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SUMURY

This report outlines the program proposed for meeting the noise and
vibraticn requirements for the C-5A aircraft. Included axe the
analytical and test programs for noise prediction, environmentsl .
vibration, sonic fatigue, and soundproofing. It ie coucluded that
this overall progranm is adequate to definme the problen areas end-
provide analyses and tests to substantiate the aircraft for meeting
the noise and vibration requirements of MIL-A-8870, MI1-A-8806, and
the detailed requirements outlined in CP40002-14, CP40002-24, and

S340001A.
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6.

RETEREVCES 4
CP40002-14, CEL C-5A Air Vehiole

CPA0002~2A, CEI C=5A Air Vehiocle, Alxrframe Subsystem

§S400014, CEI General Specification, Performance and Design Recuirements
MI1~-A-8870, Military Spscification, Airplane Strength and Rigidity,
Vibration, Flutter, and Divergence

MIl~-A-8806, Military Specification, General Speoifioation for Acoultioul
Noise Level in Airoraft : :

ASD TN 61-141, Detail Requirements and Status, Air Foroe Struotural

Integrity Program, September, 1961
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2,0 INTRODUCTION
The C-5A Sound and Vibration Program will derive design and test require-
ments to ensure thet the airoraft structure and equipment are free from
premature sonic fatigue and vitratory induced damage end to optimize
vibration and noise environments, obtaining the required personnel ocom~
fort and equipment operating levels. Program goals will be achieved ' ;
through four inter-related activities, which ares _ |
a, Noise predicc¢ion and general accustios . i
b, Environmental vibration '
0. Sonion Fatigue
d. Soundproofing
0f fundamental importance to the evolution of vitration qualifioation
levela, sonic fatigue oriteria and sorndproofing configurations is an , ’
acocurate definition of the ecoustio environment., Therefcre, predicted Do
noise levels, derived praviously, will be refined with data obtained !
( from enalyticel studies, acoustio model tests, and General Electrio-
Lockheed engine test stand programs. These data will be integrated into A
the environmental vibration, sonic fatigue and soundproofing aotivitin. 1
In addition, noise safety problems in the vioinity of the aircraft during |
ground operation and commrity noise levels during takeoffs and landings
will be evaluated. ’

-

Environnental vibration levels have been predicted for the C-5A alroraft
and squipment qualifioation requirements are established., These will de
uged for equipment design and test criteria during the development phase,
In parallel, the vibration prediotion teohniques and environmental levels
will be refined in conjuncticn with the mooustic and engine test stand
programs, Adequate operation and design life of vibration sensitive equip=-
‘ment will be ensured by dsvising isolation systems or by defining mounting |
oonfiguretions whioh minimize response. !

Premature structursl damage due to excitation from all noise sources 1is
the prime oonsideration of the sonic fatigue program, Analytioal and test
programs, which will define the effeot of noise on the fatigue life of &
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2,0 INTRODUCTION {CONT®D)

wide range of conventional, honeycomb, and laminated struotures, will de
performed to develop configurations for a wide spectrum of applications.
Laboratory proof tests will verify the design 1life of basic wing, empennage
and fuselege components and an acoelerated 1ife test of the nacelle, pylon,
and a large wing segment, (with all besio components) will be performed on
the Lockheed engine endurance test stend and in the RTD sonic fatigue tes’

s e or e

o

Stringent requirements for eircraft interior noise levels have led to
the initiation of a comprchensive program of selecting soundproofing
which will be satisfactory and be the lightest weight prsaible. This
will require utilization of transmission loss data from C-141, C-~130,
Jetsfar. and other airoraft in conjunotion with developmental tests

of numerous specific soundproofing configurations. The resulting data
will be combined with an analytical program, which will caloculate the
parameters necessary to define the optimum installation. A continmual
updating of the derived configurations will be accomplished with inputs
from the acoustic px;ediotion program and latest noise transmission loss
t2st data,

The critaria developed during this progran will be applied to the design
of C=5A struotural and equipment oomponents to produce an operational
aircraft which has satisfactory acoustic, vibration and sonic fatigue
characteristics. A flight test progrem will be performed to demonstrate
these qualities. Strain, vizbration. and noige data will be measured at
all signifioant points in the ground and air operating emnvelopes.

ST Norlies 1. tias. 2 vavidus A .,.k et b an o s mek s e s ) e I B At @B Ve b o
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3.0 NOISE PREDICTTON AND GENERAL ACOUSTICS
3.1 GENERAL
The objeotives of this program are to predict and measurs the noise

.environment of the airplane in order that sonic fatigue, vibration and

soundproofing requirements can be acourately evaluated. The schedule

of activities is shown cn Pages 3.3 and 3.4, ) . )

3.2 ANALYTICAL NOISE PREDICTION

During the early design phase, propulsion system noise and aerodynamio
noise will be determined analytically. Recently obtaired C-141 inflight
exterior noise data will be incorporated into the C-54 prediotions. The
noise predictions will be updated as more measured data becomes available
from test prograns described in applicable sectious to follow. ‘
5.3 ACOUSTIC MODEL TEST '

The acoustic scale model is ane of the most accurate methods of pxedlct-
ing the propulsion system acoustic environment, particularly vhen no full
scale engine data is available. During the conceptual phase and P .
phase, acoustic models have been utilized to map jet nolse on the aircraft
structure. The model aircrat't are 1/16 scale with model engines operat-
ing at the correct pressures, temperatures, and flow rates. The model
will be updated for further tests to give a more accurate evaluation of
the exhaust noise field over the airoraft.

Tests will consist of neaaurﬁzg noige levels at 100 locations on the
fuselage and enpermmsge, and 100 locations on the wing, flaps, aileron,
and pylons by means of 1/4 inch diameter flushmounted microphapes. The

. data will be taken on a 14 channel FM magnetic tape recorder. The raw

data will be automatically analyzed in cctave band form, digitized, and
plotted es contours of equal noise intensity over the aircraft surface

by an IRM T094 com:ter-plotter TrogTam.

3.4 G.E. ENGINE TESTS
Noise measurements will be taken at G.E.'s em!.m test stand for the
TF 39 demoustrator (2/3 scsle) and full scale TF 39 engines. . The meagure-

- mants will be taken at simulated wing, pylom, and fuselage locations. The

GA FORM-428-2
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3.4 $.E. ENGINR TESTS (CONT'D)

tests will be monitored by Lockheed perscnnel and the date will be
incorporated in the aircraft noise environment predictions.

%.5 CRLAC ENDURANCE TEST STAND

Noise measurements on the nacelle, pylou. and wing surfacou will de
taken on the endurance test stand to further define the engins noise
environment and provide correlation with vibration and strain measure-
ments. Progrem details are contained in Section 7.1.

3.6 GELAC ISRFORMANCE TEST STAND NOISE TESTS

Near-field sound measurements will bte obtained on & 50' radius forward
of the engine inlst at 8 locations. This will be accomplished with
bellmouth and with airframs nacelle inlet to evaluate the acoustioal
attenuation of the airframe-supplied inlet. HMeoasurements will be re-
peated to dctermine any differences in noise cutput of the X, Y, and
TF versions of the engins, ' '

3.7 FLIGHT TEST PROGRAM

The acoustical envircamental prediotions will be substantiated during
the ground and flight test program using aircraft 7004. Sectiom T.2.2
degeribes the test conditions and instrumentation.

3.8 AUXILIARY POVER UNI{ HOISE PROGRAM

A design study will be performed for the APU installaticn, which must
not exceed an overall sound pressure level of 100 db at a distance of

.20 ft. Methods of exhaust and inteke silencing will be analytioally

evaluated. A noise survey to substantiate the design will be porformed
on the Environmental Gubsystem Simulator and compliance will be demon-
strated with an airoraft noise aurvay
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4.0 mgmmu Ty S ._ * !
4.1 GENERAL ) ' |
Mvirormental vidiation levels hove boen prodictod for the C-5A u:- .
oraft and equipment qualification requirements are estadblished. & e }
continmuing effort to update the prediction techniques and improve the -
environnental definition will inolude engine test stand and flight test N i
progran results. Adequate operation and design life of vibration sensi- ' '
tive equipment vill be ensured by defining isolation systems, vhere
necessary, A flight vibration survey of struotural, orew and equip- fal ]
ment ereas will be performed to demonstrate compliance with MIL-A-8870
{ASG)., A schedule of activities is shown on Pages 4.4 and 4.3, ' : ¥
4.2 ANALYSIS
4.2.1 Noiso Induced Vibration
The most wide spread source of structural and equipment vibration in
this airoraft is the scoustio field, which engulfs the entire outer
surface, Stmotura.l response is primarily random in rature and its
characteristios depend on the looal structural oontiguration. The
. amplitude and frequency characteristios can be predioted with an ex- .
perimentally derived empirioal relationship between noise levéh and |
struotural response. Analysis of this relationship will be performed o '
and values updated, if necessary, based oh state of the art changes
and test ata, Revised noise levels will be used to update the pre=
dioted vibration levels, as necessary,
. 4.2,2 Mechanioally Induoed Vibration
Vibration at disorete frequenoies is produoed by engines, APU, prupt,
end fans and thus is oonfined to local arees. Analysis of test oell c=
other operating data from thess oomponents will be.used to update pro=
dioted vibration levels, Qualifioation and design requirements will be
revised, 1!:neooup.r;., ' : i :

GA FORM~36188
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4.3 DESIGK SUPFOR?

4,341 Isohmwm__wzu_ua

Predicted vidration levels will be evaluated in oonjumotion with
equipment design snd qualification criteris to determine those
camponents requiring isclation systems for protsotion. In additiom,
streng rotating (or altermating) vibratory sources, such as the APU,
will be considered for isolstion to protect adjacent mounting struo-
ture and equipment. Analytical studies and, if necessary, test
prograns will be performed to. define the necessary isolation systems-
or, if subcontracted, the vendor program will be monitored and tech-~
nica) assistance rendared vhere necessary.

and mass parameters for non-isolated items which are iaherently-
affected by vibration such as probes and antemnnas. Ccnﬂéurgtim
will be devised to satlsfy design 1ife requirements without undue
penalties in weight and sise. |

4.3.2 Equipment Qualification Progrem .

Vibration qualification oriteria are established and will bs applied
to the design and test requirements for equipment developed for C-5A
aireraft. Vendor proposals to implement this criteria will be eval-
uated and surveillance of the qualification test programs will dbe
maintained, where necessary, in oxder that deficiecncies can dbe oméotoe
promptly. PFinal test reports will be reviewed for oomplianoe.

4.4 CRITERIA TESTING

4.4.,1 Engine Test Stands

The vibration qualification and design criteria are derived from the
empirical relationship between ambient noise levels and random struce
tural vibration in conjunction with continuous vibration produced by
strong local sources such as the pover plants. A program of vibratiom
and noise mcasurements will be performed during the powerplant test
stands and flight test program to improve the existing predictions.

Gelac and vendor design groups will be assisted in defining stiffness
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4.4.1 Bogine Test Stands (Cont'd)

These programs are outlined as followss

(a) Endurance Test Stand - Accelerameters will be rounted
on the engine, accessories, nacelle, pylom, o.n.d‘adjeom.t
wing sections. Vibration data will be obtained through~
out the available opsrating emvelope as described in

Section 7.1. . .
Performance Test Stand - The performance stand will

(v)

operete with the X, Y, and production engine configura-

tions over an extendsd period.

Vibration pickups will

be located at selected engine locations and will be
nonttored as necessary throughout the program. Aocept-
able vibration levels for the engine installatien will
be determined statistically from the data obtained.

nent end orew arecas.

4.5 FLIGET TEST PROGRAMT ) .
In order tb” demonstrate complisnce with MIT~A-8870 (ASG) m f1ight
program will be performed which will define the vibratory environment
of the airoraft at all significant operating conditions. In geneui.
vibration levels will be measured throughout the primary structure of
the. fuselage, wings, empennage, pods, nacelles, pylons, and in equip-
Vibration measurements will be obtained at all
significent ground and flight operating conditions, Test program
details ave described in Seotlon 7.2.5. - '
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5.0 SONIC WATIGUE Ca L iy
£,1 CENERAL - : | " B
In the past few years a.irorl.ft designers have had to sope with s

relatively new fstiguo phenomena, sonin fatigue. This damage to

vehiole struoture is oauszed by the resultant of mumercus noise -

sources, such as, propulsion sys*em exhaust noise, psendo-noise

in turtulent end separated air flow, and that resulting from

operation of squipment items. This struotural fatigue or damsge

is oommon in lightweight struoture and oan jeopardize the integrity

of primary loed carrying struotural members if not.acowunted for

£ during the design effort.

Thie section is intended to outline the methods and tests, from
prelininary analytioal work through strain measurements on a full-

gsocale vehicle, for prevention of sonio fatigue damage to the airoraft

) structure, as required in MIL-A-8870 and as outlined in ASD TN 6i-141,
The flow dlagram on Page 5.6 depiots the overall program for sonio
fatigue prevention to be followed in the C-5A development, The schedule
of activities is shown on Pages 5.8 and 5.9.

5.2 DESIGN CRITVARIA

Sonio fatigue znalyscs and tests are to be based on & required servioe
1ife of 30,000 hours with 12,000 takeoffs and landings.

Mo

B oy

B doind hod o0 35 sionily & ek a b de g

The effect of combined environments will also be acoounted for as
neoessary since in some instances, these analyses are not only de~
pendent on the acoustio environment, but e combination of sound
pressure levels, low frequency vibration, elevated ‘bemperdtma. and
pressure oyoling, If eny one or more of these environmenial conditions , i
18 not oonsidered during design in oombination with the acoustic en~ 3

: vironment, the zesulting loads oould result in premature damage in
lervrioe. ' :
5.3 ANALYTICAL "ROGRAH
The starting point for all analytioal work in designing the C-SA

L4
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5.3 ANALYTICAL FROGRAM {CON%'D)

structure for resistance to sonic fatizue da.mgm is, of course,
dependent on the predicted ncar field acoustioc enviramment, as
shown in the flow diagran om Page 5.€. To dats, these analyses
have bean primarily based on data fyaz 1/16 scale acoustic model
test prograns vhich was conducted during Fhase IB and IC of the
0-5A developmant program. This work is continuing, as discussed
iu Sectiom 3 0. .

From the near field noise prediotions, the C-5A vill be divided

into noise intecasity zones with a Hew toward relative sonio fatigue
damege. In those areas where the noise environment is relatively
severe (the nacelles and pylans, and porticns of the wing trailing
edge struoture) end the structure is very susoeptable to sanic
fatigue damage, close attention will be given to the development of
structural configurations that will have a satisfactoxr service

1ife.

In those otter areas of the aircxaft where the noise environ-

nent is moderate to severe, detalls of the structural configurations
shall bs monitored, especieslly in light weight feirings and secondaxy
structure, to assure that good design practices ara followed and
resistance to sanic fatigue damege is built-in each design.

As shown 6n Page 5.6, structural des?zn for resistance to sonic
fatigue damage eand fatigue analyses end design studies are tho next
major milestcnes in the enalytical program. Theae efforts are based
on current state-of-the-art methods of enalysis, case studies of .
gimilar operational airor.it, and tes% data available from previous
component und full scale sonic fatigue tests.

The results of these fatigue anslyses will be inpui to the structural

toc agsure a satisfeotory service life.

. design effort thrcugh a design improvement stage as shown oa Page 5.6
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5.4 LABORATORY TESTS

5.4.1 High Tntenstty Somd Systen Tests

Since soais fatigue analysis is not an exaot science and many

| structural configurstions do not lend themselves readily %o snalyses,
; laboratoxy companent tests are necessary to couplément the anal;ticn'
i . program. To support the detailed design activities and {0 satisfy ) -
1 _ the requirements of MIL~A-8870 and ASD TN 61-141, a three phase iab-
oratory sonic fatigus test program is scheduled to be run in the
Lockheed sounic fatigue facility. This facility is a moderm, fully
equipped test lad with capabilities for random or disorote frequnr.cy
testing using a high intensity sound system. T
5.4.1.1 Development Tests

The first phase of this progrem is to test a series of develapment
( ( \ panele to evaluate new materials end evaluate det_sign concepts for

- which no test data is available and which are not anmenable to enalysis; !
all of which are to provide data for minimm weight structure which '
;- has adequate sanic fatigue resistance. Tho resulis of thesme tests

i are to be input to the design effort through a design improvement
cycle and at an early date to preclude possible costly redesigns and
is to be available prior to final drawing release to mamifacturing.

The table on Page 5.7 1s & 1listing and description of development

tests nov in progress or pleanned for this phase of testing. It

should be noted that other configurations may be required as the

desigan develops.

5.4.1.2 Production Tests

As the various areas of structural design becomes more complete and
during tue early menmufacturing effort the second phase of the lab-
oratory soric fatigue program is to be conducted. This consists of
tests to failure of several panels of various production conﬁguratim.
The test panels are to be built to production drawings, tolerances, and
‘specifications and inspected by produciion quality control prior to
test. It is proposed to show, from these tests, any defiotcncies in the

iR T L R

o et i
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5.4.1.2 Production Tests (Cont'd)

production configurations and items not uncovered during analyses
! ‘ and to keep retrofit to a minimum through timely feedback of test
data through & design improvement cycle.

Structural configurations to be tested during this phase of the
progran are as followss ‘
1. Eupennage .
a) four elevator penels
b) four rudder panels
@) four horizontal stabilizer panels
| d) four vertical stabilizer panels
' e) four fairing penels '
2. Fuselage
a) four fuselage side wall panels
b) four MIG pod penels
c) four aft cargo door panels .
3. Ving | R
a) twenty miscerlaneous penels to be .
deternined
5.4.1.3 Pix cycle Tests
Provision bas been made for sonic fatigue tests that are not foresee-
able at the present; therefore, there is a third phase of the laboratory
sonic fatigue test program. This could inclvde tests of serv'ce repairs
for various configurntions, evaluation of any redesigns due to service
damage, or evaluation of cost reduction proposals through struciural .
redesiga. R P
$.4.2 General Design Support Tests
Laboratory tests as necessary shall be conducted to support design
analyses, These may inc)ude response tests of structural configurations
{0 nmeasure strain and dsmping, response of hydraulic or fuel plumbing }
and 1ts impact on clips and brackets, and preliminary investigations of
materials and compoaite structures. Thess tests will he scheduled aa
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5.4.2 Genera) Desimm Sup ort Tests (Cont'd)
the need arises.

5.5 EIGINE TEST STAND ENDURANCE TESTS

In compliance with the requirements of MI1-A~8870 and ASD TN 61-141,
a2 1l scele womic fatigue proof test of critically located structure .
is scheduled for the C~5A engine test stand. It is necessary to extend ~ s
the regults of sonic fatigue znalyses and caupenent tests to full scale
hardware since structural edge conditions, structural coupling, and
flexibility of support structure are diffiicult to account for in analysis
and component tests. A two pirt 450 hour cndurance test is scheduled; a
150 hour preproduction test and a 300 hour production test. This program
is describcd in Seotien T.1.

R DV SO

( 5.6 RTD Sonio Patigue Test .
( ; At the conclusion of the 300 hour sonic fatigue endumnce test at the ]

engine test stand, the production test hardware is to be transferred to
VWright Patterson Air Force Bage end tested in the RTD scnic fatigus test
faoility., The hardware will be subjected to an accelerated life test to
gimlate the 30,000 Lour aircrafi service life. This is to be a full
scale proof test and the hardware and instrumentation asgsemblies are %o
be tested as on the engine test niand except that 160 additiomal strein ]
gages will be installed on the wing tegment. Combined envircuments of
gound, heat, and low frequ:ncy vibration will te studied during the
detailed vlanning for the RTD test and will be dependent on the resulis
of engias test stond projram. Any unusual combinations of temperature
o> low frequency buffe’ loads will be simdated or accounted for in this
progran.
5.7 FLIGE? TEST PROGRAM | :
To further substantinte the analytical results and component test program,
a production aircraft will be instrumented with strain gages and dsta re-
, corded both onground snd inflight. This program shall provide documenta-
& . tiocn of operating strain on all major structural assemblies where sonic
fatigue failures could occur. Progranm details are outlined in Seotion

T-2.4.
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; o . _ SONIG_PATIGUE ' IR A
' .DEVELOPMENT TESTS ~ - '
No. of s .
i Panal Configuration .Specimeng Remarks .
' 1. Titanium Skin-Stringer 12 Six penels have titarium skins
. with aluminun stringers sxd six .
T have titanium gkins and stringersq - *~—~---
2. Welded stainless ateel 6 Panels are all welded, commer- '
and titanium honeycomd cially available honeycomb sand~
sandwich panels wich for high temperature
epplications,
3, Honeycomb sandwich panel 6 A1l penels have fiberglas face
with fibergles face sheets gheets and alumimm core.
( 4. PFibergles bonded-beaded 6 A1l panels heve flat fibergias !
@ panels ‘ outer face sheet and beaded
- . ' ’ fibexrglas inner face shect, )
i ' bonded together. : -
3 5., Honeyoomb sandwick panels -9 Standard sluminum sandwich panels
i with low density ccre with 2,3 to 2.8 1b/ft3 honeycomb
‘ ) ' core, .
P 6. Large honeycomb szadwich 3 . Standard aluminum sandwich panels :
! panels : approximately 40" x 60" in size. {
e S | S —— R e
{3
; 7. Other As ' Test parals to te defined as the
Recessery ~design progresses; this will . I
include more fiberglas evaluation,
' {
i
new methods of attaching sandwich i
panels to support structure, and I j
i
welded titanium and steel, 4 :
C % |
| | |
, 1
| | !
4 |
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6.0 SOUNDPROGFING - BN
§.1 GENERAL ~ .
The lightest weight soundproofing configuration which wili be suffi-
cient for obtaining the specified noise levels g'ven on Page 6,4 will
be determined. The program outline is shown by a block diagrem on
Page 6,5 and the work schedule is shown on Page 6.7, . IR s g
6.2 ANALYTICAL PROGRAM ' ). |
An existing computer progran will be updated for calculation of interfor -
noise levels, optimm soundproofing configuration, and maximum allowadle
internal noise sources in an occupied area. Noise levels will bde pre-
dicted for take-off, meximum continuous power, and normal cruise condi-
tions, es defined in HIL-A-8806 for each of the following ereas.
‘ " a. Flight station aree '
q i b. Crew 108t area -
¢. Forward {roop area
d. Af% troop ares
6. Cargo area =
These areas are shown pictorialiy an Page 6.6, Input data for the
couputer progranm will be obtained from the following sources.
a. Data obtained from existing airplanes
b. Fuselage transmission loss tests
c. Interior partiticn transmission loss tusts | ' B
d. Interior absorptivity tests ‘ :
6. Internal equipment noise data
f. Predicted external noise levels
The optimm soundproofing configuration will be determined by alterna~-
tively performing ennlyses and tests,
6.3 DEVELOPMENT TESTS
These tests are necessary to develop more effective soundproofing tech-
niques and to obtain data for the computer yrograz. The development test
progran will be divided into the following categories.
8. Fuselage wall transmission loss

b. Internal partitien transmission loss

m“-'—a ST A 2 ,;4;#—1, -
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6.5 DEVELORMENT TESTS (CCNT'D)

¢. Interior absorptivity

4. Internal equipment noise
6.3.1 Fuselage Wall Transmission Loss Tevts
Panels which simulate four foot by seven foot mections of the G-SA
fugelage will be fabricated for these tesis and will be tested with
various soundproofing inswlation configuratioms. Approximately the
Zollowlng number of transmission loss tescts will be performed. '

Panels Humber of Tests:
Aft fuselage - Cargo: m&, i Ba. 20 -
Forward fuselage = Cargo Area, 1 Ea, 20!

Upper fuselage - Crew & Troop Area, 1 Ea. 20
6.3.2 Interior Partition Transmission Loss Tests
Noise reduction capabilities shall be demonstrated on panels which -
simiiate the intexrnal partitions which seperate areas of high mtemal
nyise equipment ani occupied areas of the aircraft such as:
~ &. Eavironumeatal Equipment axea
b, Eydraulic pump areas
¢. Avionics area .
6.3.3 Inlerior Absorptivity
Absorption measurements will be performed on new acoustical mterhll
and/or modified configurations of trim cloth and liners, Absorption
coefficiznts will be determined from reverberation time measurements
with and without the semple placed in the reverberation chamber.
6.3.4 Internal Equipment No. » Tests
6.3.4.1 Air Conditioning System
a. Alr Conditicaning Ducts = Flow mtel. duct siges,
weight, and attenuation properties are to be
studied. ' '
b. Mafflers - Insertion loss will be measured for various
mufflexr configurations. '
ce. Air Couditioning Plenum Chamber - Attenuation will de »
measured between intake end exhaust openings.
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g 6.3.4.2 Miscellaneous Holse Sources . -
:' Noise measuring tests will be performed to determins tha-mrail sound
: power levels end spectrum shapes of the following equipment items which
“ . are potential.nolse sources. )

¢ ' ' a. Blowers

L | b, Reciroulating fans

; C. ﬁydmulio pumps

d. Turbine compressors
e. Outflow valves
f. Rectifiers
6.4 FLIGHT TEST PROGRAM
To verify that the interior noise levels do not excee
} ﬁ " jevels for each area of the airplane, acoustic inst

e

in Section '7.2.2.4.

.
R e L AQseno: W o
Lt Y PO R S A P WP v AP it 4 Y

e

d the speoifioatiai
rurentation will be

( y . 4installed in airoraft number 7004 and noise levels recorded as o

t1ined

e
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INTERIOR NOISE LEVEL REQUIREMENTS L By '
TAKEOFY MAX, CCNT. POWER | 1 1
_ Cargo Comp. Aft Cargo Comp. AfS,. : |
' d Troop, Fwd. Troop, Troop, Mwd. Troop, Jj
{ . Crew Bunk, Crew Crew Bunk, Crew .
Rest, Flt. Sta. Reﬁt. F1t. Sta. .
Frequency Table II from Table I from s {
Band, CPS MI1-A-8806 (ASG) MIL~A-8806 (ASG) e |
Overall 120 db 113 4 Sl o i
375- 75 18 m ¢ ' :
75 = 150 118 111
i 150 - 300 118 11
300 - 600 112 105 +
600 - 1200 106 99
1200 = 2400 100 93
Q; 2400 = 4800 94 87
4800 - 9600 9% 87
£ ' NORMAL CRUISE POWER
i, At Crew Rest
4 Frequency Cargo Troop Fwid Troop and Bunk Flight |
| Band, CPS Comp Area Area Aveas Stationg |
I‘& |
i : Overall 106db 106a% 106db 106db 106db | |
| 37.5-75 96 - 98 98 91 88 ; ;
£ 75-150 ° 101 103 103 93 89
£ :
E; 150-300 105 100 100 95 89
il 300-600 96 83 83 83 83
E ;_ 600-1200 88 82 (Arithmetio (Arithoetic  (Arithmetio
g ave, of these  =ave, of thase  ave. of these
- 1200-2400 86 81 three bands three bands three bands
i not to exceed not to exceed not to exceed - .
2400-4806 82 81 75db) 654b) 704b) -¢_
4800-9600 82 80 Y] 65 - 70
: (av reference 0.0002 nynea/mz)
é’
b |
¥
e |
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7.0 MAJOR TEST PROGRAMS

7.1 ENDURANCE TEST STAND TROGRAM

T.1.1 Preproduction Tests

Since the flaps, nacelles, and pylonz are exposed to the more severe ,
acoustic environments on the airoraft, it is desirable to havn test - . 1
data as early as possible. : S r

The hardware required for this test is as follows:
1. preproduction, flight-weight nacelle
2. preproduction pylon
3. Inglne
. preproduction ocutboard flap

4
5. preproduction outboard vanes
~ ] 6. preproduction outboard cove doors
‘ 7. preproduction flap hinge system and fairings

8. preproduction flap actuators

9. preproduction vane end cove door actuators and hinge system
A durmy wing box segment will be provided to support the engine and the
sonic fatigue test hardware. The installation will similate an catboaxd
engine position in the takeoff configuration. The flap, vanes, and cove
doors will be operable. lMagnetic tape will be utilized to recoxrd vibration,
strain, and noise from the following tiansducers.

a. Sound-level surveys on external surfaces of structure will

utilize 30 microphone locations. '
b. Internal fan duct noise surveys will utilize 10 microphones.
0. Structural vidratory strain surveys will require 115 uni-axial
straln gages. ) '
Structursl vibratory measiurements will utilize 45 uni-axial
vibration accelerometers.
e. Struotural temperature surveys will require 90 thermocouples.
f. Vibration measurements an the basic engine will require 8 .
vibrat‘on acceleroneters with an additional 15 for engine I

acoc soriss,

[—

oo
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Preproduction Tests cont'd

The test will be conducted with the engine at power settinga to aimlate
typical mission nrofiles from takeoff through cruise and back to landing
vith thrust reverse. Also, there will be a total of 110 thrust reverser
cycles during this test. The total engine operation time during the test .
will correspond to approximately 1500 service hours.,

7.1.2 Production Tests

1.

10.
11.
12.

13.

At the canolusion of the 150 hour preproduction sonic fatigue endurance
tent the test hardware will be removed from the test stand and replaced
with a production outboard wing segment end & 300 hour endurance test

will be rmn. In addition to the wing segment, a production side aft

cargo door is to be tested. The test is Yo run cancurrently with the

150 hour production nacelle endurance test and the hardware is to be in-
stalled for the 250 thrust reverser cycles to be run at the conclusion of
the 150 hour production nac2lle endurance test. At the conclusion of the |
above testing, un additional 150 hours is to be acoumlated for a total

of 300 hours.

The production hardware required for this test is as followss

Complete nacelle

Cozplete pylon

Engine

Cutboard flap

Outboard Cove doors

Outboard flap venes .

Flap torque tube assembly
Flap actuator assemdly

Flap brake assembly

Flap hinge system and fairings

Cove door actuators and hinge system

Vane hinges, actuators, and aupport structure
Cutboara spoiler.
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7.1.2 Production Tests (Cont'd) : | ‘ 1 |
14. Complete spoiler actuator system ]! '
13. Outer wing box beam segment - that potion of the wing box 1 i
* from the produotion break outboard to the tip, completely !

stuffed with wire harnesses, hydraulio and fuel plumbing, . ‘
“control cabies, and associnted btrackets - . : 3 - '
16. Fixed wing trailing edge structure - includes fixed penels, 1
wiring, tubing, cables, and associated bracketis i
17. Wing leading edge structure - includes an operable a.nti—ioine 31
system, wirlng, tubing, ducting, controls systers, and fixed
leading edge support structure
18. Wing leading edge slats and actuators
19. Aft sideé cargo door and actuatars

: The wing segment is to be attached to supporting structure witﬁ air-

! craft splice platen and cantilevered as on the aircraft. The puzber 4
engine position is to be simulated with the hardware in the takeoff
position during the test. The flap, wvanes, cove doors, spoilurs, lead-
2 ing edge clats, anti-icing system, and aft cargo door shall all be
operable.

The side aft caxgo door shall be positioned aft of the wing segment
and in the sanme geomeiric relatiomchip to the t.est stand engine as it
would be to an inboard, or number 3 engine, when installed on the
aircraft. Aircraft structure surrounding the door shall be simulated
with & 3 = 4 foot wide boiler plate design. '

As for the preproduction endurance test, mission profiles are to be
simulated throughout the 300 hour production test., This oonsists of
verying eng:Lne pewer selting from takeoff through cruise and landing 4
i with thrust xeverse. Iiagnetic tape will be utiliszed to record vibraiion, '
{ strain, and noise from the follwiug transducers: : J

T S —
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T.1.2 Produotion Tests (Cont'dq)
8. 70 external miorophone looitim
b. 10 intexnsl fan duot noise survey microphones
6. 200 uni-axial ytrain geges
de 80 uni-axial vibration acceleroneters
e. 100 thermocouplus . _
£, 23 vibration aoccolerometers on engine and accessorics
T.2 TFLIGHD T™"T PROGRAM
T.2.1 General '
The flight test program descr:bed herein will substantiate the aoconatie,

vibration, and sonic fatigue design and will demonstrate contractual com=

pliance for these sreas, Aircraft 7004 will be utilized for the progranm,
as outlined in the following seotions,
7.2.é Noise Environment
7.2.2.1 Exterior Noise - Near Field .
The basio exterior noise ervironmeant predicted for the C-5A sir vehicle
is the basis for the vibration, sonio fatigue, and soundproofing desigm
studiee. Tc ensure that the C-5A exterior noise environment has been
aoccurately predioted, noise measurements wili be zade at 80 locations
over the aircraft surface during ongrocund engine operation{ These data
will be taken at the following conditionss

a8, Tekeoff power, takeoff flaps

b, Tekeoff power, flaps retracted

- Max'mum reverse thrust, landing llape

Exterior inflight nolee measurements will be taken at 10 locations on
the fuselage in oomplianoce with MII~A-8870,
742.2,2 Exterior Noise - Far Field
Statio ground tests will be ocnduoted at three engine power settings to
obtain exterior far-field acoustical measurements. These noise measurs-
rente will be made at 5 locations on radii of 400 and 600 feet., In addi-
tion, neasurements will be made at 3 locations 50 feet in front of the
airoraft, These data will be utilized for evaluation of noise end eafaty

)
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7.2.2.2 Exterior Noise - Far Field (Cont'a)
problems in the working v:loin:lty of the aircraft iu accordance with
AFR 160-3A. e
7.2.2.3 Commmnity Noise- Heaau:emtl
To evaluate the noise envirwment for communities a.ddaoent %o uuinc—
activity airfields, surveys of aircraft extemmal noise will be made
usine ground-besed instrumentation to establish noise-distance re-
lationships for the C-5A airplane. Noise datea from twenty takeoffs
and landings | . [ will be recorded, at two ground stations, and
analvzed to ensure good statistical averaging and to- determine scatier
limits due to variations in pilot technique and ambient oonditions.
7.2.2.4 Interior Noise Environment
Interior environmental noise measurements will be made im all noﬁlill; .
cccupied areas of the aircraft’ to ensure that the C-5A design require-
ments are met. Measurements will be taken at approximately 36 looa.tim
and recorded on megnetio ta.pe at the following opera.t:l.ng conditions as
defined in MII-A-88063

a. Take-off

b. Maximum continuous power at 22,000 feet

o. Normal oruise at 22,000 feet
7.2.3 Vibration Environment
The vibration mesasurement progzaa will include both ground runs and nightl.
A1l data will be rscordsd on magnetio tape, using treansducers to measure
vibratory aoceleration except for special instances where vidratory velocily
or displacement is required. Transducers will be located approximately as

-

a8 T FES T T U ONEE TR e nur..-'m.‘.'u«mm;Mm»m&;ua_‘..:..u" e Sk e

follows: . !
Area No. of Locations ' 1 l
. a. Engine Cases 8 4

b, Engine Accessory Equipment 12 . 4 |

c. Avionics Equipment Racks ' 20

d. Fuselage e 36

6. VWheel wells and pods : 10

f. Vings ' 36
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© 7.2.3 Vibdration Environment ‘c«:t'g_)

' 8+ Nacelles and pylons - 10
h., Empemnage , 12 o
411 transducers will fe unidireoctional except those on the engine case
vhich will be redial.

In additicn, crew station environmental vibration levels will be nea.su:ed
in flight at approximately 18 locations including the cargo and flight
station floers, crew seats ¢  ‘ables, cockpit flight controls, and instru~
ment panels in accordesnce with the test conditions and vibratiom linitl
of Paragraph 3.1.% of MIL-A-8870.
T.,2,3.1 Ground Tests
Vidration data from all tranaducers will be recorded dur:lng- the following
conditionss ‘
a. Continucus power sweep through engine startup to takeoff power
b. Flap extension and retraction while at takeoff power
o. Continuous powsr sweep from takeoff power through engine
’ shutdown.

17.2.3.2 Flight Tosts

A1)l transducers wiil be recorded during takeoff and one oruise ocnd:ltim.
Selected transducers will be recorded during the remaining flight condi-
tions, Test conditions will bs as followss ,
&, From just prior tc trake release through takeoff and normal
© - olimb %o 5,000 feot terrain clearance at approximately mexi-
mun takeoff gross weight.
b, Four airspeed-altitude combinations, inoludine V at low
altitude
c. Descent at coastent alrapeed
4. Acceleration from 1.2 Vs to VH at constant aititude .
e, Simlated wvave-off, applying maximum power with landing
flaps ' '
f. landing, from approach with landing flaps through touchdewn,
preverse thrust, braking, end back to idle ’
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Te -4 Sonioc Fatigue

This program will provide masurements to verify atmotural duism for
resistance to sonio fatigue damage. A flight test airplane will be instru-
manted with 300 uniaxial strain gages and data teken at various thrust set-
tings and flight conditions in order to establish the magnitude of vibratory
stresses throughout the airoraft. Strain reasurements will be taken on ¢
flaps, a.ileron, wing leadins edge, pylon, nacelle, empennage, main landing
gear poda. aft oargo doors, and fuselage. The flight test program for sonio
fatigue will include both ground tests and flights. :
T.2:4.1 Ground Tests :
A oomparative study has shown that most of the sonic fatigue damage to
aireraft structure will occur during engine cperations at high thrust set-
tings. Therefore, the major portion of the program will be the engine
ground runs for strain measurements. It will be necessary, however, to
supplement these tests with flight data to obtain a complete dooumentation -
of vidbratory atresses. Magnetic tape recordings of strain will be made for
the following ground test conditionss
8. Contimuous power sweep from 1d10 to takeoff
b. Takeoff power, flape retracted
o. Takeoff power, takeoff flaps
d. Normal engine reverse thrust,
Te2.4.2 Flight Tests ‘
The flight tests will consiet of inflight strain measurements at oritical
loocations determined by sonio fatigue am.’l.yais and ground test results.
Megnetic tape reoordings of strain data will be teken during the following
test oomditionss
a. From just prior to “rake release through tekeoff and normal climd
to 5,000 feet terrain olearance at approximately maximum takeott
gross weight. '
b. Four airspeed-altituie oombinations whioch will provide data at
maximum dynamio pressure, meximum Mach number, maxdimum crulse speed,
and during inflight thrust revecse, : o

landing flaps

b
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Te2.4.2

Oe

d.

(. o APPROVED J.S.Gibson 2-7=66

Flight Tests (Cont®d)

In the landing oonfiguration, just prior o touchdovn, power will

be inoveased from flight idle to takeoff to simulate a wave-off -
oondition. The run will continue until approxirately 10 lm
after normal retravtion of gear and flaps., This test will de
conduotod at about the maximum landing weight, '

From just prior to touchdown through maxirum reverse thrust after
touchdown and bedk to forward idle power. Touchdown speed will
be asn required for maximum landing weight. '

In the airdrop configuration, at he'avy gross veighi‘:, maximum per~ |

migsible true airspeed, and approximat:ly 1,500 feet of altitude.
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It is oconoluded that the program described herein is sdequate to define -
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the protlem areas and provide analyses and tests to substantiate the
airoraft for mesting the design requirements of MIL~A-8870, MIL-A-8806,
and the detailed requirements outlined in CP40002-1A, CP40002-2A, snd
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