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1 INTRODUCTION

One problem involved in documenting technical efforts has been the
uncertainty as to what and how the information should be reported. In some
cases, project engineers are unaware of the procedures to follow.
Consequently, technical efforts are frequently not documented properly and

cannot accurately be referenced or used for guidance in similar tasks. The
lack of this information has resulted in redundancy, insufficient testing
techniques and excessive costs for training individuals. To alleviate this

deficiency, the Structural Dynamics Branch Quality Circle Group has implemented
a comprehensive report writing guidebook aimed at producing quality technical
documents in a timely manner.

This report describes the five (5) stages of a technical effort. It
defines the procedures of each stage and gives illustrations of processes, and
sample completed forms for each. The text of these chapters can be read,
copied and revised by users on FIBG’s Vax computer (ARRAY). The purpose of
this report is to provide a source of information for use by new and/or
experienced personnel involved in documenting technical efforts in a more
accurate and timely manner.

TEST PLAN

The sequence of technologies involved in the measurement and analysis of
rapid dynamics data for system development projects can be seen in Figure 1.
The process begins when an engineering problem arises which requires
measurement of dynamic variations in engineering variables in order to properly
define, diagnose, and solve the problem. Systems engineers investigate all
aspects of the problem and prepare test plans which include the following: (1)
the purpose of the test, (2) the type of transducers required to conduct the
task, (3) the number and location of all points at which data will be taken,
(4) a complete specification of the experimental or test conditions under which
data will be recorded, (5) the length of time data will be recorded at each
point and test condition, (6) necessary limitations that will be placed on the
measurement instrumentation, (7) the frequency resolution and all technical
parameters required to perform spectral analysis, and finally, (8) the
statistical quantities to be computed and analysis methods to be employed to
extract from voluminous spectral data the information required to achieve the
problem definition and diagnosis objective. The completed test plan becomes
the guidance document for the next step - the design . of the measurement
instrumentation system. :

INSTRUMENTATION

Typical modern instrumentation systems are composed of three quantities
and outputs: (1) a voltage proportional to the measured magnitude; (2) an
indication or recording device from which one can obtain a current observation
or a permanent record of the measured value; and (3) signal conditioning
equipment which matches the output characteristics of the sensing device with
the input characteristics of the recording device. These items are commonly
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known as transducers, signal conditioners, amplifiers, switching/selective
system, and record/display devices.

SPECTRAL ANALYSIS

The output of the instrumentation system, a continuous recording of the
dynamic data for a specified interval of time, becomes the input to the
spectral analysis system which performs the Fourier Transformations.

Statistical analyses are performed to determine both statistical
characteristics of single data files and interrelations among multiple data
files taken at different points or under different test conditions.
Statistical characteristics include measures of. average value (mean),
dispersion, skewness and kurtosis. Interrelations are specified by multiple,
marginal, and conditional correlations among specific combinations of data
files that are of interest. When analysis methods are properly selected and
the resulting output correctly interpreted, sufficient information should be at
hand either to resolve the original engineering problem or to indicate a
redirected effort which can pass through the entire cycle again.




CHAPTER 1
PLANNING STAGE

This chapter assists you in conducting. planning meetings, obtaining
approval for support efforts, and writing test plans. Brief examples of forms
and procedures required to conduct these steps are included. The success éf
your overall project relies greatily on how well the planning stage is
conducted. Much care should be given to having a complete and comprehensive

planning stage.

1.1 PLANNING MEETING

The planning meeting is one or more pre-test assemblies of all involived
personnel to obtain information to specify the test objectives. The objective
of the planning meeting is to: (1) gather information pertinent to the
problem, (2) define the scope of the test, (3) identify test facilities, (4)
determine the required data reduction, and (5) assign responsisilities: The
project engineer contacts all required personnel and sets the dates and

locations of all meetings. Appendix D, Test Plan Outline, gives the primary

task areas.
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PLANNING STAGE
1.1.1 Information Pertinent To Tﬁe Problem

In order to precisely define the objectives, several types of information
need to be collected. An outline is given in Appendix D, Problem Deséription.
This information includes a description of the test item, the operational
environment, the symptoms drawing attention, the impact of the probiem, and the
possible causes. These factors will be discussed in detail in the following

sections.

1.1.1.1 The Test Item -

Describing the test item can involve a variety of factors such as
dimensions, weight, shape, color, and material composition. Photographs,
drawings, and video recordings are most useful in describing the test item.
For professional photographs advance arrangements can be made with tech photo

(4950th Test Wing/RMPI, 54085). Inspection of the test item is recommended.

1.1.1.2 The Operational Environment -

The purpose of the operational environment is to create or assimilate the
characteristics the vehicle, equipment, structure, etc. will encounter in
normal operation. It should be determined if the test is to be conducted on an
aircraft or in a test facility such as a wind tunnel, laboratory, or acoustic
chamber. Laboratory shaker tests include fatigue testing of coupon specimens,
ground vibration testing of full scale aircraft, and vibration testing of
equipment items. Thermal factors include operational and storage temperature
ranges. Sueh operational environmental factors as sound pressure levels and

1-2




PLANNING STAGE

frequency range should also be considered. ‘For example, FIBG’s facility has

the capabilities for acoustic testing described in Table 1 of reference 1.

1.1.1.3 The Symptoms Drawing Attention -

When planning a test, certain symptoms are to be explored. These symptoms
should include a detailed description of physical damage on a test item as well
as potential harm or injury to a nearby person during operation of an Air Force
system. Examples of physical damage can be cracks in structures, broken Eolts,
and.equipment failures. Some causes of symptoms could eQentually lead to such

catastrophic failures such as loss of an aircraft or life of a human being.

1.1.1.4 The Impact Of The Problem -

The impact may be either a loss of system functions or a drop in
efficiency of system performance. These in turn lead to increased costs due to

down time for maintenance and repair. Personnel performance and safety ma}

also be affected.

1.1.1.5 The Cause 0f The Problem -

A block diagram can be used to outline and clarify the test setup.
Potential failures can result from environmental or ‘operational fgctors.
Temperatures, pressures, accelerafions, and acoustics levels are some of the
environmental factors to consider. Operational factors to consider for an
aircraft are altitude, speed, maneuver type, store configurations, and gross
weight. The causes can be idéntified in various ways such as studying time
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PLANNING STAGE

histories or frequency spectrum of critical parameters. Simulation in wind
tunnels, with shakers or by acoustical excitation may help to identify the

cause of the problem.

1.1.2 O0Objectives Of The Test

For any technical problem, the first and most important requirement is to
obtain a clear and concise definition of the objectives of the task and why the
effort needs to be conducted. The objective of this technical effort should
include the situation that gave rise to the problem and what we hope to achieve
as a result of this effort. Several iterations are usually required before a
final statement of the test objectives are defined. A flow chart showing the

steps for conducting in-house tests is shown in Figure 2.

1.1.3 Scope 0f The Test

The scope of the test defines the boundaries of the test(s) which in turns
determines the number and type of transducers that will be used as well as the
range of test conditions needed to meet the requirements of both the customer

and the Laboratory.

1.1.3.1 Customer Requirements And Laboratory Purposes -

The primary objecfives originate in the situation that gave rise to the
problem and defines what achievement is expected as a result of the test
program. Secondary objectives may arise from the dynamics research mission of
the Flight Dynamics Léboratory. A plan of attack must be chosen to integrate
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PLANNING STAGE

these two purposes in the actual conduct of the test program.

1.1.3.2 Variables 0f The Test -

Variables that influence a test output inciude both test item
characteristics and the test condition specification. Test conditions include
both wind tunnel and flight test variables. Examples of test conditions are

velocity, altitude, latitude, attitude, temperature, pressure, weight, etc.

1.1.3.3 How Many Conditions -

Test conditions cover an array of variébles. During a flight test,
altitude,_airspeed, Mach number and attitude may be varied. The number of test
conditions and time for each have an impact on the method of fecording and
analyzing the acquired data. For low.frequency measurements, longer records
are required. Measurements for each condition may be recorded on different
tracks of a tape recorder or directly entered to analysis equipment such as a
spectrum analyzer. A large number of test conditions can greatly affect the
data acquisition and data analysis tasks. If an instrumented flight involves
10 airspeeds, 10 altitudes and 10 gross weights, a total of 10 x 10 x 10 = 1000

different test conditions are needed to cover all of these variations.

1-5




PLANNING STAGE
1.1.4 Facilities And Equipment

During test design, the facilities required should be determined.
Facilities available at the Structural Dynamics Branch include:
1. Acoustic Chambers

Wideband noise test chamber
Small acoustic chamber
Aeroacoustical facility
2. Vibration testing areas
3. Mobile facilities
Mobile data acquisition van .
Mobile experimental laboratory (MEL)
- 4. Calibration laboratory

5. Analysis laboratory

Using the information acquired during pretest and planning meetings, an
instrumentation team should design an optimum system for completion of the test

objectives.

A large amount of supporting equipment is available for use on a test.
About 5000 accountable equipment items, including oscilloscopes, voltmeters,
tape recorders, shakers, calibrators and many others, are available. Support
electronics. designed in-house include amplifiers, filters, transducers and

modal data acquisition systems.
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PLANNING STAGE

1.1.5 Data Reduction

Data reduction requirements for the test must be well defined in advance.
Certain questions must be answered. Whether the test will be acoustic or
vibration determines how the plots will be formatted. Will correlation be or

any other special software be required? Types of data reduction that are

available are described in Chapter 3.

1.1.5.1 Channels -

A channel is the track number in which data is recorded. The test plan
should indicate which channels are of most importance, and in what detail must
each channel be analyzed. It should also state how the data should be
displayed or pldtted? ‘For iﬁgtance, should 8 curves or lines be placed on one
"~ graph or shoqld there se 8 sép;réte graphs; Should the data be displayed in

tabular form?

1.1.5.2 Frequency Range -

The frequency range of the data is'required to determine the bandwidth
selection of the data acquisition system. The bandwidth of a signal is the
difference between the maximum and minimum frequencies of interest. Bandwidth

is also used to define the size of frequency resolution (delta f) in spectral

analysis.
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PLANNING STAGE
1.1.5.3 Graphs -

Data output is usually presented in the form of graphs. These graphs can
be presented in log-log, log-linear, linear-linear or linear-log scales for the
x and y axes. The functions plotted could be Auto Spectral Density (ASD),
Sound Pressure Levels (SPL), Probability Density Functions (PDF), time

histories, and many others.

1.1.5.4 Mathematical Models -

If the values of the range (the set of values the function or
transformation may take on) and domain (the set of values which the independent
variable may take on) of a mathematical function give the best fit to some
measured data, the function then models the data. Clearly some functions will
be better models than others. Data collected later can then be compared to and
plotted with data generated by previou; mathematical models. For example, the
theoretical impulse response of a mechanical system might be plotted on the

same graph as the actual measured response.

1.1.6 Responsibilities

At the planning meeting, responsibilities of all organizations and
personnel should be identified. Lateral and vertical communication are
important to ensure smooth flow of project information. Common forms of

communication include meetings, phone calls, computer mail and memos. He/she
is also responsible for documenting the test program and interpreting the
results.

1-8




PLANNING STAGE

1.1.6.1 Project Engineer -

The key person for all projects is the project engineer who is ‘responsible
for developing the hypothesis, planning the test(s) to confirm the hypothesis,
conceives possible solutions or fixes, and plans the testing of the fixes. The
project engineer is responsible for the entire test program. He/she
coordinates all matters associated with the program such as finances,
personnel, and all changes in program status. The project engineer writes the
test plan. All changes or variations should be cleared through this individual
or ﬁheir appointed assistant. The project engineer also keeps a current folder

on all transaction and activities pertaining to the project.

1.1.6.2 Instrumentation Engineer -

The instrumentation engineer, who conducts the test and acquires the data,
is responsible for instrumentation, data acquisition, test procedure
_documentation, and test management. He oversees cable fabrications and bracket
designs. He monitors the test to ensure all data are recorded on tape or .
paper. He keeps track of operational and non-operational transducers. The
evaluation of data quality on site is the responsibility of the instrumentation
and project engineers. The instrumentation engineer directs the test
technicians in preparing for and conducting the tests and works closely with

the project engineer in writing the instrumentation section of the final

report.
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1.1.6.3 Analysis Engineer -

The analysis engineer is responsible for transforming, plotting, and
modeling test data. Transforming as it is used here is the changing of an
equation or algebraic expression by substituting for the variables their values
in terms of another set of variables. He directs the analysis technician as to
which data records are to be digitized for further analysis. Required plots
and checks for accuracy are defined by the analysis engineer, who is also

responsible for the analysis section of the final report.

1.1.6.4 Technicians -

The test technicians provide technical support in fabricating electronic
and mechanical components for the test. Specialized technicians work in the
calibration laboratory and the analysis laboratory. One analysis technician
edits data tapes received from tests and plots analog or digitized data as
directed by the analysis engineer. A second analysis technician ensures that
the data . reduction and analysis equipment are operating properly. Other
technicians are assigned to specific projects and work under the direction of

the test and project engineers.

1.1.6.5 Travel -

Travel requirements should include test planning trfps, as well as the
actual test conducting trips. Travel estimates depend on the mode of
transportation, per diem, number of travelers, rental vehicle and miscel laneous
costs. These costs should all be included in the test cost estimate. Each
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person is responsible for his travel arrangements; however, all travel
arrangements should be coordinated through the project engineer. When using

FIBG mobile data acquisition vans, special factors need to be considered in

preparing the van for travel.

1.1.6.6 Cost -

#or each R and D program 3 cost estimate should be made. The detail of
thg cost estimate depends on whether the program is in-house, support to others
or contract. The estimate includes manhours, required personnel, travel cost,
equipment cost, supply cost and other cost. A sample estimate is included as
Figure 3. Note that for manhour cost the formula is the estimated hours times

the annual salary divided by 2087 and then multiplied by an overhead factor of

1.29.

1.2 OBTAINING APPROVAL FOR SUPPORT EFFORT

If the effort requires more than 40 manhours, an official letter

requesting support should be sent to the Flight Dynamics Laboratory.

1.2.1 Request For Technical Support

Technical assistance by the Flight Dynamics Laboratory is obtained by an
official letter of request to the Director (AFWAL/FI) from the desiring
customer. A description of the problem as complete as possible, giving the
current state of the evidence should be included as an attachment to this
letter. Personnel in the affected system office may be in a better position to
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describe the problem and all its ramifications than are the Flight Dynamics
Laboratory engineers temporarily assigned to accomplish the project.
Accordingly, this problem description will normally serve as the first section
of the final technical documentation of the experimental dynamics
investigation, and its author may be included as a co-author of the full
report. As an aid in organizing this information, a suggested format for the
problem description is given in Appendix D. This format also serves as a
check-off list for the types of information to be included. Of course, not all

of these items will be applicable to every project.

The problem description is used by Flight Dynamics Laboratory engineers to
prepare a Test Plan for carrying out the measurements and data analysis
required for each of the joint system projects. This test plan is the
technical part of the documentation that must be épproved by both the
requesting office and the Flight Dynamics Laborator& before any work can be
undertaken. The test plan format is also given in Appendix D. System
personnel who are cognizant about any of the topics included may wish to
provide guidance to the engineers preparing the test plan. Such guidance may
range from informal telephone comments to the actual drafting of parts of the
test plan. The optimum number of measurements and degree of analysis are not
always physically possible or economically feasible. Consequently, free
communication on these matters is necessary to achieve the best design of the
test plan. The approved test plan will normally follow the problem description
as the second section of the final technical documentation of the joint system

experimental effort.
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1.2.2 Response Letter To Support Request

After evaluating the request letter, FIBG will respond with a letter
stating whether or not the support can be providedl This response will be
written for FIB Signature and a copy will be provided to AFWAL/GLXRF (A.
HARRIS). The response letter should include the approved test plan and an
estimated cost of the test. The cost ;stimate will include manhours, travel,
supplies, and equipment lestimates as described above. Preparation of this
letter may be preceded by telephone communication and a planning meeting with
the. customer to determine the scope of the test. A preliminary test schedule

showing the planned time frame for test should also be prepared at this time.

1.2.3 REQUESTING A JOB ORDER NUMBER (CUSTOR AFWAL FORM 143)

After obtaining approval to perform the support effort, -a CUSTOR AFWAL
Form 143 requesting a system support Job Order Number (JON) should be completed

and forwardéﬂ to AFWAL/GLX. After receipt of the JON, work and charges on the

support can begin.

1.3 TEST PLAN

The test plan is usually written by the project engineer with input from
the instrumentation and analysis engineers, technicians, sﬁpervisors, customers

and other personnel. A sample test plan is included as Appendix E.
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1.3.1 Cover Sheet

A cover sheet should have an Organizational Block, Title of Test, Name of
Author, and Test Plan Date. These items are necessary to readily identify the
test name and project engineer. A sample test plan cover sheet is included as

Appendix E.

1.3.2 Follow Outline In AFWAL-TR-80-3080

In writing the test plan, the outline from AFWAL-TR-80-3080(reference 2)
given in Appendix D should be followed. This outline should serve as a guide
to ensure that all pertinent information is included in the test plan. As
shown in the outline the major headings should be: 1)PROBLEM DESCRIPTION,
2)PROGRAM OBJECTIVE, 3)DATA REQUIREMENTS, 4)DEVELOPMENT OF TEST PLANS and
5)DOCUMENTATION OF RESULTS.
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CHAPTER 2
ACQUISITION STAGE

2.1 RECORD KEEPING

Keeping accurate logs and records (bookkeeping) in the field is important
in ensuring data quality and rapid preparation of a final reporting document.
Papers, records and forms in the field should be dated to ensure accurate

reconstruction and description of the events that occurred.

2.1.1 Transducers

A description of some transducers used in data acquisition can be found in
Reference 1. Specifications of several transducers owned by FIBG are included
as APPENDIX F. A sample description of a transducer for incorporation in a

technical report is as follows:
The sensor used was a model manufactured by company.

for example:

The accelerometer used was a model 902H manufactured by Columbia Research

Labs..
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or

The pressure transducer used was a model LQL-125-5D manufactured by Kulite.

2.1.1.1 Type -

Transducers and sensors are used to measure pressure, sound pressure
level, strain, temperature, acceleration, airspeed, and displacement.
Transducers include both active signal generating and passive signal
conditioning types. These transducers can be a strain gage, piezoelectric,
piezoresistive, condenser microphone, thermocouple and others. The transducer

may be optimized for different frequency ranges and temperatures.

2.1.1.2 LlLocation -

Locations of transducers on a test item must be well specified. The
locations are highly dependent on the problem that is being solved. 0On a
vibration test, for example, one must ensure that no accelerometers are Iocaéed
on a vibration node. On an aircraft, transducers should be specified by the
fuselage station, water line and buttline. A sketch of the test item with
transducer locations is helpful. The locations of transducers are usually
determined by a consensus of critical location, as determined by project
engineers, working engineers and technicians. A project engineer may desire

more transducers than the capability of the measurement system.
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©2.1.1.3 Direction -

Transducer orientation should be defined. Usually accelerometers are
oriented to sense vertical, lateral and longitudinal accelerations. Sometimes

the accelerometer may be oriented to sense acceleration in a direction paraliel

to a component axis.

2.1.2 ‘Equipment

Selectiné equipment to use on a test include a variety of factors.  Some
factors are test type, test location and power availability. A laboratory or
field test might require transducers, signal conditioning, power supplies, data
recording, equipment, noise sources, and vibration sources. 1In adéition a
mobile data acquisition facility might be required. On site plotting

capability using digital plotters may also be required.

2.1.2.1 Signal Conditioning And Recording -

Specifications of some FIBG signal conditioning equipment are also in
Appendix F. Signal conditioners include automatic gain ranging amplifiers
(AGRA), Date! amps, filters and other special purpose electronics required to

optimally link a transducer to a recorder. Recorders inciude the Leach,

Honeywel|l 101, Honeywell 96, Ampex, Kyowa and Digital Memory.
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2.1.2.2 Block Diagram 0f Test Set-up -

Every test plan and test report should include a block diagram of the data
acquisition system used for the tests. This should include blocks for
transducers, signal conditioning, data recording, and data recovery. A block
diagram shows at a glance a good overview of the equipment used on the test. A
block diagram for a typical FM recording system is shown in Figure 4. Also, a

drawing showing transducer layout on a recent test is shown in Figure 5.

2.1;3 Test Conditions

To be well documented, a detailed list of records made during the data

acquisition should include the date and the following data.

2.1.3.1 Environmental Data -

A log of environmental measurements such as temperature and barometric

pressures should be keep while at the test site.

2.1.3.2 Test Item Data -

Any changes in the test item during the testing process should be noted.

Test item data that may change include weight and size.
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2.1.3.3 Operational Data (Test Conditions) -

Test condition changes must be tabulated or listed. For a wind tunnel
test, some operational changes include Mach number, altitude, and model angle
of attack for each record. Operational data specified by the project engineer

in the test plan is to be tabulated for each record of collected data.

2.1.3.4 Amplifier Gains -

. For each amplifier in the signal conditioﬁing, a record of gains must be
documented in order to determine sensitivities for conversion to engineering
units. AGRA amplifiers have gain codes bits which may be recorded on magnetic
tape to recover the proper sensitivity on playback. Fixed gain amplifiers must
have their gains logged manually for use by playback personnel at a later date.
Sometimes amplifier gains are adjusted to provide normalized sensitivities,

such as 1g/volt for an accelerometer channel.

2.1.4 Document All Changes In Test Plan

Deviations from the test plan must be annotated in a project notebook,
data acquisition log or computer file. Scraps of paper are often lost or
destroyed. Forms cﬁn be most helpful to keep track of test setup and test
conditions as they are conducted. A sample form is shown in Figure 6. Forms
should also be used for each data record (analog tape, digital tape, disk, etc.

which describes the test setup, transducer identification and other pertinent

information).
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2.1.5 Photographs

Photographs can be taken of the test item, fest—set up and sensors. These
pictures can be useful in determining transducer location, orientation and
position during the analysis and report writing phases. Newer techniques
include video cameras for test documentation. Computer displays and animation
are also sources of photographs and figures required in a test report. A
photograph of the item being tested during the actual test condition can be
helpful. For example, on taxi testing, a photo or video of an aircraft
travelling over a runway provides documentation. Also, data analysis can be
accomplished using some of the state of the art video analysis techniques. The
test condition description, time and date can be superimposed on a video image
if desired to help document the test. Calibration of transducers electronic

systems can also be documented by photos and video.

2.1.6 Calibration

A number of calibration techniques are currently used for a large number
of tests. The type of calibration is dependent on the test type and
transducers selected as well as both the amplitudes and frequencies of the
measurands. Calibrations can be done in the laboratory on individual
transducers or entire systems, before the test. lero signal level records
should be made to check noise floor. End to end calibrations before and after
the tests should be conducted at the test location. Automatic calibrations
before and after the occurrence of each test condition are also possible.

Accuracy of the calibration should also be estimated based on thermal, pressure
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and operational environments of the transducers.

2.1.7 Test Procedure

The test procedure should be well documented in the field. An accurate
outline of the test procedure should be included in the test plan. The actual

series of steps performed during the test should be documented. An estimate of

the accumulated error-should be stated.

2.2 REPORT READY PLOTS ON-SITES

Modern test equipment and instrumentation allows production of report
ready plots at the test site. For example, a spectral plot can be generated
away from the test cite by using the Mobile Experimental Laboratory (MEL). ‘Now
capabilifies exist ﬁo get Qpectral plots on site within a manner of minutes.
This allows fast conversion of sensor data to engineering units and enhances

the decision making capability in the field.

Using modern data acquisition and analysis systems, time histories ready
for inclusion in a technical report can be generated in the field. A sample

time history generated using the Wavetek Spectrum Analyzer is included as

Figure 7.

Computer aided calibration can present report ready documentation of
transducer calibration (pre and post calibration) for possible inclusion in a

report. This can include amplitude sensitivity information and transfer

function plots for frequency critical application.
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2.3 REPORT READY TABLES ON-SITE

Usually tables and test logs on site are handwritten. New technigues
could include typing data on site into a portable compufer,‘for immediate print
out, in letter quality. This eliminates the need to decipher handwritten notes
and eliminates a step in reaching a goal of a report ready table on site. An

example of a computer generated table is shown in Table 2.
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CHAPTER 3
REDUCTION STAGE

The Structural Dynamics Branch recovers, edits, transforms, and presents
both analog and digital data. These capabilities are required to accurately
describe the operatiﬁg environment of flight vehicles and to access the
accuracy of analytical prediction methods. The process of transforming the
dynamics data from the raw form to that which yield the information required by
engineers and scféntist consists of five major tasks: data recovery, editing,
analog to digital conversion (if required), single channel transformations,

‘dual channel transformations, and graphic presentation.

3.1 TYPES OF DATA RECOVERY

The data are usually recorded on tape, floppy disks, or hard disk. The

first phase of data reduction is verification of the dynamics data and

selection of usable data for further analysis.

3.1.1 Analog Data

The analog (continuous) data are recorded on instrumentation tape along
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with amplifier gain, time code and voice information. This type of data can be
recorded using frequency modulation (FM), amplitude modulation (AM), or phase
modulation (PM). Time division multiplexing (TDM) and frequency division
multiplexing (FDM) may be used to place data from several transducers onto one

tape recorder track.

3.1.1.1 Frequency Modulation (FM) -

Frequency modulation(FM) records data from zero frequency (DC) to a
maximum frequency determined by the tape speed. The signal is frequency
modulated with an Inter Range Instrumentation Group (IRIG) compatible
subcarrier center frequency between 200 Hz and 1.999 MHz. The frequency can
deviate between 20 Hz and 800 KHz within a deviation percentage range of 4% to

40%.

3.1.1.2 Amplitude Modulation (AM) -

Direct recording of signals (x(t)) use §mp|{tude modulation techniques.
Amplitude modulation causes the amplitude of the encoded carrier wave to vary
with the iﬁput signal amplitude. For AM encoding,' the carrier frequency is
constant. The signal is encoded into the carrier amplitude by the relation
defined on page 2-85 of Reference 2. If the signal amplitude exceeds the
carrier amplitude, a condition known as over-modulation occurs. The limited
dynamic range obtainable by AM encoding is the result of interference from
additive noise or by gain variations. Since dynamic range of this recording

technique is limited to 20 to 40 dB, the use of AM encoding for acoustic and
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vibration signals is generally avoided.

3.1.1.3 Phase Modulation (PM) -

Phase modulation is similar to FM encoding in that both have constant
carrier amplitude and encode the signal (x(t)) in the total phase x(t) of the
carrier. In PM encoding, the signal controls the instantaneous phase excursion
of the carrier. The maximum phase excursion in PM is independent of signal
frequency, while the maximum frequency excursion is proportional to the signal
frequency. PM systems are better suited for encoding of high frequency signals
than are FM systems. They are used mainly in high speed digital recording.

Modems operating at 1200 bits per second use phase encoding.

3.1.1.4 Time Division Multiplexing (TDM) -

In time division multiplexing, each input channel is sampled for a fixed
time (dwell time) before' the next is selected. The first channel is not
sampled again until after the last channel’s dwell time. A frame is defined as
an interval of data samples that includes at least one sample of each channel.
The number of frames per second is the effective sampling rate. Time Division

Multiplexing is illustrated Figure 8 from reference 3.
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3.1.1.5 Frequency Division Multiplexing (FDM) -

In frequency division multiplexing, each channel of data is assigned a
given frequency band as shown in Figure 9 from ‘reference 3. Ffequency
multiplexing is the process of adding (mixing) signals with different carrier
frequencies. The input channels can then be demultiplexed by band pass
filtering and FM demodulation. The important characteristics of frequency
multiplexed systems are the bandwidths around each carrier and the carrier
frequency separations. The dynamic range increases with increasing bandwidth,
but decreases due to channel cross-talk if the carriers are not adequately
separated. Since the total bandwidth available is generally fixed, there is a
tradeoff between dynamic range and the number of channels that may be

accommodated.

3.1.2 Digital Data

In contrast to continuous wave modulation, where the carrier wave is a
sinusoid, pulse modulation encoders use a pulse train as the carrier wave. As
in the case of the time division multiplexers, pulse modulators sample the
signal at certain times (usually at constant intervals) so the signal must not
contain frequencies greater than half the sampling rate. The sampling rate of
a single channel modulator is the pulse repetition frequency. Pulse modulation
may be easily combined with multiplexing to produce a pulse train -representing

frames of samples from each input channel.
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3.1.2.1 Pulse Amplitude Modulation (PAM) -

Pulse Amplitude Modulation is the pulse analog of AM encoding. The
amplitude of a puise train varies with the signal voltage. 0On most FIBG tests,
transducer signals (data channels) are recorded using FM, one channel per
track. The gain codes of each Automatic Gain Changing (AGC) amplifier are
recorded on a separate track using Pulse Amp!litude Modulation (PAM) techniques.
Figure 4 showed a typical system for recording twelve accelerometer signals.
Typically, amplifier gains are recorded on track number 13. Inter Range
Instrumentation Group-B (Irig-B) analog time code is recorded on track 14 and

voice on the edge tracks.

3.1.2.2 Pulse Time Modulation (PTM) -

Pulse time modulation is the pulse analog of FM encoding. The pulse
amplitude remains constant, and the signal’s value at the sample time is
encoded into time parameters of the pulse. In pulse frequency modulation, the

frequency of pulse repetition is varied around the center frequency just as in

FM encoding.

3.1.2.3 Pulse Width Modulation (PWM) -

Pulse width modulation is also known as a pulse duration modulation, the

pulse width corresponds to the signal amplitude.
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3.1.2.4 Pulse Position Modulation (PPM) -

Pulse position modulation results in pulses of uniform width, but with the

spacing between pulses varied to encode the signal.

3.1.2.5 Pulse Code Modulation (PCM) -

In a pulse code modulation system each sample value of a signal f(t) is
converted to a code formed by a pattern of digital pulses representing binary
numbers. Each voltage level is then represented by a certain pattern of
pulses. Thus instead of transmitting the individual samples, the corresponding
pulse pattern is transmitted. PCM encoding is shown in Figure 10 from

reference 3.

3.1.3 Root Mean Square (RMS)

After the data are digitized, the dynamic data are often plotted as the
RMS time history. This provides a quick-look tool to determine the statistical
properties of the signal such as self stationarity and randomness. RMS Time

History data also help to determine if gain changes have occurred.

3.1.4 Select Data Display

To select the best way to display data, the objective should be clearly
understood. For example, if interested in acoustic fatigue, you may want to
display your data as narrowband frequency spectra of sound pressure levels or

one-third octave plots. If you are interested in amplitude peaks, the data may
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best be displayed by amplitude versus time or spectral analysis using a linear
scale on the y axis. Acoustic fatigue on Trans Atmospheric Vehicles (TAV) may
require a series of acoustic spectra as a function of temperature. Combined
environmental factors such as ‘temperature, ambient pressure, moisture, and
solar radiation are becoming more important as new aerospace vehicles are

designed to operate near earth and in space.

3.2 TYPES OF EDITING

The first step after acquiring data in the field is editing. This
involves setting editing criteria for elimination of bad data, such as clipping
or loss of signal. In addition, the project engineer must decide what data is

of value for further analysis. The data records on the tape are compared with

the voice track for test conditions identification and the time code for time

code for time correlation purposes.

3.2.1 Visual Inspection

Visual Inspection of data measurements is accomp!ished by several means as

discussed in the following paragraphs.
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3.2.1.1 O0Oscilloscope -

The recorded signal is played and observed on an oscilloscope to inspect
voltage levels and to determine the signal quality based on past experience.
Some of the things to look for are low leve!, clipped and noisy signals, data
out, bad gain codes, loss of frequency carrier, bad data record identification

and other inconsistencies.

3.2.1.2 Strip Chart Recorder -

Since the oscilloscope provides no permanent record of the data, it is
often necessary to plot time histories of the data on oscillograph paper. This
is another quick look means of determi;ing data integrity for high frequency
data. In addition to the signal trace, the time code can be displayed on the
oscillograph so that specific sections of data can be identified by time for
analysis. For some data, preliminary amplitude values may be derived from the
oscillograph trace. Newer techniques involve use of digital plots directly

from a spectrum analyzer.

3.2.1.3 PCM Playback -

For serial PCM data, it is difficult to ascertain data quality while
looking at the serial bit stream. It is necessary to have a PCM decommutation
system to decode and d;multiplex the assorted signals that are embedded in the
bit stream. Some PCM playback systems currently in use are the EMR 708, Base
10 decoder, the MASSCOMP computer in the Mobile Experimentation Laboratory Van,

and a universal telemetry system.
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PCM playback is accomplished in the laboratory and the field. PCM data
that is recorded on one track of magnetic tape are played back through the EMR
708 PCM decom system in the analysis phase. The EMR 708 converts serial PCM
data to paralle!l digital data. Using a computer interface and software, the
parallel data are transferred to an IBM compatible computer tape for use with
the VAX 11/780. For each test using PCM, the instrumentation engineer,
analysis engineer or technician program the appropriate PCM decom parameters to
account for things such as bit rate, subframe identffication and calibration
constants for each channel. The calibration equation is of the formy = mx +
b, wherem i; the channel sensitivity in engineering units per count, b is the

offset, and x is the number of digital counts.

In the field, a quick look of PCM data can be obtained by using the Base
10 PCM decoder. This allows the user to get a quick look of any single channel
in the serial bit stream. For example, if an individual wants to look at the
signal from an accelerometer called Al, he can select this channel and the
decoder will display the number of counts being outputted from that transducer.
In addition, a Digital to Analog (D/A) converter allows the engineer to view
the data ‘on an analog scope. For detailed editing of the data in the field, -
the larger EMR 708 system is used. This system displays the counts and
engineering units-for all channels simultaneously on a CRT display. In
addition, up to 16 D/A outputs can be used for Jisplaying the data on

oscilloscopes or oscillographs.
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3.2.1.4 Voltmeter -

A voltmeter is used to check voltage levels of signals. In the field and
in the laboratory a voltmeter measures RMS, DC, and AC voltages. A multi-meter

measures voltage, current and resistance.

3.2.1.5 Spectrum Analyzer -

Data are viewed in the frequency domain with a spectrum analyzer to help
deqidé whether to examine or delete a particular band of frequencies. A quick
look at the data can be made using a spectrum analyzer and plotting the output
on an X-Y plotter. The data signal may be filtered with low, high, or band
pass analog or digital filters. The results of this phase of data verification
are used to determine the frequencies of interest for further analysis. The
results are also used to look for the occurrences of undesirable signals
induced by electrical noise such as 60 hertz house power frequency or 400 hert:z
aircraft power frequency. .In vibration, it is difficult to distinguish a 60
hertz mode from 60 Hertz noise. Also on some tests the mechanical phenomenon
of interest may induce known frequencies. For example, on vibration testing of
helicopters the frequencies induced by blade passage should be observable in
the frequency spectra. If they are not present the data may be of questionable
quality. Gunfire is another example of data that should have harmonic content.
The spectrum should be repeatable for different data records for the same test

conditions and transducer.
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3.2.1.6 Computer Printout And Plots -

Tabular printouts can be useful in editing data. These consist of
computer generated tables expressing the data in engineering units. Tables
give more precise values than strip charts. For example, to see precise PSD
values for each frequency of a plot or segment of data, a table can be
generated listing all of these frequencies and values. They may also be used

to select maximum and minimum values for your report ready graphs or plots.

In addition to plots from spectrum analyzers and oscillographs, a variety
of plots can be generated from digitized data. The plots are used to check
data éuality and to edit data. vExampIes include Probability Density Function
(PDF, also known as Amplitude Probability Density, (APD), Cumulative
Distribution Function (CDF), Time Histories, Auto Correlation Function, Cross
Correlation Function, Power Spectral Density, (PSD, also known as Auto Speétral
Density and Spectral Density), Joint Power Spectral Density, and cross channel
plots of two parameters. Usually a large number of these graphs are plotted
and a judgement is made as to which plots are incorporated into a report. A
file of these plots is usﬁally kept unti! the report is published. This can be

helpful when reviewing the report; and used for future reference.

3.2.2 Determine Data Quality

Data can be classified as good, bad, marginal, desirable, undesirable, and
missing. Good data represents the predetermined or expected résults and falls
in the expected range for a given condition. Good data do not contain noise,
spikes, 60 or 400 hertz, or other undesirable contamination. The bad data
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signal may be clipped, lost or missing due to power failures, have erroneous
gain code reading, have incorrect sensitivities applied or have similar
undesired corruption. Marginal data are seemingly bad data that can be
manipulated into a usable form. For example, a low signal level embedded in
noise may be recoverable by statistical filtering techniques. Sometimes for
multichannel systems, marginal data exist when some of the channels are good
but not all. An example would be a 12 channe! system, where 10 channels are
good and 2 are bad for a given test conditién. Undesirable data is information
that the project engineer does not need to work the problem. Undesirable data
may be good or bad data and should be ffled away for future reference.
Desirable data is acceptable data that the project engineer needs to solve the
initial problem; and will probably incorporate in the final report. It usually

takes several iterations to reach this point.

3.2.3 Video Recording

New techniques in vibration and acoustics testing use video recording as a
documentation and measurement tool. They provide ways to edit test data. For
example, video recordings of tesf conditions may be used in conjunction with
data recordings to insure that measured data correspond to the physical motion
seen on the video record. They may be used as a backup for loss of time code
documentation. Also there are new computer techniques which analyze motion of
a structure observed by a video camera. 0One example is the SUN microcomputer
video motion analyse system. Video recording frames may be included in the

final report by using a video hardcopy printer.
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3.2.4 Analog To Digital Conversion

Edited analog data are converted to digital form and stored on magnetic
tape for computer processing. This is done because diéital techniques are more
suitable for daté analysis, data automation, and the use of sophisticated
statistical techniques. Table 6 of reference 1 has a sample list of digitizing
parameters which must be specified in performing a typical narrowband frequency
analysis. This includes the determination of data bit rate and data format.
Digitized data are stored on standard IBM compatible 1/2 inch computer tapes
with seven or nine traék format. Streaming cassette tape cartridges and
optical disks might be future means of storing or aréhiving digital data.
Future plans include entering analog data directly into a high speea
multichannel analog to digita'! zonverter and storing the data immediately on a
super disk for instantaneous analysis on the VAX 1}/780 using appropriate

application software.

3.3 SINGLE CHANNEL TRANSFORMATIONS

Any kind of mathematical operation on a set of measurements is a
transformation of the data. This includes mathematical operations like
squaring each data point, averaging operations, or multiplying each point in a
sequence of measurements by the corresponding point of other sequences of

measured or theoretical values.
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Data are transformed from one form into another to meet the needs of a
specification or to simplify analysis procedures. Data can undergo several
transformations. Some are Laplace Transform, Fourier Transform, Analog to
Digital conversion and Digital to Analog conversion. Single channel
transformation involves only one sequence of measurements. The sequence may be
from one location at successive times or at one time from successive locations,

(Reference 2, Section 3.2).

3.3.1 Mean Value

If a sequence of measurements is summed and divided by the number of
measurements, the result is the arithmetic mean. If each measurement is first
squared, the mean square computed and its square root taken the result is the
quadratic mean. The quadratic mean is .useful when positive or negative
measurements give the arithmetic mean a near zero value even for large absolute

magnitudes, (Reference 4,Section II, 1).

3.3.2 Standard Deviation

If the arithmetic meén is subtracted from every measurement and the
resultant deviations are squared and a mean square deviation cémputed, the
result is the variance. The square root of the variance, or the root mean
square deviation from the mean, is the standard deviation. Both the variance
and the standard deviation are measures of the dispersion or scatter in the

data (Reference 4, Section II, 2).
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3.3.3 Skewness

If the deviation of each measurement from the arithmetic mean is cubed and
a mean cube computed and divided by the standard deviation cubed, the result is
the skewness. Skewness is zero for every set of data in which the positive and
negative values are symmetrically distributed. Thus, positive and negative

values of skewness are measures of asymmetry (Reference 4, Section II, 3).

3.3.4 Kurtosis

If the deviation of each measurement from the arithmetic mean is raised to
the fourth power and a mean quartic computed and divided by the standard
deviation raised to the fourth power, the result is the kurtosis. Kurtosis s
equal to 1.8 for uniformly distributed data and 3.0 for normally distributed
data. Bimodal distributions (a distribution Qith two ﬁodes) have values less
than 1.8. Platykurtic distributions (less peaked than normal) have kurtosis
between 1.8 and 3.0, and Leptokurtic distributions (more peaked than normal)

have kurtosis over 3.0, (Reference 4, Section II, 3).

3.3.5 Fourier Transform (FT)

If each point in a time series of measurements is multiplied by the
corresponding point of_a superimposed sine wave and a mean of these products is
computed, the result is an estimate of the imaginary part of the spectral value
for these measurements at the frequency of the sine wave. Replacing the sine
wave with a cosine wave results in an estimate of the real part of the spectral
value for the frequegcy of the cosine wave. The Fourier Transform is thus a
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complex number with real and imaginary parts at each frequency. For random

data it is useful mainly to compute spectra and correlations.

3.3.6 Auto-Spectral Density

The product of a Fourier Transform for a sequence of measurements by the
complex conjugate of the same Fourier Transform is the Auto-Spectral Density
which is always a real number for each frequency. The auto-spectral density is
useful in identifying the frequency compositioﬁ of time series data. For
output data from mechanical (for example, vibration) and electrical (for
example, control) systems, this would include resonant frequencies. (Reference

2, Section 3.2.3.)

3.3.7 Autocorrelation

The Fourier Transform of the auto spectral density is the auto
correlation. The imaginary part is always zero, so the‘auto correlation is a
real number. It is especially useful in identifying the presence of any
periodic signals that might be presenf in random data, (Reference 2, Section

3.2.2).

3.4 DUAL CHANNEL TRANSFORMATIONS

Dual cﬂannel transformation result from computations involving  two
sequences of measurements. Normally the sequences are from two locations
locations measured simultaneously. However, the sequence can be from a set of
locations méasured at two times. (Reference 2,Section 3.3) Dual channel
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transformations are methods of analyzing the interrelationship of two signals

sampled over the same time period. The two signals must be sampled at exactly

the same instant.

3.4.1 Covariance

If the arithmetic mean of each sequence is subtracted from every
measurement in each sequence respectively and the resultant deviations are
multiplied and a mean product computed, the result is the covariance. If the
covariance is divided by the product of the standard deviations for each
sequence, the resultant correlation varying from minus one to plus one is a

measure of the similarity of the two sequences, (Reference 2, Section 3.3.1.4,

Page 3-81).

3.4.2 Cross Spectral Density (CSD)

The Fourier Transform of one sequence multiplied by the complex conjugate
of the Fourier Transform of the other sequence is the cross spectral density.
The real part is the coincident spectrum (co-spectrum) and the imaginary part

is the quad spectrum, (Reference 2, Section 3.3.3, Page 3-89).

3.4.3 Cross Correlation

The Fourier Transform of the Cross Spectral Density is the cross .
correlation. The imaginary part is always zero, so the cross-correlation is a

real number [AFWAL-TR-85-8030, Section 3.3.2, III-85].
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3.4.4 C(Coherence

The product of the cross-spectrum times its complex conjugate divided by
the product of the autospectra for the same two sets of data is the coherence.
Ranging from O to 1 the coherence measures the degree to which the two sets of
measurements can be considered as an input and output for a linear system,

(Reference 2, Section 3.3.3.5, Page 3-97).

3.5 DATA PRESENTATION

. The last step in the data analysis is to present the results in a concise,
understandable form. Plots, tables and pictures increase the interpretability
of the results and permit comparisons with similarly computed data. Plots are
required for decision making regarding the need for further analysis, testing,
and presentation of the results in a final report. Because of the versatility
of the digital analysis system, customized programs are written for the users

particular requirements.

3.5.1 Single Channel Plots

Plots of single channel data can depict three or more parameters. These
parameters are x, y, and engineering units. Normally, x and y are spectral
density and frequency or autocorrelation and time. Figures 11 through 15
depict single channel data plots. Axes scaling must be considered. Linear x
and y axis (linear/linear), logarithmic x and y axis (log/log), and Iog;rithmic
y and linear x axis (semi-log) are some axes scalings shown in Figures 16. The

linear axes are selected when peaks in the data are to be emphasized.
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Logarithmic axes are selected to compress both axes. Logarithmic axes are
scaled linearly as powers of a logarithmic base such as 10. A one-third octave
plot as shown in Figure 17 is an example of a log/log plot. The y axis is
sound pressure level and is equal to twenty 20iog(p measured/p reference). The
x axis is frequency and divided into linear one-third octave frequency bands

(Constant percentage bands equal to log2(f unknown/f reference) .

Envelope plots summarize data to provide a maximum, average, and minimum
value for each delta frequency and several data signals. An envelope plot is

shown in Figure 18.

Another type of single channel analysis is the probability density
function. One way of obtaining a probability density function (PDF), is by
first creating a histogram (the number of occurrences in a given band). When
yo;-convert ihe number of occurrences in a given band to a percent of the total
number of occurrences, a plot of the probability density function is obtained.

Another term for probability density function (PDF) is Amplitude Probability

Density Function.

3.5.2 Multiple Channel Plots

The presentation of multiple channe! data is the plotting
interrelationship of multiple signals sampled over the same time period. The
methods described in the single channel plots applies equally well to multiple
signals. Linear x and y axis (linear/linear), logarithmic x and y axis
(log/log), and logarithmic Y and linear X axis (semi-log) are some of the axes
scalings that can be used as shown in Figure 19.
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Three-dimensional plots depict two independent variables in the xy plane
and a third dependent variable in the third dimension or z-axis. Carpet,

contour, and waterfall plots are examples of three-dimensional plots.

Crossplots or carpet plots are developed to permit further analyses of the
relationship between acoustic and vibration environments during flight tests
and laboratory experiments. This program requires as input vibration analyses
(such as power spectra) and acoustical analyses (such as sound pressure level
spectra) produced by the data analysis system. Then for any frequency band
from all the test conditions, it plots acoustic values versus the corresponding
vibration values and performs a least-squares fit on the resulting data,
producing a graphic presentation of the relationship between the acéustic and
vibration environment that can be used for linearity checks and predictions of
vibration levels from acoustic levels in certain test situations. Figure

20(a), 20(b) and 20(c) are eiamples of carpet plots.

Acoustic intensity plots can be utilized for displaying flyover data. The
acoustic intensity plot software include options for presenting a time history,
a one-third octave band analysis computed every tenth (0.1) of a second during
the flyover, a composite maximum spectrum derived from the matrix of overal!
sound pressure level. These analyses graphically summarizes acoustic
characteristics of the aircraft flyover and permits comparisons with other
flyovers.of the same aircraft at different altitudes and velocities, as well as
comparisons with flyovers of other aircrafts. An acoustic intensity plot is

shown in Figure 24.
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Contour plots are similar to the acoustic intensity plots and used for the
same purpose. They differ in that contour plots denotes the intensity levels
by curved enclosures. Figures 21, and 22 display examples of the contour and

waterfall plots respectively.

A waterfall graph is a display of several measurements plotted versus
frequency and related by time. This graph is utilized for nonstationary data
(changing with time). This type of graph is called waterfall because it
resembles a waterfall in that the several samples of data taken denotes one

coming after the other. Figure 22 depicted a typical waterfall graph.

Statistical plots portray a summary of vibration levels for the samé
location by enveloping the measurement to prbvide a maximum, average, and
minimum value for each delta frequency over a selected frequency range. This
type of plot is used when a large number of measurements aré taken such és a
comprehensive inflight aircraft survey. Figure 23 displays an example of the

statistical plot.

A joint probability density function (JPDF), is the percentages of
occurrences of two random variables over the same time period. It can also be
defined as the number of occurrences at any given time. The JPDF is often
presented as a three dimensional plot shown in Figure 25. Joint probability
density function is an extension of ‘single channel probability function
described above. A Joint Probability Density Function (JPDF) of two random
variables is often presented as a three-dimensional plot. The mathematical

model for JPDF is defined in the Reference 2, page 3-106.
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Often two channels are utilized to derive functions such as cross
correlation, coherence, cross-power spectral density, and partial coherence
where partial conditional methods of presenting measured data. These functions
are plotted using the same axes scalings that were.used for single channel

data.

3.5.3 Tables

A table is a list of characteristics describing or displaying sets of
information for more than four variables or conditions. Titles are placed at
the top of the table and use Arabic numbers. For government writing, tables
should not have vertical lines around the border of the margin that form a box
or square. Horizontal lines are usually permissible within the table except
above the title of the table. Sometimes tables supplement plots to present
data in a more precise manner. Tables 3 and 4 depict typical FIBG computer
generated tables. Tables are relatively easy to generate on computers and word

processors.

Table 3 was generated using a microcomputer spreadsheet. The spreadsheet
calculated the values in the percent column. After generation of the table, it
was uploaded to the FIBG vax computer using a terminal emulator software on the
microcomputer. Then it was included in the TM for final print out on the laser

printer.
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Ideally a table typed into the computer is preferable to a scribbled log
sheet that later needs to be transcribed into a final format copy for a report.
Frequently computer programs that analyze data are capable of generating tables

suitable for inclusion in a report.

3.5.4 Pictures And Video

Pictures and video recordings are accurate tools in describing and

documenting tests and research efforts.

3.5.4.1‘ Pictures -

Photographs are used to illustrate the test set-up and test item.
Photographs should be taken of all test items, instrumentation, and test
conditions. These photos should be filed in a safe'place, preferably with the
test file. Pictures can be taken with a personal camera or taken by Tech
Photo. Pictures may also be generated using computer graphics displays and

cameras to explain a test condition.

3.5.4.2 Video -

Video technology provides new ways to generate pictures and figures for
test reports. A standard video recorder can be used to document tests
involving motion. Newer video hard copy devices can generate a still picture
from the video output video tape recorders, video ca%eras, test
instrumentation, or a computer. Techniques are being developed to produce
black and white or color hard copy. FIBG presently has five VHS video tape
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recorders, two VHS VCR cameras, three Charge Priming Device (CPD) cameras, a
frame synchronizer, three video timers and a variety of other video equipment.
Aniﬁated computer displays can be copied faster using a video printer than
using a standard dot matrix printer. Machines ehat will reproduce color

figures are just becoming available to engineers and scientists.
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CHAPTER 4
ANALYSIS STAGE

The distinction between data reduction and data analysis is not clearly
defined. An instrumentation engineer may consider generation of a frequency
spectra plot as part of the analysis stagé. The point of view of tns
individual conversing influences the definition of data reduction or analysis.
The definition of data reduction or data analysis given by an engineer will
differ from that given by a mathematician or physicist. This variation should

be kept in mind as you read this writing guide.

FIBG data analysis personnel define analysis as the application of the
sﬁatistical data generated in the data reduction stage to the actual
engineering components of the problem at hand in a given project. The
engineering group personnel define analysis as drawing engineering conclusions

produced by data plots from the Data Analysis Group.

The output of data reduction stage becomes input to data analysis. These
outputs include such statistics as the mean, standard deviation, skewness,
kurtosis and the data transformations to the frequency domain that constitute

the cross spectral density matrices.
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Statistics used in the analysis stage were defined in Chapter 3, Sections
3.3 and 3.4, Single and Dual Channel Transformations. These basic statistics
are used in this chapter directly, and in combination to describe the dynamic
characteristics of mechanical or electronic systems. Also included in this
chapter are some means of using collateral, operational, and environmental

measurements taken concurrently with vibration and acoustic time series data.

4.1 ANALYSIS OF SINGLE CHANNEL DATA

In the Data Reduction chapter(Section 3.3), seven types of statistic were
given for single channel transformations. The first four of these: mean,
standard deviation, skewness, and kurtosis are single values that describe
characteristics of the entire set of measurements from a single location at a
single test condition. The last three: fourier transform, autospectral
density, and autocorrelation are functions of frequency or time that describe
_other characteristics of the same set of measurements. -Each of these will be

considered in turn.

4.1.1 Mean Value

Ordinarily this is the most used statistics since the single average value
best represents a set of fluctuating measurements. In vibration and acoustic
data however, fluctuations about a mean value are of primary interest.  The
mean is often a zero reference level. When the mean is not zero, it can be set
to zero by instrumentation systems which are insensitive to the direct current

levels. For example, capacitors block the direct current. In some work, means
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are subtracted from all the measurements so that its presence will not bias the

important statistics below.

4.1.2 Standard Deviation

As defined in chapter 3, the standard deviation is the root mean square
(rms) value of deviation of each measurements from the mean - a measure of the
fluctuation or dispersion in the measurements. If the mean is zero the
standard deviation is simply the overall rms value or guadratic mean the
measurements themselves. If the mean is not zero the standard deviation is the
square root of difference between the mean square and the square of the mean.
Since it measures both the fluctuations and the equilibrium level the overall
rms is generally considered the best single measuremeéts of overall vibration

or acoustic intensity.

4.1.3 Skewness

As defined in section 3.3.3, the skewness is the mean cube deviation (from
the mean) divided by the cube of the standard deviation. A zero value occurs
if the deviations from equilibrium occur symmetrically in opposite directions.
Such symmetry is implicit in vibration and acoustic theories, so any
substantially non-zero value of skewness signals 'that empirical or

non-conventional methods of analysis must be employed.

4.1.4 Kurtosis

As defined in Section 3.3.4, the kurtosis is the mean quartic (4th power
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deviation (from the mean)) divided by the 4th power of the standard deviation.)
A value of three occurs if the measurements conform to a normal or quassian
distribution. Since this is the distribution law assumed for most methods of
statistical analyses, any value substantially differeﬁt from three, signals
that further analyses must be undertaken to determine the actual distribution
law to which the data conform. The skewness and kurtosis statistics themselves

are quite useful in this process. Skewness and kurtosis values for wide range

of distribution functions are given in Reference 4. Once the actual
distribution law for the measurements is established a mathematical
transformation can be determined that will transform the data to new values

that are normally distributed.

4.1.5 Fourier Transform

Fourier established that a function can be represented exactly by the sum
of a set of sine and cosine waves of varying ampl!itudes and frequencies. This
is useful in decomposing vibration signals into spectral components. For each
spectral frequency, the Fourier transform gives the cosine wave amplitude as
the real part and the sine wave amplitude as the imaginary part of a complex
number. As with any complex number the sine and cosine amplitudes can be

converted into a single magnitude times a phase shifted sine wave.

For any periodic data there are a finite number of discrete spectral
frequencies. As the period approaches infinity the spectral frequencies become
more numerous and closer together approaching a continuous spectral function

for non-periodic data. For periodic data, the Fourier transform is the primary
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method of analysis for engineering purposes, usually in the polar form where
the magnitude is the amplitude of the sinusoidal component and the polar angle
is the phase shift. Autospectral density is normally employed as the chief

method of engineering analysis for non-periodic data.

4.1.6 Autospectral Density

As noted in section 3.3.5, the Fourier transform times its own complex
conjugate is the Autospectral Density(or PSD). For any complex number this
proauct is always real. Therefore, the phase Vinformation is lost, and the
autospectral density is simply the square of the magnitude of the polar form of
the Fourier Transform. The autospectral density which is the spectral
composition of the time data, is the chief measurement employed in engineering
applications. If, for example, a lightly damped structure has a resonant
resﬁonse at some frequency, the édtOSpectral density of measurements from that

structure would show a sharp peak at that same frequency when excited at

resonance.

4.1.7 Autocorrelation

As noted in section 3.3.7, the Fourier transform of the Autospectral
Density -is the Autocorrelation. It is real due to special characteristics of
the autospectral density. The autocorrelation is useful to distinguish between
two types of spectral peaks. One of these types results, from a resonant
response to a low or moderate excitation. For this type, the autocorrelation

approaches zero at large values of time. The other type of spectral peak
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results from an exceedingly high excitation at the frequency of the peak due.
For example, an unbalanced rotational motion of a wheel will cause the system
to vibrate at the frequency of rotation. For this type, the autocorrelation
will approach a periodic function at large valueg of time. In essence, a
severe response can result from low excitation at a resonant frequency or hiéh

excitation at a nonresonant frequency.

4.2 ANALYSIS OF DUAL CHANNEL DATA

In the Data Reduction chapter (Section 3.4) four types of statistics were
given for dual channel transformations: covariance, cross spectral, cross
correlation , and coherence. The first 3 of these are the basic statistical
quantities used to compute a variety of other functions of engineering

interest. These are the cross spectral density and cross correlation matrices.

4.2.1 Coherpnce

For linear systems, the coherence between an excitation and the response
between any two points will always be equal to one at all frequencies.
Likewise, with the same excitation the coherence between any pair of response
points will also be equal to one for at all frequencies. If the coherence is
less than one at any frequency, either nonlinearities, noise, or other
excitations are present‘in the system. Any coherence meagurement that exceeds
one indicates errors in data processing operations, since the maﬁhematical

formulation does not permit coherence to ever exceed one at any frequency.
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4.2.2 Frequency Response Function/Transfer Function

For any linear system the cross-spectrum between an input and an output
divided by the input autospectrum is the Frequency Response Function.

Alternatively, it can be defined as the Fourier Transform of the response of a

linear system, to a unit impulse function.

The Frequency Response Function did not appear in chapter 3 because those
statistics were computed for all individual or all pairs of measurement
sequences whether they were excitation or response data. The frequency
response function cannot be an automatic output of routine data processing
operations because its computation requires identification of excitation input
data and response output data. This involves an engineering knowledge of the

test item from which the measurements are being taken.

Since the frequency response function is the output per unit input, it

defines the dynamic characteristics of the system, and this is the factor of

primary interest in most engineering applications.

The Laplace transform of the response of a linear system to a unit impulse
function is the Transfer Function. For an undamped system it is exactly or the

same as a Fourier Transform. For these reasons, the two are often used

interchangeably.

4.3 ANALYSIS OF MULTIPLE CHANNEL DATA

Multiple Channel Transformations result from computations involving more
than two sequences of measurements. Normally the starting point is the
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spectral density matrix in which all diagonal positions represent autospectra
and all off diagonal positions represent cross spectra. C(ross spectra on
opposite sides of the diagonal which are complex, conjugates one another.
Clearly, the matrix is square with row and column ﬁumbers representing the
measurements sequences being considered. Generally, the different sequences
represent different locations or sometimes different directions for the same
location. There is of course, a separate matrix for each frequency. These
matrices can be marginal or conditional for spectral data. (Reference 2,

Section 3.4, Page 3-105)

4.3.1 Marginal Functions

In multiple channel computations, marginal value or functions are simply
those computed for some measurement sequences while ignoring others. Every
element of the spectral density matrix is a marginal spectral value since all
other elements are ignored. (Reference 4, Page 72). Likewise, every
sub-matrix is a margin;I matrix. In fact, even the initial matrix can be
considered a marginal matrix since it does not include measurements from points
which were not instrumented. Since every matrix is a marginal matrix, this
term(marginal) is used to distinguish a marginal matrix from the conditional

one defined below.

4.3.2 Conditional Function

In multiple channel computations, conditional spectral densities(values or

functions) are those computed to statistically subtract out the effects of
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other sources of excitations. In the spectral density matrix this statistical
adjustment is performed by: (1) inverting the entire matrix, (2) deleting the
rows and columns representing the excitations to. be deleted, and (3)
reinverting the smaller matrix. In this smal ler matrix each spectral value is
the result that would be obtained in a linear system if the inputs represented

by the deleted rows and columns had been zero. (Reference 4, Page 72).

4.4 STATISTICAL MODELS

| Associated with each set of dynamic measurements are a host of variables
describing system operation, _Iocation characteristics, test conditions, and
environmental factors. A change in any of these variables may strongly affecﬁ
one or more of the previously described characteristics of the dynamic

measurements being taken. This section describes how these affects can be

quantified.

Statistical models are derived from statistical theory applied to
measurements. Theoretical models are derived from physical theory which could
include shock, vibration, and acoustics. Empirical models are based on

practical experience rather than theory.

4 4.1 Factor Analysis

The statistics previously defined: mean, standard deviation, skewness,
kurtosis, and various spectral values - all describe characteristics for one
set of univariate measurements from one sensor. In general, instrumentation
systems involve several sets of data from many sensing devices. There are the
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problems of reducing one large set of measurements to a few descriptive
statistics. In addition, there is the problem of reducing a large number of
interrelated sets or variables into a smaller number of independent factors.
The purpose of factor analysis is to deterﬁine this structure of

interrelationships among sets of interdependent data.

In general, multiple sets of data will contain measurements of different
physical quantities in unlike units. Therefore, the data must be standardized
before any relationships can be computed. Each set of measurements is
standardized By first subtracting the mean of the set from each measurement,
and then dividing the result by the standard deviation. If the measurements
are taken in pairs - one to each set - then, the mean of the cross-products of
corresponding standardized values is the correlation. A correlation eq;al to
one indicates that the two sets are essentially the same, differing only in the
reference point and scaling unit. A minus one (-1) correlation implies a fixed
fall in the one variable per unit rise in the other variable. Zero correlation

indicates no relationship between the two variables.

For many sets of measurements there will be many correlations. These can
be arranged into matrix form in which data sets are represented by rows and
columns. Diagonal positions are always equal to one since they represent the
correlation of each data set with itself. The off diagonal position represent
the correlation of data sets corresponding to the row and éolumn numbers. The

matrix is, therefore, symmetrical about the diagonal.
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In factor analysis the diagonal elements are first replaced by values
which minimize the rank of the matrix. The resulting array is then decomposed
or factored into the product of a new matrix and is transposed in such a way
that its elements a(ij) have the largest possfble variance (this is possible
since the factorization is not unique). These elements are the loading

coefficients for approximating each variable Z(i) in terms of a linear

combination of a few uncorrelated common factors F(j), specifically: Z(i) =
a(il)F(1) + ... + a(ij)F(Q). Since their variance is maximized, the a(ij)
will tend in absolute value to be very high (equal to 1) or very low (equal to
0). Now if the sequence of variable in the correlation matrix is reordered so

that only those heavily loaded on the first factor appear first and only those

heévily loaded on the second factor appear second, and so on; then, the highest

absolute correlations will appear in blocks along the diagonal with Ilow
correlations elsewhere. The remaining rows and columns of the correlation
matrix will include highly correlated variables due to moderate loadings on two

or more factors, and lowly correlated variables due to low loadings on all

factors.

The row and column variables associated with each high correlation block
respond to variations in nearly the same way. The reason for such response
patterns may be identified by examining all system characteristics to find
those attributes which tend to be comparable for within block variables and
contrasting for between block variables. The set of attributes associated with
each block, after suitable verification and refinement, may then be

incorporated into some more sophisticated statistical modeling function.
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The mathematical formulation and an example of Factor Analysis is set

forth in Reference 4, page 80.

4.4.2 Analysis Of Variance

Vibration and acoustic measurements can be arranged into an array or
matrix in which each column represents one of the sensor locations and e;ch row
represents one of the test conditions at which measurements were made. The
mathematical expression for representing each measurement by the sum of a

general term, column effect, row effect, and an interaction term is given as

follows:
4.1 V(ij) =a + b(i) + c(j) + db(i) c(j)
where

V(ij)'z measurement at location i condition j
a = mean value over all locations and conditions
b(i) = location i effect
c(j) = test condition ) effect
d = interaction constant

This models ij measurements in terms of i + j statistics:' a, b(1)...b(I-1),

C(1)...C(J-1), and d. (Since the b(i) and c(j) sum to zero, there are only I-1
independent values of b(i) and J-1 independent value of c(j). Thus, if there
are 60 locations and 20 test conditions, there are 60 x 20 = 1200 measurements
modeled in terms of 1 + 59 + 19 + 1 = 80 statistics, a reduction of 93%, (80 =
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7% of the 1200 measurements). A theoretical treatment of this model is given

in reference 5.

The mathematical operations required to compute the statistics in equation

4.1 are given as follows:

(1) Form a data matrix in which each column represents a sensor location,
each row represents a flight condition, and each cell contains a measurement

for that location and flight condition.

(2) Compute the mean value of all elements in the matrix to get the

general term, a. .

(3) Subtract the general term from each cell measurement and use the

resulting matrix to compute all column row means. These are the location

effects, b(i), and flight con&ition effects, c(j), respectively.

(4) From each cell measurement (from the original matrix), subtract the
sum of: the general term + the location effect + the flight condition effect,
to obtain the cell interaction effect. Also, for each cell| compute the product

of its location effect and its flight condition effect.

(5) In each cell, (1) multiply each interaction effect by the product term
and sum over all cells, (2) square each product term and sum over all cells,
and (3) divide the first sum by the second. This is the genefal interaction
constant d that multiplies the product of the location and flight condition
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effects in the modeling function.

(6) Finally, to obtain the matrix of true interaction effects (those not
due to the choice of the scale of observation) + the measurement error,
subtract from each cell measurements in the original matrix, the sum of: the
general term + the location effect, + the flight condition effect + (the
general coefficient times the product of the location and flight condition
effects) . (If the cell measurement is the mean of several observations, this
is the true interaction matrix and the measurement error is given separately by
the difference between each observation and its cell mean).
4.4.2.1 Extended Application Of The Analysis Of Variance (ANOV) Model Function

Once the location effects b(i) and the test condition effects c(j) have
been combuted either may be further decomposed into one or more of its
constituent components. For example, if triaxial sensors are placed in several
positions, the location effects can be represented by a mathematicél mode |
analogous to equation 1 above but with redefinition of all variables and

subscripts.
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ANALYSIS STAGE

4.2 V(ij) =a + b(i) + c(j) + db(i) <(j)

V(ij) = location effects at position i direction j

a = mean over all positions and directions

position i effect

b(i)

direction j effect

c(j)

d = mean interaction constant

For a second example, if measurements are taken during straight and level
flight at various combinations of airspeed and altitude, the test condition

effects can be represented by a quantitative extension of equation 1 again with

a redefinition of all variables:
4.3 V(x,y) = a + bx + cy + dxy + fx(*2) + gy(*+2)

airspeed (measured minus mean)

x
n

altitude (measured minus mean)

<
]

V(x,y) = test condition effects

a,b,c,d,f,g = regression coefficients.
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CHAPTER 5
REPORT PREPARATION STAGE

This chapter of the report writing guide is designed to help prepare
technical reports and memorandumg. This chapter discusses the post test
meeting, report format, word processing technologies, and what is available in
FIBG. Brief descriptions of each process will be given with reference to a

more detailed manual to instruct how to use and accomplish your task.

5.1 POST TEST MEETING

The post test meeting shoula be conducted soon after test completion.
Everyone involved in the test program should attend this meeting to all answer
ali questions in a joint forum.. At the post test meeting, all lessons learned
should be recorded to expedite future test efforts. The project engineer or
person recording the minutes should write a brief summary of all lessons
learned. This summary should be filed in the project file for future use in
similar projects. A copy of this document should be filed in a central branch
file or computer directory for use by all branch technical personnel if
assistance is needed for conducting future tests. Additionally, a total cost
of the test containing temporary duty (TDY), manhours, overtime, supplies and
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REPORT PREPARATION STAGE
equipment required should be included for future estimates in similar tests.

The following questions should be asked and discussed at the post test
meeting. ‘

1. Why was this project undertaken?

2. How did this program fit into the big picture?

3. What was the basic problem?

4. What were the unusual! or unique processes or activities undertaken?
5. What facilities and instrumentation were used?

6.‘What problems arose during the work and how were fhey overcome?

7. What are the best types of data to indicate your results?

8. What were the significant results?

9. What is the spelling of "each” person’s name involved in the test?
10. What type of report should be written?

11. Who will be responsible for therreport?

12. Who will be contributing authors for the report?

13. Define the various sections that will be included in the report?
14. What format will be used for chapter titles, appendices, etc.?

.15. What are the reviewer’s expectation in this report?

16. Who is interested in receiving a copy of the printed document?

17. What was accomplished?

18. What were the significant results?

19. What are the possible benefits and uses in the future research

from this brogram?
20. What are our weaknesses in technical knowledge, equipment
and facilities for this type of testing?
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REPORT PREPARATION STAGE

21. What are your recommendations for conducting the same or a
similar test in a more successful and productive manner.

22. What were the deviations from the test plan?

5.1.1 Format Standards(MIL STD 847-A)

Military Standard 847-A (Reference 6) implements the Department of Defense
(DOD) "Guidelines to Format Standards for Scientific and Technical Reports
prepared by or for the Federal Government®™ developed by the Federal Council for
Science and Technology, Committee on Scientific and Technical Information
(COSATI), Panel on Operational Techniques and Systems. The standard provisions
are mandatory for contractor or grantee reports. It is is approved for use by

all Departments and Agencies of the DOD.

5.1.2 Research And Development Preparation Of Technical Reports

The pamphlet AFWAL P-80-1(Reference 7) assists engineers, scientists, and
technicians to 'prepare in-house and contractor generated technical reports.
Check with AFWAL/IMST-FI for the latest version. Also, a copy of STINFO

guidelines is included as Appendix G.

5.1.3 Distribution List

A distribution list is a roster of all personnel or organi{ations
including mailing addressees, who will receive a copy of this document. This
list is usually the last page of the technical memorandum. For a technical
report, labels have to be constructed and included with the final publication.
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REPORT PREPARATION STAGE

A branch distribution list is available on a Zenith 100 hard disk which is
located in FIBGC Room 213 or FIBGD Room 10. This list can be edited, updated
or tailored to your specific needs. Instructions to use this tool are located
near the Zenith 100 computer. The branch distribution list utilizes the list
manager program of Peachtex software. If complications arise contact

AFWAL /IMST.

5.2 WORD PROCESSING TECHNOLOGIES

FIBG possess four dedicated word processing systems. They are an IBM
Display Writer (FIBGC), located in Room 213 and three DEC Mate Word Processors
located in Rooms 210, 220, and 10. Manuals are located ne;r these systems.
The VAX 11/780 also has word processing capabilities and can be routed to a
letter quality laser printer. The final draft of a Technical Report can be
_printed on the DEC-Mate printers to be compatible with optical character
reader (OCR) equipment display writer. The final copy of a Technical Memorandum

or Paper can be printed on any letter quality printer.

5§.2.1 Text

The text for a report can be generated in many ways. A handwritten draft
can be given to a secretary for typing, and after several iterations tﬁe typed
repért is produced. An author may type thé report on a typewriter. New
techniques involve typing reports using a dedicated word processor, or a
computer text editor or word processing programs. These new techniques are

being used by secretaries and authors in the branch. A large number of
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REPORT PREPARATION STAGE

computers and word processors are available for use by FIBG personnel.
Dedicated Word Processing Machines are the DECmate and IBM Display Writers.
Computers usable for word processing are the VAX 11/780, Zenith Z-100, HP
9816-S, Commodore 8032, Radio Shack Model 100, MASSCOMP, Compac, HP 9836-S,
microVax II and others that aré planned for future procurement. These
computers have a rich variety of word processing techniques including text

editors, text formatters, and typesetting programs.

5.2.2 Tables

Tables are useful tools in displaying several variables, conditions or
analysis results. Tables can be generated en all computer systems in the
Branch. Handwritten tables should be typed into a computer for report ready
formatted printout in a minimum amount of time. Tables can be generated when
setting up a test matrix of conditions for a project. Other tables may be
generated as printouts resulting from computer computations. In TRs and TMs,
horizontal border lines are not permissible. However, this is not a standard
for all publications such as conferences and magazines. Some publishers allow
these lines; but most will not. Example of tables most generated by FIBG are

shown in Tables 2,3 and 4.

5.2.3 Equations

Equations are the basis for analyses and data reduction. Through
programming techniques the majority of all mathematical computations have been

computerized. It is difficult and time consuming to printout equations in
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reports using typewriters if several iterations are needed. It is more
feasible to type reports on a word processor or computer. Typesetting
programs, such as TEX on the Graphix VAX 11/780, prints out complex equations
in quality report ready format. An example of complex equations are shown in

Figure 26, which is a page from reference 8.

5.2.4 Figures

Sketches, diagrams, and floﬂcharts are usually hand drawn for inclusion in
a report. Dat; plots generated by computers are also a source of figures.
Sketches and diagrams can be drawn by using neQ computers rather than pencil
and paper. Currently a wide variety of systems are qsed in FIB, but there are
no known standard system for integrative graphics and text. One branch has a
MacIntosh computer and laser printer for desk top report generation. The
Grafix VAX has a program called PISCURE which generates.high qual ity figures;
Some of the microcomputers include CAD/CAM packages which produce detailed

mechanical drawings. The new technology provides a diverse number of ways of

generating figures.

5.2.5 Photographs

Many times still photographs are incorporated into a report to help
clarify test deséription or test conduction. To request Tech Photo take
pictures, call 54085 and make an appoint;ent. You may take your own still
photographs and have Tech Photo do the development and processing of the fiim.

Always take photos of the test items and instrumentation should be taken for
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later reference and inclusion in the report.

In recent years, video recorders and computers have provided new means of

incorporating pictures in a technical report. A video cassette recorder (VCR)

can record the events of a test as desired. Later, the video tape can be
reviewed to recall test configurations and instrumentation setups that were
used when test participants have conflicting views of what occurred. Since

video recording is relatively new technology, there are many unforeseen methods
and techniques that can be used to help shorten the time in preparing a report.
One eiample is to use a video digitizer and a microcomputer to convert a
desired video frame into a hard copy.print for inclusion in your report. A new
video motion analysis work station is one new tool that FIBG has just received.
In addition to test documentation, video can be used to make non contacting

measurement of displacements and other measurands.

5.3 WHAT IS AVAILABLE

A large variety of new computer systems and software is available to FIBG.
Hardware and software available to help generate high quality reports are

listed in Tables § and 6.
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CHAPTER 6
PUBLICATION POLICIES

There are several ways technical information can be reported. The
technical report is selected for widely distributed publications, |ike
reporting the results of a contractual effort, closing out in-house work units,
and other information of ﬁhis magnitude. The technical memorandum is
distributed at a lesser degree, and may be selected for system support efforts
and interim in-house reports. Technical papers are written to present
information to the technical community in conference proceedings and technical
journals. This chapter introduces various ways in which publications begin the
journey to being cleared and published. However, these methods and procedures

vary with organizations, but the principle is the same.

6.1 TECHNICAL REPORT (TR)

A technical report (TR) is the documentation written after completion of a2
test or research study. The TR is of interest to a vast number of people {n
the technical community. The TR should include the following 6 sections:
Forword or Preface, Introduction, Method and Procedures, Analyses, Conclusions,

and Recommendations.
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PUBLICATION POLICIES
6.1.1 Front Cover
The front cover will include the following information:

Report Number - will be assigned after a draft has been approved and is

submitted for editing;
Title and Subtitle - shall indicate clearly and briefly the report subject;
The author(s) - The person(s) responsible for writing the report;

The organization - that the author(s) are employed in, (maximum, two level

hierarchy, such as Structural Dynamics Branch, Structures Division);
The date - month and year the report is completed, and the period it covers;
The type of report - final, interim, draft;

Distribution statement - states who is authorized to receive a copy and how

many may be distributed;

Monitoring agency - is the complete identification including zip code of the
organization performing the work; An example would be:

Flight Dynamics Laboratory

Air Force Wright Aeronautical Laboratories

Air Force Systems Command

Wright-Patterson Air Force Base, Ohio 45433-6553.

The organization emblem is placed in the upper right hand corner and is usually
positioned on the cover by Publication. All classified reporis should be
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marked "classified" at the top and bottom of both front and back covers, along
with the appropriate level of classification markings, such as Secret and Top
Secret. Classified markings change frequently and the Security Office should

be contacted for the most recent format for classified reports.

6.1.2 Notice Page

The Notice Page is the back page of the front cover. An example of the
notice page is displayed in Figure 27. The signatures on this page should be
the author(s), Branch Chief, and Division Chief. The Division Chief signature

should be the last signature on the page.

6.1.2.1 Report Documentation Page (DD Form 1473) .p;The DD Form 1473 Should Be
completed and will include the report classification at the top and bottom of

the form. A.sample of a completed.DD Form 1473 is shown in Figure 28.

6.1.3 Parts 0f A Report

A technical report should incliude some standard sections. A suggested
outline for a report could be: (1) Introduction, (2) Instrumentation, (3) Test
Procedure or Experimentation, (4) Data Analysis, (5) Results, (6) Conclusions

and/or Recommendations.




PUBLICATION POLICIES
6.1.3.1 Introduction -

The introduction should orient the readers to the content of the study
that has been conducted. It sets the stage and provides reliable information
to the facts being documented. The first sentence of this section should be a
stage setting statement. This statement should focus the reader’s attention on
the subject of the report. The introduction usually guide the reader into the

shaping of the remaining sections of the report.

6.1.3.2 Instrumentation -

The instrumentation section of a report gives the name and types of

equipment used to conduct the study.

6.1.3.3 Test Procedure/Experimentation -

This section describes the steps taken to conduct the study. It should
include the test conditions, equipment setup, and all changes or variations to
the test plan. There should be enough information in this section to duplicate

the test and its setup in its entirety.

6.1.3.4 Data Analysis -

The data analysis section should include the procedure taken to analyze
the data, mathematical models used or developed for this study and the reason
for choosing this technique. This section should point out any outstanding or

shortcoming of the data that may be misunderstood.
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6.1.3.5 Results -

The results section contains the consequences, calculations and
investigations stemming from the study. This section convey a message in
support of the purpose of the report. It should include the main ideas about
the subject and supporting details that clarify the study or experiment. There
may be times when the results may not be conclusive and further study is
needed. These results are particularly important in order for the procedure
not to be duplicated and other methods can be explored. The results sectién of
a report is usually the answer to the problem or study, and may be considered

the most important section of the report.

6.1.3.6 Conclusions -

The conclusion is similar to the results sectioﬁ~ and sohetimes are
combined together. This section interprets the results and usually offers a
suggestion or recommendation to the problem or study. It assures the reader
tﬁat the purpose of the report have been accomplished as stated in the
introduction. The conclusion should close the report with statements based on

your preceding discussion. It is always the last section of the report.

6.1.4 Review Chain 0f Command

The Review Chain of Command is the order of management hierarchy (least to
the greatest). Upon completion of the final TR draft, a copy is distributed to
the group leader and branch chief respectively. After receiving their
corrected copies or responses, the necessary corrections are made and
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incorporated into the draft. Several iterations may be necessary while moving

through the chain. See Figure 29.

6.1.5 Review Committee

The Review Committee is recommended to the division by the author(s) and
consists of at least three people. At least one person on this committee
should not Be a member of the author’s branch. The selection should be
comprised of people knowledgeable of the subject matter. One committee member
is identified to be the chairperson. The author supplies the chairperson of
the committee a copies of the corrected draft report. The chairperson
distributes a copy of this report to each member.The chairperson reserves a
meeting place, sets the meeting dates and times and assimilates the revjew
committee’s remarks, corrections and suggestions. The chairperson prepares a
cover letter and a draft of the report consisting of the review committee
corrections and remarks. The cover letter summarizes the review committee

responses and recommendations and is addressed to the author(s) of the report.

6.1.6 Information Management Scientific Technology, AFWAL/IMST

The Information Management Scientific Technology organization, commonly
known as the Science and Technical Information (STINFO), assigns report numbers
for technical memorandums and reports. AFWAL/IMST (STINFD) is ;he focal point
for questions concerning reports and report writing. When a report is
completed it is submitted for editing and printing through the IMST O0ffice

(55197), located at Building 22, Room H-125. A sample letter of request for a
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technical report number is shown in Figure 30.

6.1.7 REQUEST FOR CLEARANCE LETTER

If a publication requires unlimited distribution, a request for clearance
letter should be completed and sent to ASD/PA through the IMST office. A form

letter for clearance of a TR is .shown in Figure 31.

6.1.8 REQUEST FOR EDITING LETTER

After the fina! document has been written, a request for editing of the

draft technical report is accomplished by completing an AFSC Form 2649 and is

shown in Figure 32.

6.1.9 Summary Of The Procedures Once The Technical Report Is Written

After the preliminary report is reviewed by other authors and group
leaders, it is submitted to the technical review committee. A letter
recommending review committee members and a chairperson should bé written for a
Division endorsement. Then copies of the report should be made for the review
committee chairperson and each member. With these copies a signature form
(Figure 31), should also be given to the committee chairperson. The committee
chairperson and its members review the draft and incorporate comments into one
copy of the draft and preparé a letter with recommendations. The author then
incorporates these comments ;nd suggestions into the draft. The next step is
to prepare a letter requesting technical editing and a report number (AFSC Form

2649). This form is submitted to AFWAL/IMST. Also, if you want unlimited
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distribution, prepare a Request For Clearance letter for submittal to ASD/PA
through AFWAL/IMST. When the report returns from editing, it is ready for
signatures by the authof(s), branch chief review committee chairperson and the
Division. The Division signature is the final signature of the technical
report. At this time, address labels required for mailing the reports should
be prepared. Currently, a branch distribution list is maintained on a 7-100
floppy diskette. This |list may be modified to meet the author’s needs. The
labels are submitted at the same time as the final technical report is
forwarded for division signature. The review committee form with signatures is
also sent to the division at this time. A copy of this form should be
maintained for the author’s files. After the division signs the TR it is sent

to technical editing group (AFWAL/IMST), for printing and distribution.

A great deal of of time is involved from the writing of the first draft to
the distribution of the final technical report. The total time can range from
18 weeks several months. Preparation of the first draft for the review
committee can take several weeks to several months, depending on the author’s
writing ability and workload; and also the complexity of the report. The
review of the draft by the technical review committee may take from one (1) to
six (6) months. Editing takes anywhere from 6 weeks to 5 months after
submittal of the Request for Editing letter. After the report is returned from
editing and a camera ready copy is obtained, it may take one to five weeks to
get the final review committee signatures, division signature, and address

labels ready for submittal to be printed. A period of six weeks to five months

may occur before distribution of the final report.
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One important factor in expediting a report being published is to screen
the reviewer’s workload carefully, making sure that that individual have some
time to review the report and return the document by the allotted time given by

the author(s). This is not always possible, but shouid be attempted more often

than not.

The steps outlined above assume that an in-house TR is being written. For
contractor generated TR’s, there is no review committee. The project engineer
takes the place of the review commlttee and perform a careful review of the TR
The contractor makes the actual corrections to the TR using guidance provided

by AFWAL/IMST.

A Summary of the Procedures for writing a Technical Report is shown in a
block diagram of Figure 34. At this point, the technical report is published

and distributed to the specified individuals or organization.

In order for FIBG to publish a Technical Report in a timely manner, the

timetable should be thus:
Preparing the first draft - Twelve weeks maximum.
Reviewing of the Report by group leader - One week.
Technical Committee Review - Four weeks maximum.
Incorporation of Suggestions - One week maximum.
Editing with a diskette - Six weeks maximumﬁ
Without a diskette - Eight weeks maximum.
Division Signature - Two weeks maximum.
Printing and distribution - Eight weeks maximum.
From start to finish should take a maximum of 42‘weeks.
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6.2 TECHNICAL MEMORANDUM

A technical memorandum (TM) .is a report of transient or |imited interest
or an interim step in writing a technical report. The distribution lists for
TM’s are not as extensive as the technical reports. The TM distribution |ist
is included in the report. Technical Memorandums are usually reports that are
of interest to a select number of people and needed to make decisions quickly.
The length of TMs varies from project to project or effort to effort depending
on the complexity. TMs can be signed by the branch chief and should take no

longer than 90 days from start to finish.

6.2.1 REVIEW CHAIN OF COMMAND

The TM is reviewed by the co-authors, group leaders, and branch chief,
respectively. After receiving their corrected copies or responses, the
necessary corrections are made to the draft. See Figure 34 for a flowchart of

the technical memorandum process.

6.2.2 SCIENCE AND TECHNICAL INFORMATION (STINFO)

A letter requesting a TM Number is written at this stage and mailed to
AFWAL/IMST-FI. This letter is signed by the project engineer or primary author
and the branch chief. A sample letter is shown in Figure 36.

6.2.3 REQUEST FOR PUBLIC RELEASE

For unlimited distfibution, a letter requesting public release should be
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sent to ASD/PA through AFWAL/IMST. A form letter is shown in Figure 31.

6.2.4 REQUEST EDITING AND PRINTING LETTER

Editing and printing a TM is not usually the same as for a TR. For a TM,
IMST prints exactly what you send them. No editing is performed. IMST fills
out the form instructing the number of copies to be printed. Currently there
is a limit of fifty (50) copies. This usually takes 4 to 6 weeks to receive
the_printed T™M for distribution. Distribution is made by the author. The
alternate approach is to accomplish printing of the final TM on your own. This
would require an individual to make the copies and mailing them to the
respective people on the distribution list. This meth§d is usually employed

when the report is of interest to a small number of companies or individuals,

- such as 10 or less.

6.3 SYMPOSIUM PAPERS AND JOURNALS

The processing symposium papers is usually dictated by the sponsoring
organization. This includes the length and format. Clearance approval is
required by the FIB Division and ASD/PA. If. the paper is going to be
presented, the author makes a preliminary briefing to the FIB Division before

giving the fina! presentation.

6.3.1 REVIEW COMMITTEE

The review committee is optional and very informal. However, this
Committee can be beneficial in publishing quality papers. Of course, this
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could cause a time delay in the publication of papers.

6.3.2 CHAIN OF COMMAND

The publication or presentation of a symposium paper outside of the FIB

division requires a group leader, branch chief, and division office review.

' 6.3.3 REQUEST FOR PUBLIC RELEASE

For unlimited distribution, a letter requesting public release should be
sent to ASD/PA through AFWAL/IMST. A form letter for this purpose is shown in
Figure 31. This letter must be signed by the division with the approval of FI
if the paper will be presented orally. The author is responsible for
scheduling a practice briefing with Division representation. You should allow
20 days to obtain approval for public release. Also, if your subject matter
includes sensitive topics, additional time is necessary to obtain commands

approval .

6.3.4 FOLLOW HOST PUBLISHER INSTRUCTIONS

Each publisher requires a specific format and provides the instructions
and procedures to follow. In following these instructions, it may require

typing the text on mats or other special formatted paper contents.
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Figure 1. Technologies In Measurements And Analysis.
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Figure 2. Procedures For Conducting In-House Tests.
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Test Program

$1818.

$1135.

$1212.
$378.

$720.

$§2424.

$9918.

Jane Doe GS12/01 $31,619 x 120/2087 hours =
Mike Smith GS-08/01 $19,740 x 120/2087 hours =
Preparation of Test
Jane Doe GS12/01 $31,619 x 80/2087 hours =
Mike Smith GS-08-01 $19,740 x 40/2087 hours =
Dave Jones GS-13-01 $37,599 x 40/2087 hours =
Writing Test Report )
Jane Doe Gsl2/01 $31,619 x 160/2087 hours =
Overhead Costs $ 7,688.39 x 1.29 =
TOTAL ESTIMATED TEST COSTS

Figure 3. Cost Estimate Equations of A Test Effort
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P ~NO STEP™ BOUNDARY

c2 ] watkway
C-141B AIRCRAFT
SYMBOLS:
P Pallet with Horeywell 101 Recorder, Measurement Rack,
Video Rack,and Power Converter:
@ C! Camera 1 Looking at Left Gear
@ C2 Camera 2 Looking at Nose Gear
@ C3 Camerx 3 Looking at Right Gear
fl Accelerometer (1 axis) Al ,A3,Al12
| Accelerometer (2 axes) A4,AS AS,A7 AS,AT and Al10,All
NOTES:
FS 497 Service Outlet on Left Side of Aircraft
115VAC,400 Hertz,3 phase, 20 amps/phase
FS 428-500 Equipment on Type 463L pallet
FS 930 C.G6. Accelerometer
FS 1020 : Main Wheel Well Inspection Windows
FS 1045 Cyrogenic Plug Locations

Figure 5. Transducer Layout.
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TAPE RECORDS ON C-5A(TN 690004)

(Page 1 of 2)

Re-order Type: cheywe.ll 101 Tape Speed: 15/16 ips

REC FOOTAGE DATE TIME

Code-Direct Record Track 16: Voice

NNONONRONON R R e :
\omQmm»umwomm\rmﬁauk;wowm\lmm-buwp

2000-2011 10/11 1446-1448

2011-2022
2022-2033
2033-204%
2044-2025
2055-2067
2067-20¢3
2093-2103
2108-2117
2117-2125
2125-2285
2279-2290
2290-2257
2297-2303
2308-2313
2313-2328
2328-2334
2334-2347
2347-235%
2354-2363
2363-2372
2372-2380
2380-2387
2387-2394
2394-2398
2398-2571
2571-2518
2578-2580

2580-2590 10/16 1123-1125

Figure 6.

1448-1450 A4 +1g, 0g, -1g Cal
1451-1453 A6 +1g, 0g, -1g Cal
1501-1503 Al +1g, Og, -1g Cal
1504-1506 A3 +1g, 0g, -1g Cal
1507-1509 AS +1g, Og, -1g Cal
1615-1621 Oscillograph Setup Record
1727-1730 Shunt Cal

10/13 1420-1422 Shunt Cal

10/15 1103-1105 Shunt Cal
1224-1258 Takeoff Mildenhall/ Landing WethersZield
1359-1401 (1aA) 5 Xnot Back Taxi
1405-1406 (2) 10 Knot Taxi
1423-1425 (22) 5 Knot Back Taxi
1428-1429 (3) 20 Knot Taxi
1445-1449 (32) 5 Knot Back Taxi
1451-1452 (4) 20 Knot Braking
1509-1512 (4A) 5 Knot Back Taxi
1515-1516 (5) 40 Knot Acceleration
1535-1537 (5A) 5 Knot Back Taxi
1538-1540 (6) 40 Knot Braking
1556-1558 (6d) 5 Knot Back Taxi
1559-1601 ~ (7) 60 Knot Acceleration
1620-16212 (7A) 5 Knot Back Taxi
1630-1631 60 Knot Brakirg
1743-1820 Takeoff Wethersfleld/Landlng Mildenhall
1822-1824 Shunt Cal
1824-1826 Stunt Cal

Shunt Cal

TRECK ASSIGHMENTS AS OF 9/16-86°

Tape Speed=7~1,2 1ps tor DC-S Kllohertz

Track Rec A Rec B ReclC
1 At K3 KS

2 Qa2 K4 K7

3 K2 K17 K8

4 K1 Ki8 K1@
S K2 K24 Kill

& Ké K25 K13
? K129 K26 Kild

8 Ki2 K27 Ki1é

S K209 bad K21
10 K1S K29 K22
11 K32 K30 K23
12 K33 K31 K2&
13 pam pam pam
14 Irts—B Irle=B Iris=B
1S/16 Uolice Uslce Uolce

Typical Test Tape Log And Transducer Location.
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Figure 5.11 Time multiplexing of two signals.

—— Transmitter
Timing circuit
{pulse generator)
mputs A
Y
|%tf1(UF > - — O
O Pt e - To
b l h(f) - y > Sampling > o transmission
: S . e R circuit system
I : [ R : ’ - :\
£ f (£) o> - 2L
Commutator Sawmpled ocutputs
(a)
Timing circuit Receiver
Y
Low-
PRI - pass »o f1(t)
filter - -
Receved lboa:s L (1)
signal [ e e e s :
__,.__.___)" ' filter 1
o O o O s e e e o !
Low-~ '
o > Pass < [ ()

Synchronous commutator

filter

(b)

Figure 5.12 Time multiplexing of n channels.

TIME DIVISION MULTIPLEXING

Sample Hold

i

412

13

%14

ta .

t22

23

2

Figure 8.

- MIL~STD Definition

Not Sample and Hold

tn

t22

33

44

t)

te2

Y3

g4

y:

Tume Channe]l Number
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Figure 5.15 Communication space representation of frequency and time multiplexing.
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Figure 9. Frequency Division Multiplexing.
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Vots

182215
o sl
14
13
12
11
10
09
08
* 07
06}
0.5 j=
04f
03
02
01
oy
‘—-z—l—-—.
()
Degrt ] Binary equivatent . Puise~code wavelorm
0 } 0000 !
| | 0001 [ N
2 0010 . . n
3 0011 ! i N
| 0100 I
5 010} 2
6 | 0110 N
? 0111 L nnn
8 1000 n : : '
9 1001 n : : n
10 | 1010 n n
11 - 1011 n_ nn
12 1100 nn: :
13 1101 nn_:n
14 { 1110 n n n
15 | 1un nnn |

®)
Figure 5.10  (b) A possible form of pulse code.

Figure 10. pcM Encoding:
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F111E FLIGHT TEST
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SOUND PRESSURE LEVEL - DB(RE .00002 PA)

B-1B WIND TUNNEL TEST

RUN 22 POINT 20

AT LANGLEY (MAY 83)

MIC KO%

160

eteentaraanieetenserarntestorrteraronrasfrasnasrasaseodancatentineiiidioeanernataiesias ataerenaraionteereanuiiadiitrtreteiareihoritiiaiiions

RMS =: 156.953
16 TRANSFORMS

o

AN U PPt U S P

=

= : : P : ; ?

= : i ' : ; —

.0 40 80 120 160 200
EREQUENCY - HZ 10’

DELTA F = 13.574

Figure 15. Single Chlnnél Sound Pressure'Level(SPL) Plot.
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Figure 17. One-Third Octave Band Plot.
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2. THE RESPONSE OF A ONE DEGREE-OF-FREEDOM OSCILLATOR TO A SINGLE
DISTURBANCE

Assume a one degree—of-freedom oscillator, with damping less than the critical value, receives some
excitation that stops at time ¢t = §;.

]WWWWWK A
N a

t

For times after t,, when the response is decaying freely, the acceleration response can be written:

i(t)

L, = el (Aysinult — )] + By cos ot — 1)) (2.1)

where: :
t; = the time the excitation ends

w = damped frequency
a = damping/w
A,, B, = Constants which depend on a,w, the excitation and the initial conditions

The decaying acceleration response also can be written as:

2
(3]
—

(t) = Rye~ o= gin|w(t - t;) + ¢,] (2.

>t
Ry = V Ai -+ B?

sin ¢, = Bi/Ry
coséy = Ay /Ry

We loosely refer to R, as the potential amplitude of the acceleration response. However, for positive damping,
the instantaneous value of the acceleration response will never reach the value of R, because of the term
e-aw(t=t1) in Equations (2.1) and (2.2). Further, a subsequent disturbance could interrupt the acceleration
response to amplify or attenuate it. R, is then an upper bound on the amplitude of the acceleration response
to a single disturbance.

For small damping (a << 1) the behavior of the acceleration response will be dominated by the term
sin [w(t = t;) + ¢1] in Equation (2.2), so we would expect its local maxima and minima to be obtained from

solutions of

where:

cosfw(t — 1) + 1]~ 0

Figure 26. Sample Typeset Report Page With Equations.
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NOTICE

-~

When Government drawings, specifications, of other data sre used for sny purpose other
than in connection with s definitely related Government procurement operstion, the United
States Government thereby incurs no responsibility nor any obligation whatsoever; and the fact
that the government may have formulsted, furnished, or in any way supplied the said drawings,
specifications, of other data, is not to be regarded by implication or otherwise 85 in any manner
licensing the holder or any othet person Of corporation, of conveying any rights or permission to

manufacture, use, Of sell any patentad invention that may in any way be related thereto.

This technical report has been reviewed and is approved for publication.

JANICE M. CHINN JEROME PEARSON, Chief
Project Englneer Structural Vibration & Acoustics Branch
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Copies of this report should notbe returned unless returm is required by security considerations,
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Figure 27. Notice Page For A Technical Report.
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TABLES

C.1 TABLE 1. FIBG ACOUSTIC TESTING CAPABILITIES
SMALL TEST CHAMBER SPECIFICATIONS
Air Supply is 10,000 scfm at 3 x atmospheric pressure
1 foot by 1 foot progressive wave test section
Low frequency siren (50 Hz to 2,000 Hz; 40 kilowatt acoustic power)
High frequency siren (500 Hz to 10,000 Hz; 10 kW acoustic Power)
30 kW air modulator
Maximum sound pressure level of 174 dB in progressive wave test section
Discrete frequency, narrow-band random, or wide-band noise
Maximum panel size of 1 foot by 1.5 feet in progressive wave section
Termination Chamber is 15 feet long by 8 feet wide by 7.5 feet high
Dogr size is 39 inches by 85 inches
48 channels of data on a continuous basis
96 channels of data on a time-shared basis:
Specimens can be heated to temperatures of 1400 degrees Fahrenheit
WIDE-BAND TEST CHAMBER SPECIFICATIONS
Air supply is 10,000 scfm at 3 «x atmospheric pressure
Chamber is operated in a reverberant mode
Wide-band noise from siren (50 Hz to 10,000 Hz)

Two 30-kilowatt air modulators capable of discrete frequency
narrow-band random, or wide-band noise operation

Maximum sound pressure level of 165 dB

Average physical dimensions of the chamber are 14 feet wide by
17.5 feet long by 10.5 feet high

Door size is 60 inches by 80 inches

Data from chamber are routed through 48-channe! system continuous,
96-channel time-shared
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TABLES

C.2 TABLE 2. TABLE GENERATED USING A COMPUTER WORD PROCESSOR
RIGHT HAND NACELLE DYNAMIC PRESSURE TRANSDUCER LOCATIONS

DYNAMIC]
SENSOR | DESCRIPTION
NUMBER ‘
K1 |KULITE LQL series - r.h.inb’d nozzzlie,norminal:theta0 = 155 x = 0.24"
K2 | = 45
K3 | =75
| K4 | = 90
| K& | = 105
| K6 | = 120
K7 | = 135
K8 | = 165
K9 | =75 = 0.60"
K10 | = 90
K11 | = 105
K12 | = 120
K13 | = 135
Kia | = 90 = 1.44"
Kis | = 105
K16 | = 135
K17 | = 105 x = 2.64"
I
Kis | R.H. outb’d nozzle, nominal: = 225 x = 0.24"
Ki9 | = 240
K20 | = 255
K21 - | = 270
K22 | = 317
K23 | = 255 x = 0.60"
K24 | = 255 x = 1.44"
l
KSTRUT | Model support strut
l
sDegrees

NOTE: The theta and x locations |isted above are nominal values.
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C.3 TABLE 3.

120511
120510
114491
120500
120506
120508
120507
120503
120509
120505
120513
120512
114490
114488
120501
114492
114489
120502
120514

C.4 TABLE 4.

TABLES

TABLE GENERATED WITH A MICROCOMPUTER SPREADSHEET

Setra Sensitivities
SERIAL (V+15-V15)/30
NUMBERMFG. CAL. (mv/g) Setra vs 902H

51.90
48.
48.
48.
53.
.70

51

49.
47.
52.
50.
48.
.90
.30
.60
.30

51
48
49
51

47.
44,
§5.
.80

49

10
40
60
30

60
80
00
70
50

70
50
50

50.
46.

49.
49.
50.
50.
52.
48.
52.
.30

51

48.
50.
49,
49.
50.
46 .
46.
55.
49.

SENS 0 80Hz

70
40
00
80
70
30
10
20
10

50
30
10
40
70
90
50
20
90

COMPUTER GENERATED TABLE

plot-temp-date
88-72-10/15/86
89-72-10/15/86
91-72-10/15/86
93-72-10/15/86
94-72-10/15/86
95-72-10/15/86
96-72-10/15/86
97-72-10/15/86
98-72-10/15/86
99-72-10/15/86
100-72-10/15/86
101-72-10/15/86
102-72-10/15/86
103-72-10/15/86
104-72-10/15/86
105-72-10/15/86
106-72-10/15/86
107-72-10/15/86
108-72-10/15/86

PLSQ POLYNOMIAL LEAST SQUARE CURVE FIT ERROR ANALYSIS

I X= GIVEN

1
2-
3-
4-
5-
6

EMAX: 0.27465E+00

Y= GIVEN

ERMS: 0.209447E+00

Y= FITTED

ERROR

54000E+02-0.40000E+02-0.40264E+02-0.26352E+00
44000E+01-0.22000E+01-0.21307E+01 0.69266E-01
45500E+02 0.36000E+02 0.36233E+02 0.23269E+00

% DIFFERENCE
FROM MFG.

(1)

0.44900E+02 0.36000E+02 0.35771E+02-0.22859E+00 0.76881E+00
0.46000E+01-0.22000E+01-0.22845E+01-0.84495E-01 0.12520E+01
0.53300E+02-0.40000E+02-0.39725E+02 0.27465E+00
0.
0.
0.

EMEQ: 0.000000E+00

-2.
-3.

1.

2.
.88
-2.

5.
.84
.19
.18
.00
.08
.66
.40
.17
.68
.49
.54
.20

-4

31
53
24
47

71
04




TABLES

C.5 TABLE 5. HARDWARE AVAILABLE TO FIBG USERS

Description guantitx Location

Vax 11/780 1 Bidg24c,Room216

MassComp 1 Mobile Experimental Lab (MEL)

Decmate 3 FIBGB,FIBGD,FIBG

IBM Display writer 1 FIBGC

Zenith Z-100 6 FIBGA-Room215
FIBGB-Room12
FIBGC-Room
FIBGC-Room
FIBGD-Room10

: FIBGD-Room10

TRS Model 100 4

CBM8032 1 FIBGA-Room219

Commodore 64 1 FIBGA-Room219

HP9816S 1

Compac 1

Time Data _ 1

SUN Work Station 1

Raytheon 1

Intels 4

Paragon (HP) 1

6-axis calibrator

UTDS-uVAX 1 Calibration Room

Zenith z-248 . On order
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C.6 TABLE 6.

COMPANY

TABLES

AVAILABLE SOFTWARE

Description

Dec Standard Runoff (DSR)Text Formatter

Peachtext 5000

Easyscript
Context MBA
Lotus123
Tex

Troff
PISCURE
Plotdatatek
EDT

Text

Chart
Flexitek

NOTES: WP=Word Processor

WP,SS,DBMS

Word processor
WP,SS,DBMS

WP,Spread sheet,Graph
WP,Spread sheet,Graph
Typesetter

Typesetter

Graphs and Charts
Graphs and plots

Text Editor

Text Editor

Graphs and Plots
Tektronix Plots

SS=Spread sheet DBMS=Datz Base Management System

C-6

Computer

VAX11/780
Z-100
CBM8032
Commodoreb64
HP9816S
Z-100
VAX11/780-2
Masscomp
VAX11/780-2
Vax11/780
VAX11/780
TRS M-100
Z-100

Z-100

Operating
System

VMS
MS-DOS
4.0
Basic
HP Basic
MS-D0S
VMS

unix

VMS
VMS

MS-D0S
MS-DOS
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TEST PLAN OUTLINE

I. PROBLEM DESCRIPTION: Presentation of the problem to the test group.

A. Identification of the Problem
1. Statement of the problem, its general nature and character.
2. Definitions of any special terminology employed. -
3. Brief description of the system having the problem.
4. Evidence indicating present or potential problems.

B. History of the Problem
1. Chronology of events pertaining to the problem.
2. Remedial Measures taken to alleviate the problem.
3. Improvements resulting from remedial measures.
4. New problems introduced by remedial measures.

C. Extent of the Problem
1. Additional description of the system and the problem.
2. Hypotheses of the causes of the problem.
3. Possible solution methods.
4. Constraints on problem solutions.

D. Impact of the Problem
1. Lost capabilities and functions of the systems.
2. Diminished performance and efficiency of the system.
3. Cost of down time for maintenance or repair.
4. Extended demands or safety problems for personnel.

E. Suggested Scope of the Test Program
1. Types of measurements: strain, acceleration, pressure, etc.
2. Locations where sensing devices should be placed.
3. Test conditions when measurements should be recorded.
4. Types of data analysis desired.
5. Analytical or statistical models to be used.




TEST PLAN OUTLINE

II. PROGRAM OBJECTIVE: Formulation of the goals and approaches of the
test program to achieve an efficient solution of the probliem.

A. Problem Review and Statement

Review the problem description.

Resolve unclear areas.

Gather any additional information if necessary.

Identify any imposed solution constraints.

Summarize the key points into a2 one or two paragraph probiem
description.

NnbwNn

B. Primary Program Objective
1. Hypothesize and discuss possibie causes of the problem.
2. Evaluate potential solution approaches and criteria.
3. Describe the solution goal and the criteria for its evaluation

in a statement of the primary program objective.

C. Secondary Objectives
1. Describe objectives of the test program which are desirable but of

lower importan:ze than the primary program objective.
2. Discuss the reiative importance of these secondary objectives.

ITII. DATA REQUIREMENTS: Development of an overall plan for achieving

the program objective.

A. Test Identification
1. Tests for quantifying nonse/vubratlon environment
2. Tests for diagnosing sources and transmission paths
Tests for check or verify potential problem solutions

3
B. Measured Data

1. Identify data needed by each test

2. Identify data to be measured by each test
3

A

1

Identify methods to be used for applying measured data

C. Analytical Models

Models to be developed

a) system characteristics

b) sources

¢) transmission paths

d) response prediction
2. Model parameters to be obtained from test data
3. Verification of the model
4. Demonstration of possible solution designs
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TEST PLAN OUTLINE

IV. TEST PLAN DEVELOPMENT: Preparation of detailed plans describing each test.

A. Test Objective
1. Description of measurement to be performed
2. Data to be obtained from measurement
3. Analysis methods to be applied to data
4. Relation of test results to the program objective

B. Test Configuration
1. Test object and physical configuration
2. Variations in test object configuration to be evaluated
3. Range of operating conditions
4. Test site configuration and operation

C. Measurement Types and Sensor Locations
1. Quantities to be measured
2. Measurement transducer locations
3. Source simulation (excitation) device locations

D. Instrumentation Requirements
1. Measurement transducers
2. Signal conditioning
3. Recording and playback system

E. Data Analysis Requirements
1. Data analysis instrumentation
2. Data analysis parameters
3. Types of analysis
4. Analyzer hardware and/or software packages
5. Data presentation parameters

F. Documentation Requirements
1. Variations from original test plan specifications
2. Types of intermediate results to include
3. Presentation format for test results
4. Long-term data storage.

V. DOCUMENTATION OF RESULTS: Preparation of test description and conclusions.

Problem description
Program objectives
Description of tests, measurements and analytical models
Presentation and evaluation of results
Conclusions and recommendations
1. Analytical Models
2. Measurement Results

moaom>»
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SAMPLE TEST PLAN

A-10 GUN BAY FLIGHT
TEST PLAN

AFWAL /FIBGD
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SAMPLE TEST PLAN

Prepared By: Kenneth R. Wentz
Project Engineer
Acoustics and Sonic Fatigue Group
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Reviewed By: Ralph M. Shimovetz
Acting Group Leader
Acoustics and Sonic Fatigue Group
AFWAL /FIBGD

Approved By: Davey L. Smith
Branch Chief
Structural Vibration and Acoustics Branch
AFWAL /FIBG
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SAMPLE TEST PLAN

1. PURPOSE

This program is in response to a support request from SM-ALC/MM. The
purpose is to find a solution to the A-10A gun bay structural fatigue
cracking by determining the source and applying and verifying airframe
modifications to achieve the desired structural design Iife. The approach
is to perform ground modal analysis and flight tests of the production and
modified structural configurations. This test plan describes the flight
test program of the production structural configuration. SM-ALC/MM’s
flight test aircraft, tail number 989, will be the test vehicle. The
support effort was initiated in March 1986 and will be completed in
December 1987. This flight test will be performed in Dec 86 - March 87
timeframe.

2. DOCUMENTATION AND AUTHORITY

This support effort is being conducted under Job Order Number
AFLC8602. The complete details of the program are provided in the Support
Agreement entitled "A-10 Gun Bay Test and Analysis Program" between
SM-ALC/MM, ASD/AFWAL/FI and ASD/EN dated 29 May 1986, a copy of which is
attached, as Appendix A.

3. BACKGROUND

A request has been received from SM-ALC/MM for the Aeronautical
Systems Division’s Flight Dynamics Laboratory, AFWAL/FI, and Deputy for
Engineering, ASD/EN, to provide support in finding a solution to the
problem of the A-10A gun bay cracking of GFU-16A gun gas diverter equipped
aircraft. The A-10A is experiencing structural fatigue problems in the
forward fuselage area presumably caused by firing of its gun. Although at
this time this cracking is not believed to be a flight safety problem, it
is a maintenance burden and could have an impact on the operational
readiness of the A-10 force. This test plan outlines the flight test
portion of the complete analysis effort.

4. OBJECTIVE

The objective of the complete analysis effort is to find a solution
to the A-10A gun bay fatigue problem by determining the source of the
structural fatigue and applying and verifying airframe modifications to
achieve the desired structural design life. The objective of performing
the flight test is to acquire the dynamic response data necessary to
understand the problem and propose a fix.
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SAMPLE TEST PLAN

5. SCHEDULE

The instrumentation will be installed on the AFLC/MM test aircraft
beginning 15 Nov 86 and completed by 17 December 86. The flight test will
begin on 6 January 87 and completed by 24 Jan 87. The data reduction will
begin on 2 Feb 87 and be completed by 27 Feb 87. A test report describing
the complete flight test program and acquired data will be completed by 1
April 87. The complete schedule is shown in attachment 1, Program
Schedule.

6. LOCATION

The instrumentation installation and flight test will be performed at
McClellan Air Force Base, California. The data reduction and analysis
will be performed at Wright-Patterson Air Force Base, Ohio. Any proposed
structural modifications will be performed at McClellan AFB Ca.

7. METHOD OF TEST

a.) Approach

The approach is to instrument the gun bay with strain gages,
accelerometers, microphones, static pressure gages and thermocouples to
acquire flight test data.

b.) Gun Bay Structural Configuration

The gun bay is shown in Figures 1 thru 14. It consists of riveted
skin stiffened aluminum structure. The main areas of interest are the
gun bay floor and left sidewall.

c.) Instrumentation

The instrumentation consists of 54 stain gages, 13 thermocouples, 10
microphones, 7 static pressure gages, and 10 accelerometers. Their
locations are shown in Figures 15 thru 19. The locations are based on
previously detected cracks and the results of the modal analysis survey.
The data acquired from the flight tests will consist of ; sound pressure
levels, response frequencies, response strains, accelerations,
temperatures and static pressure. The signal conditioning system and the
transducers will be provided by AFWAL/FIBG. The signals will be recorded
on the AMPEX AR 700 on-board recorder. The frequency range of interest is
0 to 500 Hz. Table 1 lists the transducer quantities and types.
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SAMPLE TEST PLAN

d.) Flight Test Procedure

The flight test parameters which will be varied are velocity, burst
length, ammonition type, and diverter configuration. Table 2 lists the
parameters. The flight test altitude will be sea level and only the high
firing rate will be investigated. The data will be acquired by the
onboard recorder and analyzed and reduced by AFWAL/FIBG.
8. PARTICIPATING AGENCIES AND RESPONSIBILITIES

Sacramento ALC will perform the flight test. ASD/AFWAL/FI will
supply and install the transducers and signal conditioning system. The
data reduction and test report will be performed by ASD/AFWAL/FI. The
evaluation and analysis will be performed by ASD/AFWAL/FI, ASD/EN and
SM-ALC/MMET.
9. RESOURCES REQUIRED

Refer to attached Support Agreement, Appendix A.
10. COMMAND AND CONTROL

Refer to attached Support Agreement, Appendix A.
11. REPORTS

A test report describing the filight test program and acquired data
will be written, 30 days after the data analysis is complete.

12. POINTS OF CONTACT

SM-ALC/MMSRC, Sherman Chan, AV 633-5300
ASD/ASD/FI, Kenneth R Wentz, AV 785-5229
ASD/EN, William Frost, AV 785-3553
SM-ALC/MMET. Vern Poetker, AV 633-5320
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SETRA SYSTEMS, INC.
HIGH OUTPUT

LINEAR ACCELEROMETER

Model 141
FOR VIBRATION, SHOCK, IMPACT

Ranges from: +2g to +600g
With External R4, Calibration

Features

8 Excelient static and dynamic response

8 Temperature-insensitive gas damping (0.7 critical)
8 High output signai

a High overioad capability, (2000g static)

s Low transverse sensitivity (0.005 g/g)

® Wide-range R, type calibration

u Easy-to-replace cabie attachment

a Compact, lightweight

(Non-linearity as % full range, best straight line).

' N ‘- R 7.4 -

Description

The Model 141 is a linear accelerometer that produces
a high level instantaneous DC output signal proportional
to sensed accelerations (ranging from static acceleration
up to 3000 Hz as reported below).

Setra accelerometers are unique in their ability to
withstand exceedingly high g overioad without damage.
The Model 141 incorporates the super-rugged Setra
capacitance-type sensor and a new miniaturized
electronic circuit.

Hts excellent dynamic response is maintained by air
damping, which varies with temperature approximately
one-tenth as much as the best fluid damping.

The electrical characteristics are compatible with
conventional strain-gage type signal conditioning,
including the use of shunt Rcga) Over any selected range
up to 100% full scale.

The stainless steel case is O-ring sealed, has a welil
defined base plane, is quite insensitive to mounting
strain.

Cross axis interference is exceedingly low. The
external easy-to-replace cable attachment facilitates
installation and service.

Full Scale Ranges

For each of tiie available g ranges. the linearity is characterized by this range chart:

S
-{7 Flat Response .
§-{x3db)0Hzto:" "

~=t0

Cap Screws 0 § Long Minimum

Note: All dimensions are in inches.
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Model

Ranges, Non-Linearity, Frequency Data.

Other Accuracy Data
Hysteresis
Non-Repeatability
Transverse Acceleration Response
Damping

Resolution
Thermal Effects

Zero G Output
Noise Level
Calibration Data

Electrical Data
Electrical Circuit

Calibration Signal (Rcgy)

Voitages and Currents

Typical performance for nominal G

141 Specifications

Please refer to chart on front page.

<20.1%

<20.05% Nominal range

<£0.005 g/g : ) - :
Approximates second order system with 0.7 critical damping.
The frequency band for all ranges is flat from static to
approximately 60% of the natural frequency. Damping is gas
squeeze-film, 0.7 0.2 of critical at 77°F. Damping ratio
increases approximately 0.15%/°F.

Infinite, limited only by output noise level.

Operating temperature -10°F to 150°F
Zero shift <£0.02% Nominal Range/°F
Sensitivity shift <:0.02% Nominal Range/°F
Slightly higher thermal effects when 141A is operated
at excitation voltage below 10VDC.
Model 141A (special order) —65°F to 220°F
<25 mv (factory calibrated at designated excitation)
<20.01% Nominal Range (RMS, in-band)

Each unit is supplied with a full scale continuous piot of output
vs. acceleration (centrifuge), at a designated excitation
voltage. Sensitivity is reported at Nominal Range.

Model 141A calibrated at 10VDC excitation.

Mode! 141B calibrated at 24VDC excitation.

Threel-teminal equivalent, common -excitation and -output
signal. :
Cigrcuit is capacitively isolated from case, greater than 100
megohm isolation.
Power applied to output, or shorted output, will not damage
unit. No reverse excitation protection. Operates at internal
frequency approximately 20 MHz. Model 141B operable on
ulated 28 VDC aircraft power, (recommend high voitage
transient protection to prevent damage by emergency power
conditions as defined in MIL-STD-704A, and voltage regulation
to attain highest accuracy).
Available up to 100% Nominal Range by shunting external
calibration resistor from calibration lead to -signal lead.
Two versions are available, offering your choice of units for
different excitation voltages. Output is proportional to
excitation voltage. Output impedance 9K ohms (nominal).

range:

Cable, Weight, Case
Electrical Connection
Weight
Case .

Ordering Information

2 foot muiticonductor cable
30 grams (not including cable)
Stainless steel, O-ring sealed

Specify: Mode! 141A or Model 141B
Specify G Range: Nominal Range (tspecific g)

Specify: Excitation volitage

for calibration

(if non-standard, at extra charge)

Specifications subject to change without notice S

10/1/84
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Description ; - T T B %w

Setra accelerometers are linear acceleration transducers that produce

a high level DC output signal proportional to sensed acceleration.

This is accomplished by means of a unique capacitance-type acceleration
sensor and a miniaturized rugged electronic circuit, all contained
within the accelerometer.

Sensor

The variable-capacitance type sensors consists of a thin stiff metal
disc and flexures assembled between two fixed insulated electrodes.

The position of the seismic disc in relation to the two electrodes is
proportional to the acceleration vector perpendicular to the electrodes.

"Squeeze-film" gas damping (air) assures constant amplitude response
over a wide temperature range, approximating 0.7 critical damping.

This rugged structure exhibits very low hysteresis and withstands very

high g overloads. Cross-axis sensitivity is extremely low. The sensor
has full dynamic response down to 0 Hertz, thus giving static g output

as well. :

Circuit

The circuits are DC in/DC out, draw low current, produce high output
signals, eliminate cable noise and interference pickup problems often
associated with the use of low level output accelerometers.

Model 141
Has 3-terminal circuit; can use calibration resistor for calibration

signal; has 9000 ohms output impedance.

Excitation At Excitation Excitation Nominal Output
Model Range Voltage of: Current (Open Circuit)
141A SVDC=-15VDC lovpC 5 milliamperes +400 millivolts
141B 10VDC-28VDC 24VDC 10 milliamperes +1000 millivolts

Benefits Using Setra Accelerometers

Can withstand high g overloads without damage.
Full static and dynamic response.
High Accuracy:
< 1% ‘non-linearity
< 1% cros-axis sensitivity
High output signal eliminates cable noise problems or need for
further amplification.

3-82
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Electrode

Spacer

Seismic Element
Flexure.and gas-damping control

\\\\-___—’//// details not depicted.
v,

Spacer

‘ Electrode

SETRA SYSTEMS

CAPACITANCE-TYPE ACCELERATION SENSOR

IN MODEL 141 ACCELEROMETER
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- HCD SERIES—HERMETICALLY SEALED (C

.
2

= HERMETICALLY SEALED BY TIG AND
EB WELDING

s IMPERVIOUS TO HOSTILE ENVIRONMENTS
HCD Series units are similar to the DC-D Series. Tung-
sten inert gas (TIG) and electron beam (EB) welding pro-

vide hermetic sealing that is free from oxidation-produc-
ing faults that may cause leakage. For this reason, HCD

GENERAL SPECIFICATIONS

nput ... +15 V DC (nominal), £ 20 mA

Operating Temper-

ature Range . . ... 0°F to +160°F(-18°C to +70°C)
Survival Temper-

ature Range .. ... -65°F to +200°F

(-55°C to +95°C)

Null Voltage ...... ovDC
Ripple .......... Less than 1% full scale
Linearity . .. ...... +0.25% full range
Stability ......... 0.125% full scale

ONNECTOR TERMINATION)

Series LVDT's are impervious to dirt, water, steam spray,
and most corrosives. They have been qualified at pres-
sures up to 1000 psig (70 bars) and are suitabie for nu-
merous high-pressure applications. They are terminated
with a glass-sealed, MS-type terminal connector.” The
connector prohibits the core from passing completely
through the coil assembly. Where through-bore opera-
tion is required, see the HPD Series. HCD units have
double magnetic shielding that makes them insensitive

to external magnetic influences.

Temperature

Coefficient of

Scale Factor .. 0.04%/°F (0.08%/°C)
Shock Survival .. ... 250 g for 11 milliseconds

Vibration Tolerance
Coil Form Material .
Housing Material . ..

Electrical
Termination

Output Impedance ..

. 6-pin connector
100 Ohms

. 10gup to 2kHz
. High density, glass-filled polymer
AIlSI 400 series stainless steel

Min. Load Resistance . 2000 Ohms

PERFORMANCE SPECIFICATIONS AND DIMENSIONS

Sfm $TIVITY
LvoT . NOMINAL £~ SCALE RESPONSE. WEIGHT DIMENSIONS
MODEL LINEAR FACTOR -8 Grams A (Body) B {Core) € P
NUMBER RANGE
inches V/inch Hz BSedy Core toches lnches fnches inches
850 HCD +0.050 - . 2200 500 40 2 © . 240 0.59 1.90 0.55
125 HCD £0.125 80 500 50 3 3.23 1.10 2.3 0.96
250 HCD +0.250 4 500 62 § 4.10 1.80 3.50 1.39
500 HCD +0.500 20 500 82 9 5.79 3.00 5.29 2.3
1000 HCD £1.000 10 200 120 10 8.05 3.80 1.55 3.32
2000 HCD +2.000 5.0 200 174 13 11.42 5.30 10.92 5.05
3000 HCD +3.000 i3 200 236 14 16.62 6.20 16.10 7.59
5000 HCD +5,000 2.0 200 294 17 2045 520 1395 9.56
10000 HCD +10.00 10 200 526 24 34.57 12.00 3403 16.61
OR_DERING INFORMATION INPUT ouTPUT
(Fold out page 32 for instructions on how to use this chart.) *ISVDQ__? !
D -10vDC
-15vDC A
GER
COMMON {0
J50 =010 5
MATES WITH BENDIX
235 = 005 10- ECTOR
oFTION [— DIA. PTO6A-10-65 CONNECTO
NO. ‘. .
MOOEL ] .L_______l--__, .
; NO. i ! <L -
OS0HCO @ N | ..B B | - X X I |
125HC0 | N | 8 8 ! - X X l
250 HCD N ' 8 : B - X X e—— P —a l
! s00WcO | N | B B | - | "«x X ¢ 5030 44 :.030
= 1000HCO | N 8 B I - X X - 030
___2000HCD . N B X i - % X —— A
{~ 3000HCD i N 8 X 1 - X X !
5000 HCOD N i B X - X X i — & — 4.40 UNC-2B (Standard)
~ 10000 HCD N | 8 X - X X 188 - .005 I .o M3 X 0.5-6H (Metric)
OIA. L—B -8 Mimmum Depth

Note 1 See outiine drawing tar metric thread size
Note 2 Consuit factory for mass, dimensions, and thread size

(

¢ Nominal center position of core at aull

SEE SCHAEVITZ SERIES 70 BlULLETINS FOR COMPATIBLE SIGNAL-CONDITIONING AND READOUT EQUIPMENT
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HPD SERIES—HERMETICALLY SEALED (PIN TERMINATION) - - - -
s HERMETICALLY SEALED BY TIG AND producing faults that may cause leakage. For this reason,

(‘ EB WELDING HPD Series LVDT's are impervious to dirt, water, steam

' s IMPERVIOUS TO HOSTILE ENVIRONMENTS spray, and most corrosives. They have been qualified at

Z . . . - pressures up to 1000 psig {70 bars) and are suitable for _
® THROUGH-BORE CONSTRUCTION numerous high-pressure applications. HPD units employ
3 glasssealed, pin-terminal header that allows the core
HPD Series units are similar to the DC-D and HCD Series. and core rod to pass through the unit. HPD units have
Tungsten inert gas (TIG) and electron beam (EB) weld- double magnetic shielding that makes them insensitive
ing provide hermetic sealing that is free from oxidation- to external magnetic influences.
GENERAL SPECIFICATIONS .
e S 15V DC (nominal), +20 mA Temperature
Operating Temper- J/ Coefficient of . R
ature Range . . . . . 0°F to +160°F (-18°C to +70°C) Scale Factor ... . 0.04%/°F (0.08%/°C)
. Shock Survival . . . .. 25Q g for 11 milliseconds
Survival Temper- N e -
° ° - Vibration Tolerance . 10 ¢ up ta 2 kHz
ature Range . . ... -65°F to +200°F 3 . . X .
(-55°C to +95°C) Coil l.:orm Material .. High densxty,' glass~f1lled polymer
Null Voltage ... ... ovDpe - Housu?g Material ... AISI 400 series stainless steel
Ripple .......... Less than 1% full scale Electrical o
Linearity ......... +0.25% full range Termination . ... 6-pin terminal header
Stability ......... 0.125% full scale Output Impedance .. 100 Ohms
Min. Load Resistance . 2000 Ohms
PERFORMANCE SPECIFICATIONS AND DIMENSIONS
R ) NOMINAL SCALE RESPONSE WEIGHT DIMENSIONS
MODEL LINEAR FACTOR -3d8 - Grams A (Body) 8 (Core) P
NUMBER RANGE .
Inches V/inch H2 Body Core Inches Inches Inches
050 HPD +0.050 "m0 500 k2 240 0.59 055 C
125 HPD 20125 80 500 s 3 3.3 110 0.96
250 HPD $0.250 . 40 500 §7 S 410 1.80 1.39
500 HPD +0.500 T 20 500 7 8 5.79 3.00 223
1800 HPD 21000 - 10 200 15 10 205 3.0 3.32
2000 HPO $2000 50 200 189 13 142 . 539 5.05 -
3900 HPD - £3.000 33 200 - 21 " 16.62 6.20 7.59
5000 HPD £5.000 20 , ' 200 88 1 2045 5.20 9.56
10000 HPD +10.00 0 200 520 2 357 12.00 16.61
ORDERING INFORMATION INPUT suTPUT -
(Fold out page 32 for instructions on how to use this chart.) "SVDF-_E. } :
+10vOoC
/ -15VD0C D A
—F |
COMMON [0
7502010
.13 2 .030
OPTION ,_ﬂﬁ * .00S DIA. .1 [_,
NO. :
MODEL | [ _J______m A
NO. < )
050 HPD N s | 8 - 1 x X ? o T-""71 = V
125 HPD N | B8 8 - | x X
250 HPD N | 8 | 8 - X X P __..l
500 HPD N | B | B - X X .
1000 HPD N | 8 | 8 - X X + 030
2000 HPD N | B . x |, - o x X A
004P0 | N | B i x | <= X X | [ aa0 (
S000HPD . N B 1 X, - X |, X Exreac 440 UNC 26 {Suanane)
10000RPD_ | N 8 [ x [ - T x | x SR P I 2030_| \_ * Minmom Oepth

Note 1: See outhne arawing tor metric thread size

Note 2: Comsult factory {or mass, dimensions, and thread size ]
. : <+ Hominal center position of care at null

SEE SCHAEVITZ SERIES 70 BULLETINS FOR COMPATIBLE SIGNAL-CONDITIONING AND READOUT EQUIPMENT
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SPECIFICATIONS
Pressere Ranges 0-100, 0-150. 0-200, 0-250. 0-300. 0-500, 0-750. Operating
. 0-1000. 0-1500. 0-2000. 0-2500, 0-3000. 0-3500, Temperature Range - 100°f to +250°F.
0-4000.- 0-5000. 0-7500. 0-10.000. 0-15.000.
0-20.000 PSIA or PSIS (14.7 PSIA reference). ot true Thermal Less than =0.005% FSO per “f owr compensated
PSIG. Seasmity Shift temperature range.
- L]
Weasucand Fluids Al thnds compatibie with 17-4PH stamiess steel. Thermal Zero Shift less than =0010% FSO per *f over compensated
Options availabie. temperature range.
full Scale Output t5.00 = 0.050 wolts OC for 10K ohm ioad or greater. - .
| Triazial 30 G's appied for 11 miliiseconds will not cause
| Calibrated with SOK onm load. Mechamcal Shoek change in performance charactenstics.
leso Balance 0.000 = 0.050 voits DC at + 70°F.
— Triazial
End Point Linearity Within = 0.25% FSO for 0-100 thru 0-500 PSI ranges. - .
Within =0.15% FSO for 0-750 theu 0.20.000 PS! Acceleration Erver Less than =0.005% FSO per G.
ranges. Triaxial Less than =0.005% FSO per G. 30G pead. 50 to 2000
Hysteresis Less than 0.10% FSO. Yibration Ervor H2. or 1.0 snch DA trom S to SO Ha.
Repeatability Withia = 0.10% FSO. Ezcitation 20 to 36 woits OC unregulated Reverse polanty pro-
Resolution Intanite tected. =100 woit 10 micro-second sprhes wil not
Nateral Frequency 0-100 PS! tange ........... 9. 2KHz Cause permanent damage.
0-150PSicange ........... 10KHz ;
0-200 PS1 range ..ono.. .. 11KHz Current Drain Less than 35 made.
0-250 PStrange ........... 13KH2 Output Impedance Less than 25 ohms.
0-300PSlsange ........... 10KH2
0500 PSirange ........... 13KH2 Output Noise Less than 15 mdiwvolts peah to peak.
: ;:orils,' ::::' """""" :::: Insulation Resistance Greater than 1000 megohms 3t S0 VOC between all
0-1500 PSi range :’ 23KHz leu;ou:;ais in paratiel and the case at 3 temperature of
0-2000 PSl range ..... e 28KH2 M
0-2500 PSl range .......... 33KH2 DC Isolation Greater than 1000 megohms at 50 VDT from excitation
0-3000 PSirange .......... 37XH2 10 signal output termnals.
0-5000 PSlrange .......... S6KHz
0-7000 PSirange .......... 77KHz Pressure Fitting 7./16-20 internal thread per MS33649-4 15 standard
0-10.000 PSirange ......... 96K Mz Options available.
0-15.000 PSirange . ........ 126KHz
0-20.000 PSirange ......... 186K Mz Pressure Cavity Yolume 0-100 thry 0-750 PSiranges ...... .. 0.05 au.
(excluding pressure fitting) | 0-1000 thew 05000 PSI ranges 0025cu
001Scs in

Proo0f Pressure

0-100 thry 0-300 PSI sanges: 4.0 times sange. 0-500
thry 0-20X PS! ranges. 2.0 times range. Pressure can
be appied without causing change in performance
chasastenstics.

3urst Pressure Rating

0-3100 thru 0-300 PS! ranges: 6.0 times range.
0-500 thru 0-20K PSi ranges: 3.0 times range.

-ompensates
Temperature Range
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ERAN-AA - T AN A S AT
LI A2 F A §7144
CreTEmIN AN Uk yeet 70 ?
Trel By dN cmtrelt 0 L, tte Comiemy. W' b fela kS L reLiaze

Il f270S 1T 17

ar! gv

Jletin 2403-76

¢ € ITarge DeLeiel !
TLEr, INC S el ve

Te Zr'wCl ang €Tral
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Options availabie

0-7500 thru 0-20.000 PSI ranges . . ...

flecincal Receptacie

Mates with Sendin PCSOBE-8-4SISR) Standard winng
Excitation <A -D Signal +B. -C
Oplions available.

Enclosure

Entirety weided and hermelicaliy seaied stainiess steel

Weight

Less than & ounces

Terminology in accordance with ISA Recommended Practice RP37-3
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mem—-e - ——=- -BONDED-STRAIN GAZ*
PRESSURZ=

TRANSDUCER

-- PRESSURE RANGES

0-100 0-2500
o150 0-3000

0-200 0-3500

0250 04900

0300 B-5000

0-500 8-7500

750 810,000

0-1000 0-15.000

01500 0-20.000 PSUA or PSIS ,

0-2000 (147 PSU ref. — or true PSIG).

- - ¥

e T B B ) A T e s e
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Entirely welded stainless steel pressure media cavity.

DC isolation from signal output to excitation.

5.00 = 0.050 voits DC output for 10K ohm load.

20-36 volts DC unreguiated excitation.

Output short circuit protected.

Rigid-edge-supponed diaphragm sensing element with four
active foil strain gages thermal-epoxy-bonded to controlled
stress zones. Ultra-low hysteresis and non-repeatability error
are primary features of design.

OPTIONS AVAILABLE
e Internal shunt for tracking FSO throughout compensated
temperature range.
® Pressure fitting per MS33656-4. %-NPT, AE F250C or
Cajon 4VCR internal or external thread.
e Electrical receptacle to mate with MS3116-10-6S.
e Compensation available for any range within -100°F to -+ 250°F.
® Alternate pressure media cavity materials.

“>TELEDYNE TABER
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BCD/BINARY - PROGRAMMABLE BCD/BINARY, - PROGRAMMABLE
LOWPASS ACTIVE FILTERS LOWPASS ACTIVE FILTERS
744/745 SERIES S 744/745 SERIES
i '
. SPECIFICATIONS CORNER FREQUENCY PROGRAMMING
i q-”h“@u'cmv. = 1 15V unless noted) ) The corner frequency of a 744/745 Series filter is programmed in
: : accordance with the bit/frequency wsightings listed in each modei-column
i ) of Table 2. To obtain an in-limit corner frequency between the listed
DOC GAIN (Non-inverting) . 01 0.02d8 vaiues, simply select those bits from the model-column of interest whoss
; cqrr;uj.n n:.REQUENCY 13% frequency weights add up 10 the desired corner frequency. .
i
\ .: Stabiiity \ £0.02%/°C . Referring to Figure 3.1, the selection of Bit N s achieved by externaily
© % Tuning “'"‘."'Y 1% connecting pins Ay and By to their assigned common, pin A/BO. in the
T INPUT o same way, connecl pins Cy and Dy 10 thelr assoclatod common, pin
impadance 107 a C/D0. The subscript N d the ber of the setected bit {or siep) !
1 Voliage Range 10V and integral values lrom 1 10 11,
. i Maximum Safe Voltage 1vy
" Blas Current 30nA When, for example, programming the Mode! 744PL-3 for a 500Hz corner
l OUTPUT! frequency, Tabie 2 calls for selecting bits 5 and 7. This requires bit
, Resistance n weightings of 100 and 400Mz, for & resulting fc of S00Hz. Figure 3.1
' ¢ Uinesr Operating Range t10v itiustrates these connections, in which pins Ag and Bs along with pins A7
] &::nrez “c:.rnnt ?‘.n.Aqu"az and B7 individuaily connect to A/BO, while pins Cs, Dg, Cy and D,
% ' o 750VIC 1. | ) individuaily connect to the C-D common, pin C/DO. .
| 7 Noise zsuppl.v’(iv-) 76uV AMS CAUTION: DO NOT PROGRAM THE CORNER FREQUENCY ABOVE :
i Rated Voitage s THE FMAX LISTED IN TABLE 2. LEAVE ALL UNSELECTED PINS
: Operating Range 15t 18Vde = OPEN.
. Maximum Sale Voitage 1 18vde o COANER FAEQUENCY PROGRAMMING BITS FOR THE 744/748 SERIES
' Quiescent Current € XTIy [ o rea sensts
TEMPERATURE S §O0wy
" Operating oo +70°C o RSN N fEn e Alpo Tems cibo '
Storage -25t0 +85°C ] ot o P> I~ P : { & »
'!‘ (Signal vol ol . . ) :: : : : : - = F_F‘i)“ b“
-+ NOTES: tages are ail referenced to supply common . e o 1 oo .
{ 1) Short circull protected to ground. DO NOT CONNECT TO £ V. : t - T e o 0 o i~
i- 12) Measured RMS output 1Hz to 50kHz with input grounded, sxcluding 4 3 ! = & i« D Y
P ge. Y S T T e
. ,3) The power supply must provide a positive voltage source, a negative 2 o ‘ %) 0 0 oo 8 s 3
i voitage source and a {ground) i ; H H - - ~ !.. N
! : - » - e ox - e o & ool L
f . ' 22 W\q : e aemies 3 g s 4 t =
y 4o B TMPD1  TMPR1  TMPB3  4SPB4  TePR e e 4 e &
;—g"’ M‘A t "y ':‘::-l lm-l 1:‘::-] ':::4 ':.\ L] B L, 3 ‘—T :j é
d " ne n 230 »ex 9 20 ® e 2 e
» e A ) 1.20% 128 312 ]
1] ] [ 0 . 29K LK 4 o o
! N 32 2 320 3 1 amn
. Ve " 0 e s A B co
: HH : v = st 80TTOM
3 o2 2 2 200 L VIEW
2 [ 3] ) ° m «
1 o0 (1} [} »0 2 TYPICAL
UNPROGRAMMED
t "3 (1] (31 LR » e airs
: - - Mode! 744PL-) tuned for fg = S00 Hz
Z X DO NOT PAOGRAM THE CORNER FREQUENCY OVER THE SPECHFIED fmas Figure 3.1
{ : TABLE 2
© 1978 Frequency Devices, Inc. F21-679-02 : © 1979 Frequency Devices, inc. F21-876-03
£
EREQUENCY DEVICES. INC. __TEI R17.174-017R1 FEREQUENCY DEVICES INC e et A Ame e,

: FREQUENCY DEVICE 744|745
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VUTBINARY = PRUUMAMMADLE
LOWPASS ACTIVE FILTERS
744/745 SERIES

OUTLINE DIMENSIONS

|
|

LP
¥ a 14 +1-4 +dAls0
T 1121344415181 748434 010413434
[ ] p-1-9 1010139404010V,

A0 TAT 13'
_-—.}. - et 12
1
111 4
w ¥
-1 L
GND
'y
+
.v'
¢ T
out
H- 142434 411154-8-+748-]4f-9410{ 11 Tloo
elede otelar ol-elel
OHe1¢ h ¢ trelieie it ¢
BOTTOM VIEW 0.1 INCH GRID

NOTE: Pins 11A, B, C, and D are not present on 745 units and
on 744-5 units.

10

DIMENSION MILLIMETERS INCHES
L 76.2 3.0
w 50.8 2.0
HC 15.2 0.6
HD 25.4 1.0
LP 5.08 min 0.2 min

PIN DIA 1.02 0.04
© 1870 Frequency Devices, Inc. F21-879-10
FREQUENCY DEVICES, INC. TEL 617-374-0761

25 Locust St., Haverhill, MA 01830 TWX 710-347-0314

DLUW/DINARNT - rnuuHAMMAbL:

LOWPASS ACTIVE FILTERS A
744/745 SERIES S

ACCESSORY INTERFACE CARDS
DIMENBIONS IN MM (INCHES)

MODEL FC-102
(ON-CARNWITCH-PROGRAMMA!LE)

—_— — 200 ———
(X ]
[ X1}
1109 8 78 l l 3 i
nAno Mmm
-M:h :
.
' "l?' P— -
= ' by 3
N nC <
b s 5
. 12 -
34
JL"
v
H |° ¢ 8 7 ¢ 3
u
1 Mo Connaction TOP VIEW
Flgure 5.1

MODEL FC-101

102 14.0)
Settam Voo ¢
I
p— OFF:
8 A et SET
[Ty p— 1
85 AS TAIM e
e —
A —_— '
A —
A

:w A0 = !

1 AN '
NC'  AlBO =
Vin  NC' o )
LA ] —-— -
Ve eV, e i -
aNo T2 — -
\ér,, g:oo —

1 1
Cio Do =
< Os | d
cs  De [ I
Q o -— ! E
S D8 ' ‘
cs 08 — '
C4 04 d
(] 2]
a o !
& D ' g
1 Mo Connection TOP wﬁw

Figure 8.2
© 1979 Fraquency Devices, inc. F21-870-11

FREQUENCY DEVICES, INC.

TEL 617-374-076"
25 Locust St., Haverhlil, MA 01830 :

TWX 710-347-031«

R LT, PO

- FREQUENCY DEVICE 744|745
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-— General—’ R iR
F-7 . 24 inches (81 em) H x
17.5 inchas {44.5 cm) W x 16.25 inches (41.3 cm) D.
Weight ... Average 14-channe!
record/reproduce system approx 100 Ib (45.4 kg)
_ oot SUDDIY ...t 10510121V .
(210-254V ac -vlnllbb) 4710 63 Hz. singie phass
Power Consumplion . .................. spprox 480W
Temperature (1ape limiled)
Operating ............ccoveevnnennn. 0 to 50°C (32 to 122°F)
SIONAQE . ..oevieiiiai e -3010 +75°C
(=220 +16T°F)
Alitude
OPerating .............c..oceiieens to 4500 m (15,000 H)
Storage .............. .. 1o 15,000 m (50,000 ft)
Humidity (tape limited) ...... .. Sto 95%

= e ettt At

—— _#/Q}

(noncondensing)

Speeds ..................ciinn 8 speeds: 120, 80, 0.
15, 7.5. 3.75. 1.87. and 0.937 ips. Al speeds are bidirectional and
electrically selectable by push-button switches.

Tepe Wdth . .. ...ooveiiiiiniiiieeeae ¥ and 1 inch
Tope Thickness ............. ..0701Smi
TopsRests ..............oociiiieennnn 10V2 to 15-inch dia.
coaxiatly mounted
ReelHubs .....................coiale 3 inch NAB precrsion
Tape Speed Accuracy.................. 0.1% when servoed
from capstan tachomater with 1.0 il tape. 0.01% when servoed
{from tape.
Stant Time .........cooviiiiiieinininen 8 sec max at 120 ips
. with 15-nch reeis
SlopTMe .......oovviiiiniiniiians 8 sec max 8t 120 s
with 15-inch reeis

azimuth adiustable 10 reduce static skew 10 less than =0.5 usec
between oulsice iracks on a single head stack at 120 ips.
Oynamic Skew (ITDE) .................. Measured between
outside tracks of a singie 1-inch head stack over 10 sec. Test
mﬁmusncyoﬂﬂ)kﬂzui&m proportonately iower at other

ﬂm_eqw;_/ ot ]

Footage Counter ..................... -+ All-alactionic. bidirec-
tionat true footage counlar with 5-digit sokd-state LED readout o
19,999 and ~19,999.

Shutlle ........c.oiiviiiiiiiiiis All electronic, sohd-
stale, may shuttle between any iwo selected points on the tape.
belween any point on the lape and either BOT or EOT. or between
BOT and EOT. Shuttle pomnts are operator keyboard programma-
bie. Shuttie ponts may be displayed during operation.

Direct Record/Reproduce

Specifications listed apply to operation with standard IRIG 50 mil
track widths without an FM channel on an adjacent track in the same
head stack. Signal rms/noise ms specifications for 28 track, 25mit
track widths are reduced 3 dB from those iisted.

Hammonic Distortion ................... Normai record level set
for 1% thirt harmonic chstortion of a signal recorded at 0 t band-
edge at 60 1ps.

nputievel ................. ... 0.110 7V rms, adjustabie

Inputimpedance ...................... 20Kk{). or 7541 seiectable

Dy jumper pin.

NormalizedOutput ............. ... .. 1.0V rms for record
lovels between 0.5 and 3.0% THD

Outputievel ............cooovvnaeinn 1V rms into 5001

Outputimpedance . .................... 500

Amplitude and Phase Equahzalvon Alt exgnt dive speeds.

standard

GroupDelay ................ . =250 nsec: measured

between 100 kHz and 1.6 MHz at 120 IDS Proportionately higher
at lower tape speeds (2.0 MHz System)

Dynarmic Characteristics. 600 kHz System
Tape Speed | Bandwidth =3 dB Signal rms/Notse rms

(ips) - (kHz) (d8)®
120 0.3 -600 41
60 03 -300 4
0 0.15 - 150 40
15 01 -75 39
15 01 - 375 38
.75 01 - 187 38
1.87 01 - 93 37
0.937 01 - 47 35

Dynemic Characteristics. 2 MHZ System:

Tape Speed - ITDE(O 10 pk) - Tape Speed | Banowioth =308 | Signal rms/Noise rms
(ips) (usec) (ips) (kHz) (dB)®
120 RS 120 0.4 - 2000 26
60 22 &0 0.4 - 1000 » 27
30 44 30 04- S00. 27
L] 88 15 04- 250 26
15 176 75 04- 125 25
3715 352 375 0.4- 625 24
1.87 704 1.87 04- 3125 2t
0.937 1408 0.937 04- 1500~ 19
PN ...ooniiinitiiineieneenaee s ¥ and 1 inch tape, cu- ®Measured at the output of a tancoass fiter hawing 18 dB/octave
mulstive, pk-pk, measured per IRIG 106-75, servoed from sttenuation beyond bandwioih irms and using recommended
capetan tachometer in record and reproducs: tapes.
Tape Speed Band width Flutter pk-pk
(ips) (H2) % FM Record/Reproduce
120 0.5 - 10.000 0.18 FM record amplifiers may be operated at =40% IRIG WB Gp 1.
60 0.5 - 10,000 0.20 intermediateband or =30% IRIG .8 Gp !l modes. Fiters are pin
30 0.5 - 5000 0.20 jumper seiectable lor fiat ampitude Or transwent response charac-
15 0.5 - 2500 0.3 teristics. Specifications shown are for flat amplitude mode. in
75 05 - 1250 0.27 transent mode. the output wifl be de.vn 6 dB at bandedge
ars 0.5-625 0.3 Linearity. .... ....... ... . =05% of fult dewiaton
1.87 05-313 0.33 from best siraight Ine througn ze'0.
0.837 0.5 - 156 0.4 DCOMM ..ovovvoes o eeeeees .. .. =D.5% of full deviation
LOCSI COMMON ...\ Push-button controts: over 8 ht and 20°F (11°C) atter 1C 1w warmup.
FOOTAGE RESET, SHUTTLE SET. TRACK SEQUENCE SET OIS  'mputLevel ... ... . . . 051010V ok
PLAY, REVERSE. FORWARD, FAST, STOP (load), RECORD, LOW input impedance ...... .. .. 20kilor75Q) selectable

TAPE, SHUTTLE, TRACK SEQUENCE. TRANSPORT SEQUENCE.
TAPE (tape/tach select), REMOTE, PREAMBLE. CALIBRATE.
eight speeds, dual-lunction 10-digt keyboard, and POWER.

by pin jumper
Harmonic Distortion 1 2%-max for I8 and WB

Gp 1 modes. 3.0% max lov wBGz il

HONEYWELL 101
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STINFO GUIDELINES

SCIENTIFIC AND TECHNICAL INFORMATION GROUP (STINFO)
(AFWAL/IST)
1. TECHNICAL REPORT PROGRAM

STINFO is responsible for tracking all AFWAL technical reports from prior
to the end of the effort to the printed copy of the technical report.

a. PREPARATION OF TECHNICAL REPORTS (TRs) - CONTRACTOR GENERATED

(1) The contractor prepares the draft technica! report IAW-MIL-STD-
8478 and mails it to the engineer. Upon receipt of draft technical report,
engineer attaches the draft technical report and a completed DD Form 1473 to
an AFSC Form 2649 (AFSC Form 2649) (signed by group chief or higher echelon)
and forwards the package to AFWAL/IST. _

NOTE: If technical report is unclassified, unlimited, engineer will attach
two copies of draft report and two copies of a "Request for Public Release
Approval of Technical Information" from letter signed by division chief.

(2) STINFO will forward the draft technical report to the Technical
Editing Group (AFWAL/FLISE) for assignment of a technical report number and
editorial review. The edited draft technical report will be returned to the
engineer with the following attachments:

a. Editorial comments

b. Transmittal letter/first endorsement

c. A NOTICE page (to be completed by engineer after he receives
the camera-ready).

(3) Engineer will hod transmittal/first endorsement letter and mail
the edited draft technical report and editorial comments to contractor.
Contractor will prepare a camera-ready (original, typed) report incorporating

editorial comments and forward it to engineer.

(4) Engineer will review camera-ready and then forward it to
AFWAL/IST with the signed first endorsement, a signed NOTICE page and
mailing list/mailing labels. (A double set of mailing labels, AF Forms 310,
and 2 mailing list is required for a classified report. Engineer must also
include a signed verification letter IAW AFWAL 0I 205-1.)

b. PREPARATION OF TECHNICAL REPORTS (TRs) - IN-HOUSE

(1) Engineer will prepare an in-house technical report IAW-MIL-STD-
8478, local editorial guidelines and ASD Sup 1 to AFSCR 80-20. Engineer will
attach the technical report to AFSC Form 2649 (AFSC Form 2649), "Request
for Editing of Draft Technical Report®™ (signed by group chief or higher
echelon) and forward the package along with a diskette (if report was
prepared on an IBM Word Processor or Xerox 860) to AFWAL/IST.

NOTE: If technical report is unclassified, unlimited, engineer will also
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STINFO GUIDELINES

attach two copies of a "Request for Public Release Approval of Technical
Information® form letter signed by division chief.

(2) STINFO will forward the technical report to the Technical Editing
Group (AFWAL/GLISE) for assignment of a technical report number and editorial
review. The report will be finalized in the Technical Publications and Display
Group (AFWAL/GLISP). The finalized version will be forwarded to the engineer
for review and sign off of notice page. .

(3) The engineer will forward finalized version to AFWAL/IST with the
signed first endorsement, signed NOTICE page, and mailing list/mailing labels.
(A double set of mailing labels, AF Forms 310, (Secret reports only) and a
mailing list, is required for a classified report. Engineer must also include

a signed verification letter IAW AFWAL 0I 205-1.)
c. MAILING LISTS

The following applies to mailing lists:

(1) A mailing list required for a classified report only. it must be
accompanied by a letter of verification IAW AFWAL 0 205-1. The mailing list
must also be incorporated as the last page(s) in the report and must be marked
"UNCLASSIFIED" at the top and bottom with the appropriate page number.

(2) The following addresses are required for all mailing lists:

Defense Technical Information Center (DTIC)+

Cameron Station
Alexandria, VA 22304-6145

AUL /LSE :
Maxwel!! AFB, AL 36112

AF/JACPD (T. Kundert) (Statement A reports only)
WPAFB, OH 45433-6523 In-House

AFWAL/IST (Library cy)
WPAFB, OH 45433-6523

AFWAL/IST (GIDEP cy) (Statement A reports only)
WPAFB, OH 45433-6523 ‘

SAF /AL (reports funded by In-House Independent Research
Wash DC 20330 Fund, PE 61101F only)

HQ USAF/RD (reports funded by Independent Research Funded,
Wash DC 20330 61101F only)

.Pg
NSA (P2213)




STINFO GUIDELINES
Ft George G. Meed, MD 22705 (COMINT, ELINT AND COMSEC
reports only)

» NOTE: A letter of justification is required if DTIC is omitted from a
mailing list. -

(38) The following addresses are required for individual laboratories:
(a) Avionics Laboratory

AFCSA/SAMI
Wash DC 20330-5425

AFEWC/ESRI
San Antonio, TX 78243 (AAW reports only)

(b) Aero Propuision Laboratory

AFWAL /PS
WPAFB, OH 45433

(c) Flight Dynamics Laboratory

AFWAL /FIES (SURVIAC)
WPAFB OH, 45433

Battelle Columbus Labs (FIBA, FIBE, FIBR, FIBT &
ATTN:  TACTEC FIBC reports oniy)
505 King St

Columbus, OH 43201
AFWAL /FIBR (ASIAC)
WPAFB OH, 45433

(d) Materials Laboratory

AFWAL /MLB
WPAFB OH, 45433

AFWAL /MLL
WPAFB OH, 45433

AFWAL /MLT
WPAFB OH, 45433

AFWAL /MLP




STINFO GUIDELINES °
WPAFB OH, 45433

d. MAILING LABELS

(1) The following guidelines apply to mailing labels for technical
reports: .

. (a) A return address is required on each mailing label
containing an off-base address.

(b) Mailing labels should be addressed as follows:

(Preferred when address is

RADC/XP (Maj John Doe)
government)

Griffiss AFB NY 13441

or

RADC/XP (Acceptable)

ATTN: Major John Doe
Griffiss AFB NY 13441

or (Non-Government)

General Electric Co
ATTN: Mr John Doe
French Rd -

Utica NY 13502

(2) An individual’s name is never listed on the first or last
line of an address.

(3) A double set of mailing labels for all off-base addressees
is required for a classified report.

NOTE: The words "ATTN: Document Control® instead of an individual’s name
will be placed on one set of the mailing labels for a classified report.

Example:

OQuter Label Inner Label

General Electric Co
ATTN: Document Control
French Rd

Utica NY 13502

General Electric Co
ATTN: Mr John Doe
French Rd

Utica NY 13502

(4) The number of copies (if more than one copy) to be mailed
to any particular address should be written in the lower right corner of the
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~mailing label. (Do not make the number of copies part of the mailing
address.)

(5) All mailing labels containing foreign addresses must be
reviewed/approved by ASD/COF. The mailing labels must be accompanied by a
copy of the technical report. -

2. TECHNICAL MEMORANDA (TMs)

a. Technical memoranda are authorized by AFSC for describing preliminary
R&D efforts; i.e, studies, working papers, progress reports, notes, etc.
Technical memoranda are primarily for use by AFWAL personnel to document
in-house efforts. They are not to convey information significant enough
to warrant preparation and distribution as a formal technical report.

b. Procedures for Preparation of Technical Memoranda
(1) The engineer prepares the technical memorandum.

(2) The engineer will obtain a technical memorandum number from
STINFO. The technical memorandum number will appear in the upper right hand
corner of the cover.

(3) The technical memorandum is prepared essentially in the same
format used for technical reports; however, the NOTICE page and the DD Form
1473 are omitted. The technical memorandum is assembles as follows:

(a) Cover

(b) Foreword with review and approval statement signed by
the approving official (Division or Branch Chief)

(c) Text

(d) References

(4) The technical memorandum cover will be uniform and unique in
design. Covers will be made of bond paper with the AFWAL emblem and
additional lines as indicated. The emblem is available from each division or

STINFO.

(5) A distribution statement and export control law statement (if
applicable) will be affixed to each unclassified technical memorandum.

(6) A technical memorandum does not require technical editing.
Special illustrations may be secured on work orders to the Technical
Publications and Display Group (AFWAL/GLISG). )

(7) Local reproduction is authorized for the limited number of copies

required, or the technical memorandum may be forwarded to 2750 ABW/DARR-2
for duplication. Include an AFLC Form 254 and a DD Form 843.
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(8) Distribution of a technical memorandum should be |imited (less
than 40 copies), on a one-time basis, for informal use.

(9) The engineer will insure that AFWAL/IST receives a copy of
each technical memorandum published.

3. BIENNIAL REVIEW

Each technical report containing a limited distribution statement is
reviewed biennially by the engineer to determine if the |imited distribution
statement can be removed. STINFO notifies the engineer when the technical
report must be reviewed by sending the engineer a biennial review form
letter. The engineer checks the appropriate block in the first endorsement,
signs the form letter and returns it to AFWAL/IST.

4. DTIC FORV 55, ®REQUEST FOR LIMITED DOCUMENT"

Upon receipt of the DTIC Form 55 from DTIC, STINFO forwards the form to
the appropriate engineer for approval/disapproval. Engineer returns
approved/disapproved (white copy) of the form to AFWAL/IST. (Yelliow copy
of the DTIC Form 55 is retained by the engineer.) (NOTE: A yellow copy

will not be available if the DTIC Form 55 was processed electronically.)

The approved/disapproved DTIC Form 55 is forwarded to the Defense Technical
Information Center (DTIC) for processing.

5. FL-88 (DTIC), "REQUEST FOR SCIENTIFIC AND TECHNICAL REPORTS"

FL-88 are requests from the Defense Technical Information Center (DTIC)
for scientific and technical information. These requests are either
answered directly by AFWAL/GLIST or forwarded to the appropriate engineer
depending on the type of information requested.

6. REQUESTS FOR PUBLIC RELEASE APPROVAL

Engineer forwards two copies of a "Request for Public Release Approval™
form letter signed by division chief or higher echelon with two (or seven)
copies of material to be released to AFWAL/IST 15 working days prior to
release data. AFWAL/IST forwards request to ASD/PA for approval. (Seven
copies of material and 35 working days are required for requests requiring
higher headquarters review.)

NOTE: No matter what size, shape, or form (reports, film, photo, speeches,
etc) all technical information must be approved for public release prior to
release. (Excludes information derived from 6.1 funding and 6.2 funding with
universities on campus.) Also, all viewgraphs must be accompanied by text.

7. REQUEST FOR TECHNICAL INFORMATION FROM OTHER GOVERNMENT AGENCIES,
INDUSTRY, OR INDIVIDUALS
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Requests for technical information are either answered directly by
AFWAL/IST or forwarded to the appropriate engineer depending on the type
of information requested.

8. AIR FORCE INFORMATION FOR INDUSTRY OFFICE (AFIFIO)

a. The AFIFID is one of three offices within the Air Force where
contractors with appropriate clearances/need-to-know are allowed access to
Air Force planning information. The other two offices are located in
Pasadena, California and Alexandria, Virginia.

b. A Naval representative is also located in this office.
9. POTENTIAL CONTRACTOR PROGRAM (PCP)

The three AFIFIOs monitor the Air Force Potential Contractors Program.
This program allows contractors who do not have active DOD contract access
to planning information and R&D information in the Defense Technical
Information Center (DTIC) data bank. Contractors must have demonstrable
capabilities to perform R& work to qualify for the PCP.

10. TECHNICAL MEETINGS

STINFO reviews all requests for sponsoring meetings, symposium, workshops,
etc. The engineer prepares a request to sponsor or cosponsor a meeting,
workshop, symposium, etc., six months prior to the event IAW AFR 80-43.

The request is forwarded to the laboratory director for endorsement to _
AFWAL/CC. = STINFO prepares AFWAL/CC’s response. Higher headquarters (SAF/AA)
approval is required for all limited/classified meetings. The request must
contain the following:

a. Title of meeting

b. Date/location of meeting

c. Classification of meeting (If unclassified, state whether
limited/unlimited.)

d. Inclusion/exciusion of foreign nationals. (Inclusion - a justification
letter addressed to ASD/XOF must be prepared unless meeting is unclassified/
unlimited. Exclusion - a justification letter addressed to ASD/COF and
AF/CVAII IN TURN must be prepared.)

Facility security clearance

Cosponsor (if applicable)

Supporting organization (if applicable)

Estimated number of AFSc papers

Estimated total attendees

Estimated AFWAL costs

(1) Travel

(2) Per diem

(3) Other

k. Total estimated number of manhours to be expanded by AFSC Personne!
(1) Planning :

— - T h O
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(2) Secretarial support

(3) Miscellaneous
. Name/telephone number of meeting manager
m. Name/telephone number of security manager (if meeting is classified)
n. Justification for sponsoring/co-sponsoring meeting -

11. GOVERNMENT INDUSTRY DATA EXCHANGE PROGRAM (GIDEP)

STINFO is responsible for the AFWAL Government-Industry Data Exchange
Program.

12. DEFENSE TECHNICAL INFORMATION CENTER (DTIC) ON-LINE RETRIEVAL SERVICE

STINFO is responsible for providing in-depth on-line search and
retrieval service from the data base in DTIC. This service is performed
prlmarlly to avoid duplication of effort.

13. GUIDELINES
AFR 80-11, "Air Force Information forvIndustry Office"

a.

b. AFSCR 80-20 and Sup 1, "AFSC Technical Report Program”

c. AFR 80-34, "Withholding of Unclassified Technical Data from
Public Disclosure"

d. AFR 80-40, "The Scientific and Technical Information Program"

e. AFR 80-43, "Sponsoring or Co-sponsoring Unclassified and Classified
Meetings"

f. AFR 80-44, "Defense Technical Information Center"

g. AFR 80-45 and AFSC Sup 1, "Distribution Statements on Technical
Documents"

h. ASDR 190-1, "Clearance of Information for Release to the Public"

i. MIL-STD 8478 "Format Requirements for Scientific and Technical
Reports"

j. AFSCR 800-20, "Defective Parts and Components Control Program

(DPCCP)* (GIDEP)
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PROCESSING OF TECHNICAL REPORTS

| IST queries CAMIS for |
| a list of TR due dates |
I

|-
\/
| IST notifies Branch |

| of TR due dates |
|

| IST monitors time, if Draft
| TR becomes delinquent IST
| sends delinquent notice to
\l/ engineer .
|Engineer receives Draft TR from |
|contractor, or completes Draft |
of In-House TR, and forwards to |
|IST with a request for editing |
l
l
l

| (AFSC Form 2649)
| .
I

|
|IST sends TR’s to
| GLSE for editing | IST sends copy to
| | ASD/PA= if applicable

I/
|GLISE ass}gns TR § and |
1 edits TR’s |
/ I I

/
[GLISE sends In-House]
|TR’s to GLISP |
I

|
|
| GLISP returns

| In-House TR’s to |
| GLISE [ / \

GLISE returns edited Draft|
TR’s to engineer |

'——_{

.................... / A\
/ —\_
|Engineer approves/ |[Engineer returns edited

| |
|disapproves edited | [Draft TR’s to contractor for|
|Draft/Final TR’s | |preparation of the Camera |
[for In-House TR’s | |[Ready Copy of TR’s |
| : | | |

\ /
»Camera ready sent to ASD/PA prior to ASD/DAR (if applicable)
\1/
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PROCESSING OF TECHNICAL REPORTS

-
S -

IST monitors time for
return of camera-ready
copy. If late, IST
sends delinquent notice
to engineer for contract
TR’s and to GLISE for
In-House TR’s

|Engineering sends Camera-Ready |

| copy of TR to IST
| |

|IST returns

| Camera-Ready
|to engineer
|for corrections

|IST forwards mailing

|applicable, and DTIC Form 50%=»

\/
\!/ \l/
|IST forwards Camera-Ready |
|copy to ASD/DAR for printing*| | labels and 310’s if
I : | .
| |to the 2750th DAP
| I
I l
\l/

| 2750th returns one copy of |

| printed TR to IST

\I/
l .

—_— \/
|2750th sends copy of non- |

|exempt TR’s to DTIC |
l |
|

\/
| **DTIC assigns AD# and
|returns Form 50 to
| AFWAL/IST

|
+Camera-Ready. sent to ASD/PA prior to ASD/DAR (

|
\l/

| IST sends one copy of |
| printed TR to GLISL |
| (Library) |
! |

if applicable)
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GLOSSARY OF TERMS AND LIST OF SYMBOLS

H.1 GLOSSARY OF TERMS USED BY FIBG

Term ) Meaning _

Accuracy Closeness of a measured value to the ’true value’.

ARRAY FIBG’s Vax 11/780 host name on-Labsnet

Calibration Defining the relationship between inputs and
outputs of a measuring device.

Dynamic Range Ratio of the largest to the smallest dynamic input that
a instrument will faithfully measure.

Error Difference between a measurement and the corresponding

~ true value.

Modal Plus Moda! Analysis software package.

Noise Undesired signal in a measurement.

Resolution The smallest measurable input change.
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H.2 LIST OF ABBREVIATIONS, SYMBOLS AND ACRONYMS USE BY FIBG

SYMBOL /ABBREVIATION

MEANING

AC
A/D
AFB
AFFTC
AFWAL
AGC
AGRA’s
AM

ANG
APD
ASD

BW

BCD
CDF-

c.g.
CSD
D/A
DC
FDM
FFT
FM
FRF

FFT
F]’

g
HAVE BOUNCE
ips
IRIG-B
ips
JPDF
KIPS
LTV
LVDT
MDAAV
MHZ
PAM
PCM
PDAP
PDF

PM

PPM
PSD
PSIA
PSIG

Alternating Current

Analog to Digital - Tape line -

Air Force Base

Air Force Flight Test Center

Air Force Wright Aeronautical Laboratories
Automatic Gain Control

Automatic Gain Ranging Amplifiers
Amp | itude Modulation

.Air National Guard

Amplitude Probability Densities
Aeronautical Systems Division

Bandwidth

Binary Coded Decimal

Cumuiative Distribution Function

Center of Gravity

Cross Spectral Density

Digital to Analog

Direct Current

Frequency Division Multiplexing

Fast Fourier Transform

Frequency Modulation

Frequency Response Function

Fast Fourier Transform

Fourier Transform

Acceleration of 9.80 meters/second square
Project under Rapid Runway Repair Program
Inches Per Second

Inter Range Instrumentation Group-B
Inches Per Second

Joint Probability Density Function
Thousand Pounds

Ling Tempco Vought, Corporation

Linear Variable Differential Transformer
Mobile Data Acquisition and Analysis Van
Mega Hertz

Pulse Amplitude Modulation

Pulse Code Modulation

Portablie Data Acquisition Package -
Probability Density Function

Phase Modulation

Pulse Positive Modulation

Power Spectra Density

Pounds Per Square Inch Absolute

Pounds Per Square Inch Gauge

Pulse Time Modulation

Pulse Width Modulation

Gain Resistor
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RMS Root Mean Square

RPM Revolution Per Minute

SG Strain Gage

SLOAD Strut Load

SPL Sound Pressure Level in Decibels
STINFO Science and Technical Information
TDAS Test Data Analysis System

TDM Time Division Multiplexing

DY Temporary Duty

TF Transfer Function

™ Technical Memorandum

™ Telemetry

TR Technical Report .

vDC Volts Direct Current

Vout Voltage Out

WPAFB Wright-Patterson Air Force Base
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FOREWORD

This report documents an in-house effort conductéd by the Quality Circle
of the Structural Dynamics Branch of the Structures Division, Flight Dynamics
Laboratory, Air Force Wright Aeronautical Laboratories. This investigation was
accomplished under ASDD0343, Quality Circles. The report was written during
the period of August 1985 To December 1986.

The FIBG Quality Circle was formed in November 1983 with eleven members.
The objective of the Quality Circles are directed at the following: (a)
enhance productivity, (b) improve communications, (c) further employee morale,
(d) improve working conditions, (e) promote teamwork, (f) reduce waste and (g)
develop the creativity of the quality circle members. After brainstorming a
number of possible concerns, on 9 January 1984 the choice for the Circles first
problem was: "How can the Structural Dynamics Branch (FIBG) document their
technical efforts in a timely manner?" As one solution to the above problem,
the circle chose to publish this Report Writers Guide to assist FIBG personnel
in publishing quality technical documents in a timely manner.

. The members of the FIBG Quality Circle and authors of the Technical
Memorandum wish to thank Mrs. A. Hatfield for helping prepare this

manuscript.

This Technical Memorandum was submitted by the authors on 31 December
1986. :

This Technical Memorandum has been reviewed and approved.

EZC/'VLA'*ﬁ
Jerome Pearson, Chief
Structural Dynamics Branch




