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ASD TN 61-141
PART I
TECHNICAL MEMORANDUM ASNDS-61-4

FOREWORD

Te'rnical Memorandum ASNDS 61-4 was prepazed in order to update WCLS Technicil
M, .norandum 58-4 and to review the status of the Aircraft Structural Integrity Program.
The Technical Memorandum is published as ASD Technical Note 61-141 to permit d&stri-
bution by ASTIA in accordance with ARDC Regulation No. 80-5. This technical note will
be revised periodically to show changes in progress and any changes In requirements
which occur.

The authors wish to thank all of the personnel of the Aeronautical Systems Division who
contribu,.ed to the compilationand "ganization of this report. Appreciation is alo extended
to the secretarial staff in ASNDS for its work In typing and reprodudLng this document.
Extracts have been used from so many internal and published reports that it is impussihlp
to include a complete list of these documents.

ASD-TN-61-141 is published as three separate physical documents: Part I. UNCLASSI-
FIED; Part II, UNCLASSIFIED; and Part II, Supplement I, CONFIDENTIAL. Part II, Sup-
plement I entitled "Appendix B, Correspondence on ASIP," is classified CONFIDENI"iAL
because it includes Hq. USAF message AFCV C27229-M, dated 19 November 1958, and
Hq. USAF letter, AFODC, dated 5 October 1959, both of which are classified CONFIDEN-
TIAL. All other portions of Part 11, Supplement I are UNCLASSIFIED.

Part I and Part i are available from ASTIA; Part If, Supplement I will be available
only on a need-to-know basis from iteronautical Systems Division.
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ABSTRACT

This report:

1. Outlines the principal documentation which evolved during the
period when the Air Force initiated and re-oriented the necessary re-
search and development and service engineering required to evaluate the
structural capability and life expectancy of USAF aircraft.

2. Documents the requirements for insuring Structural Integrity as
outlined at the instigation of the ASIP.

3. Establishes the updated requirements for the ASIP to give the
program the benefit of experience and events, and

4. Shows the status of the ASIP phases and the status of the app'l-
cation of these phases to each weapon system now in use by the Air Force.

PUBLICATION REVY,W

This report has been reviewed and is approved.

FOR THE COMMIANDER:

W. A. DAVIS
MaJor General, USAF
Comnmander
Aeronautical Systoms Division
Air Ftorec Systems Command
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Aeronautical System Division
Air Force Systems Command
united States Ai:.l Force

Wright-Patterson Air Force Base, Ohio

Tchnical Memorandum ASH3 61-4 Aeronautical Systems Division
26 September 1961

I. INTRODUCTIM

I.! PURPOE

The purpose of this report is to:

a. In Section 1.3, outline the principal documentation which
evolved during the period when the Air Force initiated an d re-oriented the
necessary research Pad development, and service engineering required to
evaluate the structural capability and life expectancy of !BAF aircraft.

b. In Section 1.4, document the requirements for insuring Struc-
tural Integrity as outlined aL the instigation of the ASIP.

c. In Section II, establish the updated requirements for the ASIP
to give the program the benefit of experience and events.

d. In Section III, show the status of the ASIP phases and the
status of the application of these phases to each weapon syatem.

1.2 OBJECTIVM3

Mliie objectives of the Aircraft Structural integrity Program are:

a. Establish, evaluate, and substantiate structural integrity
(static strength and service life) of the system.

b. Continual re-evaluation of the initial structural integrity
program utilizing the inputs frcm operational usage.

c. Develop statistical techniques for evaluation of operational
usage and for logistic support (maintenance, inspectior, supplies, etc.)

d. Develop structural criteria aad methods for design, evalua-
tion and substantiation of future systems.

1. 3 BACKGROUND

I.3.a Initial Documentation by WCW-'.l-5h-4I.

ASD TN 61-141, Pt. I 1



Following the investigation of the B-47 accidents, prescnta-
tions were made by ARDC Structures personnel from WPAFB to principal Air
Force staff members. These presentations precipatated the TWX's and letters
of Appendix B. These TWX's directed AMC, ARDC and consequently V ADD
to take all necessary steps to insure adequate service life. The Aircraft
Laboratory issued Technical Memorandum WCIS-N4-58-k on 27 June 1958 to
"allow immediate implementation of this newly required fatigue evaluation"*.
TM-58-4 was prepared "to present, in a detailed manner as possible, the
general requiremants incident to this new fatigue certification program"*.
Since this as the initial documentation, the requirements were "presented
as a guide to establishing the rcquired fatigue evaluation programs and
are not necessarily hard and fast requirements"*. USAF did establish speci-
fic requirements for service life in terms of flight hours and number of
landings.

I.3.b. Formal Documentation of Air Force Structural Integrity
Program (ASIP)

This program was formally established by Hq USAF message
dated 19 Nov 58 AFCV C27229-M and documented by "ARIC-AMC Program Requirements
for the Structural Integrity Program for High Performance Aircraft", dated
16 February 1959, and prepared jointly by ARDC and AMC. This document divided
the work of the ASIP into eleven phases. All work to date on the ASIP has
been performed under these phases. A brief description of each of the eleven
phases as specified in the above report is given below: *

1.3.b.l DESIGN CRITERIA

The design criteria phase establishes (from existing tech-
noloGy and the operational requirements) the design conditions to which the
weapon system and its components rst be designed and the methods of analysis
and testing required to -dequately prove the weapon system strength and
estimate the expected fatigue service life.

The objective of this phase is to establish the design
loading conditions, life requirements, design specifications, etc., and
the methods of test and analysis to be used. Information for establishing
this criteria comes from numerous sources, such as; MIL Specs; R&D in
technical areas such as materials, construction techniques, atmospheric
environments, etc; operational use predicted by the using cammand, ctc;
previous service loads programs (including 8 channel) on similar types
of aircraft; and ground handling techniques.

* Q uotes are from WCLS-I-56-I&

** It should be noted that terminology and definitions are per original
documentation. New definitions are contained in Part II.



I.3.b.2 IMISSION PROFILE DATA

A mission profile of an air vehicle includes the following
key items of data in terms of time as it performs its prescribed operational
missions; i.e., gross weight, altitude, speed, flight configuration and
incidence of unusual maneuver or loading conditions.

Mission profile data, whu-n used in conjunction with statis-
tical information on actual flight maneuvers, turbulence and ground loading
conditions encountered, provide an improved basis for development of rational
structural fatigue design requirements.

I.3.b.3 STATIC TEST

A static test consists of a planned series of tests con-
ducted in a laboratory during which the thoroughly instrumented primary strc-
ture of the air vemicle is subjected to several load increments, increased
step by step to 100 percent of the ultimate load point, for all critical
flight and ground handling conditions. Temperature effects will be simulated
on airfm ans on -4hich elevated temperature environments impose significant
effects.

The objective of flight vehicle static tests are: to
insure that all flight vehicles are structurally adequate for the required
design loads; to determine the degree of compliance with prescribed structural
design critcrlai to determine degree of growth potential available in the air
vehicle structure; and to alleviate and prevent, where possible, future
structural maintenance difficulties.

I.3.b.4 FLIGHT LOAD SURVEY

The flight load survey program consists of flying a com-
pletely instrumented aircraft through maneuvers and at speeds which duplicate
the maximum required performance of a weapon system to verify thu calculated
load distribution and substantiate the structural integrity of each new air-
plane design. The flight load maneuvers are accomplished by flying the air-
plane through a series of design-type maneuvers (pull-ups, push-downs, rolling
pull-out and rudder kicks) to obtain the structural loads on the wing, tail,
and aft fuselage by strain Sage or pressure Lasurements. The dynamic response
portion of the survey is accumplished by measuring thle structural loads while
flying the airplane through atmospheric turbulence and during taxi and landing
conditions.

The objectives of a load survey are as follows: flight
determination and the evaluation of loading conditions which produce the
critical structural load and temperature, distributions; Vrification or
refutation of the analytical structural loads ind temperatures used to design
the airplane structure, structural integrity flight demonstration of the airplane
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for the critical structural flight conditions within the design envelope;
flight investigation and evaluation of the elastic response characteris-
tics of the structure to dynamic load inputs (zusts, taxi, and landing)
for use in substantiating or correcting the fatigue analysIs and inter-
preting the service loads (VGH) data.

1.3.b.5 LOW ALTITUDE GUST ENVIRO1NNENT

Gust intensity is a function of air density, terratn
discontinuity and local meterological conditions in terms of time. It
is essential that extensive fully instrumented data on gust. be accumu-
lated between 0-1000 feet above the terrain since modern high performance
aircraft are often forced by operational necessity to operate at low alti-
tude where gust loads are most severe. To accomplish this goal a flight
program has been established using an instrumented B-66. This aircraft
incorporates a ten foot lo.a instrumented boom extending forward from the
aircraft's nose. This boom is used to measure the gust velocities, both
horizontal and vertical, which exist at absolute altitudes of less than
a thousand feet.

Te objective of this program is to define the power
spectral density (or gust intensity vs frequency) with regard to altitude,
terrain, climate, and weather. It will also provide a verification or
correction of existing theoretical oaethods of cumputing the transfer
fun6tions relating atmospheric turbulence to the response of known struc-
tural configurations. As a dividend, some of the aeromedical aspecte of
pilot response to low altitude turbulent flying will be determined The
results of this program will be used to provide accurate and realistic
inputs to the knowledge of fatigue of USAF aircraft on low altitude missions.
The results will also contribute significantly to the service life deter-
mination program and to the formulation of more realistic design criteria
for future flight vehicles. PhotoLraphic coverage of flight tracks should
lead to improved -ethods of estimating gust loads and intensities over
similar types of terrain regardless of location. The results of this pro-
gram vi]l be made available to the aeronautical industry.

I.3.b.X FATIGUE TEST

The fuLigue tetL of an air vehicle Is a Lest program per-
formed in the laboratory in which a spectrum of cyclic loads simulating anti-
cipated or actual flight vehicle image, or both, is applied repeatedly to
the total aircraft structure and to selected (and separate) critical struc-
tural components. These tests are to determine probable .iources oP fatigue
darage and to establish those structAral fixes required to 1,ive the aircraft
structure a satisfactory operational service life. Tmpu:ature will be
simulated during the fatigue tests )n aircraft for 4iich elevated temperature
ernvirontmr.nts impose -significant efi.ctu.

14 II I



The objective of this program is to determine, by test,
the actual fatigue life of the flight vehicle. The fatigue tests are to
provide: a ready reference gage of possible damage by comparison of tests
results with service usage; for possible redesign early enough in the
history of i.he weapon system to insure ssgnificant improvement in the life
of the aircraft at relatively little increase in cost; for reduction or
elimination (depending upon the timeliness of the test program) of main-
tenance problems which are incurred by structural fatigue; and a check of
theoretically derived fatigue life.

1.3.b.7 SONIC FATIGUE PROGRAM

This program covers the investigation and developmental
work resulting from fatigue failure of flight vehicle structures as caused
by the magnification of stresses produced by alternating forces having
frequencies near structural resonances. Such forces include poerplanL
noise, pseudo-noise in turbulent and separated air flow, and localited
vibratory forces. Sonic fatigue failures can constitute a major main-
tenance burden and may affect safety of flight.

The objective of this program is to obtain for present and
future flight vehicles an airframe subsystem embodying fail-safe design:
which will preclude catastrophic failure due to sonic fatigue cracks; which
can be readily inspected and repaired before failures occur affecting the
safety and reliability of flight; and which exhibiti low incidence of sonic
damage consisnt. with a reasonable maintenance burden. A further objective
is to recommend actions which will prevent adverse effects of sonic fatigue
on flight vehicles.

I. 3.b.8 HIGH TEMPERATURE

This phase covers the invustigaLion of operational environ-
mental conditions that may cause changes in stress distribution andlor the
physical properties of airframe structural materials. 11is condition may
cause or accelerate a fatigue type failure of structures subjected to repeated
heating cycles.

The objectives of the high temperature structures phase
are to determine: the operational environment of time-temperature-load;
the effects of this environment on the structure of air vehicles; and the
construction necessary to operate within this environment. The effects of
time-temperature-load inzl4ie l:angeu in the loading and stress distributions,
changes in the strength, life and fatigue characteristics, and existence of
new modes of failure resulting from creep.
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1.3.b.9 MUM SERVICE LOAD

The interim service load recording phase is a special,
short-terv effort to gather structural load information on current
operaticnal aircraft in order to provide the basis for establishing
or re-cvaluating the loading spectrum for full-scale fatigue cyclic
tests.

The objective of this phase is to expedite the collection
of service loads data on serice aircraft pending delivery of a VGH life
history recorder. The data from these programs will be processed and
analyzed to provide the basis for establishing or re-evaluating the load-
Ing spectrum for full scale fatigue cyclic tests.

I.3.b.lO VGH LIFE HISTORY RECORDING

The VGH life history recording phase is to determine the
structural loads encountered by operational type aircraft in order to
provide a realistic basis for the establishment or re-evaluation of
fatigue spectra, service life expectancy, inspection schedules and
techniques, IRAN schedules, new mission techniques and operational limita-
tions. This program involves all types of first line aircraft of the USAF
fleet. The combined efforts of AMC, ASD and the utsing Operational Cominds
are necessary.

The objective of this phase is to instrument approximately
20% of selected operational aircraft with life history recorders
measuring Velocity (V), Normal Acceleration (O), ae Altitude (11). Cer-
tain aircraft of high performance and/or limited quantity will be instru-
mented to larger percentages.

I.3.b.ll 8-CHANNEL SERVICE LOAD RECORDING PROGRAM

The 8-channel service load recording program is a prograrn
to determine structural loads imposed on operational aircraft relative
to six (6) degrees of freedom in order to provide a realistic basis for
the refinement of the VGH life history program as well as refinement of
criteria for structural desir, of future weapon systems.

This program is to instrument approxirately three hundred
(300) first line aircraft with the 8-channel recordin6 systems. Angular
rate sensing devices (pitch, roll and yaw) and three (3) cc 'ponent linear
accelerometers will be procured and utilized with the Signal ita Recorder
(A/A24U-3) systems to provide the E-channel anpability. Tnis requires no
modification of the basic VG! recording systems. The data from this program
will be processed, evaluated, analyzed and presented in a form suitable for
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use in the refinement of the VGW life history data and criteria for struc-
tural design of future weapon systems. These data will also be correlated
with that obtained from the static and cyclic tests, flight load surveys
and the flight dynamic analysis tests.

1.4 UPDATiNG no ASiP

The above phases which have been used to subdivide the Structural
Integrity efforts to date were not and are not sufficiently definitive
to adequately organize and document the efforts on the ASIP. As a
rezult, some important aspects of the work have been forced into a status
of a sub-phase of the closest associated phase. As a consequence, this
report has re-orientcd and/or retitled some of the original eleven phases
of the ASIP as outlined in Figure 1. Discussions of the program in
the remainder of this report will be written in terms of the new phasing
as shown In Figure 1 and 2 and defined under the appropriate paragraphs.

A list of reports prepared by ASD is included (Appendix A) for
the purpose of updating at least some of the research and development effort
performed since the start of the ASIP. They are intended to be of use to
personnel working in the areas of the ASIP and related projects.
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II. DISCUSSION OF ASIP REQUIR4ETS BY PHSES

II.1 RESEARCH APJD DEVELOPMNT ORMATED PHASES

II.l.a. Design Information

Design information encompases all research efforts
required to provide the theoretical and practical applied research
necessary to maintain structural design criteria for all present and
future flight vehicles and to establish structural limitations. The
goal is to insure the structural integrity of the vehicles and their
components during operational use and throughout the required serice
life. To insure adequate design information, research programs, demand
a continual re-examination to provide concepts, and techniques for their
application, which will have universal validity. The efforts in this
research area are not directed to any one weapon system but are critical
items in advancing state-of-the-art of structural design criteria. Area3
of concern include, but are not limited to, materials research, sonic
fatigue, configurations, manufacturing and construction processes, hot
and cold stress analysis techniques, atmospheric environments, etc.

II.I.b Test Research

Continuous effort is required to develop the technique
of laboratory simulation and associated test criteria to have an accept-
able state-of-the-art ready for the weapon system when its development
cycle reaches the test stage. It is worthy to note that the advanced
test techniques for future vehicles require lead time in development
covmensurate with, and sometimes greater than, that required for the
vehicle itself.

ncllided in the test research effort associated with the
ASIF effort are the techniques and methods of ultimate load structural
test with thernl environment simulated, fatigue test of composite struc-
tures, and laboratory teats of composite structures in a sonic environ-
ment.

II.l.c Actual Operational Usage

To satisfy the oblcctivcs for the VGH Life History Proram
and 8-Channel Rez¢ rding Program as outlined in Paradruph I.3.b.O and
I.3.b.l!, research and development of data acquisition techniques are
required to pro%itlc instrumentation that will accurately record data for
long periods of tine ,ith ninirun attention by line personnel aud lend
itself to automatic ,!-ta Proce331n , installation requirement:
dict ting limited size, weight and power provisions further support
the need for research ind development.

VC



To minimize the timro interval from collection to
application of the vast amount of data obtained from these programs,
it is necessary to continue the development of automatic data processing
facilities.

11.2 SYSTEMS ORXITED PHASES

II.2.a Design Information

Design Information ennompasses all efforts required to apply
the existing theoretical and applied research results to a specific struc-
tural design criteria for all present and future flight vehicles. The
objective is to insure the structural integrity of each weapon system during
design and throughout its required service life. These efforts therefore
require re-examination throughout the service life or the weapon system.

II.2.a.l Design Criteria

The Design Criteria efforts are directed toward
specifying the detailed requirements for design of the structure of a weapon
system with respect to such things as materials, construction techniques,
environment, etc.

The Aeronautical Systems Division will use data
from all phases of ASIP to generate revisions cr additions to the MIL-Spec
series as necessary. The specific design criteria will be given to the
contractor as existing MIL-Specs or equivalent existing government aircraft
design publications, as altered and revised by Model specifications and
contractual agreements.

Once the design criteria are established and the
vehicle becomes a physical entity, certain steps are required to assure the
Air Force that it is receiving a vehicle which meets Ue design criteria.
These steps are covered in the other phases of the ASIP which are described
in subsequent sections.

II.2.a.2 Planned Operational Usage

The Planned Operational Usage efforts are directed
toward predicting, either in the design stage or during service life, the
specific utilization of the weapon system of the using com nds. Consideration
must be given to the loads and conditions of use resulting from flight during
various missions, as well as those resulting from ground operations such as
taxi, towing and engine run-ups.

The Information obtained, .hen used in conjunction
with statistical data on actual flight maneuvers, turbulence and ground
loading conditions encountered, provide an improved basis for development
of rational struceural fatigue spectra and desin or retrofit requirements.
The data required from each of these phases are discussed in the followinr
paragraphs.

11



II.2.a.2.a Mission Profiles

The Mission Profile of a weapon system in-
cludes the following key items of data -in terms of time as it performs each
prescribed mission from take-off to touchdown: gross weight; altitude; speed;
flight configuration; missicn phases; landings; stores released; and any
other unusual characteristics of the flight. Using commands will be continuous-
ly consulted to determine data on planned and existing flight mission profiles.
Where possible VGH Life History data and interim service loads data will
verify or revise the using commands estimate of mission profiles, and the
amount of flight time spent in each type of mission. Contractors performing
a fatigue analysis will be provided the various mission and us ge infonnation
for their aircraft.

II.2.a.2.b Ground Profiles

A Ground Profile of a weapon system includes
the following key items of data in terms of time and rates of oceurrances;
taxi speeds and durations, braking and turns, engine runs, towing, runway
roughness characteristics ana mission aborts.

Steps must be taken to determine the loads
encountered during these ground handling operations. The data will normally
be estimated during the design phase using knowledge acquired from observation
of previous aircraft having similar operational usage. Following delivery of
the weapon system to the using command a survey of the utilization of the
aircraft while on the ground must be made an input to the fatigue analysis.
This should include statistics on accumulated engine time on the ground under
various engine operating conditions for confirming or modifying estimates
made in sonic fatigue analyses and tests.

II.2.b Initial Design Analysis

The initial desiga aralysis consists of determining: the loads
environment; the stresses resulting from these loads; the life estimate based
upon the loads, stresses, and zlermnt tests; and the sonic environment.

The objective is to eatablish, andtytically, the structural

integrity and estimated service Lift of the aireraft.

II.2.b.1 Loads Analysis

The loads analysis couist .f establishing the Yo.i-
tude and distributions of all applied external loads such as aerodynamic loads,
ground ranctions, inertia loads and fatigue load spectrums. The analysis will
include the effects of tempsrabtre and acroolasticity.

12



The objective is to establish the loading conditions
which the structure must withstand in the performance of its missions.

A loads analysis shall be performed for the analytical
determination of the critical loads used in the structural design of the
air vehicle. The detail requirements are contained in Spec MIL-S-8868 (ASG).

II.2.b.2 Stress Analysis

The stress analysis consists of the analytical determina-
tion of the stresses resulting from the loads and temperatures imposed on
the airframe.

The objective is to establish the ability of the airframe
to sustain the critical loading conditions within the specified s srength
requirements.

A stress analysis shall be performed for the analytical
determination of the ability of the aircraft structure to support the uri-
tical loads and to meet the specified strength reqTirements. Detailed des-
cription of the extent of the analysis and subsequent stress analysis report
is contained in Spec MIL-A-8868 (AsG)

II.2.b.3 Fatigue Analysis

The fatigue analysis consists of the analytical deter-
mination of the service life of the airframe resalting from the application
of repeated loads and thermal conditions.

The objective is to establish th^ ability of the airframe
to sustain repeated loading conditions for the required life.

For each aircraft scries and for any =odel of the series
where there is a significant chinge in the structural configuration or loads,
the contractor shall perform a fatigue analysis. For thoae weapon systems
in the process of design, the analysis will indicate those structural changes
necessary to provide the safe life as outlined in 'Thble 1 and as stipulated
in paragraph II.2.c.2. The analysis will indicate the life inherent in the
structure and any structural chanes required to provide the desired life
for those weapon oystems that are kn service. The detaiD requirements arc
contained in Spec MIL-S-8868 (ASG).

The analyaio shall te approrcd by PSD prior to the start
of static test for those aircraft which are in the design stage. This is tu
assure that any structural modifications indicated by the analysis are in-
corporated into the static test article. he analQ.is should be approved by
ASD prior to the start of the cyclic test for those aircraft that have com-
pleted the static test phase.
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The load spectrum used shall be based on the planned
combat and training operational usage, and the number and type of missions
to be flown on a yearly basis as determined by the using Co,,mand and ASD.
The mission profile data shall be supplemented by actual operational
profiles as determined by VGH Life Histo.y prograns on the subject weapon
system or on similar aircraft. The loading spectrum shall also include
appropriate and pertinent statistical loads data collected on gust, maneuver,
landing and taxi loads by the various government agencies. Consideration
shall be given to the effect of the dynamic (rigid arid elastic) response of
the aircraft on the amplitude and frequency of load. Aircraft in design
stage shall use the spectra speclfied in Spec MIL-A-8866 (ASG).

II.2.b.4 Sonic Loads

Sonic loads are expressed in terms of an external noise
level which impinges on the vehicle structure. By considering the pressure
loads and exposure times from all noise sources at each vehicle operational
condition during anticipated maissions, the sonic fatigue design loads can
be established within reasonable limits for all areas of the vehicle struc-
ture.

The application of the estimated sonic loadings to a
structural design primarily involves due cognizance of fatigue design princi-
ples including application of fail-safe construction. Where noise levels on
the external surface of the structure exceed l45 db, experience has indicated
that sonic fatigue is likely 1.o occur in .light secondary components. There-
fore, when the noise levels increase, so must the design fatigue resistance
be increased. The structural designer must consider materials, dimensions,
spacings, stress risers, stiffness and construction details which affect
the fatigue life as well as incorporation of fail-safe design where required.
Honeycomb sandwich and bonded comtruction are especially useful for air-
craft where noise levels are relatively high.

Lack of precision and deficiencies 1.n methods of accomp-
lishing reliable sonic fatigue analyses necessitates a considerable amount
of componnt or element testing to establish fatigue characteristics with
regard to sonic loads. Component testing should be accomplished as early
as possible in conjunction with the design fatigue analysis. Two types
of component testing are generally accomplished as follows: (1) Evaluation
of fatigue life of components is accomplished by properly orienting the
sLructure in an actual or properly simulated noise field. (2) Evaluation
of relative improvements in fatigue life Is accomplished in a horn or
siren test facility.

II.2.c TDc%.tinp

11.2.c.1 1nta.' 11sts

The static test--, difiniticn and objective are contained

in paragraph I.3.b.3.
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All aircraft will be static tested in accordance with
Mh-A-8867 (ASG) to ultimate loads in the critical conditions. These tests
and thu combined flight load survey and structural integrity flight demon-
stration will be used to verify the structural integrity of the aircraft
for critical load conditions. The static test constitutes the initial tcst
in the total test program.

II.2.e.2 Fatigue Tests

Ihe fatigue test definition and objective are contained
in paragraph I.3.b.6.

The verification of the fatigue life predicted by the
fatigue analysis will require a fJl-scale cyclic test of the complete air-
frare. This test program shall be scheduled after the completion of the
major portion of the static test program in order that a completely repre-
sentative airframe, incorporating any required structural changes, will be
employed. The test article shall be a complete basic airframe with no pre-
vious flight or test history. This includes all necessary alihtinF, Gear
for independent test of thez co.ponents.

The fatigue life requirements (Table I) 1n terns of
safe life service hours and nuber of landings are presexxted for use In
the fatigue evaluation. These hoars do not include any statistical factors
to allow for scatter in fati .ue results or for predicting fleet safe life fro:.m
a limited nwuuner of test articles. Consideration will be made in the design
stage to successfully dc.nnstrate adequate fatigue life during cyclic test,
as outlined below.

Continual review of the results associated with aircraft
undergoinC fatigue testine and their service experiences, and the statis-
tical nature of fatigue has resulted in the application of test factors.
These test factors are applied to the results of the full scale test prograo
and are used Cvi thu oitabl ,hhment. of inspectior periods, retrofit pnriods
and safe life for service aircraft. The full scale fatiGa- tioit program
snnil de:,onstrate a duration of 4 times the safe life re(uire,.ents of Table
1 or as directed by ASD. T".o full scale aircraft will be considered for
fatigue test. The second aircraft will be used to establish t;e integrity
and life of fixes established a a result of premature failares of the first
air rft. BuLh aircraft are to preceed the flight nouri of the fleet with
the first aircraft preceedinC the fleet by at least a factor of 4. The es-
tablishment of time periods for fleet inspection and ret,*ofit procedures
shall be basea upon a reduction factor of 4 from the time Tailure occurrcd
in zhe fatirue test artic lI.

The tast, pectrum shall be deriv.J fro-, ia loa .3pec-
trz and shall conist of a mionm. of five lead lcvcls. .!Icat'on ef
the test spectrun. in block form should not exceed a total of tupo.cimatcly
fiMfty hours of equivalent flight hours per bloc%. 7,2 test load si.:vlation
shall be able to reanonably dziplicate the intenrad .. ear, rnonent, and torsion
throuhout the test component involved.



Adequate instrumentation and inspection shall be main-
tained to insure, within practical limits, that when and if fatigue cracks
occur they may be detected as near their inception Ls possible. Crack
detection and stress instrumentation shall be subject to approval by ASD.
Special attention shall be paid to those areas shown critical by fatigue
analysis ni areas that do not lend themselves to accurate stress analysis
or ease of inspection.

The extent of element and component fatigue tests in
addition to the full scale tests will be dependent upon the indications
of the fatigue analysis and the full scale test results.

II.2.c.3 Sonic Tests

Sonic loads should be determined by actual measurement
of the external noise levels which impingeon the structure and associated
vibratory responses and stresses during service type missions, including
ground operation of power plants. The test is necessary to confiz= or
reveal deficiencies in load estizrates which have formed the basis for design.
This testing is normally accoulished in several phases starting with
measurements in test cells for development engines and concluding with final
tests on the actual full scale flight vehicle.

A proof demonstration tst is the final step in the
developmnt cycle. It is normally a test oe a full scale airplane. However,
use of major portions of the airplane in grcund test stands is sometimes
acceptable. The requirement for this test phase results from deficiencies
in the methods of fatigue analysis which are essentially state-of-the-art
deficiencies, and also from compromise in number and inadequate simulation
of component testing forced by production schedules. The proof demonstration
for sonic fatigue reveals the design details and areas of the structure
which have inadequate service life in the firal vehicle. It also serves as
a basis for estimating the repair maintenance burden for developing inspec-
tion and repair techniques for Ute using services. The proof demonstration
haIu been accomplished in the past by uperating the po%er plants on the
ground under the most severe condition of noise impingement on the structure
for a sufficient time to indicate reasonable structural service life. .In
certain aircraft, special problen= will arise requiring specialized approaches.

II.2.c.hi FMiOt Load Survey

The definition and objective of the flight load survey
aic ,ontained in parageaph 1.3.b.4 except for reierences to the dynamic
response tests.

All aircraft wil-' perform a combined flight load survey
and structural integrity fliht denoas .ration in accordance with Spec

-ILs- 5711.



II.2.c.5 Dynamic Response Tests

The dynamic response tests are defined and the objective
stated in paragraph I.3.b.4 except that taxi condition are broadened to
include towing conditions.

These tests shall consist of performing a gust load
survey, landing and taxi tests, and typical mission profiles as outlincd
below and of measuring the dynmic loads, gust velocities, and test condi-
tion parameters as appropriate for each type of test. Unless otherwise speci-
fied, the dynamic response tests shall be perfomed on the flight loads
aircraft at the conclusion of the flight load survey program. In the
event these tests can be phased into the program without delayina the flight
load survey tests, this should be accomplished subject to the approval of
the Procuring Activity.

The gust load survey Investigation shall consist of flights
through turbulence with the aircraft luadings, configurations, and spceds that
are representative of service operation. If Mach number or altitude effects
are expected to be signifcant, several test ranges shall be investiguatd. In
addition, for those airplanes capable of inflight refueling, tests shall be
conducted during simulated in-flight re-fueling with the aircraft loading,
configurations, altitudes, and speeds that arc representative of service
operation.

Tlie dynamic landing loads tests shall consist of a suffi-
cient number or soft, moderate, and hard landings to adequately define the
landing gear loads, and transfer functions between gear loads and the wipg
and fuselage structure. The taxi load tests are intended to define the effects
of various taxi and towing as 6mll as runwuy roughness with respect to the
dynamic elastic effects of the aircraft landing gear and structure at repre-
sentative loadings, configurations, ana speeds.

The mission profile tests are for verifying or improving
the analysis and fatigue test load apect-.un= for incorporation into the
fatigue test program to determine service life for actual operational usage.

The contractor ;hall confer with the PrnmirinC Activity
to establish the extent of the dynamic response tests required for his
particular aircraft.

The flight loads anrration ;. eath-vid will be imed
for establishing the loads and load (i'tributions and transfer functions
in conjunction wilth the load factor, gross wight, airspeed and alti-
tude occurrences determined b) the VCH Life iaitory P:ogrmr= (or Interim
Service Loads Program).
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II.2.c.6 Thermal Flight Tests

Thermal flight tests are those tests conducted as
part of the flight load survey during which the aircraft encounters
significant temperaturc conditions on the airframe. The objective is
to obtain flight determination of the temperature conditions for verifi-
cation or refutation of the E.alltical temperatures used in the design
of the airframe..

Flight tests to determine the temperatures of various
components of the airframe shall be conducted as a part of the Flight Load
Survey (II.2.c.4).

II.2.d Final Structural Integrity Analysis

II.2.d.1 Strength Summary and Operating Restrictions Analysis.

The strenth summary and operating restrictions arnlysii
consists of summarizing the strength of the aircraft for all specified design
conditions and recowendations for restrictions for operational use of the
aircraft as based upon the results of ground and flight test.

The objective is to establish the structural integrity
of the aircraft for the design conditions or the necessary flight and ground
restrictions required to mtintain structural integrity within the boundary
of the actual strength of -,he aircraft.

A streangth sumrary and operating restrictions analysis
is required for each aircraft as per Spec MIL-S-8868 (AzG) and described further
in ASTIA Document No AD 118326 (WADC 'TR 57-162). Ibis analysis (and sub-
sequent report) is to b rovised as changes are made to the aircraft structure.

II.2.d.2 Service Life Estimate Analysis

The Service life estimate analysis consists of integrat-
ing the results of the ground and flight tests, and service loads data if
available, into the fatigue analysis (II.2.b.3).

The objective is to establish the estimated service life
of the aircraft for its defined operational usage and to permit future
rnvislons in the event of significant changes in the operation of the aircraft.

A service life etsti'.ate analys~s should be maintained
and revised on a continuing basis. All significant information from interim
service loads recording prograir, VGH Life iltory recording programs, struc-
tural integrity flight load surveys, flight dynamic respoir s tests, static
tests, full-scale cyclic tests, eler.ent fatigue tests and component cyclic
tests shall be incorporated.
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Since the fatigue analysis is dependent to a great
extent on the operational usage, there is no 8omplete"final analysis
as inputs from the VCH Life History programs may require a revised
analysis. Proposed mission changes shall require a fatigue analysis in
order to predict the impact on the life of the weapon system. Therefore,
the fatigue analysis should be conducted and reported in a manner as to
enable such revisions to be made with only minor effort.

II. 2.e Actual Operational Usage

he establishment of service life expectancy is dependent
to a large extent on the accuracy of the loads spectrum used in the fatigue
tests and in the analyses. In order to establish or refine the loads spec-
trum of each of the aircraft in the ASIP program, it is required that the
actual loads encountered by these aircraft be .-asured. These mreasurements
will be made by the insLallaLon of VGH recorder sys Lems as specified by
ASD.

II.2.e.l Interim Service Lczds Program

The definition and objective of the interim service
loads program are stated in paragraph I.3.b.9.

The lack of a suitable VGH recorder system for use in
the VGH Life lHistory program has imposed the requirement for conducting
interim service load recording programs beyond the scope of the original
program which included only SAC aircraft. This is due to the need for
load spectrum information for use in fatigue tests and analyses on aircraft
presently undergOing such test.- and analyses. These data ere to have been
available from the VGN Life Hiptory Program. The particular aircraft,

tuwnbe , of recorders, period of recording and data processing are presented
in Fieure 3.

II.2.c.2 VOI! Life History Program

The VGH Life History Program is defined and objectives
stated in paragraph I.3.b.lO.

The detail requirements for each of the aircraft, are
presented in Table 2. The recorder requirements are listed under two
dates. This was done to indicate that if recorders were not available
for January 1962 installation, certain adjustments in quantity would be
necessary duv to attrition of aircraft and introduction of new aircraft
systems.
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Table 1 Service Life Requirements*

Aircraft Tympe - Operation Fi i-ht Hours No of Landing

Bomber, Ground . rt 10,000 5,000

Air Alert 40,0oo 6,000

Air/Ground Alert 10,00O 4,00CO

Tactical 5,000 2,500

Cargo, Assault O000 5,000

Medium 30,00 12,000

HIeavt 30,000 12,000

Utility 15,000 15,000

AEW & C 50,0C0 10,O00

Tanke r 10,00 7,500

10iLj1tar, Interceptor 4,OOO 4,000

Tactical I,000 4,000

Trainer, Subsonic 15,00 37,500

Suporsonke 15,003 37,500

* Vi information was extracted 1 rom Hti LEAF (AFODC) Ltr

"Aircrul'L Gurvict O.qt r, ; Cupy .)f wh,Le
is contained in Appenilx 1.



Table-2 VGH Life History Recorder Distribution Requirements

Recorder Requimements

Aircraft Origins). On Jan 62 On Jul 63

B-47E 370 18h 171,
1-52 A-F 92 98 96
B-52 G 193 168 167
B-52 H (1) 102 102
B-58 A 154l 105 104
B-70 62 0 (3)
F-100C 375 25 24
F-100D 375 84 82
F-10OF 375 25 24
F-.101 A/C 20 17 14
F-101B 100 90 87
RF-101 A/C 40 32 30
F-102A 166 65 6P
TF-1O02A (1) 18 17
F-io4 c 60 25 24
F-105 B/D 65 140 39
F-lO6 A 100 51 51
F-10G B 100 12 12
TFX (1) (3) 0 (3)
C-130A 70 35 35
C-130oB 70 -5 25
C-130E 70 0 30
C-130 11, GC .0 10 10
C-133 A/B 38 15 15
KC-135A 11 110 1o9
C-135 A (1) 30 30
VC-137 (1) 3 3
C-140 (1) 5 5
c-141 (1) (3) 0 (3)
T-37 AB 1,2 60 60
T-38 184 >o 50
T-39 (1) 4O 1o

(2) 155 _________

Total 2508 1532 1527

(1) Rot in Original Progrwm (2) C-121, F-108 and B-66 (i) Planned
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APPENDIX A

This Appeilix contains a partial list of ASD reports deemed
appropriate to the overall SIP Program.

0WORT NO. Tnl

WADD T.R 6-410 Investigation of Thernal Effects on
Parts I & I Structural Fatigue
WAID TR 60-kIi Prediction of Creep Effects in

Palts I & II Aircraft Structures

WAmD TR 60-517 Thermo-Structural Analysis Manual

WADD TR 60-541 Time-Dependent, Elasto-Plastic Bending
Parts I & II Awlysis for Structures Under Arbitrary

Load-Temperature Environments

WADD TR 61-151 Thermo-Mechanical Analysis of Structural
Joint Study

WADD TR 61-152 An Evaluation of the State-of-the-Art
of Thermo-Mechanical Analysis of
Structures

WADD TB 61-153 Fatigue Prediction Study

ASD TR 61-123 The Application of Statistic- to thc
Flight Vehicle Vibration Problem

WADD TR 61-62 Structural Vibrations in Space Vehicles

WADD TR 60-220 A Study of the Characteristics of
Modern Engine Nois0e and the Response
Characteristics of Structures

WADD TR 61-75 A Theoretical and Experimental

Investigation of the Acoustic Response
Characteristics of Cavities in an
Aeroxynavnic Flov

WADD TR 61-178 The Use of Acoustic Scale Models for
investigating Near Field Nozae of Jet
and Rocket Engines

WADD TR 60-445 Response of Plates to Moving Shocks
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WAOD TR 58-343 Miethods of Space Vehiclc :;oi3r
Vol. Ii Prediction

WADD T 61-187 Aspects of the Response of Structures
Subject to Sonic Fatigue

WADD TR 61-185 Survey of Evaluation of Sonic Fatigue
Testing Facilities

WADD TR 58-547 DaMpint Erergy Dissipated By Interfaces
in Bean and Plate Supports and in
Sandwich Cores

ASD TR 61-262 Sonic Fatigue Resistance of Structural
Design

'..ADC TH 58-569 Response of Bars (With Internal and
Boundary Damping) to Transient and
Random Excitation

WADC TR 59-96 Damping Energy' Dissipation at Support
Interfaces of Square Plates

WADC TH 59-509 Dmping of Flexural Vibrations by
Alternate Visco-Elastic and Elastic
layers

WADC TR 59-545 Dampina of Rectangular Plate Vibrations

WADC TR 60-60 Stea4y State Response of Beams with
Translatioml and Rotational Daping
Motions at the Supports

WADC TR 56-551 Experimental Investigation to Correlate
the Recurrence of Fatigue Failure in a
7yptical Aircraft Structure with Vibratory
Amplitude

WADO TR 58-343 M:ethods of Flight Vehicle Noise
Prediction

WADC TN 58-189 Acoustic Design of Flight Vehicle
Structures Facility

WADC TR 59-12 Performance of Intense Acoustic Facility

for Flight Vehicle and Electronic
Resea.rch
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WADD Tit 60-47o Automatic Runway Profile Measuring
.nstrumentation and Runway Profiles,
Part I, Equipment dated February 1961

WADD TR 60-518 The Dynamic Response of Advanced
Vehicles, dated Scptember 1960

WADD TR 59-676 WADC-Unvercity of Minnesota Conference
on Acoustical Fatigue

WADD TR 60-275 Hydrogen Embrittlement of Titanium
Alloys

WADD TR 60-419 Nffective Stress Concentration Factort;
for Flight Vehicle Materials under
Various Conditions during Fatigue Testing

WADD TR 61-44 The Effects of Strain Rate and Hydrogen
Content on the Low Temperature
Defornmtion Behavior of Columbium

WADD TR 6o-P58 A Study of the Titanium-Liquid Oxygen
Pyrophoric Reaction

WADD. TR 61-132 Investigation of Fatigue Behavior of
Certain Alloys in the Temperature Range
Room Temperature to -4230 F

WADD TR 61-138 The Effect of Concurrent Straining and
a 1% Magnesium Addition on the Recovery
Behavior of Aluminum

ASD TR 61-203 The Mechanical Propertie3 of Tantalum
with Special Reference to the Ductile-
Brittle Transition

ASD TR 61-253 Elevated Temperature Strain Gage

WADD TR 60-161 Experiments on Slip Daping at Rounded
Part I & IT Contacts

WADD TR 60-307 Forced Vibration5 of Sandwich Panels

WAFD TR 6o-427 InvestiZation of the Fatigue Properties
of Molybdenum under Various Conditions
of Temperature Coatings and Stress
Concentration

WADD TR 6o-437 Effect of Stress Nonlinearity on External
Statistics and Fatigue Life of a Simply
Supported Bar
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WADD TR 6o-876 An Investigation of Longitudinal Shear
Distribution and Damping in a
Viscoelastic Adhesive Lap Joint

WADD TR 60-752 Reduction of the Endurance Limit &G a
Result of Stress Interacticn in Fatigue

WADD TR 60-854 Fatigue Properties of Magnesium Aloy
Forgings

WADD TH 61-25 Criteria for Cc-nparing the Effectiveness
of Damping Treatments

WADD TR 61-70 Experimental Study of the Random
Vibrations of an Aircraft Structure
Excited by Jet Noise

WADD TR 61-97 An Influence Functions in the Theory

of Forced Vibrations of Membranes

WADD TR 60-157 Ultrasonics and Cer-amic Coutings

WADD TR 60-393 Evaluation of Brazed Honeycomb Structures

WADD TR 60-450 Correlation of Tensile Properties of
Steel Castings and Material Imperfections
as Determined by Radiography

WADD TR 60-553 Application of Ultrasonics to Solid
Rocket Systems

WADD TR 60-520 Research to Develop Methods for
Measuring the Properties of Penetrant
Flaw Inspection Materials

,dADD TB 60-278 Notch Sensitivity of Refractory Metals

WAiLu TR 60-191 The Detemination of the Effects of
Elevated TeLVeratures on the Stress
Corrosion Bcehvior of Structural
Materials

WADD TR 60-254 lte Evaluation of the Effects of Very
Low Temperatures on the Properties of
Aircraft and Miss!le M$tals
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WADD TR 60-310 The Effect of Several Geometrical
Variables on the Notch Tensile Strength
of 434O Steel Sheet Heat Treated to
Three Strength Levels

WADD TR 60-822 Investigation of the Behavior of
Refractory Materials under the Influence
of Thernl Stresses

WADD TR 60-777 Experimentation, Analysis and Prediction
for Environmcntal Creep

WADD TR 60-560 inelastic Design of Load Carrying .m6bers

Part I - Theoretical and Experimental
Analysis of Circular Cross-SecLloa
Torsion-Tension Members Made of Materials
That Creep

Part II - The Effect of End Conditions
on the Collapse Load of Columns

Part III - The Significance of an
Inelastic Analysis of Eccentrically-
Loading Members

WADD TR 60-363 Investigation Into More Complete Use
of Structural Materials Through a Study
of the Stress-Temperature-Time Conditions
ot' a Re-Entry Vehicle

wADD TW 60-95 Stress Corrosion of Notched and
Unnotch' - AY-350 Alloy

WADD TR 60-245 Elevated Teperature Dynamic Moduli of
Vanddium Titanium and V-Ti Alloys

WADD TR 60-839 The Effect of Concurrent Stressing on
the Air Oxidation of Tantalum

WADC TR 59-466 Research and Development Leading to
the Establishment of Ultrasonic Test
Standards for Airerart Materials

WADC TR 59-702 Mechanical Properties of Selected
Part I & II Alloys at Elevated Temperatures

Part II - Design Criteria of Silicon
Carbide
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WADD TR 60-155 Development of Methods and Instruments
for Mechanical Evaluation of Refractory
Materials at Very High Temperr tues

WADC TR 57-585 Effects of Temperature-Time-SLress
Part II Histories on the Mechanical Properties

of Aircraft Structural Metallic Materials

WADID TR 60-920 The Use of Ultrasonic Methods for the
Examination of Fatigue Effects in Metal
During the Early Stages of Stress Cycling

WADC TR 59-69 On Stress Interctln in Fatigue
Part II and a Cumulative Damage Rule

WADC TR 59-416 Investigation of Creep Buckling of
Part I & II Columns and Pl]tco

Part I - Elevated Temperature Properties
of the Test Material Ti 7A1-4yo Titanium
Alloy

Part II - Creep Buckling Experiments
with Columns of Ti 7A1-4No Titanium Alloy

WADC TR 59-572 Investigation of the Coaprcsnivc,
Bearing and Shear Creep-Rupture
Properties of Aircraft Structural Metals
and Joints at E.levated Temperature

WADC TR 59-762 Ultra Short Time Creep-Rupture
Part I Equipment Manual

WADD T,4 &)-42 Some Quantitative Aspects of Fatigue of
Materials

WADD TR 60-53 Effect of Temperature on the Creep of
Polycrystalline Aluminum by the Cross-
Slip Mchanism

WADD TR 60-60 Steady State Responue of Beams with
Translational and Rotational Damping
Motions at the Supports

wADD TR 60-120 Study of Fatigue Properties of Ultra-
High Strength Steel

WADD Tn 60-188 Influence of Natural Frequencies and
Source Correlatlou Fields on Random
Response of Panels
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WADD TR 6o-24o Research on Properties of High-Strength
Materials Suitable for High Temperature
Applications

WADD TR 60-280 ffeological Properties of Adhesives
Considered for Interface Damping

W...DD TR 60-306 A System for Automatic Processing of
Creep Data

WADD TR 60-308 Quasi-Orthogonal Modes of Dynamic

WADD ,R 60-313 Research on the Nechanisms of Fatigue

WADD TR 60-326 The Effect of Decreases in Stress on the
Creep Behavior of Polytystalline
Aluminum in the Dislocation Climb Region

WADD TR 60-360 Effect of Viscoelastic Foundations on
Forced Vibration Loaded Rectangular
Plates

WADD'TR 60-1426 Fatigue and Stress-Rupture Properties
of Inconel 713C, V-57C and Titanium
Alloys 7Al-3X.o-Ti and MST 821 (8A1-2Cb-
lTa-Ti)

WADD TR 60-427 Investigation of the Fatigue Properties
of Molybdenum under Various Conditions
of Temperature, Coatings and Stress
Concentration

WADD TR 60-i37 Effect of Stress Noalinearity on Extremal
Statistics and Fatigue Life of a Simnle
Supported Bar

WADD TR 60-468 High Velocity Electric Acceleration

Systems

WADD TR 60-363 More Coaplete Use of Structural 111terials

WADD TR 60-258 A Study of the Ti tanium-Liquid Oxygen
Pyro;horic Rcaction

WADD TR 6o- 2 54 The Evaluation of the Rftects of Very
Lou Terperaturcs on the Properties of
Aircraft and Missile Metals

WADD TR 60-278 Notch Sensitivity of Refractory Metals
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WADC TR 59-702 Part I - Mechanical Properties of
Part I & II Selected Alloys at Elevated Temperatures

Part II - Design Criteria .1f Silicon
Carbides

WADD TR 60-191 The Determination of the Effects of
Elevated Temperatures on the Stress
Corrosion Behavior of Structural Materials

WADD TR 60-310 The Effect of Several Gecmetrical
Variables on the Notch Tensile Strength
of 4340 Steel Sheet Heat-Treated to 150,
2"-0 and 260 Isi

WADD TR 60-155 Development of Methods and Instruments
for Mechanical Evaluation of Refractory
Materials at Very High Temperatures

WADD TR 60-393 Nondeatructive Testing of Brazed Honeyconb

WADD TR 60-157 Ultrasonics and Ceramic Coatings

WADD TR 60-450 Correlation of Tensile Properties of
Steel Castings and Materials Mnperfections
as Determined by Radiography

WADD TN 60-197 The Present StatuR of Ruxsiian Metnllurgy

WADD Ta 60-204 Mechanical Properties of Extruded AISI
43110 Steel

WADD TR 60275 Hydrogen Embrittlement of Titanium Alloys

WADD TR 60-419 Effective Stress Concentration Factors
for Flight Vehicle Materials under Various
Couditions During Testing

wADD TR 60-425 Mc6cehnical Propertien of Beryilium

WADD TR 60-523 Applicability of Present Creep Prediction
'"echntquen for Rxtrapolating Very Long
Time Creep Behavior

WADD ui 6u-IOu Ut~ran Aging PWrfects in Columbium Due to
Hydrogen

WADD TR 60-95 Stress Corroalon of Notched and tnnotched
AM-35r Al3 ny
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WADO TR 57-1 40 Study of Guided Missile Structural
Parts I & II Design Criteria

WADC TR 57-754 Procedures for Including Temperature
Parts T, II, III, Effects in Structural Analysis uZ Elasti'.
IV, & V Wlngs

Part I - An Equivalent Plate Method of
Structural Analysis for Elevated Temperature
Structures

Part II - A Digital Computer Solutlon
for the Equivalent Plate Methods of
Thermoelastic Analysis

Part III - Static Tests of Two Large
Deflection Wing Models

Part IV - Further Digital Computer
Solutions for the Equivalent Plate Me.thod
of Thermoelastic Analysis

Part V - Correlation of Analysis with
Static Tests "f Two large Deflection
Wing Models

WADC TR 58-196 Some Considerations of Structural Design
Criteria for Guided Missiles

WADO TR 58-336 Study of Helicopter Structural Design
Criteria

WADC TR 59-477 Structural Design of Guided Missiles,
Suggested Criteria and Examination of
Certain Problem Areas

WADC 'PR 59-482 Study of Design Criteria for Structures
Subject to Aerodynamic Heating

WADC TR 59-627 Research Study on Ground Environment
Loads Criteri for Guided Missiles

WADD TR 59-501 Development of Interium Wind, Wind Shear,
and Gust Design Criteria for Vertically
Rising Vehicles

WAD!) TR 60-305 B-66 Low Level Guit Study
14 Volumes
89 Parts

Vol. I - Technical Analysis
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Vol. II - Pouer Spectra

Vol. III - Auto Correlation

Vol. IV - Cross-Corrclation and Cross-
Spectrum of Gust Velocities

Vol. V - One Dimensional Frequency
Distribution

Vol VI - Two-Dimensional Frequency
Distribution

VOL. VII - Time Series

Vol. VIII - Transfer Functions

Vol. IX - Gust and Maneuvers

Vol. X - Meteorolog.y

Vol. XI - Cre,.' Ccments

Vol. XII - Pilot Reports
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