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ROMPS INITIAL CONFIGURATION

SRERE |

EXPERIMENT-SCHEDULER

ACTIVE_SCHEDULE:SCENARIO_A

MULTI-CHANNEL

SYSTEM DICTIONARY-RAM MEMORY

SERIAL LINE

SCENERIO-B

SCENARIO-A

10-0CT-92:09:00
10-0CT-92:10:15
10-0CT-92:11:15

12-0C7-92:23.00
12-0CT-92:23:45

EXPERIMENT_SETUP
PROCESS.METHOD_A
PROCESS.METHOD.B

PROCESS.METHOD._B
EXPERIMENT.SHUTDOWN

ANNEALER.TIME(!) 10
ANNEALER.TIME(1) 30

ANNEALER.TIME(1) SO

END.SAMPLE S
END.SAMPLE 10

END.SAMPLE S0

PROCESS_METHOD_B

PROCESS_METHOD_A 1

ZY0S
INTERPRETER | L]

COMMAND VARIABLES

ANNEALER.TIME

|

PUT_INTO_ANNEALER A |

GET_FROM_ANNEALER.A

MOVE.SAFE.IN
MOVE.ANNEALER.ORIGIN.A
OPENHAND

-
-
.
-

LEARNED APPLICATION GOEMETERY

SAMPLE.RACK.1

REL.IN |

ABSOLUTE CYLINDRICAL
COORDINATES

RELATIVE COORDINATES

RACK INDEX

MODULES-RAM MEMORY

r —————

ROBOT MODULE

—

ANNEALER MODULE

main (word robot
(

L )

main (word ANNEALER-1D)
( L)

sv»{ttch(command-ld)

case(ANNEALER.A.ON)

case(ANNEALER.A OFF)

case(ANNEALER.A.TIMED)

) )

SYSTEM ROM

1
PROCESS METHOD A

1

ROBOT MODULE

ANNEALER MODULE

SpARC 051491/ME1.0
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ROMPS 10-0CT-92: 10:15

SRERC

& Robotics Corver

EXPERIMENT-SCHEDULER

<«CR>

ACTIVE_SCHEDULE:SCENARIO_A

PROCE
— «CR>

A

<«CR>

SYSTEM DICTIONARY-RAM MEMORY

SS_METHOD_A

ANNEALER.TIME (1)=10

SCENERIO-B

SCENARIO-A

10-0CT-92:09:00

|

10-0CT-92:11:15

12-0CT-92:23:00
12-0CT7-92:23:45

EXPERIMENT_SETUP

PROCESS_METHOD_B

PROCESS..METHOD..B
EXPERIMENT.SHUTDOWN

ANNEALER.TIME(1) 30

ANNEALER.TIME(1) SO

END.SAMPLE 10 1

END.SAMPLE 50

| [PROCESS_METHOD_B |

PROCESS_METHOD_A

ZY0s
INTERPRETER

COMMAND VARJABLES

ANNEALER.TIME

]

PUT_INTO_ANNEALER A |

GET_FROM_ANNEALER.A

MOVE.SAFE.IN
MOVE.ANNEALER.ORIGIN.A
OPEN.HAND

LEARNED APPLICA

TION GOEMETERY

SAMPLE.RACK 1

REL.IN _

ABSOLUTE CYLINDRICAL
COORDINATES

RELATIVE COORDINATES

*

RACK INDEX

MODULES-RAM MEMORY

ROBOT MODULE | ANNEALER MODULE

main (word robot
(

main (word ANNEALER-ID)
( .

sviltcr;(command-ld)

case(ANNEALER.A.ON)

case(ANNEALER.A.OFF)

case(ANNEALER. A.TIMED)
}

SYSTEM ROM

1
PROCESS METHOD A

ROBOT MODULE

]

ANNEALER MODULE

SpARC 0S1491/ME1.0
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SHUTTLE PROBLEM CAUSE POSTPONEMENT OF OCT-12 EXPERIMENT

SpARC )

EXPERIMENT-SCHEDULER

ACTIVE_SCHEDULE:SCENARIO-C

A

<CR>
PROCESS._METHOD_B

<4—— «CR>

ANNEALER.TIME (1)=20
<«CR>

& Robohics Center

SYSTEM DICTIONARY-RAM MEMORY

i LY05

SCENERIC-B

SCENARIO-A

10-0CT-92:09:00{ |XPERIMENT_SETUP

SCENARIO-C

| |PROCESS_METHOD_B |

PROCESS_METHOD_A H

INTERPRETER L___L

COMMAND VARIABLES

ANNEALER.TIME

|

PUT_INTO_ANNEALER A |
| GET_FROM_ANNEALER A

MOVE.SAFE.IN
MOVE.ANNEALER.ORIGIN.A
OPEN.HAND

LEARNED APPLICATION GOEMETERY

SAMPLE.RACK.1

REL.IN

ABSOLUTE CYLINDRICAL
COORDINATES

RELATIVE COORDINATES

RACK INDEX

13-0CT-92:10:00
13-0CT-92:12:.00

L

PROCESS.METHOD_B
EXPERIMENT.SHUTDOWN

ANNEALER.TIME(1) 50

e o o | ENDSAMPLE 50

LOAD NEW SCHEDULE

MODULES-RAM MEMORY

ROBOT MODULE

h—a

ANNEALER MODULE

main (word robof
(

L)

main (word ANNEALER-ID)
{ .

svo(itch(command-ld)

case(ANNEALER A.ON)

L]
case(ANNEALER.AOFF)
Ccase{ANNEALER A TIMED)
}

SYSTEM ROM

1
PROCESS METHOD A

ROBOT MODULE

ANNEALER MODULE

SPARC 05149 1/MET.0 743



(EXPERIMENTERS DISCOVER ANOMALIES BETWEEN IDENTICAL SAMPLES PROCESSED IN OVEN A AND OVEN B:
WANT LAST TWO PROCESS RUNS WITH NEW METHOD

PROCESS_METHOD_C

SPARC )

& Robohics Center

------------------------------------ SYSTEM DICTIONARY-RAM MEMORY
GET_FROM_ANNEALER_A
.................................... PROCESS METHAQN Rl I
PR — PrOCESS_METHOD_A | ST T ANEALER A
LOAD NEW GET_FROM_ANNEALER.B | | | oo PROCESSMETHOD_C | H L =INTO_ANNEALERA
APPLICATION | e vos GET_ [ GET_FROM_ANNEALER A
SOFTWARE DICTIONARY |t 2 GET_FROM_ANNEALER A OVE SAFEIN
EXPERIMENT -SCHEDULER MANAGER I MOVE ANNEALER.ORIGIN.A
"""""""""""" OPEN.HAND
ACTIVE_SCHEDULE:SCENARIO_A Y05 GET_FROM_ANNEALER.B .
CHALT> INTERPRETER | || [~ .
—L »
COMMAND VARIABLES
ANNEALER.TIME
LEARNED APPLICATION GOEMETERY
SCENERIO-B SAMPLE.RACK. 1 ABSOLUTE CYLINDRICAL ~ RACK INDEX
. COORDINATES .
SCENARIO-A . : :
10-0CT-92:09:00] EXPERIMENT_SETUP REL'IN- RELATIVE.COORD|NATES -
10-0CT-92:10:15| PROCESS_METHOD_A ANNEALER.TIME(1) 10 oo END.SAMPLE S . . -
10-0CT-92:11:15| PROCESS_METHOD_B  |ANNEALER.TIME(1) 30 END.SAMPLE 10
MODULES-RAM MEMORY
| ROBOT MODULE | ANNEALER MODULE
. . . ¢ * main (word robot ™ain (word ANNEALER-1D)
( ( :
- . ] . . . sv:ltcr:(command-ld)
12-0CT-92:23:00] PROCESS_METHOD_.B ANNEALER.TIME(1)50 | » » « | END.SAMPLE SO case( ANNEALER.A.ON)
12-0CT-92:23:45| EXPERIMENT.SHUTDOWN A
case(;\NNEALER.A.OFF)
| } .
case(ANNEALER.A.TIMED)
)
)
SYSTEM ROM
1 ROBOT MODULE 1
PROCESS METHOD A ANNE ALER MODULE

SpARC 051491/ME1.0

1.4.4



ROBOT UNABLE TO GRAB SAMPLES FROM RACK

LOAD NEW APPLICATION GOEMETRY

SRARC

& Robotics Cerver

SYSTEM DICTIONARY-RAM MEMORY

PROCESS METHAN A |
oty | PROCESSTETHODA PUT_INTO ANNEALERlA ]
NEW_GEOMETRY ZMD LOAD NEW 'EDLCTL'YONARY s 1 | [ PROCESSMETHOD_C | H i =NTO- -
B | = APPLICATION 1 DICTIONARY GET | GET-FROMANNEALER A
SOFTWARE manacer |t B{GET_FROM_ANNEALERA | | [ ov e s are
EXPERIMENT -SCHEDULER LA | B R MOVE.ANNEALER.ORIGIN.A
........................ OPEN HAND
ACTIVE_SCHEDULE:SCENARIO_A - ’ZYOS GET_FROM_ANNEALER.B :
<HALT> INTERPRETER L """"""""""""" 8
COMMAND VARIABLES
ANNEALER.TIME
__g| LEARNED APPLICATION GOEMETERY
SCENERIO-B SAMPLE.RACK. | ABSOLUTE CYLINDRICAL ~ RACK INDEX
. COORDINATES .
SCENARIO-A . . .
10-0CT-92:09:00 | EXPERIMENT_SETUP REL.IN RELATIVE COORDINATES .
10-0CT-92:10:15| PROCESS.METHOD_A ANNEALER.TIME(1) 10 END.SAMPLE 5 . hd
10-0CT-~-92:11:15| PROCESS.METHOD_B ANNEALER.TIME(1) 30 END.SAMPLE 10 MODULES-RAM MEMORY
ROBOT MODULE | ANNEALER MODULE
. . . ‘ main (word roboMain (word ANNEALER-10)
( ( :
. - . b swltcr:(command-ld)
12-0CT-92:23.00] PROCESS_METHOD_B ANNEALER.TIME(1) SO END.SAMPLE S0 éase(ANNEALER.A‘ON)
12-0CT-92:23:45| EXPERIMENT SHUTDOWN :
) case(;NNEALER.A.OFF)
case(ANNEALER.A.TIMED)
)
SYSTEM ROM
] 1
PROCESS METHOD A R8O MO e 00 ULE

SpARC 051491/ME1.0




SINGLE STEP IMMEDIATE COMMAND MODE

SRARC )

-

PROCESS_.IMMEDIATE_COMMANDS

MOVE.SAFE.IN
<CR>

EXPERIMENT -SCHEDULER

ACTIVE_SCHEDULE:SCENARIO_A

MULTI-CHANNEL

& Roboticr Center

SYSTEM DICTIONARY-RAM MEMORY

PROCESS_METHOD_B

—

PROCESS_METHOD_A ]

PUT_INTO_ANNEALERA |

GET_FROM_ANNEALER.A

MOVE.SAFE.IN
MOVE.ANNEALER.ORIGIN.A
OPEN.HAND

] 2Y05 .
<HALT> SERIAL LINE INTERPRETER .
COMMAND VARIABLES
ANNEALER.TIME
LEARNED APPLICATION GOEMETERY
SCENERIOB SAMPLE.RACK 1 ABSOLUTE CYLINDRICAL ~ RACK INDEX
COORDINATES 3
SCENARIO-A . . 4
10-0CT-92:09:00| EXPERIMENT_SETUP REL.IN | RELATIVE COORDINATES .
10-0CT-92:10:15| PROCESS_METHOD_A |ANNEALERTIME(1) 10 | * = * |END.SAMPLE S . .
10-0CT-92:11:15| PROCESS_METHOD_B  |ANNEALER TIME(1) 30 END.SAMPLE 10
. MODULES-RAM MEMORY
|| ROBOT MODULE [ ANNEALER MODULE
. . . ® ® main (word robotf Main (word ANNEALER-ID)
( .

- . . . . sw(itcr;(command-ld)
12-0CT-92:23:00| PROCESS_METHOD_B | ANNEALERTIME(1)50 | » » « | END.SAMPLE SO case(ANNEALER.A.ON)
12-0CT-92:23:45| EXPERIMENT SHUTDOWN .

case(;NNEALER.A.OFF)
u A
case(ANNEALER.A.TIMED)
) }
SYSTEM ROM
) ROBOT MODULE 1

SpARC 051491/ME1.0
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May 12 19:48 1991 process_method_a.zy Page 1

- EasyLabsylLab program PROCESS_METHOD_A

~ This procedure processes a samples START.SAMPLE to END.SAMPLE,
using annealing oven a and the processing parameters contained in
- ANMEALER.TEMPS and ANNEALER.TIMES.

NOTE : WORKING.SAMPLE IS A LOCAL TYPE VARIABLE

THE START.SAMPLE IS ASSUMED TO BE SET BY TIIE CALLING
MODULE, THIS METHOD OF PARAMETER PASSING IS USED
THROUGHOUT THIS PROGRAM

WORKING.SAMPLE = START.SAMPLE

- Get the sample to be processed
- NOTE SAMPLE.RACK.1.INDEX IS USED BY THE ROBOT MODULE
- TO DETERMINE THE SAMPLE WITHIN A RACK TO GET
SAMPLE.RACK.1.INDEX = WORKING.SAMPLE
GET.FROM.SAMPLE.RACK. 1

- put the sample in the annealer
PUT.INTO.ANNEALER.A

- Set the temperature and time for the oven

- and anneal the sample
ANNEALER.A . TEMPERATURE = ANNEALER.TEMPS(WORKING.SAMPLE)
ANNEALER.A.TIME = ANNEALER.TIMES(WORKING.SAMPLE)
ANNEALER.A.TIMED.RUN

- Get the sample from the annealer
GET.FROM.ANNEALER.A

- Put the sample into the inspection station
PUT. INTO.INSPECTER

- Measure the sample
OBTAIN.SAMPLE.PROPERTIES :

- Put Sample back.into rack
PUT.INTO.SAMPLE.RACK. 1

- Determine if we have processed all the samples
WORKING.SAMPLE = WORKING.SAMPLE.1l
IF WORKING.SAMPLE <= END.SAMPLE THEN 10

SpARC 051491/ME1.0
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May 12 19:48 1991 process_method _b.zy Page 1

- EasvLabsylab prcgram PROCZISS METHCD 2

- Thls procedure processes & samples START.SAMPLE to END.S:MPLE,

- using annealing oven b ané the prccessing parame:ters coniained in
= ANNZALER.TEMPS and ANNEALZR.TIMES.

WORKING.SAMPLE = START.SAMPLE

- Get the sample to be processed
SAMPLZ.RACK.1.INDEX = WORKING.SAMPILE
GET.FROM,SAMPLE.RACK. 1

- put the sample in the annealer
PUT. INTO.ANNEALER.B

- Set the temperature and time for the oven

- and anneal the sample
ANNE2TLER.B.TEMPERATURE = ANNEALER.TEMPS(WORKING.SAMPLE)
ANNEALER.B.TIME = ANNEALER.TIMES(WORKING.SAMPLE)
ANNEATER.B.TIMED.RUN

~ Get - the sample from the annealer
GET.FROM.ANNEALER.B

- Put the sample into the inspection station
PUT. INTO. INSPECTER

: - Measure the sample
OBTAIN.SAMPLE. PROPERTIES

- Put Sample back into rack
PUT.INTO.SAMPLE.RACK. 1

- Determine if we have processed all the samples
WORKING.SAMPLE = WORKING.SAMPLE.1l
IF VORKING.SAMPLE <= END.SAMPLE THEN 10

SpPARC osummsv.o/




May 12 19:43 1991 rprocess_metncd c.zy Page 1

- EazsylabsylLab program PROCESS_METHOD C

- This procedure processes a sampies STZRT.SAMPLE fc IiD.
- using annealing oven a and the processing parameters conta
- ANNEALER.TEMPS and ANNEALER.TIMES. It processes ths sample a
- time using the same processing parameters but usinc oven b.

bty

WORKING.SAMPLE = STZRT.SAMPLE

- Get the sample to be processed
SAMPLE.RACK.1.INDEX = WORKING.SAMPLE
GET.FROM.SAMPLE.RACK.1 .

- put the sample in the annealer
PUT.INTO.ANNEALER.A

— Set the temperature and time for the oven

- and anneal the sample
ANNEATER.A.TEMPERATURE = ANNEALER.TEMPS(WORKING.SAMPLE)
ANNEALER.A.TIME = ANNEALER.TIMES(WORKING.SAMPLE)
ANNEALER.A.TIMED.RUN

— Get the sample from the annealer
GET.FROM.ANNEALER.A

- Put the sample into the inspection station
PUT.INTQ. INSPECTER

~- Measure the sample
OBRTAIN.SAMPLE.PROPERTIES

- put the sample in the annealer
PUT. INTO.ANNEALER.B

— Set the temperature and time for the oven

- and anneal the sample
ANNEALER.B.TEMPERATURE = ANNEALER.TEMPS(WORKING.SAMPLE)
ANNEALER.B.TIME = ANNEALER.TIMES(WORKING.SAMPLE)
ANNEALER.B.TIMED.RUN

SpARC 051491/ME1.0
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May 12 19:43 1991 ﬁprocess_method_c.zy'Page 2

- Cst the sample ZIrom the annsaliar
GCZI.FROM.ANNEALER. B '

Put the sam
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PUZ.INTO. INSPECTER
- Measure the sample
OBTAIN.SAMPLE.PROPERTIES

- Put Sample back into rack
PUZ.INTO.SAMPLE.RACK.1

— Determine if we have processed all the samples
WCRKING.SAMPLE = WORKING.SAMPLE.1l )
IF WORKING.SAMPLE <= END.SAMPLE THEN 10

SpARC osuswea.o/

o s> n
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Hitchiker Avionics Interface Requirements

Summary

Bilevel Commands (+28V)
bus A/B select
oven enable
Processor restart
system halt

Serial Command
NONE
I

1200 baud (1 start, 8 data, no parity, 1 stop )

customer message - basic functions
operating system commands
experiment commands

volume

TBD Bytes/Hour
mission elapsed time (asyncronous or syncronous)

1200 baud (1 start, 8 data, no parity, 1 stop )
customer data - basic content
operating system status

experiment status
volume
TBD Bytes/Hour

Medium Rate Downlink
NONE

1
NONE

Experiment Total Current

SEA Baseplate
GAS Structure
GAS Heatsink

IRIG-B MET
None
1 Minute Pulse

None



Hitchiker Avionics Interface Requirements
Telemetry Format
1 Second Frame

Mnemonic ___Description Type Len Range
SYNC sync byte 8
SYNC sync byte 8
SYNC sync byte 8
ID frame identifcation byte 8
SEC sec , byte 8 0-59
MIN min byte 8 0-59
HOUR hour byte 8 0-11
UDAY I's day byte 8 0-9
TDAY 10's day byte 8 0-3
Manufacturing Control
SLINE schedule line number byte 8 0-255
EXPID experiment id byte 8 0-255
ELINE experiment line number byte 8 0-255
SAMP sample number byte 8 0-255
Manufacturing Process
pyrometer output intg 16
sample temp real 16
lamp intensity real 16
lamp current real 16
lamp voltage real 16
Manufacturing Data
characterization output 1 real 16
characterization output 2 real 16
characterization output 3 real 16
characterization output 4 real 16
Robot Status
Z position intg 16
Theta position intg 16
Radial position intg 16
Gripper position intg 16
Radial force real 16
Gripper force real 16

Total Bytes



Hitchiker Avionics Interface Requirements
Telemetry Format
1 Minute Frame

Mnemonic  Description_ Tvpe Len Range
SYNC sync byte 8
SYNC sync byte 8
SYNC sync byte 8
ID frame identifcation byte 8
Manufacturing Calibration
pyrometer calibration intg 16
pyrometer calibration intg 16
pyrometer calibration intg 16
pyrometer calibration intg 16
Operating System
OPSTAT Pprocessor status byte 16
OSSTAT software status byte 16
Robot Controller
CPSTAT Pprocessor status byte 16
CSSTAT software status byte 16
Current Monitors
ZMIMON Z motor real 8 0-tbd amp
TMIMON Theta motor real 8 0-tbd
RMIMON Radial motor _ real 8 0-tbd
GMIMON Gripper motor real 8 0-tbd
CPUIIMON processor 1 real 8 0-1
CPU2IMON processor 2 real 8 0-1
Temperature Monitors - Support Electronics Assembly
PWRTMP power distribution real 8 -20 +60 °C
CPUITMP processor 1 real 8 -20 +60
CPU2TMP processor 2 real 8 -20 +60
Temperature Monitors - Get Away Special Container
BPTMP baseplate real 8 -20 +60 -
RADTMP radiator real 8 -20 +60
OVITMP lamp 1 real 8 -20 +60
OV2TMP lamp 2 real 8 -20 +60
ROBTMP robot real 8 -20 +60

Total Bytes



Hitchiker Avionics Interface Requirements
Telemetry Format
Altemate 1 Second Frame

ni n T n

SYNC sync byte 8
SYNC sync byte 8
SYNC sync byte 8
ID frame identifcation byte 8

Operating System —
OPSTAT processor status byte 16
OSSTAT software status byte 16

Robot Controller
CPSTAT Processor status byte 16
CSSTAT software status byte 16

Data Field byte 16

Total Bytes



itchik ionics Interface Requiremen
Asyncronous Command RD
Customer Message

* RoMPS payload command blocks will require one or more customer message packets.
Embedded within the HH specified customer message format will be a customer
specified, generated and on-orbit processed command block protocol.

« Contents of customer data in customer messages:
customer protocol bytes

ASCII Strings (high level experiment language) or Binary Data (proccssor load)
terminator

PRELIMINARY

* User Interface Examples:

The schedule might look like this
DAY GMT EXP

1300 01
1320 02

1900 05
2000 04

The contents of Experiment 01 might look like this:
WHILE '
N>10 .and. N<=20

[ R

DO
| MOVE.SAMPLE.N.OVEN

PROCESS.N.OVEN.NORMAL
END

ENDWHILE

However, for engineering purposes the language supports the following:
MOVE.AXIS.name.position

STEP.axis.dir.distance.rate



Robot Axis Control Concepts



Servo Amplifier

\

Typical Robot Axis Mechanism

To Multi-Ax!s [

Controller

Current Monftor
- Velocity Monitor
we = +]10 VOC MotorA J10L0CA
- wd GND MotorB MotorB
- ed -0 Vde MotorC UoptorC
Hall) Halll
= == Motor Vdc Hal2 Hallz
«= == Motor GND Hall3 | ?_..Hi“l‘
{nternal «5 vdc Hall ¥
Internal «S GND Hall Ground
T 1
. ] hed L
z z 2 € g r
:. ; g g :g poced
W oW i S T ~=] Reduction DC Brushless
b Lead Screw/Last Gear ) - Geard
all = d € o] Gearing Motor
Global Stop all Lo = &
Encodef -~ Y
Conver =z
| . * e Z ]
&¢a 5
0n o o
o ®n Eé
T8 £s
< 5 Encoder 1 Index
Encoder Phase
Encoder Phase B
CCW Limit/Home +V
CCwLimit/Home Ground
CwLiLimit/Home *V
CwLimit/Home Ground
Controller Buss

Brake Release+V

Controller

Brake Release Ground

ANN ARBOR, MI
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Micro-Controller Add. MUX ROM RAM
P10-P13 —IA8-A14 [|————|AB-A14
AB-A15 S
- Analog and
00-07 mry 0-D7 h0-D7 Digital /0
» o J3, J4
N
Brake
Release
ANO-AN3J |
P20-P27
P30-P37
Modules
interrupt R |
Sertal Port |— A8-A1S ..
Chip Select . Serial to
Select " Module ID '1 Robot
i T . Do~ Controller
Log\c N 0-b7 Encoder (ndex N Hall t
Fncoder Phase A a °
| Madule Select © _ Encoger
8 E Interrupt Serial Encoder Phase B Convert
- RAM Select 1 T _Analog Signal ~
| Rom Select M
| - Analag Graund Servo
| Board Selject o
8 I T Amplifier Enanle Amplifier
AB-A13 : T 7 COW 1 imit N 6As
CW | imit } Can
Home
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PMC Inc. Motion Controller XX/ XK/ XX
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PMC Inc. Command Summary

COMMAND SET SUMMARY

Parameter Setup Commands

DH
DI
S
FF
FN
FR
IL
JA
JF
JN
A%
LF
LM
LN
PH
RC
RT
SA
SD
SG
SI

N
Y

VG

Define Home

DlIrectlon

Deceleration Set

Fall switch ofF

Fall switch oN

set derivatlve sampling period
set Integration limit

Jog Acceleration

Jog swtich ofF

Jog switch oN

Jog Velocity

Limit switch ofF

Limit Mode

Limit switch oN

Set servo output PHase

Reset Counter o

Reset seT

Set Acceleratlon

Set Derivative gain

Set prop. Gain of motor

Set Integral galn of DC servo or
Set Initial pulse rate of stepper
Set torQue

Set Velocity

Set Velocity Gain

Motion Commands
AB ABort

FE Find Edge

FI Find Index
GH Go Home

GM Gain Mode

@ @

HO HOme

MA Move Absolute
MF Motor ofF
MN Motor oN

MR Move Relative
PM Position Mode
QM TorQue Mode
SE Stop on Emor
SM Set Master
ST STop

VM Velocity Mode

Sequence Commands

IP
IR
RP
WA
WE
WP
WR
WS

‘Interrupt on absolute Position

Interrupt on Relative position
RePeat

Wait  (time)

Wait for Edge

Wait for absolute Position
Wait for Relative position
Wait for Stop

SPARC 051491/ME1.0 /
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PMC Inc. Command Summary

SpARC

& Robornc Cerver

gi

AA
AC
AE
Al
AL
AN
AO
AR
AS
RB
RL
RW
SL
SR
TR

WB
WL
WwW

r mm

Accumulator Add

Accumulator Complement, blt wise ,
Accumulator logical Exclusive or with n, bit wise
Accumulator load Indirect

Accumulator Load with constant n

Accumulator logical aNd with n, bit wise

Accumulator logical Or with n, bit wise

copy Accumulator to Register n

Accumulator Subtract

Read Byte

Read Long at absolute memory location n into accumulator
Read Word at absolute memory location n into accumulator
Shift Left -accumulator n bits

Shift Right accumulator n bits

Tell contents of Register n

Tell contents of accumulator (register O)

Wrlte accumulator low Byte to absolute memory location n
Write accumulator Long to absolute memory location n
Write accumulator low Word to absolute memory location n

Learn Mode Commands

AP
LI
LP
LT
MI
MP

Adjust Position

Learn position Incrementing
Learn Position

Learn Target

Move to point, Incrementing
Move to Point

SPARC osuswsx.oj
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PMC Inc. Command Summary

Reporting Commands

S3H85EHAE8

Current Count
Check Sum

HEIp

Tell
Tell
Tell
Tell
Tell

Analog to digital converter
Derivative qain

Following error

position Gain

Integral gain of DC servo or

Tell Initial pulse rate of stepper
TL Tell Integration Limit
TP Tell Position
TS Tell Status
TT Tell Target
TV Tell Velocity
VE Tell VErsion
Macro Commands
EM Execute Macro
MC Macro Command
MD Macro Definition
RM Reset Macros
™ Tell Macros

Contouring Mode Commands

M

Miscellaneous Commands

BK
DM
HM
NO
SB

Contouring Mode

BreaK 4
Decimal Mode
Hexidecimal Mode
No Operation
Select Bank

SPARC 051491/ME1.0 /
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Features

a Complete single-chip microcomputer
— 16-bit ALU
- 8K ROM (1PD78312A only)
— 256 bytes RAM
- 1-bit and 8-bit logic

Instruction prefetch queue
16-bit unsigned multiply and divide
String instructions

o U o O

Memory expansion
— 808SA bus-compatible
— Total 6<K address space
0_Large I/O capacity: up to 32 I/O port lines
0 Extensive timer/counter system
— Two 16-bit up/down counters
" — Quadrature counting
— Two 16-bit timers
— Free-running counter with two 16-bit capture
registers
— Pulse-width modulaled outputs
— Timebase counter

O Fourchannel 8-bit A/D converter

Two 4-bit real-time output ports

Tw0 nonmaskable interrupts

Eight harcware priority interrupt levels

o o o o

ot eight CMA channels
Bidirecticnal serial port

o

Macroservice facility for interrupts gives the effect

NEC pPD7831xA 16-Bit
Single-chip Microcomputer
for Real-Time Contro]

Block Diagram
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— Either UART or interface mode Angmany o MO Soneerur @ ' o Tiesase OV % rouiurns
— Dedicated baud rate generator AVSY cmmnd _§ Cannmis [ Trmers Timer : Fortanroie
i e Yryryra
0 Waichceg timer l l st O IR I I
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0 Pragrammable HALT and STOP modes
0 One-ty:a call instruction
g On-<chip cicck generator
o CN'OS silicon gate tachnology
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9 +S.volt power sucply NEC uPD783 I xA 16-bit microcontrollefXx/xx/xx
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LM628

COMMAND POSMON HOST
SEQUENCER(32 &) INTERFACE - ,!

HOST 1/0 PORT
4 ‘et YO HOST PROCESSOR

¢ DIGTAL DAC PORT
i

| PID FILTER iy
- (188m) ]

POSITION FEEDBACK
PROCESSOR(32 8IT)

y INCREMENTAL
M.A8.13 ENCODER

FIGURE 1. Typlcal Syatem Block Diagram

TL/H/9219-1

Features

m 32-bit position, velocity, and acceleration registers

Programmable digital PID filter with 1 6-bit costticients
Programmable derivative sampling interval

8- or 12-bit DAC output data (LM628)

8-bit sign-magnitude PWM output data (LM629)
Internal trapezoidal velocity profile generator
Velocity, target poéition. and filter parameters may be
changed during motion

Position and velocity modes of operation

Real-time programmable host interrupts

8-bit parallel asynchronous host interface

Quadrature incremental encoder interface with index
pulse input

| ENGINFER _ MF Dobbs

DRAFTSMAN _ X. X. XXXXXXX

XX/ XX/XX

L 628629 tPotion Controller IC (FCI100 system:

XX/ XX/ XX

SPACE AUTOMATION & ROBOTICS CENTER

Robot Mechanism Axls Block Diagram

XX/ XX/ XX

ENVIRONMENTAL RESEARCH INSTITUTE of M| [RoMPS

05/14/9}

ANN ARBOR, M| POXXXXXXXXXXX

DATE
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TABLE 1. System Specifications Summary

Position Range

—1,073,741,824 t0 1,073,741,823 counts

Velocity Range

010 1,073,741,823/216 counts/sample; ie, 0 to 16,383 counts/sample, with a resolution of 1/216
counts/sample

Acceleration Range

0to 1,073,741,823/216 counts/sample/sample; ie, 0 to 16,383 counts/sample/sample, with a
resolution of 1/216 counts/sample/sample

Motor Drive QOutput

LM628: B-bit paraltel output to DAC, or 12-bit multiplexed output to DAC
LM629: 8-bit PWM sign/magnitude signals _. . ...

Operating Modes

Position and Velocity

Feedback Device

Incremental Encoder (quadrature signals; support for index pulse)

Control Algonthm

Proportional Integral Derivative (PID) (plus programmabte integration fimit)

Sample Intervals

Derivative Term: Programmable from 2048/fc k to (2048 * 2_56)/ foLk in steps of 2048/fc K (256
10 65,536 ps for an 8.0 MHz clock).
Proportional and Integral: 2048/fc k

3 DRAFTSMAN  X. X. XXXXXXX

XXLXX/XX
LM628 Spec Summary XX/ XX/ XX
SPACE AUTOMATION & ROBOTICS CENTER Robot Mechantsm Axis Block Diagram [xx/xx/xx
ENVIRONMENTAL RESEARCH INSTITUTE of MI[ROMPS 0S5/14/91
ANN ARBOR, MI PXXXXXXXXXXXX DATE
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DAC

LM628

N & 0 o

Vool = N & 0o

* DAC
1210

B1/82
XFER

Veo > +15Y
10K
v _ +5.0v  OUTPUT
REF T OFFSET
120K
(8]
385
364K ~
20 of -
T ‘
IOUT‘ g 4
'0012 v
- 10V
1 : SIGNAL
e TO POWER
AMPUFIER
3
12

*DAC offsat must be adjusted to minimze DAC Enearity and monotonicity errors. See text

FIGURE 14. Interfacing a 12-Bit DAC and LM628

TUMH/8219-16
| ENGINFER _ ME Dobbs DRAFTSHAN _ X. X. XXXXXXX XX/XX/XX
LM628 Analog Application XX/ XX/ XX
SPACE AUTOMATION & ROBOTICS CENTER Robot Mechanism Axis Block Diagram |XX/XX/XX
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FIGURE 17 PWM Drive for Brushless Motors

TL/H/9219-19
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Connection Diagram

+5v0LTS 4 18 5-40 MOTOR SUPPLY
(Vect) UNDER VOLTAGE (Vee,)
2 YOLTAGE 17
DIRECTION P 4 OUTPUT
< LOCKOUT INHIBIT
DEAD-TME 3 | ] DEAD-TIME
ENABLE GENERATOR 16 CURRENT
clocx 4 '/ SINK OUT #1
TIMING
: l\ﬁ— 1S CURRENT
: SINK QUT §2
p 14 CURRENT
: SINK OUT 43
b
v wL r[‘ : : 13 CURRENT
SOURCE OUT #1
5 R OF : :
HS1 o —
6 ‘
HS2 COMMUTATION
7 DECODER . ' 12 CURRENT
HS3 LOGIC SOURCE OUT #2
30/60 8 . }/
SELECT }\ﬁ
11 CURRENT
SOURCE OUT 43
tocic _ 9 | 10 POWER
GROUND GROUND
TL/H/8879-1
Order Number LM621N
See NS Package Number N18A
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+ Reference |——e Reference to Data

X Strain Gauge

X Amplifier

Y Strain Gauge

Z Strain Gauge

Y Amplifier T -

Gripper

|

Z Amplifier -

Acquisition

Strain Signal X to Data Aca.

Strain Signal Y to Data Acq.

Robot Radial Axis Control

Strain Signal Z to Data Aca.

Strain
Gauge [Encineer 1t Tomko DRAFTSMAN X X 00000 XKLXRIXK
R Force Sense Block Diagram XX/ XX/ XX
Location SPACE AUTOMATION & ROBOTICS CENTER | ROMPS Y XXTX
ENVIRONMENTAL RESEARCH INSTITUTE of MI| XXXXXXXXXXXX 05/14/91
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Typical Robot Axis Strain Gauge Amplifier

.V
vref to A/D Converter
v
4.7k
TLE2027
vref
T ¢ Al R=350 A
) -
\ -V
R R
10k
LT1009
2.5v
TLC2652A P
+ A3 v
b Vv 0
- - ’ B
- 100
TLe2027 | R+ aR R nf -
A2+
meah—
—— -V
-v -
Very Linear, low nolse strain gauge circult.
The four strain gauge elements (R) and the amplifiers Al and A2 form a bridge network. The differential
connection between the bridge network and amplifier A3 virtually eliminates the offset errors in Al and A2
Positive feedback through Rx makes the effective input impedance of A3 greater than IMQ. The high Impedance Is
used to reduce amplifier loading effects on the bridge circuit. The effects of both input offset and positive feegback
resistance are described by the formulas below.
-R Without Rx | ENGINEER L. M Tomko DRAFTSMAN X X XXXXXXX XXLXX/XX
) . - -z Force Sensing Amplifier-Typical XX/ XX XX
Effect of Rx: Vo=+1/2 * R2/R! * AR/R ® Vref(1-Ra/2R1) , Ra= | AR Using Rx = R2 SPACE AUTOMATION & ROBOTICS CENTER Force Sensing Block Diagram T
Effect of Vio: Vo=+1/2 * R2/R| * AR/R ®(vref » Vio(Al) + Vio(A2)] «[1+ R2/R1] VI0(A3) ENVIRONMENTAL RESEARCH INSTITUTE of MI| RoMPS 05/14/91
ANN ARBOR, Ml XXXXXXXXXXXX DATE

8.1




Autonomous Experiment Managment
System

Zymate Robot Controller

Southwest SC-4 Computer



AUTONOMOUS CONTROLLER

Digital input

L

Processor
Co-Processor

Digital Output

Analog !nput

Analog Output

EPROM

Switched Output

EEPROM
SRAM

RS-422 Serial 1/0

7 » Non Robot Device

Control Bus

Analog Monitors

. Zymate Robot

DRAM

Y
Hitchhiker Avionics

~ Controller

XAAXXXXXX XXX

| ENGINFER._ MEDobbs ORAFTSMAN X X XXXXXX XX/XX/XX

Autonomous Experiment System XX/ XX/ XX

SPACE AUTOMATION & ROBOTICS CENTER Manager Block Diagram XX/ XX/ XX

ENVIRONMENTAL RESEARCH INSTITUTE of Mi| RopMS 05/14/91
ANN ARBOR, M| : DATE
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1 Top Level | SpARC )

.
& Roboncs Conver

romps: level top

Input Experiment Manger
/ Directives
HH Experiment
Avionics - Program Manager
Telemetry
Packets
Experiment

/Jla Acqusitign

Experiment
Status,
Measurements

\ SpARC OSNS!IME‘y




Level 0 SRARC )

& Roborcs Cerver

romps: level 0

Command . Queved Command Experiment
Packets Packets Manager
—
HH Async Experiment Experimezt Manager
/ Input Directives Directives
HH Systerm Manager
Avionics Mecasage Set Directives
Expeniment Schedule
Eilcy
Fﬂqz —
ymatle. d e Application Software
e ?
Experiment
T;‘:::gy W Acqusiti§n
Sysem Mansger E.‘gl:an:;cm
Anauncistions Measurements
Experiment
 Tele Tel
Telemelry —ueued Telemiry Packes— Telemery clemetry
SPARC 051491/ME1.0 /
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Process Command Packet

SPARC )

romps: level 2

Experiment

Quc Command Message Set Store

Directives \@
System

Manager
Directives

Message Set

Status \®

& Robotes Conver

SPARC osuswmy

10.1.2
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Format Telemetry Packet

SpARC

& Robofics Cender

romps: level 4

System

a——

Manager
Directives

Maintenance Task
Directives Manager
Directives
4.4 File Manager
Process Directives
Maintenance

Directives

Maintenance
Annunciations

Task Manager
nunciations

System Manager
Annunciations

©

File Manager
Annunciations

4.2
Process

O

Experiment Schedule
Files

Application Software
Files

SPARC 051491/ME1.0 /
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N

Get Experiment Data SPARC

& Roborics Center

romps: level 6

System Manager
Annunciations

Message Set
Status
System Manager
Telemetry Packets
Telemetry "< 0

- Packets Experiment

Queued Telemtry Packets Telemetry Experiment

Packets Telemetry

6.1
Process
Experiment
Telemetry

SDARC 051491/ME 1.0 i



Process Experiment Data ’ SPARC

& Roboncs Center

- romps: lavel 10

10.3
Get

/

1 Minute . Experiment
Data 1 Minute Status,
1 Minute ISDe\tf‘ijce Measurements
Teleme tatus,
10.5 Data Itetx;); Measurements
Make 1 Second
. 1 Minute Device
e T\ Telemetry St
Record Record . Measurements
i 10.1
Experiment Gét
Ilemetry ‘ 1 Second Program
Data Trace

, 1 Second
Telemetry
Record

1 Second
Telemetry

Data Items

Program Trace File
(GSE Only)

10.4
Make
1 Second
Telemetry
Nata Recor

10.2\

Process
Program
Trace

Last Program Step

SPARC 051491/ME1.0 /
A



» Process System Directives SpARC )

4
& Rotorics Cerver

romps: level 11

1.4
Send Dau

11.5
Process
Experiment
Aborn

Experiment
Abort
Directive

Experiment
@/ Directives

Application Software
Immediate Directive
Experiment

Directive

11.7
Send Daa

Process

Cxperiment -
Scheduling Apphcalll(:)ililcSoﬂware
Dircctives

Application Software
Files

Remote
EasylLab Channel
Primitive Message

EasyLab
Commands

11.2
Process

Expriment 11.1
EasyLab
Experiment Schedule Commands Send Data
File 2 via
. emote
Experiment Schedule anne
Files

Load . Keyboard Experiment Manager

Dircctives

\ SpARC 051491/ME1.0 /

/




EasyLab™ Command Structure SRARC )

& Robotics Cerder

— (Reads from serial
APPEND connection to sys. manager)

DIR
FORMAT *

LOAD (from ROM)
PYAPPEND*

H Primitive Commands | SAVEX

DIC
| WARMSTART

Disk Drive Primitives

System Primitives ——————

Math Expressions
/ Comparitors, Functions, Operators

— Command Variables
input, Output, Bi-directional

— Dictionary Commands
Real Data, Real Data Arrays, String Data

LENC)

B STRS( )
String Operators SUBSTRS$(1 J,X$)

VAL()
— Program Control

Branching—{ GOTO, IF / THEN
Looping—] DO / ENDDO

1 . [MODULE WAIT /
Language :ommands Soynchromzation—--lo MODULE WAIT
Programming Facilities Pausing TIMER() /
. | WAIT FOR TIMER

Logging——] DISPLAY ON/OFF

Time——] CLOCK

— Input/Output*
Numeric, string, & HHOT input——] INPUT, INPUTS, INPUT*H

Screen & HHOT display— 2, PRINT, PRINTC, PRINT*H
Display designm—] ERASE, PROMPT, PFORMAT

OPEN, CLOSE,
Data f”e’_'{_:_mmﬂ, INPUT* 1

I.EEEP
. . DELETE
. ~Other NOWS$
REDUCE
*Not supported in SC-4 port. SDARC osmgumtlJ
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MOVEIN.SAFE
MOVE.ANNEALER
MOVEBELOW.ANNEALER
MOVE.UPINTO.ANNEALER

This implementation uses

a set of "learned” absolute

and relative positions. This method
is supported and available in the
current EasyLab™,

NOTE : As these positions are
stored in the system data dictionary
their values can be modified.

IMPLEMENTATION OPTIONS FOR THE ROBOT MOVEMENT

EasyLab™ Language Interface.
PUT.INTO.ANNEALER
S:ALLSPEED =1.0
S:ALL.SPEED = 1.0 S:THETA= SAFE
S:THETA= SAFE.RADIAL MOVE.THETA
S:RADIAL = ANNEALER.RADIAL S:RADIAL = ANNEALER.RADIAL
§:Z= ANNEALER HEIGHT $:Z= ANNEALER.HEIGHT
S:THETA = S:THETA + MOVE.ALL
ANNEALER.THETA S:THETA = S:THETA +
S:HEIGHT = UP.TO.ALLEALER ANNEALER.THETA
: MOVE.THETA
S:HEIGHT = UP.TO.ANNEALER
MOVE.HEIGHT

MOVE "THETA" , ALL.SPEED,
SAFE.THETA
MOVE "RADIAL", ALL.SPEED,
ANNEALER . RADIAL
MOVE “Z", ALL.SPEED,
ANNEALER.HEIGHT
MOVE.REL “THETA", ALL.SPEED
BELOW.ANNEALER
MOVE.REL "THETA" ,ALL.SPEED,
UP.ANNEALER

This implementation uses EasyLab™
Command Variables. Assignment to
these variables causes the variable

state to change and an action to occur.

Again, this is still a method used and
supported by EasyLab™,

This implementation uses command
variables in a different manner than the
current Easyl.ab™ robot movement
language.

Command variables do not cause the ;
robot movement to occur,

Instead, movement is initiated by

a simple command which uses the
previously set variable states as its
inputs. This implementation would be
easy to accomplish with the current
EasylLab™ interpreter.

" This implementation uses a

currently unavailable zymate
interpreter ability, parameter
passing. There are

no plans for this to be
implemented in the port to the
SC-4 system.




APPLICATION

| RUN-TIME LIBRARY

VRTX32

INTERRUPT SERVICE ROUTINES AND DEVICE DRIVERS

HARDWARE

| ENGINEER  M.E Dobbs DRAFISMAN X X XXXXXXX XX/XX/
VRTX Multi-Tasking Real-Time Systen}xx/Xx/xx
SPACE AUTOMATION & ROBOTICS CENTER AESM Data Flow Dtagrams XX/ XX/ XX
ENVIRONMENTAL RESEARCH INSTITUTE of MI|RoMPS 05/14/91
ANN ARBOR, M! XXXXXXXXXXXX DATE
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Software

System Call Han

1
dlers

Task and Memory Management

Hardware
PROM RAM CPU
VRTX32

User Supplied

SPACE AUTOMATION & ROBOTICS CENTER
ENVIRONMENTAL RESEARCH INSTITUTE of MI
ANN ARBOR, M|

DRAFTSMAN X X XXXXXXX XX/ XKL XK
VRTX Muiti-Tasking Real-Time Kernel XX/ XX/ XX
AESM Data Flow Diagrams XX/ XX/ XX
ROMPS 05/14/9)
XXXXXXXXXXXX DATE

10.9.2



ROBOT CONTROLLER

Processor
Co-Processor

EPROM
EEPROM
SRAM

DRAM

Digital Input

Digital Output

Analog Input

Analog Output

Switched Output

RS-422 Serial 1/0

#

AMES
Processor

> pMC Motion Controtler

ANN ARBOR, MI

L ENGINEFR X X XXXXXXX DRAFTSMAN X, X XXXXXXX XU/ XX/XX

XX/ XX/ XX

SPACE AUTOMATION & ROBOTICS CENTER Zymate Robot Controlier Block Diagram | XX/XX/XX

ENVIRONMENTAL RESEARCH INSTITUTE of MI| RoMPS 05/14/91
XAXXXXXXXXXX DATE
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MRV

SpArRC

Top Level PR
zymate: level top
Main Contro
Program
0 *
ROMPS
Modules
Program
Trace Module

Login
Module Command Entry

Experiment _—
Manager

Peripheral
Control
Program

Directives

Exchange Message

SpPARC 051491/ME1.0 )

121
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Level O

SPARC

»
& Roporncs Center

/

zymate: level 0

PMC Serial

7 PMC Module

N ain Contro

Login Entry - —1 Program
Iiyerface Modyle Data Acquisition
Module Login Entry
[bata Acquisitio
Module
Oven Module
Login Entry
PMC Secrial ‘
Interface Module
Program Command Exchange  Data Acquisition
Trace Message Module
Command Exchange s
Message
& Oven
Module
Oven Module
Command Exchange
/ Message Robot Module
. _ : Login Entry
. Pénp?rcrf‘l Robot Module :
Experiment ] ~-ODTO Command
Manager Program Exchange 4
Directives Messsage Robot
e Module

SpARC 051491/ME1.0 i



Main Control

SRERC

& Rodoncs Cerver

ZYMATE MAIN CONTROL
PROGRAM

task ready list

1.5
message
manager

module login

entry

system dictionary

1.1 module task descriptor
task

manager

1.2
storage
manager

1.3
control
manager

Jnstalled module

ared

1.4
resource

allocation

SoARC osugway

12.2.0



Peripheral Contro] SPARC

& Jobo~cs Conver

ZYMATE PERIPHZRAL
CONTROL PROGRAM

22
interpreter

2.4
disk
manager

2.3
dictionary
manager

SPARC osuwueuy
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Cemral_ Processor
Clock Frequency
Operéting System

Onboard Memory

Preliminary Specification
SC-4 Single Board Spacecrait Computer

80C186/80C187 16 Bit
10 MHz

MS-DOS and VRTX Compatible

RAM 512K Bytes w/EDC
EEPROM 256K Bytes
UVPROM 64K Bytes
Hardware Vectored Interrupts i 16 User Configurable
Timer/Event Counters 6, Software Configurable, 120 ns Granularity

Input/Output Capability

Parallel /O 16 Input, 16 Output
Analog Input 32 Differential Channels, 12-bit Resolution,
Analog Output 4 Channels
RS-422 Serial /O 2 Channels
SCS! Interface 1 Port
Mass Storage . 24M Bytes, Read/Write Non-volatile
Expénsion Internal Daughterboard Connector
Size 7X12X225in |
Weight ' 5 Lb (Approximate)

Power 28v @ 5w (Approximate)



CIRCUIT

POWER
MONITOR

CLOCK

EXTERNAL
TINER I/0

SCSI

SERIAL COMMUNICATIONS

EXTERNAL INTERALPTS INTERFACE PORT (2 EACH) J6
80C 186 N J3 J5
18 [ 240 WASS MENOAY STORAGE. %8
o INTERAUPT o st UART 120 18 A
RTEY] NTERFACE
o CONTROLLER Toen AN, et % 1
o ORAN
oHIPs
Peso L 4
. § OTANIC RAM CONTROLLER  §
PCS. l e 4 AND EDC CONTROLLER 4
PCS. BFFERS MO PAGE
RESET
IT _ADDRESS 8US
81T
wl I LATCH
Te .
Eccaal Lo
ATA
8-8IT
rerier; Thus-
ov/ Al w1}
xXg oe ;
ax [
fEnET STATE 12-817
MACHINE DAC
1]
o L -
‘ I
[_‘ 80187
w'a! oot ANALDS A
. LFe47 X 8 o-aIT
v } LATCH
axour ax
o L 56 l
BusY ousY I-l
oo 2 S 28 ’Jf
PERED eREQ e uvue.;;:ou
4
18}
i 27c288
ANALOE  ANALOS PARALLEL P
OUTPUT  INPUT POWER OUTPUT INPUT
POAT POAT PORT PORT POAT
H Je -]
o -
e SC-4
SINGLE BOARD
SPACECRAFT COMPUTER
i-—”—‘“ 4 BLOCK DIAGRAM



Oven Control

Housekeeping Data



INRUSH LIMITER

ON MLVPS DECK

PWM POWER AMPLIFIER

INTEFEROMETER RADIATOR ASS'Y

[ | e20 A SEE SECTION 39
— FOR RADIATOR
I | -—l —_— DETAILS
i
ook ! l - ' PO
Bus ' MEATERS
I Pwn LOGIC
| | 20 ono g ce I
T AAA- ] -4 ¢ -
usRs
CURRENT
MONITOR s '
: PSE COMMAND INTERFACE I__l 1NON
CWRCUIY
WRO! COMMAND O/A RESISTOR
COMMANDS REGISTER LADOER .
TWOR
NeTmon® Veer
oPrPTO~ rwn
p—11s0LATO SNUTDOWN
€ TwORK cimewry SHUTROWN
Vegws
TELEMETAY
LAST £ REGISTER
Tseere !
o! THERMISTON
TeLeweTRY :i‘c‘u"z Taene 2
(]
ENGINEER _J STEVENS ONAFTER €CJ REX 479/8"
SPACE PHYSICS RESEARCH LABORATORY IF THERMAL CONTROLLER
COLLEGE OF ENGINEERING BLOCK DIAGRAM 171789
UNIVERSITY OF MICHIGAN HRDI UARS PSE 1715788
ANN ARBOR. MICHIGAN B-EB0O33 CONTROLLED DATE
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+28 ON OWG 8-€34.3.2 nsarr i
02
“ SIGNAL EXCITATION ORLLE
e 623 23y SEE 34.33
.Z}_!!u'" o 3 FOR IMON Y | (10) nre a
—— — x3 cIRCuIt ) *
X ) 1. \ 5N 7 : 4005 .1
.28 7 ~o' ¢ 1) HTR B
| L]
CASE H NTR @
22750 &t .22 ‘_;,” O:
o o] 22/:0 30 10-66 | 22730 L& e 22/%0 + 22730 I
< 0| 1 &3 v = s == %
° L] °
s l NTR & RET
FLE T %l M |
o g ﬁs _¢ HTR & RET
[
QQ
! %"W"" R12 L@ HTR B RET
@ nes T
9 2.2/ 1w oK/ 1w onr
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» [e]
HEAT SINK
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< RY (24 [11:] 2-COMMON ®0
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ROBOT THERMISTER LOCATIONS

SpARC

L ]
& Roboncs Cenver

GAS CAN CONCEPT LAYOUT

ASSEMBLY TOP
ROTATION PLATE

(1) oxseu \l

(T) ANNEALING UNIT l

PALETTE

QRIPPER *Q -:i:-,:j::'.:
PALETTE HOLDER

(T) ELEYATOR PLATFORM

ASSEMBLY BOTTOM
ROTATION PLATE

(T) RADIATOR

EVAPORATCR W/PATTERN MASK

GRIPPER WOTOR

ROTATIONTELEVATION
MCTTCR

SPARC 051491/ME1.0 /
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RESISTANCE VERSUS TEMPERATURE — 40° to +100° H] E2 . . YS142032 - 30konm Trermistor
Tewr-C nes TEur C REY TEuP-C nes TEMP°C RES TEMPC AES .tzr
~ 40 004 0n —10 13000 s 20 0% . 109w | g0 ;u < -
R HIRH A T T 18tk 7 36 @) . + tavle temper r
Bomen | 4B | E BN OB MR | BOW i cnoerature
3 ey Ix 137 i 3 30 0o s 9109 I iu 6C _ ) ==~ it temperature
i g e | B s fan o8 -
ﬁ St IX 104 ox i) ¢ 40K 38 0se 0 297 1
31 S0 ex - 9 0K 3] n« 3 Jere s 788
-30 49YOK 4 98K +30 4 27K 480 1998 *%0 7Y e
poalm |03 Row T 31 HiH i 363 "
i’ [l L] 1340 3 14 8830 3 338
‘R L3 RIS p PO 47K M B394 )4 341 040
S 399 6 4 dax 3 " 8367 $ 240 et
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19 Je20% 12 J Sax Q2 16925 $007 P D d
dome |8 R 4o H i ¢ 20
1 -
AR W oeigon | i it on e g Steinhart Equation Coefficients
13 m + 42 bax a ol a27) '
0ok W N | 8 1 HiH N a: 9.3035726E-04
¢ b: 2.2191893£-04 +/- 1.153293 %
O ©: 1.2559728E-07 +/- 3.3619476E-03 %
chisqr: 1.8592977E-15
=
A
-20 —_— al Jo. .-“— |
1000 10000 1E«5 1€+6
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. ENGINEER 1.0008S DRAFTSMAN ¢ 6/10/07
SPACE PHYSICS RESEARCH LABORATORY T:':‘EP:FRE:YOUREE‘I'EALQORnH.iEZP!“ 2
L'} R HOUSEKEEPING
COLLEGE OF ENGINEERING MAD! UARS
UNIVERSITY OF MICHIGAN s/1o/m
ANN ARBOAR. MICHIGAN B-EBI54 CONTROLLED AT
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80 YS144032 - 30Kohm Thermistor
75

70 \
65 \
60 \

55 AN

45 ‘
40 \\
35 N
30 N
25 N
20

O3~

10 .

O oA
—
V]

| |
| I | |
-5 | X| |
-10 | | |
-15

_20 I
00.51 1.52 2.53 3.54 4,55 5.56 6.57 7.58 8.59 9.510
Vout - volts

ENGINEER M 0088S ORAFTSMAN  w? ss30707
SPACE PHYSICS RESEARCH LABORATORY| TEMPERATURE CALIBRATION CURVE
COLLEGE OF ENGINEERING INTERFERQOMETER HOUSEKEEPING
UNIVERSITY OF MICHIGAN : HRO! UARS 710787
ANN ARBOR. MICHIGAN B-£8204 CONTROLLED DATE
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ISR

SPACE PHYSICS RESEARCH LABORATORY

TEMP MONITORS

YO CONNECTOR 10 mux
22ut/23v
pcu-373  pou-30P TO OWG B-E7400 e
' “ON v “ON
| a0 Al A2 83 #19
SPARES | ln L Ja [.. | =
| BIAS CIRCUITS A0 A1 A2 A} 4V tox ¥ | %.2300m TEMP COEFFICIENT.
h wr [ LITT Y 2 12y
sencu tue « (00 ! ®2a, R28, 2 L
]
sench Tus 2 (12)- ; R34, R38, C3 = TYPICAL BIAS CIRCUIT
BENCH TP 3 @ Rea, Ra@, C4 o,
[}
aENCH Tur & (1e i A3SA, a3e, c3 S Y
FILTER WHEEL l REA, 6B, C6 26 HS—-1840RH
saseriare 1 (16 7 ATA, nrrE, CT ki) By ] u2
aaseratre 2 (17 : mea, Res, co Dl 18X '
L owTee 10 us/2
BASEPLATE 3 @ ; R9a, R98, C9 ’ ana wux OwG. 8-£7481
17 guec tve (19) n n0a, MOW, C10 2o
Raota Twe 1 (20 7 Rtta, RUB, CIt 4
Raoa tMe2 (20 - RI2A, R12B, CR2 22
] ~ ]
ERITS G M3a, A8, O3 '3
Lre gar Tep (23) ; naa, Rien, Cie b4
MRE GAP TMP @ ' M3a, Rise, Cis 1 }]
‘MRE GAP TMP @ : R16A, R1EH, CI6 bl Y
|
vece met fib—m
' ELE RE 1 = (4.4 GMO -¥ VYREF
- [ ] [ )
CHASSIS GNO
= | R )
ung 1 net (Do ———
HeE T REY @____:-___l
oench T RET (&)
IF ELEC T RET @.—_—_-j_ ENGINEER C.D. LEONARD DRAFTSMAN . 8. /24,09

RAO T REY

SPARE RETY @-————-—:1:_

COLLEGE OF ENGINEERING
UNIVERSITY OF MICHIGAN
ANN ARBOR, MICHIGAN

INTERFEROMETER HOUSEXEEPING
HROI UARS

8/21/88
1/ 8/08
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