors and Societies: Fellow, Acoustical Soclety

of America (Member, Committee on Shock and Vibratlon, 19?”—77);
Assoclate Edltor, Journal of the Acoustical Society.of America,
1974~75; Contributing Editor, Sound and Vibration, 197H.

American Soclety of Mechanical Engineers: Executive Committee,
Design Engineering Division, 1874-80; Chailrman, Technical
Committee on Vibration and Sound, Design Englneering Divislon,
1964~743 Chairman, Shock and Vibration Committee, Applied
Mechanies Division, 1972; Chairman, Program Committee, 1969
Vibrations Conference,

Institute of Nolse Control Engineering (Board of Examiners, 1973);
Founding Member, U.S, Council for Theory of Machines and Mech-~
anlsms; American Institute of Aeronautics and Astronautiles;
American Academy of Mechanlcs; Tau Beta Pl, 3igma X1, Phi Kappa
Phil; Reviewer, Applied Mechanlces Reviews.

Professional Englneer, Missouri and Districet of Columbia.
Listed in American Men of Science, Who's Who in Aviation, Who'a

Who in the Faet; Dictionary of International BDiography.

7h
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Bolt Boranok and Newman Ine.

Professional Responsibilities and Projects: Dr, Ungar has been
engaged in research and development In various flelds of mechan-
leal englneering since 1951. At Sandla Corporation, he worked
in atomiec weapons development and dellvery concept analysis. At

New York University, he taught and dld research In machinery
dynamlcs and applied mechanlics and engaged 1n consulting in
stress analysis and heat transfer. At Bolt Beranck and Newman
Ine., Dr. Ungar 1s concerned with various aspects of structural
dynamics and nolse, and wlth the directlion of multldisciplinary
approaches to the solution of technologleal problems. ’

Representative List of Publications:

Damping

"Loss Factors of Viscoelastically Damped Beam Structures", J.
Aaoust. Soe. Amer, 34:1082-1089 (1962),

"A Guide to Deslgning Highly Damped Structures Uslng Layers
of Viscoelastliec Material", Machine Design 35:162-168 (Feb. 1963).

"On Panel Vibration Damping Due to Structural Joints" (with
J.R. Carbonell), AIAA J. 4:1385-1390 (Aug. 1966).

"Panel Loss Factors Due to Gas Pumping at Structural Joints"
jwith G. Maildanik), NASA CR759“ (Nov. 1967).

"Damping of Panels", Noise and Vibration Contrel, Chap., 14,
L.L. Beranek (Ed.), Mc@iraw-Hi1l1l Book Co., Inc., New York (1971).

"Mhe Status of Engineering Knowledge Concerning the Damping
of Build-up Structures", J. Sound Vib., 26:141-154 (Jan, 1973).

Vibration Isolation

"Mechanical Vibraticns", Mechanical Design and Systems Handbook,
Seec. 6, H.A. Rothbart (Ed.), MeGraw-Hill Book Co., Inc., New

York (196U4).

"Wave Effects in Viscoelastic Leaf and Compresslon Spring
Mounts", Trans, ASME, Ser. 8. (J. Eng. Ind.), 85:243-2h6

(Aug. 1963).
"High Frequency Vibration Isclation", (with C.W. Dietrich),
J, Sound Vib., 4:224-241 (Sept. 1966).

ungar - .
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Balt Boronok and Naewman Inc.

laolation of Mechanical Vibratien, Impact, and Noise (EQ, wilth
J.C. Snowdon), Amer. Soc. Mech. Engrs., New York, 1973.

Vibrations of Complew Structurec

"Steady~State Responses of One-~Dimensional Periodiec Flexural
Systems", J. Acoust. Soc. Amer., 39:887-B94 (1966).

"Statistlcal Energy Analysis of Vibrating Systems", Trans.
ASME, Ser, B, (J. Eng. Ind.), 89:626-632 (1967).

"Analysls of Vibratery Energy Distributions in Composite
Structurea' (with J.E. Manning), Dynamies and Struetural
Solids, American Soclety of Mechanlcal Engineers, New York,

pp. 62-81 {1968).
"Vibration Diatributions in Multipanel Structures, Comparison

of Measurements with Statlstical Energy Predictions" (with
N. Koronaios), Sheoek Vib, Bull. 37, Pt. 2, 99-107 (Jan. 1968).

"Wibrations of Nonhomogeneous Plates and Shells in Terms of
Refracted Waves" (with O.A. Germogenova, K.L. Chandiramani

and K. Lee), BBN Rept. 2007 (Aug. 1970},

Stresg Analysis

"Maximum Stress in Beams and Plates Vibrating at Resonance",
Trans. ASME, Ser, B. (J. Eng. Ind.), 84:149-155 (Feb, 1962},

"I'ransmission of Plate Flexuyral Waves Through Reinforeing
Beams; Dynamic Stress Concentrations", J. decoust. Soo. Amen,,
33:633-639 (1961). Also, 35:934 (L) (1963).

"Consideration in the Design of Supports for Panels in Patigue
Tests" (with X.S, Lee), AFFDL-TR-67-86 (June 1967).

"Eatimation of Probabillty of Structural Damage Due to Combined
Blast and Finlte-Duration Acoustile Loading" (with Y. Kadman),
Shoek Vvib, Bull,,39, Pt. 3, 65-71 (Jan. 1969).

"Resldual Stresses and Displacements In Wide Curved Bars
Subjeet to Pure Bending" (with B.W. Shaffer), Intern., J. Mech.

Sei., 11:525=-543 (1969),
"Stress Resultants and Out-of-Plane Deformations Iin Stiff Rings

Attached to Elastic Cylinders and Subject to Concentrated Loads"
{with B.W. Shaffer), frans. ASME, Ser. B, (J. Eng. Ind.),

93:835-844 (Aug. 21971).
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Bell Baranok and Nowman Inc,

"Exeltatlon, Response, and Fatigue Life Eutimatlon Methods for
the Structural Deaign of Externally Blown Fiaps", Sheek and
Vib. Bull., 43:16%-183 (June 1973},

Noise; Aecoysties; Fluctuating Pressures

"Vibratlons and Noise Due to Piston-Slap In Reclipreocating
Machinery" (with D. Ross), J. Sound Vib., 2:132-149 (1965).

"Nonlinear Acoustlcs of Unstable Combustilon Phenomena™ {with
K.5. Lee}, BBN Rept. 1782 (Peb, 1966).

"Sonic Boom simulation by Means of Low-Pressure Scurces" (with
U.J, Kurze, R.E. Hayden, R, Madden, and C,H. Allen), NASA CR-

66969 {March 1970).

"Peasibllity of Alreraft Stall Detectlon by Means of Pressure
FPluectuation Measurements" {(with H.H., Heller, D. Bliss, and
8.E. Widnall), AFFDL-TR-70-1Y47 (Nov, 1970).

"Transonle Rocket-Sled Study of Fluctuating Surface Pressures
and Panel Responses" {(wlth H.J. Bandgren and R. Erwin}, Shock
and Vib. Bull., 42, Pt. 4 (Jan. 1972).

"A OGuide for Predlcting the Aural Detectability of Alrcraft"
{with several members of BBN Staf?f), AFFDL-TR-71-22 (July 1971).

Structure-Borne Scund; Struyctural Vibrations and Sound Radiation
at Audio Frequencies (with L., Cremer and M. Heeckl), Springer

Verlag, New York, 1973.

Noige Control Engineering

"Guidelines for the Preliminary Estimatlon of Vibrations and
Noise in Bulldings near Subways" (with E.K. Bender), BBN
Rept. 2500B (Jan. 1973).

"Noise Comparison of Enclosed and Muffled Pilston and Rotating
Combustion Engines for Light Alrcrarft" (with M. Rudd), BBN
Rept. 2489 (Jan. 1973).

"Development of Prototype Muffler/Diffuscr Assemblies for S-IVB
Orbiting Worksheop Ventilation Fans" (with E.K, Bender and
I. Vér), BBN Rept. 1774 (March 1960).

"Effects of Resillently Mounted Track Slabs on Noise and
Vibration" {(with E,K, Bender and U, Kurze), BBN Rept. 1878
{Sept. 1969).

"An Investigatlon of the Generatlon of Screoch by Rallway Car
Retarders" (with R.D. Strunk and P,R. Nayak), BBN Rept. 2087
(Dec. 1970).
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Bolt Boronek snd Noewmaon Inc.

"acoustle and Perflormance Test Comparison of Inltlal Quleted
Truck with Contemporary Production Trucks" (with M.C. Kaye),

Rept. DOT~TSC-Th-2 {(Sept. 1973).

"Promlsing Noise Reduction Measures for Rapld Tranalt Systenms;
Backpground Information for In-Service Test Planning" (with
several members of BBN Staff), BBN Rept. 2642 (Feb. 1974).

"Prelimlnary Estimates of Wayslde and Interior Noise of the
General Electriec MTA Gas Turbine/Electriec Rail Car" (with
L.E. Wittig), BBN Rept. 2723 (Jan. 1974).

"Noilse in Raill Transit Cars: Incremental Costs of Quieter
Cars", BBN Rept. 2566d (March 1974).

"Coal Cleaning Plant Noise and Its Control" (with G.E. Fax,
W.N. Patterson, H.L. Fox), BBN Rept. 2B27 (June 1974).

Struetural Dynamics

"Preliminary Vibration Study of 330 MWe Ft, St, Vrain Reactor"
{with X.L. Chandlramsni, H.H. Heller, W.D, Mark), BBN Rept.

1543 (June 1967).

"Study of Cable Deflectlons and Cable/Tralley Dynamics of
Emergency Egress Slide Wire System at Launch Complex 39,
Kennedy Space Center" (with K.S. Lee, Y. Kadman), BBN Rept.

1694 {(June 1968).

"Effects of Saturn V Launches on LCC Window Structures" (with
Y Kadman}, BBN Rept. 1691, (June 1968).

"Impact Analysis of 30-in. 600# USA Standard Swing Check
Valve" (with S, Hariharan), BBN Rept. 1944 (March 1970)}.

"A Guide for Predicting the Vibrations of Fighter Aircraft in
the Preliminary Design Stages" (wlth R. Madden, R.H. Lyon,
E.X. Bender, B, Zapotowski), AFFDL-TR-71~63 (May 1972).

"Wind-Related Factors in the Design of the DBS and CPF Buildings;

Part 1. Structural Loads and Motion of the DBS Bullding" (with
R.E. Hayden), BBN Rept., 2337 (Feb. 1972).

"Noise and Vibration Evaluation, GTX Bagpape Handling System,
SEA/TAC Alrport" {with W.E. Blazier, M.A. Porter), BBN Rept.

2048 {Sept. 1973).

"New PField-Measurement Technique for Attacking Loadlng Line
Vibration Problems" (with M.A. Porter), Gas Compresseor
Institute Conference, Liberal, Kansas (April 1974).
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‘BOLT BERANEK AND NEWMAN INC,

CAPABILITIES -

A

AND
FACILITIES

£

Bolt Beranek and Newman Inc, (BBN) Is engaged in consulting, research, and
development in science and technology., Our primary activitles are conducted
by the following operating units.

(.

Ii'hysicnl Sciences Division
Architectural Technologles and Noise Control Division
Behavioral Sciences Division
~ Computer Science Division
‘Computer Systems Dlvislon
Technical Operations Group
Geomarine Operations

£

1

S

i3

- The BBN technical staff consists of approximately 450 scienilsts and engineers,
of whom about two-thirds held advanced degrees. These ataff members -have at
thelr disposal extensive laboratery and computer faecilitles, which are described
In the followlrig pages. Project teams are assembled from personnel in all the
divisions to solve prohlems that require a combinatlon of specialties and skills,

P R

E...

|

BEN has its headguerters in Cambridge, Massachusetts, and malntnins reglonal
offices {n Washington, D, C., Chleago, Los Angeles, San Franclsco, Houston,
and Waltham, Massachusetts. '
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PROTFESSIONAL SERVICES

BBN's technieal staff provides research, development, and consulting services
In the following areas,

Physical Sciences

A Underwater Acoustics: Underwatcr sound propagation, reverberation, re-
flection, and scattering. Modeling and analysis of slgnals and nolse, Analysis,
design, systems testing and evaluation, and performanee modeling and predictien
of passive and active sonars, Signal processing, Including analysis, software,
and displays. Ship silencing, ineluding flow noise, machinary noise, structural
vibration and radiation, propulsors, and neisec contrel technology,  Marine
engineering studles, such as hydrodynamics, control systems, and systoms
analysis, Marine geophysics.

4 Aerospace Dynamies: Steady and unsteady aerodysamlc loads, ineluding
hypersonlc and supergonie regimes. Dynamic responses of struclures, com-
ponents, and eguipment. Sound radiation from vehleles and structures. Quietl
propulsion and lift systems. Conceptual design, development, and evaluation of
test facilities and equipment, Ground wind loads. Wind tunnel simulation of
noise and structural dynamics, Prediction of dynamie environments and pro-
tectlvo design.

A Nolse and Vibratlon: Dingnosis and control of nolse and vibration In ma-
chinery, vehicles, and power sources. Productdesign incorporatingnoise nbate-
ment techiniques. Cost-benefll studies of noisc treatment, Fabrication, testing,
and delivery of prototype products.

4 Instrument Systems: Deslgn and production of semgnrs for measuring sound,
vibration, stress, pressure, temperature, and heat flow, Measurement systems
for monltoring noise on ships, alreraft, and land vehicles, Monltoring systems
for ships, alrports, highways, and buildings, Portable measurement equipment,

A Ceophysics: R & D support in marine subhottom survey techniques and
instrumentation, marine and land seismic propagation datn analysis, shoreline
end nearshore sedimentation processes, marine sedimoent sampling and analysls,
and signal processing, Field and laboratory services Inseismic reflection pro-
filing, sidescan sonar applications, sediment sampling and analysls, geological
surveys, and data nterpretation,

A Structurasl Dynamles: Analysis and testing of the response of structures to
strtie ond dynamic loads, Data acquisition and analysis, Tlexible .structures,
shell analysis, and finite element.analysis. Fluid/structure interaction and im-
pact phenomena. Composite materials.
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A Ultrasonics and Medieal Technologles: Rescarch and development In
high-resolution ultrasonic dingnostic technlques and techniques for therapy and
surgery., Design and development of ulirasonic diagnostic equipment and blo-
medical [ngtrumentation, Consuliing services in biomedical enginecring and
nondestructive testing,

Architectural Technologies and Noisc Contfrol

A Bullding Acoustics: Consulling services to insure satisfnefory acoustleal
environments In new and existing huildings of all types, Including audiforiums,
performing~-arts conters, schools, office bulldings, aparimenis, and research
foecllities. Areas of study and deslgn inelude room acousties, sound isolation,
sound-amplification systems, and mechanieal system noiseand vibration control,

&  Building Aerodynamles: Climatological and wind tunnel studies of huildings
and commplexes, Predietion of wind-inducedvibrations and their effects on sfrue-
tures, bullding occupants, and equipment, Studies of ground-wind effectsin
pedestrinn areas, Selection of favorable sltes and configurations. Consulintion
on design for vibration reduction, Field messurcments on exisiing structures.

A Environmental Noige Control: Evaluation of nolse in the community, Includ—
ing consulting with governmental agencles, alrports, (ransportation systems,
power systems, and industry. Dovelopment of covirenmential impact statemeonts,
noise monitoring systems, and neise regulations, Application of noise control
enginecring technology for solving existing problems and planning for future
compatibility. . .

A Regulntory Acoustles: Definition of noise control needs based onpresent and
predicted neise levels,  Establishment of goals based on factual testimony and
gtate-of-the~art teelmology, Development and drafting of rogulations, Including
regearch on legal aspects and suggestions for enforcement procedures and test
methods, Regulation evaluation guldelines. Management planning for adminls-
tering regulations, Pubilc education programs to Inerease awareness of nolse
as a pollutant and the role of regulatory agencies.

4  Environmental Vibration Studies: IFleld measurement of vibrations in and
near butldings and iransportation systems. Evaluation of zceeptability. Diag-
nosis of vibration sources and paths, Consultationon modifications for vibration
reduction. Prediction of vibrations and their cffects,

&  Industrial Nolse Conirol: Consulting services for quicting factories, power
plants, petrochemical plants, machine products, and manufzeturing ecquipment,
Services include field evaluation of noise levels and worker exposure, develop-
ment of compliance plans, detalled analysis of nolge problems, and design of such
cost-cffective nolse and vibratlon control measwres as muiflers, cnclosures,
machine modifieatlons, and sound absorptive treatments,
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A Machinery Noise and Vibration Control: Analysis of noiso~generatingmech-~
anlgms of machinery cither in gitu or in our semlanechoic laboratory. Machine
deslgn incorporating nolge abafemont measures. Deslgn, fabrication, testing,
and analysis of prolotype products or lreatments.

4 Edueation in Applled Acoustics: Training manuals and lecture courses to
acquaint clients' siaffs with the vole of acoustics andnolse control in their plants
and products,  Special training cowrses for architeets, engineers, bullding
owners, plant engineers and foreman, safely and Indusirial engineers, and high-
way engineers on safety and for Industrial and highway engincers on practical
engineering approaches to noise control,

A4 Arts Programming and Facilities: Feasibility studies and studies lo define
the artistic, physical, and economic scope of proposed projects for the visual
and performing arts. '

- & Theatre Consulting: Comprehensive consulting services covering functional

planning of theatres, auditoriums, and concert halls, including space reguire-
ments and performance equipment requirements. Layout, deslgn, and specifi-
cation of stage lghting, rigging, and other performance systems and equipment,

& Audiovisual and Television Facilities: Comprehensive consulting in planning
and equipping facilities for andiovisual presentation of teaching, for CCTV edu~
eational and Dbroadcast television, for video tape recording, and for monitoring

and information display. ‘

Behavloral Sciences

&  Experimental Psychology: Studies of basic human capabitities, including
signal detection, pattern recognition, attentlon, memery, decislon making, re-~
action time, and speech, Human factors engineering, survey technigues, social

peychology,

& Control Systems: Development of analytic models of human behavior in
relation to computers and machines, Studies of control theory and information
theory andtheir appiieation lo analysis, optimization, and evaluationof systems,

&  Psycloacoustics: Studies of human sensory capabilitics for the detection
and classification of ncoustic signals, DBasic research on the relative contribu-
tions of spectral composition, intensity, and duration of a signalto the percelved

nolsiness or {o annoyance.
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4  REducational Technology: Applieations of computers in eduecation, Including
rescarch ob classroom use of computers and development of computer lungunges,
instructional systems, and other tools for toaching and learning.

Computer Scienco

A& Artificial Intelligence: Studics of representation of meaning, Dovelopment
of programs to obtain syntactic and somantic analyses of written text., Mixed
initiatlve discourse systems. Sensory motor control and intelligent processing
for robots, atural languapge guestion-answering systems for fact reotrieval,
Acoustic-phonelle and phonological analysis of continuous specch;integration of
syntactic and semantie knowledgo into continuous speech understanding systems.
Digital slgnnl processing systems. Teclniques of speech compression for
officiont transmission of speech signals. TRescarch in zutomatic and computer-
agsisted programming, Researchand developmentofl special technlquesto faclli-

+ taote interaction hetween the sclentist and the computer in Al rescarch, Including

the design and implementation of computer display systems and the desgign, im-
plementation, maintenance, and extension of the programming languages BCPL

and LISP,

4  Interactive Systems: Operating system research anddevelopment,including
rescarch into time-sharing systems which arcdlistributed acress communication
networks, development of software protocols to cnable an operating system to
have its peripherals remote from anaccessille loa system's computational pro-
cessor via a minl-computer connected to a communications network, Contlnued
development and support of the BBN TENEX time-sharingsystem, Researchand
development of computer tools to help with office automation problems,

&  Transportation Systems Regearch, Development, and Consulting: General
research and development In traific control and information management proh-
lems of air, marine, and surface transportation systems,  Simulation studies
and development of stmulators and training systeins in these areas.

Computer Systeing

A  Systems Development: Development of time-shared and special-purposc
compuler systems to facllitate deta management, Information rotrieval, real-
timo processing, and communication for a varlety of applieations,

4  Computer Networks: Development and operation of networks that permit
interactive communication among dissimilar time-shared compulers. Deslgn
and implementation of Interface Message Processors that connect compuiers to
the netwerk and attend to routing, storec-and-forward, buflering, - and crror

control.
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A Medical Computer Systems: Development of computer systems for use In

pharmacology, the life sclences, and the medical profession,  Aulomation of
cliniecal testing procedures, dcvclnpmeut of information storage and retrieval
systems for medical data bases, design of user interinces for the study of
complex molecular models, and development of alds to practicing primary
physicians,

&  Bignal Processing: Design anddevelapment of hoth en-line andoll-linc com-

puter systema for editing, storage, and retricval of time-serles data from urrays
or networks of sensors,

Technlcal Operations

4 Systems Analysis Services: Advanced analysis and cvaluation of complex
technical systems vrelating to antisubmarine warfare and peripheral areas,

- Problem-oriented development and engineering studies conducted by dedieated

project groups. On-site investigations. Focused research and advanced tech-
nical analysis combined with engineeringdesipn to solve complex technicnl prob-
lems. Creation of custom technical support tenms toprovide on-site hardware
and goftware support.

Geomuarine Operations

A Petroleum Exploration and Production: Iigh-reseclution profiling of ocean

bottom and subbottom formatlons using standard and proprietary techniques and
equipment, Data aequlsition, reduction, and interpretation,

A Civil Engincering Studies: Geophysical surveys for use In dredgingopera-

tions, siting offshore facilities, pipeline routing, and locating sand and gravel
deposits. Geotechnical services, including bottomy samples, shallow and deep
coring {(to 1000 {t subbottom), Data nequisition, laboratery analysis, and recom-
mendations for foundation deslgn, .

A Envirvonmental Impact Studies: Shallow bottom surveys to determine pos-
gible environmental hazurds relating to drilling, operation of offshore power
plants, and construction of other offshore facilities.

|
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RESEARCH FACILITIES

»

EBN's laboratory and resenrch facilitles provide awide range of instruments and
equipment for experimentation, testing, and cailbration,

A Instrumentation: This faellity stocks and maintains transducers, amplifiers,
sound nnd vibration sources, recorders, analyzers, signal-display devices, and
agsociated electronic equipment, Calibration apparatus ineludes an ancchole
chamber, reverberant rooms, a high~Intenslty pistonphone system for microphone
callbrations, and calibrators for hydrophones and accelerometers, Elcetricnl
and acoustical calibrations are referenced to the National Bureau of Standards.,
There are algo data analysis faeilities for obtaining real-time one-third octave
band and narrowband spectrum analysis, correlation, and spectral denslty,

4 Low-Speed Wind Tunnel: A free-jet, low-speed, low-turbulence wind tunnel
for studylng flow phenomena over various test objects. The tunnel can he
fitted with a 25-ft long boundary layer chamnel, The test section, which may he
an open or closed jot up fo 20 ft long, is enclogsed wilhin a 4000 cu {t semirever-
.berant sound fleld which-can be convertad to o semianechoic state, In the open-
jot configuration, the 20-hp blower can produce amaximum wind speed of 120 fps
at the 16-In, square or 18-in. diameter nozzle oxil as well as in the boundary
layer channel, Measurements azre made with the aid of pregsuve transducers and
hot~wire probes.

© A High-Speed Wind Tumel: A 22,000 cu ft, high-performance, aeroacoustic
facility which isone of the quietest and most versatile of its kind. 1t can-he used
for acroacoustic model studies of jets, STOL {lap conflgurations, edge noise, fan,
propeller, and rotor noise. The tunnel hasa volumelrie flow of 140,000 clm, Its
3.1~it diameter primary jet has a maximum velocity of 300 fps. Its secondory
jets can preduce GOO0 ¢fm at up to 1. 0 atm, overpressure, and higher pressures
ahd volumes are possible. The tunmel can be operated in either ananechoic or n
raverberant mode. In addition, it fs equlpped with a quiet device for rotating
propellers, fans, nnd rotors, A variety of rpm ranges Is avallable, with power
consumptions up to 40 rpm provided by a hydraulic drive system. A G-depgree-
of-freecdom foree balance s part of the tunnel's standard cquipment.

4 Underwater Laboratory: This laboratory is designed for underwater notse
control projects and underwater transducer evaluation, Itcontains a callbrated,
14 x 22 x 33 {t reverberant water tankwith very low amblent noise levels designed
for accurats measurement of underwater sound power levels, It is equipped with
hydrophones, sound projectors, and analyzers, and [t has truck acecess and a
travelling 2-ton erane. The time-gating tecchnigque can be used for transducer
moasurements, :
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4 Physies Laboratories: These general-purpose laboralovies are used for it
varlety of acoustical and other experiments, Included in the laboratorvies are
paired roverberation rooms for transmission-loss tosts and a 900 cu {t nnechoic
chamber, .

4 Acouslic/Dynamometer Laboratory: Thislaboratory Is used to conduct noise
diagnosis und control axperiments on machinery thatcither gencrates, converts,
or transmits power (e, g, , diesel engines, hydraulic pumps, or gear units), The
reverberant tost cell has nonparallel walls and o protating diffuser for precise
measurements of acoustlc power; it can easily be made anechoic, The lahoratory
Is equipped with a dynamometer capable of absorbing 500 hp at 4000 rpm, engine
parameter nstrumenlalion (e, g, , for monitoring oil and water temperature and
oil pressure), air cooling capabilily, heat exehanger for water-cooled machinery,
nolse and vibration instrumentation, md mechanieal and hydraukic power supplies,

A Semlanechoic Laboratory: This 8000 cu ft luboratory is used fer machinery

. Holse measurements, modeling of acoustic test facilities and other seale~-model

gtudies, and a variety of other acoustical test programs, Associnied measuring
equipment [neludes a 1/3-octave band real-timeanalyzer equipped for sequential
sampling and/or averaging of an nrray of up to 16 micrephones or other irans-
ducers. A dala reduction suite adjacent (o the laboratoryis equipped for acous-
tical test data analysis, Including Impedance tube measuremonts of sound absorp-
tion, as well as 1/10Lh and 19, spectrum analysis and statistical distribution
analysis of sound levels, Associated model shop facilities permit construction
of acoustical models,

' 4  High-Velocity Alrflow Equipment: Used for experimental siudics of nolse

generated by subsonle alrflow over surfaces, this facility consists of an alreraft
engine compressor capable of supplylng continuous airflows at up to G000 efm
and 15 psl.

A Paychoacoustics Laboratory: The laboratory contains equipment for con-
ducting experiments on speech~inielllgibility test methods, subjeclive effects of
noige, masking of speech, and speech comprossion,  Apparatus Includes sound-
recording and playback equipment, noise generators, audiometers, specch-
compression instrumentation, o large soundproof semidiffuse room for testing
subjects, a library of tape-recorded speech material, and a PDP-8 computer
for experimental. control and data analysis.,

A  DPsychophysies Laboratory: Experiments are conducted in this laboratory
to study the relationships of human sensory capabilifies to deelsion making in
tagks that require the doteetion or classificationof signals, Thelahoratory con-
talnsa PDP-8/L computer, which is used on-line andinrenl time, that generates
auditory, visunl, and vibratory stimuli; controls the precedure of an experi-
mental segslon; and records and analyzes data ondecision aceuracy and latency,
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A Manual-Control Laboratory: The labovatory is cquipped for experiments
that study the characteristies of the human as a centroller of dynamie sysiema.
A PDP-10 digital computer and an AD/4 hybrid analog computer are usedon-line

. to generate input signals, to record, and to annlyzo dain,

A Transducer Laboratory: This facility is used for the development and
procislon assembly of miniature Instrument fransducers, including pressure
trausducers, microphones, heat-transfer gauges, and hot-wire probes, Equipment
ineludos watchmakeys' lathes, electrometers, and other special instrumonts,

A Mechanleal Serviees: Traditional machine shop and mechanical drafting
faellity, Including lathe, milling machine, cte, Drawings are done to Mil-D-1000
or good commerctal practice and files are malntained, Printed clrcuit board
layout and toping are a normal part of the activity.

A Electronic Fabricatlion: Equipmont and work stations for the effieient fabri-

" catlon of electronic apparatus, Including printed cfreult etching and wire-

wrapplng.




; COMPUTER FACILITIES

<

A .
7 f_l BBN's digltal computer installations provide facilities for on-line computation
f bl and problem solving, real-time processes, and information storage and retrieval.
i , .
Poes
! . 4 PDP-10: Time-shared computer for up to Gi simultanceus uscrs., Three
el arithmetic processors, 192K+ words of core memory, 1, 6M words of high-spoed
- drum storage, and a 70M word disk pack file sysiem, The gystem uses
Pl BBN TENEX pagevs to run the BBN TENEX operating systom, providing 256K

" ' words of virtual memory to ench user process, System Is accessible to the

ARPANET, Peripheral equipment Includes magnetic tape transports, DECtape

. transports, Caleomp plotter, real-time analog and digital 1/0 capability with

I high accuracy and high resolution clocking, and 2 high-gpeedline printers. Two
more complete PDP-10 scrvice sysiems to be installed by FY 76,

B

L

.4 PDP-8: 4K words of core memory, disk, Perlpheral equipment includes

', high~speed paper-tape 1/0, digital-to-analog and analog-to-digital convert-
i ers, and auditory and visual display eapabllities. [1 in Cambridge,1 In Los
P [_[ Angeles] :

¢ A PDP-1D: Time-shared computer forupto 64 simultaneous users, 24K words
o of core memeory, fast-necess 120K-word drum, and a total of 60 million words
f of high~speed drum storage (Univac Fastrand 1), Peripheralequipment ineludes
5 fwo Unlvac magnetle tape transports. User programs include STRCOMP,
§ . ISRCOMP, LOGO, and many others, ,

-

The Analog-Computer Laboratory has equipment for general purpose analog
simulation. Hybrid computation capability is achicved by means of a versatile
patehing system that connecfs the analog compuiers to the PDP-10. Equipment

in the laboratory Includes the following:

EE

I
[

K H
)
j
l‘{ "1
}l ‘;
4

i

4 Applied Dynamles AD/4 Hyhrid Analeg Computer: 100-V machine with 56
operational amplifiers, nonlinear equipment, and general-purpose digital logie,
capable of high-speed repetltive operation,

can i

A Assoclated Fquipment: Oscilloscopes, signal generators, multichannel ana-
log tape reecorders, X-Y plottors, strip-chart recorder, and sound-isolated

rooms for psychological experiments,

— b
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e

e

-y *K = 1024
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GOVERNMENT CONTRACTING INFORMATION

Since 1948, Bolt Beranck and Newman Ine, has successfully completed hundreds
of prime contraets undertaken on a CPFF, CPIT, T&M, or fixed-price basls
for various government agencies, including the Department of Defense (Alr Force,
Navy, Army, Office of Civil Defense, ARPA, cfc,), NASA, Department of Health
Education and Welfare (including Nattonal Institules of Health, Office of Education,
National Aly Pollution Control Center), Department of Housing and Urhan Develop-
ment, Dopariment of State, Department of Commerce, Department of Transpor-
tation (Federal Aviation Administration, Federal Railroad Administrntion, Trans-
portation Systems Center, cte.), and the Environmenial Protection Ageney., In
addition, BEN has undertaken many major subcontracts for organizations such
as Aerospace Corporation, Arthur D, Little, Ine,, 1BM Corporation, Raytheon
Company, TRW Systems, AVCO Corporation, General Electric Company, Litton
Industrics, and Douglas AlreraftCompany, Under centract to several stales with
fedoral grant funds, BBN has studied varlous matters ranging from compuber
applications In education to alr and nolse pollution,

‘The cognizant government auditing ageney for BBN Is the Defense Contract Andit
Agency, 424 Trapelo Roand, Waltham, Massachusetts 02154,

The Cambridge and Washington offices have top-secret (reility clearance. The
Los Angeles office has seeret faellity clearance, Securily procedures for each
offlee of the Company are conducted through the nearest Delense Contract Ad-
ministration Services reglonal olfice, :

-
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BBN Corporate Hendquarters

50 Moulton Stroot
Combridgo, Massachusctts 02138
Tel, (617) 491-1850

BEN Regional Offices

1701 N. Fl. Myer Drive
Arlington, Virginin 22208
{Washington, D.C.}

Tel, (703) 524-4870

1740 Ogden Avenue
Downers Grove, Illinois 60515

. (Chicago)

Tel, (312) 069-6150

. 21120 Vanowen Stroet

Canoga Park, California 91303
(Los Angeles)
Tel, (213) 347-8360

G633 Battery Strect

. San Francisco, Callfornia 54111

Tel, (415) 391-7610

8802 Daffodil
Houston, Texas 77042
Tel, (713) 7832110

2356 Wyman Street
Waltham, Massachusetis 08164
Tel. (617) 890-8440

Afffliated Companics

The Delos International Group Ine,
276 Wyman Streoct
Waltham, Massachusetts 02154

ARCTEC, Incorporated
9104 Red Branch Road
Celumbia, Maryland 21045

ARCTEC Canada, Ltd.
1500 St, Catherine Street
Montreal 107, Quebec

Telenet Communications Corporation

1666 K St. N, W,
Washington, D, C, 20006



