




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Hintze: Computers—The Answer to Real-Time Flight Analysis

tively in guidance and control loops, and it is indicated
to mount close to these accelerometers vibration pick-
ups which can be switched in to determine quantita-
tively and timely the rise and propagation of vibrations
which might cause erratic accelerometer outputs.

When failures occur which disable the missile to con-
tinue its flight properly and which will lead to aborted
rounds, remedial commands to the missile shall be insti-
tuted. The analysis scheme must be detailed enough to
decide if these commands should merely isolate a failing
component, or send substitute command signals to the
missile. For the future, it is even visualized to have some
reserve jatos built in test missiles which could be used
to cause a change in velocity from the ground.

It will require many diversified developments to ad-
vance real-time flight analysis and control to the point
where it will be a workable and reliable facility which
does not add to the difficulties of a timely execution of
flight test programs, but which will be a valuable help
for better understanding and utilization of missile
flight experiments. It is felt that the part which com-
puters will play in the accomplishment of such facilities
is decisive, particularly if the test engineers and systems
analysts succeed in formulating precisely the mathe-
matical relations on which the analysis and the making
of decisions is based.

MATHEMATICAL FORMULATION OF THE PROBLEM

The description of the tested guided missile system in
form of a mathematical model is the necessary prerequi-
site for a further analysis of this system and the meas-
ured flight data on computers. The mathematical
models which are presently used for flight simulation
studies are deterministic or rigid analytical models
where the input-output relations for missile motion and
individual components are expressed in mechanistic
equations. Fig. 2 showstherigid enalytical representation
of the following portions of a missile system: the missile
dynamics which determine the three vectors of lateral
and angular accelerations as functions of force and
moment inputs; the direction cosine matrix for trans-
formation from missile body to radar axes using the
angular rates of the missile body axes as input; the
ground guidance computer which receives the rectangu-
lar missile coordinates in the radar frame; and finally,
the control subsystem of the missile causing fin-deflec-
tions according to the command input from the ground
and the missile motion.

This is an extremely simplified representation of a
missile system which shall serve only the purpose to ex-
plain that most of the inputs are not fixed values, but
they are characterized by some type of distribution.
Even if the simulation state of the art is such that pres-
ently the number of stochastic inputs in simulation
studies are quite limited, it must be borne in mind that
a realistic simulation of a missile system which can be
used as a reference in evaluating flight data must take
into account these random variations of inputs.

351

Some of the areas where consideration should be given
to stochastic inputs are the airframe characteristic
anomalies such as airfoil malalignment and wind tunnel
variation. In case of a spinning missile, fin malalignment
may be a contributor to miss distance as much as some
electronic failures. Burning anomalies affect the missile
mass and inertia. Airframe flexure failure modes limit
the required missile dynamics. Radar noise measured
under one set of atmospheric conditions may be quite
different from that measured under a changed condi-
tion. Component production variation effects, the mal-
alignment of sensing elements, and the equipment re-
sponse variations due to temperature or vibration are
also stochastic variables.

It would be unjustified to draw conclusions from the
comparison of flight data with some fixed value where in
reality there is not such a thing as fixed values. The
analysis must consider the distribution of these values
and ultimately a probabilistic simulation model should
be used as reference for real-time analysis. However, the
development of such missile models is not yet com-
pleted. Great progress has been made in the realistic
simulation of the random noise of track radars, but for
many other stochastic missile variables, the amplitude
distribution and frequency characteristics have not
been determined. Therefore, in the following discussion,
reference is made to existing, rigid analytical models,
though the ultimate requirement for probabilistic an-
alytical models is being recognized.

COMPUTER REQUIREMENTS

The computer requirements for conducting the real-
time flight analysis are dictated principally by the de-
gree of realism in the guided missile system simulation,
and the complexity of the analysis schemes to be used.

Computer Requirements as a Function of Realistic Simu-
lation

The simulation according to Fig. 3 when carried out
in full without simplification will represent a guided
missile system in 3 dimensions and 6° of freedom as it
operates in rotating, oblate spheroidal earth, with ex-
ternal meteorological wind, gravitational attraction
which varies according to latitude and missile altitude,
and electromagnetic noise caused by track radars.

A great amount of computing equipment is required
for the various coordinate transformations. If the aero-
dynamic forces and moments are not given in missile
body axes, they have to be converted into these direc-
tions by use of a direction cosine matrix which is a
function of the components of the missile velocity with
respect to the air.

Since missile velocity is with reference to the body
frame, the external wind velocity, expressed in the local
ground frame, needs to be first transferred to a form re-
ferred to the body frame. Then this wind velocity is ex-
pressed in body frame components by use of a direction
cosines matrix. From the missile rotational velocities,
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the earth rotational velocity, and the change of missile
latitude and longitude with respect to time, this set of
direction cosines is developed.

Another matrix of direction cosines is developed
which relates the missile velocity components in the
local ground frame to velocity components in the mis-
sile tracking radar frame. After the missile position is
determined in this rectangular frame, the position is
converted into components in the spherical frame.
These components are inputs to the missile tracking
radar.

Realistic simulation of thrust forces involves repre-
sentation of starting and tail-off transients of the motor
as well as variations in the thrust due to change in ambi-
ent air pressure. The force due to gravity, when realisti-
cally simulated, requires that the mass attraction vec-
tor be computed where missile latitude and altitude
have been considered. In computation of the transla-
tional and rotational velocities and accelerations of the
missile, the simulation needs to account for the change
of mass and of inertia of the missile during its flight.

Fig. 3, from which a few details were discussed, repre-
sents somewhat realistically the guided missile system
operation with the chief influencing factors. However,
for such a simulation, about 600 amplifiers with asso-
ciated nonlinear equipment would be required.

A more detailed description of the missile control
subsystem, indicated by one box in the general simula-

tion plan, is presented in Fig. 4. Control of the missile

is achieved in each plane by comparing the command
voltage to the sum of three feedback voltages.

The rate gyros and accelerometers are being simu-
lated mathematically by transfer functions having
second order denominators. The fin position voltages are
seen to be functions of stagnation pressure as well as
corresponding shaft position. The networks for each
control channel are represented by a set of equations
which together describe the behavior of the network.
Then each steering amplifier and electrohydraulic as-
sembly is expressed by a transfer function representing
the dynamic characteristics of this link.

Computer Requirements as a Function of Complexity of
the Analysis Scheme

The extent to which the complexity of the analysis
scheme influences computer requirements may be ob-
served from discussion of Fig. 5. This figure outlines
briefly in diagram form the general form of a real-time
flight analysis setup.

In this scheme, it is seen that the actual guided mis-
sile system acts as the input source. Quantities repre-
sentative of accelerometer outputs, rate gyro outputs,
missile altitude, and missile position are transmitted by
telemetry or other means to a computer which uses these
data to determine missile angular velocities, angular ac-
celerations, aerodynamic moments, translational ac-
celerations and velocities, angles of attack, and aero-
dynamic forces. If angles of attack are not measured
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directly, external wind velocity as a function of loca-
tion and altitude is needed in this computation. By use
of this information, the position of the missile may be
calculated, then compared to missile position as given
by the missile tracking radar. If the results reasonably
agree, according to errors allowable to data processing
and telemetry, then the information, derived by process-
ing the telemetered accelerometer, rate gyro, and alti-
tude information, may be considered as useful in con-
ducting an analysis of the actual guided missile system.

Telemetered information concerning voltages at vari-
ous points in the missile control subsystems is conveyed
along with the accelerometer and rate gyro information
to a simulation of the missile control subsystems. Mal-
functioning within a certain block of real missile equip-
ment may then be determined by making the input to
corresponding simulated block exactly equal to the
block input in the actual missile. If the output of the
simulated block is different from the real system block,
then the real system block has malfunctioned. (Of
course the assumption is made that the simulated sys-
tem is quite validly represented.) At the same time, the
difference between the unequal outputs may be deter-
mined in order to calculate an additional input to the
real system causing it to perform as desired. For ex-
ample, if the corresponding commands to the simulated
missile and to the real missile are identical, but the cor-
responding voltages at the outputs of the receivers are
greatly different, then it can be suspected that the re-
ceiving and translating circuits have malfunctioned.

Another section of the computer facility in the real-
time analysis setup would calculate the aerodynamic
force and moment coefficients starting with the use of
theoretical expressions for the coefficients and the actual
values for fin positions, angles of attack, dynamic pres-
sure, and missile velocity. If these calculated values of
the forces and moments are much different from the cor-
responding values as determined from rate gyro and
accelerometer information, then commands would be
generated which would force the real missile to respond
only in the pitch or yaw plane or in some restricted
fashion. Thus the complexity of the aerodynamic co-
efficient expressions would be greatly reduced and calcu-
lation of corrected partial derivatives would be simpli-
fied.

The mathematical relations as well as the required in-
puts and the produced outputs of the optimization
scheme for the aerodynamic coefficients are shown in
more detail in Fig. 6. For the computations which have
to be performed for the coefficient optimization, it is
assumed that sufficient different numerical values of the
measured quantities are supplied for the determination
of the wanted coefficients. These values have to be meas-
ured and processed in a time short enough that during
this interval other variables, such as Mach number, are
practically constant.

The technique of making the missile respond to pre-
programmed commands is already being applied in the
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DERIVED FROM FLIGHT MEASUREMENTS
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Fig. 6—Optimization of aerodynamic force and moment coefficients.

so-called aerodynamic runs in which guided missiles are
flown with inactive guidance systems. However, this
method does not exercise a closer control of the missile,
whereby certain variables such as bank angle and unde-
sired motion in several planes are kept to a minimum.
Provisions are made that according to the motion of the
missile, commands can be relayed to the missile keeping
it in the motion which is desired for the check on its
aerodynamic characteristics. If in one particular phase
of the flight the lift coefficient shall be investigated, the
missile is kept from lateral motion and rolling. For a
small range of Mach number, the lift coefficient then
becomes only a function of fin deflection and angle of
attack. With accurate measurements of these two pa-
rameters, and the aerodynamic force by use of acceler-
ometers, it is possible to obtain for this particular phase
of the test good information on the lift coefficient. Other
phases in the test can be used in a similar way for the
determination of other force and moment coefficients.

The foregoing discussion may convey some idea of
the complexity of a real-time flight analysis computer
setup. Considering the processes of comparison, and
generation of forcing command, as well as circuits for
automatic optimization of the simulated coefficients, it
is reasonable to estimate the analog computer require-
ments for the scheme discussed at about 700 amplifiers
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with the usual proportion of associated nonlinear equip-
ment.

CONCLUSION

It is felt that present-day computers could handle
real-time flight analysis on a somewhat limited basis,
either switching in automatically additional informa-
tion channels as required, or performing a comparing
analysis on a few variables at a time. However, a full-
fledged real-time analysis giving a comprehensive, quan-
titative evaluation, adequate to understand the “how”
and “why” of all flight events, may exceed present com-
puter capability.

The described analysis scheme, which is one of vari-
ous possibilities, requires approximately 1300 amplifiers
and proportional nonlinear equipment. The mechani-
zation and solution of a problem of this size is feasible
with existing analog computers, if enough time is avail-
able to make the proper checks and adjustments before
a run is made.

However, when tied up with actual missile firings, no
additional time can be permitted for the readying of the
computers, because there are already too many other
delays caused by instrumentation which aggravate the
flight experiment of missiles.

There seem to be two possible answers to this prob-
lem. One is that digital computers be large enough to
solve in real time a set of equations of the indicated
order of magnitude. The problem of having digital com-
puters always ready on a standby basis could be more
easily solved. The second possibility would be the
addition of automatic checking and adjustment fea-
tures to the analogs working reliably enough to have an
accurate performance of the analog computer assured
every time a missile is ready to go. The combination of
analog and digital computers may offer some promise.

Although the outlined computer requirements may
appear formidable, the benefits to be derived from these
computer capabilities make the effort to be expended
worthwhile. The achievement of real-time flight analy-
sis for conclusive evaluation of missile flights and for the
control of these expensive and complex experiments will
bring an advance to all guided missile programs which
is so significant that it should be given fullest attention.
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Industry’s Role in Supporting High-School

Science Programs

J. 0. PAIVINENY, Chairman

N introductory statement was presented by the
chairman, a member of the WJCC Technical
Program Committee. He pointed out that the ob-

jective of the meeting was to bring information on co-
operative industry-school programs to the attention of
interested computer people as well as invited high-school
principals from the Bay area (20 out of 100 invitees at-
tended). Through this meeting, the computer industry
expressed interest and willingness to cooperate in addi-
tional similar programs wherever the need may be evi-
denced by schools or teachers. It is not the intent to re-
strict such programs to involve computer technology
only, but to participate in broad science programs in-
cluding a computer portion. In this way, students aim-
ing at careers in science will be exposed to computer
techniques as one of their available tools, while poten-
tial computer people will have attained a broader grasp
of basic technology.

Dr. Paul Hurd, Chairman (Professor of Science Educa-
tion at Stanford University, Calif.)

Dr. Hurd portrayed the program as illustrating ex-
amples of cooperation between industry, professional
people, and civic groups, working with high schools to
enrich the technical exposure of high-school students.
The needs of our society have expanded from one in 300
employees in 1900 needing a scientific, engineering, or
mathematical training for their positions to one in 37
needing such training in 1958. The trend is still in-
creasing for such training. Conversely, schools need the
help of industry and civic groups to establish such pro-
grams not only to avoid increasing the teacher’s burdens
but to bring to the teachers a knowledge and back-
ground in newer areas of technology and science. Ex-
amples in the program will point out that the success of
cooperative programs depends always on both an in-
terested teacher and interested community members to
participate in the extra work. In summary, the examples
in the program show how a new dimension can be
brought to education in which the community itself
takes an active part by contributing time, technical
skills, and support to enrich high-school and junior
high-school programs.

1 General Elec. Co., Palo Alto, Calif.

Darryl Littlefield (Physics and Science Teacher, Liver-
more Union High School, Livermore, Calif.)

An elective course is offered as part of the curriculum
at the high school to cover applications and program-
ming of the IBM 650. The objective of the course is to
convey a real appreciation of the power and applica-
tion of computers in modern research, engineering, and
business. Problems are generally of a nature that would
not normally be encountered by high-school students.
Littlefield and Herman Thomas of the Math Depart-
ment cooperate in the project.

The course stemmed from Littlefield’s contact with
the 650 at the Lawrence Radiation Laboratory (Uni-
versity of California) at Livermore and his consequent
interest toward using the community resources to es-
tablish programs of real educational growth for his
students. Dr. Sidney Fernbach of the Radiation Lab-
oratory acts as consultant for the course while the Lab-
oratory makes available machine time for use by the
students. The Radiation Laboratory has also made
available charts, models, and speakers for the class-
room.

The benefit of a week-long seminar on computer in-
struction for teachers and engineers, arranged by Dr.
Van Etta of Hughes Aircraft Co. of Los Angeles, was
stressed. As another part of the school program, the
construction of a relay binary adder-subtractor by two
students using parts donated by Pacific Telephone and
and Telegraph and IBM was mentioned. Dr. LaFrangi
of the Radiation Laboratory acted as advisor.

High

Joanne Watkins (Senior Student, Livermore

School, Livermore, Calif.)

Programming to solve the motion of a projectile in
vacuum was described and flow charts, coding sheets,
and plots of trajectories for varying initial elevations
were shown. The course was enjoyable because it was
new and interesting and has given a background ap-
plicable even to other computers, together with an ap-
preciation for what jobs can best be done on computers.

Doug McMilin (Junior Student, Livermore High School,
Livermore, Calif.)

A payroll calculation on the 650 was described and
the input and output card layouts, flow charts, and
programming sheets shown. The main points of the
calculations were described. Personal access to a ma-
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chine was found fascinating and mathematical principles
in practical use enjoyed. The training in logical thinking
was valuable and resulted from working a problem as a
whole, with simultaneous attention to detail, while ob-
serving the strict rules of computer programming.

Tom Doyen and Ross Harrower (Students, Livermore
High School, Livermore, Calif.)

The operation of the binary adder they had con-
structed was explained, including mention of subtrac-
tion by complements. A demonstration followed the
description.

Dr. Sidney Fernbach (Staff Member, Lawrence Radia-
tion Laboratory, Livermore, Calif.)

Other cooperative programs supported by the Radia-
tion Laboratory were described. A high-school commit-
tee attempts to get students interested in individual
projects, providing advisers on such topics as rocketry
and nuclear energy. Speakers are also provided for sci-
ence clubs and classrooms, and student tours are ar-
ranged at both Berkeley and Livermore Laboratories.
Training of high-school teachers in modern physics is ar-
ranged through summertime and parttime employment
where three lectures per week are provided on com-
puters, modern physics, and chemistry.

High-school students have been employed during the
summer to convey a working knowledge of laboratory
procedures; this summer, participation requiring even
Q clearance will be arranged.

Finally, general scholarship is encouraged by trying
to increase student enrollment in college preparatory
courses and by arranging for awards from the commu-
nity for outstanding students.

Henry Martin (Physics Teacher, Palo Alto High School,
Palo Alto, Calif.)

Five to six years ago, industry help was sought in
guiding the efforts of students who evidenced their
eagerness to learn by after-hours and Saturday use of
school facilities and the laboratory. However, little
success was encountered due to the lack of any concrete
program that Martin and the short-handed science staff
had time to generate. This stalemate was broken in 1957
by a consultant from the Joe Berg Foundation, 1712
South Michigan Avenue, Chicago 16, Ill., an organiza-
tion that volunteers help in establishing an initial rela-
tion between industry and schools. This resulted in the
Palo Alto Science Seminar, which is an entirely locally
conducted program. Fifty-two weekly sessions are con-
ducted throughout the year, with 1 to 11 hours of each
session devoted to a general program given by an in-
dustry expert or a panel discussion with subsequent
group discussions specializing in chemistry, geology,
biology, physics, engineering, and mathematics. A stu-
dent joins at about the tenth grade level and will ulti-
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mately undertake a project of interest to him with
the counselling available of a volunteer industry pro-
fessional. Industry also provides equipment, speakers,
demonstrations, and sometimes facilities where the
student often works in proximity to an engineer or a
scientist. Advantages to the students include familiar-
ization with work conditions and opportunities, oppor-
tunity for individual creative study (since projects are
not group efforts), personal satisfaction of a hobby with
prestige value, and the opportunity to seek and earn
scholarships.

Advantages to industry include an early encouraging
hand to potential Ph.D. scientists, an opportunity to
demonstrate to a broad slice of the community that
scientists are normal human beings with families and a
sense of humor, and an opportunity to contribute to the
community and the future of our country.

Other programs recommended in closing for indus-
try’s consideration are:

1) Participation of students as well as teachers at
professional dinners and educational programs ar-
ranged by industry.

2) The assignment to some member of a company
management team the specific responsibility of
support and cooperation in educational affairs.

3) The opportunity for students on field trips to
spend sufficient time with the engineers and sci-
entists to gain some insight into the significance of
the projects or laboratories visited.

4) Summer jobs for students which will increase their
knowledge of industry practices and expectations.

5) Screening and testing programs to select out-
standing students to receive substantial scholar-
ships.

6) Summer schools at local universities so that
students can see what they will be up against in
the future.

7) Public competitions for scholarship so that recog-
nition could be given in a manner comparable to
school athletic letters and Father’s Club dinners
for athletes.

Larry Hubbart (Student, Palo Alto High School, Palo
Alto, Calif.)

Hubbart’s construction of a test stand as well as his
subsequent experiments in measuring the lift of rotating
airfoils (similar to an inverted pie plate) were described.
An engineer from Hiller Helicopter Co. acts as adviser:
his contribution was described as helping to suggest
directions of investigation to pursue as well as to help
maintain morale when the project appears to bog down.
The test stand consisted of a counter-balanced scale
with a drive motor and a photocell rpm counter. Air-
foils of varying shapes and textures (some with added
ducts) have been measured. The project was described
as representing a success “even if it never leaves the
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ground” due to the experience it provided in how to con-
duct an experiment and how to present the results.

Mike Macauley (Student, Palo Alto High School, Palo
Alto, Calif.)

An experiment in combatting muscle fatigue by in-
jected chemical solutions is being conducted. A rabbit
is anesthetized and muscle contractions are caused by
mild electric shock until exhaustion occurs. Injection of
a mild hydrogen peroxide solution results in acceleration
of the recovery: recovery periods range from 3 minutes
for a 3 per cent solution to 0.3 second for 15 per cent.
Hydrogen peroxide was chosen due to the safe decom-
position products; procedures are followed to safeguard
against bubble formation in the blood.

The insights gained into medicine and medical re-
search have reinforced interest in entering the field of
medicine.

Wallace Burton (Engineer, R-S Electronics, Palo Alto,
Calif.)

The YMCA Men’s Club, in seeking to further en-
courage science students and to provide recognition for
work done in the Palo Alto Science Seminar, chose to
present an annual Palo Alto Industry-Youth Science
Show. The show presents awards to outstanding student
science projects and also presents an opportunity for ex-
hibits by local industrial firms.

Announcements of the show with award categories
are sent to all the high schools in the Palo Alto district
and a participation of about 10 per cent of the students
is experienced (the only other such event, the Bay Area
Science Fair, accommodates only 1 per cent of the Palo
Alto students). Three categories of participation are
provided: 1) physical sciences, 2) biological sciences, and
3) technical reports (given orally in competition). About
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one-half of the industrial firms contacted responded
favorably to requests for financial support and indus-
trial exhibits. In the first year, industry met $650 of the
$850 expenditures, and this year the show will be self-
supporting together with an expected elimination of the
club deficit.

The Science Show provides wide recognition to
students through substantial adult attendance as well
as the interest and awareness of the industry people who
work as judges and exhibitors for the show. The Men’s
Club provides the planning and organizing for the show
so that the participation of the various schools can be
drawn together into an integrated plan, this having been
found necessary to obtain effective support from in-
dustry.

Even smaller communities can establish Science
Shows. Community members are sure to lend help if
given an opportunity while local commercial business-
men would undoubtedly help support the expenses.

A member of the audience (Siaff Member, Systems De-
velopment Corp., Los Angeles, Calif.)

Educational support activities performed by the
staff at Systems Development Corporation were de-
scribed. At the junior high-school level, package lec-
tures are available in 1) data processing, 2) automatic
feedback, 3) binary and octal notation in programming,
etc. For the high-school level, talks are available in 1)
concepts of programming, 2) environmental simulation
in aif defense, etc. City colleges have available 1) com-
puter design philosophies, 2) logic design, 3) comput-
er system design, etc. A symposium has been held for
teachers in “Implications of the Computer Age for
Teaching Mathematics” while other lectures and spe-
cial courses on programming and advanced math for
high-school students have also been provided.




