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It is important to control acoustic noise aboard the International Space Station (ISS) to
provide a satisfactory environment for voice communications, crew productivity, alarm
audibility, and restful sleep, and to minimize the risk for temporary and permarent hearing
loss. Acoustic monitoring is an important part of the noise control process on ISS, providing
critical data for trend analysis, noise exposure analysis, validation of acoustanalysesand
predictions, and to provide strong evidencedr ensuring crew health and safety, thus allowing
Flight Certification. To this purpose, sound level meter (SLM) measurements and acoustic
noise dosimetry are routinely performed. And since the primary noise sources on ISS include
the environmental control and life support system (fans and airflow) and active thermal
control system (pumps and water flow), acoustic monitoring willeveal changes in hardware
noise emissions that may indicate system degradation or performance issues. This paper
provides thecurrent acoustic levels in the ISS modules and sleep statioasd is an update to
the status presented in 2011. Since this last status report, many payloads (science experiment
hardware) have been added and a significant number of quiet ventilation fartsave replaced
noisier fans in the Russian Segment. Also, noise mitigation efforts are planned to reduce the
noise levels of the T2 treadmill and levels in Node 3, in general. As a result, the acoustic levels
on the ISS continue to improve

Nomenclature

dB = decibel, unit of sound pressure | evel when refere
dBA = A-weighted decibel; also used in graphs to indicateefghted Overall Sound Pressure Level

NC = indicates use of the Noise Criterion family of curves

OASPL = Overall Sound Pressutevel denotes SPincluding energyver the audible frequency range

Sound Level= OASPLwhen Aweighted with units of dBA

SIL(4) = Speech Interference Level, arithmetic average of 500, 1000, 2000, and 4000 Hz Octave Band SPLs

SPL = Sound Pressure LeveVer a specified frequency range, e.g. octave band, 1/3 octave band

I. Introduction

HE International Space Station (ISS) is home, office, and laboratory for several astronauts and cosmonauts for
time periods ofsix monthstypically; however, starting in 201dbme crewmnembers, two at first, will stay aboard
ISS for a full year And while the crewlives and worls aboard ISS, it is importarnhat theacoustic environment
allows adequate voice communications and alarm audibility, is conducive to conoentnattasks, provides for
restful sleep, and reduces the sifdr temporary and permanent hearing loss. However, in tog@oviderequired
life support (air and waterpnd thermal control for therew and thananyexperimets, hundreds of noise sous;e
e.g fans and pumps, along with corresponding air and watesflane requiredndarepresent within the confined
ISS environmentin close proximity to the crewlhesecompetingnecessitiecreate a challengingnvironmental
acoustigproblem to overeme and manage
In order to control acatic levels on ISShe Acoustics Systeni.e. all noise sources, controls, remediation, and
monitoring,is managed byhe JSC Acoustics Office along with other teams including the ISS Acoustics Working
Group (AWG)and Multilateral Medical Operations ParitIMOP) Acoustics Subworking Group in conjunction
with the systenteans which own the noise producing hardwanech as the Environmental Control and Life Support
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System (ECLSS) and the Active Thermal Control SysATCS). The AWG isan advisory group compriseaf
NASA represerdtives from the Acoustics Office, Space MediciGeew Office, ISS Program Office, Safetynd
others. The MMOP Acoustics Subgroup is comprised of the acoustics and audiology expertsefnariaus
international partners including American, Russian, European, Japanese, and Canadian members.

The methods and practices used to control$i$macoustic environment include a strong set of requirements and
verification requirements, with noissontrd implemented duringhe design and development of the hardware,
combined with predictive analysdesting onrorbit acoustic monitoring, and if required,-orbit mitigation of high
noise problemsGoadmart describes in further detail some of thsues concerning control of noise on ISS, including
theimportanceof having Progranand ProjecManagement support for controlling noise levels, which is critical.

Allen andGoodmar describethe process of ensuring safety of flight regarding acolestis on ISS, including
the Certification of Flight Readine§80oFR) processExamples of hardware noise control are discussed by €dosv
et al,® Phillips and Tang and by Goodman and Grosveth implementation of noise control for spaceflight vedsc
in general.

In 2011, Allen and Denhahprovided an update on the status of acoustic levels anAS®at time the reduction
in sound levels in the US Labfter the change in Pump Package Assembly (PPA) operations fromtalsalgle
pump operationsvas documented. Also, acoustic levels in then recently added, EuropgaalumbusOperational
Facility (COF) Japanese Experiment module (JPM), Japanese Logistics module (JLP), Node 2, and Node 3 modules
were shown and diseged, as were the low acoustic levels in the new Crew Quarters. These additional living spaces
allowed the ISS to move tedew operations, and acoustic levels in the U.S. Segment met requirements in all modules
except in Node 3. Levels in the Russiag®ent were also shown, including sound level reductions in the Service
Module (SM), where the crew spend much of their tiiee noise controls used to affect these reductions in the SM
were discussed in detailAcoustic level reductions in the MiiResarchModule #1 (MRM1), due to quiet fan
installationswere discussed, and levels in the remainder of the Russian Segment were presented. Finalbn-several
orbit acoustic issues, and their resolution, were discussed. These included: 1pwigioile from Node 2
backpressure plates, which were replace@mit, and2) highInte-Module Ventilationfan (IMV) noise caused by
dust which clogged and stalled the\WMans.

The purpose of the current paper is to provide an updated &atd015, covering up to ISS Increment 43.
However, before discussing the acoustic levels, a change in the sound pressure level requietabotatory
moduleswill be presented. Thensawith the 2011 update, acoustic levels in the U.S. Segarenthe Russian
Segment modules Wbe discussed. Levels in the U.S. Segment will be showtilkaneet requirementgxcept for
Node 3,while continued improvement iRussian Segmeumtcoustic levels will be shown as the reéstfilmany quiet
designfaninstallatiors. Finally, onorbit acoustic issues will be discussed, including high levels from the T2 treadmill
and a Waste and Hygiene Compartment (WHC) noise problem.

The sound pressure le&PL) dataprovided in this paper were measubgdthe 1SSn-orbit crew using a Biiel
and Kjg 2260 Sound LevelMeter (SLM).

Crewworn and fixedocation acoustic Octave Band NC~52  NC-52 NC-48+
dosimetermeasurements for the current time Frequency,Hz; NC-50
frame are described by LimarddSee als, = ©Of Other Metric
papes by Limardo,and Allen regarding ISS 63 73 72.2 73.3
crewds noise exposul S 66 65.2 66.3
govern when hearing protection uiseneeded 250 60 59.6 60.3
aboard 1SS. The acoustic instrumentation 500 56 55.6 56.1
processes, and further discussion of acous 1000 53 53 53.1
monitoring aboard the 1S@&re described by 2000 51 51 51.1
Pilkinton.® Note that all SLM measurement; 4000 50 50 50.1
are of Type Imeasuremerdaccuracy’. 8000 49 49 49.1
Sound Level, dBA 60 60 60.4
II. Acoustic Requirement Update SIL(4), dB 52.5 52.5 52.6

In April 2014, the 1SS U.S. Segmenlable 1. U.S.Segment acoustic requirements and related Noi

continuous noise requirement for het Criterion Curves.

complement of payloads, i.e. science experiment hardware, was changed. The old requsp=uiied in SSP
57011,wasthe Noise Criterion curyeNC-48, and this limit applied to the combination alf continuouspayload
noise emissions, as predictedide the module. The different laboratory modulesl had different verification
locationsfor this requirementthe U.S. Lab waserified at the module center, the JEM wasified at three separate
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locations along the module centerline, aimel COFused the average noise levels predicted throughout the module to
verify this requirement. When evaluating whether or not exceedances to 48 NGuirement were acceptable or
not , the predicted payload noi se levely and shis eombinatioraveas e d
compared to the combination of the M8 requiremenandt h e v e hBHQ&réqgair@msentNAS a result, the final

t

evaluation of a modul ebs composite vehicle plus paylo

requirement of Ne&48 + NG50. This combination is close to the N&2 noise criterion curvéee Table 1.

The change that was i mplemented in SSP 57011 was
payload complement from N&8 to a requement of NC~52 for theombination of thgpayload complemerand the
vehicle acoustic levels. Since MB + NG50 is not exactly N&&2, NC~52 was adopted to be M@ + NG50,
where the decibel values are rounded to the neateger. These values amso listed inTable 1 The new NC~52
requirement is verified using thepatial average of predicted sound levels acrossmioelule and is an actual
requirement for the composite acoustic levelthie laboratory modulendnot an implicit requirement ate of two
lower-level requirements There were several advantages of thimngementincludinga reduction in exceedance
paperwork e.g. exceptions and waiveesd the ability of payloads to use available requirement allocation, where the
vehiclesourd level emissionsvere below the N&O allocatiorallotted to them.

In the following sections, the NC~52 curve will be used as the U. S. Segment requirement to whiebrtie on
laboratorymeasurements are comparelth. modules where there are no paylsathe NG50 vehicle requirement
applies There is one exception, however, and this is with Node 3 wheractual NE&52 curve was specified in the
Node 3 Prime Item Specification as the composite requirement including the vehicles-ameg@ted GFE acoustic
emissions.

Also shownin Table lare additional metrics corresponding to the NC curves. Timesacs include the A
weighted Overall Sound Pressure LewadbreviatedSound Levefand theSpeech Interference LevielFour Band
Method, abbreviated SIL(4)The Sound Level

is used to evaluate risk of hearing loss, as  ® EN ———
weighting is a frequency weitihg to correct N —&— Alock - Equipment Lock
60
for the frequency response of humans to-lo R —e—Airlock - Crew Lock o
={J=US Cont. Noise Reqt. (NC-50, Module Only) | A

level noiseand has been historically used t<

o
evaluate hearing loss riskSIL(4) is a metric ‘\:__\DR\
that represents difficulty in  voice 8, S
communicationsbased on the backgrount \ Y‘\* el
45
o

noise level in the frequegpicange where speect
\ \\ h
35

is located1® As shown inTable 1 the Sound
Level of the NC~52 curve is 60 dBA, and thi
30 \\>

is the same as the Sound Level requirement
125 250 500 1000 2000 4000 8000 dBA SIL(4)

the Russian Segment

Octave Band Sound Pressure Level, dB re 20|

lll.  U.S. Segment Acoustic Levels

Acousti_c levels in the_ Node 1_and Airlocl Octave Band Cemter Frequency. Hz
have consistelyt met requirementsince 2003'.Figure 1. Node 1 and Airlock acoustidevels (2014, 2015).
The latest levels irhese modules are shown i
Fig. 1. The Airlock levels shown were measured on August 1, 20i¥are significantly belothe NG50 module
requirementn both the Crew Lock and Equipment Lock

The Node 1 levels were acquired on April 1, 2015. Tgecsum that is shown iRig. 1 is a spatial average of
four separate measurements that were raatieations alonthe cengrline of the moduleNode 1 does not meet the
NC-50 requiremenin all frequency bandsut does meet its specific vehicle requirement because an exception to the
NC-50requiremat was approved in 1998 to alldhe 500 Hz and 1000 Hz octave b&Lsto beup to59 dBand
54 dB, respectivelfhased on grountest measurementdode 1 does meet these exception levels.
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Acoustic levels in the U.S. Lab have
remained consistent, for the most part, since
the 2011 update.Fig. 2 shows the BV
measuement locdbns in the U.S. Lab, and
Fig. 3 shows the current U.S. Lab acoustic
levelsat locations 3, 5, and, &s well as the
spatial average spectrumf the locations
shown in Fig2 (location 5 was omitted since
it is not evenly spaced with the others)

Since 2010, levels in the U.9.ab hae
remained very consistent, ranging from NC
50.2 to NG52.8, except during times when
stalling IMV fans caused sound levels to

Figure 2. U.S. Lab measurement locations, including location 5 ;~reasé

the moduleds longitudinal ce During nominal IMV operations, U.S.
centerline and 2-4 and 68 are also across from the Rack B: Lab average SIL(4) ranged from 50.1 dB to

centers, as shown.

52.5 dB and sound levels ranged from 56.6
dBA to 59.1 dBA. During these periods,

spectra in some locations may have exceeded NC~52 in some octave fyeomeds, but as an average the U.S.

Labods

acoust.

c envi r on me nduringitlasstimene t

the NC~52

Levels in the other U.S. Segment laboratories, the COF and JPM, neaibbelow requirementsFig. 4 shows
the COF and JPM spatial averagedtral levels along with those of JEM Logistics modulBressurized (JLP),
Cupola, and the Permanent Multipurpose Module (PMM). Note that the COF and JPM averages are belew the NC
50, vehicle only requirement, whereas they are required totheRC~52 vehicle plus payloads requiremergo,
the acoustic environment in these modules remain consistently well below the continuous noise requireenent.
COFacoustic levels shown in Fig.were measured on April 1, aatk a spatial average of 5 measueet locations.
When compared to th@aespouling levels in Ref, the current datahowincreases from N@1.1 to NG49.9, from
a SIL(4) of 38.7 dB to 45.7 dB, and a sound level increase from 45.7 dBA to 53.5 dBA. It is thought that this increase
in acoustic levels has been caused by the addition of payloads, whietxisezsed.
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The JPM levelsshown in Fig.4 were
measured oMay 28 2014and are a spatial
average of three measurement locations
spanning the moduléWhen compared to the
corresponding levels in Re6, the current
data show increases from Ni5.8 to NG
47.4, from a SIL(4) of 46.0 dBo 47.0dB,

requireme.]

o 0

and a sound level increase from 58BA to
53.8dBA. This smallincrease in acoustic
levels also may have been caused by the
addition of payloadsto this laboratory
module

The JLP and PMM are basically stowage
closetsand remain at low levels. The JLP
levels have increased froNC-42.1 to NG
44.2, from a 91(4) of 39.6 dB to 44.1 dB,

3% - pym T T T S Ry and a sound level increase from 47.1 dBA to

Octave Band Cemter Fraquency, Hz 51.1 dBA. But, these levels are still very low,

: ; ; wel | bel ow -bOhrequirdmem®.6 s NC
Figure 3. Current U.S. Lab acoustic levelgApril 1, 2015). The PMM noise levelshave not changed
much since 2010. The values of MZ.8, SIL(4) of 44.5and sound level of 51.dBA are within 1 dB of
corresponihg values reported in Ref.

The Cupola is a smatbom, just large enough for a cremember to enter up to the waist, and the room is
surrounded by windows that look out onto the Earth beldiwe Cupola is mostly used for photography and video.
Acoustic levels in this small module have increased apmately 3 dB since 2010, but still meet its MO
requiremenat NG49.2, with a SIL(4) of 45.6 dB, and a sound level of 54.9 dBA.
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Acoustic levés in Node 2 are shown in Fi§. Levels at all six measurement locations remain below it&0IC
requirement, and the spatial average metrics (of the four central measurement locationsj@wg ST (4) of 46.1
dB, and sound level of 54 dBA. Levels in

Node 2 have consistently met MNSD, and N
this is important b _| A,
sleep stations, i.e. Crew Quarters, are loca Sy o
within Node 2. These CQs contain £ %\\;\
continuously operating farend make noise § 1 - H
in addition to the Nod@ module, but these 2 _ K \\;Q;q\ t
levels are low enough that N&D is still not ¢ TO-elg
exceeded. T M To
Levels in Node 2 do exceed requiremer 2 v {
significantly when any of the several IMV g o K\
fans in Node 2(or adjacent modulgsare 5
stalled. See Ref6 for more details s ||
Most of the exercise in the U. S. Segme 3 — P N
takes placein the Node 3 module The £ [l 2700,
Treadmill 2 (T2) and Advanced Resistiv ° ——PWM
Exercise Device (ARED) are located in Noc s |LLEUS Cont Noise Reqt (NC-50, Moduie Ony)
3, but these areonsidered intermittent noise 63 125 250 500 1000 2000 4000 8000  dBA  SIL(4)
sources Their acoustic emissions are nc Octave Band Cemter Frequency. Hz
included in the SLM measurements ¢ Figure 4. Current acoustic levelsn COF, JPM, JLP, Cupola,
continuous noise. T2 noise measuremel and PMM (20142015).
have beenmade and results of these
measurements will be discussedlow. 01 o [ TR R
Another significant intermittent noise ‘\\ RN T 2 e ey sz sz
source in Node 3 is ¢hWaste and Hygiene kY 3 Reok Sy 4545684 NC802
Compartment (WHC). Acoustic emission \40 AN & Rl P AR B B30 NG
of the WHC are also discussdxlow. Both ol N *:ﬁngsd' PotFu Edge 27464 G-
. ) e i Alcove 43.50BA NC43.1

T2 and WHChave continuous noise source
(cooling fans), but these are fairly quiet ar
do noti mpact Node 36s
levels.

Node 3 also houses the Regenerati
Environmental Control and Life Suppor
System (RECLSS). These racks recycle th
air and water from
dioxide exhalation, urine, and waste wate 4
and thissygem requires pumpsseparators,
and other rotating/noise producing hardwar ,
As a resultmeeting acoustic requirements i 8 g
Node 3is very challenging.Similar to Node Octave Band Center Frequency [Hz]
2, Node 3 was successfih meetings its
ficor e motiduousaadse requiremen Figure 5. Current acoustic leveldn Node 2 (April 1, 2015).
of NC-50. Its integrated continuous nois
requirement including core module plusBELSS hardware was set at 2. This is the actual N62 curve and
not the approximate NC~52. See Table 1 foiNKk52 and NC~55PL valuesn each octave frequency band.

Acoustic levés in Node 3 are shown in Fi§. Levels at all six nmesurement locationexceed NE52 with
exceedances in the 250, 500, and 1000 Hz octave frequencydrahdgarly reach the NED curve. The spatial
average metrics (of the four central measurement location8)@G&S.6 SIL(4) of 51.7dB, and sound level @1.5
dBA. Because of theolv noise levels in the 2000 and 4000 Hz octave bands, the SIL(4) value is close to the SIL(4)
value of the NC~52 curve. This indicates that voice communications in Node 3 are in linequitements

Thenoise produced by twe-ECLSS hardware racks, the @gn Generation System (OGS) rack and the second
Water Reclamation System (WRS2) rackuse the Node 3 noise exceedancegecifically,the Urine Processing
Assembly (UPA)n the WRS2 racks the driving noise source. In an effort to quiet this source, the Mission Control
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&

T T —————" Center in Houston (MC®) operates the

NC-56.2 UPA during the cfrewds
REN Tn) (*iReEwsees | possible. New sound blocking rack doors
55 5 ik 53 621084 for WRSZare being deve'loped and will
- be delivered to ISS in 2015. |If
£ o] woscss | successful, new doors for the OGS rack
3 =520 i, O e may also be considered. _
;55 e, Acove 50.5EA NC565 See Re_f.6 for more qetalls on the
o Node 3 noise leals, |r]clud|ng the levels
Z n . NC-T0 of the core module without the RCLSS
5 | racks.

&

The a&oustic levels inside the four
Node 2 Crew Qarters (CQs) are shown
e - NG-50 in Fig. 7. These are the levels with the
CQ fans on the high setting. The levels
are generally lower at ¢htwo other fan
speeds. The design requirement for
interior of the CQs is N&O0, and levels
at the lowest fan speed are below or close
Figure 6. Current acoustic levelsn Node 3with Urine Processor to this value (not shown)Fig. 7 shows
Assembly off(April 1, 2015). that the sound levels of each CQ are at 50
dBA or belowwith their fars operating
on high speed At lower speeds this is also true (not shown). Sound levels of 50 dBA or below have been shown to
be an acceptable level for restful sl€egnd is the level required in the ISS Flight RBIE3-152, Noise Cmstraints
Flight Rule for ISS sleep station® sound level of 62 dBA is considered in Flight RBI&3-152 that will provide
adequate hearing r est .fTheanoustihmetrick angide the Starboard: Poet,xOperheadr e
(Zenith), and Deck (Nadir) CQs are N®.7, NG46.1, NG46.7, and 43.7 and sound levels of 50.4 dBA, 50.1 dBA,
49.5 dBA, and 49.1 dBA, respectively. SIL(4) values are not relevant since CQs are only designed to house one
crewmember.
Finally, Fig.8 summarizethe latesspatial average acoustavelsin each of the U.S. Segment modulésvels
in Node 3 are shown both with and without the UPA in operation. However, these data were acquired on different
days, and the difference between the levels with and without the UPA do not clearly show the impact of UPA
operations.
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Node 2, 2013-04-01, NC-49.4, 341 d5A
1 —8—JPM, 2014-11-23, NC-43 .6, 34.2 dBA

=== MNode 1, 2015-04-01, NC-54 2, 57.0 dBA
=g |JS Lab, 2015-04-01, NC-52.0, 58.4 dBA
== Cupola, 2014-08-01, NC492, 54.9 dBA

Columbus, 2015-04-01, NC49.9, 53.5
—o—g?\d‘?\d 2014-08-01, NC-43.6, 48.6 dBA
Airlock, 2014-08-01, NC45.7, 49.5 dBA
MNode 3 w/ UPA-DA Off, 2015-04-01, NC-
58.6,61.5 dBA

"Node 3 w/ UPA-DA On, 2014-09-13, NC-
36.8,61.1 dBA”
NC-70

SPL [dB re: 2.0e-5Pa]

B | == NC-52, limit for Lab, JPM, Node 3

35 = - =NC-50, limit for other USOS modules
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Figure 8. Summary of current average acoustic levels in U.S. Segment Modulgs of April 1, 2015).

IV. Russian Segment Acoustic Levels

In the 2011 ISS Acoustics status upd&ef. 6, the noise controls implemented as part of the Service Module
(SM) remedial action plafRAP) were discussed in detaillhese noise controls were added to the air conditioning
system &cronymCKB in Russiai, carbon dioxide removaystem(Vozdukh, andto theventilation system. The
CKB controls included a comgssor acoustic wrap, hose lagging, fan acoustic cover, and a new/improved acoustic
closeout panel on each of the two CKB units. Vozdukh noise controls included an acoustfittetraover over
the micrecompressoand additional acoustic blanketsween the micra&compressor and closmut panel. Ventilation
systencontrols included famibration isolators and casing wraps on many of the 40+ fans in the SM. Several of these
fans were also equipped with inlet and/or dutiefflers. Please refer to Réffor details including photographs and
discussion of their effectiveness

In addition to these noise controls, status on the development of a newdegigt fan to replace many of the SM
and other Russian Segment fans was discussed, inclindiragerodynamic and acoustic performance of thefaa
design, which were both vastly improved over the previous fan model. By 2011, only two of these fans had been
installed in the MiniResearch Module #1, MRM1, and noise reductions of this installatoa presentefl.

In the following discussion, details of teebsequenguiet fan installations and their noise reducing effects will
be discussed in detail. These installatioss far, haveoccurred in the SM, MRM1MRM2, and Docking
CompartmentC1). Acoustic kvels in the Functional Cargo Block (FGB) and SM crew cabalkedkayutas, will
also be presented.

A. Quiet Fan Installations

The Service Module contaimsorethan 40 fanss part of its ventilation systeffhese fansontribute significantly
to the acoustic levels within the SM. Ttams are placed throughout the SM, withirflow ducting, in spaces behind
closeout panels (as thereaisflow behind the panelsithe equipment compartmerand also may be mounted freely
in the working compartment.

In Fig. 9, the working compartment air exits the air conditioner throughdatie brward end of the SM and then
flows towards the atnd of the SM. The mis conducted by fans into the rettain ductsas shownand therback to
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the air conditioner Also in Fig. 9, the starboard kayut&(ssiansleep station) is shown. Note tlafan near the
middle of the SMventilates the kayuthy drawing air into a short ducandthenexhaushng the air into the kayuta
ceiling where a large circular register distributes the dine air then exits the kayuta through a grill in the lower
portion of the kayuta dodnto the working compartment. A similautmirrored arrangement is present with the port
kayuta on the other side of the SIWith the four CQs in Node 2, these tkayutas make up the six ISS crew sleep
stations.

Fig. 10 showsall of the SM fans, 19 of which have been replas#t quiet fanseginning in 2012. Seven were
replaced in 2012, nine were replaced in 2013, arektlvere replaced in 20146M sound évels since lorement |
are gven in Fig.11, and the dates where th return air duct fan
quiet fan insthations occurred are indicatec Kayuta inlet fan kayuta air register
in this figure.Also shown in Fig.11 is the
RAP contract goal of 63 dBA. And with the
current guiet fan insallations, it is seen that B i ]
the sounddvels in some locations are belo i
63 dBA, while the other locations in the mai --. L

_igéﬂl

[ 1]
T[
>

part of the cabin are close to 63 dBA.
Theresultingacoustic levels measd in
the SM are shown in F&gy 12 and 13 ] SRR
; SRR
commred to the Russian Segmel air conditioner (CKB) %
specification Note that for the Russiar
Segment asound level requirement of 6(
dBA is also in force, with 63 dBA beiniipe Figure 9. Geometry and airflow inside the Service Module.
RAP goal. Thespatial averageacoustic
metrics for the rain cabin i.e. spatialaverage of the centerline locations, 3, 4, 8, andoi#he SM for the SLM
survey takerNovember23, 2014 are N&8.1, SIL(4) of 56.2 dB, andound level 063.5 dBA. The lowest noise

B1PO

BNo7

BB2PO

i)

BK1 -BK4
© © © o

Figure 10.  Service Module fans.
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Figure 11 Sound levels as a function of time in the main portion of the Service Module

levels in the SM were measured $aptember 15, 2014ndthese mairsM cabinlevelsareshown in Fig.l4. The
spatial average metrics for this measuremenhN&+&6.2, SIL(4) of 54.31B, andsound level 062.0 dBA.
Noiselevels in the kayutas have remained consistent &0té Fig. 15shows theacoustic levelsn each kayuta,
taken on April 1, 2015, with sound levefsthe starboard angort kayutaof 55.0 dBA and53.1 dBA respectively.
These levels are typicgahowever there is some evidence that the quiet fan installations are reducing levels in the
kayutasas well The lowest levels\wer measured inside the kayutasre measured on September 15, 2@tlare
shown in Fig.16. These levels amearly infull compliance with the Russian Segniespecificationswith sound
levels in the starboard and port kayutas of 50.8 dBA and 50.2 dBA, respectivslynclear what caused the kayuta
levels measured on September 15, 2014 to be lower than other sultvas/ be that the sleep station doors were
shut more tightly than usyallowing the noise reducing effects of the quiet fans to become evident
The Russian Segment sleep specification requires levels to be 50 dBA inside the kayutas, in agreerhent with t
ISS Flight RuleB13-152 As discussed abovehe SM kayuta sound levels aygically slightly above this levelbut
there have been no complaints of sleeplessthgsso noise It should also be noted that the typical kayuta levels are
well below the62 dBArequired for hearing rest. Further discussion of kagath CQnoise levels as they relate to
the 1SS crew6s noise exposure is presented by Limardo
In Ref. 6, the high noise levels in the Miitesearch Module #1 (MRM1) were prased along with noise level
reductions in MRM1 aftethe replacement dhe two heat exchanger fans with gqudetsign fans.Sincethen, an
additionalfan was replaced in 20Ehd anotherin2014/o ur out of t h édhavéliedhdplaced Figh ve f ans
17 shows the noise level reductions achieved with the first two replacement fans as weliag wittof five MRM1
fans replaced Significant noise reductiorgreater than 10 dB indquency bands of 1000 Hz and abave seen in
Fig. 17, along with overall sound level reductions of 11 dBA and 9 dBA at the two locations shipvh8 shows
the resulting acoustic levelBroughout the entire moduleNote that the acoustic levels closer to the docked Soyuz
(nadir end of MRM1), where there are no MRML1 fans, are higher than the levels throughout the rest of MRM1. This
indicates that noise is coming into MRM1 from the Soyuz, which is known totighenoise levels. Sound Levels
in the MRM1 are now | ow enough that they meet the MRM1
as a result the MRM1 acoustics Safety Mompliance Report (NCR) has been retired.
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Figure 12 Octave Band Sound Pressure Levels in the main portion of the Service Modulovember 23
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Figure 13.  Octave BandSound Pressure Levels at the ends of the Service Moduldovember 23 2014.
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Figure 14. Octave Band SoundPressure Levels in the main portion of the Service ModuleSgptember 1
2014).
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Figure 15.  Starboard and port kayuta sound pressure leveld April 1, 2015)

Recently, giet fanreplacements were installedthe Docking CompartmenbDC1) module. All three of the DC1
Fans were replaced with quiet fans in Ma2Bl5. A comparison of acoustic levels before and after these
replacements is shown Kig. 19. Significant reductions, some greater than BQatte seen in most of the octave
band SPLas well as reductions of10 dBA Fig. 20 showsthat the average SPLs and sound levels in DC1 now
meet theRussian continuous noise specification, including the 60 dBA sawad lequirement.As a result of the
quiet fan installations, DC1 has gone from being one of the loudest Russian Segment module to the quietest module.
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Figure 17.  Acoustic level reductions in MRML1 since replacement of old-style fans with quiet fans

Finally, in the MRM2 and FGB modules, no fans have been replaced with quiet fans at thidaweer, quiet
fan installations are planned to happen in both modules in the near future.

Fig. 20 gives the current spatial average acoustiels inside all of the Russian Segment modirekiding the
MRM2 and FGB. The SM spatial averagerig. 20is taken from theenteline locations, 3, 4, 8, and 12
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Figure 18 Acoustic levels in MRM1since replacement of 4 olestyle fans with quiet fans(September 15, 2014

Figure 19.  Acoustic Levels in DC1 before and after replacement of 3 olstyle fans with quiet fans, compare
with requirement exception levels(April 1, 2015).
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