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Fort Rucker, Alabama 36360

/

STEBG-TD 7 /121 JUNI9ES

OH-6A Cargo Compartment Soundproofing Installatxon.

g |
| Q SUBJECT: Final Report of Test, *Product-Improvement Test of
: "USATECOM Prmect No. 4-6-0G2ai-12® — g
(=) ‘
<

. Commanding General (]~ 7L |
‘ US Army Materiel Command o
: ATTN: AMCPM-LH
z P.O. Box 209, Main Office
' St. Louis, Missouri 63166 D P ,r-
F i
!
1. REFERENCES
a. HEL Standard S-1-63B, US Army Human Engineering Labora-
tories, June 1965, subject: ''Maximum Noise Level for Army Mat-
eriel Command Equipment. "
g ¥ b. Final Report of Test, USATECOM Project No. 4-6-0250-05,
b "Confirmatory Test (Type I) of the OH-6A Helicopter, " US Army
£ Aviation Test Board, 20 April 1967.
ﬂ: c. Letter, AMSTE-BG, Headquarters, US Army Test and Evalu-
‘:‘ ation Command, 7 February 1968, subject: 'Test Directive, Product
- Improvement Test OH-6A Prototype Hardware. "

2. BACKGROUND

a. Confirmatory testing of production-model OH-6A Helicopters
conducted by the US Army Aviation Test Board (USAAVNTBD) (ref-
erence 1b) indicated that OH-6A cabin-area noise levels exceeded the
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STEBG-TD

OH-6A Cargo Compartment Soundproofing Installation, "

| ‘
f f SUBJECT: Final Report of Test, "Product-Improvement Test of
! USATECOM Project No. 4-6-0251-12

maximum limit as specified in the Military Characteristics (MC's)
(90 decibels).

b. The Cayuse Project Manager requested that Hughes Tool Com-
pany, Aircraft Division, develop a soundproofing assembly which would
meet the noise level criteria established by reference la. Inclosure 1
is a table which extracts pertinent portions of these criteria. The
Cayuse Project Manager further requested that the USAAVNTBD test

the improved soundproofing which is designed to diminish the cabin-
‘ area noise level.
l 3. DESCRIPTION OF MATERIEL
. / The improved soundproofing installation is a 13-piece, blanket-type
F assembly which attaches to the cabin area of the aircrait | eans of
B ) snap- and Velcro-type fasteners. Figures 1, 2, 4, and - ’
4 ‘\ relative size and positioning of the equipment in the aircr-(f
\L 4. TEST OBJECTIVE = |
The /‘[//If’f Llye ot LA /5 /e p t wa)
' R /?6 determine the ability of the improved cargo compartmse
proofing to lower noise levels to acceptable limits.
5. SCOPE AND METHOD \
!
The USAAVNTBD tested a prototype improved soundpraooti
}i lation at Fort Rucker, Alabama, and Apalachicola, Florida, for 30
s days during the periods 12-18 March 1968 and 12 May to 3 June L 65,
i Testing was interrupted from March to May 1968 while the test air-
3

craft (OH-6A, S/N 65-12921) underwent environmental testing at Fglin
Air Force Base, Florida. The aircraft, with test soundproofing in-
stalled, was flown a total of 60 hours of which 10 hours were flown
with all four crew and cargo doors removed. On 18 March 1968,
sonnel from the US Army Aeromedical Research Unit (USAARU) con-~
ducted tests to determine the effects of the improved soundproofing on
the noise level in the aircraft. Their complete report is contained in
inclosure 3.
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6. SUMMARY OF RESULTS

a. Comparison tests (tables 1 through 4, inclosure 3) of recorded
aircraft noise levels with and without the improved soundproofing in-
stalled indicate that the presence of the improved soundproofing sig-~
nificantly lowers cabin-area noise intensity particularly in the medium-
to high-sound-frequency range (1,000 to 16,000 cycles per second).

In the low-frequency range, USAARU personnel report: 'that the sound-
proofing material had very little effect... These results are to be ex-
pected. This type of sound treatment (the use of sound absorbent padd-
ing) does not yield much low frequency attenuation. '

i i Sl O e b R M e L

t
k l b. Comparison of test results against the criteria established in
: } reference la indicates that maximum noise level limits for the im-

f proved soundproofing assembly were exceeded twice and by only one
b p decibel each time while operating the aircraft at a 65 p.s.i. torque :
, :S power setting. Comparison of test results for the standard-type *
soundproofing (reference lb) against the same criteria and under the ,
same test conditions indicates that noise levels for this assembly ex-
ceeded the maximum limits 18 times by as much as 12 decibels. (See

inclosure 2.)

A

c. Minor modification of the aft cargo compartment bulkhead was
required to permit installation of the improved soundproofing assembly.
Figure 3 shows several of the snap-type fasteners which were posi-
tioned with the aid of a template supplied by the manufacturer. Figure
5 shows the location of several of the smaller soundproofing sections
located in the crew compartment which are also secured in place by
snap-type fasteners. A total of 10 man-hours was required to install
the additional fastening devices. Several of the Velcro-type fasteners
used to secure the standard soundproofing installation were also used
in the improved installation.
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d. Total weights of the standard and improved assemblies were as -
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Standard assembly 15.0 pounds

R

Improved assembly 16. 3 pounds
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OH-6A Cargo Compartment Soundproofing Installation, i
USATECOM Project No. 4-6-0251-12 i

e. The following design deficiency was found: i 4

Chafing between the plastic forming material on the interior of the ) ;

soundproofing assembly and the temperature-sensing switch on the for-
ward side of the main transmission caused sufficient damage to the
switch to necessitate replacement. Reforming the plastic material t
allow clearance between the forming material and the switch should
correct the deficiency. (Figure 6 depicts the lower portion of the main
transmission with its soundproofing section partially removed. )

S ——

f. The test aircraft was flown for 10 hours with the improved
soundproofing installed and with all four crew and cargo door
moved. The soundproofing assembly remained properly rasten:
indicated airspeeds (IAS) up to 80 knots. However, above ol
IAS, outside air entering the cargo compartment caused ex
flapping of all soundproofing sections, and at 100 knots [AS, t
covering the aft cargo compartment bulkhead became unf
apparent that 80 knots IAS is the maximum airspeed for o1
the aircraft with the improved soundproofing installed and the
removed.

g. Repeated installation and removal of the protoiyn
ing equipment resulted in a small degree of seamn failus t
material in the two larger sections. It is anticipated that productio
models of this new equipment will be constructed with stronger seams

h. No unsafe features were noted, and no special safety preca
tions were necessary.

7. CONCLUSION

The improved soundproofing assembly should be suitable for in-
stallation on current production OH-6A Helicopters when the design
deficiency is corrected.
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! OH-6A Cargo Compartment Soundproofing Installation, "
) USATECOM Project No. 4-6-0251-12
| 8. RECOMMENDATIONS
It is recommended that:
‘ a. The design deficiency be corrected.
p b. After correction of the design deficiency, the improved sound-
2 ; proofing assembly be adopted for use on the OH-6A Helicopter.
f ’/
4 Incl AVID M. KYLE
! as Colonel, Artillery
' President
: i
_ \ Copy furnished:
Commanding General
US Army Test and Evaluation Command
ATTN: AMSTE-BG

Aberdeen Proving Ground, Maryland 21005
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. f' Maximum Steady-State Noise Levcl | 4
! |
! for !
|
" Army Materiel Command Equipment ‘
Octave Band Limits Center Frequency Noise Level | 3
! (capug.) (c.p.8.) (db) l
' { e
E 44 - 87 63 119 , 3
i 87 - 175 125 114 :
v 175 - 350 250 107
350 - 700 500 99
700 - 1,400 1, 000 91
1,400 - 2,800 2,000 89
E 2,800 - 5,600 4,000 89
/ 5,600 - 11,200 8,000 91

INCLOSURE 1 R
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e ] SUBJECT:  Overall and Octave-Sand Noise Atieruciion ]
| . Characicristics of a Soundproofing Assembly in :
f an Army OH-6A Helicopter. .
!
| i
E "'
L* ! T0: President b
E United Sictes Army Aviaiion Test Board F
E ATTN: Major Gercla W, Orr (STEBG-TD-A) 3
' Fort Rucker, Alabama 36340 ik
®
?

Subject report is attached as requestcd.
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Datea: i
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22 May, 1968

Lf
OVERALL AND OCTAVE-BAND NO!SE ATTENUATION CHARACTERISTICS {
OF A :
4
SOUNDPROOFING ASSEMBLY IN AN ARMY OH=6A HELICOPTER ! 3
|4

oy

and

Igor Boris, SP-5

U. S. ARMY AEROMEDICAL RESEARCH UNIT

Fort Rucker, Alcbama
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OVERALL AND OCTAVE-BAND NOISE ATTENUATICON CHARACTERISTICS
OF A

SOUNDPROOFING ASSEMBLY IN AN ARMY OH~-6A HELICCPIER

INTRODUCTION.

The U. S. Army Aviation Test Board requested that the Aeromedical
23 e I 3 ! 3 h Bt ctn il e B el T B o ol
Research Unit cetermine the sound cttenuation characteristics of a prototype
souncproofing assembly in an Army OH=-6A nelicoprer. [n @ memorandum catec

27 March, 1968, to USAARU, the Test Board siaied: "Initial production model

soundproofing assemblies instailed in OH=-6A circraft did not meet sound
requirements outiined in the Military Specifications for the Light Observation

Helicopter (LOH). The new soundproofing assembly was produced by the Hughes
Tooi Compeny (Aircraft Division) anc was casigned to meet these specifications.,

“The Cayuse project manager requesied USATECOM to test the new
soundproofing equipment. USATECOM directed the USAAVNTBED to test the
equipment and assign Project Number 4-6-0251~12 to the effort.

"The soundproofing assembly is designed to cover the aft portion of

the cargo compartment, the lower exposed proportion of the main trensmission's

#
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arive shaft and main iransraission. rFurtnermore, one section is aliccned o

ine bulkhead between the siiot and co-pilot's position. Tnhe USAARU tesi

report wiil be ctiached to the USAAVNTLD finat test regort s aa enclocure,
Thercfore, rather than publisn weighi ia basic dimensions of ihe souncpreof-
ing in the USAARU and Test Soard reperis, it will suffice to publisa these

-—
'
.

basic cata enly in the Test Board's repori. "

PRCCEDURE AND INSTRUMINTATION, :
;
- . - . . e .1 11 re ]
The attenuction charactieristics of the scundproofing assemoly were
3

s 1 . . . .. ) oy ; .
aercimiy Cd Dy reccraing lnf@;'ﬂ;: NOISC WiTh and WITNROoUT T asscriioly inuchied,

Samzles of noise were oblained from tiree positionse

piiot's position, First, recordings were teken under various operational con=
ditions with the soundproofing assembly instalied. Then a second serics were
reccrded with the soundproofing assembiy removed.

The samples of rioise were recorded on a Nagra ill precision portable
raagnetic tape recorder which was opercicd a! a tape speed of 15 inches per
secend. A calibrated Briel & Kjaer type 3141 microphone, powercd by o

he line

. w - . ' . k [ , ~ T
irue! & Kjaer battery driven cathode foliower type 2630, was fed info ¢




Y .

i . o - e .
| input of the tape recorder. The precision reference sound source gencratac
t

! Broel & Kiaer tyne 4220 nistonphone A P e e SRS
{ DY @ CrUcl O I\ [UeT Type 444U plstonpaone Was recorceca beiore cna cijer re=

cordings of noise sampies.

drntew Bkl

The instrumentation for playback and cnalysis of

of the Nagra Il recorder, a Bitel & Kjcer type 2112 audiofrequency spectiom=

C
C
Sl e X v AR

n oo . -~ . . re . €% ¢ o .
eter, a Bruel & Kjaer type 2603 microphone amplifier with a Bitel & Kjaer

P
1 . Z 3(:
w0
' type 1612 filter set, and two Bruel & Kjaer type 4420 statistical distributior ;
y 4 l YA i
E | 3
7 ' A
; analyzers, 3
E i
} The output of the tape recorder was fed | :
' i
<! L! each of which was connected to a Jilel & Kjeer type 2303 i
‘ 3
’ Sampies of 30 seconds duration were piayed back through tae fil i
4 c.—ln"-va‘ fmbrcbrmasl iy T W Sy [ DR R (G Rt - YA fsp g : ;
AQyZea siaristicd, /. SACH JIGENIC {QVer (CCaite § TiTICa ;
! potentiometer. The staiistica! anclyzer divides the totel dyne
the graphic level recoider info ten discreie levels, The divisi
3 t dynamic range into ten levels makes each cless interval of the histog ,
J
2.5 db. :
Ten octave-band center frequencies were analyzed, They ronge
< 3
3
' e - ¥ Loy " { 3
from 31.5 hz to 16K Hz. In addition, four weighting nefworks of the ¢ 5
specira were analyzed,
!
3
[ S




ncSULTS AND DISCUSSIO!

Taoies | through 1V coniain the sound pressuie leveis and stanccrd

ceviations derived from the specira analyscs.  Cach teole coniains daic
corded with and withoui the soundsroofing cssemoiy, Tabie V througn Tc
erence values or cirenuation of noise sound pressure ieveis
rdings wita and without the soundprooiing assembly,
rasuits among the fesi conditions show thai cf octave bands with ce
:s between 31,5 and 500 Hz there were neglicible noise sound pressure
differences with and without tise soundproofing. in some cases, thcie

' . . '
cpopear o o sl ; ifier cs in the low freguency rai

study of the over-cil effecr among ail recording
thai these occasional lar lifference values may be aitribured

tal aitifacis. it must be poinicd oui that aa exp

difficult to cariy out without such artifacts,  There is the problem

ing the microphone exacily in the same position in the circra™, plust

culty of repeating icentica! flight configurctions under both experime

ditions. Precautions were taken fo control these errors as much as possi!
but, even so, the experimental errors and the probable intensity gracien:

within the aireraft prohibit absolute control under ali conditions.
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One way of estimating true atfenuation effects is fo take an over=all
view of the data and note the averaging out effect of experimental artifacts,
Tables V through X contain a treatment of the data which reflects the mean
values of differences obtained at each of the three positions in the aircraft
after ali operational conditions were summed, In the bands from 500 Hz
center frequency and below, there was fluctuation of values both plus end
minus, near zero, with a maximum difference of 2.75 db of 125 Hz center fre-
quency band. In view of these low valued verages, we can say with assur=
ance that the soundproofing material had very little effect at lo eguencies.,
These results are to be expected, This type of sound treatment does nof id
much fow frequency aftenuation,

The five high frequency bands from 1K Hz to 16K Hz show average
attenuation values from 4 db up fo as much as 19 db among these Londs,  There
is no question of the significance of these larger values and of the cttenuetion
effects. The higher values, of course, were obtained ot the two positions
near the transmission, which ranged from 9 db through 19 db. Lower vaiues
were recorded at the pilot's position. This range was from 4 through 9.75 db.

The attenuation effects indicated by these tests show that there is

considerable attenuation around the transmission area and a significant amount
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{ even ot the pilot’s position, but very liftle or no protection below 1K Hz band. |
| |
This partial attenuation of the totc! noise spectra is considered worihwhile even
‘ though it may be seen that the over-all "C" and linearly weighted over-all
T ,r s T 4
ievels were affected very little, ;
3
bY | CONCLUSION AND RECOMMENDATIONS, 4
’ ‘ ('.
A £ '.h s e ¥ ey s T $. 0 oI A i = !
E | As a test of the afienuation effecis of soundprociing marerial in o ;

e 5o
- —

" three positions in the aircrafi under four operating concitions. The record-
: S

\I’ }l ]

. ’ sl . ) e Elaiiy fo i i -t 3
‘] ings were made with and without soundprocfing material instaiied. The i&
i resuls show that there was very little effect in the audic spectrum pelo
Fz, but there was significant attenuction in the five high fic

bands. The higher values were obtained of the positions cround the frans
g P

mission, However, the measured attenuation af the pilot's position was sig=

nificant,
Acoustic noise in and around Army circraft is an unwieldy prooicme
r this time, the state of knowiedge of noise cbatement techniques makes it
impossible to attenuate the noise levels throughout the audio spectrum without

seriously affecting the performance of the aircraft, Any economical process

by which attenuation of any portion of the high noise spectrum can be achieved
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; helmets or any helmet or ear proteciive device, with comperable atienua ﬂ
o e 0 SRy T L S PR e Bl e g sols 2l tenl® 2 o 10
Caaracteristics, be provided as standard eguipment with this heilcopier, The
citenuation available with either of these helmets would saiisfy the require |

5
| Dated: 22 May, 1968 E
| Auihor: Roberi T. Camp, Jr. :
! Direcior, Besic Sciences Div
‘ US Army Aeromedical Research Unit

} Fort Rucker, Alabema 36360
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Figure 1




Figure 2
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Figure 4
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Figure 5
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Figure 6
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