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FOREWORD 

This technical note was prepared in the Environmental Criteria Branch, 
Environmental Division,   Directorate of Engineering Test,  Deputy for Test and 
Support,   under Project 1309,   Task 61565.   The project engineer on this survey 
w^b Mr. Charles E. Thomas of the Environmental Criteria Branch.   This tech- 
nical note is one of a series prepared from data of programs conducted on opera- 
tional aircraft by Environmental Criteria Branch.   This survey is the result of 
flights made from July to November 1956,   The information acquired from this 
effort was submitted as raw data to the requesting agency upon completion of the 
tests, and is presented formally in this report for the purpose of wider distribution. 
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ABSTRACT 

The JRB-52B aircraft was surveyed to determine the vibration environ- 
ment existing throughout the vehicle under all flight conditions expected in service. 
Approximately 34,000 data points were obtained from 26 separate locations on the 
ve.'.lrle during 7 test flights.    The data obtained were evaluated to determine the 
adequacy of vibration test requirements fur long range bomber equipment con- 
tained in MIL,-£-5272A.    The data indicated that the vibration test requirements 
of that specification were unsatisfactory to simulate the actual environment exist- 
ing on the JRrU52B aircraft.    The revised requirements are contained In Specifi- 
cation Nr.   MIL-E-5272C dated 13 April 1959. 
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SEC HON 1 

INTRODUCTION 

There is a deficiency of necessary data  available  to define  the   actual 
dynamic environment under which the equipment in aircraft and space vehicles must 
ope", te.    This situation imposes a serious problem in the areas of design,   appli- 
cation,  testing,  and use of airborne equipment.    In most cases the lack of data has 
resulted in either:   (1) overdesigning the equipment,   levying excessive development 
cost,   time,   specimen size and weight, or  (Z) underdesigning the equipment to the 
extent of placing dependability and  service life in jeopardy. 

To change the complexion of this existing problem,   Environmental Criteria 
Branch,  Environmental  Division,   Directorate  of Engineering Test.,   Deputy for 
Test and Support,  has  Implemented  a   com^i-chenslve  data  acquisition  program 
aimed at obtaining vibration data on all available aircraft and missiles. 

This is one of a series of reports which presents vibration data measured 
on the structure of aircraft and missiles.    The primary objective of these reports 
is the dissemination of important dynamics data to those concerned with developing 
airborne accassorles.    The data can be used as the basis for preparing design and 
testing specifications,  for estimating environments on air vehicles in the "drawing 
board" stage,  in establishing optimum locations and installation practices,   etc. The 
data in this report was interpreted only with respect to the specific vehicle (JRB- 
52 B iiircraft) under siudy,   and no attempt was made to assimilate this information 
with existing data on similar vehicles or to present complete explanations of all the 
vibration phenomena involved.    It is Intended that later reports will be published to 
interpret the data and to draw comprehensive conclusions concerning vibration gen- 
eration,  propagation,  structural response,  characteristics,  and the like.    However, 
the tost Instrumentation,   procedures, and data reduction met.iods art covered In con- 
siderable detail in this  report. 

SECTION II 

DESCRIPTION OF THE JRB-52B AIRCRAFT 

The JRB-52B stratofortress,  built by the Boeing Air :raft Corporation, is 
land-based and of the heavy bombardment class designed foi long-range flights at 
high speed and altitudes.    The tactical mission is the destruction of surface objects 
by bombs.    The aircraft is characterized by swept wing and empennage.   Eight Pratt 
and Whitney ,157 Turbo Wasp engines rated at 9290 rpm at 100% thrust are used to 
power the aircraft.    These engines are mounted in pairs in four nacelles suspended 
below the wing.    The engine configuration is clean and free from accessories due 
to the use of an air-bleed system. 



The following specifications are applicable to the JRB-52B aircraft: 

Wing span 185 ft. 
Fuselage 156 ft.   6 in.   (with gun) 
Height 48 ft.   3 in.  (to top of fin) 

The aircraft is in the 400, OOO-pound weight class.    It utilixeH  four M-3 
50-caliber guns located in the aft section of the fuselage, 

SECTION III 

TEST INSTRUMENTATION 

The tost inst nimentatioii comprised the following:   (1) sixty MB Ty^e  124 
velocvty pickups,   (2) one Model 301 Davies  Laboratory Inc.   14-chanr.eI magnetic 
tape recorder,  and  (3) one remotely controlled pickup selector switch.    Generally, 
the pickups were installed in groups of three and oriented to sense vibration along 
each of the three major axes of the aircraft.    These pickups were attached to air- 
craft structure and engine at 26 points of interest.    The   locations   are   shown  in 
Figure  1,   Appendix A.   A more detailed description of the instrumentation is con- 
tained in this appendix. 

SECTION IV 

TEST PROCEDURE 

A total of 7 test flights was conducted during the survey.   Vibration rec- 
ords were taken during all of the normal service conditions,   uuch as taxi,   ground 
runup,   takeoff,  straight and level flight (at various altitudes,  airspeeds,  and power 
settings),   gunfire,  turn,  descent,   landing,   and landing roll.    Further information 
concerning the test procedure is contained in Appendix A. 

The reels of recorded data were edited in the laboratory and each sample 
(approximately 5 seconds in length) was n >liced into an endless loop.    These loops 
were then placed on a Model 502 Davies tape playback system,  and a narrow band- 
width (10 cycles per second) analysis was conducted simultaneously on 6 of the 12 
data channels.     The analyzer used is a Model 510 Davies heterodyne type.     The 
analyzed data were recorded on six modified Brown strip chart recorders in the form 
of a continuous spectrum of frequency (cps) vs. transducer voltage (rme).    The 
data points of interest were then extracted from the strip chart recordings,   tabu- 
lated,  and punched into IBM cards.    Correoponding decks of "Master Cards"   which 
contain detailed descriptive information concerning pickup locations,   flight condi- 
tions,   and source and order of vibration were also produced.    The data,   along with 
the appropriate descriptive information "Master Cards," were then processed by 
means of an ERA 1103A computer.    Both the vibratory double amplitude in inches 
and acceleration in g  units appear in the completed data card.   The data cards 
were then sorted into the desired order and fed into an automatic plotter for graphic 
reproduction. 



SECTION V 

PRESENTATION OF DATA 

The plots discussed In this report are summary plots for each structural 
zone for all of the flight test conditions.    It has oeen found In working with other 
simil <..  vehicles that this type of data presentation is satisfactory for use in estab- 
lishing specification requirements and in estimating vibration environments.    How- 
ever,  in instances where rr.ore detailed analysis of the vibration characteristics is 
required,  it is possible '.o present graphs showing variations of many parameters 
affecting vibration conditions in the vehicles.    For example,  graphs can be made 
showing variation of vibration as a function of the following parameters:  (1) indi- 
cated airspeed,   (2) altitude,   (3) engine RPM,   (4) payload,   (5) flight condition,   (6) 
engine or propeller order,  etc.    Additional plots of this type can be furnished if 
required.    A more detailed description of data handling procedures, data analysis, 
and presentation methods is contained in Appendix A. 

SECTION VI 

RESULTS 

During the 7 test flights a total of 34, 167 data points was obtained.    As 
evidenced by the graphs contained in Appendix A, the data are,  for the most part, 
characterized as being of the discrete frequency type.    The sources of these fre- 
quencies are the high-speed rotor and the low-speed rotor of the J-57 twin-spool 
engine. 

Vibration at frequencies which seem to coincide with those produced by both 
the high- and low-speed rotor appears in the data in varying intensity throughout the 
entire fuselage, wings,  and nacelles.    However, closer inspection reveals that these 
frequencies are produced by items  of  rotary equipment located throughout the wing 
and  fuselage.   These items include such pieces  of equipment as  alternators  and 
hydraulic power packs.    The items  produced not only a fundamental frequency which 
corresponds to their speed of rotation but also quite often produced frequencies which 
correspond to the first and second harmonics of the fundamental.   Frequencies (dis- 
crete)  are encountered in the extreme aft section of the aircraft which cannot be 
related to known equipment frequencies.    These are assumed to be the localized res- 
onant responses of the aircraft structure upon which the pickups are mounted.   Tests 
conducted with gunfire indicated negligible effects in the forward three-fourths  of 
the fuselage. 



The test data indicate that the following vibration test envelope would b»; 
satisfactory fur items of equipment to be used at any fuselage location or on the 
inner two-thirds of the wing on the B-52 aircraft: 

5 to 6 cps 0. 2.0 inches double amplitude 
6 to 15 cps i0.40 g's vibratory acceleration 
15 to 72 cps 0.036 inches double amplitude 
72 to 500 eps             1.10 g's vibratory acceleration 

The envelope for the ou'er one-third of the wing would be as follows. 

5 to 16 cps ilO.SO g's vibrritory acceleration 
16 to 72 cps 0.036 inches double amplitude 
72 to 500 cps             110.0 g's vibiitory acceleration 

SECTION VII 

CONCLUSIONS 

The vibration data obtained in this survey were utilized in revising Spec- 
ification MIL-E-5272C, dated 13 April 1959. 

Procedure XII of this specification is adequate for the B-52 aircraft 
except in the low frequency range (below 16 cps). 

The large-amplitude low-frequency vibration prohibits the use of low- 
frequency v.;bration isolators on equipment on the B-52,    The resonant frequency 
of any isolators used on the B-52 should be in the 15- to 25-cps frequency range 
to obtain satisfactory operation and service life. 



APPENDIX A 

1.     Instrumentation 

MB Manufacturing Co.  Type 124 velocity pickups were mounted in clusters 
at Z6 separate test points to sens? vibration along each major axis of the aircraft 
engines and structure.   The lucations are summarized in Table I and depicted in 
Figure 1.    The Type 124 velocity pickup has the following characteristics: 

Nominal senBitivity 
Usable frequency range 
Temperdture range 

96,4 mv (rms) per in.  per sec. 
5 to 2000 cps 
-50 to 250° F 
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Figure 1.    Schematic Presentation of Pickup Locations 

A typical response curve is shown in Figure 2.   The three-position mount- 
ing blocks used to attach the pickups to the vehicle structure have no resonances 
below 500 cps. 

A Model 501 Davies fourteen-channel magnetic tape recorder was used to 
record the output of the vibration pickups.    The recorder complete with control box, 
shock mount and pickup selector switch was installed in the navigator's compartment 
of the aircraft.   The 26-to 28-volt DC power required for operating the recorder and 
the selector switch was obtained from the aircraft DC syvteiv.. 
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Figure 2.    Frequency Response of M. B.   Type 124 Vibration Pickup 

The recorder was preset for a recording time of five seconds.    The Model 
501 Daviea recorder is an FM type  having  the   following characteristics:   (I) FM 
carrier frequency of 10 KC,   (2) intelligence frequency response of 3 to 2000 cp«, 
(3) dynamic recording range of 45 db,   (4) tape speed of 15 inches per second,   (5) 
total recording time of approximately eight minutes,   (6) weight of 55 lbs. , and (7) 
overall dimensions including shock mount are 10-1/2 by 11 x 21 inches. The twelve 
data-channels have an input impedance in excess of 100,000 ohms.    The thirteenth 
channel has an input attenuation of approximately 45 to 1 and is designed for direct 
connection to the engine-tachometer generator.    The fourteenth channel is used to 
record the output from an internal 10 KC (crystal controlled) oscillator; this chan- 
nel is used during tape playback to control the playback speed by means of a servo, 
and it is also utilized in the electronic compensation of the tape playback and analy- 
sis system.    The recorder uses 1-3/4-lnch wide magnetic tape in 400- to 600-foot 
reels. 

2,     Test Procedure 

A total of 7 test flights was flown during this survey.    A summary of the 
test conditions experienced is shown in Table 11.    The test plan was based on require- 
ments of interested laboratories of Aeronautical Systems Division and on information 
obtained from USAF flight-test pilots.   Data were obtained during all of the normal 
operational configurations which the aircraft could be expected to encounter.    The 
data also include gunnery missions to determine the effects of vibration produced by 
gunfire.    Test conditions were also establi»'.ied which wrmd permit the evaluation 



of variables,   such as altitude,  indicated airspeed,  engine thrust,  and the effects of 
using speed brakes,  gear and other control surfaces at vario'-is airspeeds.    Prior 
tu each flight the test pilot was thoroughly briefed en the desired flight-test condiliuns 
and was given the appropriate flight-test data card.    As soon as the desired flight- 
test conditions were realized,  the output of each of the 60 pickups was recorded in 
successive groups of twelve each;  this was done by means of a remotely controlled 
selector switch.     A total of 1152 records was made during the 7 flights.    The reels 
of recorded data were returned to the laboratory for analysis. 

TABLE II 

FLIGHT CONDITIONS FOR THE JRB-52 AIRCRAFT 

y HHIII AUiliul.' %RPM IAS ALT x lO3 EPR % Thrust 

Taxi 59 30 00 0.00 000 

liruuml  Kuiuip 
With Flaps   KxtiMuJril 100 50 - 80 00 2. 12 - 2.20 85 - 93 

Takeoff Roll 100 100 -   140 00 2. 12 - 2.20 85 - 93 

Takeofi 100 100 -  140 00 2. 12 -  2.20 85 - 93 

Climb 89 -  100 220 - 344 03  - 44 1.90 - 3.00 72 -  100 

Cruise  Normal 76 - 97 205 - 298 05 - 45 0.00 - 3.00 00 - 98 

78 - 95 170 - 235 02 - 40 

88 - 92 228 - 283 30 - 43 

79 225 34 

Cruise  With 
Spi'cil Hiakcb, 
Gear   iiiil/or 
FUps   Kxtemled 7« . 95 170 . 235 02 - 40 1.20 -  1.75 10 - 60 

Cruise With 
Gunfire 88 - 92 228 - 283 30 - 43 2. 10 - 2.20 45 - 61 

Normal Deacent 79 225 34 1.35 10 

Normal lJes< enl 
With Speed Drakes, 
Ciea r and/ or 
Flap» Extended 60-91 H5 - 308        01-30 0.00-1.80 0-61 

Touchdown 58 - 90 120 -  115 00 00-130 0-15 

LandinK Roll 58 - 60 90 -   135 00 0.00 000 

60 - 91 H5 - 308 0 - 30 

58 - 90 120 -  115 00 

58 - 60 90 -   135 00 

r.8 90 00 

86 - 88 208 - 233 42 - 45 

91 - 95 215 - 280 29 - 45 

Drag Chute 
Release r-8 90 00 0.00 000 

Bomb Bay Open 86 - 88 208 - 233        42 - 45 2.26 - 232 55 

Cruise 

Tur julenl An- 91-95 215-280        29-45 2.45-2.80 75-85 

Turn With 1 g 
or Less 84 - 89    227 - 232    4-10      1.29-2.25    10 - 57 



3.     Data Proffsaing 

I he rcc.H uf tapt; were edited and each five-seiond  record w;'S  spli. ed into 
a continuous  loop and  properly  labeled.     1 hewe  records  were analyzed by means of 
a K'odcl r iO !).•.•. ic^ avitomatic analyzer v/lii'h was used in conjunction with a Unviea 
Model SOZ nutf>netic tape playback system.     The complete playback and analysis sys- 
tem is shown in Figure 3. 

Figure   •*.    Aulomatic   Tape Playback and Analysis System Equipment 

'I he   Model  502 Davie ;  magnetic tape playback system had been modified to 
provide playback at either 15 or 30 inches per second.      The tape playback contains 
a  servo-control system which permits playback of tue tape within very close tol- 
er.mces  of its original  recorded speed.   During playback the output from a 11 fourteen 
trucks  is  fed back  simultaneously into  the   fourteen FM playback discriminators. 
The   output  signal   from each of the  li data-channels is a  1 to 1 reproduction of the 
original analog signal.     An important feature of the playback system,   i.e.,   elec- 
tronic compensation,   should be discussed briefly at thi^   point.    During  the  data 
recording   process,     the input ' o the ii 7 tape    track   (channel)   is the voltage from a 



very atable,  crystal-controlled,  reference frequency oacillator contained within the 
recorder.    During playback a portion of this 10-KC signal is fed into a standard FM 
discriminator channel.    Assuming there were no wow and  tlutter during playback, 
the output voltage from this particular discriminator (channel seven) would be zäro. 
Theiefote,   if any voltage were obtained from this channel during playback, it would 
be an "error" voltage produced by wow and flutter.   This "error" voltage with its phase 
shifi.l 180° Is fed simultaneously into the output stage of each of the twelve data- 
channels.   Prior to playback of data, each of the data-channels is adjusted for opti- 
mum cancellation (approximately 40 db).   Hence,  an overall dynamic range of 45 db 
(recorded through playback) can be maintained consistently.   Table III contains a 
summary of pertinent facts pertaining to the Model 502 Davles magnetic tape play- 
back system and the Model 510 Davles automatic wave analyzer. 

TABLE III 

SPECIFICATIONS FC» DA VIES  LABORATORIES 
MODEL 502 MAGNETIC  TAPE PLAYBACK 
AND MODFT   510 AUTOMATIC ANALYZER 

Frequency Range 

Frequency Accuracy 

Input Voltage Range 
(2-poaition switch) 

Amplitude Accuracy 

Selectivity 

Scanning Speed«, 
Motor Driv^ 

Recorder Speed of Reaponaa 

Tape Speed 

Loop Length 

Tape Width 

3 cps to 2,000 «pa 

0.2 cp* from 3 to 40 cp* 
0.5% from 40 to 2,000 cpa 

1.0 volt or 10 volts rmi maximum 

5% of reading or 0.2% of full acala 

Narrow Range - continuoasly variable 
from 1/2 to 8 cps 

Broad Range - continuously variable 
from 8 to 45 cps 

Speed Range 25:1 - continuously adjustable 
Minimum Sweep Time - 15 minutes 
Maximum Sweep Time - 6 hrs. and 15 min. 

2 seconds for 90% full scale 

15 or 30 inches par second 

Approx.  2-1/2 ft. to at least 75 ft. 

1 and 1-3/4 Inch 

The Model 510 Davies automatic analyzer is a constant-bandwidth, hetero- 
dyne analyzer complete with motor-driven, varlable-Iiequency oscillator.    The 
system has tlx separata analyzers and car analyze six data-channels simultaneously. 
Both the  oscillator  scanning  rate and anj'.lyzer bandwidth are adjustable within the 
following limits: (i) scan rate range of 0.3 to 3.C cps/sec, and (2) bandwidth range 
of 1 to 40 cps. 

10 



The output of uhe six wave-analyzer-channeis la fed into «ix modified Brown 
strip-chavt-recorders.    Contlnuoua spectrum plots of frequency (cps) vs. voltage 
(rma) are produced by the strlp-chart-recorders.  The chart speed is servo controlled 
and can be varied from 0.08 inches per minute to 13.5 inches per minute.   The volt- 
age is plotted on a logarithmic scale and the time required for full-scale deflection, 
i. e., zero to one volt, Is approximately two seconds.   A sample analysis of a 100- 
cps wuare wave is shown in Figure 4.   In selecting the bandwidth to be used in an 
analysis of this type,  one must consider the following: (1) the frequency resolution 
desired,   (2) the rate of scan,   (3) the length of the data sample,   (4) the time avail- 
able for data analysis,   (5) the quantity of data to be analyzed.   (6) the type of data 
being analyzed,  and (7) the type of presentation of the completed data.    Based on a 
consideration of these variables, a bandwidth of ten cycles per second was selected 
for these analyses. 

ANALYSIS   OF   100   CPS 
ONE   VOLT   SQUARE WAVE 

BW = I0   CPS 

NOTE:   THEORETICAL   VALUES  OF 

PEAKS ARE   INDICATED 

 I<BB—rtfcj—i*j5—linrrtjb'^ljo—rtiB--*5—Är^—itor-*  
FREQUENCY    CPS 

Figure 4.    Analysis of 100 cps One Volt Square Wave 

Following the harmonic analysis, the Brown strip-chart-recordings were 
edited and voltage peaks of interest were marked.    Each of these peaks constitutes 
a data point.   The corresponding values of frequency and voltage for each of these 
peaks 'vere tabulated and subsequently punched into IBM cards.    Each data point 
was recorded on a separate card.    Then, these cards were processed through the 
ERA 1103A scientific computer at the rate of ninety cards per minute.   Prior to pro- 
cessing each set or flight of data cards through the cumputeis a series of three sets 
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of "Master Cards" was prepared and fed Into the computer.    Theyc sets of "Master 
Cirds" are: 

(1) The "Flight Condition Masters" which contain all of the necessary flight 
parameters, i.e.,  altitude,  indicated airspeed,  power,  etc.,  associated with each 
of the data cards.    The information is obtained from the flight-test data card. 

(2) The "Pickup Location Masters" which contain the Information required 
to identify each data  point  of each  channel and   record  number  with ^ particular 
pickup. 

(3) The third set of "Masters, " which is known as the "Source and Order 
Masters," contains sufficient information to identify specific vibration frequencies 
with known orders of engine and propeller unbalance and the blade passage frequen- 
cies of the propeller or rotor blades,  as the case may be. 

As the data cards were processed, a new and complete "answer" card having 
the following information was produced:   (1) the computed values of double amplitude 
in inches and acceleration in  g  units and their correbpondlng natural logarithms; 
(2) all of the data on the original data card;   (3) all of the appropriate data obtained 
from the "Master" cards.    The order and limits of the Information In the final anal- 
ysis are shown in Table IV. 

After the computations were completed,  all of the data cards were arranged 
in the desired sequence by means of an IBM sorter.    Then a multi-copy IBM listing 
was made of all data.    These listings were used In detail studies of the data and in 
checking the accuracy of the completed graphs. 

Automatic plotters utilizing IBM card input were used to plot the graphs of 
frequency in cycles per second vs. vibratory double amplitude In Inches. The plot- 
ting rate ranged from 30 to 60 points per minute. Three types of graphs were pre- 
pared: 

(1) summary (all test conditions on all flights) plots for each vibration 
pickup; 

(2) summary plots for each cluster (2 or 3) of pickups; 

(3) summary plots for each structural zone. 

Each of the three graph types Included all of the data obtained on the seven 
test flights. No plots were made to indicate the effects of such variables as power, 
altitude. Indicated airspeed,  etc.    Plots of this type can be obtained upon request. 

The Type 1 graphs permit a detail study of the vibration characteristics 
along a single axis at a particular location In the test vehicle.    The Type I graphs 
present the overall vibration-environment measured under all test condtlons at 
each of the 26 test points;  generally, these include all data oh'-'ined from the 2 to 3 
pickups in each cluster, 
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TADLE IV 

SUMMARY OF INFORMATION ON IBM CARDS 

Card Column Bung» Category 

Pl<:kup Location 

D.y 

Month 

Time 

Channel Number 

Kecurti Number 

Frequency in cpa 

Voltage 

Engine Speed 

IAS in Knot! 

Altitude in 1000 feet 

Source 

Oider 

Flight Condition 

Blank 

Double Amplitude in Inches 

Acceleration in g 

Log of Frequency 

Log of Double Amplitude 

Log of Acceleration 

Aircraft!. D.  Number 

Man.  Pre«.  -- in.  Hg 
Powec Lever Angle in Degrees 
Percent of Rated H. P. 
Percent of Rated Thruit 

Structural Zone 

Blank 

Where the overall vibration-environment for a generalized structural zone, 
e.g.  forward quarter of the fuselage,  is desired, the Type 3 graphs are the most 
useful.   The  structure  of the test vehicle has been arbitrarily divided into 9 major 
areas.    Each of these  major areas  has been further  subdivided into the following 
three categories:  (1) vehicle structure,   (2) rigidly mounted equipment, and (3) 
shockmounted equipment.    A complete  listing  of these  "structural zones" is con- 
tained in Table V.    Figure 5 presents a typical basic distribution of seven aircraft 
structural zones. 
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TABLE V 

CODE FOR STRUCTURAL ZONE OF A/C 

Code Nr. Structural Zone 

01 Forward Quarter of Fuselage 

02 Center Half of Fuielage 

03 Aft Quarter of Fueelage 

CM Vert. Ii Horli. SfaK   Incl. Rudder It Elevator» 

05 Outer one-third of Wing 

06 Inner two-thirde of V.'lng 

07 Engine 

08 Rigidly Mountea Equipment in Forward Quarter of Fuaelaga 

09 Rigidly Mounted Equipment In Center Half of Fuielage 

10 Rigidly Mounted Equipment in Aft Quarter of Fuaelage 

11 Rigidly Mounted Equipment in Vert. It Horiz. Stab. 
Incl. Rudder h Elevator! 

12 Rigidly Mounted Equipment In Outer one-third of Wing 

13 Rigidly Mounted Equipment in Inner two-third* of Wing 

14 Rigidly Mounted Equipment in Engine 

15 Shock Mounted Equipment In Forward Quarter of Fuaelage 

16 Shock Mounted Equipment In Center Half of Fuielage 

17 Shock Mounted Equipment li, Aft Quarter of Fuielage 

18 Shock Mounted Equipment in Vt-rt. I> HnHz. Stab. 
Incl. Rudder It Elevator! 

19 Shock Mounted Equipment in Outer one-third of Wing 

20 Shock Mounted Equipment in Inner two-thirda of Wing 

21 Shock Mounted Equipment in Engine 

22 Engine Accenory Section 

23 Main Rotor Tram mill Ion Can 

24 Rigidly Mounted on Engine Accanory Section 

25 Rigidly Mounted on Main Rotor Tranimiiiion Caie 

26 Shock Mounted e» fcngine Accenory Section 

27 Shock Mounted on Main Rotor Tranamlsiior Case 
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ZONE i 

ZONE« 

ZONI i 

ZUNC4 

ZONE I 

LEGEND 
FORWARD QUARTER OF FUSELAGE 
CENTER HALF OF FUSELAGE 
AFT QUARTER OF FUSELAGE 
VERT. &HORIZ. STAB. INCL. 

RUDDER & ELEVATORS 
i. OUTER ONE-THIRD OF WING 
6. INNER TWO - THIRDS OF WING 
7 ENGINE 

Figure 5.   Schematic Presentation of Seven Basic Aircraft Structural Zones 

All graphs are log-log (3x5 cycle) plots of frequency va. vibratory double 
amplitude.    As  indicated previously,   the log of frequency, double amplitude, and 
acceleration were computed during the  computation phase of data reduction.    This 
is required to permit the preparation of automatic plots of frequency vs.   double 
amplitude on a log-log sc-le.     The standard automatic plotters available can not 
accept linear input and then plot on a log scale.   Therefore, by using proper scale 
factors, the logarithm of the variables to be plotted can be applied to any standard 
plotter input and the resultant graphs 'fdll be log-log plots of the original d* ta.   On 
the log-log plots of the frequency vs., double amplitude, levels of vibratory acceler- 
ation appear as straight lines of constant slope.   Reference values of +0.5,   +1.0, 
+ 5 and +10 have been included on all graphs.   This arrangement permits simultan- 

eous readings of double amplitude and acceleration at any given frequency.  A more 
detailed description of the data reduction processes used to reduce the vibration 
date is contained in WADC TN 59-44, ASTIA Document No. AD-210478, dated Feb- 
ruary 1959. and entitled "Data Reduction Techniques for Flight Vibration Measure- 
ment. " 



4.      Results 

A total of 1152 records and 34, 167 data points was obtained on the 7 test 
flights.    In general,  the data covered the 5-to 600-cps frequency range rather thor- 
oughly.    The discussion of the data contained in this report is limited to a consider- 
atioi. of the aircraft by structural zones.    However,  graphs are included for each of 
the 2ü different te t points.    The use of the structural zone breakdown is sufficient 
for fulfilling the purpob- for which this report was intended. 

As indicated in the section of this report which describes the method of data 
presentation.,   the structure uf the aircraft has been divided into 9 zones.     These in 
turn have been subdn ided into three categories:   (1) structure,   (I) rigidly mounted 
equipment,   (3) shockmounted equipment.    With three exceptions all structural zone 
plots in this report are for data obtained on the aircraft structure. 

Fißjre 6 shows the data obtained on the structure of the forward quarter of 
the fuselage (from Sta 0 to 469).   The data covers the 5-to 600-cp8 range rather thor- 
oughly.   The peaks whichoccur in the lowfrequency range (from 5 to 10 cps) are pri- 
marily a result of turbulent air and aerodynamic buffeting.   The scattered data points 
between 10 and 100 cps are very low in vibratory double amplitude (with all values 
below 0.5  g).    At the  100-to 110-cps frequency range,  there is a peak condition show- 
in;, the frequency range (6, 100 rpm)  of the   low-speed   rotor   of the  twin   spool J-57 
engine.    The data occurring in the  140-to 150-cps frequency range is due to the high- 
speed rotor.    The 300-10 310-cps frequency   range shows  the second harmonic and 
450 is the third harmonic of the high-speed rotor frequency.    The concentration of 
data in the vicinity of 300 cps could be attributed to harmonics of both the high- and 
low-speed rotors.    However,  past experience has indicated that the most probable 
source is the high-speed rotor.    The limited scatter of points throughout the 100-to 
600-cps frequency range is due to the different power settings,  most of which occur 
between 90 and 95% rpm.    The gunfire produced no appreciable double amplitudes in 
this area.    There were 1,650 data points obtained in the forward quarter of the fuse- 
lage. 

figure 7 sho vs the vibratory p.cture of the data obtained on the structure of 
the center half of the *'uselage (Sta 469 t» 1408).    The lower frequency data are a 
result of takeoff, turbulent air,  and toucadown.    The scattered points up to 100 cps 
are caused by the flight conditions shown in Table II.    The higher double  amplitudes 
in this region are caused by takeoff,  turbulent air,  and touchdown.    The peaks occur- 
ring at approximately 100,   150,  200,   300,  400,  450,  500.  and 600 cps are the funda- 
mental r^tor frequencies and their respective harmonics.    Gunfire produced a slight 
increase in amplitude in this area.    The center half of the fuselage yielded approx- 
imately 4,800 data points. 

Figure 8 exhibits the data recorded on the structure of the aft quarter of 
the fuselage (Sta 1408 to 1878).    The aft section of the fuselage shows clearly the 
frequencies produced by gunfire (30 to 40 cps and 60 to 70 cps).    However,  the bulk 
of the data included in the 60 to 70 cps cluster can be ati*ih.:*ed to the fundamental 
frequency of the hydraulic power pack.    The low frequencies are due to aerodynamic 
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turbulence,  takeoff, and touchdown.    The engine orders occur at the same fretjuen- 
cies   as at other Btations in the fuselase but are more pronounced,  especially  the 
first order of the  high speed  rotor (150 cps).    The  g  level reaches the j_H mark. 
Apuroximately 6,400 data points were obtained in this area. 

The data of the outer one-third of the wing, as depicted in Figure 9,   show 
a rather even distribution of points.    However,  the peaks that are produced  by  the 
hydraulic power pack's unbalance arc prcsmt.    As expected,  the low frequency data, 
in general,  have higher vibratory double amplitude.    Approximately 5, 250data points 
were acquired on the outer one-third of the wing. 

Figure 10 shows the data obtained on the inner two-thirds of the wing struc- 
ture. The number of data points is considerably loss (1,500) than the data obtained 
on the outer one-third of the wing structure. The data is low in vibratory double 
amplitude in the lower frequencies, below 10') cps;.butthe higher frequencies (100 
to 600 cps) approach the MO-g level. The engine orders are faintly outlined in this 
area,   especially the  high-speed  rotor 1 requem-ies. 

The data of tin;   engine   area,    presented  in  Figure  11,   show clearly the 
engine order frequencies.    The lower frequencies are due to takeoff,  turbulent air, 
and touchdown.    There is a void from 20 to 30 cps.    Prior to the engine order fre- 
quencies,   there is a number of data points in the 60- to 70-cps region; these data 
were obtained during climb,  turbulent air,  takeoff,  and touchdown.    The   engine 
orders   are   present;   however,   the  vibratory amplitude is considerably lower than 
that produced  by  data   recorded in other areas of the aircraft.   There were 4, 950 
data points obtained in the engine area. 

Vibration data measured on  rigidly mounted equipment located in the cen- 
ter half of the fuselage are shown in Figure 12.    These data are very distinctly con- 
fined to the frequencies of gunfire (32 to 30 cps and 60 to 70 cps) and tht   engine 
order frequencies of the high- and low-speed rotors.    There are 3,450 data points 
in this  region. 

Vibration data of rigidly mounted equipment in the aft quarter of the fuselage 
are shown in Figure 13.    The frequencies are very discrete showing the frequencies 
due to gunfire (30 to 40 cps),  hydraulic power packs (60 to 70 cps),  and the twin 
spool .1-57 engines with the exception of the low-speed rotor frequency of 100 cps. 
There are 2,450 data points recorded on the equipment in this area. 

Figure 14 shows the vibration data acquired from the shockmounted equip- 
ment located in the forward quarter of the fuselage.    The relative sparseness of the 
data is indicated by the presence of only 400 data puinta.   The double amplitude of the 
gunfire and engine order frequencies are very low.   The scattered data at the low 
frequencies are due to turbulence, takeoff,  and touchdown. 
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Figures 6 to 9.    Summary Plots for Structural Zones 
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Figures  15 to 16.    Summary Plots for Cluaters of Two or   Threo Pickups 
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Figure  17. 
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Figures   17 to 20.    Summary Plots for Clusters of Two or Three  Pickups 
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Figure 21. 
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LOCATtON   NUMHH 4 iNCiMC  IN H.U*t 

Of  HAM HANCMS 

K 100 
PNCOUCNCT - CP» 

VX)       COO      2000 

Finnro    7?       WMCTIOtl   VtHTK*.!"»»! ■(.»TMIU. 
i-lgUiC    i.1.,   WCkll0H    «UOT»   MTKMItNT   MWL L0C4T.0N    nuOTt   MTKMItNT   MWL   TCT   CtNIIK   STAUS 

\ ^nillj;  i^   lim :1,H:::; 

Mifei::': 

riKOUtNC» - CPS 
Fioare Z3     omiaioM 'VI*TICALI*F«IIL*TEHI. Figure   24 

Figures 21 to 24.    Summary PJots for Clusters of Two or  Three Pickups 
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HI V) «' vxi       !■«*■      ."»« 

fid^.'-CT - ;rr 

m"'.^."»   'VERTKALi •F/«i>L«T(llt>. 
•       LOCATION    STruCTUHE   OF    ««010 lOUPHtNT    HACK   AFT 

OF  PILOT STA 902 
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STA MT STA.T»9 

Figures 25 to 28.    Summary I   ots for Clusters of Two or Three Pickups 
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Figures 29 to 32.    Summa, y Plots for Clusters of Two or Three Ficka ps 
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FRtOUtHCY - OPS 

Jr igure ii.   UKH^I, */e tmucTuin MOVE TM. •uNNt»« «»iTiotii 
»FT OF JETTiSON POINT ST*. 1870 

figure 33.    Sarnmary Plot for Cluster ol Two or Three Pickups 
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Figure 34. 
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rigure J 5, 
"'XQIC^Y -CfS 

MMLTlUN    I/* 
IOCATI0N   STRUCTURE    OF   LEFT WING  Tip 

Figures 34 to 35.    Summary Plots for Individual Vibration Pickups 
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Figure 38. ^ 
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  -  —         igure jy, ,,>-.,„N STRUCTUHI 

VX) MOO        A« 

STRUCTURE     Of   LEFT   OUTRIGGER    WHEEL   WELL 

Figures 36 to 39.    Summ.iry Plots for Individual Vibration Pickups 
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Figures 40 to 43.    Summary Plots for Individual Vibration Pickups 
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Figures 44 to 47.    Summary Plots for Individual Vibration Pickups 
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Figure 5Z. 
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Figures 52 to 55.    Summary Plots lor Individual Vibration Pickups 
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Figures 84 to 87.    Summary Plots for Individual Vibration Pickups 
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Figures 88 to 91.    Summary Plots for Individu  1 Vibration Pickups 
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