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1.0 SUMMARY

The U. S. Army XV-5A Research Lift Fan aircraft was investigated
during its initial design stages to predict the vibration and acoustic en-
vironmenrts associated with full power operation of the two engines and
the three lift fans. The highest corcentration of vibratory energy lies
in the area immediately aft of the tailpipe during the conventional air-
craft take-off mode, and in the area under the wings during the vertical
or lift fan take-off mode.

Environmental data obtained from tests conducted at NASA Ames Research
Center showed that the maximum expected over-all sound pressure level
(SPL) in the near field during operation in either lift fan or conventional
modes will be approximately 133 db. Calculations of material fatigue

life indicated that no structural failures would occur during the design

life of the aircraft as a result of the near field acoustic environment. Of
the panels investigated near the areas of maximum intensity, the one

with the least expected life was calculated to be at least 2.5 times the
aircraft design life. The interior cockpit SPL resulting frem vertical
take-off mode is expected to be within the guide specification MIL-A-8806
according to the data taken at Ames.

Vibration levels associated with non-afterburning fighter aircraft do not
vary significantly as a function of weight or size, and levels obtained from
the Century-series aircraft do not show large amplitude displacements

or high acceleration values. Therefore, estimated vibration levels on the
XV-5A solid structure will probably not exceed * 3 g or 0.55 inches double
amplitude displacement, whichever is less, for all flight conditions. Vi-
bration amplitudes occurring during steady-state conditions are not ex-
pected to exceed 0.0088 inches double amplitude displacement or £ 3 g,
whichever is less, In addition to the above conclusions, for purposes of
completion, the criteria for the XV-5A vibration qualification test is in-
cluded herein.
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2.0 INTRODUCTION

This report is a summary of vibratory and acoustic investigations
used for the design and selection of reliable structures and equip-
ments for the U.S. Army XV-5A Lift Fan Research Aircraft. The

X '-5A is a vertical take-off and landing (VTOL), two seat, twin-
engine, turbojet powered aircraft. Propulsion for VIOL operation
is accomplished by thrust augmentation using three General Electric
1ift fans,

Data presented generally describe the vibratory and acoustic
environments obtained from certain Century-series aircraft, as well
as the results of ground operation of the two General Electric J-85
engines (without afterburner) and the three lift-fans. The ground
operation data were obtained from static test bed operations at
NASA Ames Research Center, Moffett Field, California.




3.0 DISCUSSION

3.1 ORIGINAL ESTIMATES

An estimate of maximum environmental acoustic noise and vibration of
the primary aircraft structure was made to aid in the design and selection
of reliable structures and equipments for the XV-5A aircraft. The basis
for these estimates has been included.

3.1.1 Original Estimated Vibration of Primary Structure

The significant vibratory energy that will occur in the XV-5A aircraft

can be divided into two classes, sinusoidal and random. Sinusoidal vi-
bration will occur as a result of inherent unbalance that exists in all ro-
tating equipments, such as wing and pitch fans, engines, electrical power
sources, etc. A random type of vibration will occur as the result of
structural vibration modes that are stimulated by aerodynamic turbulence,
take-off and landing shocks and acoustic noise. This type of vibration
consists of quasi-sinusoids whose amplitudes vary in a non-sinusoidal
fashion,

Extensive vibratio: data are not available on aircraft of similar gross

weight. However, observations by WADC Environmental Laboratory per-
sonnel, (Reference 1), indicate that vibration levels do not vary significantly
as a function of aircraft weight or size. The predominant frequencies of
vibration may vary, but in general, similar amplitudes of vibration can be
expected for the same flight conditions.

Vibration levels measured on Century-series aircraft were plotted and
evaluated with regard to flight conditions, (References 2, 3, 4 and 5).
Interpretation of these data is based on the lower performance require-
ments of the XV-5A aircraft.

The smoothed response envelope of the maximum vibration levels esti-
mated for solid structure of the XV-6A aircraft is presented in Figure 1.

Estimated vibration levels of solid structure do not exceed *. 3g or 0,55

o S

—N

RY

AN AR CAD1INALE



™ ¥

- - 1%
G RN 64B105

inches displacement double amplitude, whichever is less, for all flight
conditions. Vibration amplitudes occurring during steady-state conditions
are not expected to exceed 0.0088 inches displacement double amplitude
or  3g, whichever is less.

High amplitude, low frequency vibrations result from transient conditions
associated with take-offs, landings and gusts.

3.1.2 Original Estimated Acoustic Pressures

The extreme acoustic pressures that are expected to influence aircraft
structure will occur during take-off conditions. Vertical take-off will
provide sound pressures that are the result of wing and nose fan operation
in addition to noise generated by the high velocity gas driving these fans.
Conventional take-off will produce high acoustic levels as a result of the
shearing of the jet exhaust, issuing trom the tailpipe, with the surround-
ing air. Estimated levels representing both conditions are presented.
However, as noted in Section 4.0, these uriginal estimates were con-
siderably higher than those actually obtained from ground test of the com-
plete propulsion system, and therefore subsequent calculations were based
solely on the ground test data.

Measured sound pressure levels (SPL) resulting from the operation of a
full scale wing fan driven by a J-85 engine (Reference 6) have been modi-
fied to simulate the XV-5A vertical take-off mode of operation. Estimates
of acoutic levels resulting from a conventional take-off are based on data
measured in, or near other aircraft, (References 7 and 8), and modified
for difierences in engine characteristics.

Figures 2, 3 and 4 present respectively, the original estimated octave
band sound pressure levels as a function of vertical or normal take-off
conditions for the wing trailing edge, lower empennage, and the fuselage
area adjacent to the cockpit. Figure 5 presents the original estimated
cockpit levels for the two take-off conditions as compared to the target
Specification MIL-A-8806.

The estimated octave sound pressure levels indicate the aircraft will ex-
perience the most extreme pressures during vertical take-off. “mpennage
structure will be the #ole exception that will be influenced more strongly
by pressures that occur during normal take-off. Noise produced in the

lift fan moce will contain many discrete frequencies that will occur in the
three highest octaves. In general, the estimated levels are quite low and
will probably cause few problems. Possible exceptions may occur in the
event a particular equipment resonance coincides with the discrete fre-



quencies produced by engine operation.

Cockpit levels appear to be below the guide specification MIL-A-8806,
with the exception of the four highest octaves occurring during VTOL
operation. Conformance to the specification can be effected as required.

Cockpit noise estimates are based on an adequately sealed enclosure that
restricts direct entry of external radiation. An increase in the estimated

levels would result if this condition were not met.

3.2 GENERAL ELECTRIC LIFT-FAN NEAR-FIELD NOISE DATA

A noise measurement survey of the General Electric lift-fan system de-

signed for use in the Ryan XV-5A aircraft was conductea on February 3,

1962, at Moffett Field, California. The test set-up simulated the XV-5A
propulsion system. Results of the near-field portion of the measurement
are documented herein.

Data was recorded at four near-ficld microphone positions (locations
given in Tab!e 1, and as shown in the attached photographs, Figures 6,

7 and 8)., The microphones were Altec 21BR150 in Positions 1 and 4, and
21BR200 in Positions 2 and 3. Data was recorded simultaneously from
two microphones on an Ampex 601-2 two-channel tape recorder. Acoustic
calibration was made by means of a General Radio transistor oscillator
and calibrator speaker. All microphones were equipped with Altec 170A
wind screens, however, wind noise may still have been appreciable.

Data was reduced in 6% bandwidth (1/12 octave) by means of a Bruel and
Kjaer type 2107 frequency analyzer. Measured sound pressure levels
(SPL), including response corrections, are given in Table 2 for the fan
fundamental frequency and all identifiable harmonics. The measured
near-field SPL's include the influence of the reflecting surfaces in the
area (test vehicle, pavement).

Some instrumentation difficulties were encountered during the test, as
noted by the presence of gaps in the data of Table 2, No spectral plots
of the acoustic data were available for inclusion in this report.

3.3 PRELIMINARY ACQUSTIC FATIGUE ANALYSIS

An analysis was made to avoid the possibility of wing fan damage that
could occur from the ingestion of material, failing as a result of sonically-
induced structural fatigue. Panels located in areas of maximum environ-
mental pressures, (those adjacent to the fan) have been examined.




A semi-empirical analysis was pursued in the absence of available test
data relating to identical structures. Initially, panel frequencies, and
environmental acoustic pressures occurring at these frequencies were
determined. Fatigue data resulting from the exposure cf similar struc-
ture to acoustic pressure was utilized. These data were then used as a
basis for determining the fatigue life expectancy of the proposed struc-
ture, by calculating the panel stress as a ratio of the known panel stress,
considering the difference in panel sizes, thickness, fixities, and
applied acoustic pressures at the fundamental panel frequencies. The
expected fatigue life was determined by applying the stress ratio to the
relevant S-N curve.

Environmental pressures used for pusposes of this analysis are measured
values, (Reference 9). Calculated panel modes lie within the frequency
range of the maximum acoustic energy. It was assumed that 133 db

would be the most extreme sound pressure level (SPL) existing at the panel
mode which would produce the greatest panel stress for 200 hours. Stress
ratios were calculated for flap, aileron and outboard-fan panels, relative
to the stress occurring in a similar aircraft type panel, from which test
data are available, (Reference 10). Consistent with previous experience,
a linear pressure-stress relationship was assumed. Complexity of the
forward panel, inboard and adjacent to the fan, necessitated a somewhat
different approach. Static load-stress calculations, (Reference 11), were
utilized and modified to account for a dynamic load factor based on esti-
mated structural damping of 2. 5% of critical damping. Absolute stress
levels were estimated based on a maximum SPL of 133 db. Panel life

was estimated in each case by applying the calculated stress response to
the appropriate S-N curve. The most critical configurations selected in
each case were:

Aileron Panels

Panel Size - 6 inches by 12 inches

Material - Magnesium

Gauge - .020 inches

Assumed SPL duration - 200 hours wing fan operation

Magnesium is unstable and prediction of fatigue life is unreliable when

oxidation occurs. Estimated service life of the panel is approximately
2-1/2 times the aircraft design life.



Flap Panels

Panel size - 6 inches by 8 inches

Material - Aluminum - 2024

Gauge - .025 inch

Assumed SPL duration - 200 hours wing fan operation

Estimated environmental skin temperature - 375°F

Estimated service life of the panel is approximately 30 times the aircraft

design life.

Skin Panel, Forward and Inboard of Fan

Effective panel size - 6 inches by 17. 5 inches, chem-milled and waffle-
stiffened

Material - Aluminum - 2024

Gauge - Waffle . 035 inches - waffle ribs .25 inches - stiffeners . 10 inches
Assumed SPL duration - 200 hours wing fan operation

Estimated service life of the panel is approximately 25,6 times the air-

craft design life.

Skin Panels Outboard of Fan

Panel size - 8 inches by 24 inches

Material - Aluminum - 2024

Gauge - .030 inch outboard to .060 inch inboard

Assumed SPL duration - 200 hours wing fan operation

Estimated service life of the panel is approximately 29 time the aircraft

design life.

3.4 VIBRATION QUALIFICATION TEST

As a basis for insuring reliable operation for the desired design life, all
equipments (including sub-assemblies on resilient mounts which are attached
directly to engine or primary structure of the XV-5A aircraft) to be quali-
fied, shall be qualification tested as described below.

The following procedure shall be repeated with vibratory excitation applied
to each of three mutually perpendicular axes of the specimen.



The specimen shall be attached to a rigid fixture capable of transmitting
the desired amplitudes of vibration. A search shall be made to establish
specimen resonances in a frequency range from 5 to 500 cps. The applied
amplitude of vibration shall be below those indicated on Curve ABC, Figure
9. An additional frequency scan shall be made (in the same frequency
range) while the specimen is performing its design function. Amplitudes
of vibration shall be 50% of those indicated by Curve ABC, Figure 9. The
rate of scan shall be that specified in Figure 10. Malfunction of the speci-
men, as defined in the design specification and occurring during this por-
tion of the test, shall be considered as failure to qualify.

The one or two most extreme specimen resonances, as determined by ihe
preceding frequency scan, shall be selected. The specimens shall be
vibrated at the chosen resonant frequencies, at specified temperatures,
for the periods indicated in Tables 3 and 4. Amplitudes of vibration shall
be those indicated by Curves ABC and A'B'C, Figure 9.

In the event that no specimen resonances are present, the specimen shall
be vibrated at 42 cps and 287 cps, lift-fan and engine rotational frequencies
respectively, for a period of 30 minutes at each frequency. Amplitudes of
vibration shall be those indicated by Curves ABC and A'B'C, Figure 9.

In addition to the previous tests, the specimen shall be vibrated under these
cycling conditions: the frequency shall be cycled from 5 to 500 and back to
5 cps in 15 minutes at a logarithmic rate as shown in Figure 10. An applied
double amplitude of .012 inch, or an applied acceleration of ¥ 4g shall be
employed, whichever is lower. Cycling time shall be as specified in

Tables 3 and 4.

A thorough visual inspection and a functional check of the equipment shall
be performed at the conclusion of the '"cycling" portion of this test. De-
terioration or change in performance of any components which could pre-
vent the equipment from meeting service requirements shall constitute a
failure to quaiify for service on the aircraft,



Ty

T
m
I

I

;' I
J
‘I
i

1
1

|

!

?H
i
il

ABDE - Transient Flight, Take-Off 71

CDE - Steady State Flight

= e e e e e e ey e o e i 4 \

" = T ———rmr—r — L PR T S TR

s ST ——— — 2 Tl ST . M M .

= = =l e r Ra S S

< - - T S T 13 - g G . —
e R [-EE- - 2= 2 A g 3 ] I I -

= e B e el ) LS - + . - B et

oo gy o = i e SRR : i Y .

P S = A, sy ) ity 3 = B B

o ooy e ) o sl (s e - B IE
T e T & &

pan ¢ o - s S cap—— - W !

= .- S— = == =1 '

- —— Rt [P GRS S G .

— - = | SN

S el e s e e

*

PO Sy G
o o g
1

i

B

RS Sant Aindd Latii ikt hang o hahtd Mt Aok A8 ot RERRSRERSD SantShAdR SRS A0 L ASD ANLE MAM I

=*
= e $2—
3 -—
- =
= -~
= = ;
) B E
A .
'
y
] : 5 =
2 . -
ks :
=
4
z : z
s —— : :
EERE — C
R SR e = =
R 1
oy - . : 5
w.!%”m' . 5 5
il [ —¢ —mta—] . 5 5
[ . — .
SR B 7 ; : !
[ R 1 o= ' . .
I . ! i
_v7u 3 i 3
3 ST | i
: - _
- il B !
Hpra ey : 3
Bl EREEN ; :
ol . i ;
I 5 z :
L i . q-" A
IR g : :
IWEImET g B i 3 :
i ety S SRS i g i
3 RS T ! i :
SR (et e P P o
SR ol Ca oy oG i Y =3 : L=
A T = = 3 4 : +
_ =
5 &

10

(IANIITINY IT900Q SIHONI - INIWIDOV1IdLSIA

500

100

10

FREQUENCY - CP'S

Estimated Maximum Vibration Environment

Figure 1



23p3 3uljrea]l 3uip - SaINSS3Id O1ISNOOY 3AROQ pajewlsy g aandig

SdD - SANVH JAVLIOO
| n) T ! Y T !

000°0T 008 ‘% 00% ‘e 002 ‘1 009 00g 0ct

T - . l ___ T T
s s .”.u_,.m._.r...“_nmu A3 80000 15 I 12 05 00 O S5 M L R SO SO i ] 1 | ) s e LA i
I | - i O ! : W ety SRR DSBS, Rt SNcER-] ISR SRTRRE R B SRS e
i e o RS SRR RELER -_-._y:: OO T | T
= P PR ERS R ..1-.1...1._...41 reEr — ..I..Trh_ _ — ’ ._. - ._. mmrprrmmd e e ] e — ———— |..._r...|.... cr g rm w- - S T —— *
i e e i e n.._..lnl. e i i e I“ll.-|-|| ity e o e s B g o .
e e e TR e el & e E T Sk B o |.__||._r4||... :_. e e ) s
T e S Sesamam e S S RemE
- L O et - 4u. ..".... R el T —t nama q
EEETE WS St PR P SR T B ) Ry T (R St H DNGRRE e G SN R O S (e R
| T T Bl H Bl SN R (WS ) L M, sz T | O O (| N,
ISl e A G DBl IR D TR e ERSNG Sl I E i S 1 S ) CAFSON, (PR RTINS ol RS FEGEs Caa iy (R |
! : 1 _
S - e SRR iR (R IS (S [PORSe (IR Rt IS g dl.+..|....||l|.. o [P (R BEACRT e sierlll R R T I . P
L d H 4 TP :}
L i Ml i e e i tansafwrs fenw oo ow wow—- I-.-I.J-.rl._.rlwlnl.“_lll|r.| TN AR P rnf..l:l.l.l..l..nli i i . i ey e .
A 1L BRI U ] S 100 ol 0 ol S | LV IR Moyl OPEN] MR I MRS PR R s St Eei s Rt el
51 O ) ST AT SR ek B 51 B ) B 0 g b 1%1 R S Laan R Rospmee
ke, IS KT i - i o S N (I S e, | W |l -1
= i i e agh
o s Sl P L | S Pl e T ) 20T (N Y 4
L it S R ey [t el ol Mo i Zrilies R ey
IS MRS st M S L e S e 1D .-1|_..1..11. RS AR B O e HEE \ e
L O et T N A O O S LS o Sl LS A
1 = re : _ o 2
G W A IRGIRE EOS L | S S S ST, TSN RG] DRI | EPPI (- PG I 1 -
e et e e e s e ot Y et S e e £ L
e e Sl Pl Bl EAERRLEE: b — 1 . I an i e PR SIS Sa—— - - = - —— | Emh LSS
.. i_ﬁ pe R JI|||.1.._.|.II_I.I.F.| .I._ S ! - e frmas .|||._r‘.l.* = hul..l-l-l
T T e S e - TR P B (T, -..1...“\.3.1._._._..-._‘
= £ B |5 .!-nlr_l...nl | W e lll. P i - i e
T e B A = — T e = ‘# ..1._.||
- b - - e S s =i WSSEE— —
Jll.. g lt.l _ \ _ )

e et e - i S SISO -

ki v s

i - i e — [ et

L
+ 19A3T 3IMS$31d PUNOS [[V-I9A0 - 'V O — 11—
_H
I

O— =— = = HO-EL EE.HGZHH.._-
O

S -

—_— L.

— o o o = ={] JJO-3NEBL [EOII3A

L 4 COTHHO mmw o

10

UVHOUDIN 2000°0 HY qp - "TAAHT HTUNSSHUA ANNOS



[r—
000 ‘01

008 ‘¥

002 ‘T

a8euusadwy Jo aseqg - $9INSSaId I1ISNOIY IABIOO PIajBWIISH

SdD - SANVHE JAVLIOO

009

€ 2In31 4

il

i
e

o0l

]_I. — e ey - "
- - - - T_..- -+.r - LllﬂlLl
o = e N T SR S TR
% sy R e 08 e ] il
|...#| = g sl i e e = s s ki L ._..
AN o R I RSN N el U HrmAt | e R 1
2 i B s e vt s = 9 e iy
} _*. . - S e Sy pil‘l_.h.
S T ] S i Ak P (M o e s o
4565 e s s Bl 1o s e ST I S e
¥ i .
) ) i o s e | g i B .
T : Fad
I D A 5 M 1N M Vo o= R Ot (ROA et
B 0 S By et i bt e b B S 3 s
W A I e ol 3 ) e bt
i y

..............

e
: :
! re ! .
P . o S ) | A S i
.

5 s (e e s i Tt B smtmentin (e O e R o

i AR 1 1 - e et G =i 0
4 5 S o i b ey

R -.;vr.,.!wpl||-| -.wl.l-- P ettt (R | EvERSE W i S IR T N [ -

Ho11

el

e o oo e e e e b pem | S—— -
e FIRLE |ﬁ.r._._._. -_J..-Uuur.rlru o——— - s
€ ) e (ol s G st 1 Eats sir L beetnt Eppandl oo Lt v el (50 Kool e B ook ke
...... ST R MR ey -.J.IIIH..J.... e T e i i
- — SRR A -.r..ll..llll_wll.lll l.ll.d ..-II.‘ .‘1 ¥ & " - T -
B S S5 X0 STERE 5l ok g s SO il i i | " AN 1 D [ B
90 S50 Eio BI04 il Yo o8 1 0 5 T R B e e 0 B
S5 B 0 ot el RS U R (R S 0 o e B B e i e i bt o ot B ek
i s jresipav [2A2T aanssaldd punog [[V-JaA0 - 'V () ——=— o -fe-- -

O— — =— =0 }0-3Yel [ewioy
[ == e e e = [J JJO-24EL [EDLIDH

0gt

AHNOSSHYd ANNOS

KRB LS S PAVC I |

HVUOUIIIN a000 70

11



31d00) 03 juadelpy ade(asng - S3aINSSIIJ I[ISNOJY IABIIQ pajewlsy F aam3ryg

SdO - SANVH JAVILIOO
I T ! T T T Y Y )
000 ‘0T 008 ‘v 002 ‘1

&
G _ ..............
A (- o
s N . (— ﬂm
i £ PRl el e KRR Lt bl PR BAE S S RS T 100 6 I 15 om 1
i
. - |l|l.l...l|.”+d-|. “
Y S il Y
ol BN R BT 2
el I L
Db Ll
T 1

e .m _I T r
h..l_ 5
et
- T
et r"l_, ....._..._, g T
! [BE: ﬁvH‘H
| EREB :
.“... ifiy 111 1 | ‘“
NN IR L |BENE IR 3 [z I..r“ t i I e, ) = T
J E0EA & L T B R il } ey
R [G 4E01 FORD8 LI ITILI BT 500 A ok een o SR RIBE 5 50 R S e 0
- Lela gl i 1 _. 1 + i .__. ﬁ]«rul ._J. —- " l ._..._. . . s |
i _ w_ _:: g L__ I g I 261 §RAS3 BT ; S S W = 0zl
N IR0 B RB AT MO DR S5 i @ s s = : : wiod saves [
i 1 (109 EB0N fond= 1290 . DUTRENN rHH i TS R S SRETE i I
1S5 L3R s AEREE T F— :
8 4 e Y it [9AF] 2IMssald PUNOS ([V-13A0 'V O |1+ e
I M Y VA3 i T [ O= = == = BO-3YEL [BWION o T "._" 1"V "0 -
: a— e : O = == = = == ] JJO-3YEL [ED11I3A ._ i DL AT

12

UVHOUIIN 2000 °0 JH 4P - "TAAAT JUNSSIHd ANMNOS



JIdY00) paso[D IpISU] - SIINSSIIJ OIISNOOY AR PNBWIISY G aan3rg

SdO - SANVH TFAVIDO
1 S ! ! 1_ T T — T 1 1
: 002 ‘1

R [ Y bkt i3 :
SIS Tt B .!r._... THH T ] r oo .
i B e ll_..r H H ..“. ] + 1 1 “
A 0 T == I 1 T T _
T T : _ ]
FLER P Tﬂ. ._|r._l_. -4 t | m : .T_”...;.H -.r....m T ot Y S 4 - | e P
Sl s ...-...r..-_’! PR ame Wisl tasts Son ; _ N _ _ L - - - T} RESETR] TR
o (e, BN AL FE AR | T PR [ . BN - - + + Fe s, P s T s L - - y i et b e e
s e | v —— _“. ..rf._.luul.-... __.L-l.._. .“.r__. _.m-.. .ul .._ _ _— Trl_ A ——— I — - — ._. : _. - i et e
] | W N W L I |
e £ I ENENE G, R ; Lyl |EEE S e : : R e T B 08
T T 1 ! ] v T]
s . ok + - T ”.111|1I ........ =Jl_..|. g . = e By e enoren el i, i e
- — m h.._l....pl._.i.vl..___._..I-. -_.—:_.I*l._..Ill. B - ——— e R .T..I s e
P P LD L e 588 AR £ + A=ty —t
5, K3 4 FNEYY DEES 318 7 11111I".|.H- : 3 ; <% s
| B | g i ; | | ' ]
SN PP P N —— - _ : = - ; - - - e - ——
O P T M : “ L:.T. ! g 4i FIELSS S 1 S Sy 0 S S SN N SRRV SIS VR O e N O -4 — I.t_.ur.l : ; 31 +
brae fmnn - s = - - — 4 — = SNSRI T T . i
Bal ERE BEE B et - — - q [ . _
A ST B P ; w ?P R ) B S [ 0 ) SRS W 1196
S 21k ' .q._r : 1 s L.F m i ] S - : i53 a8 L b ] Iwﬂl.til-.--...!:..: SRS T B
oo e fenn e = 4 . ' 2 E8RE A — - - - b — _,_.
Ji} AR — _ . 5 —+
s 7 VoY

B
=]
—

|
\
-+

e f =

L

]
= e
— =

T 1.1 e W .‘ BO—24e]l [ewiIon 7T T3 PEEE R
O o e e e ) JJO-34EBL [BO1IIDA

o L i 71 1 11
_ -t 501 LSS0 BREm e ]
— 4 —— 288 ASETE WE MmN
T 1 58808 e : T~ ERE — 1 B K Iee -
K1 B ! B L SR P2 il R _ T = + 388 =+ rt+
IS RRINNINILISIEE B n 2] T _ u
t 1 ESAEER D i [ J T
| = - ' (5641 ITENE BN NEY . ; &,\n ! —+—1011
L N [T N S50 R 0N ) e ] _ i il i
il T LR N 1 TRl TRad BE1 0 111 | 1 B S ; : h!...l.lnl_'F H,_ _ 1 ~+t -t _
S 00143 I US040 JAN NS mE M, g BEEes BaREE . ok s nan smm! —
| il [ T B ! | LA \ 0 i T BE - H
T E 0 TP [9A9] 2InSSald punog [[V-I9A0 “V °O . N BV : M
etk L __ i 1ER B 1 T B e Jﬂuﬂulu._.u_.._ s 3
._._ { -
T

—
S 14+

021

<

o
(o
1T

13

HVHOUDIN 2000 0 JH 9P - TAAAT THNSSIHUd ANNOS



SOWY-YSYN 18 1S9 pPunods) 91I309[5 [BI2UID) :u013ed07] duoydoIdi|y

9

2an3d1 g

14



“ u — o . uo —.m . . .

ol . Wy

15



SOWY-YSYN 1B 1SOL pPunods d11j09[7 [BIdudD :uo1jedor] auoydoddiN § 2angrj

16



(FAQALITINY ITE20Q@ STHINT - INIWIDV1dSIa

~ W IHrl; ,Itl T lJ.l. .ﬂl”ﬂull:nl»ll. I.Iklollq.?bﬂ..rllll B i 2 b e
TR S e e
" o o s =0 LS Lt 5
—t 9 oyt b PRy N Mt U i o o
-2 > 2 3
t I 2 B T TR T N R Y, '
i I = 8.5 S ra I i =
S 8=
Ll S B o (o loc e e~ Ol o T e
[ S S B - e e e e i e P
T 2 2 F-F= = DT O F R
- P e T R S — ) e e § —— o
TR I P T PR g ety - | N
[SEEE N ' ‘- e i
| i - '.N -—— ’ —_— - ——
-t &8 = A — C e—————
MA. = W, jE—— =Y s — s e —
2 2. v = I
! >~ mm ‘ ' [ — = =
. 2L - ——zpt
b 2 =3, (S e
HEE =
|9 = o - - -
z 7!
TI = .- - - .
L == . ; P i
t = ' . H ]
—_—— 3 i :
A : P
_— I — 3 3 :
C o 1 EY SN o ==tk T
— ! D I - S 3 o H q
L SIS b . . Tl . * 5 g 3
T3 V.\, = h T J T — . . I
R I 4 . == l 3 = L =
€l e Lk § = 3 \ N e ~
' B H B : =X 5 H L—w
I A Col ] it - :
ﬂ ¥ ? : : - = -
| -1 H * G 3 H s g - :
mllul 2 ¢ - -
=B, R N g g : :
s mu 5 3 = > A . s
L s g ..\l.... 3 ; . . m
1 - 4 r— k —
. ' e : . ol [ ——— :
TN T oo o !
] = - i - - i N
stoml o o0 e . = E _
s A ) 4 - o R o e
—a o ; "
— - I 3
. . - - . - o .
It iy E : t 1
{ K H 1 Ly - y
- i B R “h
BT A 3 i — : i1
HELY O S S o - - . a N 1
N1 : e T -
i Kk i e - i T e
g e —— =
O SR ) -4 S - < - . =
O A O ¢ g e e (O il sy — - e B = -
DR, I 4 v e o & o - - - - o] o
—r—r—r— a2 - - — -
Ol = : ) . £ } .
ST a i A P — - e ., o A
il o o . t i — P R Sl
(R S R e P s N e Y s i =
S e R Tl =l . & LA e -
R e . ST —— = e
0l | RO TS [ iiom, o Claietgl] g el - i T e . - e e =
IR A i Sl - —_— e a——p— - R = = =
=Y = 3
. = = =
— b4 .

H11]

FREQUENCY - CI’S

10

Figure 9 Qualification Test Vibration Amplitudes
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TABLE 1

NEAR-FIELD MICROPHONE LOCATIONS FOR GENERAL ELECTRIC

Position

GROUND TEST

Location

1 ft. above fuselage,
15 ft. forward of fan and (between snorkel inlets), and on

aircraft centerline.

3 ft. below fan (on J-85 engine centerline),
6 {t. forward of fan centerline, and 1 ft. inboard of fan

centerline.

1-1/2 ft. below fan plane,
4 ft. aft of fan centerline, and 1-1/2 ft. outboard of fan

centerline.

4 ft. above fan plane,
18 ft. aft of far centerline, and on fan centerline

(laterally).
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TABLE 2

SUMMARY OF DISCRETE FREQUENCY FAN NOISE

Sound Pressure Levels RE 0.0002 Microbar Approximately Corrected Data

Fan Fan Frequency Microphone Position
cps rpm (cps) 1 2 3 4 Remarks
11,25 675 120 - - - 92
400 - - - 92
800 - - - 84
1200 94 - - -
1600 97 - - - Idle: 15 cps (925 rpm)
18.5 1110 660 - 122 110 -
1320 - 117 118 -
1980 - 118 119 -
2640 - - 109 -
23.2 1390 830 - 115 124 -
1660 - - 113 -
2490 - 113 117 -
3320 - - 112 -
28.5 1710 1025 110 121 127 108
20560 101 115 125 103
3075 104 - 121 104
4100 101 - 122 101
31.7 1900 1125 - 126 127 -
2250 - 122 126 -
3375 - 118 123 -
4500 - 117 122 -
35. 2 2110 1250 - 126 131 -
2500 - 120 125 -
37560 - 118 124 -
5000 - 115 120 -
39 2340 1400 - 124 133 -
2800 - 124 129 -
4200 - 121 127 -
5600 - 117 - -
41.7 2500 1500 - 124 131 -
3000 - 121 129 -
4500 - 118 123 -
6000 - 117 - -

T.O.: 44 cps (2640 rpm)
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TABLE 3
VIBRATION TEST SCHEDULE

(Times shown refer to one axis of vibration)

Number of resonances 0 1 2

Total vibration time
at resonance* 60 min 30 min 60 min

Cycling Time 120 min 150 min 120 min

*30 minutes at each resonance

In the absence of any resonance, vibrate the specimen at frequencies
of 42 cps and 278 cps for 30 minutes each.



TABLE 4
TEST DURATION, TEMPERATURES AND VIBRATION AMPLITUDES

Number of Resonances =0

+68°F -65°F +160°F

Resonance ABC 8 Min 8 Min 8 Min

A'B'C 2 Min 2 Min 2 Min

Cycling 40 Min 40 Min 40 Min
Number of Resonances = 1

+68°F -65°F +160°F

Resonance ABC 8 Min 8 Min 8 Min

A'B'C 2 Min 2 Min 2 Min

Cycling 50 Min 50 Min 50 Min
Number of Resonances = 2

+68°F -65°F +160°F

Resonance ABC 8 Min 8 Min 8 Min

A'B'C 2 Min 2 Min 2 Min

Cycling 40 Min 40 Min 40 Min

NOTE: In the event a resonance occurs at a frequency such that the

amplitude of vibration is the same for curves ABC and A'B'C
the total test time shall be expended at the single amplitude.




4.0 CONCLUSIONS

4.1 ACOUSTICS

The analysis indicates that the proposed wing skin panels will not ex-
perience fatigue failure as a result of acoustic excitation sustained
during the 250 hour design life of the aircraft.

4.2 VIBRATION

The vibration environment of the aircraft is expected to be similar to
that of other jet aircraft of comparable rated thrust. Based on the anti-
cipated vibration levels and the relatively short design life of the air-
craft, components that may be subjected to significant oscillatory load
should be investigated for fatigue on an individual basis by the design
group involved.
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