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ABSTRACT

PHOENIX MISSION SIMULATION TEST
by
Laurence Eugene Sellers

Master of Science in Engineering

This Graduate Project Report describes the effort undertaken in
forming and implementing the idea of a functional missile test
composed of a simulated launch of a Navy PHOENIX air-to-air radar
guided missile, and collecting continuous missile performance data.
The missile test and data collection system is called a MST (Mission
Simulation Test). The MST consists of a MTP (Missile Test Program)
to control the missile, and an A/D (Analog to Digital) Driver program
to collect the performance data.

The main goal of this project was to design the missile test and
data collection system, without violating the hardware and-software
configurations of the AN/DSM-130(V) GWTS (Guided Missile Test Set);
and to use the MST as part of the acceptance tests a missile must
pass before final acceptance is approved by the Navy. This goal has

been achieved.



CHAPTER 1
INTRODUCTION
1.0 Background

A MST (Mission Simulation Test) for the AIM-54A PHOENIX missile
is needed to improve the missile test capability of the MECCA (Missile
Environmental Computer Control and Analysis) Syétem; The MECCA system
was developed by the Navy at the PMTC (Pacific Missile Test Center),
Point Mugu, California, for use in support of missile PATE (Production
Acceptance Test and Evaluation). Housed in the PMTC Environmental Sim-
~ulation Laboratory, MECCA environmentally tests missiles in the'labora-
tory, prior to final acceptance by the Navy.

During the production of the PHOENIX, selected missiles from a
sample of each month's production lot is tested in thev1aboratory while
otﬁers undergo ground checkout and captive flight tests on F-14A air—‘
craft. These tests assess the quality of each production lot by deter-
- mining compliance with reliability and performénce specifications.
Failures occurring in each test are considered in reaching the accept/
reject decision for the entire lot.

The MECCA system provides autbmatic control of combined envfron—
mental conditions such as temperature, altitude, humidity, and vibra-
tion. This system simulates the conditions of shipboard handling,
captive missile carry on an aircraft, and free flight of the missile.
it has the unique feafure of providing'automatic functioné] test of an

"operating" missile under environmental stress. The system is com-



prised of two primary subsystems; an environmental test, control and
monitoring system, and a missile test, control and monitoring system.
A diagram of the MECCA system is shown in Figure 1. |

The present PHOENIX test set, the AN/DSM-130(V) GMTS (Guided
Missile Test'Set), which is the missile test, control and'monitoring
system, performs functional tests on the missi}e, but only in a sequen-
tial manner. The proper stimulus is.sent to the missile via computer
control, and the corresponding missile response fs measured and recor-
ded. The response measured is only from one small unit of the missile,
not a "true" system level response. If one stimulus could be sent to
the missile, and all the missile subsystem responses measured and re-
corded at one time, then the true system response would be known. It
is precisely this feature that the MST possesses.

The MST consists of two computer programs. The first program
is a MTP (Missile Test Program) that powers the missile up, applies
the correct stimuli, and monitors the corresponding responses. The
MTP simulates a typical launch mission. The second program is an A/D
(Analog to Digital) driver to process PHOENIX performance data from
the missi]é test program. The A/D driver operates a HP 5610A ana]og

o digital converter. Missile responses from the MTP are recorded on
a Bell and Howe11, CEC/DATATAPE VR-3400 14 track magnetic tape unit.

Immediately after the MTP has completed the simu]ated 1aunch,
the tape recorded analog data are p]ayed back through thé HP 5610A A/D
converter. The missile responses are then "digitized" and outputted
in an easy to read format. True parallel data processing takes place.

A diagram of the MECCA system with the MST added capability is shown
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in Figure 2. Figure 3 shows a block diagram of the MST.

The MST 1is part of a continuing process of improving the MECCA

- system. It is anticipated, in the future, that a RFMTG (Radio Fre-

quency Moving Target Generator) will be incorporated into the MECCA
system.

1.1 Problem Statement

The PHOENIX missile GMTS does not have the capability to output
missile performance data in parallel. Present GLAT (Government Lot
Acceptance Test) procedures require the evaluation of the performance
of the missile as a complete operating system. The MST will give the
added capability to continuously sample the subsystem performance of
the missi]e, and simulatenously output subsystem performance data in

analyzed form.

1.1.1 Constraints
In order to have an operating system developed and ready for
operation for the FY-76 (Fiscal Year) procurement of PHOENIX missiles,

the MST added capability had to meet the following constraints:

TN n an - ~ ve 1 N
Time: A deadline of 30 June 1976 was established. This dead-

line allowed three to four months of MST va]idatidn and contractor ne-
gotiations before the MST would be used for fault isolation in missile
lot acceptance.

Money: The MST job task was funded under the existing customer
order number 6N3JC1IC. $25000 dollars was made available forv1abor
charges.

Manpower: The $25000 do]]afs created funding for approximately

five-six man months of work effort.
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AS - 4007 GLAT SPECIFICATION: The PHOENIX GLAT specification,

that contains all the rules and regulations of missile lot acceptance
testing, requires the AN/DSM-130(V) GMTS be the test set used for
PHOENIX testing, and requires the current contractor developed soft-
ware be the software used in missi]e testing.

Modifications: The GLAT specification also decrees that no

modifications to the AN/DSM-130(V) can be made except those that are
contractor/Navy approved. The GMTS must stay iﬁ contractor/Navy con-

figuration control.

1.1.2 Assumptions
v The following assumptions were made before the MST development
began:
(1) The AN/DSM-130(V) GMTS will be used for missile testing.
(2) The MTP will be implemented only on the PHOENIX GMTS.
(3) The MST will be modular, so changes and additions will be
easy to implement. |

(4) The MST must be easy to operate, and use minimum of

(5) The task must be accomplished at minimum cost.

(6) The MST will be operated by trained PHOENIX persohne1.

(7) The MST will have growth potential.

(8) Ana]og to digital conversion of»data will be employed.

(9) Missile responses will be accessibie via the missile
umbi]ica]5

(10) Missile signal characteristics (amplitude and frequency)

will be previously determined.



1.1.3 Questions To Be Answered By This Report

General Design Questions

1. Can the existing PHOENIX test set be used for A/D con-
version? _

2. Does the PDP-11 computer have the'capability of processing
data from the HP 5610A A/D converter? |

3. Can the HP 2116C and PDP-11 computers be used in combiﬁa-
tion to run missile tests and process missile reéponse data?

4. What tape récording capabilities presently exist in the
laboratory?

5. Will the MST allow real time data processing?

6. What computer 1angUage will be most useful for operator
ihterp]ay? |

7.  How much computer memory will be available for data
storage?

8. Will the HP 5670A A/D converter handle the expected data
rate?

9f Will a signal multiplexer be required?

10.  What signal conditioning will be necessary?

11.. Will signals be patched through the GMTS cross-bar switch
or through separate patches?

12. What signal conditioning capability presently exists in

the Taboratory?

Specific Design Questions

1. What type coaxial cable will be used?

2. What missile response signals will be monitored?



3. What sampling rate and amplitudes will Tlimit signal pro-
cessing?

4. What trigger source will be used?
1.2 Objective

The development of a MST will improve the MECCA test capability
by using the MECCA AN/DSM-130(V) GMTS, and the PHOENIX missile to
determine system response of the missile as it undergoes a typical

Taunch mission. The MST will be designed to coﬁtinuous]y coT]ect per-

formance data from all the major missile subsystems simultaneously.
The missile functional performanée will be evaluated for "system" per-
formance vice the "one stimulus-one response” performance presently
available.
1.3 Purpose

The MST will gfve quick assessment of missile performance for
a typical Taunch mission. The MST will aid in locating missile fail-
ures as a result of GLAT or environmental testing. It will provide a
"hands on" trouble-~shooting ability of the missile that is not

currently available.



CHAPTER 2
APPROACH TO PROBLEM

2.0 Define Instrumentation Requirements

A CAS (Control and Analysis System) was proposed as an addition
to the MECCA system in 1972, to enhance missile functional test capa-
bility. The CAS was never funded by the Navy bécause of a cutback in
developmental funds. |

The existing GMTS has a serious drawback in that although
several input missile stimuli can be computer controlled simultan-
ously, only one output parameter can be measured at a time. The pre-
sent mechanical cross-bar switch provides switching between missile
responses and the proper measuring device. The cross-bar switch can
only switch to one measuring device at a time. Thus, events may occur
too rapidly to be recorded by the existing system. Therefore, total
missile performance is difficult to evaluate, and missfle failures are
difficult to trace to specific causes.

The proposed CAS would have a]]oWed the recording of multiple
outputs through mu1tip]eking methods, data buffering, data filtering,
and magnetic tape storage. The use of digital computers as data con-
trollers permit easy modification and expansion. The system was speci-
fied to have up_to sikty—four signals sampled at 250'Hz; or fewer
signals sampled more frequently. Thus, total missile pérformance
could be recorded, evaluated, and post-test analysis could be per-

formed using the data recorded during the test.

10



11

The proposed system was to include, a 64 channel multiplexer,

a minicomputer (CPU), and a magnetic tape unit. An additional CPU énd
a line prfnter were necessary if the system was to have additional
flexibility for future system expansion and testing of a wider variety
of missiles. N

As an alternative to CAS the MST concept was proposed. The MST
concept provides an alternative in building a data acquisition system,
plus a missile test program to simulate a typicé] launch mission of
- the PHOENIX missile.

The proposed MST data acquisition system will include, as a
minimum, a 16 channel analog to digital converter, a minicomputer
(CPU), a 14 track FM (Frequency Modulation) analog magnetic tape unit,
and a line printer.

In the testing of the PHOENIX missile it is necessary to record
the sfgna]s listed in Table 1. This table 1ist$ the signal, and its
approximate rate of change. To faithfully record these signals it is
necessafy to sample each signal at a minimum of five times the rate of
change. The discrete, pulsed, and switched DC signals need not be
sampled as frequent due to their discrete levels. Since the missile
signals are essentially analog, provision.wi11 be needed for A/D
conversion; The A/D converter should have 10-12 bit resolution, with
a sampling rate of at 1east 500 Hz/channel;

BasicaT1y, the/missi1e data requirements dictated the need for
thé following equipment: | |

(1) A computer (CPU) to receive digital data, process it, and

output missile response information in a useful data format.
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(2) An A/D convertervto digitize the analog responses from the
missile.

(3) A magnetic tape unit to store missile performance data.

(4) Signal conditioners to buffer, scale, and amplify the
missile response data.

2.1 Definition of MST

2.1.1 Missile Test Program

The PHOENIX Mission Simulation Test is a simulated launch of a
real PHOENIX missile. The test is computer controlled by a MTP which
powers the missile up, supplies multiple stimuli to the missile, and
recordsrtime're1ated missile responses. Continuous missile responses
will be recorded on a 14-track magnetic tape unit. (See A/D driver
below).

The MTP will stimulate a]]rmajor subsystems of the guidance and
control sections of the missile. (Refer to Figure 4). The MTP will
1nferrogate the guidance section to find out if correct velocity and
angle tracking are taking place. Thé control section will be monitored
for proper steering responses. The steering commands in the control
section will be compared to the seekerhead angle tracking error in the
Vguidance section. The missile steering commands should null out the

angle tracking of the seekerhead. The control surfaces (flippers) will

be monitored to determine if the steering signals are of sufficient

magnitude and proper direction to "steer” the missile toward its inter-

cept point.

13
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2.1.2 A/D Driver

The second part of the MST, is to process continuous perfor-
mance data coming from the missile. The continuous data will be
buffered, scaled, filtered, and recorded on'a 14 track magnetic tape
unit. The continuous data, after being recorded, will be played back
through a data processing computer program call the A/D Driver.
(See Figure 5).

The A/D driver will accept the analog data from the tape unit,

digitize it, and store the digital data in a computer. The A/D driver

will sample the analog data at a specified rate.
The driver will have the options of sampling on one, or up to

“eight channels (sixteen later). The A/D will be "triggered" on a vol-

tage magnitude of the user's choice on all eight channels. The driver

will also have the capability of saving data before the trigger
actually occurs.

2.1.3 Data Processing

After the continuous performance data has been digitized and

4
i

o~ mnaa
stored

o
o
O
=
o
<

uter, data processing will begin. The data will be
Qutputted in tabular form for ana]ysis or it will be plotted.
An analysis of the data will also be possible. The digitized
data will be compared to baseline missile response data. If at any
time missile performance is hot within basé11ne to]erance$, the
data will be flagged and a printout of the discrepancy will occur. |
When a response is out of tolerance, the subsystem where the

" signal originates from will be identified. Special subsystem computer

15
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programs will be called in and for a more detailed test of the sub-

system.

The minimum data available after the MST has run will be:
(1) Standard GMTS printout (GO, NO-GO). |

(2) Computer listings of digitized data.

(3) A statistical printout (MECCA Catalog Routines).

(4) Computer plots of digitized data.

(5) Special subsystem data listings.



CHAPTER 3
METHODOLOGY

T

3.0 General ' |
Once the instrumentation requirements and the structure and con-

tent of the MST requirements were deffned, an investigation of the in-

strumentation and computer systems that were. available in the Environ-

mental Simulation Laboratory was conducted. If an instrumentation

system, that met the ideal requirements described in Chapter 2, could

be built with existing hardware, a major milestone would be overcome.

An investigation into the instrumentation applicability was performed

on the below listed equipment.

3.1 Instrumentation Investigation

3.1.1 PDP-11 Minicomputer Processor

A PDP-11 Computer, manufactured by Digital Equipment Corpora-
tion, was procured by the Environmental Simulation Laboratory for the
purpose of digitally controlling the numeyous environmental chambers
located within the Taboratory.

The PDP-11 was purchased, along with a standard ASR 33 TTY
(Teletypewriter) terminal and a CRT (Cathode Ray Tube) console. The
PDP511 was purchased without a software package. Abso]uterbinary
paper tapes, that contained the desired computer programs to run the
environmental chambers, were to be read in through the TTY terminal.
Abso]ute tapes were to be generated by a TYMSHARE computer program.

A1l the PDP-11 was capable of, was to read absolute paper tapes, and -

18



output binary tape via the TTY terminal.

The advantages of using the PDP-11 computer were:

(1) Computer for data processing would not be the same as for
controlling the missi]e. The HP 2116C would control the missile; the
PDP-11 would process the missile performance data. |

(2)7Rea1 time data processing would be possible.

(3) A general data processing system that could be applied to
any test of any missile or missile component woﬁid be available.

(4) The PDP-11 processor was\avai]ab]e, it was not currént1y
being used in any active Navy program.

(5) An A/D converter manufactured by Datel Systems, Incfwas
compatible with the PDP-11 and more than met the necessary data pro-
cessing requirements stated in Chapter 2.

The disadvantagés were:

(1) The PDP-11 has small data storage space. The PDP-11 has
12K core (4K in the processor plus 8K additional core). With Tess
than 16K core, the computer programs would have to be written in
assembler Tanguage.
| (2) The available A/D converter (HP 5610A) was not compatiable
with PDP-11 computer. Interface/buffer circuitry would have to be
either purchased or designed; or another A/D bought.

(3) It is inconvenient to program the PDP-11 computer without
having an operating software package to use with the PDP-11 processor{
(No EDITOR, ASSEMBLER or LOADER software is available). |
3.1.2 -The 1923 Time Data System

The 1923 Time Data System was a system procured for real time
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data analysis-of vibration frequehcy spectrums.  The system contained
a Comp]efe "analysis package" employing the FFT (Fast Fourier Trans-
form) technique for spectrum analysis. The 1923 system was hardware
limited to two analog channel inputs.  No further attempt was made to
make use of this system because of the two channel capability.

3.1.3 The HP 2116C Minicomputer Processor

The HP 2116C minicomputer, manufactured by Hewlett-Packard is
part of the PHOENIX missile test set. As an available computer, the
HP 2116C was also considered for applicability for developing a data
acquisition system meeting the requirements of Chapter 2.

Since the computer was part of the existing PHOENIX test set,
there were definite advantages for making use of it. The advantages
were:

(1) Personnel were familiar with the operation and programming
of the computer.

(2) The system had all necessary software and peripherals
(BASIC, FORTRAN, Assembler, Magnetic Disk, Magnetic Tape, Paper Tape
Input/Outbut Devices).

(3) The computer was convenient to use and was accessible.

The disadvantages were the following:

(1) There was limited core storage of missile performance data.

(2) No real time ana]ysis (same computerkwou1d operate both
the missile and data recovery system)»was possible.

“(3) Modifications would be allowed only if the integrity of
the PHOENIX test set was not violated (GLAT Specificatibn require—

‘ment).

o T e



3.1.4 Combination HP 2116C and PDP-11 Processors

The cbncept of using both computers simultaneously was also
considered. The HP 2116C would control the missile testing, and the
PDP-11 would take the missile response signals directly from the A/D
converter and store it. Immediately after the missile test had ended,
the HP 2116C would receive the digital data from the PDP-11 and
analyze it. The analyzed data would then be output to the HP72767A
line printer so the results could be viewed. |

3.1.5 HP 5610A A/D Converter

The HP 56}OA A/D converter is a general purpose converter,
consisting of a 10 bit converter, a Sample and Hold amplifier, and a
16 channel Multiplexer available with 1, 8 and 16 channels. The A/D-
converter has the option of working in either REMOTE or LOCAL modes.
The REMOTE mode puts the A/D under computer control. Each channel
can be randomly or sequentially accessed. The conversion time is
10 usec. The analog input range is + 10V full scale (15K ohms input
impedance).

The advantages of using the HP 5610A were:

(1) The HP 5610A was compatible with the HP 2116C.

(2) The A/D converter was not currently being used in an
active Navy program.

(3) The HP 5610A was easy to program.

(4) The 10 bit reso]ution'met Chapter 2 data requirements.

7 (5) The HP 5610A was physically compatible for rack mount
in HP 2116C equipment bay of the GMTS. | |

21



22

The disadvantages were:

(1) The HP 5610A was limited to é channel (16 channel expan-
sjon capability) operation.

(2) The HP 5610A was Timited to + 10V input range.

3.1.6 System 256-Data Acquisition System

.

‘The System 256 DAS (Data Acquisition System) manufactured by
Datel Systems, Inc. is a cdmp]ete computer input-output system for
analog signals. The system uses modules'to enabje the user to solve
any problem economically, while allowing future expansion flexibility.

The system itself is capable of handling up to 256 A/D channels
and 64 D/A (Digital to Analog) channels. The system can be purchased
with only 32 A/D channels and without any D/A capability. This system
more than meets all of the missile data requirements stated in Chapter
2.

The advantages of using the System 256 were:

(1) The system more than met Chapter 2 requirements.

(2) Future expansion was easy.

(3) The system had Hybrid computer interfacing capability.

(4) The system did not have to have ADPE (Automatic Data Pro-
‘cessing Equipment) approval.

The disadvantages were:

(1) The Datel system would have to be purchased. It would cost
“a minimum of $5000-6000 dollars.
(2) A software package would have to be developed or bought for

the PDP-11 (CPU). The System 256 interfaces with PDP-11 computers.



3.2 Design of Experiments

An experiment was designed to obtain the frequency and ampli-
tude of several missile performance parameters. The missile data
characteristics listed in Table 1, (Chapter 2) were obtained from the
PHOENIX LiS (Laboratory Integrated System). LIS is a Hybrid simula-
tion of the PHOENIX missile using real missile hardware. The signal
characteristics listed in Table 1 were a "best guess" estimate from
the LIS laboratory. It was felt a test would hélprsubstantiate or in-
validate the frequency measurements listed in Table 1.

A test was run on the PHOENIX GMTS to stimulate the guidance
and control systems of the missile. The response signa]srlisted in
Table 2 were recorded on a strip chart recorder. Amplitude measure-

ments were simultaneously taken by the GMTS.

MISSILE RESPONSE SIGNALS

FOR MST

MAX. AMPLITUDE NAME UP RN
+ 18 VDC Azimuth Steering Command (Vsh) 167 146
+ 13.5 VDC Azimuth Error (Vrh) 39 40

11 vDC ' Prelaunch Phaselock 19 146
+ 15 VDC VCLO Control Voltage ' 114 40
+ 10 VDC - Pitch Accelerometer Error 139 67
+ 10 VDC | YAW Accelerometer Errorrr 141 67‘,‘
> 4.5 VDCV Transmitter-0Oscillator MOAT .96 187

Output

+ 10 VDC ' Rol1 Attitude 7 ' .36 - 67
12 VDC | Timer Zero Set , , 137 67

Table 2 - Missile Response Signals for MST-

23
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| Frequency calculations were then performed on the VCLO (Voltage
Controlled Loca] Oscillator) control voltage of the missi1e. During
velocity search and acquisition, the VCLO control voltage changes at
the fastest rate of any of the missile response signals. Calculation
of the VCLO control voltage search frequency yielded apprbkimately a
20 Hz Waveform. (See Appendix B).

The difference between the calculated value and the Table 1
value of the control voltage waveform freqeuncywwas thought to be the
difference between the actual VCLO search rate frequency, and what was
thought to be a good engiheering guess as to the "steady state" track-
ing rate frequency. '

The 200 Hz signals Tisted in Table 1 were of even less frequency
than the VCLO control voltage frequency. It was not determined why
the Table 1 values did not agree with the findings of this experiment.

Considering the worst case, if there actually were analog sig-
nals of a 200 Hz frequency, the A/D converter has a maximum sampling
rate of 3.5 KHz per channel (17 times more). The 200 Hz signafs could
still be digitized and reproduced with 17 samples per cycle.

3.2.1 Signal Degradation

After the coaxial cables had been cut, laid in cable trays,
and appropriate connections made between the GMTS patch panel and the
TCR (Test Control Room) patch panels, experiments were condﬁcted to
determine signal degradation because of the additional load on the
missile from the cables.

Since typical missile response signals are of analog nature,

(high signal level, low frequency) only two types of signal degrada-
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tion were thought Tikely to occur: attenuation (because of loading
effects), and additional noise.

A sinewave generétor was used to determine signal attenuation
from Tine capacitance and resistance of the cables. No observable
attenuation occurred between 0-300 KHz: Above 300 KHz the.sinewave
generator did not maintain constant amplitude. No further attenuation
measurements were performed since the frequency range of missile re-
sponse signals was 0-200 Hz. | |

Signal measurements were made to determine the minimum signal
that could be transmitted down the lines with a good signal to noise
ratio. The signal was less than the 20 mv A/D resolution.  Most
missile responses occur in the 500 mv to 10 VDC range. Connecting
‘the coaxial cab]és, tape recording equipment, and buffer amplifiers
added no discernible hoise or distortion. Overshoot of 1 VDC square-
waves (3'KH2) was less than 10%. In summary, signal degradation to
expected missile response signals was negligible.

Several missile tests were run with the response data being
directly fed to the A/D converter and digitized. Several more missile
tests were run with the response signals digitized by the A/D con-
verter after being recorded on a tape recorder. Data compilations of
the two types data showed no difference between the two types of data.

3.2.2 Simple Assembly Programs

In order to perform the necessary analog to digital signal
conversion of missile responses, the A/D driver computer program had
to be written in assembler language. Assembler language is the

"simplest" language for a computer to follow and thus the most effic-



ient. The maximum sampling rate as determined from Chapter 2 data
requirements would have to be implemented into a software program,
in order to satisfactorily reproduce the missi]e's performance para;
meters accurately.

Two simple assembler language programs were written.to learn
how to write assembler language programs, and thus ultimately write
the assembler A/D Driver. The first assembler program written was a
simple program to punch onto paper tape, the nuﬁbers 1-256 decimal.
The second program consisted of a FORTRAN program and an assembler
program. This program allowed a driver for the paper tape punch to
be called from FORTRAN. The A/Dvdriver for the PHOENIX MST is called
from FORTRAN, and this small program was a learning step toward
writing the MST A/D driver. Appendix A contains listings of the
assembler language listings.

3.3 Formulate Design

3.3.1 Choose Instrumentation System

Consolidating the hardware investigation findings (Chapter 3)

and comparing them to the missile data reguirements (Chapter 2), the
following hardware options were open:
Computers: PDP-11 - Available
HP 2116C - Available
No option was consfdered for buying another
computer because of funding constraints.

A/D Converters: HP 5610A - Available

Datel System 256 - Not available (must be used

with PDP-11).

26
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Applying the funding constraint stated in Chapter 1 a compro-
mise was made to meet missile data requirements. Since virtually no
funding was available for procurement of new equipment, the choice
was limited to using the HP 5610A A/D. The HP A/D currently had onlyb
an eight channel multiplexer. If the MST proved to be a useful tool
in fault isolation, funding would be made available to expand the
HP 5610A to 16 channels. With sixteen channels, all the MOAT
(Missile-On-Aircarft-Test) parameters could be continuously monitored
during GLAT. MOAT uses 14 unique signals. Although the 16 channel
capability was significantly less than the ideal 64, missile response
coﬁ1d still be determined, but without any room for more detailed |
analysis or flexibility for other missile systems.

A comment must be stated about MST funding. The job task was
funded for a five man-month period (approximately six calendar months).
Coaxial cable, patch cords, miscellaneous connectors, and a patch
panel, were purchased in ordef to "patch in" the MST A/D converter, and
magnetic tape unit into the MECCA system. The money for the above
hardware came from the MST general fund. Although the MST project was
funded for labor charges only, approximately $500.00 was "sprung"
loose to buy the necessary hardware. More money could have been made
available for new equipment if sufficient need could be justified.

The hardware investigation led to the conclusion that with 16 channel
capability, most of the missile data requirements could be met. (See

Chapter 4 Results and Conclusions).

3.3.2 Hardware and Equipment

The hardware necessary for eight channel data processing was



therfo110wing:

The equipment

the following:

28

HP 21566A I1/0.Interface card
Coaxial Cable 2000 feet (Allowed for two

spare cables)

Pitch cords (36") 25

Pih jacks 25

Patch panel Designed and made at PMTC
Miscellaneous 10 |
connectors

Miscellaneous hardware
(Labeling, screws, nuts,
insulation, ties, etc)

necessary for eight channel data processing was

HP 2116C Minicomputer
HP 5610A A/D Converter
VR-3400 Tape Recorder

Dynamic Filters and Differential amplifiers

Appendix C contains a complete 1ist of all equipment that was

‘used to implement the MST, and a complete 1ist of equipment that was

integrated into the MECCA system to be used as part of the MST.

3.3.3 Block Diagrams of the MST A/D Driver and MTP Programé

A block diagram of the MST A/D driver program was drawn to

clarify the program structure of the A/D driver computer program.

Figure 6 shows the structure of the A/D programs.

A block diagram of the MST Missile Test Program was also

i



Call PRN 7700

Input Data
Parameters

]

Set Buffer

Float

:

Convert Rate
to
Counts

Main

FORTRAN Program

Start Tape
Recorder

FORTRAN Subroutines
STOW & FPUT '

CATCH
Get Data
(Look ahead)

FORTRAN Subroutine
Prime

SNARE
Get Data

Assembler
Subroutines
CATCH & SNARE

Plot or
lList Data

FORTRAN Subroutine

Plot
Stop
fi Tape
Recorder

Figure 6. - Block Diagram of A/D Driver Progranm
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drawn to clarify the structure of the MTP. Figure 7 shows the
structure of the MTP.

3.4 Implement Design

3.4.1 Description of the MST A/D Driver

A flow diagram was constructed of the MST A/D drivér program.
The computer program consists of a main FORTRAN program, four FORTRAN
subroutines, and two assembler subroutines. The driver is constructed
so that the user can interplay with the computef console and obtain a
great amount of information from the data that is digitfied.

Appendix A contains the A/D driver program listings.

The A/D driver is initiated by calling PRN (Program Reference
Number) 7700. A title block is displayed on the CRT and the user
must specify his data sampling requirements. The data is then auto-
matically digitized and can be either listed or plotted on the appro-
priate output device. For operational instructions, refer to
Appendix D.

After the MST A/D driver program was written and debugged, of
complier errors, one channel of the A/D converter was connected to a
signal generator. Since the A/D converter is programmed to sample
at a rate specified by the user, it was necessary to make sure what-
ever sample rates and delay_times were specified, are reproduced
accurately by the computer. The computer reference osci]]afor was
used as a clock. The sampling rate was converted to time between
samﬁ]es. The computer oscillator would "“count down" so many milli-
seconds, and then take a sample. After again "counting down", the

computer would take another sample, etc.



Caltl PRN 7800

Input
Target
Parameters
Start
Tape
Recorder
Power up
Missile
“Safety Checks
LTE
Missile
¥
Monitor
Responses
Stop
Ca]] PRN 7710 Tape
Recorder
Power Down

l To A/D Driver Program

Figure 7. - Block Diagram of Missile Test Program
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The A/D driver also has a delay time feature. The A/D will
wait 0 to 30 seconds after the trigger occurs before sampling. The
computer oscillator was used in the same manner, to count down until
the épecified time lasped, before faking samp1es of missile response
data.

Nhen fine tuning the sample time and deiay time Toops, it was
discovered that the polarity of the DATA READY FLAG was opposite of
what the converter required. Modifying the cara to the proper logic
Tevel eliminated timing problems that were occurring in the timing
loops. By using the reference oscillator, the timing loops in the
A/D driver program have an accuracy of + 1.6 usec. Appendix B contains
calculations and procedures used to accurately determine timing para-

meters so the timing Toops could be accurately programmed.

3.4.2 Description of.the MTP
The MTP was written to provide maximum flexibilty for putting

in target parameters i.e. (doppler frequency, 51gnal strength, rear
doppler, etc). A1l target and missile parameters nécessary for launch
are inputted via the computer console. This allows for a greater .
flexibility in providing launch parameters. Appendix A contains the
program listing of the MTP. |

 After all the launch parameters ﬁavé been set, the missile is
poweréd up and a number of safety checks afe_made. (If any'unSafe
condition exists, the missile is powered down automatically.) The |
missi1e is executed through a LTE (Launch to Eject) cycle and is
allowed to search for a target. The missile should track the target

supp1ied via RF horns, and the missile response signals are recorded.
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The most distinguishing feature of the MST is that the m1s511e
timer which controls all control system functions, is turned on. With
the missile timer going, the missile guidance and control systems are
allowed to run through the MBAM (Main Beam Avoidance Maneuver), mid-
course guidance, and terminal guidance phases of f1ight.'

The MST monitors the following missile parameters in a sequen-
tial manner:

Feedback Pots 1-4
Azimuth Steering Vsh
Elevation Steering Vsg

SAOT (Semi-Active-On-Target)
AOT (Active-On-Target)

And computes Feedback Pot rates 1-4.

The MST will monitor continuously any of the signals listed in
Table 1. A "standard" set up for monitoring missile performance is
composed of the following missile signals:

Detection Signal/Timer Zero Set (Trigger)
VCLO Control Voltage
Azimuth Steering Vsh
Elevation Steering Vsg
Autopilot MOAT Command
Pitch Accelerometer Error
YAW Accelerometer Error
‘Rol1 Attitude or AGC (Autematic Gain antro1)
: VFrom the above signals, subsystem functions of the hissi]e can

be measured and determined to see how well the missile is working as a

et
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total system.

3.4.3 Data Analysis Programs

Once the missile performance data has been digitized, the data
will be processed in at 1east.two ways: Statistical calculations will
be performed on each missile response to see if the response "matches
up" with past responses (Discrete data points); and the entire signal
will be compared to baseline responses to see if the missile performed
correctly throughout the complete launch to 1ntércept time.

The data comparison programs will not be written as part of this
project. These programs are mentioned here to show how the missile
data will be used. It is anticipated the programs will take the
following format: |

(1) A program to separate 8e16 channels of data.

(2) A "goodness of fit" test to baseline data.

(3) A timing correlation program to determine what subsystem
in the missile was responsible for an unsatisfactory response.

3.5 Validating the MST

A simple procedure was created to validate the MTP and thé A/D
Driver programs. First, several missile tests would be run using a
standard missile test. Second, several MTP's would be run, and com-
pared to the standard missile test. If no difference in the perfor-
mance data could be ascertained between the first and secbnd‘set of
tests, a third set of tests would be run and the missile responses
~ recorded on the MST magnetic tape Qnit. The results from the second -
and third Set of tests should be statistically the same if no de-

gradation in missile response occurs. If there is no statistical
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difference in missile response, the MST would be considered valid.
Preliminary data indicates, no discernible difference in

missile response using the A/D data conversion technique. Validating

will continue to gather additional data using several missiles. \

3.6 Future Development

‘The MECCA system is always being updated and its basic capa-
bility expanded. It is anticipated the MST described in this report
will be expanded. “

Two additions could be made to make the MST even more useful.
It has already been mentioned thatrthe data handling Capabi]ity of the
HP 5610A could be expanded from 8 channel to 16 channel merely by the
addition of another 8 channel multiplexing card. Sixteen channel capa-
bility allows all fourteen MOAT signals tb be monitored continuously
and simultaneously as on the F-14A aircraft.

The second addition could be integration of a RFMTG into the
MECCA system. - The present PHOENIX GMTS provides a constant angle
target. Providing a moving target both in velocity and angle will
allow the missile to demonstrate its dynamic tracking ability better
than it now can be monitored. By improving the basic capability of

the MECCA system, GLAT can become more effective.



CHAPTER 4
RESULTS AND CONCLUSIONS

4.0 Results of Investigation

Although the funding constraint did not allow a great deal of
choices between equipment, the following resu]t§ were'obtainéd from
the investigation discussed in Chapter 3:

(1) Using the PDP-11 computer for data collection would be
the most versatile.

(2) A minimum of an additional 24K of core memory for the
PDP-11 would be necessary to give the same data storage as using the
HP 2116C. | |

(3) Using the PDP-11 system would make real time data pro-
cessing possible.

(4) Tape recording the missile response data makes it un-
necessary to perform real time data processing. |

(5) The Datel system 256 analog-digital system is ideally
suitab]e to use with the PDP-11 computer.

(6) The system 256 meets all data processing requirements and
has the capability to handle future expansion.

(7) Using the HP 2116C computer for data collection does not
allow real time data processing. h

(8) The HP 5610A A/D converter does not allow for‘future ex-

pansion of data processing requirements.

36
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(9) Using the HP 2116C and associated software package made

the programming of the MTP and the A/D driver time effective.

4.1 Results of Experiments
| The resu]t§ of the experiments chducted in Section 3.2 yielded

the following:

(1) The coaxial cables did not "load down" the missile re-
sponse signals.

(2) The missile response signals could be recorded and digitized
with negligible degradation. | |

(3) The MTP and A/D driver programs worked as planned.

(4) The PHOENIX test set was given the continuous data moni-
toring capability without modification.

(5) The continuous performance data was useful.

4.2 Questions Answered by this Report

General Design Questions

(1) Can the existing PHOENIX test set be used for A/D conver-
sion? - Yes. The PHOENIX test was successfully used to mbnitor con-
tinuous performance data.

(2) Does the PDP-11 computer have the capability of processing
| data from the HP 5610A A/D converter? - Essentially No. Without soft-
ware and interface circuitry, the PDP-11 could not be used to process
the digitized data from the HP 5610A. |

(3) Can the HP 2116C and the PDP-11 computers be used in com-
bination to run missile tests and process missile response data? - The
same answer as in two above; without PDP-11 software, no attempt was

made.



(4) What tape recdrding capabilities presently exist? - For
analog data recording, there were two magnetic tape units. One 7
channel, and one 14 channel. The 14 channel VR 3400 was chosen so
that with expansion to more than 8 A/ﬁ channels, tape recordings
could be made for up to 14 channeTs.-

(5) Will the MST allow real time data processing? - The con-
figuration chosen does not allow real time data processing.

(6) What computer language will be most useful for operator
interp]ay? - The MTP employs BASIC language. BASIC is easy to modify
on line. The A/D driver program was written in both FORTRAN and in
assembler language. The operator cannot modify the A/D driver on
line.  The A/D driver was purposely programmed this way so that the
precise timing loops could not be changed.

(7) How much computer memory wi]]lbe available? - The PDP-11
system had less than 4K of memory. The HP 2116C had more than 6K,
and could be programmed using the disk to give over 12K memory for
data sforage.

(8) Will the HP 5610A A/D converter handle the expected data
rate? - The A/D driver has a 28 KHz sampling rate, more than
necessary.

(9) Will a signal multiplexer be required? - Yes. The A/D\
converter uses an 8 channel md]tip]exer. |

(10) What signal conditioning will be necessary? - No amplifi-
cation of the missile response data was necessary fof tape recording.
The data is fed directly to the tape unit. No filters are neceséahy.

Some scaling is necessary if the missile responses rise above + 10
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VDC.
(11) What signal conditioning capabilities presently exist in
the laboratory? - Complete buffering, amplification, scaling and

filtering are available. iy

-

Specific Design Questions

(1) What type coaxial cable will be used? - Aircraft wire type
IT, AWG 20 conforms to MIL-C-7078A.

(2) What missile response signals will bé monitored? - Essen-
tially any of the 200 umbiTical signals can be measured, but Table 2
lists the response signals that will normally be moni tored. |

(3) What sampling rate and amplitudes will limit signal pro-
cessing? - The HP 5610A is programmed to sample up to»a 28 KHz
sampling rate. Some amplitude scaling will be necessary if the re-
‘sponse signal level exceeds + 10 VDC.

(4) What trigger source will be used? - Either the Timer Zero
Set signal, or the velocity Detection Signal will be normally used
for a trigger source. However, any of the missile kesponse signals

an be used for a trigger.

O

Exy

.3 Conclusions
The following ﬁonc]usions can be drawn from this project re-
port:
(1) The concept of using the HP 2116C computer as a missile
controller and a data recovery tool is possible.
(2) Continuous data monitoring of missile performance data
does not degrade the missiles responses.

(3) The GLAT specification requirement that the PHOENIX test



set not be modified has been met.

(4) The contractor's software cdn be used for testing
missiles, and continuous data monitoring can be used without chang-
ing the contractor's software. |

(5) The MST 1is a useful tool for fault iso]ation‘of missile

problems.
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APPENDIX A

Computer listing of two simple assembler language programs.
Computer 1isting of the Missile Test Program.

Computer listing of the A/D Driver Program.
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158
169
179
215
223
23
242
250
259
269
279
280
29
780
7082
704
706
708
710
712
713
714
715
718
737
718
723
722
724
726
728
739
732
734
736
738
74
742
744
746
7a8
759

COM .DIS3Y,HIER) ,VIZH)Y ,EI25 K 120) L 1549) yNIB) ,PLY)
REM HSET(MISSION STIMULATION TEST) MISSILE TEST PROGRAN
REM MTP DESILMED BY L.E. SELLERS
REM PRN 780%
GAsSUB 8742
SMODSY (D,D13811,E)
LET R=9
LEY As2Y
GOSUB 5043
READ PL1Y,PL3).,PLa),PLIB1,PI7
[PATA 2,3,0,1,41
DATA t,R2u3,0,2,2009,241
PRINT "FOR STT MODE INPUT (1), FOR S50M INPUT (&)"
PRINT
INPUY PL2)

PRINT MINPUT VELOCITY UPDATE D@PPLER, RANGE =14 TO 98,865%

PRINT "INPUT TARGET DOPPLEKN, RANGE =52.70 183V
PRINT WINPUT REAR OSUPPLER, RANGE ~127 TO 128"
PRINTY

INPUT D3, D9,D8

GOs3uR 6ape

LET D6=D%

LET Eiadn

LET E28§

LET E3=62

GOSLB 7000

LEY D6&=Ds

LET Bi=20

LET E2=17

LET E3=127

GsuUgs 7aun

PRINT " WHAT S/7A CHANNEL DU Y0DU wiSHF ¥

PRINT " 5/4 CHN, #1 ~= TYPE IN B3 F

PRINT P S/h CHAN, H2 ww TYPE IN 66 "

PRINY " S/A CHN, #3 == TYPE IN 67 "

PRINT " S$/A CHN, #4 w»w TYPE IN 64 ©

PRINT " S/A CHN, #5 e« TYPE IN 69V

PRINT " S§/4& (CHN, 96 == TYPE IN 7800 %

PRINT

iMPUY P16}

PRINT YCHD VEL=MD3II"TARGET OOP=D9;URFAR DOP=YD
PRIMT "PL)=VP L) IR 2P IR 3R (3)snR {3} " {A)=rP 4]

PRINT "P(B)="P[5)NR(8)5 P (6] "PL7) = PLT] E (R)= P LEY I P () ="

PRINT

1F P{6)=68 THEN 734
IF PIB)Y =89 THEN 738
IF P5)=67 THEN 742
IF P{BY=bd THEN 745
IF PIE)=2¢9 TrHEN 750y
1F P{B)I=7¥ THEN Ju4a
IF PLBY<6ES 0H PI6Y>70 THEN (20
GOSUL 3Iane

GOTY 756

GOSUB 3419

GOTD 756

0S5uB 3paa

GUOYD 756

Gasus 3934

GOT9 706

GOSUS Jnan
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782
Y
756
758
769
762
772
774
776
778
779
784
783
734
786
798
83¢
835
B4n
845
847
846
859
1955
1360
1678
1085
1485
1192
323
J6d
S YAl
Igns
3PN 4
3265
331a
3ail
Spi2
3913
JaL s
3671
-3g22
3273
3625
3BT e
AG3 8
JEI2
KY VR
3035
3349
RY ]
3242
343
3045
3050
3651
3ns2
3853
3ubsd
So43

COT0 756

G0suUb 35w

REM MSL ADD
DAYA 2,159,152,0
REM A T BIAS
DATA B,0,¢,0,9
FOH Is)] TO 6
READ L LT}

NEXT I

FOR J=11 Y0 19
READ (L (J) -
HEXY J

Fir i=1 Y0 B9
FRINT L LX3}
NEXY 1

PRINT

LEYT AB=98

PRINT ®TYPE IN TARGET ATTN (& 70 9§)"

IMPUT @
LET A3=ABS(Q)

DRINT "g= PQ,MA3z "AJ
FRINT

Gosus 554w

EMODSH (1,9,5)
SMO0%Y (1,69,E)

LET Rsispw

GOSUB 860y

PLUSE

LINK 781@

fi&M S/A CHANNEL SELFCT
LET L1733 :
LET L 181=95

L°T LI8) =%

LET L1191=0

FETURN

LET L{7)=2

LET LIBYI =45

LEY L{Dj=128

LET 11¢) =5

RETURN

LET LI8I=gS
£T L{9)el4ay

{1910

URA

e

T T
PLAR AR ANE Rt VI o IR 4 A AN £ o
P R I IR

- -
e

LEY Lita)=@

RETURN

LET L{7)=3

LEY LIB) =85

LET L(S1=1238

LET Litpl=168
RETURN

ReM PAR ON/JOFF TIME
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5046
047
5048
5049
53350
5031
5p82
56083
5559
5551
555¢
5553
5554
5555
5556
5557
5555
55586
55608
5561
5562
5963
54564
5565
5566
5567
6299
6815
6610
6015
RAD L
5023
6339
6335
6349
6045
605
6055
636a
6063
8673
6E75
6080
6p85s
605y
6705
Husy
7840
7044
7206
7388
7910
7812
7014
70816
7018
762a
7822
7424
7926

SCON (9,53,A+E)

CLERD (D, H1,41,81,E)

LET S1%H1*3008+MI»A8+INT(514,5)
IF Rep AND S1>5 0OR Rz1 THEN S5us5i
LET S1=51+66400

LET §=51=8

3C0M (1,5,A,8)

RETURN

REM TARGET ATTN

1F A3<A Ok A3>99 THEN 835

MODSW (2,178,E) '

LET X1sINTCAG/10)

LET X2aINT(A3/1w)

LET X35ABe(1h*X1)

LET X4=A3={10%)2)

IF X1sX2 THEMN 55606

IF (X1<x2 AND ¥1+5 »>= X2) GR (X1»X2 AND ¥1eD >= X2) THEN 556

HoDSY (1,187,8)
IF X3sX4 THEN 5563

IF (X3<X4 AND X3+5 >3 %4) Ik (X3»¥X4 AND ¥3<5 >= ¥X4) THEN 55386

MUDSYW {1,174,E)

HAYT (23)

MODSH (1,177+X2,E)

MODSYH (1,161+X4,E)

LET Ad=zad

RETURN

LET 05=(D3+10,2)/,.51

LET N1=D5/736

LET N2zD3-INT(N1)%36

LET N3=N2/6

-7 NAxS2=TETINATXS

FOR C=§ T0 3

IF C>% THEM 6845

LET MG=INT(HA)

GOTO 6069

IF C»2 THEN 608¢

LET NGeINTIN3)

GNY0 6a64

LET HE=INT({NL)

IF N6E>2,5 THEN Gurn

LET NICI =34 (NE12)=baNE+4
GO0 66065

LET HIC)s=3% (NBT2)Y+25iNbagy
MEXT C

LEY PIBY=ERa+1@aNT L) +N[2)
LET FI9)siGaanwenNI3)+6524
RETURN

CLET D7=05+ES

LET C=sid

LET D=3

LEY Liti+ls
FOR N=72 YO @
JF D7 > 2t
i.ET C=l4+9
LEY LUf1+C)aNsE2
GOTO 7p28

LET D=Dad

LEY LIEL1+DY=N2EZ
LET D7=D7=21N
MEXT

LIEf+11) =40
STEP w1
Y

HEN 7€29
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5346
5¢47
5348
5049
5950
5051
5952
5853
5559
5551
55852
5553
5554
5555
5556
5557
58488
5559
5560
5561
5562
5563
5564
5568
5566
5567
6009
6905
6010
61315
RUDD
6a25
6031
6235
60849
6045
6p5¢
6055
GubH
6065
. 6R7¢
U755
682
6085
6690
6795
6pno7
7490
7044
7006
7028
7010
7012
7814
7016
7018
7820
7022
7424
7026

48

E]

SCON (A, S8, A,E)

CLXRD (DY,H1,141,51,¢€)

LET S1=H1#35@2AM1x06U+INT(S14.5)
IF K=0 AND S51>8 0OR R=1 THEN 5054
LET S5inS148642¢6

LET §=351=5

SCOM £1,5,A,E)

RETURY

REM TARGET ATTHN

1F A3<@E DR A3>99 THEN 8
MODSH (2,170,E)

LET X1=INY(A6/143

LET X23INT(A3/719)

LEY X3=A6nm({0xX1)

LET X4=A3=(10aY2)

IF X1=%X2 THEN 58&0 . ,
IF (X1<x2 AND 2145 »>= X2) OR (X1>X2 AND X1=5 >= X2) THEN D560
HoosW (1,187,8)

IF X3sX4 THEN 5563 '

IF (X3<X4 AND X3+5 >3 ¥X4) NR (X3>X4 AKD x3=5 »>= X&) THEN H563
HODSW (1,174,E)

WATT (283

(&)
-]

HUDLSW {1,177+X2,E)

HODSW (1,161+%X4,E)

LET A6=A3

RETURIN

LEY Db=(D3~+12,2)/.51

LEY N1=D3/s36

LET N2=DS5=INT(N1)%36

LET N3=n2/6

P FT NA=AOWTNTONAY A

FOR =y TO 3

IF C©-1 THEN 6245

LET N8=INT(K4)

GOYO 6265

1F C»2 THEN 63860

LEYT N6=INT{N3)

GOTO H26BY

LET N6=zINT(N1)

IF NE»2,5 THEN 6480

LET NICIsds(NE12)=5%NE+4
GOYO 6085

LET N[Cl=ze3% (N642)+25%N6=47
NEYT C

LET P{BY=Bpu+124M (134N [2)
LET PIC)=1UA200-NI3) +6024
RETURN

LET D7=0864EJ

LET Caty

LET D=%

LET LIEI+1I=L[E1+11)=43

FOR N=7 TD @ STER i

IF D7 > 2%N THEN 76290
LEY C=C+} :

CLET LIEf+CI=N+E2

GOTn 7026
LET Dz}

LET LIEL+0) =N+ER

LET D7=07=21TN
NEXT N



7028
7050
7032
7934
7036
7038
7940
7042
7054
8620
8601
8692
8643
8604
B6BS
BoYs
8647
8608
8699
8619
8611
8612
8613
8614
8615
8616
8617
87082
87d1
8702
8743
8794
8765
8706
8708
8712
8712
8713
8715
8717
8720
B772
8724
8726
8748
E75g
8752

FOR Nsf1+C+1 TO E1419
LET L IN}=u

NEXT N

FOR N=EY+D41 TO E1+9
LET LIN)=®

NEXT N

LEY LIEL)=D

LeT LIEL+1B)=C-10
RETURN

REM CHECK HPS THERH
PRINT “LOOP UNTIL THERM >"R
PRINT

PRIMY BTIME";® THERNWY
HXBAR (76,144,t)
DYMSU (1,1,1,E)

LET T=0

WALT (27@)

DvHMYy (1rV11;E)

IF v<,669 THEN 86141
LEY V=,669 :
LEY Ris(Vvw2508)/(,67=V)
LET T=T+10

PRINT TiRI1

IF Ri>R THEN B617
WAIT (8600)

GOTO 65¢8

RETURN

REM HEADER

CRY (=1,0,0,E)
DURPRINY (1)

PRINT

PRINT

PRINT

PRINT ¥ HAF LR AR AT F AR AN A bk ke ke kLR v IR nk?

PRINT % %
PRINT " *
FRINT ¥ *
PRIMNT O . %
PRINTY. M *
PHINT ¥ ¥
PRINT " *
PRINT ¥ %
PHRINT

PRINT

DUPRINT (8)

RETURN

END

PHOENIX HISSION SIMULAVION TEST

MISSILE TESLY FROGRAM

M

*",

"
3
]
!

% ¢

HEF AR R R I AR LR A XA RE AR A AR bRk p e d ki w?
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§u
15
23
39
40
42
45
50
55
60
180
110
124
130
140
150
160
179
180
1155
1169
1165
1179
1175
1180
11835
1199
1195
1260
1205
isia
1225
1239
1254
L1276
1275
1280
1285
1287
1299
§1295
1306
13025
1310
1315
1329
1328
1326
1339
1340
1352
1355
1357
1358
1360
1362
1365
1370
1375
1385

L]

CON DIS3IY,HL28),VIZ2SY ,E128) ,K {27 ,L1S9Y,N(5],2 ()
REM PEN 7840
Gasull »Bve
GusSU8 7504
GLsLe B&70
PRINT "SAFETY CHEUKS HAVE GEEN MADEM®
PRInNT . -
LET R=d
LEY A=28
GOsSUd 5945
LET L1=P 1]
LET L2:5P (2]
LET L3=F (3]
LET L4=sP 4}
LEY L5=P 15}
LET LB6=P (€]
LEY L7=P17)
LET L8=P{8)
LEY Lo=P (9]
GOSUuB 62dn
DATA 10,234,23%3,232,231,237,228,227,226,243,239,238,237,256
DATA 248,253,252,251,250,249 .
GOSUB 5290
GGSUB 7229
SMODSW (1,1v2,E)
HALT (29)
SHODSW (1,47,E)
WAIT (28)
GUSUE 6200
DAYA 4,102,47,18,137
QALY l_‘(,}rK H_} ,F)
CLKTI (§,0,8)
DVSHIR (2,.4,20,E)
DVBHIR (d&,»,4,20,E)
DVSHIR (1,-1,5,28,E)
GUSsSUB &2mny
DATA B,214,52,166,24,213,35,224,6v
SMODSH (L,% (11 ,E)
HOD3E (1,42,8)
FOR Isty Tu 22
READ LL1)
NEXY 1
HODSY (1443:E)
HODSW (1.L071,8)
MODSW (BsLE1),E)
MODSW (1,0 031),E)
KODSA (g, L lLe],8)
SHNDSW (1,81,8)
DATA 5,39,38,37,35,33,3,44,36,34
DATA 6.43’7'6'59452,d'5y311143
DVHSU {1,16,8,K])
MYBAR (B9,67,%)
LET F73L9/1B000
LET F7=1NT(F7)=xivrpng
LET L9=063354
GOsUB 3ppg
CLETI. (2,7,8)
HATT {(1,.,98=T)e1004)
DyHRy (2,vI1),5un,BE011)
WAIT (4bL9)



1390
1395
1460
1410
141
1425
1432
1435
1449
1445
1450
1469
1465
1475
148¢a
1498
1495
1289
1512
1515
1517

- 1518

1522
{522
1525
1530
1535
{54
1545
1550
15556
1566
1565
1579
157%
1580
1585
1590
1595
1600
16ub
~1665
1670
1675
1581
1685
1700
1719
17190
1726
1725
1732
1735
1737
1738
1742
1742
1745
1759
175%

51

HODSwK (1,53.E)

RGARNM CIILSILgtllE)
MXBAR (187,-1,E)

WALT (895)

DYMMU (2,vI3),540,E13]1)
WATT (46n)

RGAAM (1,LB,1.9,1,E)
MXBAR (167,146,E)

WAIT (339)

DYVMMU (1,VI51,1,E(5))
MXBAR (148B,={,F)

pDVMMU (1,VI8]1,1,F[18))
MXBAR (122,067,E)

WALT (47%)

DVMMU (2,VI7),588,E(7))
WAIT (153)

RGAGM (1,L8,1.9,1,E)
HXBAR (125,'1!5)

WALT (193)

DyMMU (2,VI09]1,560,E19))

CLET F7=L971000R

LET F7=iINT(F7)*100u0¢
LEY L9rbhhd4

G0sSuld 3eng

GOsul 62ua

DATA 8,52,166,9,35,24,15,213,214
SMODSW (d,K({11,E)
SMDDSKH (1,68,E)

SHODSY (1,48,E)

GOSUB 83np

DVHSY (1,16,2,F)

MYBAR (82,146,E)

CLKTI (2,7.8)

WAIT ((8,94=T)*180Q)
FOR C=11 TO 14

RGEAOM (1,0L8,L9,1,E)
WAIT (329)

pvuMU (1,vIC),1.E1C))
IF Cuid YTHEN {665

WAIT (1635)

NEXT C

LET Vii81=5

LET E015)=2*SGNCELILI+ET12)+EIB)E(14))
IF V{11)>1 OR VvI[12)>1 OR VvI{3)>1 0K vI14}>Y THEN 170
LEY VIiGi=@

SMODSY (1418,8)

MoDSEY (p,183,E)

MODEW (1,182,8E)

CLEKTI (2,71,8)

WALT ((1G.94=T)»1808)
RG4AM (1,L8.,L9,1,E)
WATY (320} ‘
DVHHMU (1,V{16),1,E116})
LET F7=L9/100¢24

LET F7=INT(F7)=10a00
LET LO9=06DH42

Casuyd Ju2e

WAIT (1649)

RG4BM (1,L8,L.9,1,E)
WALT (328)



1760
1779
1775
1780
1785
1795
1809
1842
1845
1827
1810
1815
1520
1825
1830
1835
1840
1855
1669
1862
1865
1879
1871
1875
1889
1885
1800
1595
1989
19140

e 14 ¢
428

1912
19313
1914
- 1945
1916
1917
1920
1925
1926
1927
1928
1929
10308
1931
1932
19498
1946
1948
1950
1951
1052
1953
1955
1956
1957
1656
1959

1964

1965

»

DyHMy (1!Vt17];1.£ll7])
WAIT (1648)

RG4OM (lDLSILgliIE)
DVMsl (1,17,1,E8)

MXgar (3131,-1,8)

WALTY (1284)

DvhMy (1,v(18),1,E118])
pDyMsYy (1,12,2,E)

MOOSW (2,1702,8)

RAIT ©ibH)

MODSHW (1,183,E})

MODSW (1,1648,E)

SHODSY (1,19,%)

SHODSW (1,99,E)

CLKTY (2,7,E)

WAIY ((22,94=T7)e105y)
RGAGM (1.,L6,L9,1,£)
WATT (Zupd)

pyMMU (1, vI19),1,EL018])
MonswWw (1,187,E)

MODSW (6,183,E)

MudsW (1,183,8)

WALIT (Butiia)

DVSHIR (2,86,28,E)
DVSHIR (3,6,2¢4,E)

GOSuUB &z2ay

SMODSH {1,K11]),£)

DATA 4,219,2208,198,162
MXBAR (148,146,F)

WATT (2u404)

s T al Fedred I =
Yot ¥ -

FOR C { Tu 54

DVHEL (1-V,1:E:23})
LET VI2u)=ayiaal +y
WATTY (2%)

NEYT L

LET Vr°v]~dt2v]/a@
HXBAR (167,~1,E)
WALTY (luve)

LET VI21)=@

FOR C=f T0 59

DyMMl {1,V ,1,0{211)
LET VI23i)1=VI[21)+V
WAIT (2v)

NEXT C

LET vi2i)=vi211/52
GUSUBE 622

DATA 14,158,162,64,69,48,68,219,2

DATA 60,224,18
SMOUSH (W, K111 ,E)
SHODSW (2,225,E)
WATT (1%)

SHODSW (1,M11] ,E)
SHOBSW (1,18,E)
SHODSW (1,15,E)
SMODSH (1,137,E)
MODSH (1,41E)
WAIT (29)

MODSW (4,1,E)
MODSH (1,0(27),E)

52



1676 FOR 1si TG 3
1975 OVSHIK (1,0,2@,E)
1980y NEXT 1

1981 LEY E(221=E{21=E 1]
1982 LET E[23)sE(4)=E18)
1983 LET E(P24)=t18)sel7]
1984 LET EI2DY=E[12)sE([9]
1985 LEY G=1

1992 FOR €=t TO 25

1995 IF C»21 ThHEN 20632
2625 READ A,H

2010 CGOGTO 2056

2939 LET G=7

20435 READ 8.,B,D,E,F

20458  LET V{CI=(vID}=»VIEY)/IF)

2058 OPROG (182,6,A,B,VI{C},EIC1)

2u58%  NeYY C -

2468 DATA 2.61"1o412e11'1-913-70*105:4-21"11”3125l"7l25

2865 DATA =2,5;,«5¢5,:48,~4,4,1.9,=3,5,3,4,~1.4,3,~3,86,~]

287% DATA O4y~4,6,«1,6,-1,6,4,56,4

2075 DATA B,4,1,%-1,5,3,3,2,3,2

2387 DATA =2,58000Er02,-1,825,1,2,»,2,1,025,2,00000E~02,3,4,+,.5
2@65 DATA “.ﬁ?,“é.E?,?og;.5;3.270-67,9,16,:5

2098 LIHK tau?

3069 REM CHANGE L9 Y0 PROPER MWORD

3da8 LET Fé=L8/100006

3218 LET FAsIRTLFB) »10080

301S LET LY=L @=F5

3028 LEYT LO9=LE+F7

An25  KETURN

ERAR QoM DL NNJAED TIME

Sp46  SCOM (9,5%,4,8)

S¢a47  CLARD (DY1,Ky,M51,51,E)

5048 LEY S1unis3cfaeMinb2+IRT (31,51

5349 IF Rs=g AND S4»5 0OR R=1 THEN HeS§)

50%08 LEY S$1=81+86409

50%3 LET S=81-8

5052 SCOM (1,5,4A:E)

553 RETURN

5200 EM OLTE SeTup

52742 MODaEv (B,0044),E)

2R3 WALT (155

5204 HODSW (1,L6,E)

5206  SHOUSH (3,18,8)

527  SMGLSw (2,225,E)

5208 WAIY (i5H)

5280  5MODSw (L.r{1),E3

5215 HODSwW (2,2¢2,E)

5216 WAIT (1a)

5217 IF LI1)=¢ THEN D228

5218 HMODSW {1,L{L),E)

5219 MWAIT (18)

522¢  MODSH (1.0 1431,E
o222  SMoDSwW (0,ND15),
Ho23  WAIT (15)

5224  SMODS&YV (1,L17),8)
5226 HODsSW (1,L120),E)
5227  MUDSW (u,L19%),k)
5226 HODSsY (3,L140),t)
523¢ nMODsw (@,L1HW]1;E)

)
£}



5231
5235
5236
5237
5238
5239
524p
24y
524z
5243
5244
5248

5246

5247
5248
5249
525¢
5251
5253
5254
5255
5258
5262
5263
5264
5265
5266
5267
5268
526

Y-S AH
5272
5273
5275
5282
5289
5285
5287
5288
5269
5291
52092
52953
5294
53u7z
5308
5876
58714
5872
5873
8374
5875
5876
5477
5378
5879
568
6232
6201
6292

MODSH (1,74,E)
SMOLSW (1,0{34),E)
MODSW (1,4]1,8)
wAXT (25)

MUDSW (p,41,E)
PRINT "L TE IN)TH®
CLKTI (1,2,8)

WAIT (50)

$M0DSH (1,001) ,E)

WAIT (3@)

IF LS=p THEN 5249
SMODSH (1,D1531,8)

LEY A=28

LET R=t

Cosud Ha4d

CLRKTI (2,L018),E)

WAIT ((1.487-L[18))%1e23)
SHODSW (8,115,E)
sMolisW (1,040 ,E)
CLKTI {2,L119),E)

WAIT ((1,767~L1109))»1u80¢)
sMoDsw (1,L{11),E)

IF L3=p THEM 5264
sMoDSH (1,175,E)

HAIT (19)

SMDLSH (1,47 ,E)

wAITY (1@}

SHODSH (0,D19]1,E)

WAIT (12)
SKODSY (0,47,E
RESDR U,8,07,
HALT (19)
SMODSH (B,DI1341.E)
RG4AeM (1,L8,L9,3,8)
CLEKTI {e,%XE)

WALYT ({2,087~0)rl020)}
PRIBT ®LTE COMPLETE 3%
SM0OSH (G,1049,E)

WALT (5u)

“onsw (9,71,F)

5MOOSH (A,D143),E)
SMODSw (W,80,E)

HAIT (10)

SHODSH (ﬁf@[SJ)E)
pvHslU (1.,16,0,E)
RETURN

REM RLM F®R (CHHK

MYBAR (H4,345,E)

DYMSU (1,102,1,E)

WATY (204)

pvnMy (1,v,41,8)

IF V>80 TrHEn Heoe
PRINT "POwWER HAS NOT DEEN
SCOM (1+3449,E)

SCOM (1,719,2¢2,E)

LINK {g@e

RETURN

READ K{1)

FOR 122 TO K{1)+1

READ K1)

nors
[T

APPLIEDY

54



6223
6205
7220
7221
7222
7223
7224
7226
7227
7235
7236
7237
7238
7242
7243
7244
7245
7246
7247
7242
7249
- 7258
72854
72352
7254
7256
7258
7259
7269
7264
7262
7265
727%
7275

. 7278

7299
73eq
7529
7531
75@2
7593
7064
7585
7586
7507
7508
7509
7514
8492
8491
8402
8443
8404
BAZS
8426
8487
6428
Bagg
8419
B8ayy

NEXT X

RETURN .

PRINT "HPS PWURw-UP HQUTINE®
DYyMSU (1,1,1,E)

MxBAR (2435,243,E)

HALIT (240)

DvMmMU (1,Vi,1,E)

DYMSU (Y,122,1,E)

MXBAR (199,163,E)

SMODSH {1,182,E)

LET R=l

LET Ae3gp

GOsub &u4ad

HAIT (lvbi)

DyMMy (1,v,1,8)

LEY Lo=g

IF ABS(v=27)>3 THEN 7258
MYXBAR {243,243,E)

DVMSU (1,3,1,8)

WATT (2¢0)

DVMMU (1,V,1,E)

LET At=s((15%V)/V1)=10

LET Lo=!

IF A1>150 THEN 7258

PRINT "HPS TURN QN CSOMP M
RETURN

G0S5uB 8420

IF L3=y THEN 7272

PRIMT "HPS INPUT VOLTS OUT OF SPEC="jpvi"VvOolLYS"
SCOM {1,600,29,E) :
LET DI34) =V

GOTU 7299 .
PRINT "HPS CURRENT HIGH=Y";At;"AWPSY
sCoM (1,8408,29,8)

LET DI38]=A

SCOM (1,2,48,E)

LINK (pee

pymsy (1,10,1,E)

MXBAR (92,67,E)

WAIT (219)

Dymdd {3,V,1,E)

IF ABS{V=12)>»1 THEN 7510
MXBAR (276,25,E)

HEIT (29@)

DVHuU (1,v,1,E)

IF ABL{v~2,24)21 THEN 73189
RETURN

LINK 7503

REM HPE TURN OFF

SKODSH (g,182,E)

LET R=@

LET A=30

GOosUB Swu4b

pyMsd (1,126,1,E8)

MYXBAR (199,163,E)

WAIT (200)

pyMMU (L,V,1,E)

IF ve<itt THEN B413

SCOM (1,680,2¢,E)

SCOM (3,2,49,E)
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8412
8413
B4ia
8BOG
B8ESH
Beid
BB1bH
8320
€820
8830
BBIH
8649
6856

»

LINK 0@z

PRIMT P"HPS TURM OFF COMPLETE"
RETURN

agr HEADESR

DUPRINT (@)

PRINY

CLKRD (D,h,H,8,E)

LEY HMz(Hx1ld)+M

PRINT "RUN DAY=HDY RUN YIME=PH
SCom (1,H,174,E)

DUpRINY (0)

RETURN

END
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FTM,B,

82
81

o 4]

ool

12
13
14
15
16

214

L .
PRGGRAM h~|/0°IVtR

DIMENSTON BUF(E3ER)

NEED BUR{i276%)

FORPDAT (A2, "eM)

WRITE(?,S%8)7455,7967

DO 92 Is),1uv

WHITE(2,90)1799

KRITE(2,98)7455,7867

HRITE(D,250¢)
FURHAf(}np,nﬂh***i**ﬂw&***t*ﬁ*i*r*****k*****ﬁ*******t*)
WRIVYE(2,270) :
FQRMAT(2®X,1H*.3&E.3H&)

WRITE(2,2u1)

FORMAY (26X, 1Ux 38X, 1Hp)

WRITE(2,299)

FORMAT (A%, 1%, aX , X{HPHOENIX MISSION SIMULATION TEST.3X,1H#%)
WRITE(2,302)

FORMAT (20X 1Hw , 38X, 1Hx)

WRITE(2,312)

FORMAT (2%, 1H%, 38X, 1H*)

WRITE(2,329)

Fdﬁ:AT(2mk.1li,oX 22HMISSILE UATA DIGITIZER,8X,1H=)

3 WR1TE(2,33%)

FORMAT{2VUX,1H4, 38X, 1H»)

WRITE(2.348)

FORMAT (20X ) A H F ke kR kR E R WA R AR IRk H RN R T S Ak R kR Ak ke k% ]
WRITE(Z2,2)

FORMAY (/YMINPUT TOTAL SAMPLF TIME (YST) IN n&")
READ(1,3)7581 X

:r.:{_p.at\r!-(‘_\_faj -

WRITE(2,4) .

FLAMAT(MINPUT SAMPLING RATE (SR) SAMPLES/MILLISECONDY)
READ(1,3)5R

LBUFBTST*6R+0,.5

IF (LBUF~L3BMYDH,5,80

WRITE(2,81) 7

FORMAT (/Y (TST)#»(SR) CANNDT EXCEED 6388N/)

GO TO

HRITE(2,6) "
FORMAT(VINPUTY DELAY TIME {DT) IN HMILLISECONDS"™)
READ{I»SIUT

IF(DT3I7?,12,12

HRITE(2,8)

FUORMAT("INPUT TRIGGHER CHAr&FL KUMBER (ITON) Qw=7™)
READ(L,3)ITEN

IFLITEN)IB,16,146

WRITE(2,13)

FORMAT (MDD YOU wART SEAQUENTIAL DPERATION?™)
READ(L,37)1IR .
IF{IR-83)21,23,21

ITChe=n

Gy TU kY4

IDCH=ITCN

GU 10 3@

WRITE(2,22)
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22

23
5
24

7%
25
32
31

75

fen
foi
209
201
293
204

206
207

2e9
219

a2
33

35
36
37
38
4@

42
44

58

FORMAT(VINFOUY DATA CMANKEL NUNMBER (1DCN)Y), 6=7")
READLY,S)IDCN

IF (TDCPJJ'!..23.23

WRIYE(2,50)

FORMAT (MINPUT TRIGGER CHANNEL NUMBER (ITCN),Q=7")
HEAD{Ys3)ITCN .
IF (ITCNYe3,74,70

IF(IR=89)430,25,3%u

IDCHe~Y

HRITE(2,31)

FORMAT("INPUT TRIGGER LEVEL (TVLY IN vOLTSM)
READ(L,2)TVL

CALL SYUWCBUF,LBUF DT, TST,TVL,ITCN,IDCN,TE)
IFCIELIGR,32,100

IFCIE~2)202,203,141

IF(IE~d)296,2@9,2uR

HRITE(2,261)

FORMAT(/"A/D DATA INCORRECT. IS A/D ON AnMD IN RENOTERY/)
GO TO

WRITE(2,204)

FORMAT (/USAMPLE RATE (SR) IS TOO LARGE"/)

G0 TD 1

WRITE(2,287)

FORMAT(/"DELAY TIME (DT) MUST NOT EXCEED (T5T)"/)
GO 10 %

WRITE(2,21@)

FURNAT(/’TRIGGFR VOLTAGE LEVEL (TVL) RAKGE EYCEEOED"/)
GO T0 1§

WRITE(2,33) .

FORMAT IV AN SAMPIF CAMPLEYEMY

WRITE(2,30)

FORMAT ("D YOU WANT A LISTINGTY:
READ(1,37)]IR

FORMAT(AL)

JF(IR~EVY42,38,42

HRITE(H,37)12

WRITE(G, 40) (BUF(1),I=1,LBUF)

FURBAT(L1GFB,3)

WRITE(2,44)

FORNAT (70U YOU WANT A PRINTER PLOTZ")
READ(1,37)1IR

IF(IR=B9348,45,46

CALL PLOT(BUF,LBUF)

wRITE(2,47)

FORMAT(PDO %0U WANT TO TAKE ANOTHER SAMPLE?H)
RELD (1,37)1R

IFLIR-89335.45,35

WRITE(2,49)

FORMAT("SAME SAMPLING PARAMETERS?™)
REAGLL,37)1IR

JIF{1ReBY)L, 73,1

END

END $



FYN,B,L

¢

[

SUBROUTINE STOWCIBUF LBUF,DT,TST,TVL, ITCN, TDEN,TE)
REAL IBUF

DIMENSION 1BUF(2)

CALL PRIME(ISUF,LBUF ,DT,TST.TVL;ITCN,IDCN, 1€)
IF (IE)3,1,3

JeLBUF

KeJed=]

DO 2 I=1,LBUF

XeIBUF (J)

X=2,0012237 %X

CALL FPUT(IBUF (K}, ¥)

JsJe1l

KaKw2

RETURN

END

ENDS
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FTN,B,

75

14

17
89

18
20
21
25
85
26
30

a1

35
37
10

38
4%

45
47

48

a9
5@

55

L ¢

DIMEMSION YSUF {2)
X5LBUF

XETST/X
INAITE312,512%%=11,0
IF(IWaITI75,14,14
YE=2

RETURN
IF(DT)16,28,21
DLE=0T

NB=DL/Xe0,5

IF (NB) 286, 88,17

IF (LBUF=NB)BY,BG, 18
IE=3

RETURN

R=8

G0 YO 25

NAEDT

60 70 22

NAZDT=1,0

‘R=i

IE=G. 1 A3LI*TVL

IF(1E)8%,26,385

IEng

RETURN

ITVL=810,.22TVL

WRITL(2,3¢)

FORMAT (®START ANALOG DATA & PRESS RETURKM")
READ(L,31)%

FRoMeT A4

IF(RIBG, 38,50 :

CA_ L CATCHLIBUF NB,LBUF,ITVL,ITCN,JHALIT)

-

PN |

RETURR
IF(R)A0,42,95
IRAIT=IWALIT +
15z

Ii=1

JEIBUF (1)

DD 43 Y=z=4,.NH
JTinllwInalT
IF(IY)4E,458,47
Iinl)l+HNo
JIei2UF (i3
IBUF (11) =)
IF(I1-13)49,4%,48
Idelldsi

1i=18

JJ=18UF (131}
JsJJd

GO T0 5%

CALL SNARE(IBUF,MA,LBUF, ITCH, JTOCN, ITVL,IWAIT)

60 70 37

RETURN

SUBKOUTINE PRIME(IGUF LBUF,LT,TST,TVL,ITCM, IDCN, TE)

60



END
ENDS
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F“N;B,L‘ LR
SUBROUTINE FRUT(X,Y)
XzY
RETURN
END
ENDS
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FIN,8,

(7 B S R

2€
27

- 28
35

41
45

L

SUBROUTINE PLOT(BUF,LBUF)
DIMENSTON BUF (2)

WRITE(2,2)

FORMAT(USTARTING 0ATA INDEX?H)}
READ(L,3)15

FORMAT(14)

WRITE(2,4)LBUF

FORMAT{YLAST DATA INDEX, (MAXzY,14,")%")
READ(1.,3)1F

BIG=2,8

ShL=2,0

PO 12 I=15,1F

X=BUF (1)

IF(BIG=X39,10,14

BIG=X

IF(x+3SML)Y11,12,42

SNEL ==

2z CONTINUE

IF(BIG~SMLY13,14,14
BIG=SHL .
BIG=37,8/B16
YRITE(6,120)12
FORMAT (AL)

DO 35 I=18,1IF
XsBUF (1) =BIG
IrR=p
IF{X)120,15,139
IR=X=0N.5

GO TO 4@

t TRzYenR %

iF(I#)a2,15,25
HRITE{(6,10)1
FORIHAT(]4,38%,"=s")

GO T0 35

Rz=in]R

IF(n)21,21,23
WRITE(6,22)1
FORMAT(14,37%,"=1n%)"

GO T0 35

J=38+1IR
WRITE(E,24)]1,(32,L=1,J):42,(32,1.21,K),73
FOGRMAT (L4,76A1)

60 TO 35

JelR=1

IF{J)26,206,28
WRITE(D,27)1 .
FORMAT(I4,38%,7I4")

6D T0 35
WHITE(H,24)1,(32,L24,38),73,(32,L=1,0),42
COMTINUE

HRITE(2,41)

FORMAT(YPLOT IT AGAINT)
READ(L,43)1IR

FORMAT CAL)
IF(IR=89}50k,1,5¢
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5% RETURN
END :
ENDS
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PAGE 2831

20214
AST
8GN
Chiu
Chn
END
ERR
Exy
Iy
L1
.2
Lvi,
MID
REP
CATCH
SAVA
SAVE

VDDV DO NI X

aRai45
AP R B W3]
gunlds
Aavi2u
aeel42
2pat124
aRaL26
Byptide
PAABSE
Paa1aL
Boa143
ouaL 4l
QgL 72
RB280Y
gen130
QanLd7

% ND ERRORSw

ASHB,R,B,0L,T
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PAGE gouee xui

@nal ASMB, R ,B,L,T

Auae  @aan2 NAr CATCH

2123 ENT CATCHM

ARG A sk kA kAR KRR E RN W R AP KR AR AP A kAR E A kAR R kR A h kW R Rk
Bads+ %
206 % PHOENIX HMIS3I0ON SIMULATION TEST *
37« AsD OHIVER ZUBROUTINE CAYCH *
Ganc NECATIVE OELAY TIME(LUORK AXEAD) v
paGos . ”
Bl Ot Rk R AR AR R S vk R I AR AP Y IR A A M A XX AR NI T AR Ak AR B kR
goiix

012% A/0 DRIVER TnAT 15 TUNED TCG CONTROL

BA13e A0 SAMPLING PATE, MAXIMUK SANPLING

Aaidx HATE 1S5 APPROXIMATELY 2BKHZ, TRIG=

7015+« GER UHANKNELS (#-7) SPECIFY ON uHICH

2016« CHANNEL THE SAMPLING IS PEKFORRED,

paL7* ORERATOR SUPPLIES THE TRIGGER .

Be16x CHANKEL VI& THE XEYBOARD, THE

3019 CALL FROM FORTHAN IS AS FOLLOWS!

P28

Bp2ls CALL CATCH(IBUF ,NB,LBUF,ITYL,ITCN, IWAIT)

G222« WHERE YHE FARAMETERS ARE DEFINED AS

0223 4# FOLLOwWS?

24

P202%% 1BUF = THE NAME CF AN INTEGER BUFFER TD

QY26 STORE THE t/n DATA 1IN,

2027« [ 45} r THE NUMBER OF Sa%PLES 10 STOKE BEFQORE
28282 T OYNE TRIGEER DCCUMS, (LUDK AMEAD)

2329x L3UF = LENGTYH OF YkE BUFFIR-14%F,
3036%  ITylL = & TRIGGER LEVEL THAT CAUGES

a2 THE CRIVER TO VAKE DATA BEYOMD
BRI x THE FIRST "NHA" DATA POINTS,
Bu33+ THIS TRIGGER 1S TRIPPED IF THE
2pd3éx DATA EXCEEDS THE MAGNITUUE OF
2¢35% : PITVL" IN THE SAME SENSE AS THE
2836+ SIGN OF "ITYL", (1.,E. A SIG~
Be374 KAL OF »5,9v WILL TRIGGER A

BRI b% PITVLY QF «4,9Y ANO A S1IGNAL
eR3nx DF 5,53y WwILL TRIGGER A "ITVL" OF
Go4nw 5.4V ETC,)

THE TRIGGER CHANNEL NUMBER (ow7)
A wAIT COUNT TO CONTRNL THE SAMPLING

Ba41x  ITCN
BRL2x  lWall

n

ABAD % BATE, THE LARGER "IWAITH 1§ THE

' DEXE SLOWER THE SAMPLING RATE,

@45%  IWAYT 3 THIS PARAMETER IS &LS0O A RETURNED
BOA6* PARAMETFR, TnE YaLUF HEING THE NFF3EY
2047 % UF THE FIRST "NBY" POIMTS AS TALESN
BB48% CYCLICALLY IN THE FIRST "Ng" ELEMENTS
BB40x GF "IBUF", THE REST OF THE DATR
audes POINTS ARE STORED IN W1IBLF® BTARTING
Ba51% RITH THE UNB #1" ELEMERT QF YIour™,
gu52% NILAITH LILL BE REYURNED WITh A i
9953 x% VALUE IF THERE IS AN A/D ERKOUR,
p8S4* ALL NORMAL OFFSEY VALUES wWitL BE

BASH* POSITIVE OR (ERO,



G
b=
Gl

aAns
ANS7

Bead
ARs4
Ba6H
AP6H
167
aass
BEEY
2074
an/y
2872
aa73
anz 4
AN7H
anrze
2477
2873
ae79
"BEY]

™

A28t

- Pe82

Ac83
3384
ANAR
22856
As87
2288
An8Y
2099
2091
29092
ANQI
2a94
A9 s
2096
2027
wngGs
2299
21338
it
3162
2123
Biga
2103
2146
127
2198
2129
a11@

nasd

panaa
aanet

. dnae2

IRNed
20204
189995
P304b6
A09g7
2an12
apatl
8812
20213
panté
neayd
paRle
p2ay7
22022
aun2l
nep22

- Ban2d

p3n24
BAALH
23626
pAad2?
pABIN
23331
‘B AYA
420833
28034
anajzy
2ARIS
nAQd7
ANALA
Adndl
200482
Av@dd
pagad
Quzab
AAB AL
AAR47
aapso
ALKs1
aana2
AnNn53
augda
panssd
AN055
neab7
pnaAnéa
a6t
2anee
APNES
Bpeda
3068
paBEs

801

AYRPRNA
A72136R
A76137R
ROBCPER
{eapny
A72u 38R
NHBLAA4A
162201
P22}
nz6214R
M12147R
186340
N72140R
apdued
{60201
{1oA20Y
A2 42R
B72144R
pas54a04
tonpat
132900
Pa2142R
372142R
206004
po2150R
A72872R
16¢val
{oayan
2p325
28RN
B/2LEIR
Pu6vaa
16021
150000
P72144R
DnaegR4s
160801
N72)145R
169200
A03020
8721490
1231092
16722
P62144R
1122022
266148R
103722
NE215§R
RYepad

A25v6OR

262146R
Bu2une
R26¢063R
1g2d22
PR6124R

CATCH

374
578
.08
LDA
STA
INB
LA
5S4
JMp
AND
LDA
STA
INBG
LDa
{LDA
ADA
STA
INB
LDA
LDA
ADA
$Ta
INB
DA
574
LDA
LDA
CMa
152
3TaA
ING
L.DA
LDA
STA
IND
LDA
STA
LDA
CHA
STA
CLF
cLC
LDA
OTA
.08

NOP
SAVA
SAYR
cafTcH
1,1
CATCH

1,1
]33
#+3

wpl
SSA,INA,RSS
HEP
Lyt

1,1
o, 1
CHW

1,1
AST
G,l

-

Wl
o

228
CHMwW
228
BeN

t1 STC 228,C

LDA

zh=}

INR,S8ZA

JHP
LDA

INA,

JHP
SFS
JMP

ey
14
SZA
=1
228
ERR

RETURN ADDRESS STOKED IN CATCH
SAVE VALUE IN A REGISTER

SAVE VALUE IN B8 REGISTER

GET ANDRESS

0F RETURN ADDRESS

RETURN ADDRESS STORED HERE
BUM2. 3 BY ONE

GET ANDRESS DF 1AYF

SKIP NEXY STATE, IF A ISNIT POS,
JUMP 3 STATEMEMNTS

MEKE IBUF POS, IF NOT ALREADY
LOAD A wiTH IRBUF

STORE IBU¥ IM BEGIN

AGMP B -

GeT ADDRESS DOF (NB) 2KD PARAMETER

LOAD & AITH NB

ADD A TG BEGIN

STORE A IN MIDOLE

BUMP B

GET ADDRESS OF LBUF (3)

LOAL A WITH LBUF

ADD YOP OF IBUF TO LENGTH 2 END
STORE IN END

LOAD A wITH RINaRY 5SA

STNRE SSA INSTRUCTICN IN KEBEAT
Gt T ADDRESS Or LYV (4)

LOAD A w/lTVL : .

COMP TRIG LYL S5AP3 ¥ TRIG 15 POS
CHANGES RIGN OF SKiIP

STNRES COMPF, TRIGHER LEVFL

GET AQDRESS OF ITCN (5)
LOAD A W/ITCN
STURE A IN COMMON WORD

GET ADDRESS 0OF INAILIT
STORE IwAIT ADDRESS

LOAD A w/IWAIT

COMPILEMENT IWAIT

STORE COMPLEMENT

DISARLES INTLORRUPT SYSTEM
CLEAR CONTROL OF CH 22
LOAD CMu IN A N
QUTPUT TRIGGER CH TO A/D
LOAD B W/TUP OF IBUF

SET CONTROGL = 3TARTS AJD
FINE

TUNING

Laop

WATT

S5AaMPLE

TIME

CHENK FOR FLAG

JUMP TO ERROR IF NO FLAG SFY
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PAGE

aL1y
2112
2113
2114
2115
3116
A117
2118
2119
2122
2121
3122
3123
A124
2125
2126
2127
2128
2129
7139
7131
2132
2133
2134
2135
7136
3137
n138
2139
5i%%
A141
2142
2143
2144
3145
1406
n147
2148
¥149
2159
2151
2152
0153
2154
8155
2155
2157
3158

2138

2584 #O1

DeA67
ANp7A
anare
ppa7?2
HNa73
LEEPA
AR
2an7e
Aaaz7
20109
AA1L
AAIn2
20193
Balu4d
2a1ind
RLRG
Asye7
33119
23111
#42112
Ao1ld
ruyy4
28115
A0115
an117
w2122
ad121
22122
Aant2d
avice
AuL2s
ary26
Auy27
AXLIN
2s131
AN 32
ae139
23134
An135
netr e
A4337
nu149
ye141
492142
nR143
£a144
29445
f5146
au147
ARL1HB
wdLsy
an1d2

{e2522
{7au:4
@d423143R
DeALAL
ves:2aR
B76143R
HE8141R
2o23151R
ROZigb6
peee77R
1yd722
po2152R
262696
P281G3R
$yo2146R
Gp2¢at
P256126R
142322
R263124R
192522
t7p20l
Baspn4
Ud6142R
P26126R
pa261a1R
putheid
PO6L41R
PE6140R
826050R
VIVId 4 ypi)
p26131%
pge2y140R
podund
R4Z143R
192108
172145R
n62135R
8613 7R
12606GaK
rua0un
I ' A58
QUAVAL
[ RoRcRakeds]
PANGRY
[Pty
g4euen
[ AspsRukedt]
UG
277777
GR2R29
177777
177774

vx  NO ERRORS#

.14 228
STA 4,1
AGA LVL
REP NOP
JHP CON
STo LVl
l.ho MID
LA Sl
ITHA,S5ZA
JHP ke
L2 5TC 228,C
DA =2B-4
iNALBZA
JHP Awml
LDA Tut
INASSZ2
JMP 2wy
SF§ 228
JMP ERR
LIa 228
STA 1.1
IMB
LPB END
JHP OEXY
JMP L2
CON INB
CrPB MID
Lo+ HBGN
JMFE Lt
JHP =4
EXT LDA BOGN
CHA, INA
ADA LVL
STF @.
STA AST,1I
LDA SAVA
LDl SAVB
JMP CATCH, 1
SAVA MOP
S5AVB NOP
BGH NOP
MIO NOP
END NOP
LVL NOP
CHH NOP
A3T NOP
Iwi NOP

END

LOAD A w/ FIRST A/D SANPLE
STNKE DATA IN I8UF

CHECK FOr TRIGGER
DUMMY~LDADED W/33A DR S§35A,RS5S8
JUHP TO COMTINUE
TRIGL,ENCEED.STORE PIR IN LEVFL
SET PTR TOD REMAINDER OF T8UF
FINE TUNING TO KEEP L1 AND L2
THE SAME LENGTH = THIS TIGHT
LonP ADO 52, COMP,CYCLES

SET CONTROL

FINE TUNING LOOP

ADDS (9) LOUMPUYTER

CYCLES ’

WALY

SAMPLE

TIME

SKIP IF FLAG NOT SET

JUHP ERROR

READ IN FIAST DATA AFTER TRIG,
STORE A IN IBUF (+ID TO END)

IF B EXCEFEDS END

Jure T EXIT

IF NOT CONTINUE SaMPLING
280 HALF GF LUOK AREAD LOUP
COMPAKE PTR w/MID

RESET POINYER

CUNTINUE WATA SAMPLING
DO L I e AL V™ BT ol N
JUMP 4 STATEMENT _

EXIT LOAD A W/TOUP OF [RUF

MAKE TNP IRUYF NEGATIVE

GIVES COFFSET GOF Ba DATA

ENABLE INTERRUPT SYSTEM

RETURN IWATT

RESTORE A

RESTORE 8

RETURN TO PREVIGUS SUBROUTINE
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PAGE @291l

3001 ' ASMB,R,B,L,T ASSEMBLY HEADER
8GN R AYd151

CON R 029964 ; /o
DLA R 9gB152 L
END R 30153 , ~
ERR R 020137 : : _ L

ExT R 0G%141% '

I R 980127

Il R AuA160

L2 R 000120

LVL R @a8156

REP R Q9au74

ASAY R oe2a157

CHWl R 222155

CA¥2 R 090154

SAVA R Ana14d7 :

SAYH R 90U154 ' -

SHARE R A00yY0e
#% N0 ERRORSw



PAGE 9472 hal

[51¢]% Y ASHB,R,B,L,T ASSENRLY HEADER

AAB2  RUI9LOD NAM SNARE NAHE UOF PROGRAM=SNARE
AL33 ENT SNARE ENTRY POINT

ABDD A L A A AR R AR AT AN A AR AT AR R RARNXRA XTI A RN AR N

2693 - *

2pa6 PHOENIX MISSION SIMULATION TEST »

20672 A/D DRIVER SUBROUTINE SNARE *

EELEES POSITIVE DELAY TINE x

AB39x *

Bl Nk R AR R IR N AT XA RIRAANRL LA AN AT RR AN A AR R RN AR AR N &

A%1l»

Q412 : A/0 DRIVER THAY 1S TUNED YO CONTROL A/D
2913« SAMPLING RATE, MAXIMUM SAMPLING RATE
FEANE] 1S APPROXIMATELY 28BKn7, TRIGGER AND
BaLS5x DATA CHANNELS (01~7) SPLCIFY ON WHICH
2916# CHANNEL, THE SAMPLING IS PERFORMED,
BaL7* A SERUENTIAL MDDE wHERE THE A/D SAM=
2818 % PLES E&CH CHANNEL SEGUENTTIALLY START=
23192 ING wITH CHANNEL (4u) IS ALSO PRNAVIOED,
A02a* THE OPERATCR SPECTIFIES THESE PARAMETERS
2021 VIA THE KEYBOARD, THE CALL FROM FUR=
2022 TRAM IS AS FOLLOWS?

2023 »

@24« CALL SNARE(IBUF,NA,LBUF,ITCH, IUCN, ITVL, TWAIT)
AH22¢ wHERE THE PARAMETERS ARE DEFINED AS
2A26w FOLLUWSS

2027 %

20282 IAUF = THE KAME OF AN INTEGER BUFFER TO STORE
2329 YHE A/D DATA IN,

HoGU e A STV OSLUAY TEIMS ATYLR O THE TnIofon L EuDy
Zad¢x HAS OCCURRED, THE &/ wlILlL NOT PEHFORN
o3z ANY DATA CONVERSIONS UNTIL AFTER THIS
2033+ DELAY TIPE HAS PASSED,

THE LENGTH NF THE INTEGER BUFFER "IBUF",
THE TRIGGER CHANNEL NUMBER (G-7),
THE [DATA CHANNEL MUHMHER (%=7), 0R THE

2934« LBUF
#8355« ITCN
A236+ IDCN

3837 = SEQUENTIAL OPERATINON 4UDE OF THE A/,
9338+ [TVL = A TRIGGER LEVEL THMAT CAUSES THE .
3339 DRIVER TO TAKE DATA AFTER TH{ TRIGGER

204A LEVEL HAS BEEN FXCEEDED, AND THE DELAY
Bgdi# TIME HAS PASSED, THIS TRIGRER 18 TRIPe
2642% PED IF THE DATA EX¥CEENS THE MAGNTUGE

AP435 % GF "ITVLY IN THE SAME SENSE AS TnE -
J044» SIGN OF "ITvL", (1.E. A SIGNAL OF

ABA5* =5,0V wWILL TRIGGER A "ITVL" OF =-4,9V

AVAE AMD A SIGNAL OF 5,5Y “ILL TRIGGER A

2047 % WITVL® OF 5,4V ETC,) MAXIMUM TRIGGER.
DUAB LEVELS ARE =10V TO +19V,

P3494 IWAIT = A WAIT COMUNT T0O CONTRQOL THE SAMPLING RAYE,
B232x» THE LAKGER YIWAIT™ [§ THE SLQWER THE

BE51 % SAMPLING RATE,

2052%  IWALIT = THIS PARAMETER J5 ALSO A RETURNED PARA=
BAS3x METER, THE VALUE BEING A ZERQ QFFSET OF
3954+ DATA FROM THE STAKT OF MIBUF", IWAIT

Ga55« HILL ALSG BE RETURNED WITH THE VALUE
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AGSS»
AVd7 %
2838
A239
au69
A361
Hpo2
ABHY
a364
2465
An8d
2067
2068
Ae69
287 @
an7y
an72
2473
AQ7 4
ezt
Ae76
2077
31078
3479
3082
3281
2¢82
3083
naba
2385
286
An87
2088
2483
3499
An9l
An92
2093
AN94
3995
2498
A497
AG98
ARG
2199
2191
ajune
D183
2104
2105
2126
24007
F. 3 ¥41:]
2109
211

3493

LELIAY]
AU001
ADRA2
20033
A4004
auead
A00E6
2A0NGR7
AUB1 A
LELRRY
pANL2
BuRLS
faaa14
paemt1d
20016
A9317
20922
ARQ21
Anp22
20023
29924
20025
ang26
apa27
ARP38
29031
2un32
2333
29234
anedd
nundé
Arn37
AEA4R
249041
3un42
A2043
BA%44L
arpas
AIR4E
047
A2053
20251
AAns2
gitadd
#yzd4
A8155
AFNHS
AB0a57
RYA6H
AANG6G1Y
fRNe2
A2A63
20064
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»{ WHEH THE A/D 1S NOT OFERATING
NORMALLY,
SNARE NuF

naerae
p72147K
P7615uR
BOBYANR
{oapal
N7 293%R
BusiEn4
1b2e2y
pu2621
G2€p14R
A12181R
160409
@’72151
Ba6904
1683081
1oapen
Y2082
andeag
B72152R
nYéLn4
tbuvay
169600
BG2151R
B72153R
peBeed
100214
169p0p
f72135R
Qebui4
loaunl
t60aps
2929
Ad2162R
A724154R
ALBBGS
n62163R
B72¢74R
16P29]
109000
BRAVRS
Bn3GP7 4R
B72136R
IBRG4
160061
W72157R
16043509
RUdIBGI
B721600
185100
PH2155R
196722
102622
13722

STa
8TH
L0
IL.DA
STA
INB
Lha
§354
JMp
AND
LDA
8TA
118
LDA
LDA
SZA
CMA
S5TA
INB
L.DA
LDA
ADA
5TA
IMNR
LD~
1.0A
3574
NG
LDBA
.0A
S54
LOA
3TA
INB
LOA
STA
LGA
LDA

CHa,

182
57A
Ing
LDA
s74
LOA
CHa
STA
CLF
LOA
LG
OvTL

SAVA
SAVH
SNARE
1[1
SNARE

1,1
RS3
LN
677777
G,1
BGN

sl
"1

sB40nR
CMwW2

thaez2n

HEP

1.1

6,1
55A,1INA,R38
REP

LvL

Tug
@
CMwi
228"
228

CoN 37C 228,C

DUMMY STORAGE FOR KFTURN AQORES S

SAVE A REGISTER CNNTENT
SAVE B REGISTIER CONMYENT :
LOAD B W/ARDHESS OF RTN ADURESS
LOAD A W/RETURMN ADRESS
S5TORE RTN ADDRESS 1M SNARE
INCREMENT B REGISTER BY
LOAD A K/BDNRESS OF I8UF
SKIP IF A 15 NUY POSITIVE
JUMP THREE INSTRUCTICONS
MAKE IDUF POSITIVE

LDAD A WITH IBUF

SYORE IRUF IN BEGIN

GET ANDRESS OF DELAY TIME
LGAD A WITH DELAY TIME
SKIP IF A IS ZERG
COMPLERENT DELAY TIME
STORE DELAY TIME IN OELAY

GET ANDRESS OF LABUF
LOAD A WITH LAUF
ADD LBUF TO IBUF
STORE LBUF IN END

GET ADDRESS OF ITCN
LOaN & WITH TRIGGER CHNL ND,
STGRE ITCN IN COMM, #w0RD 1

GET ADURESS OF IDCN

LOAD A WITH IDCM

SETS UP FOR SERUENTIAL MODE
SEG, BIT 14

STORE 2ND COMMAND WOKD

HIMARY CF SSA INSTFUCTION
REPEAT HAS 8534 INSTRUCTION
GET ANDRESS YF ITVL

LOAD A WiTH TITvL

SKIPS i¥ TRIG, I& POSITIVE
SETS UP 5S4,KSS INSTRUCTION
STORE COMPL,TRIGGER LEVEL

GET ADDRESS OF 14417

SAVE ADORESRS DF [WAIT

LOAD A WITH IWALY
COMBLEMENT IWALTY

STORE IwWAIT

GISARILES INTERRUPY SYSTEM
LOAD & WITH TRIG, CHNL NO,
CLEAR COMTROL CH 22

guUTPUT TRIG, CHNL TO A/D
SET CONTROL(ENCUDE)
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PAGE

dlit
4112
0113
Ati4
2115
Bi16
A7
p118
a1y
A122
a2
A122
8123
3124
3125
ai126
a127
4128
41239
A136G
2131
2132
3133
3134
21356
2135
2137
3138
2139
~3140
21414
2142
n143
3144
A145
2148
2147
3148
3149
3154
2151
2152
2153
2134
2155
3156
3157
2158
3159
2160
n161%
2162
9163
G164
3365

D234 1Oy

AvAa6s
ARN66
wane?
RAEB7 D
AAA7
Agn?2
273
Bo474
A3A75
2an7b
ARa77
23103
aere
Ag192
p3190d
LEBNL
22189
aa1eb
Bala’
AB119
gLl
a21t12
au113
24114
272115
23115
Aav17
24123
3121
dv122
"e123
aag24d
#2125
As128
ae127
20149
Ap1dL
pa132
22133
nE1d4
A8135
22136
3137
2AVAG
a2141
An142
22143
22144
20145
22145
AL a7
342152
1oy
24152
8at1dd

R621064R
w2006
P2OLHER
1p2d22
AZELI7R
1r2h22
@421 56R
ARy
24B6GEAR
P82152R
qQu2any
p26176%
BoB1I65R
puBens
naéelaze
pa2end
p251@atR
pagang
M6O151R
PE2154R
106722
182622
183722
Po2166R
za2206
P26119R
W20127R
1¢d722
fHEIHI3R
p2E141R
go2L60R
AN2006
pR6124R
9e6¢a4
1y2d22
A261377
142522
1700
Bo2i67%
pr2ees
226134R
¥261249R
2903439
72261421
pr24ge
162170
172157R
#62147R
B6515GR
126@90UR
ponNIRe
o]
QuoByan
RBQEAY
22000

LDA =B~)
INASSZA
NI )
SFS 228
JHP ERR
.14 228
ADA LVL
REP NOQP
JMP CON
LDA GLA
SZA,RSE
JMP w a8
1,08 =8=454
Nn,878
JHP A=l
INA,SZA
JHP nwd
NOP
LD8 BGN
LDA CMR2
CLC -228
0TA 228
STC 228,C
LDA =p-2
INA,SZA
JHP Rl
JMP OIN
L2 STC 228,C
Py END
SMP ERT
LDA IW}
INAL,SZ2A
JUP ww}
IhB
IM SFS 22B
JMP ERR
LIA 228
STA {,I
{.0A =8«4
INA,SZA
JMP ¥-}
JMP L2
EKR CCA
JMP xe2
EXY CLA
STF 9
STA ASAV,I
L.0A SAVA
LLOB SAVYB
JMP SNARE,!
Sava NQOP
SAVE NOP
BGN NOP
DLA MNOP
END NOP
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WAIT FOR FLAG

SKIP IF FLAG SET
JHUMP TO ERNOR IF M0 FLAG

L0AD INTO A FIRST CATA SAMPLE

CHECK TO SEE IF TRIG, EXCEEDED
DUMMY LOADED W/SSA OR S$SA,RS5S5
NO TRIG, JUMP TO CONTINUE

LOAD A WITH GELAY TINE

SKIP 1F DELAY 1S NGT ZERD

ONE .H#S INNER LGOP TIME

END NF DELAY LGOP

FINE TUNING FOR DELAY LGOP
SET POINTER TO TLP OF IBuF
LOAD A WITH DATA CmNL NG,

CLEAR CNONTROL :

OQUTPUT DATA CHNL TG A/D

" BEGIN FIRST DATA LCOP

WAIT FOR FLAG

JuUmP TO 2ND RALF OF LOOP
BEGIN NORMAL SAMPLING
COMPARE PTR TO END OF I8uUF

TJUMP LF BUFFER rILLED

SAMPLE
WALT
TIME

SKIP 1F FUAG 3ET

IF NO FLAG JUMP TO ERROR
LOaD A WITH MQRE DATA

STURE DATA WHERE PTR PUINTS
FINE ’

TUNING

LooP

JUMP TO NORMAL SAMPELING
ERROR EXIT (Az~1) "~

EXLT FROM SMARE (A=0)
ENABLES INTERRUPT SYSTEI
PASSES ZFERO GFFSET 6F (~1)
RESTORE A REGISTER
RESTORPE B REGISTER

RETURN T0 PREVIOUS SUBR,
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a166
3167
A1648
@168
g17e

2171
* &

Pr1954
n9195
watho
AeLs7
Beiod
Bnatel
fa162
2163
2164
AN165
G166
Anie7

AP2APNY
RBpa
2Yaniy
AraAvee
ABAVAn
W77777
p400a9
Qu2929
177775
177324
177776
177774

NO ERRORS=

CHW2 NOP
CMW 1L NOP
LvL NOP
ASAY NOP
IWl MNOP

END
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APPENDIX B

Calculations for determining, the sample time, and delay times
of the A/D driver; and calcualtions of the maximum missile response

signal frequency are included in the following appendix.
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CALCULATIONS FOR SAMPLE TIME

The below procedure was used to calculate minimum and maximum
sampling times for the A/D driver program. IWAIT is the wait count be-
tween data samples. Define:

CT = Computer cycle time in increments of 1.6 usec.

IWAIT = Number of computer cycles to count between data samples.

OH

Overhead, the number of fixed computer cycles in a loop.

SR Data sampling rate (samples/millisecond).
TST = Total sample time (milliseconds).
X = Time between samples (milliseconds/sample) the réciproca]
of SR. |
An HP 5327B counter/timer was used to measure the time 1nterv§1
between successive ENCODE or Set Control pulses going from the HP 2116C
‘ computer to the HP 5610A A/D converter. A small assembler program,

hand toggled into the computer, was used to measure the time interval

data. The following data was collected:

TWAIT (OCTAL)  COMP IW1 (OCTAL)  FREQ (SR) Hz 1§%§EVAL (X)usec
0 -1 31250 31.5 - 31.6
1 L 22 30991 34.7 - 34.8
4 5 | 22321 44.3 - 44.4
63 -64 4280.7 233.1 - 233.2
2047 ~2048 151.93 6582.0 - 6582.1

32766 -32767 9.53 104879.0
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The A/D driver assembler language program has the following

format for implementing IWAIT:

OPERATION COMPUTER CYCLES
L1 STC 228, C 1

LDA IW] | | 2

INA, SZA | IWAIT +]
JMP * - 1 - IWAIT

SFS 228 | 1

JMP ERR 0

MP L1 B

The SAMPLE TIME is computed according to the following
formula.
SAMPLE TIME = (2 IWAIT + OVERHMEAD) (CYCLE TIME), or

IWAIT = 1 (SAMPLE TIME - OVERHEAD) (1)
2 (CYCLE TIME )

Since the data gives us the time interval or SAMPLE TIME, and
the IWAIT parameter was given, the computer CYCLE TIME was calculated.

The QVERHEAD term will cancel out since it was constant for all

measurements.
CYCLE TIME = SAMPLE TIME - (2)
2 TWAIT + OVERHEAD
CYCLE TIME = 104879-31.5 = 1.59993 usec (3)

2 (32766)-0
and, from (1)

IWAIT = SAMPLE TIME - OVERHEAD
2 (1.59993) 2

Thus IWAIT = 312.512 X -B
X = SAMPLE TIME
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B = OH/2 »

The OVERHEAD 1in the A/D driver program is 22.computer cycles,
thus

B =0H/2 = 22/2 = 11
or finally,

IWAIT = 312.512 X - 11.0 (4)

The above expression for IWAIT is contained in the PRIME sub-
routine of the A/D driver program.

Below are some sample times calculated from (4) above:

TWAIT SAMPLE TIME (X) ms SAMPLING RATE (SR) KHz
0 .035 28.41 (MAX)
1 .038 26.04
5 .01 119.53
10 067 1.8

100 0.35 2.82

2000 6.45 155

10000 32.3 031

32766 104.8 .00954 (MIN)



CALCULATIONS FOR DELAY TIME

The below procedure was used to calculate the variable para-

meter (X) for the delay time loop.

CT = Computer cycle time in inérements of 1.6 usec.

DLA = Complemented delay time in assembler progran.

DT = Delay time inputted from keyboard. .

N = Number of times each computer operation is used in the

delay time loop.
OH

[H

i

X

Overhead, the number of fixed computer cycles in a loop.

Inner loop parameter for counting to one millisecond.

The A/D driver has the following format for implementing the

delay time:

OPERATION

LDA DLA

LDB = B-X
INB, SZB
MP, * -1
INA, SZA
Mp % -4

COMPUTER CYCLES

0 (outer loop)

2 (N+1) (dinner loop)
X (Ne1)

(X-1) (N+1)

(N+1)

(N+1) —1‘

For N = 0, the inner loop is used one time, or a minimum. Set

this minimum loop time equal to one millisecond. If the minimum delay

time is set to one millisecond increments, then the parameter X will
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be the necessary inner loop cycles to equal one millisecond.

The parameter X can be calculated using the following formula:

DT = [2(N+1)+X(N+1)+(X-1)(N+1)+(N+1)+(N+1)-1+OVERHEAD] (CT)
LET = DT = DTmin = Ims = 1000 usec

N =0 (min times through loop) - 7

OH = Whétever the overhead is. In the A/D Driver OH = 23;
so,' ‘ |
DT .= [(N#1)(2x+3)+0H-1T] (CT) | ” (2)
or,

1000 = (2X+3+23-1) (CT)
1000 = (2Xx+25) (CT)

X = 11000-25 = 1 1000 - 25
2 CT 2 1.6
= (622-25) = 300,
or,
X = 454 (3)

Thus, if the inner loop is cycled 4548 times, the delay time

will always be in multiples of one millisecond. If the X parameter

had not been an integer, the overhead would have had to been increased

or decreased by one. The A/D driver uses integer numbers. It was

precisely the overhead factor that al]owed_a]] ofrthe seven timing

loops in the A/D driver to be matched to within + one computer cycle

time.
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CALCULATION OF VCLO CONTROL VOLTAGE
VELOCITY SEARCH FREQUENCY

A brush recording was made of the VCLO control vo]tage wave-
form while the VCLO was velocity searching. The brush recording was
run at maximum speed of 125 mm/sec.

The frequency was calculated by the fo]]oﬁing method. First,
a reference boint was chosen on the VCLO waveform. From this reference
point, 30 cycles of the waveform were counted out. The thirty cycles
took 190 mm to complete, thus

VCLO Control Voltage = (30 Cycles) (125 mm)
(190 mm ) (sec

= 19.74 > 20 Hz
Refer to Figure 8, for a pictorial view of the actual VCLO

control voltage waveform.




orgd

/. /\ | /\/q/ v’/\// EVAV V ﬂ‘v/[v/\//ﬂ

20 Cycles of Velocity Searching

/ / -
7 / . -
Brush Recorder SPGEd: 125 mm/sec

Length of 30 cycles of waveform: 190 mm
(only 20 cycles shown)

VCLO Control Voltage Frequency = (30 cycles) (125 mm)
_ ' (T90 mm ) ( sec )

19.74= 20 Hz

it

Figure 8. - VCLO Control Voltage Waveform
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APPENDIX C

List of equipment used in developing the MST.
List of equipment incorporated into the MECCA system as part

of the MST.
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MST:

system

83

The following is a 1ist of equipment used in developing the

HP 2116C Computer

HP 5327B Counter/Timer

HP 3480B DVM

HP 5610A A/D Converter

HP 200CD Widerange Oscillator

Tektronix RM561A Oscilloscope

Tektronix 7613 Oscilloscope |

Tektronix TM 503 Signal Generator
Dynamic 7525 Differential DC Amplifiers
Dynamic 6364A/RF Electronic Filters
Bell/Howell VR-3400 14 Channel Tape Unit
Brush Mark 26O-Ana109 Pen Recorder -

The following is a list of equipment incorporated into the MECCA
as part of the MST:

HP 2116C Computer

HP 5610A A/D Converter

Bell/Howell VR-3400 14 Channel Tape unit
Dynamic 7525 Differentia] DC Amplifiers

Dynamic .6364A/RF Electrical Filters



APPENDIX D

Operational instructions for using the MST.
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OPERATIONAL INSTRUCTIONS

To use the MST computer programs follow the procedure listed
below:
(1) Load the MST disk cartridge into the disk drive unit
Tocated under the tape unit in the MECCA computer equipment bay.
(2) Reboot computer following rebooting pfocedures Tisted in
the appropriate NAVAIR Manual.
(3) Run a complete long self test on the AN/DSM-130(V) GMTS.
(4) If the self test results are good, turn on the HP 5610A A/D
converter located under the disk drive unit. 7
| (5) Patch the VR-3400 tape unit to the MST PHOENIX patch panel.
Set the tape unit to a»j_1OV range scale. Turn power on.
‘(6) Call up PRN 7800 from the computer console. Start the
VR-3400 tape unit (15 IPS). Input the necessary information asked.
(7) The MTP will now run to completion completely automatic.
(8) After the MTP was been terminated, stop the VR-3400 tapé
unit, rewind the tape.
(9) Patch the VR-3400 to the A/D patch panel.
(10) Call_PRN 7700 from the computer console. Input the
necessary information. Start the VR-3400 tape unit when display
- console instructs to do so. |
(11)'The missile response data that was recorded on the VR—3400

will now be digitized and stored in the HP 2116C computer.
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’(]2) Once the digitization is complete, a 1isting or a plot can
be obtained.

(13) The recorded missile response data can be sampled as many
times as is necessary.

(14) Once all data processing is completed, rewind the VR-3400
tape unit and remove power.

(15) If additional special missile tests are required call PRN,
3 from the computer console, SCRATCH, and feed in the special missile
programs via the paper tape reader. Follow instructions in each
special missile program.

(16) After all testing is complete call PRN 7710, to remove

power from the missile.
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