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Section I

INTRODUCTION

1.1 OBJECTIVE S

The objectives of this document are to:

(a) Report on:

(1) The existing NR/LAD plans for flight test data handling

(2) The McDonnell Douglas Real—Time Test Facility

(3) The AFPTC Computer Center

(4) The Grumman Real—Time Test Facility with the basic objec-
tives of determining whether:

1) the telemetry data will be adequate for real—time opera-
tion

2) the AFFTC system is capable of supporting a real—time
test operation

(b) Evaluate the practicality of:

(1) The Grumman approach for B—i tests

(2) The McDonnell Douglas approach for  B— i tests

(3) The proposed NR/L.AD real—time system using equipment
similar to the B—i Flight Test Data Reduction System
(FTDRS)

keeping in mind , always, the desirability of utilizing the AFFTC computer
center to the greatest extent possible.

1.2 BACKGROUND

Originally ,  the objective of the initial portion of subtask 3.2.15—2
was to survey up—to—date information on the B—i flight test plans, test equip—
ment, and data handling requirements .

The basic reason for the trips was to assess the practicality of using
the APFTC computer facility to increase the efficiency of the Phase B—i flight
testing by the use of real—time flight test techniques.

The approach to subtask 3.2.15—2 as described in Caispan Management
Memorandum M-014, was to evaluate the feasibility of near—real—time flight
test methods using the AFFTC computer system. This was to be done by (1) gen—

:3
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crating conceptual designs for such a system for two specific types of display
requirements and (2) using these conceptual designs as a basis fQr evaluating
equipment requirements , programming costs, etc. This was then to be extended
to as complete a system as considered to be practical. The output of the
study would be a recommendation to the SPO of the practicality , cost, and
advantages of pursuing the real—time approach to B—i flight testing .

The trips were to be data gathering expeditions only . However, the
entire subject of flight test plans for the B—i was in such a state of change
during this period that many of the original study objectives also changed .
The growing awareness by the SPO, NR , AFFTC and others of the feasibility of
incorporating a Grumman type flight test system into the AFFTC has had a major
influence on the topics covered.

This report covers the first major step in the intended study which
has, in itself, resulted in answering the original objectives of the study.

Because the results and conclusions derived from this study have
been considerably different than originally expected , the discussion of the
trips and the resultant findings are presented in as much detail as possible.

1.3 DEFINITION OF REAL-TIME INTERACTIVE FLIGHT TESTING

~Rea1—time or real—time interactive flight testing (or displays) is
the use of rapidly processed flight test data displayed in a form most effec-
tive for engineering evaluation or analysis at a rate permitting interaction
between engineering personnel on the ground and the pilot in the test air—
craft. The time delays involved in making the computations and absorbing the
meaning of the displayed results of a particular test must be small enough
to allow the engineer to communicate his satisfaction or concerns to the flight
test controller and the pilot soon enough to permit re—testing, modifications ,
omission of the next step, or proceeding as planned . Typical delays of 1 or 2
minutes could probably be tolerated .

The key attributes of real—time flight testing are toat it is inter-
active between the engineering and test personnel on the ground and the test
pilots in the airplane, and that it provides answers to engineering questions
not just data, where the answers are only available after considerable analysis.

2
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Section II
SUMMARY

Trips were made by a Caispan team to the AFFTC , Doug las Long Beach ,
North American Rockwell/LAD and Grumman/Calverton during the period from 9
October to 26 October to obtain up—to—date  information for  evaluation of the
practicali ty and advantages of using the AFFT C computer facility for near-
real—tim . f l ight test monitoring and analysis.

This report covers the information ob tained during trips , Caispan ’s
observations of the systems and plans discussed , Caispan ’s evaluation of
feasible approaches , and conclusions and recommendations based on these evalu-
ations.

Considerable information has been obtained which indicates that major
advantages are possible , with a real—time interactive data system , and that the
AFFTC computer facility is physically capable of supporting a real—time flight
test operation . The Grumman ATS approach appears to be most practical since
the CDC 6400 at Grumman and the CDC 6500 computer at the AFFTC are very similar
and adaption of existing ATS software should be relatively easy.

3



Section III

SURVEY DISCUSSION

AIR FORCE FLIGHT TEST CENTER (AFVrC) FACILITY H
3.1.1 Description

The AFFTC data center is equipped with a CDC 6500 and has large

~aounts of modern up—to—date peripheral equipment which would be very useful

~or an engineering—leve l real—time—disp lay system . This equipment seems to be
scattered throughout a section of Building 3940 and would require a more order-
ly layout to permit easy access to various portions of the available systems .
This is a critical point. The facility has expanded recently and the physical
layout needs modification to group the equipment for a more close knit opera-
tion.

Present (and apparently firm) plans are for five (1 is in—house) CDC I241—1 graphics terminals plus numerous 211—100 remote CRT displays. These
211’s perform the same function as ASR—33 remote teletype terminals but at a
higher speed. The graphics terminals are ideally suited for engineering type
real—time plots and interaction with an on—going flight. The 211 — 100 units
can be used to display tabular results (which can be hard copied as needed).
The 211—100 units have no “graphics” capability . All these units “talk” to
Peripheral Processor Units (PPU) which act as interfaces between the Central a
Processing Units (CPU) (2 available in the 6500) and the displays , disks ,
tapes, etc.

The present AFFTC CDC 6500 has 10 PPU ’s feeding the CPU ’s which
share a 98K 60 bit work core memory . The 6500 is only getting about 50~ L
(maximum) CPU usage, partly because the total data handling has not needed
more , and partly because it would be difficult to saturate the CPU ’s with the
10 ~~U’s presently available (for normal sized programs).

3.1.2 Additions Recommended by CDC for Real—Time Testing

CDC representatives indicated that the only additions to the AFFTC
CX 6500 required for real time testing might be:

(1) The core size increased from 98K to 131K.

(2) The PPU’s increased from 10 to 20 (or less, if possible).

It wag also indicated that the control programs developed by CDC
arid Grumman would need , at most , minor modifications for use on the AFFTC
system . However , the EMR 6135 front end at AFFTC was designed to only handle
Lap.. and therefore ;

(3) A preprocessor similar to the one used at Grumman would be re—
luired .

4



This preprocessor is made up from standard computer elements and
would provide the conversions to engineering units , formation of data blocks
for real—time processing , and preparation of data tapes and disk stored data.

With these additions , the real—time higher order analysis could be
done on data chunks selected by the engineer. The computation programs and
da ta would be entered into the hig h speed core storage of the CPU ’s by the
main program and the CPU ’s would generate analysis results , and the necessary
displays , to the peripheral unit (PPU) which operates the display for the
engineer. Hard copy and storage of selected results would be available when
required.

CDC implied that they would like to handle the real—time programming
effort (at least integrating the systems and modifying the app lications
programs). They indicated that the Grumman preprocessor programs would be
available in early 1973. (These according to CDC were developed jointly by . p
CDC and Grumman.)

3.1.3 AFFTC Comments on Real-Time Testing

The B—]. Flight Test Director at AFFTC is strongly in favor of near
real—time aids to speed up the decision process and permit flexible inflig ht
test plan modifications . His contact with Grumman , Douglas , and NA/LA D has
resulted in a thorough understanding of the real time potential of these
three possible approaches to flight teSt , as far as they have been formulated
to date . He is inclined to prefer the Grumman system for reasons to be dis-
cussed later in this report.

The B—l Test Flight Director ’s primary reasons (in general) for want—
ing a real—time system are :

(1) It will permi t in—fli ght changes in test plan direction.

(2) It will permit fas te r  decisions for the nex t fli ght (GO—NO—GO
and di rect ion) .

(3) It will permit in—fli ght scrutiny of systems or situations which
appear to be wrong or not working properly.

(4) It will permit personnel (test pilots and engineers) to inter-
act more effectively with the airborne crew .

(5) It will permit longer flight durations because it permits ad-
justment of flight test objectives during fli ght with the sub —
sequent assurance that the data collected is of good quality.

From the viewpoint of the personnel at the data center (Bldg. 39~0)
the B—l is only one more additiçnal AFFT C custome r without any higher priorit y
than many others , and it became apparent that any real t ime services must
be made to “dovetail ” with the other activities at the center. This
point cannot be over—emphasized . Within these basic rules or restrictions ,
the data center is available to its fullest possible extent for real time

5



.onitoring of B—i flights. Clearly , the AFFTC is in favor of pursuing the use
of real time if it can be shown that this will increase the likelihood of plac-
ing the Phase I (B-i) f l ight test at a level of completion where comprehensive
engineering documentation will be available for an intelligent Production De—
cision .

3.1.4 Calspari ’s Observation and Comments

It appears that the FTC computer group depends on CDC personnel for
most of their major system development. However , the FTC does have programmers
working on many basic computational tasks as well as the development of an
AFFTC package of programs under the acronym UFTAS . The development of this
program package is expected to be completed before the B—i flight tests start.
Integration into a near—real—time system would require additional programming ,
but possibly not large amounts. The usability of UFTAS for real time opera-
tion is one of the basic determinations that must be made .

When CX discussed the usefulness of CDC/Grununan developed programs ,
they failed to note that the Grumman executive program (operating system) is
different from the CDC SCOPE, which is not tailored to real—time use. They
also failed to note that the Grumman applications and analysis programs would
still have to be obtained from Grumman . Many of these programs are Govern—
ment property but efficient usage will require Grumman assistance in adapting
them to the AFFTC and B-i needs and in training AFFTC personnel.

To summarize , Calspan feels that the AFFTC facility has the potential
to satisfy a B—i real—time flight program with relatively small hardware
changes and some major software improvements . A level of disarray and seeming
inefficiency in the CDC 6500 usage at AFFTC seemed noticeable to Calspan as
a cursory observation . Considerable AFFTC and CDC generated documentation
describing the system was obtained to assist in a more detailed study.

3.2 MCDONNELL-DOUGLAS FLIGHT CONTROL AND DATA CENTER (FCDC)
REAL—TIME FACILITY —

3.2. 1 Description

The basic Douglas FCDC system is flexible enough to accept data for—
mats and channel capacities comparable to the planned B—i data requirements .
All data received on the TM link is converted to engineering units using
linear (or nonlinear table lookup) calibration data of the transducers . Time L
history plots of selected channels are presented on the CRT display either in
a roll—by mode or fixed for more careful scanning. Algebraic combinations of
various parameters can also be displayed as time functions . Douglas can also
provide cross plots , but no present programs or displays are available. No
“higher order” analysis is available. The Douglas real tine display is
essentially a time history display system which is highly convenient to use.
The Douglas FCDC also is very useful in preflight checking and in maintaining
up to date calibration records for each flight. However no comprehensive
pref light checks are automatically performed.

6
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3.2.2 Previous FCDC Applications

McDonnell Douglas indicated t.. _ t their system was highly effective
and useful in the DC—lO flight test program . In this case the goals were air-
craft certification by the FAA (with some engineering fixes on the fly), and
customer acceptance as an economically effective transport. This fixed set
of outputs was provided in 10—1/2 months of an originall y predicted 13 month
test program . It was originall y estimated that the DC-lU fli ght test program
would be 2000 flig ht hours and 15 months duration , with an additional 100
people required for data analysis and reduction. When Douglas proposed the
use of a FCDC real—time flig ht test system they estimated a 1500 flight hour ,
13 month duration program (with 100 less data reduction peop le required) .
They actually completed their FAA certification in 2—1/2 months less than their
predicted (real—time) duration. They saved about ~-1/2 months , 500 flight
hours and about 125 man—years of labor with respect to their original non—real
time estimates . McDonnell Douglas considers the FCDC to  he instrumental in
accomplishing the task in this shortened time . Their data acquisition require-
ment was of the order of ~ to 5 times more comp lex than similar systems 10
years pr.~vious which at that tine required 12 to 14 months to finish.

Post flight analysis was still a major factor in flig ht test analysis .
The FCDC also functioned as an effective “quick look” system for selecting
sections of the data for this higher order analysis. Decisions about the next
flight (revisions in test plans , envelope expansion , etc .) were made on the
basis of data obtained during the real—tine testing. These decisions usually
did not depe nd on h ig her order  anal ysis , quick look , or ba tch  p rocess ing.

Also , during a DC—lO test flights , monitoring of the test and the
data obtained afforded good control of data quality and assurance that the par—
ticular test was done right. Alteration of an on—going fli ght tes t direction
was possible if either an envelope limit was reached or if instrumentation
failures or other situations developed which t.ould normally have been cause for
ending the tests. In this way long flight durations were maintained and good
data for  the en t i r e  f l i ght  was ob ta i ned .

Douglas fee ls  tha t  when exp lo r ing  the var ious  boundar ies  ( f l u t t e r ,
Mach , stall , etc.) the pilot does not like to expose himself and the a i rp lane
to these boundaries any more often than a b s o l u t e ly  necessary . The r e a l — t i n e
system , with its data monitoring and corrections to obtain the proper standard
conditions such as true airspeed , etc., insured t h at  the  p i lo t  had reached the
desired test condition . He , therefore , would not find out later that he nissed
the test point and again have to expose himself and the aircraft to these rela-
tively hazardous tests.

3 .2 .3  McDonnell Douglas Comments on FCDC Adaptation to AFFTC

McDonnell Douglas has investigated three basic options to using t~~e
FCDC in connection with the AFFTC facility . These are:

7
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(1) The most direct solution is to relay the aircraft TM data
to the Douglas/Long Btach Test Center via the Frost Peak relay
station and do all data processing and disp lay at Long Beach.
Displays and data presentations would be monitored by SR per-
sonnel at the Douglas facility. Actual ili ght testing control
would also be required at the Long Beach Center.

(2) The next approach would be to relay the displays back to AFFTC
for active interaction with the flight test at the AFFTC control
center.

( 3) The most expensive approach , bu t  the most responsive one , would
be to dupl ica te  the McDonnell Douglas system at AFFTC.

3.2.4 Calspan ’s Observations and Comments

The general conclusion that Calspan obtained at Douglas , relative to
the DC—lO program , was that they saved calendar time , number of f l ights , and
total f l i ght hours from the amounts which were orig inall y pred icted to be
necessary for FAA certification . The savings was on the order oi 25~ to 507.
of their original est imates. These numbers are always subject to question
since onl y one approach was used and no A—B comparison was possible .

When we compared the McDonnell Douglas system with the equipment
available at the AFFTC computer center , the functional capabilities of the
AFFTC hardware would easily match the McDonnell Doug las equipment; however , it
seems unl ikel y that the hardware available at AFFTC and the software developed
at Douglas are compatible. The McDonnell Douglas equipment consists of one

~~S Sigma 7 and three XDS Sigma 2 compu ters. None of their options use any
of the AFFTC computing fac ility.

Calspan ’s specifi c comments on the FCDC/AFFTC options , listed above ,
correspond ing ly include :

(1) Even though the engineering needs might be satisfied by this
approach , the operational needs would be unrealistic because
of the remoteness of the McDonnell Douglas test center. In
addi tion , the interactive features would be lost if the dis-
plays were used only for monitoring . The real—time advantages
would be lost.

(2) This approach is a more operat ionally accep table me thod bu t
the data transmission problems are quite difficult (from a
bandw idth and from a security standpoint).

(3) This approach is most responsive to the B—i needs but wastes
or does not make prudent use of the AFFTC computer facility.

_ 
8 

~t_ _ _s g~~~~~~~~ -



F ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

In summary , the McDonnell Douglas approach to real—time flight test
data displays is limited to time history displays. It can be argued that
good strip chart records will serve the same need (if the preflight , book-
keeping, and recall functions are omitted). If the McDonnell Douglas system
were presently in existence at the AFFTC, it would be reasonable to use it.
However , it is felt that the advantages of such a system at AFFTC do not
match the probable cost of obtaining one. In addition, it would be prohibitive
to develop new software to use the CDC 6500 at AFFTC as a substitute for the
XDS Sigma 7 and 2 equipment at McDonnell Douglas.

After considering the McDonnell Douglas system, one conclusion be—
came increasingly obvious . Assuming a real—time system will be operated at
the AFFT C , then because of the similar computer equipment , the Grumman real-
time system design (applied to the AFFTC computer center) is potentially the
most f r u i t f u l  approach , providing it is not unduly costly. It therefore  be-
came essential during our study to visit the Grumman flight test center as
soon as possible to obtain more accurate information of its potential for
AFFTC use.

3.3 NORTH AMERI CAN ROCKWELL (NR) ON-BOARD RECORDING AND GROUND DATA
STATION SYSTEMS

3.3.1 Description of On—Board Recording System

The on—board recording system has been documemted in NR reports
NA 70—550—4 , TFD 70—102 1 , and TFD 70— 1020 , but some of the details were either
not covered or were somewhat sketchy , resulting in an unclear definition of
the instrumentation plan . Accordingly, the following is a description o f the
on—board instrumentation system.

Analog signals obtained from sensors or other sources are basically
either high level or low level types. High level A.C. signals are converted
to filtered high level D.C. and all signals are filtered prior to sampling.
Low level signals (+ .040 volt) are pre—amplified to ± 5 volt levels using
differential input instrumentation amplifiers having 100 dB common mode re-
jection (lO 5volt/volt). These ± 5 volt signals are then filtered prior to
sampling . The pre—sampling filter characteristics are selectable by plug—in
RC networks. Each group of sixteen data channels is multip lexed and digitized
into 12 bit binary words representing the voltages out of the filters . Four
of these multiplexing units are combined into a single multiplexing box having
a 64 channel capacity. Provisions for 32 multiplexers are being made. There-
fore the maximum total capacity is 2048 digital data channels. A central con-
troller and data formatter are used to collect the data from the 32 multiplexers
into a central storage register . This storage register is then scanned in the
proper serial sequence to provide two types of outputs , (1) the telemetry data
stream and (2) the four track interleaved serial data recorded on the on—board
tape recorder. This reformatting operation has a total word capacity of
32 ,768 16 bit words per second . The 16 bit word contains 12 data bits and 4
bookkeeping bits . 

~~~~~~~~~~~~~~~~~~~~~~~~~ - 
- -

~~~~~~-



- 

-

~~~~~~~

Sampling rates out of the central controller can range from 451
’5

to 256~ ”~ in powers of 2. The most probable maximum sampling rate will be
l28~ ”~ .

A small number of digital word locations wi ll be reserved for discrete
data or sensor outputs which are digital in form . These data words can be
strung together to obtain numerical accuracy exceeding one 12 bit data word.
Sing le discrete events can also be combined into any one or more 12 bit words.

When the sampling rates available are not fast enough for the type
of analog data which must be measured and recorded , analog FM recording methods
will be use ’d. FM— FM telemetry will also be used for ground monitoring of up
to 21 FM data channels. The on—board FM recording capacity is 210 data channels
split into 10 groups of 21 channels. Any one of the 10 groups can be transmitted
to the ground . These 21 channels will be primarily flutter measurements and
will be subjected to a real time spectrum analysis for on—line flutter analysis
and flight envelope expansion. A third set of data under the general heading
of acoustic noise and vibration measurements will also be recorded . At the
moment , none of this data will be telemetered to the ground.

Of the possible 2048 digital data channels, NR/LAD estimates that
about 1500 channels will be used for any single flight . All of this data can
be telemetered to the ground station. Sensitive data will either be omitted
from the TM data stream or mixed up in some special way which will make it
highly unlikely that it can be decoded. It is believed that any such sensitive
data which is needed for real—time applications will be available. The re-
maining discussion will not concern itself with security aspects of data
handling .

3.3.2 Description of the Ground Data Station System

NR ’ s plans to handle the in—flight data tapes after the aircraft lands
were described in NA—72-907 NR report and in an oral presentation given by NR
on 25 October 1972.

Calspan was given a detailed description of the computer system NR
is developing for reducing the flight tapes to engineering unit tapes and into
data tapes for higher order analysis of selected time intervals by specific
engineering specialty.

This computer system , called the “B—l Flight Test Data Reduction
System” (FTDRS), also called the DICSY IV, is a fourth version of a method
used on previous NR flight test programs . It uses twenty small “digital
computers” which are called Interface Control Units (ICU ’s). These mini corn—
puters each have programmable read—only memories (PROM ’s) of 256 16—bit size
words. These programs are loaded from a core or disk storage during the start
up of the computer system . Each mini computer services one peripheral unit
such as a graphics terminal , teletype , core memory , flight tape inpu t , etc.
Because of space limitations each ICU has only 5 internal working registers .
Any computations requiring more short term storage will have to transmit data
back to core until it is needed.
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All ICU’s are connec ted toge ther on a dual high frequency data bus
systen . The total physical length of this bus is less than 2

2
feet. Each ICU

is constructed on a single 4 layer circuit board about 1 foot in area. It
also contains the necessary voltage and impedance level drivers and receivers
specifically needed for each peripheral. The 16 bit word available from
memory provides 4 types of instructions: (1) Arithmetic/logic , (2) Branching ,
(3) Fetch/Store, and (4) Read or Set Counters.

Programming must be done on the most primitive level of machine
language. It is most readily understood by a “non—programmer” as a “take—
do—and—put” level of programming.

Calspan received a briefing , at the AFFTC, by NR on their flight test
data acquisition and analysis plans. The briefing revealed an NR—proposed
alternative use of their FTDRS computer system to operate a limited real—t1~ne—
interact ive system.

The hardware and software of the F1~DRS is being tailored for quick
look and engineering tape generation for post flight higher order analysis
at the NR/LAD main computer center. The use of an FTDRS as a real—tim e system
would require entirely new software, stored program options , methods for
selecting these programs without disturbing the data flow or operations at
other CRT locations and many other operating system details . Also, the FTDRS
development is to have milestone checks which will exercise parts of the
system and its software. The primary milestone is based on the commitment
of the FTDRS to have it operationally capable of data reduction of the engine
tests at Santa Susanna next spring . Prior to these tests , old B—70 data tapes
will be used to exercise portions of the hardware and software. The engine
test data redc~tion requirements will not require the full FTDRS system but
the essential software and significant amounts of the total hardware will be
used. No numbers are kn own on percentages , etc.

3.3.3 NR Comments on Data Needs For a Real—Time
Interactive System

Calspan explained to each NR Engineering—Discipline group that we
were attempting to define the outputs that each engineering group would want
to have if they were able to have real—time—interact ive cap abilities during
flight tests. Calspan specifically asked : Providing NR was able to get ~~~
type of data analysis and presentation of test results in real—time (or nearly
real—time) during an actual test flight (1) what would they want displayed?
(2) what analyses would they like to have? and (3) what types of inforration
would they be able to use to permit NR to make engineering decisions out
the quality of the data and whether the flight testing should proceed to the
next p lanned point?

11
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For the most part , the NR reaction (on the engineering level) to a
real—time System was negative. They feel that they can fill their data needs
through post—flight analysis and they question the cost effectiveness and
improved utility of real—time as compared to non—real—time.

NR provided limited information in response to the above questions ;
however, their general response reflected a low level of planning or thinking
about data outputs , form , types of answers, programs, etc. needed for analysis
of data obtained during flight test.

The Engine—Test Group was in the planning stages for running tunnel
tests of the engines and inlets at Lewis Research Center and later full scale
tests at Santa Susanna. They have built instrumentation and special purpose
computers to permit evaluation in real time (as well as record the basic
data for post test analysis). Because they have been thinking along these
lines, they did have ideas about what would be desirable real—time displays
and the required analysis. Their primary real—time data output was a measure
of the pressure profile of the air flow at the front face of the engine.

The distortion of this pressure pattern was defined by the ratio
of the peak of the distorted pattern to the average pressure. This IDC
(inlet distortion coefficient) plus other similar types of data provided a
good measure of the engine stall onset or the margin before stall would occur.
It also turned out that the data requirements for real—time distortion
information are not included as part of the present NR telemetry plans . The
engine pressure measurements require wide bandwidth data transmission of at
least 80 channels (250—500 Hz bandwidth). This can only be transmitted via
the FM/FM telemetry link which presently is only transmitting 21 flutter
channels to the groun d station . The constant bandwidth TRI G Type A FM data
requires 180K Hz modulation range to permit 21 channels of data transmission.
Your additional 180K Hz intervals hetrodyned up to: 200 to 380, 400 to 580,
600 to 780, 800 to 980K Hz would also be required to be able to transmit the
necessary data to the ground. This total bandwidth requirement occupies 1MHz
of overall bandwidth . This falls within the wide band telemetry allocations
of 10Mhz max imum occupied bandwidth.* This additional telemetry provision is
definitely feasible if incorporated into the B—l instrumentation plans early
enough . **

Other problems which need attention to permit mal—time analysis are
based on the calibration procedures needed with the KULITE pressure gauges
used. The KULITE sensors exhibit zero shift and sensitivity changes with
temperature which require considerable effort to correct prior to computing
engine inlet distortion data.***

*See TRIG Standard 106—71, Appendix A.

**Multiple Telemetry Transmitters would also be a feasible solution.
During a later meetin g with Grumman, Calspan mentioned the inlet distortion
problem and Grumman described how they solved these problems for real—time
applications. Grumman also used KULITE gauges. They showed Calspan actual
contour plots of inlet pressures showing percent distort ion levels over the
entire front face of the engine .
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The NR Performance Group seems to consider the data analysis required
for performance measurements to be so complicated that it must be performed by
post f l ight  analysis to be of any value.* Upon requesting an outline or a
description of the computer programs planned f or use in this area, Calspan was
informed that NR plans on using UFTAS programs . However , they did not know the
status of completion or which specific UFTAS programs are to be used.

The NR Stability and Control and Flying Qualities Group considers the
use of real—time displayed analysis results to be (1) unneeded , (2) no more
useful than str ip chart outputs , (3) not cost effective , (4) not really used
at Grumman (based on a NR visit to Grumman about one year previous to Caispan ’s
visits). This is an area in which Calspan has considerable knowledge and we
envisioned many possible data displays which would provide useful real—time
information. Calspan was quite surprised to find that the use of real—time
displayed analysis results was considered by NR to be unneeded , not cost
effective, etc.

However , this NR group does feel that  a tabular listing of s tabil i ty
derivat ives or aerodynamic coefficients would be a useful real time output .
When quizzed on what computer analysis programs they plan on using to extract
these coefficients, etc., Calspan learned that they plan to use a Calspan
program developed by W.H. Shed for analysis. Shed suggested that Calspan now *

has much better methods and that the program NR plans to use is only used as
a starting routine for the more exact algorithms now utilized at Caispan .

3.3.4 Calspan’s Observations and Comments

At the time of the f i rs t  visit by Calspan NR had no plans for real-
time or near—real—time data analysis for purposes of interacting with the in—
progress fl ight test. Only 32 data channels were to be displayed in a ground
station on strip chart recorders (Brush Mark 200 types).

With respect to the FTDRS method , the rather limited number of
available program steps (240 adjustable and 16 protected) in the PROM’s and
the need for 20 of these ICU ’s to intercommunicate on the dual bus line at
5 megahertz bit rates results in a situation which from our rather limited
experience in mini computer design is quite open for problems in both hardware
functions and in software availability and capacity .

NR feels confident that this system will be working on time and will
be able to handle the data word rates up to the maximum out of the data tapes.
Calspan views this confidence with some reservat ions but feels that NR ’s prior
experience must be a positive factor in reducing the risk of developing a new
system. **

*Grumman described their dynamic performance techniques , which they consider
to be as valid a test technique as any of the various classical ones.

**In a second visit to NR/L AD , Calspan pursued this subject in more detail but
still has not been convinced that the FTDRS will be fully operational by the
time it is needed for B-l data handling .
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There are certain attractive concepts in the FTDRS computer , e. g .,
the 20 small independent computers operating in a multiprocessor mode reduces
the bottleneck problem usually associated with central processing units. Because
the PTDRS system is a mult iprocessor it can handle very high data rates but it
has strong limits on what It can do with the data because of its very small
progrem capacity . There Is also the problem , mentioned previously , of being
able to have twenty computers on the same dual bus at data rates of 5Mhz with—
out encountering data timing and impedance loading problems .

Relative to FTDRS development milestone checks , and since it is
critical to the post flight data analysis planned by NR /LAD , Calspan feels
that a careful progress—milestone plan should be defined and used as a gauge
of the progress of the FTDRS during its development . Delays in making the
system work could result in extremely costly flight test delays .

The proposed use of a FTDRS type system for providing a real—time
data display system was viewed by Caispan as quite marginal in its ability to be
ready in time and also in its ability to really satisfy the real—time—interactive
needs. Calspan was originally uneasy and uncertain that the FTDRS would satisfy
the NR original quick—look and data handling needs. The additional software
(and probably hardware) development burden imposed on such a specialized system
does not seem to be a realistic approach, to having a real—time capability at
AFFTC for the B—i.

Caispan feels that any attempt to extend the FFDRS range of
capabilities must follow hard evidence of its being able to perform its
primary role of quick—look, engineering units conversion , and generation of
data tapes for batch processing . There are enough unknowns in its being
able to do the primary task on time that it is really futile to consider any
other uses or dilute the primary design effort until it is successful in
performing its initial role. This therefore means that the real—time use
would not be available soon enough to have any effect on Phase I testing .

Calspan indicated to NR that the on—board system seemed to be an
approach which is reasonable with no obvious risks. Caispan also indicated
its uneasiness about the post flight ground data handling plans . Also , Calspan
pointed out that there seems to be quite a lot of activity in the hardware
development (both airborne and ground) but a logical flow of basic data re—
quirements leading to hardware realization is not apparent.

Calspan posed the following questions to NR:

(1) What are the goals of f l ight  testing in detail?
(2) What specific flight test points , maneuvers, etc.,

will sat isfy each goal?
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(3) What specific predicted results , to the best of NR ’s
knowledge will be obtained for each test point?

(4) How do these test points and expected results get
transferred into a series of flight test plans (for
each flight) so that the test points are obtained , and
the predict ions can be compared with the actual vehicle
characteristics?

(5) What instrumentation , data channels , sampling rates ,
analysis programs, etc. are required to support these
object iv es?

Cala pan indicated that question (1) has been partly answered in docu-
ment NA—72—554 , “B—I Flight Test Program,” but the information is superficial
and needs “filling in” with conside rable detail. Questions (2), (3), and (4)
seem to be completely unanswered. Question (5) has been answered but in an
“open loop” fashion which does not refer to the needs and reasons in the
previous questions . It  appears that  the logical flow of requirements to test
plans to required measurements to analysis  and comparison wi th  engineering
estimates has not occurred.

KR recognized this concern and indicated that they are attempting
to develop the logical sequence of answers to questions (1) through (5).

In summary , Calspan’s attemp t to obtain engineering inputs from the
engineering side of the NR B—i program was not entirely successful. Grumman ,
Calverton had similar difficulties wi th (rumman , Bethpage during their initial
attempts at defining real-time requirements. The problems Caispan encountered
are typical and add emphasis to the need for strong high-level B—i management
direction if a real—time—interactive flight test approach is selected.

Any ha l f—hear ted  attempt at using real—time analysis will most probab ly
be worthless. It requi.res a full commitment of resources and personnel at an
early enough t ime to do the planning and engineering analysis required for
success.

North American Rockwell has the prime engineering responsibil i ty for
developing the B—i and therefore must commit itself to using a real—time
approach if it is to be a useful one . Token acceptance of the kind which is
imp lied in a statement like “we will use it if it Is available” will not result
in its e f fec t ive  use.

3.4 CRUMhAN REAL-TIME INTERACTIVE SYSTEM

A detailed description of the Grumman System , which in cludes a
CDC 6400 , is not presented here . The point is that the CDC 6400, CR1 scopes ,
preprocessors , and various peripheral equipment also exist at AFFTC (and to a
greater extent). The description of the Grumman System , which is the combination
of this physical facility, the Grumman Real-Time Software , and the Grumman Flight
Test Philosophy (which includes proper management and operational structure) is
best accomplsihed by describing the general features and capabilities of the
system . 15



Calspan was given a comprehensive description and stmsnary of the
comp lete sys tem, the way it is used, how it operates and the advantages of such
a fl ight test system. Calspan was exposed to the real—time—interactive capability
and the operational planning (organizing and systematizing) of tests necessary
for efficient utilization.

The disciplined approach toward testing , which Grumman considers to
be a necessary part of a truly real—time—interactive system , is never fully
realized in a more conventional f l ight  test program .

3.4.1 Description of Grumman System Features

(1) In actual flight test usage, complex programs for analysis
are practical — for example: The F—lA SAS ON-OFF behavior.
First, a test run at a specific flight condition , SAS ON —

control input results in (1) automatic identification of
primary coefficients in equations of motion , (2) prediction
of SAS OFF behavior based on SAS ON measurements , (3) pre-
sentation of SAS OFF engineering predictions (prior to flight)
for comparison and (4) if both SAS OFF predictions are close
to each other and indicate no unsafe situation omit SAS OFF
test point.

(2) The Grumman Operating System TeleSCOPE differs from the
standard CDC SCOPE system in important ways (default options ,
priority assignments , etc.) considered to be essential for
real—time—interactive use.

(3) The organizational structure of the user must be fitted to
real—time operation . Close contact is essential between
engineering disciplines and flight test personnel. Engi-
neering representatives for each discipline must be
incorporated into the flight test team very early in the
program . Much of the total flight test planning must be
provided by these people.

(4) Standard programs usually developed for batch processing
are replete with options , nested subroutines and other
“fat”. These programming methods must not be permitted ,
because they produce inefficient computat ions.

(5) Preflight checks by the real—time computer can be automatic ,
and only out—of—specification channels need to be flagged.
Flights are only given a go—ahead when all channels are
functioning properly (maintaining good hardware becomes
essential). It is much more difficult to explain to
Management why an instrumentation failure cancelled out a
flight than answering the traditional question of why a
test flight was useless because of an instrumentation
failure. The delayed f l ight  is much less costly than the
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wa ited flight. This reversal in flight test priorities required
some major changes in management priorities because of the fly—
no—matter—what syndrome often fostered by incentive fees, etc.

(6) Preflight meetings with the pilot provide a comprehensive review
of the expected engineering results and a discussion of alternate
tests which might be required during the flight. In this ~av
th. pilot has a much better understanding of his test objectives
and possible alternate test directions . This reduces substantially
the coemunications necessary during the flight.

(7) Post flight meetings are used to review the test results. The
pilot is presented with hard copies of actual flight test results
for comparison w i t h  the predicted ones and for immediate correl-
ation with his observations of the test .  This cycle of predicted
results in the pteflight meeting and actual test results in the
post f l ight meeting gen er i te s  p i lot  confidence and acceptance of
the real time approach and results in a close , honest re la t ion—
ship between the engineering and fligh t test groups.

(8) Real—Time—Interact ive  engineer ing  analy sis  and op t im iza t ion  can
be accomplished. Example : in—flight adiustmont of each element
of the engine in le t  geometry was made to optimize the inlet
geometry scheduling as a tun~tion of tlig ht condition. The’ same
process using more conventional methods would have used an order
of magnitude more flights.

(9) Flight safety monitoring at any definable level is possible.
No real attention needs to he directed towards fli~tht safety
until flagged items appear on the CR1 displ.~vs. store detailed
analysis can then be made.

(10) Envelope expansion , flutter sweeps , and exploring boundaries of
the flight envelope can he done In real time . flxample: A con—
plete flutter survey was made by (rumman in l~ flights instead
of the predicted 82 flights (using standard test procedures).

(11) Longe r more productive f l i g h t  tests can he math’. This pe r mit s
fewe r total f l i ghts or more data for a given duration program.

3.4 .2 Grumman Comments on AFFTC Real—Time Testing tTsing
the Gru mman ~1ethod

(1) Gru mman does not believe that a real—time—interactive system
would requi re  much more than IO~ of the AFFTC CDC (~SflO CPU
usage whi le  it is in operation . This means that the remaining
90% of CPU time can be doing hatch processing, payrolls, etc.

(2) Grumman feels that no additional hardware would he needed at
ATFTC. This statement cannot , of course, he made with absolute
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certainty without detailed investigation of the E!fl~ 6135
system capability at AFflC. But it is felt, from discussions
with EHR, and knowledge of the Grumman CDC 1700 “front ends”
that the E!fl~ 6135 units can be re—programmed to function as
real—time “front—ends ” to the AFFTC CDC 6500.

(3) The use of the CDC 6500 system at AFFT C is inefficient as
presen tly conf igured (Calspan received minor hints of this
when visiting the computer center at AFPTC). F
GrtiTmn.’n discussed, in some detail, how the Peripheral Pro-
cessing Units (PPU’s) at the AFFTC are not being used properly.
They also pointed out that the CPU is being used to do tasks
which should be done by the PPU’s.

They also pointed out that the environment in which the computer
operates is insufficiently controlled and contributes to much
of the computer down time.

The Grumman CDC 6400 installation has the best reliability
history of any CDC system. The AFFTC has nearly the worst.
Part of this is based on not attending to “minor” details; e.g.,
not waxing the floors, not forcing failures of weak points
during off hours so they can be repaired before the computer
is needed for flight tests, not controlling the main supply
voltage levels constant enough during critical use times ,
not controlling the temperature in the rooms more precisely
(better than spec allowances) and others such as equipment
placement, etc.

(4) It is also Cruimnan’s observation that the total usage cost
of a real—time system, versus batch processing only , is less.
This happens because the programming discipline developed
for real—time operation when applied to batch processing in—
creased the batch processing program efficiency, and less total
computer time (real time + batch) was needed than if batch
processing only were used. These observations were a surprise
to Gruman n but they are based on their experience with the
present operation.

(5) The flight test controller was more often an engineer than
a pilot. In fac t the piloting experience of the fl ight test
controller was not considered to be any significant aid. This
was contrary to the McDonnell Douglas operation, where the
flight test con t roller was always a DC—l0 test pilot. Caispan
questioned a F—l4 test pilot in an oblique way to see if he
might really feel better if the controller were an experienced
test pilot. His response was that he definitely preferred an
engineer , because he wanted engineering answers and evaluations,
not pilot type evaluations. He remarked that his chase pilots
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serve that other need and an experienced test pilot is always
on call if the situation requires ground based assistance.
From our observations, f l ight test controllers are “born, not
made” and a selection process is required to find good ones.

(6) The AFFTC facility has more equipment and computing power
than the Grumman ATS. The Grumman CDC 6400 can process 3 simul-
taneous flights with about 50% CPU load while also doing batch
processing of previous f l ights.

(7) Grumman is very interested in configuring the AFFTC computer
facility to be able to operate as a real—time—interactive
system and has spent considerable time and money in studying
the problems associated with such a task. As a for profi t
corporation , Grumman probably expects to get additional s ta ture
in the industry by developing a system for the AFFTC, and to
improve their own system.

Finally , Grumman emphasizes that it is essential to have the total
planning done, in detail, when using a real—time—interactive system. The basic
reason is that there is no time for  debating what to do next , or what alternative
tes ts or analyses should be made when the airplane is in the air. In addition ,
the real—time interactive capability permits monitoring combined test objectives
and hence it reduces the number of flight data runs needed at any one flight
condition (often to one combined test or test “block”). This combining of
tests requires a complete plan for every flight prior to the actual initiation
of the flight test program. These plans are not simply a listing of test alti-
tudes, I!ach numbers , etc. They must also include all the engineering objectives ,
required for real—time—interactive displays and the expected test alternatives
which may result from the analysis of actual test results. This approach to
flight testing is traumatic at the very least to personnel in the engineering
groups because it requires considerably more homework before testing begins.
But Grumman has discovered that once the initial shock dissipated , both the
engineering and the flight test groups (traditionally separated) are now oper-
ating together, and much more efficiently and enthusiastically.

3.4.3 Calspan’s Observations and Comments

Calspan was literally excited by the new potentials of the flight
testing techniques which Grumman has initiated . The Hcflonnel Douglas system
has some similar potential but their approach , as it is presently configured ,
only provides convenient time history plots and no higher order analysis. The
McDonnel Douglas test philosophy is still centered on post flight analysis.
Grumman has reversed the approach to using real—time—analysis for decisions and
evaluation, with the post flight analysis as a comprehensive follow—up to the
basic in—flight analysis. 

-

A real—time—interactive system like the Grumman ATS is not just a
collection of computer hardware and software. It is an entire concept and
requires considerable restructuring of flight test organizations and a
different approach to its use in order to realize its full potential.
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A further point — the discipline generated in the engineering analysis I
and flight test planning, in itself, justifies promoting the real—tine—interactive
approach. It appeared that a significant amount of the clockvorklike flight
test operation at Grumman was simply the result of the excellent pre—planning
(which was a necessity for real—time operations). The end result was therefore
a more carefully thought—out and planned test program and a very rapid capability
(through the real—time analysis and display) for in—flight decisions concerning
test plan progress and direction.

I
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Section IV

EVALUATION DISCUSSION

This discussion includes itemized benefits which should be derived
from an interactive data processing system and what is required both in equip-
men t and personnel to accomplish such a system in general . With this as a
reference point the existing and proposed systems of North American Rockwell ,
Air Force Fli ght Test Center , ?~cDonnel Douglas, and Grumman are evaluated.
Also the contrib ution tha t  the B —I SF0 wi l l  be required to make in order to
implement such a system is discussed.

Again, in order to eliminate confusion the term “interactive”
will be used here to describe data processing during flight test. This then
describes the time period in which a test engineer can observe test data and
interact with the flight in progress.

4.1 INTERACTIVE FLIGHT TEST DATA PROCESSING — A GENERAL
OUTLINE OF EXP ECTED BENEFIT S

The general benefits that should be gained from Interactive Flight
Test Data Processing are listed here to establish a basis for judging any parti—
cular system under discussion. This also provides a basis for a comparison
between different systems.

It should be noted that, where practical , the following benefits
should be the goals of any flight test data processing system regardless
of whether it is an iflteractive system or a post flight system.

Benefits:

(a) Improved f l igh t safe ty  from limit and rate of change
monitoring.

(b) Validation of instrumentation through preflight checking.

(c) Answers displayed to the engineering disciplines while
the test is in progress.

(d) Immediate validation of success of a test.

(e) Reduction of number of test points.

(f) Modification of the test plan during a test.

(g) Elimination of the requirement for post flight analysis
that is needed to validate the current f l ight  and to plan
the next flight.

(h) Reduction in p o s t — f l i g h t data processing.

(i) Increase in product iv i~y~ of each test flight.

(j) Reduction in cost of the f l ig ht test program.
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In view of the expected benefi ts  of Interact ive Fligh t Test Data
Processing, the re are certain general requirements that must be addressed
to realize these benefits. These requirements are listed in Section V of
this report.

4.2 EVALUAT ION OF POTENTIAL DATA PROCESSING FACILIT IES

The following discussion is addressed to the data processing
facilities or systems associated with the Air Force Flight Test Center
(AFFTC) , NR/LAD, ?fcflonnell Douglas , and Grumman.

The evaluation mode here is subjective in nature and includes both
pertinent descriptive information and Calspan commentary. Unde rscored para-
graph subject headings for each of the four organizations relate to the items
foun d in the list of benefits for interactive Flight Test Data Processing
in Subsection 4 .1.

4. 2 .1 Air Force Flig ht Test Center  Data Processing

4. 2 .1.1 Evaluation

The AFY~C Data Processing Center is extremely well equipped with hard-
ware for processing flight test data. However , the application of this hard—
ware to the task of processing flight test data is poor. Since the primary
task of the data processing center is to support the flight test operation ,
the executive (operating sYstem) program of the computer system should be
designed to effectively handle flight test data. The data processing center
has taken a Control Data Corporation executive program which was designed
for general purpose scientific and business batch processing and is trying
to implement flight test data processing under control of that sYstem . This
makes the system awkward to use and leads to inefficient use of the system
resources.

(a) Flight Safety

This system has all of the hardware capability to do a
thorough job of f l ight  sa fe ty  monitoring.  However there has been no soft-
ware developed to take advantage of the tremendous power of the sy stem to
perform this task. The system is capable of monitoring every variable (that
pertains to flight safety) and “alarming” on limits and rates—of—change . It
should be programmed to do this.

(b) Validation of Ins t rum en ta t ion

This system has the capability to very rapidly check the
entire instrumentation system of the test aircraft during the preflight
operation. In a mat te r  of minutes the sensors , channel assignments , scale
factors , and TM transmitters and receivers can he validated . Again , however ,
the software mus t be developed to do this.
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(c) Answers Displayed

The answers to be displayed to the test engineers can take
many forms: they can appear as time histories, engine pressure patterns,
test aircraft response (compared to predicted response), extracted stability H
derivatives, etc. The engineers, from the various disciplines c”ncerned,
must define the answers that they want, in order to interact with the test,
before the system can be programmed to produce the answers. The data processing
center is relying heavily on the UFTAS system to supply them with the necessary
computer programs for computing the answers required. At this time UFTAS
is in the formative stage and it is not likely that it will produce applicable H
software in time to be ready for the B—l flight test program. Analysis programs
supplied by UFTAS will require modification to adapt them to the data source
and display system.

(d—j) Remaining Points

The remaining points in the list of benefits that should be
derived from Interactive Real Time Data Processing will produce the same sort
of discussion. The major points are that the system has the hardware capability
to do the job, the existing software is not adaptable to doing the job, and
much of the software required is not prepared or even defined.

4.2.1.2 Calspan Conclusions

It will be impossible for the AFFTC Data Processing Center to be
prepared to perform interactive data processing at the start of the B—l
flight test program unless they can acquire much of the necessary software
from an outside source. In fact it is doubtful whether they will be able
to perform effectively in post flight data processing without outside assistance.

4.2.2 NR—Proposed Interactive Data Processing System

4.2.2.1 Background

NR proposes to perform interactive data processing by applying both
the APF~C sys tem and their own data reduction system at LAD to the task. They
plan on doing this by adding equipment at the AFFTC data processing center to
compress the TM data and then transmit this over telephone lines to LAD. At
LAD the data will be processed by the same data reduction system chat they use
for post flight processing. At the same time they propose to use the AFFTC
system to perform interactive data processing using whatever system they have.
Then displays generated at LAD will be transmitted by telephone line to AFFTC.
With this system they propose the following six displays at LAD and AFFTC:

• Parameter versus time plots

• Parameter versus parameter plots 
-

• Computed data versus time plots

~
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I
• Computed data versus parameter plots

• Computed data versus computed data plots

• Flight conditions in letters, symbols , and numbers

The FTDRS data reduction system at LAD is an integral part of the
proposed interactive system. A limited description follows of that system,
for which hardware is being procured and software is being developed.

This system was designed to accept as input the data tape recorded
on board the test aircraft. The tape includes both PCM and FM data. This
data is fed into the system in real time, and the system in turn converts the
data to engineering units and displays selected time histories on CRT’s. The
interested engineer, by observing the CRT display , can then select specific
time inçervals for further analysis. When this editing process has been
completed, the engineer’s requests for time intervals of specified parameters
are fed back into the system , the data tape is played back through the system ,
and these intervals are recorded on an IBM compatible tape. This tape is
then taken to a large general purpose digital computer for analysis.

To perform this function the system has 20 mini computers (256 16
bit words and 5 registers each) tied together on a dual bus and also to peri-
pherals such as tape readers, printers, core memory, disk memory , CRT’s, and
TTY. These mini computers (called ICU’s) control the information flow to
and from the peripherals and convert data to engineering units.

The interactive system at AFFTC has been described in Subsection 3.1;
it was determined that it could not be functional in time for the B—i program
without outside help. NR cannot supply the required assistance.

4.2.2.2 Evaluation

(a) Flight Safe~yi

NR has not given any indication that they plan to use the 
-

tremendous power of the digital computer to Improve flight safety. They are
planning to use FM/FM telemetering to a special ground based computer which
will perform real—time spectrum analysis on flutter measurements. In addition
to this there will be 10 cockpit displays which may be used to monitor cockpit
selected flight safety variables , and 32 raw data channels on strip chart
recorders on the ground.

(b) Validation of Instrumentation

NR plans to use a separate system for preflight instrumentation
check. There are no plans to use the interactive system for this function.

(c) Answers Disp layed

Listed in Subsection 4. 2.2.1 six types of displays that MR
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proposed to supply in an interactive system. The answers available would
then be limited to appearing in these forms.

In discussions with MR data reduction system personnel, they could
only demonstrate a cap abili ty of p roducing the f i r s t of thes e d i sp lays— —
“parameter versus time.” The other five displays are questionable because
of the limited computational capability of the data reduction facility.
it was also stated by these same NR personnel that they do not expect the
various engineering disciplines to request anything more than the first
display. If other displays are requested , it would not be before the begin-
ning of the flight test program:

MR representatives for propulsion , performance, and stability and
control have not yet determined the answers they would desire from either
interactive or post—flight data analysis. The performance representative
indicated reliance on UFTAS to supply the necessary software to meet his
needs. The stability and control representative indicated a desire for
answers in the form of extracted stability derivatives from flight test
data. This anlysis would use a technique developed by Caispan and prepared
for NR’s XB—70 flight test in 1966. Considerably better techniques are
presently available.

(d) Validation of Test Success

The proposed NR interactive system would only validate test
success to the extent that time histories of measured parameters would allow.

(e ,f) Reduction of_Test Points and Modification of Test Plan

Because of the limited digital computer facilities for the NR—
proposed interactive system, it would not display trends, relate test responses
to predictions, or reveal danger areas. These are the elements required to
reduce test points and modify test plans.

(g) Eliminating Post Flight Analysis Required for Validation
& Planning

This benefit would be limited , under the MR—proposed system to
the extent that time histories of measured parameters would allow.

(h) Reduction in Post Flight Data Processing

The proposed MR interactive system shows little potential for
reducing post flight data processing because of its limited digital computer
capability .

(i,j) Increase in Flight Test Productivity and Reduction in Cost

There is ve ry l it t le  potent ia l  for increasing product ivi ty  or
reducing cost by using the proposed MR interactive system because the limited
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capability of the system will not produce the necessary information to allow
the test engineer to make the “press on” decision. Therefore, the test air—
craft would have to land and wait for this decision. More flights would be
required, consequently increasing the cost of the flight test program.

4.2.2.3 Calapan Conclusions

It can be readily seen from the above discussion that there is
little potential in the NP. system for meeting the desired goals of an Inter-
active Data Processing System. Therefore time and money spent on producing
such a system would be a waste of engineering talent and Government funds.

In performing this subtask, Caispan found it necessary to investigate
the MR plan for post—flight reduction of flight test data tapes. Comments
0n this plan, although not a prescribed part of the subtask, are appropriate
here.

Cursory examination of this plan has generated doubt that the
MR—proposed system has sufficient hardware to perform the prescribed tasks.
It is also doubtful that, within the limits of the hardware, software can
be developed to perform these tasks on time for the f i rs t  f l ight  test.  A
more detailed investigation is in oi~der to ascertain whether this system cando the job .

The purpose of this interactive system Is to permit data selection
by test engineers. For effectiveness , the system should be able to display
time histories of measured variables in engineering units, vary the period
of time being displayed , and hold a period of time on the display for  closer
examination. This entails considerable logic and computation, which this
system is not likely to be able to handle.

Since this system is a “one of a kind” design built by NB., no manu-
facturer ’s software will be available to generate the CRT display. Therefore,
MR will have to develop this software. This is a large software development
task complicated by the limited hardware capability of the system.

At present there is no absolute plan for a backup system to reduce
the in—flight recorded data tapes. If further investigation indicates that
this system is indeed marginal, consideration should be given to a backup
system that would reduce the data tapes to an IBM compatible format.

The above discussion illustrates many doubtful aspects of the NP.
data reduction plans. Further Investigation is likely to turn up problems
in handling the FM data, developing an operating system, inputting the data
tape , and generating the IBM compatible tape.
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4.2.3 McDonnell Douglas Interactive Data Processing System

4.2.3.1 Background

The McDonnell Douglas interactive system is centered on an XDS Sigma 7
digital computer. TM data is received at a relay station, re—transmitted over
a microwave link to the Flight Control Data Center at Long Beach. There it is
received into the data processing system, decoded , converted to engineering
units and displayed on CRT’s and Strip Charts as functions of time. Hard
copies of CRT displays can be made on request for the test engineers.

4.2.3.2 Evaluation

(a) Flight Safety

This system provides for flight safety improvements to the degree
that presentation of flight safety variables (in the form of plots and tabular
listing as a function of time) allows. The test engineer in this system is
a test pilot, and he can observe the safety aspects in an environment where
he is not subject to the disturbances of a flight test pilot. Presently, there
is no limit or rate of change monitoring within the computer system. However,
with the computing capability of the Sigma 7 this could readily be accomplished.

(b) Validation of Instrumentation

Although preflight validation of instrumentation is not performed
by this system it could be handled readily with the computing capability
of the Sigma 7 and its CRT ’s and hard copy system.

(c) Answers Displayed

Time history displays provide a limited answer capability ;
however, much more meaningful information can be obtained within the capabilities
of this system. The system has the capacity to perform much more complex
analysis and to display it within the interactive time limits. Software would
have to be developed to do this.

(d) Validation of Test Success

Time history displays provide a good method for validation of
test success in most cases. However, answers based on more complex analysis
will yield a greater certainty in validation and provide for cases where time
history displays have little bearing on the validation of test success.

(e,f) Reduction of Test Points and Modification of Test Plans

Answers from a more complex analysis than available from time—
responses are usually required to allow the test engineer to eliminate test
points or modify  the test pl4n. Although this system has the capacity to
provide these answers it is not presently incorporated in the system software.
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(g) Elimination of Post—Flight Analysis Required for Validation
& Planning

Time histories alone are usually not sufficient to validate the
success of a specific test or to determine whether it is desirable and safe
to move on to other tests. Therefore , this system has limited capabIlity for
eliminating the pos t—fl igh t  analysis required for validation and planning.

(h) Reduction in Post—Flight Data Processing

This system will reduce pos t—fl ight  data processing by allowing
for considerable editing during the flight. Data, which from on—line observa-
tion by the test engineer can be determined to be inadequate, can be eliminated
from post—fligh t analysis.

(I) Increase in Productivity

A McDonnell Douglas pilot who participated in the DC—lO test pro— 
p

gram was very enthusiastic about the system because he fel t  that (1) it reduced
the times that he had to expose himself to marginal situations , (2) it improved
the chance that a test would be performed correctly the first time and (3)
he is more willing to proceed with  tests under marginal conditions when the
teat engineer (pilot in the ground station) assures him that it is safe. Thus
more test points per flight and, in turn, increased productivity were realized.

(5) Reduction in Cos t

Even through the McDonnell Doug las system has not cone close to
its potential as far  an engineering interaction with flight tests, it has pro—
duced considerable savings in their DC—lO flight test program. They consider
that the expenditure for the system has been worthwhile, even if they limit
their gains to their  present experience .

4.2.3.3 Calspan Conclusions

implementing the McDonnell Douglas system at AFFTC does not appear
to be a practical solution for the B—i or the AFFTC Data Processing Center.
Since the McDonnell Douglas system centers on a Sigma 7 digital computer and
the AFFTC system is centered on a CDC 6500, it would be necessary to rewrite
much of the software to use the AFFTC system. This would be costly and it is
unlikely that it could be accomplished on time for B—i use. Another approach
could be to lease a system identical to the !tcflonnel Douglas system, and install
it at APFTC for the B—i flight testing, but it would not take advantage of the
excellent equipment already available at AFFTC — nor would it increase the
capability of the AFFTC system.
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4.2.4 Gc~iim~~ta Interactive Data Processing System

4.2.4.1 Background

The Grumman system (ATS) centers on the CDC 6400 digital computer.
It was developed with the primary oblective of supporting f l ight  test operations .
The executive program (operating system) for the system was designed by Grumman
with this objective and has therefore made the on—line processing of test data
very e f f ic ien t .  The computer system is also available for large amounts of
data processing other than fl ight test support , even when tests are in progress.

The Grumman system is made up of :

(1) A pre—processor , which :

• acquires and decodes the TM data stream

• converts to engineering units P

• displays time histories in engineering units p

• records all the data

• edits and transmits data to the 6400

(2) The CDC 6400, which:

• does real t ime data reduction and interactive
data analysis

• drives displays

• records data for intermaneuver recall

• does batch processing

(3) The display section , which :

• allows the test engineer to interact with the data
processing system

• supplies information required for the test engineer
to interact with the test.

4. 2. 4.2 Evaluation ¶
(a) Flight Safety

The Grumman system monitors fl ight safety variables for
limits and rate of change and calls attention to dangerous situations by gen—
crating data analysis programs which will indicat e the existence of marginal
conditions. One Grumman test pilot is convinced that the ATS actually saved
an F—l4 during a flight test.

29



(b) Validation of Instrumentat ion

This system completely validates instrumentation during pre-
flight through the TM system. This provides a check for the entire data system
from sensors in the a i rc ra f t  to scale factors and channe l assignment in the data

- processing system. If  errors are encountered they are brought to the at tent ion
of the test engineer by flashing pointers on the CRT display. The entire val— P
idation can be accomplished in approximately 20 minutes.

(c) Answers Displayed

Samples of CRT displays from the Grumman system have shown
such engineering data as: ins t rumentation data in tabular form, engine inle t
pressures in contour plots , and st ick force/g in X/Y plots.

It can be expected that not all the answers required for
B—i testing are available in existing software. Therefore, if the decision
to go interactive in fl igh t test data processing using this system is made, it
will be necessary to define the answers required by the B—i so that  the soft-
ware can be prepared and modified and in time for  f l ight  testing.

(d) Validation of Test Success

The ability of this system to produce engineering answers in
interactive time will allow absolute immediate validation of test success in
most instances and it will yield a high degree of certainty in all cases except
when an unusual or unanticipated situation arises during a flight test. If
this should happen it is likely that post—flight data analysis will he required
to validate the test success.

(e , f ) Reduction o f Test Poin ts and Modification o f Tes t Plan

Because engineering answers are available in this system ,
it is possible for the test engineer to determine that certain test points are
not required. This can be done by comparing test trends with predicted results
and determining when the increment to the next point can be increased. When
a system failure occurs which does not endanger flight safety , test plans can
be modified and the flight can proceed . Typically , these failures would occur
in instrumentation; the ability of the system to pinpoint instrumentation fail-
ures would allow the test engineer to modify the plan to tests that do not
require the fai led instrumentat ion .

(g) Elimination of Pos t—Fl ight  Analysis Required for
Validat ion & Planning

The ability of this system to produce engineering answers
during flight in most cases eliminates the requirement for post—flight analysis
to validate the current tests and plan the next flight. When unusual or un—
anticipated events occur during flight test it is likely that further analysis
will be required. The data selecting and recall cap ability of this system

L
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allows for rapid display of data and additional analysis in the batch processing
mode.

(h) Reduction in Post—Flight Data Processing

In many instances the analysis performed in interactive
time will be all that is required. The ability of the system to validate in-
strumentation , supply engineering answers during flight, and allow the test
engineers to select hard copy of displays as they desire will yield analyzed
data in report form. Where post—flight analysis is required , it will be en—
hanced by the editing, which can be performed by the test engineers during
f l ight .

(I) Increase in Productivity

Eliminating test points and modifying test plans will in— P

crease the productivity for each test flight. Speeding up the test validation
and the p lanning will make the test program move fas ter .  The combina tion of
these will increase the productivity of the flight program as a function of
both time and money .

(j) Reduction in Cost

Cost will be reduced by increased productivity and a decrease
in the amount of data analysis required for flight testing. In addition , the
organization and planning required to implement this system will be of benefit
to the entire program and in turn should reduce the cost of areas of the 8—1
program other than flight testing.

4.2.4.3 Caispan Conclusions

The above discussion indicates that using the Grumman ATS system
at the AFFTC Data Processing Center could be of great value to the B—i program.
This could be accomplished economically and in the time required because the
hardware elements of the ATS and AFFTC systems are compatible, and most of the
software developed for the ATS system will be applicable to the AFFTC system
with minimum modification .

4.3 CONDENSED EVALUATION

Figure 1 is a summary matrix of Calspan’s subjective evaluation
of each facility/system in terms of the possible benefits gained from Inter—
active Fligh t Test Data Processing.

Since there is no standardized method established for measuring
the relative quality of an interactive flight test data processing system ,
Calspan has used a rating system designed for this report. Calspan feels that
this rating system realistically and graphically represents the relative merits
of the systems evaluated.

a This matr ix  summary illustrates the overwhelming advantages of the
Grumman ATS system over the other systems in meeting the needs of the B—i fligh t
tes t program. 31
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Figure 1 CONDENSED EVALUATION OF PROPOSED INTERACTIVE DATA PROCESSIN G
SYSTEMS FOR 8—1 FLIGHT TEST
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Section V

MANAGE~1ENT ENVIRON~f fN T

5.1 ACHIEVING THE BENEFITS OF INTERACTIVE REAL TIME DATA
PROCESSING

5.1.1 General Requirements

To achieve the benefits of Interactive Real Time Data Processing
as outlined in Subsection 4.1, certain requirements must be addressed. Some of
the requirements are intangible at this point because they involve advanced
planning, training, and management decision. Other requirements are useful
in judging and comparing systems because they describe capabilities that can
already be measured.

(1) Sound understanding and support by both Contractor (NR) and
Agency (Air Force) top management.

(2) A willingness on the part of top management to modify
deliverable data requirements in order to take advantage
of real—time time data analysis.

(3) Clear def ini t ion by top management of the answers required
from flight testing.

(4) Detailed planning by the various engineering disciplines
to establish the data analysis required to yield these
answers.

(5) Mathematical description by various engineering disciplines
of functions to he computed in real—time analysis.

(6) Variables to be measured and accuracy requirements for  these
variables.

(7) Instrumentation to sense and transmit these variables.

(8) Aircraft assignments and programs for getting data.

(9) Flight planning to generate necessary data for required
answers.

(10) Training is required for  Test Directors , Test Pilots , and
Test Engineers from the various disciplines which will
enab le them to use the  system e f f e c t i v e ly .

(11) Data processing equipment to handle the large amoun t
of real—time data.
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5.1.2 Team Requirements and Previous Experience

The transition from ordinary flight test operations to the full real-
time—interactive operation requires early and direct participation by the 8—1
SPO and NR engineering groups in the detaik’d flight test planning. The most
critical part of the planning is based on the need for detailed engineering
predictions of expected results of each test run. This effort is essential
to assure that the displays, computer analyses, and other detailed real—time
programs are fully prepared. Grullunan noted that in the early stages of devel-
oping the ATS their engineers were at first considerably reluctant to provide
this necessary detailed information. However, once upper management provided
the needed direction and authority to the engineering groups, they applied
themselves, and generated the data. Only minor readjustment of personnel
assignments was required at Grumman. However, it was necessary to assign a
team of engineering specialists from Grumman — Bethpage to the flight test
group at Grumman—Calverton to obtain the necessary close cooperation and comniu—
nication between engineering and fligh t test personnel.

Similar negative attitudes of NR engineering personnel were detected
by Caispan when investigating the engineering plans at NR/LAD . These atti-
tudes must be viewed with concern, but understanding, because they are generic.
The simple requirement is for the engineering groups to present their design
data , p reliminary tests , etc. in a coherent form for  ready comparison with
flight test data. In this way the flight test program can be planned to per-
mit comparison between expected and actual performan:e.

Ca lspan feels that an organizational s t ructure similar to the one
described above is necessary at I~R/LAD. A dedicated group, composed of flight
test personnel, applications programmers , and design engineering specialists
must be formed, with the primary responsibility of preparing for real—time—
interactive flight testing. These personnel must, through contact with each
speciality , develop the detailed overall flight test plan (the matrix of test
points , configurations , etc.) From these requirements , individual flight test
plans (for a reasonable number of the early flights), integrated test blocks,
predicted engineering results for these initial tests, and other basic real-
time planning details can be developed. This “mini tiger” team must have the
necessary support to prepare for real—time—interactive flight test operations.
NR, B—l SPO, and AFFTC personnel should be part of this team. Since Grumman
is the only aircraft company with actual use experience with interactive real—
time fligh t tes t planning, it would be helpful if the B—i SPO and/or NR/LAD
also contracted for Grumman personnel to assist in this planning in an
advisory capacity .

Calspan would like to emphasize that developing a real—time system
is well within NR/LAD ’s capabilities. Our only reason for suggesting an advis-
ory role for Grumman is that because of the very short time remaining before
first flight, it would be prudent to use every bit of help possible from the
entire aircraf t  industry.

*Although the NR engineering groups have the most responsibility to generate
data and hence , natural  reluctance to new requirements , there may also be
similar, but probably less emphatic, reluctance within the B—i SPO. Calspan
personnel did not encounter this at t i tude but would not really be surprised
if such reluctance surfaced later.
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5.2 ORGANIZATION AND PLANNING

5.2.1 Organization

The previous evaluation shows that the necessary hardware is available
at AFFTC to perform Interactive— Real—Time processing of flight test data and
that the Grumman ATS system could he incorporated into the AFFIC system to
supply an overall system for Interactive—Teal—Time data processing.

The remaining requirements for accomplishing this are not yet estab—
lished. However , from the above list of requirements i t  is apparent that ex—
tensive planning is necessary . This planning must include the contributions ot
many key people in the B—l program ; not only NR personnel , hut others from the
B—i SPO and the Air Force Flight Test Center . To make an Interactive—Real—Ti me
system work , the partici pants mus t modify their approach to one of extensiv e
preplanning, and they will re -r c training in the application and use of the
system.

If upper management decides to proceed with the interactiv e—real—ti ne
approach (the decision mus t he made at thi s level) , they m u s t  support the
effort by supplying the necessary persuasion to  g et  the cooperation of a l l
lower level parties . There will he considerable resistance , as with any new
procedure . The detailed planning that will he necessary by the engineers
represen t ing  the var ious  d i s c i p l ines  is a la rge  t ask and one which they will
probably resist. The task of supplying the data necessary for the requirements —

of the various engineering disciplines will fall to the staff of the Director
of Flight Test. This again will require extensive detailed planning for
instrumentation , aircraft assignments , flig ht content scheduling , and data
processing. The Director of Fli ght Test will have to screen the requests from
engineering for duplication and over—kill , and coordinate and integrate the
efforts of engineering and the flight test s t a f f .

The NR and Air Force Flight Test Directors must integrate the efforts
of all these groups , whil e the forcing function r u s t  he supplied by the Air
Force and NR program managers to  ensure the necessary particip ation of all.
Figure 2 shows how the integration of people/activities can be planned for the
B— l program. The impor t anc e  of support from toç’ management canno t be over-
emphasized. Without this support and direction , the task of the Flight Test
Director would be impossible .

5.2.2 Fligh t Test Planning

The Air Force is faced with the problem of determining whether to
proceed with the development of the B—l or to abandon it at production
decision date. The Category I flight test will be a major factor in this
determination.

Therefore, goals for the fligh t test program must be established with
production decision in mind. Along with establishing the goals must come
methods of verifying that they have been reached and test programs to imple-
ment these methods .
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The goals will probably be established on the basis of perforniince
against criteria in propulsion , structures , and stability and control , which
when taken together will yield the desired overall performance.

Data analysis techniques for measuring the B—i system against these
goals and criteria must be defined.

And f inally , detailed flight test plans must be formulated that will
yield as much useful data as possible and expand the envelope of testing as
rapidly as flight safety will permit.

This entire process will be an iterative procedure to arrive at a
realistic flight test program. It will require a coordinated effort of
specialists in flight test , propulsion , structures , stability and control ,
performance, instrumentation, and data processing.

I
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Section VI

CONCLUSI ONS

The following is a list of Calspan ’s esse~,~ ia1 conclusions , which are
supported in this r epor t  by the “fac t s ” t ha t  were ga the red  ( the  “ f a c t s ” gathe red
1” this study are somet imes subjective expert engineering judgment and mus t be
cons i dered as factua l evidence of the current status of the flight test
industry ), and by Caispan ’s commentary and secondary conclusions as identified
In the text.

~~~~~~~~ conclusions are relative ~o the following question : What
are the e- .ip~i hlllt i t -s/advantages , op t i o ns , shortcomings , and cost—effectiveness
of the candidate facilities and/or s~’stems tor s~-lecting either a real—time
or non—r eal—tir ..e B— I Fli ght Test Program ?

These conclusions are as follows :

(1) The AFFTC computing center has the potential to provide
real—time—interactive data processing on the -~elemetry
data from the B—i aircraft.

(2) The dig ital and analog data transmitted 1r om the B—i
aircraft (not including some kinds ot avionics data),
format or type , shouLd pose no problems in being accepted
by the receivint station and preprocessing equipment.
Progr amming wi ii be n ec es sa r y .

(3) The McDonne l l—Douglas  and Nr real—time systems , as pre-
sently envisioned , do not sat isfv enough of the
op?rational and data handlin g requirements to be
significant improvements over the present general plans
for the B—i fligh t tests (Phase I and beyond).

(4) The Grumman real—time—interactive Automatic Telemetry
System (ATS), an operational and proven system and is
the only practical candidate for a real—time system
on the B—I fli ght test program .

(S) The commitment to use a real—time—interactive fli ght data
processing system only beg ins with the commitment to
obtain the necessary hardware and software. It is even
more important to have management and top engineering
level commitment to proper flig ht test plan preparation
for the use of the real time system. Efficient utilization
is only possible if there is such a commitment.
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(6) The savings in lost flights , data repeats , flight hours
pe r data point , total flights per major test objective ,
etc. can amount to overall test program savings of as
much as 50%. When a test period is fixed this implies
that test accomplishment will be about twice that of a
non—real—time operation.

(7) A real—time—interactive system would be a useful, prac-
tical , economically sound investment for the Air Force.
The B—I would benefit from its use in being able to obtain
more useful data prior to the production decision date and
during the follow—on tes t phases (categories).

(8) Time is of the essence in incorporating a real—time system
in the AFFTC. If a go—ahead decision cannot be made within
the next month , the only data handling capability will be
the NR/LAD system for pos t fligh t analysis and the extremely
limited on—site strip chart monitoring .

(9) The AFFTC computer facility needs help. The real—time in-
duced restructuring will serve a dual purpose in making the
overall system more reliable and efficient as well as pro-
viding the real—time—interactive capability.

(10) The McDonnell—Douglas and the Grumman installation costs
were recovered on the first program using them. There is
every reason to believe that even more favorable savings
are possible f o r  the B—i program since the hardware instal-
lation is already available and the major programming effort
is complete.

(11) The real—time approach will not be of any value if NR does
not commit itself to using and preparing to use it to the
fullest extent possible.
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Section VII

RECOMMENDATI ONS

(1) The AFFTC and B—l SPO should initiate a contract with
Grumman as soon as possible to incorporate a real—time—
interactive data handling system at the AFFTC.

(2) NR/LAD , B—i SPO, AFflC and Grumman should form and oper-
ational (mini—tiger) team with sufficient authority to
obtain personnel (3— 1, AFFTC and NR) and priorities to
generate the necessary flight test procedures , plans ,
requirements e t c . ,  to pe rmit e f f i c i e n t  use of an AFFTC
real—time—interactive system by the B—i Roll—out date.
The Grumman role should be advisory to the Air Force in
such a fashion that Grumman and NR/LAD responsibilities
are nonoverlapping.

I.

(3) The AFFTC and Grumman should be responsible for the hard-
ware installation , software , and set—up of the real—time
system at the AFFFC.

(4) Grumman and NR/LAD should review the B—i fligh t test
objectives, data analysis requirements and instrumentation
with the goal to use or adapt as much of the existing
Grumman analysis and display programs to B—i needs.

(5) The B—i SPO should obtain NR/LAD full commitment to the
use of the real—time—interactive system. This of course
does not rule out the continued use of the NR/LAD post—
fligh t analysis procedures as presently planned. It only
reduces the need for rapid batch results turnaround .

(6) The real—time—interactive system should not be considered
further if either (1) Grumman has not been given a go—ahead
by February , or (2) commitment of AFFTC and NR/LAD personnel
to define the flight test program is not made.

Previously it was pointed out that the goals of flight test data proc-
essing are about the same regardless of whether interactive—real—time or post
flight analysis is used. Therefore integrated planning for fligh t test data
analysis should be underway .

Because of this it is also recommended that

(7) NR and B—i SPO establish the specif ic goals for f l igh t  test .

(8) NR and Air Force eng ineering determine the necessary data
analysis and report content  required to establish that these
goals are sa t i s f i ed .

40

~~0-

-~~----~--—..—-- ~~—---------—-- - — - -- ---- — -“—---



- ~~~~-- 

~~~~

-

~~~~~~~~~~~

- 

1!

(9) NR engineering define the numerical computation and data
display required to accomplish the analysis and report .

(10) NR and AFFTC data processing be directed to prepare
necessary software.

(1].) NR and B— l SPO establish a schedule for the accomplishment
of the ab ove . This schedule should include bench marks for
the completion of the specific tasks that are established by
(7) — (10) above.
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