U.S. DEPARTMENT OF COMMERCE
Nationa! Technical information Service

AD-A023 674

ACOUSTIC NOISE REDUCTION WITHIN THE ASW SUPPORT
COMMUNICATIONS MODULES OF THE TACTICAL SUPPORT
CENTER (ASCOMM/TSC)

NavaL ELEcTRONICS LABORATORY CENTER

30 MarcH 1976




124083

-

NELC/ TR 1983
€861 YL/ OT3AN

ACOUSTIC MOISE REDUCTIOM WITHIN THE ASW SUPPORT
COMMUNICATIONS MODULES OF THE TACTICAL SUPPORT
CENTER [ASCOMM/TSC)

30 March 1976

Rcsearch and Development July 1875 i¢ rebruary 1570

Prepared for
NAVELEX System Eugineering Center

Vallejo, California
REPRODUCED BY

" NATIONAL TECHNICAL
~ INFORMATION SERVICE

U.S. DEPARTMENT OF COMMERCE
SPRINGFIELD, VA. 22161

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED

NAVAL ELECTRONICS LABORATORY CENTER
SAN DIEGO, CALIFORNIA 92152

39




AN AL SmELG s L g MR SR R T s - b apin s+ CAVIE TGN S e AR
na o— &

N i 1 - - - - ) B A -
M TIPETa— BTR i U R I N R e A £ W ERs v 5 WY e T @ © BT L e 2w R R e fw,«n‘}:’

UNCLASSIFIED f
“ECURITY CLASSIFICATION OF THIS PAGE (When Data Entetrd) .
READ INSTRUCTIONS :
REFORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
1. REPORT NUMBER 2. GOVT ACCESSION NO.J 3. RECIPIENT’'S CATALOG NUMBER .
NELC Technical Report 1983 (TR 1983)
4. TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED ,
. ACOUSTIC NOISE REDUCTION WITHIN THE ASW SUPPORT COM- R&D, July 1975 to February 1976 ‘
MUNICATIONS MODULES OF THE TACTICAL SUPPORT CENTER
(ASCOMM/TSC) 6. PERFORMING ORG. YEPORT NUMBER
: 7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)
Elaine Schiller and R Paul Kaufman
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK

AREA & WORK UNIT NUMBERS
Naval Electronics Laboratory Center

San Diego, California 92152 OMN, ELEX WD. X (NELC N306)
1. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
NAVELEXSYSENGCEN 30 March 1976

B - 1) >

Vallejo, California 13 NUMBER OF PAGES »g

14 MONITORING #GENCY NAME & ADDRESS(I! ditierent [rom Controlling Oflice) 15. SECURITY CLASS, (of this reporf)

Unclassifiad

1Ss. DECL ASSIFICATION/DOWNGRADING
SCHEDULE

1€ DISTRIBUTION STATEMENT (of thls Report)

Approved for public release: distribution is unlimited

7. DlSTR:BuTION’STATEMENT (ol the abstract enterod In Block 20, If dliferent from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on severse slde 1l necessary sad ideatily by block number)

Acoustic measurement

Antisubmarine warfare — Support communications
Noise reduction

Voice communication

20. ABSTRACT (Continue on reverso slde If necessary and Identily by block number)

. The ASW Support Comnumications (ASCOMM) puition of the Tactival Support Cemer (TSC) proviies
cummunication terminals during ASW anreraft nussions for vaiee, telety pe, and data transimssions in ahf, ht', amd
FLTSATCOM mwdes, both cear and encry pted. ASCOMM equipment consists of ory pto equinment., remule won-
s truls. mudems, pateh panels, communications wonsvle, telety pes, teleprmters, reperforators, .ape punches, and

air conditivners. A sound survey at Naval Air Fauility . Sigonella, Sicily . resulted in the NELC tash reported heie

DD FoR™. 1473  E0ITION OF 1 HOV 65 1S OBSOLETE ¢ e
JAN 73 . -
S/N 0102.LF 014 6601 UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Enterad)




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

EAY

\ 7

R ek et

{

t

to reduce the ASCOMM noise level at all mobile ASCOMM/TSCs worldwide. NELC determined the sources asd
the extent of the noise problem, identified the system constraints, and designed wnd built equipment to rainimze

IR A L

ri the noise problem with minimum interference to system operation. The equipment wiil be installed at 1.AF,

E Sigonella (the site which originally reported the problem) in July 1576, and before and after operational

1 equal-level noise contours will be obtained. *
LA }

L
ey

[ X ]
X UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE/When Data Entered)




TP TIRET

T

Kichiaua e,

e :
el e w'ﬂwqﬁ

B S N U A Y

Jfft‘oﬁl;‘"-m‘ Y
o .

TR T

B R

Kaiveds TR e St A Lo sl
[ H !

B

R

TR

N ey R

Ny,

R i M e A . s Lo e TR rr e it N PR S
. O - ast-yova I L T A ——, Y\ i s s, v o wn o - ool y il
. I T W MG REA:

OBJECTIVE

Locate the sources of the high-level noise reported by a survey of the ASCOMM/TSC
at Naval Air Facility, Sigonella, Sicily. Determine the full extent of the noise problem and
identify the system constraints. Design and build equipment to minimize the probiem at ali
mobile ASCOMM/TSCs worldwide with little interference to system eperation,

RESULTS

1. Personnel movements ¢ nd actions at ASCOMM/TSC, Baroers Point, Hawaii, were
observed and recorded. Noise dat. we. ¢ obtained. and noise and vibration recordings were
made for each noise source. The dita were analvzed and design criteria were generated.
Operating personnel were interviewed with respect to possible equipment mo.ifications.

2. Feasibility models ot the noise reduction equipment were designed and enough
were built to construct one system. The system was built into a new ASCOMM installation
m Misawa. Japan, and before and after noise measurements were taken which indicated satis-
factory noise reduction.

3. Final versions of the equipments were designed for use as models. Assembly
drawings were made and installation instructions were prepared.

4. Another set of equipment tless the air conditioner silencers) was supplied for in-
stallation in the ASCOMM/TSC, Adak, Alaska.

RECOMMENDATION

Document the noise levels at ASCOMM/TSC. Naval Air Facility. Sigonella, before
and after installation of the equipment,

ADMINISTRATIVE INFORMATION

Work was performed tader OMN, CLEX WB, X (NELC N306). by members of the
Human Factors Divisicn. This report covers work from July 1975 to February 1976 and
was approved for publication 30 March 1976.

The authors express their appreciation to the TSC project peisonnel at NAVELEX-
SYSENGCEN, Vallejo, California, for their support and guidance. and especially to
A Keisel and J McCaskill for their valuable on-site support.
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BACKGROUND

There are 14 Tactical Support Centers (1SCs) around the world. designed to provide
tactical ssistance to ASW commanders. The ASCOMM (ASW Support Communications)
portion of the system provides com.aunicetion terminals during ASW aircraft missions for
voice, teletype, and da*a transmissions in uhf, hf, and FLTSATCOM modes. both ciear and
encrypted. The ASCOMM equipment corsists of crypto equipment. remote controls,
modems, patch panels, communicvations console, teluty pes, teleprinters, repertorators., tape
punches. and air conditioners.

Naval messages from ASCOMM/TSC Naval Air Facility (NAF). Sigonella. Sicily. in
November of 1973 complained of the noise level. Subsequent noise measurements by the
Air Station Medical Officer in March 1974 showed that the noise ranged from 80 to 81 dBA.
and the area was therefore considered to bz o “Noise Hazard Area.” COMMNAVAIRTESTCEN,
Patuxent River, Maryland (Code ST-35). in a letter dated 27 June 1974 (ser ST 35/187),
proposed a detailed sound survey of the ASCOMM/TSC at NAF. Sigonella. The Naval
Clactronic Systems Command funded an air task/work unit to record. measure, and analyze
sound levels at this site. A two-man team from Naval Air Test Center headed by Roger H
Seltz performed the sound survey at NAF, Sigonella. on 14 and 15 August 1974, Measured
noise levels runged fiom 76 to 100 dBA for various operating conditions at various points
about the ASCOMM modules. Based on these findings. NAVELEXSYSENGCEN, Valiejo.
California. was requested by the Naval Electronic Sy stems Command (I1tr COMNAVELEC-
SYSCOM to COMNAVAIRSYSENGCEN, Vallejo. ser 153-51021. dated 15 April 1975) “to
initiate a project to reduce the noise level in the ASCOMM/TSC modules.™

The Naval Electronics Laboratory Center (NELC), Human Factors Division (Code
3400), was tasked 8 July 1975 by the NAVILEXSYSENGZEN., Valiejo, California. to reduce
the ASCOMM noise level.

NELC’s objectives were to determine the sources and the full extent of the noise
problem. to identify the system constraints, and then to design and build cquipment that
would minimize the noise problem with little intertference to system operation.

WORK PROGRESSION

NELC personnel visited partially completed ASCOMM modules at Vallejo to become
familiar with the layout. maicrials, cquipment, and cotplexity of the system. Many ques-
tions arose as to the mode of operation  such as how the printers are monitored  which
could limit the methods to be used to reducz the operating noise levels. 1t was decided.
therefore, that a visit to an operational site would be necessary. ASCOMM, TSC. Barbers
Point, Hawaii. was selected by NAVELEXSYSENGCEN. Vallejo, for this operational analysis
be.cause of a parallel assignment to work on this ASCOMM at that particular time.

At Barbers Point. personnel movements and actions were observed and recorded.
Operating personnel were asked for their opinions of possible cquipment modifications.
Noise data were obtained for computer-generated cqual-level contours, and noise and vibra-
tion recordings were made for cach noise source. These data were analyzed at NE' C, and
the results were used to generate design criteria.

Feasibility models of the noise reduction equipment were designed and enough were
built to corstruct one system. The models were tahen to a new ASCOMM installation in
Misawa, Japan, in August 1975, The Misawa installation was operational. but not “‘on the air™
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;f when the installation and evaluation of the. noise reduction equipment were init; ‘ed. A

4 grid pattern of noise measurements (for computer generated noise Contours) was obtained

E; before and after the installation of cach set of similar noise reduction equipments. The

< ASCOMM was placed on the air after the noise reduction equipment had been installed. The

3 final noise grid was obtained 1 September 1975 under actual operational conditions. A

follow-up phone call was made by NELC personnel from Tokyo 28 October 1975 fo obtain

opinions from operational personnel after extended usage of the fuasibihty models of the

noise reduction cquipment.

1 ' The feasibility models reduced the noise mn the on-the-air ASCOMM/TSC. Misawa, to

3 ’ a maximum ol 76 dBA. In October, NAVELEXSYSENGCEN. Vallejo, decided to Fave NELC
design the final versions of the noise reduction equipment and to supply one of each final
item to be used as a model during production. construction and assembly drawings. and mnstal-
lation {nstructions.

The production models were completed in February aiter one complete set of equip-

ment (less the air conditioner silencers) had been supplied for installation in the ASCOMM/TSC.
Adak, Alaska. The dra=ings were supplied as a separate package in March. and the installation

=

inx.ractions wiil be presented in forthcoming NELC techunical document 471,

b diaks

S o aily Bl

FINDINGs

Bhatab s i

The ASCOMM/TSC, Barbers Point, was observed to function as follows:
. Six Navy radiomen (male and female) were assigned to the system. working two at a
Fi} time on an 8-hour watch. A Navy chief vas the communications supervisor. A watch super-
visor was ‘tlso present. ‘
The physical movements of the radiomen about the modnles consisted of the
following:

Naladi

1. Working with the teletype equpments which are mounted from floor to ceiling in
nine racks and two floor-mounted tape preparation units

2. Sitting or standing at a desk or table preparing and reading messages. using the
telephone. and talking to nther personnel that require assistance

3. Working on the crypto cquipment racks to change the key list
4, Walking to the door to accept messages
5. Walking out of the ASCOMM area to deliver messages

6. Working at the console when messages are being received and transmitted by voree
7. Working at the patch and test facility when system problems arise

While the radiomen perform all the above tasks, they mouitor up to 14 radio circurts
with the corresponding loudspeakers mounted on two pancls of a console and at station §4X
RCVR/KEYER. (Sce fig 1.) Each of the 14 circuits has volume controls and the 12 circuits
in the console have VO X rlow-release light indicator switches. Two handsets (ene tor red
and one for black circuits) are provided for two-way communication over these circuts, In ‘
order for personne! to hear these signals above the ambient noise at the various sections of
the system in which they might be walking, the loudspeaker volumes are tirned up hagh. (At
this high volume, the atmospheric noises in the radio circaits become a significant part of the *
ambient noise.) The two loudspeakers at station 14X are meant to be used only as 4 monitor
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while the corresponding receiver at station 14X is being adjusted. but for various personal
reasons these speakers ars turned up as high ax 100 dB.*

I order to attain an overall picture of the noise problem in the ASCOMM, Barbers
Point. noise data were obtained as inputs for computer-gencrated equal-level contours of the
A-weighted noise levels and Speech Interference Levels (SILs). These contours are shown in
figures 1 and 2, respectively. The highest measured noise level was 85 dBA in figure 1. This
leve! is below the BuMed ** specified maxnnmm allowable noise level of 90 dBA for 8-hour
exposure, but it could still be harmful to the hearing of 20% of the ASCOMM personnel.
The SIL is an indicator of the degradation of face-ta-face speech communications, as shown
in figure 3. The ordinate in figure 3 represents the distance between talkers and the abscissa
represents the SIL. At 72-dB SIL, which is representativeof the level tetween the console
and teletype equipment racks, it is necessary that personnel be no more than 1%: feet apart
for normal conversation or 2z feet apart for communicating voice levels, Even though it ss
usually possible for the ASCOMM personnel to come within these distances of each oth ir,

\S

}ﬁ'
&

e

N

¥ it sometimes requires one person to Ieave his work station, or causes vital time to be lost in

.e . response to an emergency situation. Difficulty in tuiephone communication is another prob-
¢ lem at 72-dB SIL.

*£- . . . . N

E- The major sources of noise in the ASCOMM were cousidered to be the followsng:

1. Loudspeaker-generated sounds

g 2. Reperforators

i 3. Printers

*

4. Teletypes

““"

v 5. Air conditioners

In order to investigate these noise sources in detail, tape recordings were made of the
acctstic noise and the vibrations produced by one TT-605/UG reperforator, one AN/JUGR-9
printer, one AN/UGC-77 teletype, and one air conditioner.*** The recordings were analyzed
at NELC. The analysis of the recordings generited the following information:

1 The combination of the built-in vibration isolators and the sliding shelves that hold
the reperforators. teleprinters. and teletypes provides vibration isolation from th
racks in the order of 10:1: therefore, additional vibration isolation is not necessat 7.

THCRE e AR, R
»

;: 2 The octave band spectra of the noise measured | foot in front of the reperforaton,
Y prircer. teletype. and air conditione~ while each was ia full aperation are shown
, Ji in table 1 The A-weighted levels of the reperforator aud the printer are almost
3 the same even though their octave band spectra differ. Tie operating cycle of
i these two equipments is long; therefore, they both require noise reduction. The
Py teletvpe, however, does not have i long operating cycle, so even though its overall
?ﬁ" sound level during, constant operation is actually slightly higher than those of the
I reperforator and the printer, it does not require noise reduction.
+

*ASCOMM/TSC sound s rrvey; by NAVAIRTESTCEN (Code ST-35) ltr Aug 1974
**BUMED INSTRUCTION 6260.68, Hearing Conservation Program. 5 March 1970
. *+*x ASCOMM/7TSC, Barbers Point, is 2 working system; thercfore, even though the ambrent nosse was made
low as possible, these tape recordings contained some significant background nose that masked var of
the noise being analyzed.

A
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Barbers Point, Hawaii, for operational system.
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The ceiling structure in each module consists ¢f perforated metal sections (1 by 2
feet with 677 open area) with an insert of a sheet of heavy treated paper topped by a 1-by-
2-foot piece of stiff thermol foam. This haa been considered to be an acoustic ceiling, but
in fact the absorption coctlicient of the structure was only 0.20 (acoustic tile averages abou!
0.65 and acoustic foam about 0.80). Acousti:al absorption by a ceiling attenuates the over-
1ll noise and also gives a 1elatively pleasant sensation to the remaining noise.

The A-weighted level of the air conditioner is 72 dB ~t the intake (the noise spectrum
is shown in table 1), which is & low level compared to the present ambient noise levels shown
in figare 1. However. the operational vy cle o1 the air conditioner is long. and the new ambient
levels after noise treatment will probabls be close to 72 dBA. This means that if the noise
from the air conditivners is not reduced. the effectiveness of all other noise treatments could
be limited by the air condit:oner noise.
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TABLE 1. NOISE SPECTRA* OF ASCOMM/TSC EQUIPMENT,

i

E: Octave Band Center Frequency. Hz

E Descrig:tion 31563 | 1251 250|500 | 1k | 2k | 4k { 8k |16k
A dBA|dBC] dB [dB | dB | dB | dB | dB | ¢B | dB | dB | dB
1 TT605/UG reperforator | 82 | 8t | = |[** o1 [ 60 |68 |72 |73 [79 |77 |64
] ANfUUGR.O printer 81 180170 J64 | 62 |63 |63 |72 |75 |76 |76 {05

2 ANJUGC-77 teletypeset| 83 | 82172 172 | 66 | 68 |67.2]73.5|174.5{755]77.5]|65.5
; Air conditione 724121177 |74 176 | 712 {65 166 |66 |61 |52 |**

halivy

(at intake)

E *All levels are corrected for ambient noise.
] **Csuid not be measured becanse of level of ambient noise.
]
cEASIBILITY MODELS

B! The next phase of the project was to design noise reduction equipment that would

1 considerably lewer the ambient noise level without affecting the operation of the ASCOMM.
: and then to build feasibility models for one complete system. At the onset of the design
21 vhase, it was decided to desizn a shelf barner for the reperforator, 2 cover for the printes,

F{' 1Y &

3 and a silencer for the air conditioners. to redesign the console loudspeaker system. and to

S improve the absorption coefficient of the ceiling.

LOUDSPEAKER SYSTEM

In order to avoid operational chianges in the use of the console while minimizing the
noise generated in the area of the console, it was decided to abandon the concept of a sepa-
rate loudspeaker for cach reveiver circuit. The signals fiom the 12 receivers would be mixed
together, amplificd, and distributed over ceiling loudspeakers throughout the three ASCOMM
modules. The signals would be obtained from the leads taken off cach receiver loudspeaher.
therefore, the level controls and the light indicator switches would continue to operate as they
did before modification of the loudspeaker system. A VU meter would be put in the place of
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each console loudspeaker for a visual indication of the circuit signal level. Each ceiling loud-
speaker was provided with a “T"" pad level control. Figure 4 is a block diagram of the feasibil-

ity model of the loudspeaker system.

(B}

OO
OO®
OO®

REPERFORATOR

reduction equipment.)

at the rear of the rack.

MIXER 70.7-V '_/
POWER <
AavpLIFIER | UINE Li\

AN

AU A

{

iy

(1

/

LOUDSPEAKERS

Fiaure 4. B:ock diagram of feasibility model of loudspeaker system.

The front barrier panel was made with a door to minimize interference with servicing
and maintenance. An enclosed curved slot was provided for the paper tape teed. Existing
holes in the side lip were used in mounting this panel to the sliding shelf,

AN

The TT605/UG reperforators are placed in the centers of the 1op shelves of the tele-
type racks. Three power supplies are mounted on an unvented panel at the rear of each rack
in back of the reperforators. Acoustical foam lincs the inside of the racks. (Older ASCOMMs
that do not have foam lining in the racks should be so lined during the installation of noise

The reperforator cover has large open areas for air circulation. therefore, it was decided
not to reduce its noise output by modifying or adding to the cover. Instead. it was decided to
use a barrier on the front end of the shelf to retlect the noise back into the rack. This barrier
would reduce the air flow to the reperforator. In order to maintain sufficient air flow, the
panel that supports the power supplics was vented to provide air flow through the door vent
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PRINTER

The AN/UGR-9 printers are mounted two shelves below the reperforators with the
ANJUGC-77 teletype sets mounted on the shelves in between. During ASCOMM operations.
the printers are occasionally rolled out beyond the rack so that the radiomen can read the
message being printed. This means that optimum noise reduction would be realized by an
! improved cover which would reduce the noise while the printer was inside or outside the

rack. The air vents in the printer cover are comparatively small. therefore, it is possible to
make a better attenuatir 2 cover without restricting the air flow.

For the feasibility models which had to be constructed in only a few weeks, it was
decided to make a fabric shell to go over the existing cover. This shell was made of special
noise attenuating tabric (“Alphalon™). cut and sewn to fit snugly over the existing cover,
with 1,/8-inch-thick neoprene sponge spacers in between to improve the effectiveness of the
fabric. A flap was provided to allow for paper servicing of the printer. The clear plastic
panel in front of the paper feed was replaced by a double piece of clear plastic with an air
gap in between.

AIR CONDITIONER

One air conditioner is mounted on the end wall of each ol the three ASCOMM
modules, as shown in figure 1. The return air enters an air conditioner through two grills
and two replaceadle air filter,, which are located about 4 feet avove the tloor. The exhaust
Jdir exits through the top of the air conditioner into the area between the dropped ceiling

. and the roof. This air is trapped by small air scoops in the dropped ceiling which distribute
the conditioned air throughout the ASCOMM.

No significant noise was measured as coming from the air conditioner exhausts

. The A-weighted noise at the intake to the air conditioner was 72 dB. A silencer was designed
to attach to the wall by use of the screw holes that held the existing intake ¢rill. The filter
would remain where it was and could be serviced by removing the tront of the silencer.
which is held in place by four screws.

CEILING FOAM

Since the conditioned air flows above the “acoustical™ ceiling. it is necessary to
maintain this ceiling as @ thermal insulating layer. Therefore, an acoustical toam with a
high theraal K factor was selected. Conaflex A-FR-100. 1 inch thick.* has a high thermal
factor « «d gives an absorption coefficient ot 0.63 when used in conjunction with the exist-
ing periviated (677 open area) metal ceiling. It the ceiling pieces were 207 open, the absorp-
tion coefficient would be close to 0.80. This additional absorption would reduce the noise
appioximately an additional 1 dB. The replacement of the perforated metal sections was not
eensidered to be cost-effective and so was not implemented. Therefore, only the easting ther-
mal foam and treated paper were eliminated and replaced by the Conaflex A-FR-100 foam.

*] inch=254 mm
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INSTALLATION AND EVALUATION OF FEASIBILITY MODELS

The feasibility models of the noise reduction equipment were evaluated in a newly
installed ASCOMM/TSC in Misawa, Japan, just before the ASCOMM was placed on the air.
Two NELC personnel and one senior technician and two contractor personne! from
NAVELEXSYSENGCEN, Vallejo, installed and adjusted the noise reduction equipment.
The NAVELEXSYSENGCEN personnel set up the ASCOMM to simulate on-the-air
conditions while the NELC personnel performed the evaluations.

NOISE CONTOURS

Noise measurements to be used for computer generation of equal-leve! contours, in
A-weighted sound level and in SIL, were taken under the following sequential conditions:

21 August No acoustic treatment

22 August Acoustic foam in ceiling

23 August 12 loudspeakers to replace 4 on console*

24 August Covers on printers and reperforators, and temporary barrier panel
in the ARC-143 rack to block scund path**

25 August Silencers added to air conditioners

1 September  Operational system with one additional printer and reperforator
running full time (shelf extender on ARC-143 had been remwved)

The corresponding noise contours are shown in figures 5 through 10.

Some noise reduction is apparent for each feasibility model mstalled. The shape of
the contours changes ciach time because of the effects of direct and reverberated noise and
the location of the feasibility models. Therefore, it is not possible to give an accurate nu-
merical representation of the total amount of noise reduction achieved throughout the sys-
tem, but an approximation of the effect on the personnel as they move about the ASCOMM
will be made for summary purposes.

The addition of the acoustic foam to the ceiling (compare fig 5 and 6) reduced the
A-weighted noise 1-3 dB and the SIL 3-6 dB. The maximum cffectiveness of the foom is
noticed some distance from the noise sources, since Jie ceiling treatment reduces mostly
reverberant noise. The placement of the 12 loudspeakers on the ceiling throughout the
ASCOMM (compare fig 6 and 7) accounted for a 1-4-dB drop in both the A-weighted and
the SIL levels. This improvement was noticed mostly right in front of the console. where
the original loudspeakers radiated. The covers on the printers and the barriers on the reper-
forators and in the ARC-143 rack (compare fig 7 and 8) resulted in an A-weighted noise
reduction of 4-6 dB and SIL reduction of 24 dB.

*Only 4 out of the 12 possible channels were in usc.
**The noise from the ARC-143 ra :k was not noticeable in the lugh ambient noise of ASCOMM/TSC.
Barbers Point, but it was quite pr~.ament after the acoustic treatment, The barrier panel served to
reflect the noise away from the area occupied by the ASCOMM personnel.

12
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By comiparing figures 8 and 9, it can be seen that the air conditicner sitencers reduced
the A-weighted noise by 0~1 dB and the SIL by 1-2 dB. These silencers made the least
amount of difference in the overall noise, but the minir.tum noise level is iimited by the air
conditioner noise. (The air conditioner near the console was the noisiest of the three, and
miost of thi: noise was being radiated by the wall and not coming through the intake. There-

T

)

¥ ' fore, any further noise reduction would have to include treatment of the air conditioner

3 walls.)
s By coniparing figures 5 and 9, it can be seen that the total noise reduction for all the
b i feasibility models is approximately 7-10 dB A-weighted and 6-11 dB SIL. The noise leveis

in the operational ASCOMM/T4C, Misawa, compared to the operational ASCOMM/TSC,
Barbers Point (compare fig 10 with fig | and 2}, were Icss by 7-9 aB A-weighted and 3-7

dB SIL. These two ASCOMMSs were not set up identically with respect to furniture and
equipment operating during noise measurements, but the noise reduction in Misawa is signifi-

cant. The differences would be even greater in the area of the vonsole during radio reception
of voice.

e it

. 3 INDIVIDUAL MODEL ANALYSIS

&

3

4 1 The noisc ~eduction of the individual feasibility models including the ARC-143 bar-
] rier panel was eva’ .ated at a |-foot distance by taking A- and C-weighted and octave band
3 noise levels and tape recordings of each equipment h2ing treated before and after the instal-

i lation of the feasibility models. (The effectiveness of the distributed loudspeaker system
is best skown by the noise contours, so no detailed analysis was performed on this installa-
tion.) A narrowband analysis of the tape recordings showed that there are no sharp peaks
in the noise spectra to .'reate personnel discomiort or annoyance.

Table 2 shows tiie noise reduction of each feasibility model in A- and C-weighted
and octave band levels. One of the reperforator barrier panels was modified to fit the printer
shelf. The noise reduction of this barrier on the unmodified printer is also shown in table 2.
This barrier, compared to the printer cover, gave better noise reduction in hree out of the

four SIL bands.
TABLE 2. NOISE REDUCTION OF FEASIBILITY MODELS.
Octave Band Center Frequency, Hz
B 63 [ 125] 250 [s00] 1k [k ak sk
Dezcriptinon SIL BANDS
dBA| dBC|{dB | dB ) dB | dB | dB |dB | dB |dB
Reperforator § |6 [0 (0 %0 (4 |11 (12| 85(1!
barrier panel
Printer cover S {655 |5 {8 {7 3.5] 451 35| 55
) Printer barrier panel 85(8 |1 |65|25(45] 8 ' 7 ]105]!0
ARC-143 barrierpanel | 7.5P4.510 }-35(0 |5 951 8 | 9.51>4.5
. Air conditioner I510 [0 {05,152 2.5) 4.5(>25] -
silencer
19




FINAL DESIGN

b 2

The design of the prototype equipment was based on the feasibility models and the
data ccilected in the ASCOMM/TSC, Misawa.

LOUDSPEAKER SYSTEM

The prototype loudspeaker system is similar to the feasibility mode} except that the
reliability has been increased and all 12 receiver circuits have oeen mixed.

One amplifir was used to power the ceiling loudspeakers in Misawa. Since 1ll the
receiver circuits are mixed together in this amplifier, voice receptio is completely lost if it
fails. Therefore, two 10-watt solid-state amplifiers, each receiving all 12 receiver circuits.
hive been used to power two different sets of ceiling loudspeakers in the prototyp.2 system,

providing a t-afold increase in reliability. As shown in figure 11, one amplifier drives four

loudspeakers in module 13 and the cther amplifier drives six loudspeakers divided between
modules 14 and 15. In this way, the area between the console and the teletype equipment
is covered by both sets of loudspeakers, and it would immediately be obvious whenever one
amplifier malfunctioned. If the loudspeakers associated with each amplifier were interspersed,
an amplifier malfunction might go undetected.
Sophisticated mixing circuits were not required to mix the 12 receiver circuits, be-
cause each receiver circuit has its own volume ~.ontrol. A simple resistive network provides
mixing of receiver circuits and 120-d3 isolation between them.

]

MULTIPLE HF
AND UHF
RECEIVER SYSTLM

ASCOMM/TSC CONSOLE

R |

12 LINES:

ALTEC
AMPLIFIERS
489 Ay
12-LINE

SYSTEM

AT CONSOLE

FAN

L

MODULE 14

LOUDSPEAKER
| 4  AMPLIFIER
‘ —_an
|
VU METERS I g
AND ]
MIXING
TERMINAL
80X
1A17AND 3AT PANELS
LOUDSPEAKER
—{ AMPLIFIER
14/15

22\ A

Figure 11. Block diagram of prototype loudspeaker system.
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A calibrated VU meter monitors the outpus level of eiach receiver circut at the
input to the mixing networh.

The ceiling loudspeaker assemblies consist ol a Ingh-efticiency S-mch speiker, a
70.7-volt line transformer. o five-position autotransiormer-switch assembly with 2-dR 'step
level control (with ne ofT position), and an enclosure which s made to be mounted on the
inside of one seciien of the perforated metal cetling.  The dispersion angle of the loudspeaker
through the ceiling is 140 degrees for 6-dB level variation. Ten of these leudspeakers give
uniform coveruge throtighout the modwe . with one extra speaker above the console. The
2-dB/step fevel control allows the radiomen to adjust the loudspeaker levels for maxnnum
intelligibifity and comfort but not to blast or shut off the system. Photographs of the parts
ol this loudspeaker system are given in figure 12, Photograph file pumbers are indicated.

REPERFORATOR

The feasibility model of the reperforator barrier pan 1 gave sutficient noise reduction
and was convenient to use. The panel was something oof an annoyance during mamtenance,
but since it did not actually hamper nountenance. the basie design was not chaneed. The
alignment of the tape exit port of the repert-, ator with the tape exit tube on the panel was
aftected by the lack of vibration isolators on some reperforators and the vanability of the
reperforator placemen or the shelf. Theretore. st was decided to use an adjustable tape feed
tube  The feasibility model was made mostly of Plenigias. which would probably not stand up
to “normai’” use. Therefore. the prototy pe was made of afununum and Plexiglas. The vented
powey supply panel used in the feasibility models at the rear of the reperforator provided the
necessary air flow, and so 1t has been used as part of the prototy pe system A photograph of
the prototype reperforator barrier panel and the power supply panel is shown in tiguare 13.

PRINTER

The special fabric secondary cover used on the printer for the feasibility model gave
adequate attenuation, but was used just to indicate what to expect it the 2xisting cover were
improved upon. A new printer cover would be expensinve to design and build because of the
intricate nature of the printer design and heat flow requirements  Since the barrter panel
attenuated the printer noise even better than the secondary cover did. it was decrded to
design a simple barrier panel for the primter. A photograph of this barrier panel 1s shown
figure 14, This panel will not reduce the printer noise wlile the printer 1s extended outside
the rack as it was sometimes used in the ASCOMM. Barbers Pomnt. I printers oxtendimg
outside the rack remim a noise problem. then it special cover or secondary cover will hinve to
be designed for these few printess.

ARC-143 RECEIVER RACK

The temporary barrier panel placed inside the ARC-143 recewver rach i ASCOMM,
Misawa, reduced the noise th o was coming mito the area where the personnel work and so
a prototype barrier panel was designed. This panel 1s to attach to the mner rach mounting
angles and incorporites the two threaded plates used to hold the recever shelt in a vertical
nosition. A photograph of this barrier panel is shown in figure 15.
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Figure 15. ARC-143 barrier panel (LSF 301.2-76).

AIR CONDITIONER

The feasibility models of the air conditioner silencers attenuated only the sound
exiing through the intakes, but an almost equivalent noise levzl was found to be produced
by the complete wall that supports the air conditioner. Therefore. the prototype air con-
ditio er silencer covers the entire 4-by-7-foot wall. The silencer is made in two sections
whic!; are bolted together before installation. As shown in figure 16. the silencer is lined
vith foam {ur sound absorption and gasketed for vibration isolatia. The exterior was
finished to match the existing wall decor. A washable foam filter fits into the opening
near the bottom.

ACOUSTIC CEILING

The feasibility model replacement foam, Conaflex A-FR-100. which was inserted
above the perforated metal ceiling sections, performed as expected. This foam is also highly
fire retardant.: therefore, it met all the requirements for the prototype cquipment and was
used as part of it.
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PLANNED FOLLOW-UP
Since ASCOMM/TSC, NAF Sigonelia, originated the messages that started the ,

. noise analysis. noise levels should be documented at that site before and after installation
e of the noise reduction equipment. NELC will be tasked to obtain the before and after
3 operational equal-level noise contours of the ASCOMM/TSC, NAF, Sigonella, in July 1976, <

4 and will issue a report with these contours.
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