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PREFACE

The assembly of a Space Shuttle Main Engine (SSME) Thrust
Vector Control (TVC) Actuator model by M&S Computing has
progressed from trade studies to determine the most cost effective
components with which to build the model, through the preparation
of detailed software and hardware specifications, to the actual
construction of the five PC Boards which make up the model. The
contract ends with their .successful checkout and operation.

This report outlines these activities and forms a final
synopsis of the effort expended to develop this prototype 1TVC
actuator model.

Prepared by:

R. W, Baslock

Approved by:

-

Ww. F. Rass, Jr. hy[;“
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1. SUMMARY

The contract to construct a prototype Space Shuttle Main
Engine (SSME) Thrust Vector Control (TVC) Actuator analog model
has been successfully completed. The prototype, mounted on five
printed circuit (PC) boards has been delivered to NASA, checked
out and tested using a modular replacement technique on an analog
computer. In all cases, the prototype model performed within the
recording technigques of the analog computer which is well within
the tolerances of the specifications.
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2. INTRODUCTION

The end product for the SSME TVC Actuator contract 1is a
working prototype constructed of electronic compenents such as
operational amplifiers, analog multipliers, dividers and switches.
This end was obtained by first performing a trade study of the
market place to determine the most cost effective devices with
which to build the model. Next, the math model supplied by NASA
was reduced to a circuit schematic which included those components
selected in the trade study. These circuits were then built on
five PC boards using plated through holes on double sided boards.
In parallel with the construction of the PC boards, a digital
simulation of the circuitry was generated to give assurance that
the prototype would have the desired performance characteristics.

after the prototype was constructed, it was tested at NASA
by incorporating portions of the model into an analog computer
simulation and comparing the results. In all cases, the operation
of the prototype was comparable to the analog program and
completely satisfactory.
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3. DESCRIPTION

The first effort that was required in performing the TVC
actuator contract was a thorough study of the market place. This
study was necessitated by the rapid advance in recent months in
the technology base of analog operational amplifiers and function
generators. These fourth generation devices have only been
available for a short period of time and offer performance
characteristics vwvastly superior to devices of two or three years
ago .

In addition to studying the analog circuitry market place,
the trade study also encompassed the field of microprocessors.
Two devices were included in this trade off, the Motorola MC6B0O0
microprocessor and the Texas Instruments TMS-9900 microprocessor
and their families of supporting devices.

The entire trade study report is attached in the appendices
for reference. However, the major conclusions are given in the
following paragraphs.

The operational amplifiers which were capable of performing
adegquately in the TVC model formed a list of seven. These were:

RCA CA 31400 $0.69 per 100
National Semiconductor LF156 7.50 per 100
National Semiconductor LF356 2.18 per 100
Burr Brown 3521 17.80 per 100
Burr Brown 3523 25.00 per 100
Analog Devices 146 61.00 per 100
Analog Devices AD540 8.95 per 100

0f course, the most cost effective were the two that are
least expensive: the CA3140 and +the ILF356. Based solely on
price, the CA3140 was chosen and has since proven to be a good
selection. The device can be handied almost with impunity with no
deteriation of performance. The performance of the operational
amplifier is very adequate in the completed model as predicted in
the original trade study.

The selection of the analog switches was based almost
entirely on price since all that were found performed adequately.
The device chosen was Analog Device's AD7512 series costing $5.80
in 100 lot quantities.
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he interface devices between the digital microprocessor and
the analog amplifiers, i.e., the digital to analog and analog to
digital converters were chosen to be the Burr Brown DAC 80 and the
ADC 80, respectively. In addition to adequate electrical
performance, these devices were relatively inexpensive,plus their
phvsical size was among the smallest found. This was attractive
due to the limited packaging area allotted to the interface board
in the model package.

The microprocessor selection was based on sixteen facters.
BEach of these c¢riteria were carefully weighed with the £inal
selection being the MC6800 over the TISS00.

NASA and M&S Computing jointly agreed that the packaging of
the 7TVC Actuator model should be accomplished using the Digital
Equipment Corporation (DEC) back panels and c¢abinets. The most
desireable approach would be to have one TVC actuator model per
back panel with each back panel capable of holding nine PC boards;
these nine boards being spaced 1/2 inch apart. Since some of the
components necessary for building model were over 1/2 inch thick,
it was decided to use five PC boards in the same back panel which
allows 1 1inch spacing between the boards. In keeping with the
desire to have the model modular and interchangable with the other
models, the allocation of board slots became the
microprocessor-cne slot; an interface board - one slot; the model
power spool - one slot and f£inally, the model's 4-channel inputs
to the power spool were divided into one PC board each and each PC
board 1/2 slot. Therefore, the final two slots of the back panel
contain four PC boards which constitute the 4 input <hannels of
the TVC actuator model.

The next process in the development of the prototype
consisted of two steps; one the designing of the analog circuitry
based on the components selected in the trade study and the analog
math model supplied by NASA, and, the second, the writing of
specifications for the microprocessor hardware and software.
These specifications were based on documents written by NASA which
described the performance requirements of the TVC actuator models
and knowledge of the capabilities of the MC6800 microprocessor
gystem. These schematics and specifications are included in the
Appendices.

The remainder of the project was used in the prowcess of
designing the microprocessor and interface board schematics (see
the Appendices) and ordering parts, and, building the actuator
model. ‘ .

During the time when parts were on order and PC boards were

'being constructed, there was time to study the scheématics of the

analog model to insure proper operation of the circuitry once
constructed. :
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This analysis was two pronged in that several of the actual
circuits of the model were bread boarded using the trade study
selected components and, a digital simulation of the overall
actuator model Dbased on input/output transfer functions was
written. The circuitry that was bread boarded gave confidence
that the individual circuits of the model were inherently stable
and responsive to input stimuli such as would be encountered in
actual practice. Further, time dependent drift and temperature
drift proved not to be factor based on tests of the circuitry.

The digital simulation was based on a continuous -systems
simulation algoritchm. The circuitry was described by explicitly
programming equations which mathematically defined every node 1in
the simulation. Integrators were emulated by a fourth order Runce
RKutta Integration algorithm whose bandpass was explicitly defined.
This approach has a distinct advantage over packaged simulation
programs since there is a substantial savings in computer time.
However, it does require a more through understanding of controls,
numerical analysis, and FORTRAN, as well as the electronics of the
circuit.
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4. CONCLUSIONS

The requirements of the TVC actuator model program have been
accomplished. The prototype 1is built and the microprocessor
design is complete. In addition to these two accomplishments, M&S
Computing has assisted NASA in the testing of the prototype model.
This testing has been accomplished by a modular substitution
technique into an analog computer at NASA which contained the same
math model of the TVC actuator as was built by M&S Computing.
Thus, one channel of the computer simulation could be removed and
the prototype PC board channel substituted into the computer
simulation. A compar ison of computer responses before
substitution and after substitution gives a graphic example of how
well the ptototype functions. In performing these tests, no
difference could be discerned between the computer responses and
the prototype responses.
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1. SUMMARY

Two trade studies have been conducted to define the best
performing, most cost effective circuit components for use in the
TVC actuator model. The first study encompassed the
microprocessor that will be used to interface between the analog
model and the simulation computer. The record analysis
investigated integrated circuit operational amps, analog to
digital converters, digital to analog converters, and analog
switches that are to be used to actually construct the model.

The results of the microprocessor trade study 1is the
selection of the MC6800. This device contains the best
combination of individual circuit medules, interface
characteristics, and software reguirements.

The integrated circuit study resulted in the selection of the
RCA CA 3140 operational amplifier, the Burr Brown DAC-80 digital
to analog converter, a Burr Brown ADC80 analog to digital
converter, and an Analog Devices AD7512 analog switch.
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2. INTRODUCTION

The two trade studies contained in this report were conducted
to determine what circult components would provide the best
performance and most cost effective integrated circuits for the
TVC actuator model being designed by the Marshall Space Flight
Center for use in the Marshall Mated Element Simulator, MMES.
This analog model will contain from one hundred to one hundred
fifty operational amplifiers interfaced to and controlled by a
microprocessor. The microprocessor will in turn be interfaced
with a simulation computer. The purpose of the studies was to
choose the best microprocessor, operation amplifier, Digital to
Analog (DAC) and Analog to Digital (ADC) converter and analog
switches for use in the first brassboard prototype of the model.
If these components perform properly in this prototype model, ten
more models will be built to fullfill the requirements of the
MMES. This means that at least 1000 operational amplifiers, 40
ADC's and DAC's and 250 analog switches would be required for the
10 models. Before making chis large a committment to a circuit
component, a market survey was in order. This report is the
raesult of that survey.

The study approach used was to survey the market place and
determine who made components which met the requirements of the
TVC actuator model. These components specifications were then
studied in detail. Factory engineers and representatives were
contacted for reliability data, and firms using the devices were
contacted for first hand information on the individual parts. The
results of this data gathering is given in the following
paragraphs.
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3. DESCRIPTION

3.1 Microprocessor Trade Study

The MC6800 microprocessor is a bi-direction, bus-oriented,
8-bit parallel machine with 16 bits of address. The processor is
capable of directly interfacing with eight peripheral devices and
one TTL load on the same bus at a MHZ one clock rate. The key
features of the MC6800 are:

0 8-bit parallel processor

0 65K bytes of memory

o N-channel MOS technology

0 All input and outputs, except the clock, are TTL
compatible

o} 7Z basic instructions

o] Seven addressing modes

o} 2 microsecond instruction execution

o Common I/0 and memory bus

The Texas Inétrument T™MS-9900 microprocessor is a

single-chip l6-bit central processing unit (CPU) which wuses a
N-clannel silicon-gate MOS technology. The instruction set of the
TMS-9900 includes the capabilities offered by full
minicomputers. The unigue memory-to-memory architecture £features
multiple register files, resident in memory, which allow faster
response to interrupts and increased programming flexibility. The
separate bus structure simplifies the system design effort. Texas
Instruments provides a compatible set of MOS and TTL memory and
logic function c¢ircuits te be used with a TMS~3900 system.
The system 1is fully supgerted by software and a complete
prototyping system. The key features of the TMS-9900 are:

.0 . 1l6- Bit Iﬁstruction Word
0 Full Minicomputer Instruction Set Capability including
Multiply and Divide
0 Up to 65,536 Bytes of Memory
0 3-MHz Speed
o] Advanced Memory~to-Memory Architecture
o Separate Memory, I/0, and Interrupt Bus Structures
A-T
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o] 16 General Registers

o 16 Prioritized Interrupts

o] Programmed and Direct Memory Access {DMA) T/0
Capability ‘

0 N-Channel Silicon-Gate Technology

3.1.1 Motorola MC6800

o] Advantages

The MC6800 system is attractive to the system
user because the peripheral parts appear to the
microprocessor as simply memory locations on the
address and data bus. This bus architecture
simplifies the interface between memory and
peripheral devices and eliminates the use for
dedicated I/0 instructions.

A versatile peripheral interface adapter (MC
6820) simplifies MC6800 interfacing requirements
with the TVC actuator model and Sigma-Type
Multiplexer Input/Output Processor.

Comprehensive MC6800 supporting parts available
including memory options, and communications
devices. . B

The MC6800 is TTL compatible on all inputs and
output, except for clock. A single power supply
is required (+5v). The TMS-9900 regquires +15V
and +12V. (However, use of EPROM such as the
Intel 2708 in a MC6800 system negates this
advantage, since the 2708 reguires +12V and +5V).

Despite only two accumulators and one index
register, ~n efficient instruction set  and
addressing modes make the MC6800 a program
execution benchmark leader in comparison to other
8-bit, single chip microprocessors. The address
modes are as follows:

1. TImmediate

2. Direct

3. Index

4, Extended

5. Implied

A-8
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6. Relative
7. Accumulator (ACCX)

The MC6800, being the second most popular
microprocessor in a £field of approximately 50
comrm2rically available types, attests to its
performance and user satisfaction. The MC6800 is
multi-second-sourced., (The TMS-3900 is not)

Familarity with the MC6800 instruction set should
be easily learned by DEC PDP-11 users, Since many
of the instructions (for example, the branch
instructions) were copied from the PDP-1l as
closely as possible with a shorter word-length

machine. (Bowever, 1t does not include <the
PDE-11 two-operand, source/destination~- type
instructions)

Software cross assemblers for the MCBB00 are
available for PDP--1., Nova, IBM 360, HP 2100, and
Sigma 9 computers.

A non-overlapping two-phase clock in DIP form 1is
available for the MC6800. (There is no similar
four-phase clock available for the TMS-9900)

Physically, the MC6800 is more than an 1inch
shorter than the TMS-9900.

Digsadvantages

Cost

In comparison to the l6-bit TMS-9900,; the 8-bit
MC6800 is at a disadvantage in communicating with
the 12-bit resolution, DAC and ADC converters
used on the TVC actuator model interface. This
would impact hardware as well as software to some
degree.

All other things being equal, a 1l6-bit machine
should be inherently more powerful than its 8-bit
counterpart, particularly in memory addressing
capabilities.

The MC6800 has only two vectored interrupts, one
maskable and one unmaskable. This limitation
would require some software interrupt polling in
most applications.

(not including software development)

MC MC6800 Microprocessor $35.00
each
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MC 6871A Crystal 0OSC $15.00
each

Intel 2708 EPROM (unprogrammed) $99.00
each

Intel 2102 Static Ram (32EA) $160.00
each

MC6820 Peripheral Adapter (2EA) $30.00
each

MC6850 Async Communication $15.00

Inf (ACIA) each

Miscellaneous parts including $150.00

decoupling capacitors, (est.)

resistors, IC's, etc.

MC6800/PDP-11 Cross Assembler $1250.00
each (non-
recurring)

TOTAL: Approximately $1650.00

Deliveryv Times

Microprocessor and supporting chips are
off-the-shelf.

Design Considerations

Three interfaces are required. (See Figure 3.1).
They are (1) microprocessor to simulator, (2)
microprocessor to a Sigma~type Multiplexer
Input/Qutput Processor, and (3) microprocessor to
teletype (TTY) (for software development only).
Interfaces 1 and 2 could be accomplished with the
use of peripheral interface adapters (PIA).
Teletype interfacing could be accomplished
through the use of an asynchrous communication
interface and, external from the board, a TTY
interface.

Programming requirements include, writing a
bootstrap loader to be resident in EPROM so that
developmental software could be entered into the
target microprocessor via a teletype interface.
Software could be developed in a PDP-11 with a
Motorola PDP-11/MC6800 cross assembler through a
PL-11 interface to a TTY unit (LT 33). After
software development is complete, the E Prom
would be updated to its final configuration.
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An alternative software development approach
would be to use the 6800/Sigma 9 instead of the
6800/PDP11 Cross  Assembler. Assuming the
6800/Sigma 9 Cross Assembler could run on the
simulation computer (or modified to do so), the
target microprocessor software development
programs could ba loaded through the MIOP
interface without the necessity of development of
a special hardware serial interface.

approach is finally adopted, a significant

microprocessor software development task can be anticipated.

3.1.2 Texas Instruments TMS-9900

o] Advantages

Most TMS-9900 instructions use a two-address
format, specifying both operand source and
destination, which is notably efficient in
conserving instruction space and reducing program
storage. The MC6800 utilizes single operand
instruction only.

The TMS-~9900 provides up to 16 hardware vectored
interrupts. The vectored interrupts, along with
the work space register concept (all general
purpose registers are resident in programmable
slots in memory), permits the microprocessor to
handle high interrupt rates. This means that the
TMS~9900 can handle high speed I/0 (which on some
machines would normally be tied down by high
overhead software) without necessarily resorting
to expensive autonomous (DMA-type) controllers.
The  MC6800 has limited  vector interrupt
capabilities.

The TMS-9900 employs a communications register
unit (CRU) which is a general purpose,
command-driven /0. The novel feature of this
device is that it can provide up to 4096 directly
addressable input bits and 4096 directly
addressable output bits. Both input and output

bits can be addressed individually or in fields .

of from 1 to 15 bits. The CRU  facilates

interfacing variaiole word length device as would

be required in prccess control applications.

The TMS-9900 has hardware  multiply and divide

instruction.

The TMS-9900 is software compatible with the
Texas Instrument (TI) 990/4 and 990/10
minicomputer. Motorola does not have a family of
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MC6800 1like computers. Availability of a 990/10
minicomputer could simplify software to a target
TMS5-9900 microprocessor.

Disadvantages

-—

The TMS-9900 I/0 commands are relatively slow due
to the 1I/0 address incrementing and shifting.
For a sixteen bit interfacs, the output command
(LDCR) has a best case execution time of 17
microseconds and the input command (STCR) has a
best case execution time of 20 microseconds.

A four phase non-overlapping clock circuit would
have to be designed.

The MC6800 can read 8 bits of data into an
accumulator (with a load accumulator (LDA)) from
a peripheral device and store it into memory
(with a store accumulator (STA)) faster than the
TMS-9900 can read 8 bits from peripheral device
and store it in memory (with a store
communication register (STCR) instruction).

Cost (not including software development)

Quantity Cost

TMS TMS-9900 microprocessor 1 $99.65

Intel 2708 EPROM 2 $§198.00
(1K x 16 array)

Intel 2102 Static Ram 32 $160.00
(2K x 16 array)

Addressable Latch 6 $12.00

74LS5259 {(est.)

1 of 8 multiplexer 4 $10.00

74L5251 (est.)}

Mis;ellaneous parts ' AR $200.00
ing¢luding decoupling (est.)

capacitors, resistor,
IC's, etc.

Motorola K1091 ' $35.00
‘3MHz XTAL OSC R

- TMS-9900 IBM 3XO Cross *$1250.00
Assembler

- TMS-9900 Simulator Software #$950,00

A-13
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* Non-recurring costs

o Dellvery Times ' ! B
- Slx weeks delivery‘ifiﬁé:tié gquoted ~on  the
TﬂS -9500. : - T %
o Design Considerations -
- Three interfaces aré féquirédQ (SEé Figure 3.2). E

They are (1} microprocessor to simulator, (2) !
microprocessor to sighma-type MIOQOP, and (3) o
microprocessor to  teletype (for software él '
development only). Since: LST  programmable = LI

. T

interface adapters do not exist for the TMS-9900,

output data as the I/0 bit address is being ‘ =

| the interface design between the microprocessor 1 ‘
- and the device would have to be built up £rom 1_ ﬂ
74XX series (or equivalent) MSI and SSI parts. | |

For data out and control functions, the device 1 i {

must latch Communications Registeér Unit (CRU) E }

1

1

incremented. This can be accomplished by the use —
of addressable latches such as the 74LS259. = |
Since the TMS-9900 is .a - "bit' picking" machine, L
control functlons (such as start conversion) can

be initiated by 1ssu1ng a single bit without f}
affecting other - bits 'in theé status and ¢ontrol - ‘l
registers of the device.

Data to the microprocessor can be channeled to g1
3 the TMS-9900's CRU by the use of 1 of 8 tri-state R
g output multiplexers. The 7415251 1 of 8 MUX and RS
o the incrementing I/0 bit address effectively i{ ¥
f ’ selects and then converts the user parallel data o
! to serial data for the CRU input line.

L i Ly
Device interrupt capability can be implemented by %1 -
hard wiring interrupt request to -a couple of .
74148 encoders,; which will generate the interrupt
request and provide LnteLnupt vectorn address t
the IMS-9900. _

7]

To provide software-'supportt* a Yink must be
established to the outside world. One approach
would be to bring the I/0 bit address, CRU out,
CRU in, <CRU clock, an interrupt line, and other
sighals to an edge connector. Using = these
51gnals, an external TTY interface to TMS 9900'
microprocessor could be designed.
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- Programming requirements dictate the need for
EPROM to provide for a bootstrap <o that
developmental software could be entered into the
target microprocessor via a teletype or
equivalent interface. Software could be
developed in a IBM 360/9900 cross assembler and
TMS-9900 simulator.

3.2 Actuator Model Component Reliability and Cost Study

3.2.1 General Comments

The question of reliability in a system which will use
approximately 1500 active devices 1is one which demands serious
consideration. The basic trade~off study question is: Should an
initial large amount of money be spent on high reliability
components or should good grade commercial parts be purchased and
the additional money needed for the maintenance be spent on an as
requ:red basis?

Slnce the majority of the 1500 active devices in the model
are operational amplifiers, they are analyzed in the following
paragraphs to provide an answer to this question. .

Usually there are two or more versions of the same
operational amplifier available to the designer. The difference
in the versicns is the - tolerances of the  electrical
characteristics and the width of the temperature range. The two

rsions being considered here are the commercial grade, .

(cperatlng temperature range, 0 degrees C to +70 degrees C) and
the military grade, (operating temperature range, -55 degrees C to

+125 degrees C). While the commercial version meets all the

electrical characteristics as specified by the manufacturer, the
military version will have <closer tolerances. Generally, the
military version costs four or five times the commerc1al vers10n.

Due to their excellent quality, the commerc1al versions of
the operational amplifiers being considered in this report meet or
exceed the regquirements of the actuator model. In addition, the
operating temperatures of the system will be within the commercial
version's range. Therefore, it would be very satisfactory and

_ most economlcal to use the commercial vers1on.

The devices within the military and commerc¢ial versions can

_be_further divided into two categories: screened and . unscreened.

The screening process removes many of the devrces that are
likely to f£ail in early operation. The reliability engineers at

-an operational ampllfler manufacture's facility state that for the

type of devices being considered, the mortality rate, within the
first six months of operation, is typlcally.

0.02% per 1000 hours of operation for screened‘devices..
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0.05% per 1000 hours of operation for unscreened devices.

These figures are true for both the military and commercial

versions.

The failures that occur during this period are due to such
things as scratched or cracked dies, marginal wiring contacts,
imperfect packaging, -and other events that are hard to detect
during the manufacturing procass. When these devices are tested
at the end of the process they appear good, but after a few hours
of operation at high temperatures and working voltages the waak
points fail under s;ress. _

An operatlonal amplifier that is screened undergoes a process
in which it experiences high temperatures and full operating
voltages for many hours in the manufacturers facility, hence most

of ‘the weak devices are forced to fail and rejected before

reaching the user. The unscreened device does not undergo this
screening process, and it may take from a few to many'hours of
operatlon by the purchasar before it falls. i

A worst case cost analysis can be made to compare the

screened and unscreened  devices. Assuming that one-thousand
devices will be operated for eight hours each working day for six
months (1040 hours) and the mortallty rate 1s as prevmously'glven,
the number of failures expected is: '

Screened: (1000 units) x {1040 hours} x (0.02%/1000 hours) =
0.208 failed units.

Unscreened: (1000 units) x (1040 hours) x (0 05%/1000 hours}
= $.520 failed units.

Thus, in six months there should be expectedione failure in each
group, with the probability of failure 2.5 times greater in the

unscreened group than in the screened group.

Considering that 1000 units is a relatively small sample and
to ensure worst case, as is often done when calculating failures,
the number of expected failures will be multiplied by a factor of
five. Therefore, considering a failure of three ampllFlers in the
unscreened group and one in the screened group, the leferentlal
cost between the groups can be calculated. : : :

The manufacturers screenlng costs are appr621mate1y $3000.00.
Assuming eight hours to find and replace each failure at a cost of
$20 00 per hour, the relative costs are as followsr

Unscreaned . Screenéd
Screening cost . § 0 . $3000..00
Replacement cost#* 3,00 : 4.00
‘ A-17 o
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Labor cost . 480.00 . 20.00

5483.00 $3024.00

¥ Assuming a cost of $1.00 each for the unscreened device and

$4.00 for the screened device.

Thus, there is a substantial cost to go from a situation of three

expected <failures when using unscreened parts to one expected
failure after screening.

Another'factotftd consider is the downtime each grou? would

- cause. The unscreenad group would be down for 24 man hours ({2.3%

of the first six months), while the screened group would be down
for 8 man hours {0.8% of the first six months).

It should be emphrasized that as the number of operational

hours increase the likelihood of failure decreases. After

approximately 1000 hours the unscreened devices that are still
functioning are no more likely to f£ail than those of the screened
group. This cost analysis represents the worst situation likely

to exist. Also, it is quite possible that a failure can be £found

and replaced in much less time than the eight hours used in the
calculations.

Considering the results of this study, it is recommended that

the unscreened commercial operational amplifiers be used. -

Now that is has been determined that the most cost effective

 approach is to purchase good commercial grade operational

amplifiers, several other subjects should be addressed before the
selection of specific devices is undertaken.

In order to facilitate model maintainability it is
recommended that all integrated circuits be mounted in sockets
with sufficient test points identified around the sockets. This
approach is particularly important i1f a multilayer printed circuit
bocard iz used. When components must be unsoldered for

replacement, the integrity of the boards will be jeopardized due .

to the difficulty of reusing the plated through holes.

Troubleshooting to detect failed components is difficult if a
multilayer board is used. Since the middle layers of the BC board
are inaccessable, input/output testing of suspect components 1is
nearly impossible if these points are not given access to the
outside world. Therefore, it is recommended that specific points
within the circultry be made available for testing.

3.2.2 Operational Amplifiers
3.2.1;1 Performance Analysis

2 detailed study has been conducted to choose the "hest"
operational  amplifier for the actuator model Implementation. This

A-18
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[% investigation was based on thorough study of data sheets, personal
interviews with distributors and local company field engineers,
and numerous calls to factory applications engineers.

The initial results of this investigation quickly indicated
several pecué?arities of the operational amplifier field.

The first was the very limited data available on the
reliability of operational amplifiers. For instance, the official
MSFC qualified parts 1ist, Micro circuits, High Reliability,
Qualified Circuits List contains only the record generation IMIO8
and TIM741 operational amplifiers. The Military Standdrd Parts
~ List for Flight and Mission Essential Ground Support Equipment,
- M11-8STD- 975 also lists these two devices and .none of the newer,
P higher performance operational amplifiers. An inguiry to the RAC,
: Reliability Analysis Center, Griffiss ARB NY indicates that: the

[ most recent reliability data on operaticnal ampllflers ln thEII
files includes the IM108, but no later- dev1ces. : »

A

The operational ampllflers field 1s supplied by several
manufacturers with the most dominate being National Semiconducter
Motorola, RCA, and Burr Brown. BEach of these companies offer a,'w
wide range of devices capable of performing the functions of
operational amplifiers. ' R - o TR

DI

Lo onsed

The operational amplifiers considered in this trade study
analysis all have the following characteristics:

-l

o Power supply voltages of at least +10 volts

N

o Input Bias current less than 1 micro ampere

o Input Resistance greakter than 1 megaochm

¥

T
[

o Gain band wid+h 1 megahertz

e mon T PRI

o Common mode rejection greater than 70 dB.

|

st

Table 3.1 presents the individual operational amplifiers and
their general usage category.

I
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MOTOROT:A:
MC1556
- MLF 156

MLM 108a

RCa

Ca3l40

' National Semiconductor

LP 156
| IF 356
IM 1083

L IM 741

 Burr Brown.

3521
3523

Analog Devices

AD540,
1467

AD301

High Performance
J-FET Input.

Preciéion
MOS/FET Input

JEET Inputvv.
JFET Input
Precision

General Purpdse

-Low Drift FET

Low Bias Current

General Purpose FET

TLow Drift FET

High Accuracy

Table 3-1

Operational Amplifiers Used for Analysis
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Figure 3.3 shows the more basic operational amplifiers
characteristics and how they apply to each of the amplifiers
listed in Table 3.1. The second ¢generation operational x
amplifiers, IM741 and MC1l556, can be immediately eliminated from P
further consideration due to their high values of input bias i
currents and low input impedances. Even though the price of the
o ILM741 1is a relatively low $1.45 each, there are other devices in
Pop e the list that are more cost effective. The MCL556, at $12.00 each i
' in 100 quantity lots, is also relatively high priced and can be [
eliminated. i

Now that a reasonable 1list of candidate devices has been s

PR established, additional selection criteria will be defined SR
Lo b followed by discussions of their application to the specific op i
B amps. i
o b The most critical parameters for the TVC actuator model are ;§ i
R output voltage drift with temperature, power supply variance ! j
ER rejection, input bias voltage and current, and cost. The areas of Eo
; least inkerest are slew rates, common mode rejection ratios, gain 4

? bandwidth products, and power consumption. This is not to imply EI
that thes2 areas can be ignored, rather their significance 1is 1

r minimal. That is why the first filter process contained several N

| of these criteria. For instance, all signals within the model are Y
under 2500 hertz. Therefore, an amplifier need only have a £full [

1 power bandwidth of ten times this amount (as a rule of thumb) or -
A ! 25 kilohertz to be adeguate. ]
The definitions and significance of the critical parameters % i

are: T

r o Input Offset Voltage and Current ; ?

All operational amplifiers register a small temperature i ﬁ

dependent voltage and current, called offset, between T

| their two input terminals. If these offsets are s
Co relatively constant and small, they can usually be E

' ignored. However, if due to large  temperature [
excursions or other circuit design parameters, the L

X variations of the offsets become a significant portion EEINE

L of the input signal. This error will appear at the P
amplifier output. o

vt L A et B

! 0 Power Supply Variance Rejection

This parameter is an indication of how well the output
of an operational amplifier is isolated from the power i
i supply inputs. All amplifiers «considered in this
P report have adequate rejection ratios for the short
| term, however, if inadequate poorly regulated supplies

are used which tend to drift over a long period of

time, problems could be encountered. For this reason,
]‘ well regulated, good guality power supplies are

’ recommended.
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FULL GAIN |
POWER |QUTPUT | INPUT  |Eopcr  |GoneoN fBRIB 1]
SUPPLY |BINS RESIST |quENCY |REJECT | PRODUCT| |
(VDCMAX ¥ CURRENT | —ANCE (KHZ) -10ON (MHZ, || |
MC1556 Y22 | 15NA | 12°n — | 1 ;LE
* 11 HE
MLF336A -18 SBPA 12" " | — s 5 ) :
MLM1B8A T2 | 2NA 7ML | —— | —— 1
4 , 12 i
CA3140 Z18 | ‘2PA 19°%| —— | 1@o0B | 4.5
+_ 12
LF156 Z92. | 3gPA | 12" —— | 1@@DB| S
oo | 12 |
LF356 - T22 | 3gPA | 187%| —— | 1gEDB| S5
LM1D8A *18 | 1.5NA |ssx186%| —— | 1000B | —
+ 6. EIL
LM741 *22 | 2oeNA | 18°0 | —— | 9@DB | —— ||
‘ + ” e
3521 215 | zePA | 18| 10 9@0B 1
A
+ 12 - an
3523 I1s | B.SPA | 18°°q| 10 8008 L)
. - 2N
ADS4 *i5 | 25pA | 18'%| 1e | soos 1
' |
+ 11
146 I1s | 1sPA | 18° '] 150 8008 5
+ 6
AD3B1 15 | 3oNA | 4x18%| 150 1ggo8 | S5

FIGURE 3.3 OPERATIONAL AMPLIFIER BASIC CHARACTERISTICS
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o Output Voltage Drift

Drift is the gradually developing change in the input
offset voltage and current. This change in offsets
corresponds, in most operational amplifier
applications, to & change in the null setting of the
circuit and, therefore, appears as part of the signal
at the output of the circuit. One of the factors that
contributes the most to operational amplifier drift is
external temperature variations. This should not be
too much of a problem for the actuator model if .. .the
temperature within the computer room is held to
variations of one or two degrees around ambi=nt as is
expected.

Figure 3.4 compares the individual devices in these important
criteria. Notice that the input bias current column is repeated
from Figure 3.3 for ease of reference. A study of this figure
shows that the AD30l can be eliminated due to its high input noise
voltage; the MIM108A and LM108A have relatively high input bias
currents in relation to the rest of those in the 1list; and the
MLF356A is not yet released by Motorola, therefore, these three
devices can be removed from consideration.

Any of these remaining operational amplifiers can perform
adeguately in the TVC actuator model in that all of their
electrical parameters meet its performed consideration. There |is
one remaining consideration, however, that still must be evaluated
and that is cost.

The advantage 1in buying commercial products was stated
earlier.

The fcllowing list gives the cost per hundred for each of the
candidate devices. - )

Ca 310« $§ 0.69
LF 156 $ 7.50
LF 356 $ 2,18
3521 $17.80
3523 $25.00
146 $61.00
AD540 $ 8.95

The two standouts in terms of cort are the RCA CA 3140 and
the ©National Semiconductor LF356. The availability of these two
parts according to the local technical engineers is 2 weeks for
the LF 356 and off the shelf for the CA 3140. Therefore, the
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INPUT

INPUT POWER | INPUT | INPUT | INPUT | INPUT TLING

VOLTAGE| CURRENT| SUPPLY | BIAS | OFFSET | NOISE | NOISE PETTLINGI o, 0 )

DRIFT |DRIFT | REJECT | CURRENT! VOLTAGE| CURRENT| VOLTAGE| TIME 17

(MY/°C) |[(PA/°CY| 10N (PA) (MY L pasdnz )| v/ dHZ) (ySEC) E

RATIO YSE

MLF 356A 5 5%
MLM 108A [— 10 96 DB | 2000 2 15, TO-99%
CA 3140 10 — 80 DB 2 5 — 49 1.4 TO-99%
LF 156 5 17 188 D8 | 230 3 0. 21 15 1.5 TO-99%
LF 356 5 17 | 180DB | 30 3 @.01 15 1.5 | T0-99%
LM 108A 1 2.5 1186 DB | 1500 1 20 TO-99%
3521 1@ - 20 3.5 Z.3 4 —_— TO-99%
3523 25 3.5 g g.01 5 s T0-99%
AD331 ts 30 tg,.5 | — 4pg e TO-95%
146 T3 15 tg.7 | — 19 | 1.5"X1.5"
ADS48 tos 25 * 21 —_— 10 ————e T0-99%

AR ae e e B i i e

—

.| % T0-99 1S A METAL CAN B.4" IN
. I oA | DIAMETER AND @.27 HIGH
|FIGURE $7% OPERATIUNAL AFPLIFIER TRITIUAL FARAMETERS




results of this study yields these two operational amplifiers each
capable of adequate operation in the actuator model.

There is one note of caution necessary for the CA 3140 and
that dg¢ the £fact that it uses MOSFET inputs guarded by bipolar
diodes. In some cases, due to the extremely high input impedance,
static electricity can cause circuit damage in spite of the guard
diodes. The IM 356 has almost the same input resistance, but it
is obtained by using JFET input devices which are not as
susceptable to static electricity. It is felt that this one
precaution does not decrease the desireability of the CA 3140 for
use in the actuator model.

A search for reliabiiity information on the two devices
disclosed that the CA 3140 has passed a series of manufacturer
reliability tests while the LF 356 has not yet been evaluated.
The test for the CA 3140 subjected 20 devices operating as
amplifiers with +15 wvolt power supplies to 125 degrees C
temperatures for 2000 hours. There were no failures during this
test. '

3.2.3 Aanalog Switches

There were three different sets of analog switches considered
for the actuator model as shown in Figure 3.5. Since a total of
27 or more of these switches will be required to switch test
voltages, ADC and DAC converters and monitor points in and out of
the model, the switches should be carefully considered. Again,
like the operational amplifiers, two families of technologies
exist for the switches. These are the C-MOS and JFET. The C-MOS
devices require special handling due to their high input
impedances and possible susceptability to static electricity.
They have the advantages of higher-off resistances than the JFETS.
The Analog Devices AD 7512 does have zener diode protected inputs
and outputs which reduces their susceptibility to static charges
while the AH0019C does not have this protection.

There is no reliability data on these relatively new devices.
However, since they use the same technology, their failure rates
should be comparable to those given for the operational
amplifiers, i.e. a 0.05% infant mortality rate for the first 6
months and then no failures attributable to the device itself
thereafter.

3.2.4 Digital to Analog Converters

The choice of manufacturers for the DAC can be gquickly
narrowed to two, Burr Brown, Inc, and Analog Devices, Inc., based

on the requirements of small sige, 12 bit, I/0 volt operation, and.

military grade quality.

The Burr Brown Company makes three devices which meet these
requirements. These are the DAC80, DAC85C, and the DAC12Q7. The
Analog Devices Company makes three devices which also meet these
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ANALOG | 3T | max Mo 2G| siTCH cosT
, INPUT RESIST! FRE~ | RESIST _:ING CASE
TYPE | SIGNALS| ZaNcE | QUENCY | Tancg | TIME | 0TY=100
(VOLTS)| () (MHZ) «n) | WISEC) =1
NATIONAL
SEMICONDUCTDR .| on=-4 |14 LEAD '
:t .
JFET 1@ 10 1 |SBEX18°) 4 <1.8 prp | $14-95 .
AHZ14@C ——
| | | onB.4 14 LEAD
JFET *10 10 1 SEBX107| &+ _=1.08 pip $14.25
| AHB120C oFF %~—
; |
8 +UN=' 4 |14 LEAD :
> MOS t1g 200 1 500X187| 4. = 5 $7.80
X ' OFF -~ DIP —_
g AHZEB15C
ANALOG DEVICES |
c-Mos | *i@ | 72 1 107 | 1.2 | PLEAT 65 g -
AD7512 | |
i - FIGURE 3.5 ANALOG SWITCH CHARACTERISTICS N
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criterias DAC1118, AD 562, and DAC12Q%. Note that both companies
make the DAC12QZ, which is somewhat of an industry wide standard.

Figure 3.6 presents the specifications for these DAC's.
Notice that the AD 562 has an output current rather than a
voltage. This particular device requires an external operational
amplifier to convert the output current to voltage levels. If the
specifications of this operational amplifier were included in
Figure 3.6, the specifications of the DAC would be in line with
the rest of the list, plus, the price would be that much higher.

It should be noted that the prices listed in Figure 3.6 are
for good commercial grade DAC's, not military grade as outlined in
the scope of work. Since the operational amplifier that will be
used in the actuator model will not be military versions, the
DAC's need not be either. The only difference between the
commercial grade and military grade devices is their allowable
temperature excursions. The commercial temperature range being 0
degrees C to 70 degrees C and the military =25 degrees C to +85
degrees C. Since these devices will be operating in a controlled
environment, the wider temperature range is excessive. The
military trade device costs about one-half again the cost of the
commarcial grade.

The DAC's can be purchased from the manufacturer after they
have been scresned to military standards. But like the
operational amplifiers, the failure rates would not warrant the
very high costs of devices so tested.

3.2.5 BAnalog to Digital Converters

The ADC market place is siwmilar to that of the DAC's; there
are few manufacturers making 12 bit, + 10 volt, military grade
DAC's. Even by ignoring the military temperature range as was
done for the DAC's, the field guickly narrows down to the Burr
Brown model ADC 85 and ADC 80 and the Analog Device AD7550 and
ADC-12QZ. The specifications for these devices is given in Figure
3.7.

The AD7550, while inexpensive and small in size, uses a "quad
slope"™ technique for converting the analog signal to digital data.
As can be seen, this process takes a relatively long time to
complete, 40msec, compared to the higher priced units that use the
more common "successive approximation" approach.
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LINE-
ARITY

ERROR

DUTPUT
VOLTAGE

(W)

TEMPERA
~TURE
COEFFI
~CIENT

POWER
REQUIRE.

CASE
STZE

PRICE

"~ BURR BROKWN

DACBY

t@.8127

t1p

T3EPPM/OC

T15VRZ5MA
+3VE2Z20MA

. ..Bli¥1-4ll

Xa, 25"’

$18.508/1080

DACB5C

B.p127

tip

+2gPPM/OC

T15Ve25MA
+5VR2GMA

i

A.8"X1.4"

X@.25"

$56.00/100

t0.0127

+1p

. Z3@PPM/°C

T15VR25MA

+35VR2UMA

2"X2"X. 4"}

$39.08/100

> DAC1207
3 i
> |
|
!

ANALOG DEVICES a | | g
+ o . |

tg.0125% *1@ 5 *3gpPh/oC| = 1900 *9V | Suygux 4n| $47/100 -

DAC12Q0Z 3@MA, 3SMA| ‘ S o

! — 15\!'-’*'5\) b ) S

fe.81257 Iio 5 *28PPM/OC] agma, 3sMAl 2 12 X-4"| $80/100 ;;

DAC1118 ‘ ‘ | 4%%

Tp.oner] FTiMa 1.5 iF3PMM/OC | 15V, +5V ggPPIN $39/100 g

N .; mm}ADSé)z ::_'::L_fw H_A]___‘,,,_]_i,_,,_.;____r I S — o S - prosezne) ::I,_::' gy . &%-—L... ﬁ . T_.
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LINEARITY CONVERSION
ANALOG | INPUT ERROR | OFFSET TIME B CASE PRICE
INPUTS |IMPEDANCE Qch'FULO DRIFT CLock | REQUIRE SIZE
(VOLTS)| v SCALE | PPM FREQUENCY -MENTS
+15V@ 28MA TR
arirag | 21D 10K *0.012 |15 21 WORE | ~osveapma) L0 e 1ol BT
SOBKHZ | +5Ve 7BMA ; $77.50
+15V@ 45MA a0 g
snpox LD 1 |tomrz |12 9 PR | mioveamm P S B IEE R
1.35MHZ | +5Ve 128MA - $199.00
_ +15V@0. 6MA| 4@ PIN - &
snvssn | ¥1p 10° +0.012 | *1 0 MBEC | ._1svem.amal. DIP e
1.8 MHZ | +5Ved.@6MA| 2"XB.5" | $35.00
+1SV@ 28MA | oo nn &
st 310 18 |*@.p125 |*a@ 40 MR | -1svesama| 2 %2, U e
+5V@ 218MA : $149.00
FIGURE 3.7 ANALOG TO DIGITAL CONVERTER PARAMETERS
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[} 4. CONCLUSIONS AND RECOMMENDATIONS

4.1 Microprocessors

|
Ll o] The decision of which microprocessor to use for the
Actuator model is based on careful consideraztion of the

1 following factors: -
. 1. Base of ‘interfacing
J 2. 'Ihtérrupt handling capability
3. Instruction set power
J 4, Peripheral support devices availability
rj 5. Hardware ‘and software development AIDS,
B 6. Hardware developmeﬁt time
j 7. Software develdpment time
7 8. Hardware costs
- 9. Delivery time of parts

1 10. Throughput requirements
11. Unique design requirements

| 12. Value of development expertise £for possible
future applications

13. In-house computer c¢ross assembler or directly
compatability software for target microprocessor

14, Second source availability of microprocessor and
peripheral devices.

B o T e

15. Instruction execution times

16. User acceptance (reliability)

o} Preliminary designs for both the MC6800 and the
TMS-9900 have been made to determine which device is
most suitable for use in the Actuator model based on

{E the above criteria. It is recommended that the MC6800
- be chosen for the model as a result of this design
S effort.

i
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4.2 Actuator Model Functional Components

4.2.1 General Comments

As was shown 1in Section 3, it 1is not cost effective to
purchase either military grade components nor manufacturer
screened commercial grade devices. The small number of failures
expected over the first six month period do not warrent the
additioral cost of the high reliability military grade parts.

The one area where a cost savings can be generated is the use
of sockets for the integrated circuits. The prototype board
should definitely use sockets and after experience 1is gained in
component fallure occurrance and location, a decision be made for
the use of rockets in the follow-on actuator model boards.

The configurations in which the operational amplifiers will
be used in the actuatcr model are standard analog computer
circuits such as integrators, summers, invertors, limiters, etc.
As previously stated, any of the operational amplifiers in Table
3.2 will perform adequately in these circuits, although some are
more cost gffective than others. There are two circuits
configurations where these amplifiers should not be wused. These
are the two output integrators of the model which supply gimbal
rates and position. For these two applications, it will be
necessary to preset their outputs to desired wvalues, and to hold
their output at some point in time. Therefore, it is recommended
that two analog function integraters be purchased from the
Develcor Corporation, Denver, Colorado. These devices have three
inputs in addition to the normal analog input. These are:

o IC - This input voltage sets the output -of the
integrator to any given value. That is, it biases the
output to a given DC level from which the normal output
signal may deviate.

o) Reset =~ This input signal removes the input signal to
the integrator and sets the output voltage either to
Zzero volts 1if the IC input is zero, or to the preset
voltage established by the IC if IC is non-zero.

o Hold ~ Clamps the integrator output voltage at whatever
value voltage was present when the Hold =signal was
issued.

The cost of these integrators is $135.00 each.
4.2.2 Operationazl Amplifiers

There are two operational amplifiers whose electrical
parameters, availabilities, and costs make them attractive for the
actuator model circuitry. These are the RCA CA 3140 at $0.69 per
hundred and the WNational Semiconductor LF 356 at §2.18 per
hundred, The rest of the amplifiers considered in this study,
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while having suitable electrical parameters, are expensive and not
cost effective.

The choice between these two devices based on their
specification sheets is a draw. The CA 3140 has two times the
drift and 2.5 times the input noise voltage as the LF 356. The LF
356, however, has 15 times the input bias current as the CA 3140.
As previously noted, some precautions must be used when handling
the CA 3140 due to its MOS input devices. However, the more
rugged LF 356 costs three times as much as the CA 3140. This
means that two CA 3140's could be mishandled and destroyed before
inserting it in the PC board for every one LF 356 installed and
the costs would be the same. Therefore, it is recommended that a
suitable sample of each operational amplifier be purchased and
inserted in a breadboard circuit of an integrator or summer and an
electrical evaluation be conducted to see if either one has a
clear superiority. This task is made particularly simple by each
having the same connector pin configuration so one can be removed
from a circuit socket and the other inserted. 1If again there is
no c¢lear winner in this evaluation, the cheaper CA 3140 should be
usad throughout the actuator model program.

4.2.3 Analog Switches

The selection of which analog switch to choose for the
actuator model 1is relatively easy. Here price is the deciding
factor with the Analog Devices Corporation, AD 7512 C-MOS switch
being the most inexpensive at $5.80 each per 100 units, having a
moderate 70 ohms of resistance and a gigaohm off resistance.

4.2.4 Digital to Analog Converters

The DAC that is the most cost effective is the Burr Brown,
DACSO0. This device has electrical characteristics comparable to
the others +that were considered, and contains all voltage
references and output amplifiers. The physical size 1s also
smaller than the others at 0.08" x 1.4" = 0.25". When these
characteristics are considered along with its costs, it becomes
the recommended choice.

4.2.5 A&nalog to Digital Converters

In comparison to the rest of the integrated circuits
contained in the actuator model, the ADC converters are the most
expensive. The one which is relatively inexpensive, the AD 7550
at $35.00, uses a process to convert analog to digital data, that
reguires 40 milliseconds. Therefore it was not considered. One
of the goals during during the design of the actuator model is to
keep the number of ADC's and DAC's to a minimum due to their high
costs and large physical size. Therefore, some of the outputs of
the model will be multiplexed through these devices. A conversion
time of 40 msec does not allow a rapid enough cycle time for the
actuator model and large errors could result.
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Thus, the recommended choice for the ADC is the Burr Brown
ADC 80 at $77.50 with conversion times of 21 microseconds.
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1. ECOPE

This specification describes the software design reguirements
for the TVC BActuator Microprocessor which will be used to
initialize, monitor, and test the TVC actuator model while it
performs in the MSFC Mated Elements Simulator.
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APPLICARLE DOCUMENTS
MSFC-20A82000 MMES Requirements Definition

76-0055 TVC Actuator Model Microprocessor
Hardware Specification
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3. REQUIREMENTS

3.1 General Description

For compatibility with Motorola's resident M6800 monitor
MIDBUG/MINIBUG, and thus retain the ability to control the
microprocessor with either a terminal or a host computer (Sigma),
the software for the TVC actuator microprocessor will be based on
the MIKBUG/MINIBUG utility command structure. An extended version
of MIKBUG/MINIBUG CALLED MUDBUG acquired f£rom Arizona State
University will be used for this purpose. The modified wversion
will be called M&SBUG.

The TVC actuator microprocessor control software will be
designed to be executable under the direction of a high level
interpreter. This interpreter will accept a variety of commands
from the host computer or from a prestored list in microprocessor
Memory. The host will be able to load interpreter directive
sequences into microprocessor memory, to request their .execution,
or transmit individual directives to the microprocessor at the
time they are to be executed.

3.2 M&SBUG
3.2.1 System Configuration

M&SBUG will reside in the 1K EPROM from addressed $C000
through S$C3FF and will use 128 words of RAM for variable storage.
The utility commands in M&SBUG are single ASCIT 1letters followed
by =zero to four hex parameters (sent as two ASCII characters per
hex byte). The parameters are called PARM1 PARMZ, PARM3, and
PARMA.

3.2.2 MUDBUG Commands

figure 3.1 1lists the MUDBUG utility commands which will be
supported. Hex numbers must be terminated with a period, comma,
asterisk, or slash. A slash terminator aborts the command.
Commands with no parameters require a carriage return terminator.

3.3 Interpreter

3.3.1 Purpose

The interpreter approach to performing the TVC Actuator
project is intended to avoid including D/A and A/D settings in the
microprocessor object code, since this would regquire reassembly to
change the settings. Rather a high level list of directives will
be interpreted by the microprocessor software at execution time.
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M&S BUG COMMANDS
Number of

Command Parameters Description
A 0 Display the current A register and accept

a new value.

B 0 Display the current B register and accept
a new value.

C 1 Display the current contents of location
PARMI and accept a2 new value, If the new
value is terminated with a comma, display
the contents of PARMI1+1; if an asterisk
terminator, display the contents of PARMI1-1.
Return to M &S BUG after a period or siash
terminator.

E 1 Execute interpreter sequence number PARMI1
from the resident Master Interpreter Table
(MIT).

G 1 Ioad the registers from the pseudo registers
and go to location PARMI,

H 0 Halt return. Load the registers from the
pseudo registers and go to the location
following the one from which the last halt

(SWI) was executed,

Figure 3.1
B-8
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Number of
Command Parameters

I 3

M&S BUG COMMANDS

{Continued)

Description

Initialize locations PARMI1 thru PARM2Z

with the value PARMS3.

Job cormmand {(JOBT or JOBN) to confirm
reset.

Display the current condition codes and
accept a new value,

Icad the M6800 object tape into memory
{checksum),

Memory dump locations PARMI thru PARM2Z.
Trace from locations PARMI1 to PARM2.
When PARMZ2 is reached, print registers
and return to M &S BUG.

Execute interpreter sequence that follows,
PARMI = byte count,

Display the current XR and accept a new
value for the XR.

Enter following interpreter sequence number
PARMI into Master Interpreter Table (MIT).
PARMZ = byte count.

Zero the AR, BR, and XR,

Figure 3.1
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3.3.2 Interpreter Description

The interpreter will accept directions from within the
microprocessor memory or from the host computer across the serial
lines, M&SBUG utility commands are provided to allow the host to
load directive sequences into microprocessor memory (¥), to call
for execution or resident sequences (E), or for execution of
directives as they are received by the microprocessor from the
host (U).

The interpreter will be a table driven module. Each sequence
to be resident in microprocessor memory will have an entry in the
Master Interpreter Table {(MIT). Entries can be made at object
code load time (i.e., assembled along with the resident
interpreter module} or under M&SBUG utility directive Y.

Each entry 1in the MIT is an address which points to an
associated Control iInterpreter List (CIL) and each entry has a
sequence number which is its relative location in the table (i.e.,
the first MIT entry represents sequence number 1, ete.).
Therefore the sequence number can be used by the interpreter as an
index to the correct MIT entry, thus avoiding a memory search to
find the address ¢of the associlated CIL entry.

The CIL c¢ontains a 1list of directive addresses for each
sequence. EBach entry points to a variable length directive in a
given sequence. When a Jump directive 1is encountered by the
interpreter, the CIL will be used to locate the destination
directive. The Jjump will specify the directive number and the
interpreter will use this number as an index into the CIL, and
thus acguire the address of the directive directly.

Interpreter  sequences which are not resident in the
microprocessor but are sent by the host using the U command will
not have MIT entries. These sequences will not be saved by the
microprocessor but must be sent dynamically by the host at the
time of execution.

Figure 3.2 1lists the interpreter directives which will be
used. Each directive has a code which will be used by the
interpreter as an index into a 1list of subroutine address to
process the respective directive.

3.3 Host Communications

3.3.1 General
All communications between the microprocessor and host
(terminal) will be via the ACIA serial link using seven bit ASCII

characters with even parity and one stop bit (i.e., RS5232}. ail
M&SBUG utility commands sent by the host (terminal) will be echoed

B-10




INTERPRETER DIRECTIVES

CODE PARM! PARMZ PARMS3 . o Description

00 Initialize interpreter

01 XXXX * Set MDO register with hex value XXXX

0z S DDD Set D/A register S with value DDD

03 TT LL Read test point TT of A/D1 iﬁto
location LL (relative) & LL+1

04 TT LL Read test point TT of A/D2 into
location LL (relative) & L.IL.+1

05 LL Read TVSDIS (upper 4 bits of 2PB)
into 1.1 |

06 XX Load counter with value XX

07 Increment counter

08 Decrement counter

09 NN Unconditional-jump to directive number
NN in this sequence

0A NN XX Jump to directive NN in this seqLa:ence if
counter , EQ, value XX

0B NN XXXX  LL Jump to directive NN if the value in
location LL and LL+.1 , EQ. XXXX

0C NN XXXX LL Jump to directive NN if the value in

location LLL and LI+. 1 , LT, XXXX

Figure 3.2
B-11
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INTERPRETER DIRECTIVES

{(Continued)
CODE PARM1 PARMZ PARM3 Description
.OD NN AXXX LL Jump to directive NN if the value in
location LLL and LL+.1 . GT, XXXX
0B XXXX Delay XXXX miliseconds.
oF Li, Send contents of LI and LL+1 to host
10 LL MM Send contents of LL thru MM+l to host
11 Send start sequence message to host
12 Send complete sequence n.esnage to
host
13 EE Send error message to host (EE = error
code)

Note: Each character in the directives shown represents one 4 bit hex digit.

Figure 3.2
{Continued)
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back to the sender who is responsible for verification and
retransmission when necessary. All object code to be loaded into
microprocessors memory using the L command must be in M6800 obiect
tape format including checksum (see Figure 3.3). The SCIA will
always be enable for interrupt on input so that the host may get
its attention at any time. It will be connected to the
non-maskable interrupt line on the M6800.

3.3.2 M6800 Reset

When the M6800 reset occurs (power on or switch), the M&SBUG
monitor is initialized. It will send a carriage return (CR), line
feed (LF), escape (ESC, and esclamation mark (!) to the host
(terminal). The microprocessor will ignore all subsequent
messages until a JOBH (host) or JOBT (Terminal) is received from
the sender to confirm recognition of the reset. The
microprocessor will respond with a CR, LPF, § to indicate
acceptance. It is the sender's responsibility to timeocut and send
this command followed by a reload of the interpreter commands
cannot be insured since the interpreter resides in RAM which would
have been erased by power on reset,

3.3.3 Message Formats

M&SBUG utility commands formats will be retained with some
extensions. EBach single character command will be echoed back to
the host {(terminal. The parameters will be separated or
terminated with a period, comma, asterisk, or slash, where slash
will abort the command. Each character will be echoed back to the
host (sender). Completion of the command will be followed by a
CR-LF-* to the host (terminal). If an error occurs, a backslash
(\) followed by one character error code will be sent and then a
CR~-LF-%*,

The interpreter sequence which is sent by the host (terminal)
following the Y command will include a two character ones complete
checksum (similar to Figure 3.3). :

Messages sent to the host (terminal) in response to
interpreter directives will be of the format shown in Figure 3.4.
Refer to Figure 3.2 for the codes. Each byte will be encoded as
two ASCII characters (similar to Figure 3.3}.
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} | :
TAPE FORMAT Lo
; |
)
i s ' . - . - - . . i ; ! i
L o Leader (Nulls} ‘
. T . ’ 20 {CR]) Formatting for prir\ter!
' 0A LR readability; ignored |
Frars
reme 2] {NULL) by leader o
1 53 § = Start-of-record P
2 ‘ce CC = Type of Record R -
3 — | % 8yte Count [two frames= e
4 . ' ane byte) i
5 g —_ 5
6 3 E —_ — Address/Size R
.o 1 3 a . — - :
8 e ¢ E e e em
- @ : -
9. g § 5 R — —_ Data ) A 4
10 ~ 8 i
T - -1 o .. , ;
e = ES A I
. & : : !
R I . ’ - - } Checksum 5 I3
N . , . o
‘ I :
e e v ‘\\ S |
o !
' Frames 3 through N are hexadecimal digits (in 7-bit ASCH} which are converted  *~ v . J
1o BCD. Two BCD digits are combined to make one 8-hit byte. e . I } o
. : (I
The checksum is the one’s complament of the summation of 8-bitbytes. =~~~ " ;
, cc=30 ’ cC=31 cc= 39 e i % S
S - Header N Data End-of-File . ... ... Ll :
. Frame. *..  _ .. % . Record - | Record Recard ! i
v 1. Starvof-Record __ [ 53 5 53 S 53 s _ o
2. Type of Record __ 30 [ 31 1 35 9 . ’ i ; i
3. 31 3t 3a L
a Byte Count a2 12 P 16 a3 Q3 P !
5. 30 3 30 SR
6. Address/Size 30 . 3 1100 30 0060 PRI
- ap | 9990 30 ae | . . -
8. 30 30 30 N
9, ' 34 39 48 FC ol
. 34 3@ {Checksum} ; "_E
. 24 44-0 /33-‘- 32 .. | f-’%
) a8 AB {Checksum} -
. Py
39 4
N. Checksum 45 SE :

1 WA fey ' . 7‘
i Gﬁpf*ﬂv% Figure 3.3 o
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INTERPRETER MESSAGE FORMAT

SEQ. NUMBER

CODE

BYTE COUNT

DATA
(OPTIONAL)

CHECKSUM

Figure 3.4
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Lo 4.  OPERATION
?‘ 4,1 Philosophy ?
? : The TVC actuator microprocessor software will be designed %
such that the host is always in a position to exercise control 3
over the microprocessors. The microprocessors will always act as 5
slaves and will never be in a state where the host cannot get
their attention. This approach will facilitate software recovery
without the need for microprocessor manual reset. :
4.2 Method 7 %,mf
all M&SBUG and interpreter directives will originate in the ¥
host. The microprocessor will not generate unsolicited responses -]
to the host except at power-on restart. The 1ink between the -
microprocessor and the host will generate a non-maskable interrupt
in the microprocessor whenever a character is sent by the host.
This provides the mechanism whereby the host may restart the : g
microprocessor at any time (i.e., JOB command). : k
: |
:
; k
. "
-f -
o
i
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5. HOST REQUIREMENTS

This section isolates the requirements placed upon the host
computer to control the TVC microprocessors. The normal
microprocessor operation requires three procedures by the host:
initialize, load object, and load seguence. Special procedures
are required when abnormal operation occurs.

5.1 Normal Operation

5.1.1 Initialize

When the microprocessor is first powered up, it will send
four characters to the host: CR-LF~ESC-! The host must send four
specific characters in response. The microprocessor will accept
no others until it receives the c¢haracters JOBH (JOBT for
terminal). Each character will be echoed (as will all subseguent
utility commands) so that the host can verify them. If any
character is incorrect, the microprocessor will start over looking
for the first characters again (J). When the microprocessor has
received the JOBH, it will send three characters to indicate AD
(CR~-LF-8) plus three characters to indicate it is ready to receive
another utility command (CR-LF-*). These last three characters
will always indicate that the microprocessor is back at the top of
its monitor loop waiting for another utility command (see Figure
3.1) -

5.1.2 Load Object

After successful initialization (JOBH), the host must load
the object code of the interpreter into the microprocessor memory
before it will accept any interpreter directives. The L utility
command should be used for this purpose.

The host should send the character I, which will be echoed.
This should be followed by the M6800 object code in the format
shown in Figure 3.3. This is the format generated by the M6800
cross assembler., TIf the microprocessor takes the entire object
without error, it will send three c¢haracters to the host
({CR-LF-%*). Error handling is described in Section 5.2.

5.1.3 Load Sequences
Next, the host must load the interpreter sequences into the
microprocessor memory before the microprocessor can be used with
the TVC actuator to change status or enter faults as described in
Reference 76-0055. The Y utility should be used for this purpose.
The host should send the character Y, which will be echoed.

This should be followed by the directives which make up the
sequence (see Figure 3.2). If the microprocessor takes the entire
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sequence without error, it will send these characters to the host : 4
(CR-LF-*)}, The host should then repeat this procedure for each 3
sequence which must be loaded 1into the microprocessor memory. 2
(Note: all sequences could be back to back on a single file and . :
sent together at one time). |

The microprocessor 1s now able to receive interpreter utility
commands to execute sequences (E command in Figure 3.1).

5.2 Abnormal Operation

5.2.1 Error Messages

If at any time the microprocessor detects an error condition; o
it will sent two characters. The first character will always be a A
backslash (\). The second will indicate the error (see Figure 3
5.1). Three characters will then usually follow, indicating that ;
the microprocessor 1is back at the top of its monitor loop é
(CR-LF-*), ready to accept another command. ;

5.2.2 JOB Command

If a power reset occurs at any time, the microprocessor will
send CR-LF-ESC-! to the host. The host must then send JOBH as
described in Section 5.1.1.

The JOBH may also be sent by the host to  reinitialize the
microprocessor. In fact, this is the only command that will be ¥
accepted by the host if it is processing a directive (i.e., -
possibly hung in a loop).

5.2.3 Interpreter Initialization

An interpreter directive (code 0) is supplied (see Figure : |
3.2) to reinitialize the interpreter tables. 2 reload of ;
sequences is then required.

D oAt Aot o At AT
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1. SCOPE

This specification describes the hardware design requirements
for the TVC Actuator microprocessor which will be used ¢to
initialize, monitor, and test the TVC Actvator model while it
performs in the MSFC Mated Elements Simulator. This digital
microprocessor shall interface with the analog model through
digital to analog converters (DAC) and analog to digital
converters {ADC) and will be controlled by stored programs in the
MES simulation computer.
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2. APPLICABLE DOCUMENTS

The following documents are applicable to the information
presented herein to the extent specified.

MSFC-30A82000 MMES Requirements Definition Document
JSC-10658 SAIL/MMES Requirement Document

MSFC-30A82001 MMES Preliminary Design Document
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3. REQUIREMENTS

3.1 General Reguirements

The purpose of the TVC Actuator Simulators 1s to represent
the TVC actuator hardware in the Shuttle Avionics Integration
Laboratory (SAIL). These simulators will represent four SRB TVC
actuators and six mainstage propulsion system SSME TVC Actuators.

The models will consist of analog operational amplifier and
microprocessor circuitry mounted on printed circuit boards and
will perform the simulation of the 8SME and SRB actuators as
commanded by the host Sigma computer through the resident
microprocessor computers.

The microprocessor driven analeg circ ‘try used €£for each
actuator shall provide the capability of redundant input charmed
monitoring, and providing actuator positions and feedback to the
Qrbiter " TVC drivers. The actuator bypass feature in each of the
four redundant input channels shall be included and used to "vote
out" a failed channel based on monitoring of simulated servo valve
secondary hydraulic pressure. The actuator simulators shall also
provide SSME gimbal positions, rates, and accelerations to the
SATL.

An interface will be provided between the analog circuitry
and the digital microprocessor which will «c¢onsist of analeg to
digital converters, digital to analog converters, and necessary
solid state switches. These drives shall all be controlled by the
microprocessor.

3.2 Interfaces

3.2.1 Digital to Analog

The Digital to Analog interface shall employ eight 12-bit
resolution Burr Brown Model digital to analog converters (DAC)
80-CBI-V digital to analeg converters. The output shall be
bipolar (+10V) and provide both gain and offset adjustments on
each device.

The Burr Brown DAC 80 shall accept externally-latched datsa
from the microprocessor/DAC interface 1in complementary offset
binary format. This format shall be as follows:

000000060000 + Full Scale
011111111111 Zero
100000000000 -1 LSB
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The outputs of the DAC's shall be distributed to the model
via the model interface for simulation and shall be switched to an
analog to digital converter (ADC) test point for self-test.

3.2.2 Analog to Digital

The Analog to Digital interface shall employ two Burr Brown
model ADC 80 AG-12, 1l2-bit successive approximation ADC's. These
ADC's perform conversion in 25 microseconds.

Through the wuse of two MPC 16 analog multiplexers, up to 16
test points shell be provided to each ADC. Conversions shall
occur concurrently on the two converters, but the digital data is
read separately under the microprocessor control through the use
of tri-state buffers.

Conversion shall be initiated by the 2CA2 signal from the
microprocessor/ADC interface. After a 10-microsecond delay to
allow the multiplexer to settle, a start convert command shall be
provided to the Burr Brown ADC 80. When the converter is
converting, the status signal from the Burr Brown ADC 80 goes high
and shall be used to make sample and hold amplifier to go into the
hold state. After approximately 25 microseconds, the status
signal from the ADC shall go low, indicating the end of the
conversion. This event shall generate an interrupt regquest to
notify the microprocessor that the new data may be read.

3.2.3 Microprocessor to Model Model Discrete Qutpuit, ADC, and DAC
Interfaces

The microprocessor to model test point, ADC, and DAC
interfaces shall be accomplished through the use of two
programmable interface adapters (PIA's) (see Figure 3.1). One of
these PIA's shall be shared by the model discrete output (MDO) and
the DAC interfaces (see Figure 3.2), while the second shall be
dedicated to the ADC converter (see Figure 3.3).

The DAC output value and DAC address shall be set up by first
loading the PIA peripheral data registers (PAO-PA7 and PBO-PB7)
with the DAC values and the selected DAC, and then strobing this
data with the CB2 signal from the microprocessor. The format for

this word is:

Km 1PS7 - troe Ny 1PR7 - 1PAg

2 1 e i1 10 9 a 7 PH ¢ I
82 sz 52 D/A2 [ O/A2 [Or/A2 |D/A2 |D/A2 [Dsa2 D/A?s DMZ“ B/AZG D/Azz 0/621 !'-":‘a“a
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Similarly, the model discrete output(s) (MDO's) shall be enabled
by loading the PIA peripheral data registers with the desired
test point(s) using logical "1" is a test point ON and logical "0"
is a test point OFF. This data shall be strobed with the 1CA2
signal from the microprocessor. The format £for the test point
word shall be:

1DB7 - 1PBS p 1PA7 - 1PAS

MDO15 | MDO14 | MDO13| MDOI2 [ MDOL1 | MDO9 | MDOS| MDO7 | MDOS6 | MDOS5 | MDO4 | MDG3 | MDO2 | MDO1

MDQO

where:
MTPO-MTP15 are model test points.

The ADC converter operation requires the selection of either
ADCl or ADC2. Selection shall be determined by the 2CB2 signal,
that is, ADCl is selected when 2CB2 is a logical "0", and ADC2 is
selected when 2CB2 is a logical "1". The analog test points shall
be set up by programming the PIA #2 peripheral data register "B"
in the following format:

}é ZPB7 - PBO

TP2" | TP2" |TP23 |TP2

Conversion in the selected ADC commences when 2CA2 is ON.
Conversion in the second converter may run concurrently with the
first by inverting 2CB2 and reissuing 2CA2. When the conversions
are completed, interrupts shall occur for ADC1L and ADC2 on the
trailing edge of 2CAl1 and 2CB, respectively.

GC-12

e —— L

P A T T S

s R e e m AR At o T e R e TR




i
b
I
i
Iy

1

R s e

}.
it
.

== o B

fumm g
g

1

F
&

frrzavazd

By
. -

The converted values shall bhe read by sstting model discrete
output 3 (MDO 03) on, selecting the ADC, changing the peripheral
direction register, and reading the appropriate PIA data
register. Reading the peripheral register shall reset the
associated interrupt. The ADC format shall be as follows:

j¢——————1pPB7 - 2PB3 j%( 2PAT7 - 2PAB

11 10 9 B8 7 6 5 4 3 2 1 0

TV4 [TV3{TV2|TVI|{A/D2 |A/D2 |A/D2|A/D2|A/D2] A/D2IA/D2 2 ,
o | bis | v | bio /D2lA/D21A/D2| A/D2| A/D2| A/D2| A/D2} A/D2

N T P . R I

The most significant four bits (2PB4-2PBl) are not associlated
with the ADC conversion. TV1 Discrete through TV4 are T+C level,
channel disables from ATVC signal conditioner. These signals may
be read whenever MDO 03 1is set without performing an analog
conversion.

3.2.4 Microprocessor to Sigma Interface

The interface between the TVC Actuator Simulator and the
Sigma shall be wvia a RS 2325 compatible asynchronous serial
interface available transfer rates (at the microprocessor) are
3600, 4800, 2400, 1200, 600, and 300 baud. The serial
communication link is accomplished on the microprocessor board
through the use of an asynchronous communication interface adapter
(ACIA).

3.2.5 Model Interface Switch and DAC and ADC Loop Test

The model and model interface shall contain analog switches
{Analog Devices model AD7511 and AD7512). The function of these
switches shall be two fold: 1) Provide a method of placing
initial conditions or testing stimuli from the DAC to the model
and 2) Provide a DAC and ADC loop test capability.

All inputs on the AD7511 and AD7512 are TTL compatible.
Maximum switch current is 50MA (Is continous) or 150MA (Is surge,
1 M8 duration 10% duty cycle). Input current to the aD7512 is
10WA.
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3.3 Microprocessor

3.3.1 MPU

The Microprocessing Unit (MPU) utilized for each TVC actuator
simulator shall be the Motorola MC 68CO0. The MC 6800 is a
monolithic eight-bit microprocessor, the central function of the
Motorola # 6800 family which includes the MC 6820 Peripheral
Inter face Adapter (PIA) and the MC6850, a synchronous
communication adapter (ACIA). The MPU operating characteristics
are delineated on the MC 6800 specification sheets.

3.3.2 Microprocessor Memory

The microprocessor random access memory (RAM) shall be up to
a 4K x 8 memory array made AMD's AM9140 EDC, 4K x 1 RAM. These
REM's are static storage, dynamic control devices.

The microprocessor shall also contain one 1 K x 8-~bit
Erasable Programmable Read Only Memory (EPROM). The EPROM shall
be 1Intel 2708, which shall be installed on a 24-pin IC socket for
ease of reprogramming. This EPROM requires power supplies of
+12v, -5V, and +5V. +5V,

Since the MC 6800 does not utilize separate I/0 instructions,
all I/0 device addressing shall be accomplished as though it were
memory addresses, see Figure 3.1.

To read memory, the microprocessor (or control panel) <shall
place the address on the address bus, causing the selection of ROM
or one of two groups of RAM. If the address is valid (VMA), data
corresponding to the address location shall be strobed onto the
data bus by the control bus enable (DBE) signal.

The WRITE operation is similar to the READ operation except
that the CBR/W signal is low to enable the selected data to be
written into memory at CBE time.

3.3.3 Microprocessor Bus

Due to 1limitation in the drive capability of the MC 6800
family of LSI components (1 TTL load and 130PF), the TVC actuator
simulzator microprocessor's address bus, data bus, and control bus
shall utilize TTL tri-state bus drivers. The drivers, which shall
be used, shall be selected from the Signetic's 8TXX family. These
high impedance PNP input devices have 40MA sinking drive
capability thus are well suited for microprocessor bus
applications.

2.3.4 Microprocessor Control Panel

Integral to the microprocessor system shall be an external
pluggable control panel which will provide an off-line hardware

C-14

e St At iE i %




¢

s e

and software development aid. The'control panel shall have the
following capabilities:

1. Single step operation.

2. Read or write direct memory access capability when the
MPU is in the HALT state.

3. Jump to non-maskable interrupt vector location.

4, Control panel control shall provide RESET, GO/HALT,
READ, WRITE, JUMP, 16 address and eight data switches.

5. Led indicators for the 16 address bits, and 8 data bits
shall be used. HALT and BUS AVAILABLE status shall be
indicated by LED's.

Single step operation is accomplished by removing HALT for
one memory c¢lock cycle (leading edge of 1 to the leading edge of
the next 0l1). The address of the executed instruction shall be
strobed at the appropriate time and latched on the control panel
address and data display.

Reading from or writing to memory from the control panel can
only be accomplished when the MPU is in the HALT state. During
the BALT state, the address bus, data bus, and the R/W line are
all in the high impedance state which will allow the external
control panel to gain access to these bus lines. The control
panel logic simulates the MPU timing by placing the address and
data switch data, and the R/W on the line as required.

Denressing the JUMP push button generates a non-maskable
priority interrupt. Upon recognition of this interrupt, the MPU
reads a 16-bit pre-settable address and, under program control,
jumps to this address.

Depressing the RESET push button resets the microprocessor
system and the memory to location FFFE.

The GO/HALT switch provides an external control of the MPU.
In the HALT mode, the MPU's HALT line is taken low forcing all MPU
operations to stop and to make the buses available for external
control panel operations. In the GO mode, the MPU proceeds
executing of instructions at the present program counter location.

3.4 Miscellaneous

3.4.1 Power Requirements

The TVC actuator simulator microprocessor requires the
following estimated power:
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+5V @ 4 AMP (MAX)
+12V @ TBD MA
-5V @ TBD MA
+15V @ TBD MA
-15Vv @ TBD MA
3.4.2 Mechanical BHousing
The TVC simulator microprocessor PC board is to be mounted in
standard *DEC backplane. The number of modules and size are to be

determined.

The microprocessor address bus (AB), Data Bus (DB), and
Control Bus (CB) signals shall be accessible via 40-pin Scotch

flex edge connector conveniently located to plug in an external

control panel.
3.4.3 Temperature and Humidity

The TVC actuator simulator shall operate in a range of TBD
F to TBD F at a relative humidity of TBD percent.

3.4.4 WNoise Considerations

The Vcc voltage (+5V) shall be decoupled with approximately
0.01uF for each 20 gates, preferably distributed over a wide area.
These capacitors shall be ceramic type. In addition, 1l0uF to 50uf
tantalum capacitors shall be distributed across the boards;

The DAC's and ADC's should be bypassed with tantalum
capacitors as close to the device as possible. In addition, the
tantalums shall be bypassed with 0.01uF ceramic capacitors for
improved high frequency performance.

* Digital Equipment Corporation
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4.

QUALITY ASSURANCE

Not applicable.

C-17

i
i
4

:
g
i
;
w



& cmrrf

[N
.

5I

PREPARATION FOR DELIVERY

Not applicable.
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6. NOTES
The following schematics form a part of this specification by

delineating the 1layout and interpin connections of the 6800
microprocessor, associated memories, and ADC and DAC interfaces.
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I 1. SCOPE
. This design and performance specification delineates the
] software required to interface the TVC actuator model
microprocessors to a Sigma class digital computer,
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2. APPLICABLE DOCUMENTS

The following documents are applicable to the information
presented herein to the extent specified.

MSFC-30A82000 MMES Requirements Definition Document
JSC~10658 ‘ SAIL/MMES Requirement Document
MSFC-30A%2001 MMES Preliminary Design Document
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3. REQUIREMENTS
3.1 General

Each of the ten Actuator models in the Marshall Mated Element
System (MMES) shall be controlled by a MCMCe6B800 class
microprocessor. The interface between the digital microprocessor
and the analog model shall be eight input digital to analog
converters (DAC) and two analog multiplexed input analog to
digital converters (ADC). The microprocessor will be interfaced
with the Sigma computer in the MMES or a serial input/output (I/0)
for testing and checkout prior to the Sigma being available.

It is the function of the software resident iIin the Sigma
computer and the MC6800 microprocessor to tie the Sigma and
MC6800 together to provide initialization, self-test ard the
operational states necessary for the TVC actuator models. The
software in the Sigma computer shall operate under the control of
the MES EXECUTIVE. The microprocessor software shall be
gstablished in the memories of the microprocessor as program steps
capable of responding to commands from either the Sigma computer,
or the serial I/0 device.

3.2 Simulation State Software Requirements

The overall software program of the microprocessor and Sigma
computer shall perform those operational functions shown in Figure
3.1-

3.2.1 Sigma Computer Software

3.2.1.1

The Sigma software shall establish the operability conditions
of the TVC Actuator Model, format this data into suitable form and
transmit the information to the microprocessor.

3.2.1.2

The Sigma computer shall not interface with the TVC Actuator
Model once the model has been initialized and a normal run began,
except for the insertion of predetermined faults or the initiation
of a stop or freeze mode as shown in Figure 3.1.

Faults shall be sent in digital form from the Sigma computer
software to the MC6800 for forwarding to the normal inputs of each
~f the four input channels. The £faults shall be: "plus
hardover," "negative hardover" or ‘“zero" input. These faults
shall be entered either singularly or in pairs.

e L R




3.2.1.3

Once the MMES is placed in the run mode by an operator, the
Sigma software shall not communicate with the TVC Actuator Model
microprocessors except when the operator initiates either a stop
mode or a freeze mode.

The stop mode shall c¢ease operation of the TVC Actuator
Model. :

The freeze mode shall be conducted in a manner similar to the
stop mode except that the Sigma software shall gquery the
microprocessor to determine the exact analog signal condition that
exists at the time of the freeze., The digitized analog data shall
be gathered by the microprocessor and transmitted to the Sigma
computer for subsequent storadge. The Sigma shall then retransmit
this stored data back to the microprocessor to be wused as the
initial conditions at the end of the freeze.

3.3 Microprocessor Software

3.3.1

The microprocessor software and its interactions with the
Sigma computer are shown in detail in Figure 3.2. This flow chart
depicts the steps which must be taken to lcad the input registers
of the microprocessor and prepare it to execute the steps required

by the Sigma.

3.3.2

The microprocessor shall act only on the instructions of the
Sigma computer. The functions of the microprocessor shall include
data acguisition and transmittal to the Sigma, control of the
digital to analog converts (DAC), control of the analog to digital
converter (ADC) and control of the electronic switehing functions.

3.3.2.1

The TVC Actuator model DAC and ADC flowcharts are shown in
Figure 3.3 and 3.4, respectively.

3.3.3

The functions that the microprocessor must perform are listed
in the following paragraphs.

3.3.3.1

The TVC actuator model shall be capable of being initialized
at any point within its normal range of operation.
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REC A

PLACE DATA
DIR REO A
IN INPUT

MOCE

BET PIA CNT
REC B TO
EN DATA DIR
REG B

T

¥

PLACE DATA
DIR REO B
IN INPUT

MODE

Figure 3,4
(Continvad)
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A/D PROGRAMMING FLOW CHART
(Continued)

SET PLA CNT
REG A TO
£M PERIPH

REQ A

SET PIA CNT
REG 8 TO
EM PERIPH

REQC B

READ PERIPH
REG A
t& LSB OF
AsDL)

READ PERIPH
REG B
{4 M5B OF
ArD1)

Figure 3.4 .
{Continued)
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L.

This will be accomplished by obtaining from the Sigma the
command to initialize and the point to which the model should be
initialized. The microprocessor shall then input, through the
DAC, the wvalue obtained from the Sigma to the four input
servovalve channels of the model. 1In addition, the desired output
of the model shall be established on the SDS outputs of the model
by placing the initial conditions on the output integrators and
holding this value until a run instruction is received.

3.3.3.2

Fault insertion shall be in accordance with Paragraph
3.2.1.2,

3.3.3.3

The freeze mode shall be initiated by the Sigma software. At
the initiation of the freeze, the outputs of the TVC actuator
model shall be read by the ADC and these values sent to the Sigma
computer for storage to be used as the initialization wvalues of
the model at the end of the freeze period.
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4. QUALITY ASSURANCE PROVISIONS

4,1 TVC Model Test Software

4.1.1 Description

The testing of the microprocessor and TVC actuator model will
consist of two test phases. PFirst, the microprocessor will be
tested by itself, followed by an overall test of the TVC actuator
under the control of the microprocessor.

4.1.2 Microprocessor Test

The test flowchart shown in Figure 4,1 depicts the tests that
shall be performed on the microprocessor. These tests shall be
initiated, controlled, and analyzed by either a serial I/0 device
driving the microprocessor, or the Sigma computer.

4.1.3 TVC Actuator Model Test

This test shall exercise the model electronics oy energizing
various input conditions, both static and dynamic, from the 3igma
computer through the DAC to the servovalve inputs. The
microprocessor shall configure the output ADC such that various
points within the model are queried. This data 1is then acquired
by the microprocessor and transmitted to the serial I/0 device,
which will normally be the Sigma computers for error checking and
analysis.
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MICROPROCESSOR TESTING

TEST-FLOW FUNCTIONAL TEST DESCRIPTION :
CHART X
_______________________________________________________________________ L "

i

i
RESET Verify that MPU vectors to FFFF '

after power up or reset. '

i
-—----ﬂ----——-ﬂﬂ-----ﬂ-—---ﬂ—---_—---ﬁ--------dﬂ-——----r‘t—-_——------——--T
PROGRAM COUNTER Increment program counter through | -—
TEST its full range. :

e . S e EE s kA e e W Wy v AR e e PR MR e P S W T MR Em o P A SR SN e Ee Em e e B AT am e M G e e Y SN SR WS e e e w A S e o e o e s A

Perform data equal-to address test
for all 4K locations. Perform all
ones test, all zeroes test and
MEMORY TEST checker board tests for all 4K
RAM locations. Perform sum
check on EFPROM.
Verify that the stack pointer can
STACK POINTER TEST increment and decrement through
its full range.
Verify that the ALU will add, sub-
tract, detect a ''0", a positive
ALU value and a negative value; perform
a carry and perform all logical
instructions.

Verify load, readback, rotate
ACCUMULATOR and transfer operations with
multiple pattern combination.

W et e b B b i A e S e e ww 4= M N W G SR AT A AR AR BT e e we me v TN AT mm mm e e Wb e A MM N ke e mn b AL SN RN R e e W v e e AR e v e e e = A Em

Exercise all external stimulae and E
TIMING AND CONTROL verify their correct action. !

Perform all instructions that have i
INSTRUCTION DECODER not been previously exercised. ;
1
1

Figure 4,1
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PREPARATIOM FOR DELIVERY

5.

Not applicable.
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6.

NOTES

Not applicable.
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