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FOREWORD

The study progress described in this report was accomplished
during the period 22 January 1962 through 28 February 1962 in
partial fulfillment of the requirements of the Specification

Design Study under Contract AF 29(600)-3300.

ABSTRACT

oN
This- report-dsscribessihe vt F-WSMTN™ progress o€ a Specifi-
- is reporfsd,

cation Design Study for flight testing inertial guidance sys’cemsf
Areas of effort accomplished dwaiag.the-nepomting-pewied include
continued development of the error simulation program, partial
establishment of a recommended ground tracking system, and

survey of existing data handling facilities. Turther trajectory,
thermodynamic and aerodynamic analysis, additional layout of the
final stage vehicle, PCM &and FM telemetry criteria development;?
initial design of;ithe control.sutopilot system and partial test item

integration were accomplished



CONTRIBUTING ORGANIZATIONS

The GEM study program at the Space Technology laboratories, Inc., is

being accomplished by a task force organization, the members of which
come from the several laboratories and departments. Listed below by

name are those engineers who have contributed effort to the progress

described in this report. 4
INERTIAL GUIDANCE AND CONTROL LABORATORY

Inertial Guidance Department

L. N, Jenks )- GEM Task Force Director

B. R. Ackerson I . ‘

B: H: Fvans )- Test Itém TIntegration

R. A. Bain, { - External Tracking System

K: H: Baird / )_ L .

G! R, SHoeok l_.g .. ’Iblem‘etyry,“.,l oo : .
J. P, Miller - Inertial Guidance Testing
M. F. Popelka - Survey and Optical Alignment

R. A. Moore ' )
J. R. Westlake )
Controls Department

E. P. Blackburn Control System Analysis
R. J. Goad - Control System Analysis
H. Kaichi Control System Analysis
R. B. Sherwood Control System Analysis

GUIDANCE LABORATORY
Redio Guidance and Tracking Department

R. Anders ~  External Tracking and Command Guidance
W. R. Sorkin - External Tracking and Command Guidance

SYSTEMS RESEARCH LABORATORY
Systems Design Department

Frror Analysis and Simulation Program

L. Becker -~ Booster Configuration - FSV Design
P. C. King - Booster Configuration - FSV Design
C. A. Knight - Booster Configuration - FSV Design
J. Orr -  Antenna Design

Systems Analysis Department

B, A, Wine - Trajectory Analysis

AEROSCIENCES LABORATORY
Aerodynamics Department

G. Lippmann -  Aerodynamics
H. R. Wilkinson - Thermodynamics

COMMUNICATIONS LABORATORY
Communications Equipment Department

G. S. Kasai -  Antenna Design
J. A. Cone - Antenna Design

PROPULSION LABORATORY
Propulsion Development Department

B, Siegel - Attitude Control
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INTRODUCTION

On 15 November 1962, Space Technology Laboratories, Inc. was placed
on Contract AF 29(600)-3300 with AFMDC to accomplish & preliminary
engineering design for the GEM (Guidance Evaluation Missile). This
design effort is to be completed within four .and ‘a -half months:of.
the above date with the final report being submitted within six
months.

The obJjective of this engineering effort is to provide the specifica-
tion design and wmethodélogy to implement non-destructive testing of
inertial guidance systems and components through use of a pre=-
programmed flight test vehicle. Included therein is the ancillary
instrumentation to provide the precise meaningful data required to
accomplish inertial system evaluation. The detailed objectives of
this design effort are contained in the Statement of Work AF 29(600)-3300.

The STL design study effort is organized in three main task areas, these
being further divided into sub tasks. Appendix 1 is a diagram of this
task layout as proposed for accomplishment. Generally, once the GEM
test philosophy, test objectives, and test conditions have been es-
tablished, the study is divided into three areas; analysis requirements,
trajectory requirements, and test item requirements. Inspection of
Appendix 1 will indicate the further subdivisions and interface of the
tasks. Fach block of the task iayout is the responsibility of some
individual or organization within STL. Further, the GEM task layout

is based on a rough four-month time scale, reading from top to bottom

chronologically. It is to be noted that such a layout is essential for
planning, guidance, control and coordination within the Task Force and
should not be interpreted otherwise. Obviously, such a layout must be
flexible so as to be subject to possible modification as problem areas

are disclosed and design criteria becomes progressively defined.

Discussion of the study progress during the reporting period which
follows may more easily be followed by occasional reference to the
task layout (Appendix 1). By so doing, the reader will readily obtain
a clear picture as to detailed task interface and study progress. Task
accomplishment to date is shown on Appendix 1 as cross-hatched and

shaded areas.



This report discusses the engineering effort that has occurred
subsequent to that effort covered by the first and second months!

report. References (1) and (2).

Paragraph II (Progress During Reporting Period) covers the con-
clusions and the significant study features. The various appendices
provide the study detail, as known at this time, some of which may

be a repeat of portions of Paragraph II. Further, some of the

detail included may appear to be a repeat of previously reported

data. However, it has been updated and is included to lend continuity
to the reader. This is particularly true of the thermodynamics data.



IT.

PROGRESS DURING REPORTING PERIOD

A.

Establishment of Test Philoscphy, Test Objectives and

Test Conditions

This subject was initially defined in Reference 1 early in
the study program. However, further consideration has led
to the conclusion that the subject of GEM guidance system
testing should recelve additional attention. It is particu-
larly desired to establish a more definitive test obJective
for system testing, focused on guidance system accuracy de-

termination for operaticnal ranges and enviromment. Study

of this subjecﬁ is now underway and will be reported upon in
the final report.

Trajectory Requirements

10

The two trajectory programs, as reported in Reference 2

at the end of the last repcrting period remain the same

as far as sequence and objectives are concerned. However,

the recent receipt of dats on the ALGOL II improved perform-
ance has necessitated the re-running of the trajectory
programs which has resulted in some modification of the
trajectory parameters. The improved ALGOL performance
reflects increases in the thrust level and in propellant
loading through the change in greain design; however, the
overall burning time remains unchanged. Further, the new
trajectory runs reflezt the increase in payload weight of

the final stage vehicle %o 1374 pounds from the previously
assumed weight of 1,000 pounds. Tentatlve event schedules

are shown in Figure 1 and Figure 2. The resulting trajectories,
pitch programs, and impact locatione are described in Appendix
2. It is considered at this time that these trajectories for
Programs A and B are now firm and will not be altered for the

duration of +this study.
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PROGRAM 1A EVENT SCHEDULE

EVENT

1. Launch

2, First Stage
Burnout,
Separation,
Jettison Fairing

3. First Stage
Displacement

4, Ignite Second
Stage
5. Apogee

6. Second Stage
Burnout,
Separation,
(flaps extend)

7.. Displace
Second Stage

8. Re-entry

9. Deploy Drogue
Chute

10, Deploy Main
Chute Cluster

11, Impact and
Recover

FIGURE 1
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TIME (sec)

0-0

60,0

62.0

80,0
116.0

128, 0

130.0
215, 0

324, 0

334.0

660.0

ALTITUDE (ft)

4,000

250,900
266, 800

404, 000
543, 300

532, 700

530, 200
300, 000

15, 000
13, 400

4, 000



PROGRAM IB EVENT SCHEDULE

EVENT
\ 1. Launch
i 2. First Stage
Burnout,
p- .6 a @ Separation
4 Jettison Fairing
@ m 3. Displacement
l First Stage
h ‘ 4, Coast
! @ ﬂ 5. Apogee
6. Ignite Second
—_— Q Stage
7. Second Stage
| @ Burnout,
ﬂ * Separation
3 8. Displace
l —\ @ Second Stage
9. Re-entry
;. ﬂ @ 10. Deploy Drogue
C; Chute
11, Deploy Main
Chute Cluster
12. Impact and
’ Recover
FIGURE 2
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TIME (sec)

0,0

60.0

62.0

331.0

538.0

586. 0

588.0
708. 0

817.0

827.0

1147, 0

ALTITUDE (ft)

4, 000

251, 000

266, 800

1,314,100

700, 000

565, 500

565, 000
300, 000

15, 000
13, 400

4, 000



B.

PTrajectory Requirements (Continued)

2.

Trajectories are currently being run using a vehicle made up
of Pershing A-l as the first stage and Pershing B-2 as the
second stage with the 1375 pound payload for the purpose of
determining the resulting performance. The results of this
trajectory program will be reported upon in the final report.

It was of interest to briefly evaluate the performance of the
GEM configuration when used as a range calibration. vehitle.
This evaluation involved simulating a trajectory with a B-2
stage firing immediately subsequent to the ALGOL burnout to
achieve a high velocity and altitude. The performance para-
meters of the combination a&reiindicatedi in Figure 29 of -
Appendix 2.

Final Stage Vehicle Design

a., Thermodynamics - The completion of the thermal analyzer
program has been accomplished for the various stations on
the final stage vehicle and for the various combinations of
structural material and AVCOAT under consideration. The
conclusion reached from this thermodynemic analysis is that
with a .1 inch coating of AVOOAT on the sensitive areas of
the structure, the temperature rise within the structure
members will remain below the maximum that can be tdlerated
for structural integrity. Complete details of the thermo-
dynamic analysis 1s contained in Appendix 3. It should be
noted that some of the data contained therein is similar to
that which was contained in a previous monthly report; however,
this data has been jupdated and is included for continuity.

b. Aerodynamics - The aerodynamics analysis has been principally
completed, the results of which are included in Appendix 4.
Computation of force coefficients and centers of pressure for
ascent and descent vehicles and pressure distribution on these
vehicles at various points along the respective trajectories
has been achieved. Effort was also extended to obtain a flare
configuration on the entry vehicle that would provide stabilized
aerodynamic characteristics throughout the descending portion of

-8 -



C.

the trajectory. Study was also accomplished to determine
the drag resulting from the protrusions of the lateral dis-
placement rockets mounted on both the ALGOL and B-2 engines.
It is considered that the aerodynamic effort for the GEM
study has been concluded at this time.

Bending Mode Calculations - have been recomputed three times

due to the variance in requirements. Initially, the run was

- based upon standard ALGOL data and 1000 pound payload. The

second run was based on improved AIGOL data and 1000 pound
payload. The computations now under way reflect the 1375
pound payload, it being anticipated that such is the final
data.

Structure Design - Drawing number PIR8-012 shows the con-
figuration of the complete GEM vehicle for both Program A
and B missions. Analysis has disclosed that the Pershing
B-2 stage 1s structurally adequate for the Program B arrange-

ment flight loads and overstrength for the A arrangement loads.
The FSV, conversely, is designed to sustain the flight loads
imposed by the Program A arrangement and is overstrength for the
Program B arrangement. The differential strength factor is not
too extreme and the weight penalty for standardization of major
components is small. It will be noted that the final total
vehicle length is approximately 55 feet 9 inches for either
mission.

Detail design of the Final Stage Vehicle (Program A and B)

are shown on Drawings PD28-013 and PD28-014. It may be noted
that the test item (Inertial Guidance Unit) has been placed
forward. (Forward is considered to be in the direction of the
Re-entry Shield). It has been found that the higher density
equipment located in this region will not require the volume
depth considered earlier.

The higher density equipment consists of the dual Strobe
beacon system, and the power supply. All other equipment will
mount between the parachute compartment and the test item(s).
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Structure Design (Continued)

Another factor contributing to the forward placement of the
test items was the requirement for guidance windows. The
former position would have located such & window in the flap
region. The present arrangement allows the window to be in-
stalled in the constant-segtion monocoque skin.

Design of the aerodynamic flap has progressed and each flap
now has a large removable center section. Beneath this
removable section on the FEV exterior is a structural door,
allowing access to electronic equipment. Aerodynamic tunnels
are now located on the FSV exterior. These tunnels mount the
cold gas nozzles, valves and pneumatic lines, leaving the FSV
interior unobstructed for the test item installation. The
strobe lights are placed behind a high temperature shield at
the forward end of the tunnels.

The re-entry shield releases from the FSV at the instant of
parachute deployment which fully exposes the Trussgrid honey-
comb energy absorber so as to best meet design conditions. An
explosive thrust actuator has been provided to augment this
release. A reliable series of such thrust actuators commonly
used for the separation of nose fairings have been developed.
These units are capable of withstanding high tensile loads at
all times prior to detonation providing an ideal method for
retaining the re-entry shield.

Weight and Balance Effort

Work has been completed on the complete weight datas study for
Program A. This consists of a weight history, supporting

stage weight breakdowns, detailed weight breaskdown of the FSV,
weight, longitudinal center of gravity, pitch and roll moments

of inertia vs. time curve and a GEM FSV equipment list. As

some of the data is classified, this will be published separately
Similar data for Program B is forthcoming, it being essentially
the same as Program A, except for center of gravity and moment
computations.

- 13 -



f. Control Systems
Reaction Jet Control System

Design of the reaction jet attitude control system is being
refined. This control system provides pitch, yaw, and roll
stabilization during vehicle coast periods - between ALGOL
separation and Pershing ignition, and from Pershing separa-
tion to re-entry of the Final Stage Vehicle. Also, the
reaction Jet system will control the FSV in roll on re-entry
prior to parachute deployment.

The reaction Jet control systems designed for each GEM mission
A and B are quite similar although the requirements of each
mission differ. For mission A it is necessary to locate pitch
and yaw coast control jets (four in all) below the test item
at the periphery of the FSV. The four roll jets are placed
there also, and as the impulse required during coast on this
mission is low, the coast control system utilizes cold gas for
simplicity and reliability with little weight penalty. The
reaction jet propellant supply, contained in two cold gas
tanks and two hot gas tanks, and four jets used for re-entry
roll control are positioned above the test item about the
parachute canister. These Jets employ hot gas since the
impulse required to overcome the expected torques on re-entry
is high. (See Figure 7 , Appendix L4).

For mission B coast roll control is effected as in mission A,
cold gas jets below the test item, since the impulse required
is low. However, pitch and yaw Jets for coast must be situated
above the test item and will operate on hot gas because of large
impulse requirements., The re-entry scheme is unchanged from
mission A.

The attitude reference for this reaction jet system is a MIG
gyro package located in the FSV. Rate information is added
to the attitude error signals through lead-lag networks. The
output of these networks is utilized to trigger the gas Jet
valves "on" and "off". 'The thrust required for the gas jets
is: 14 1bs, pitch and yaw; 2.2 lbs., coast roll; 100 lbs.,
re-entry roll.

- 14 -



f.

Control Systems (Continued

Powered Flight Control System

The MIG gyros of the final stage vehicle serve as the attitude
reference for the powered flight control systems of the Pershing
and ALGOL stages. Commanded attitude rates are issued from the
timer-programmer and the gyro attitude error outputs are sent to
filters in each stage. This compensation consists of an in-
tegration to remove thrust misalignments, lead for rate informe-
tion, and lags to attenuate high frequencies. The output of the
filters drives the hydraulic servos. In both stages these actuate
Jet vanes located .in'the rocketcexhaust.: ...The'ALGOL gérvos. o
also rotate the fin tips.

The parameters of these autopilots are being selected to provide
adequate rigid body and flexible body stability as well as to
minimize drifts due to winds.

Dispersions
Although autopilot gains may be determined as a function of time

to negate vehicle drift due to winds, these gains will not be
realized in the control system. The required gain is often so
large that limiting of the servos occurs and mechanizing the
varying gain can be selected to give a reasonable approximation
to the optimum. Tt is the intent of the dispersion studies to
determine gains which will minimize drifts due to winds.

Airborne Transponders, Beacons and Receivers

A survey was performed of range safety and .radioiguidence and

tracking airborne transponder and beacon requirements for GEM.

FPS-16 radar (or radars) will track GEM for the purpose of
supplying trajectory information to a computer. From the
computer will come range safety and radio guidance command in-
formation which, when coded, will be sent to the missile by way
of a 40O mc transmitter. When received at the missile by a 400
me receiver the signals will be decoded (or demodulated) by
range safety demodulators or radio guidance demodulators and

appropriate control or destruct relays will be energized. In

- 15 -



order to accomplish this function three airborne units are
required; a C band beacon; a 400 mc receiver; and demodulstors.
All three units are "off the shelf” items and are described in
Appendix _ 2

Transponder requirements for the precise radio tracking of GEM
depend upon the selection of White Sands of a tracking system
which will meet GEM requirements. For planning and final stage
vehicle (FSV) design purposes a MISTRAM transponder was chosen.
The characteristics of this unit are shown in the reference.

Two airborne strobe beacons will be required on GEM for ballistic
camera tracking. There are surplus beacons available which were
built and have been used on the Atlas. These beacons will be
satisfactory if certain modifications are made. For example, it
will be highly desirable to have as many as 400 or more flashes

per flight as opposed to the present capability of the units to
produce about 60. In conversations with the manufacturers, it

is understood that a trade-off can be realized between light
intensity and number of flashes. The maximum range requirements
envisioned for GEM are about a factor of 3 less than the capability
of the present Atlas strobe beacon. Therefore, the beacon intensity
requirements could be reduced by about a factor of 9. This would
allow for an increase in the number of flashes per flight and
result in a significant weight reduction because a smaller charging
capacitor would be adequate. There are no major problems anti-
c¢ipated in obtaining the larger number of flashes desired or in

the integration of the units on GEM.

h. A/B Antenna Design

The final study of the GEM antenna system is underway, computer
runs for each ground station having been completed. Tentative
antenna locations are shown on Drawing PDP8-013 and PD28-01k4.
Details of the antenna effort to date are contained in Appendix 6.

i. System Operations
The tentative event schedule has been revised to reflect the

latest trajectories:

- 16 -



EVENT SCHEDULE

A CONFIGURATION B CONFIGURATION

EVENT EVENT INITIATED BY Time Altitude Time Altitude
(sec) (Ft.) (Sec)  (Ft.)
Launch Ground Signal 0  Lboo:GLi 0  kooo GL
Start Programmer Ground Signal 0 4000 GL 0 4000 GL
Control w/AILGOL System Ground Signal 0  Looo GL 0  Looo GL
S & A Armed 1st motion via o+ 4000 GL+ 0 Looo0 GI+
Ianyard
Program Pigch Rate Programmer 2 - 2 -
@ +0.187/sec
Program Pitgh Rate Programmer 10 - 10 -
@ +0.075 /sec
Program Pitch Rate Programmer 50 - 50 -
@ 0%/sec
Arm ALGOL Separation Switch  Programmer 50 - 50 -
AIGOL Separation Axial Accelerometer 60 250,900 60 250,900
@ near zero reading
Nose Fairing Same signal as 60 250,900 60 250,900
Separation
Assume Attitude Control Same signal as 60 250,900 60 250,900
w/FSV System Separation
Activate Timer lst Stage Separation 60 250,900 60 250,900
Displacement Rockets
Displace ALGOL Timer 62 266,800 62 266,800
Pershing Ignition Programmer 80 L4o4,000 538 700,000
Assume Cont. w/Pershing Sys. Programmer 80  40k4,000 538 700,000
Prog. gitch Rate o
@-0.11"/Sec (A)@-o 40”/sec(B) Programmer 80  kok,000 538 700,000
Program Yaw Rate .06°/sec(B) P;;ogranmer - - - 538 700,000
Program Pitch Rate @ 0°/sec  Programmer 123 - 581 -
Pershing Separation Axial 128 532,700 586 565,500
Open FSV Flaps - Assume Accelerometer
Contrcl w/FSV System
Activate Timer 2nd Stage Separation 128+ 532,700 586+ 565,500
Displacement Rockets
Arm 2nd Stage Dest.System
Displace Pershing Timer 130 530,200 588 565,500
Turn off pitch & yaw Accelerometer (at
Control on FSV
Arm Baro Switch "
Deploy Drogue Chute & Baro Switch 324.0 15,000 817 15,000
Drop heat cap
Activate Reefing Line Cutters Timer set by Baro 334.0 13,400 827 13,400

and Deploy Main Chute

Switch above

- 17 -
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Command Destruct Requirement
Discussion with WSMR Range Safety reveals that range safety requires
the ability to command thrust cut off at any time during flight. As
far as GEM is concerned, this specifically requires the ability via
the command link to accomplish the following:
(1) Command lst stage thrust termination and deny ignition of
the Pershing B-2, at any time during lst stage powered flight.
(2) Command 2nd stage thrust termination at any time during 2nd
stage powered flight.
It will not be possible to use the B-2 termination ports to
accomplish (2) as these ports do not become effective until 1k

seconds after normal engine ignition.
An operational schematic of a command destruct scheme suggested by
WSMR for GEM use 1is shown in Figure 3 .

GEM Model
The model of the complete GEM vehicle has been assembled and is
ready for transmittal. It is anticipated that the model will be
delivered to AFMDC at time of technical presentation.

- 18 -
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II. PROGRESS DURING REPGRTING PERIOD (Continued)

c. Analysis Requirements Effort

ll

Establishment of error coefficlent recovery requirement

was accomplished in Appendix 3, Reference 1. Further,
the Ground System Criteria was established in Reference 2.
Based on this, study of a recommended tracking system, a

telemetry design criteria, and continued error analysis

effort was accomplished, the results of which are dis-

cussed below.

Ground Tracking System

The tracking system configuration that has been used as

an example in the preceding progress reports is one in

which the basic measurements are range, range rate, the

difference hetween two ranges and the differences between

two range rates. This mechanization is arbitrary, of

course, and an equivalent system could be implemented in

many other ways. For example, the system could measure

angular cosines and cosine rates or range sums and range

sum rates. The important characteristic of the necessary

system regardless of how it is implemented are:

a.,

Range measurement by modulation of the courier using
phase measurements on the modulated signal. A
sufficiently high modulation frequency will have to

be used to insure adequate precision. Lower frequency

signals will have to be used to resolve ambiguities.

Range rate measurements on the carrier frequency - &
carrier frequency in X-band appears to offer the greatest

potential accuracy.

An Interferometric system of weasuwring anzles. This
entails wvidely sceparated stations with coherent phase
measurements of the differences between the signals
received at these sites. A technique for stabilization
of the electrical baseline length between these stations

will be necessary.

- 20 -
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d. Using the above stations, the frequency difference
between the received signals will have to be coherently
measured either directly or by differentation of the

phase measurements.

This type of system with state-of-~the-art components and
with thorough engineering and calibration procedure and
detailed data correction routines can provide the type of

accuracy necessary for GEM.

The airborre’ wntefina, apia parl.of the tracking system, should
not be a major source of error. The tracking system will be
phase coherent and the most important antenna characteristic
needed is phase stability. Different requirements are needed
to accurately measure range, range rate, two range differ-
ences and two range difference rates.

Range Measurement

Range measurements will be made by a phase measurement of a
ranging signal which will be modulated onto the carrier. The
antenna characteristic needed to accurately measure range is
a stable phase difference between a signal at the carrier
frequency and a signal at the carrier, plus or minus the
modulation frequency. After calibration, a change in this
phase difference, Z&\V, in electrical degrees, will cause an
error in range, [XR, in feet, given by
9

Ar - f-ﬁsa-M

To keep the error under .5 feet, then the antenna must have

a stable phase characteristic with frequency given by

ZSQ£é;.l8 x 1070 deg/cps

This linear relationship should hold over several megacycles.
For an example, with a modulation frequency of 5 mc and a

carrier frequency of 8 kmc, the phase shift at 8 kmc and
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(B)

(c)

R

that at 8.005 kmc should be stable relative to each
other to within .9 electrical degrees.

: ':4“~
J " ¢ .. antenna

antenna

beam
" range --—~—£i/// R, = range to base
to base leg Y 1 ieg receiver 1
receiver 2

RO = range to
central receiver

Range Difference Measurements

The tracking system will measure the differences RO - Rl and

RO - R2 on the x-band carrier. This measurement should be
made to an accuracy of .0l foot. The antenna should not
contribute more than .005 foot to the over-all inaccuracy.
At 8 kme, 1 wavelength is approximately 1/8 of a foot.
Four-hundredths of a wavelength or about 15 electrical degrees
would then represent .005 foot. This implies that the phase
shift across the entire beam through which a line of sight
passes should not change by more than 15 degrees relative to
another line of sight. Therefore, in general, the relative
phase shift across any two rays through the beam should be
within 15 degrees. (See above sketch).

Range Rate Measurements

Range rate is measured from the doppler signal which will
have an approximate value of (EﬁO/C)fo. Antenne phase shift
changes should not cause an error of more than .08 .cycles! .
per second which is about 30 degrees per second.
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This states that the change of phase shift should not exceed
30 degrees per second over the time of flight of the missile.
This may be violated at staging but should hold over eventless
portions of the trajectory.

(D)  Range Difference Rate Measurements

Range difference rates (R - ﬁl 2)&re‘determin.‘édofrb‘m:thepdbppler
, []

difference frequency which is about (fO/C) (RO - R1,2)° The

antenna should cause no error in these rates greater than ,0005

ft/sec. © - The difference in rate of change phase shift over

two paths through the beam should not exceed 1.5 deg/sec.

(E) Summary
For & carrier frequency of 8 kmc the following antenna phase
stability characteristic should be attained if the antenna is

not to be & significant source of error:

a, With respect to frequency .18 x .'I.O'6 deg/cps
b. With respect to time over the trajectory 30 deg/sec

Co With respect to different paths through 15 deg
the beanm

d. With respect to time for different paths 1.5 deg/sec
through the beam

Location of Tracking System Sites

Two sets of preliminary tracking system site locations have been
selected. This selection was made from a map study in accordance

with the criteria outlined in the second progress report. (Ref.(2). These
site locations have not been discussed with White Sands; they do
represent, however, what appears to be the best general area for

location of a tracking system to cover the GEM trajectory. The

latitude and longitude of the three stations are:

Set 1 Iatitude Longitude
Central Station 32° 11.75° 106° 13.6'
North Station 32° 23.2! 106° 10.6"
West Station 32° 14,2 106° 26.3"

The base lines are about 70,000 feet in length. This configuration
would require a minimum usable antenna beam width of about 115 degrees.
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L, Telemetry Effort

&8,

PCM/FM System (Continued)
The PCM telemeter system is free running and is independent of

the airborne digital computer. ©Such is required because of the
impracticability of designing one system to operate with a large
variety of computer bit rates. It is anticipated that on any
GEM test requiring the evaluation of the digital computer, that
elther the PCM system peculiar to that test system can be
utilized, or that buffers can be incorporated between the
computer and the PCM to permit extracting a limited number of
computer words.

Although the signal conditioning equipment specified for GEM
would most easily be obtained by modifying the existing
Minuteman (Autonetics) signal conditioner, the signal condition-
ing equipment envisaged is not complex and could easily be built

from & new design.

The PCM telemeter system per se, can be obtained by modifying

a Titan PCM system to fit the GEM requirements. This equipment
is available in several modified forms and with the exception of
the accumulator requirement would present no problem in design
or modification. The only major modification proposed is the
addition of six (6) accumulators to the system. However, with
the spare room already avallable in the unit, and with the
elimination of some Titan equipment not required for GEM, it is
possible that the accumulation can be added within the existing
unit with only a small increase in weight.

gym System

Appendix 8 contains details of the FM/FM system design criteria.
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Analysis, Simulation and Data Handling

The simulation effort is continuing but, due to unforeseen program
limitations, the results are by no means complete. The pertinent
facts that have come to light at this point are as follows:

A. The correlation between the bias and quadratic together with
a linear and cubic correlation will dictate an accurate pre-~
launch calibration for the constant and linear terms.

B. The coefficients in the drift expansion for both the SDF and
TDF gyros will probebly require at least two flights for
complete determination.

C. The addition of radar noise did not materially affect the
coefficient recovery. The noise had sthe following high and
low frequency RMS values:

(1) men: T .02, %% =.002,% = .5 & T =02

Q P -
(2) ILow: 01:: .01,05'.&5‘;- ~OO3:GE= 03,‘:;-- GQ-:cOh

The results are far from complete as previously mentioned;
consequently, rather than quote out of context, the conclusions

will be delayed until they are more securely based,

The analysis covering geophysical data inputs with reference to

survey accurscy requirements has been completed. The component cali-
bration accuracy requirements formed the basis for this analysis. The
free flight bias determination has been analyzed with regards to
telemetry requirements that are imposed.

The required transformations have been formulated but are not in-
cluded in this report since their inclusion in the final report
appears to be more appropriate. The flow diagrams outlining the

data flow and data handling have been completed and were discussed
with the personnel of the AIMDC/HAFB computation center. In addition,
a recommended "quick lobk" anelysis program is being formulated.
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IT.

PROGRESS DURING REPORTING PERIOD (Continued)

D.

Test Item Requirements

1.

Study of the integration of various guidance systems into
GEM has been partially completed. The systems given con-
sideration to date are the Minuteman N1O and the MIT 2-16.
Effort is being initiated to examine the Sting systems
(both Kearfott and ASCP, although they are similar).. The
purpose of such investigations is to determine if indeed

specific systems can be integrated into the GEM system as
currently being designed. The results of these investiga-
tions documented in Appendix 9.

Design of the final stage vehicle test item compartment has
incorporated easy access to both test items. Such access
will facilitate test item maintenance and adjustment inl#&he
missile asséhbly area and while on the launch pad. Drawing
PD 28-015 illustrates test item access.

The general approach and techniques to be employed as well
as the equipments to be used have been specified for the
GIM missile and platform alignment, control and monitoring.
It is currently envisioned that commercially available
photoelectric autocollimators, Bilby towers and theodolites
will be employed. Specific recommendations as to the
assocliated facilities requirements so as to insure maximum
stability are currently being prepared.

Establishment of a design criteria for an inertial test

fixture (GEM/USITF) to test inertial components has progressed,

the criteria being modified by some fundamental changes in

philosophy over the draft published in the January report.

(Reference (2)). The revised criteria is contained in

Appendix 10.

a. It is assumed reasonable to test gyros by caging with their
own output current. This current will measure both plat-
form drift and test specimen drift so it will be essential
to minimize platform drift.
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(2) Instrumentation Sensors

(3)

(a)

(b)

(c)

Two accelerometers normal to thrust, that is in
X, ¥ plane capable of measuring a maximum of
500 £t/sec to within 1 part in 20,000.

One accelerometer parallel to thrust capable of
measuring a maximm of 8,000 ft/sec within .16
ft/sec accuracy. 1 part in 50,000.

Note: This position on test platform will be
used for an accelerometer test item when test-
ing accelerometers.

One star tracker to measure azimuth orientation
while in flight to within * 10 Bec.

Test Specimens

(a)

(b)

(c)

(a)

One accelerometer || to thrust for evaluation of
S.F., aa, a3 terms. (This position may be used
for instrumentation in testing gyroscopes.

One accelerometer 45° to thrust for evaluating
bias and cross terms. This position may be used
da- gyrovahd trecker testsg: v losin,

Two gyroscopes, one with sensitive axis away from
normal plane so that compliance terms can be
verified, and one with sensitive axis in thrust
plane for evaluation of unbalance terms.

One star tracker as test specimen. Note: This
position will be used by iﬁstnmentation tracker

in gyro tests.



II1.

ACTUAL PROGRESS VERSUS PLANNED PROGRESS

Progress during the third mounth has resulted in study completion

in many areas. Specifically, FSV structural layout, FM/FM and

PCM telemetry layout, test ltem integration, trajectory analysis

and the ground tracking system layout have essentially been
finished. The control system effort and the analysis/simulation
program are the major areas yet to be fully completed and correlated
within the overall study.

Anticipating such piecemeal progress early in February, the Contractor
(STL) advised AFMDC of the advantage to be gained by AFPMDC in modi-

fying the time schedule of the technical effort. It was emphasized

that such a time modification would yield a more complete coalescence
¢fithe various technical efforts when merged to form the final design
criteria. This recommendation was accepted by AFMDC and the contract was
modified to extend the technical study effort by 15 days.

At this time, it is the contractor's strong feeling that, with the
above extension, the following time schedule will be realized:

a. Completion of technical effort - 15 March 1962
b. Verbal presentation - 29/30 March
¢. Draft of final report to AFMDC - 15 April

d. AFMDC return draft to STL - 10 May

e, Final report to AFPMDC - 1 June



POSSIBLE SOURCES OF DELAY TO THE STUDY EFFORT

The only forseeable source of possible delay at this time lies
in the simulation program. ICBM computation priorities could
result in slippage of the GEM digital simulation program. How-
ever, 1t is felt that this is of no great concern and the
completion date will be 15 March 1962.
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