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Introduction

This note serves as a roadmap to the detailed wiring diagrams for the PFIS control system.

System Overview

Here is the PFIS block diagram.
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PFIS is run from a control computer in the operator's area. It uses a fiber link to the payload. 
The main box contains a PCI-like backplane with commercial motion control, digital and 
analog I/O boards. Wires fan out to two satellite control boxes, one primarily controlling the 
collimator mechanisms, and the other controlling the camera mechanisms. These 3 boxes are 
cooled with facility glycol.
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The PFIS etalons are controlled from a pair of rack-mounted Queensgate CS-100 
controllers. These sit in a glycol-cooled box on the top hex. Their AC inputs come from 
PFIS, so that we can interlock the high voltage outputs. The CS-100 control outputs go from 
the top hex through the cable wrap, into PFIS.

The SAAO CCD subsystem is controlled from the computer room via another fiber 
connection. The only electronic connection between the CCD subsystem and the PFIS 
electronics is a fiber shutter control so the CCD control computer (PDET) can open and 
close the PFIS shutter with high time precision.

Control Computer

The PFIS control computer is a Windows PC running LabVIEW. Linux cannot be used here 
because National Instruments does not support motion control under Linux (or Mac OS). 
There is just one PCI card in its backplane, the MXI fiber interface card from National 
Instruments. The MXI fiber system is a backplane extender. The other end is up in PFIS, in 
the main control box.

Main Control Box

The main control box contains a National Instruments PXI chassis with 8 slots. One slot is 
taken up by the other end of the fiber backplane extender. 2 contain National Instruments 
7334 stepper motor motion control cards. These are 4-axis, closed loop motion control 
cards. The 7334 cards also offer 32 bits of digital I/O. Another slot uses a 96-bit digital input 
card, and another has an analog input card.

In addition to the PXI chassis, the main box contains high efficiency power supplies for PFIS 
actuators and sensors. They provide +5V, +/-15V, and +24V.

This is a glycol-cooled box.

We divided the motor driver boards, pneumatic manifolds, relays, interlock logic, and signal 
conditioning electronics into two satellite boxes. There were many reasons to do this:

Lessen the heat load in any one box
Small voids in the PFIS truss are more plentiful that large ones
Locate electronics in the vicinity of the mechanism being controlled

Satellite Box 1

Satellite Box 1 contains the driver boards, pneumatic valves, and control electronics for the

slitmask
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waveplate
shutter
focus

This is a glycol-cooled box.

Satellite Box 2

Satellite Box 2 contains the driver boards, pneumatic valves, and control electronics for the

etalons
grating
filter
articulation

This is a glycol-cooled box.

Hardware Interlocks

PFIS protects itself with hardware interlock implemented in programmable logic devices 
(PLD). The interlocks are specified in the PFIS Interlock Specification and Design Document
 ( ). Each pneumatic control line, and the forward and reverse stepper 
command lines, pass through a PLD. The PLDs monitor the required sensors, and suppress 
the actuator command when the interlock condition is present.

SALT-3140AE0015

Each PLD provides a set of output bits, one for each interlocked actuator. These bits indicate 
when an interlock condition is present, and which one it is.

Satellite Box 1 implements interlocks that involve single mechanisms. That is, the slit mask 
mechanism has interlocks that depend on slit mask sensors, but which do not depend on any 
other mechanism.

Satellite Box 2 has interlocks that depend on more than one mechanism. In particular, the 
grating and etalon mechanisms create the danger of physical damage to heavy and expensive 
optics. The hardware interlock system prevents any spectrographic operation when the 
etalons are in the beam, and prevent any etalon use until all spectrographic actuators are in 
their home positions.

Electro-mechanical Prototype

We proved all the basic control system concepts by building a prototype "generic" 
mechanism. This mechanism is specified in the Generic Mechanism Specification (

) and is pictured .
SALT-

3140AS0014 here

This prototype proved our design choices in the following areas:
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LabVIEW client/server control
Fiber link to PXI chassis
Control box/Satellite Box wire harness
NI Motion control with 3rd party motor driver boards
Fail-open limit switches (broken wires assert the condition)
Quadrature incremental encoder for closed-loop control
Analog absolute position sensor
Temperature sensor
Pneumatic switching
High-precision station indicator using 2 phased-lagged Hall effect vane sensors
Slitmask-style station-seeking procedure
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Introduction

This note describes the software design for the PFIS control system.

Overview

PFIS uses 9 mechanisms in support of its observing states. These mechanisms use a total of 8 
stepper motors and 16 pneumatic actuators.

The software must provide the following capabilities:
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Configure mechanisms to support observing states
Enforce interlock conditions to avoid damage to the instrument & operators
Provide instrument status data sufficient to support operations, monitor instrument 
performance, and allow error recovery by the operators

Environment

The PFIS Control System software runs on a standard Windows (currently Windows 2000) 
PC. The software is written in the National Instruments (NI) graphical programming language 
LabVIEW. Windows is required for at least part of the control system software because 
although LabVIEW is supported on Mac OS and Linux, National Instruments currently 
supports motion control only under Windows.

Client/Server Design

We choose a client/server design, in which the user interface is the client, and the server runs 
the hardware. Each is a stand-alone piece of software, and they communicate over a network 
using LabVIEW's data socket server (DSS) function. The DSS provides a simple network 
communications function, and allows both client and server to run on the same CPU or 
different CPUs without modification of the software.

We also choose the format of the commands passing from the client to the server to be simple 
text strings (e.g. "mask fetch" or "grating insert"). This allows scripting in a natural way. 
Human-readable observing scripts will be generated in advance using web-based perl CGI 
scripts. The PFIS user interface (the client) can then simply read these scripts and forward the 
commands to the server. The server doesn't need to know about the source of the 
commands, and no script-dependent software will reside in the server.

Note that choosing a client design that does not use any LabVIEW motion control modules 
means that the client does not suffer the same operating system restriction that the server 
does. The client can run on Linux, or Mac OS.

The server runs on PCON, a Windows PC with a NI MXI fiber interface card in its 
backplane. This is the communications link to the payload. The server module is driven by a 
vocabulary of simple text strings. The strings represent commands at three different 
hierarchies of abstraction:

low-level commands, specific to a given stepper or pneumatic
mid-level commands, which operate at the whole-mechanism level
high-level commands, or procedures, that execute observing sequences

This figure shows the server block diagram.
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The PFIS user interface reflects this hierarchy, and uses LabVIEW tabbed controls to reveal 
the desired level of control at the right time.

Screen shots of the prototype GUI are shown in .SALT-3140AE0023

Interlocks

PFIS is designed with hardware interlocks sufficient to protect the instrument from damaging 
itself, and to prevent exposing humans to electrical shock or harm from actuators. See 

 in the PFIS . The server, however will also enforce the 
interlocks in software, with the goal of never actually invoking a hardware interlock.

SALT-
3140AS0015 CDR package
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We will implement the software interlocks at the lowest level, by "wrapping" each actuator 
inside a LabVIEW VI module. The VI will be responsible for check that the interlock 
conditions have been met before actually sending the control signal outinto the hardware. If 
the conditions are not met, the wrapper VI will fail and pass an error cluster up the hierarchy 
that describes what condition was not met.

Server Modes

We define these modes for the PFIS server.

PFIS Server Modes
Mode Description

Off All power off
Standby PCON on, PXI Chassis on
Init Includes sensing the instrument configuration
Ready Waiting for command input
Busy Processing a command
Error Any detected error, including sensor error, interlock error, or actuator hangup.
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The normal sequence of mode transitions is 1-2-3-4-5-6-7.

The Error state is entered in three different ways:

Transition 8: initialization error. This usually means that PFIS was unable to sense 
which of its configuration states it was in.
Transition 9: self-check error. PFIS will continually perform a number of self-checks in 
the Ready mode. The various self-checks are described in the Interlocks Specification 
document .SALT-3140AS0015
Transition 10: command failure. This can happen if a reconfiguration sequence fails due 
to a hardware failure, or if an error is sensed from the Detector subsystem or 
Telescope Control System.

PFIS will spend most of its time in one of two states: Ready or Standby. PFIS will seldom go 
to Off because if the PXI box is turned off, then no sensor data are available during the day, 
and the PFIS control computer must be rebooted each time the PXI box is turned on.

State Management

In a combinatorical sense, PFIS has a huge number of possible states. It offers imaging, 
spectroscopy, polarimetry (3 kinds), 2 resolution regimes of Fabry Perot narrow band 
imaging, 3 types of CCD readout modes, and optional interactions with the telescope during 
an observation. The combinatoric explosion is controlled, though, by pruning whole sections 
of the configuration state tree according to which states are useful, and which are nonsensical.

This figure shows the useful PFIS configuration states. There are 3 main states (S1-S3), with 
3 variants that select polarimetric modes (S4-S6). This figure shows the possible state 
transitions, and the time it takes to execute them.
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This state -space approach lends itself to a simple but powerful software implementation. We 
will control the PFIS configuration with a table-driven state machine. What is this?

PFIS State Transition Table
How to use this table: the rows are indexed by the state you are currently in. The columns are indexed by the final (not next) state that you 

want to end up in. For each (current,desired) state pair, the indexed table cell tells which transition to execute next, and what state that 
takes you to. Keep iterating until you end up in the desired state (you are done when you end up on the diagonal).

s1 s2 s3 s4 s5 s6
s1 - +T1, S2 +T3, S3 +T2, S4 +T1, S2 +T3, S3
s2 -T1, S1 - -T1, S1 -T1, S1 -T2, S5 -T1, S1
s3 -T3, S1 -T3, S1 - -T3, S1 -T3, S1 +T2, S6
s4 -T2, S1 -T2, S1 -T2, S1 - +T1, S5 +T3, S6
s5 -T2, S2 -T2, S2 -T2, S2 -T1, S4 - -T1, S4
s6 -T2, S3 -T2, S3 -T2, S3 -T3, S4 -T3, S4 -

Example: Suppose you are in state S5 (Spectropolarimetry), and you want to be in state S3 (Fabry-Perot Imaging) for the next observation.
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1. (S5,S3) indexes the cell (-T2, S2). So execute transition -T2 (Remove waveplates). You are now in state S2 (Spectroscopy).
2. (S2,S3) indexes the cell (-T1,S1). So execute transition -T1 (Articulate camera back to home). You are now in state S1 (Imaging).
3. (S1,S3) indexes the cell (+T3,S3). So execute transition T3 (Insert etalons). You are now in state S3.
4. (S3,S3) indexes the diagonal. You are done.

This table-driven approach has many advantages over a procedural approach. For example, 
in the example given above, one made the move from S5 to S3 by:

de-articulating the camera arm to its home position
inserting the Fabry-Perot etalons.
removing the waveplates and polarizing beamsplitter

If, for some operational reason, one wanted a different order, say:

removing the waveplates and polarizing beamsplitter
de-articulating the camera arm to its home position
inserting the Fabry-Perot etalons.

then one has merely to update the state table. No procedures have to be written or modified. 
This approach has been used before at the Space Astronomy Laboratory, in Jeff Percival's 
amazing astrometric kernal, the "Telescope Pointing Machine" (TPM). The  and

 are available on the web.
state diagram

detailed documentation

The PFIS configuration state table also represents a higher, 3rd level of interlock protection. 
The state table entries ensure that the instrument will be moved through a tested and well-
known sequence of states. The hardware interlocks are shadowed by the low-level 
LabVIEW software interlocks, ensuring that the hardware interlocks will not be tripped. 
Likewise, the low-level interlocks are shadowed by the state table entries, ensuring that the 
software interlocks will not be tripped!

One might complain that using a table-driven state machine precludes the possibility of saving 
time by operating mechanisms in parallel. We point out, though, that the two longest 
configurations, the etalons and the camera articulation, are mutually exclusive in a mechanical 
sense, and therefore cannot be done in parallel. Moreover, the three reconfigurations that 
don't result in a state change (slit masks, gratings, and filters) can be donein parallel, and we 
will use LabVIEW's parallel execution capabilities to do so.

Observing Procedures

PFIS commands are organized into a 3-level hierarchy, allowing access at the actuator, 
mechanism, or procedure level. We want to avoid controlling PFIS observing sequences by 
sending large numbers of low-level commands from the client (user interface) to the server. 
The knowledge of how to execute an observing sequence should lie in the server.

We have identified the observation sequences that make sense for each of the configuration 
states. These are discussed in the Operational Concepts Definition Document (

).
SALT-

3170AE0002
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Error Management

We will manage errors using the standard error management tools in LabVIEW. Each VI will 
take an error input and provide an error output. The error flow will be wired up, one VI after 
another, in LabVIEW fashion. Each VI will inspect its error input, and decline to act if an 
error is indicated. If action is declined, then the input error will be passed on. If action is taken 
and an error is produced, then that error cluster will be passed on.

The error cluster will contain a specific description of the error: the interlock code, the sensor 
responsible for the failure, and so on.

Combined with a hierarchical set of VIs, this method will allow errors to flow up to the top, 
then over to the client interface.

Data and Command Management

All PFIS commands (text strings) and data clusters will be defined as LabVIEW "type def" 
clusters. The typedef clusters will all live in a single directory, allowing a convenient way of 
inspecting or using them en masse.

Communication with Other SALT Subsystems

PFIS must communicate with two other SALT subsystems: the SAAO CCD subsystem 
(PDET) and the Telescope Control System (TCS).

It sends set-up commands to PDET for configuring the CCD for exposures, and trades 
information with PDET for handshaking, slit mask peakup exposures, and FITS header 
keywords. No raw image data are exchanged; the interactions will be conducted using text 
strings. The vocabulary will be built up during the fabrication phase by the SAAO and PFIS 
teams.

PFIS interacts with the TCS to do slit mask peakups, and for the shuffle-and-nod observing 
procedures. These interactions will also use text strings. The vocabulary will be built up during 
the fabrication phase by the TCS and PFIS teams.
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This note presents some screen shots of the prototype PFIS GUI. There are three levels of control. At the lowest level, the user can 
manipulate individual actuators. At the mid level, actuators are collected into their respective mechanisms. At the highest level, the user 
operates PFIS as a scientific instrument.

Low-level control of an actuator
Mid-level control of a mechanism
High-level control: Imaging
High-level control: Fabry-Perot imaging
High-level control: Spectroscopy

Low-level control

3/11/03 3:32 PMWelcome to Adobe GoLive 6
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Mid-level control

High-level control: Imaging
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High-level control: Fabry-Perot Imaging
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High-level control: Spectroscopy
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This note specifies the generic mechanism to be built up during the PFIS critical design period.

Goals
Procurement
Electronic Fabrication
Mechanical Fabrication
Facility Needs
Specification of the Device
Summary of Actuators, Sensors, and Other Electronics

Goals

The goal of the mechanism lab is to provide a bench test environment for prototyping control 
software and testing various types of actuators and sensors. This will give us confidence in 
making decisions about the design of PFIS mechanisms.

The main areas to be addressed are:

Fiber-optic communication with a remote controller
Open loop control of a stepper motor
Closed loop control of a stepper motor

Analog (voltage) feedback
Digital (incremental quadrature encoder) feedback

End-of-travel and other interlock prototyping
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Here is a list of items for the mechanism lab:

Electronic fabrication will be limited to signal conditioning electronics, wiring, and connectors.

Mechanical fabrication will be kept to a minimum. We will need a fixture to hold the motor 
and encoders. The motor will drive the linear slide, as in the slitmask elevator. Scott Buckley 
will design and build this, and will take little or none of Mike's time.

Pneumatic air: provided at various points in the SAL lab area. We will filter it.

Pneumatic actuation
Analog input (temperature sensing)
Digital I/O
high resolution station indicator

Procurement

PC for control (Rich will provide)
LabView software (Done)
PXI/MXI System (Done)
PXI Motion Controller (Done)
Stepper motor and driver (Done)
Linear Bearing (Scott has one)
Lead Screw, Power Nut & assoc. hardware (Procure from )�PIC Design
Switches & sensors (Received samples from Cherry, Done)
Pneumatic actuator and sensors (Done)
Quadrature Encoder (US Digital)
Analog encoder (Cable position transducer, Done)
Temperature sensor (AD590 & conditioning electronics, from stock)
Miscellaneous h/w, aluminum, etc. (From stock)

Electronic Fabrication

Mechanical Fabrication

Facility Needs

Bench area: we need to be assigned some space to use for at least 2 years. Bench, network, 
pneumatic air. We might consider cleaning out the small shop, currently unused, or some 
space in the "SHS area".

Specification of the Device

Stepper Motor and Driver. We will use the Oriental Motors  and the Vexta PMC33A3
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model PMD03CA driver board that we already procured. It has 500 steps per turn 
and produces a torque of 4.58 oz-in (0.033 N-m) at 1200 RPM.

Linear Stage. We will make up our own linear stage. Scott has an IKO LWL 15 linear 
slide, with a 9.5" track rail and a slide unit with 6" of travel. Scott also has an Acme 
lead screw, 14" long with a lead (the amount the nut advances in one turn of the screw) 
of 0.1". At 500 steps per turn, this implies a linear step size of 5.08 microns, and at 
1200 RPM would advance the slide at 2"/s, or 3 seconds for the full travel (ignoring 
acceleration). This seems acceptable.

Do we have sufficient torque to drive the screw? For torque,  offers a chart 
that helps. It shows the torque required to turn a screw while raising a 1 lb. load. We 
will be driving the load horizontally, not against gravity, so this seems like a good upper 
limit. Their 0.1" lead screw shows 0.64 oz-in, which gives us a margin of a factor of 7. 
Our  adds 14 oz of tension, so doubling the required torque 
to 1.28 oz-on still leaves us with a margin of more than a factor of 3.

PIC Design

cable position transducer

End of travel (limit) switches. We will use the samples we have from . At the 
end farthest from the motor (the forward limit), use the  3-wire sink Hall 
Effect Vane Switch with the vane mounted on the moving slide. The "03" tag selects a 
model with leads instead of pins. We will want to adjust the trip point by moving the 
vane parallel to the screw. At the near end (the reverse limit), use the  2-
wire Threaded Barrel proximity sensor, with the button magnet mounted on the moving 
slide. We will adjust the trip point using the threaded nature of the sensor body. The 
"02" tag selects a normally closed switch, rather than normally open.

Cherry
VN101503

MP200702

Home Sensor. We want a high-precision home position sensor in the middle of travel. 
Use the  2-wire Reed switch, with the  flange magnet mounted 
on the moving slide. The "01" tag selects the normally open option.

MP201801 AS201801

. We want to encode the moving slide's position. The cable 
has a 15" pull. It should be mounted so that the cable is never fully retracted or fully 
extended.

Cable position transducer

Incremental quadrature encoder. We want to close the control loop by encoding the 
motion of the worm screw. Mount a US-Digital  incremental encoder to encode 
the position of the worm screw.
.

E6D

Temperature sensor. We want to measure a temperature to test the signal conditioning 
circuitry, the wiring, and the sampling hardware. Mount an  Flatpack sensor to 
the body of the stepper motor.

AD590

Pneumatic actuator with proximity sensors. We want to control a pneumatic valve and 
read its end-of-travel sensors, although there is no requirement to mate the cylinder 
mechanically to the linear stage. It can just lay on the table, and we can use a vice to 
keep it from wandering around.
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The control valve uses 2 2-wire +24VDC solenoids, and the actuator has 2 3-wire 
proximity switches, one on each end. We will use the 3-wire sensors, not the 2-wire 
ones; the 3-wire models have an LED.

Wire Harness and Connectors. All the wires originating in the mechanism will be 
brought together into one or more male D connectors. On the benchtop, the power 
supply, the UMI and SCB breakout boxes, and the motor driver board wires will be 
brought together into the same number of female D connectors. This will allow the 
mechanism to be detached easily from the benchtop gear.

High Resolution Station Indicator: the goal is to synthesize a slitmask station indicator 
with a very narrow "on" region. Use two vane switches reading two square-wave 
vanes slightly offset from one another. Combining their output using an (A & ~B) logic, 
providing a derived signal with a narrow "on" region. Slide the vanes with respect to 
each other to adjust the "on" region.

Summary of Actuators, Sensors, and Other Electronics

Oriental Motors  Stepper Motor.PMC33A3
Oriental Motors  Driver BoardPMD03CA
Cherry  3-wire sink Hall Effect Vane SwitchVN1015
Cherry  2-wire Threaded Barrel Proximity SensorMP2007
Cherry  3-wire sink Hall Effect SwitchMP1021
Unimeasure  Cable Position TransducerLX-PA-15-P10K
US Digital  Encoder with CA-4217-6FT connector�E6D-2048-250-IH-PKG3
Analog Devices  Temperature Sensor (Flatpack package)AD590
Festo MZH-5/3G-M3-L-LED 2-Solenoid Pneumatic Valve
2x Festo SME-8-K-LED-24 3-wire Proximity Switches
National Instruments  Universal Motion InterfaceUMI-7764
National Instruments  Connector BlockSCB-68
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Our second motion control effort was more ambitious.

Combined View
Mechanism Section
Control Section
LabVIEW GUI

A combined view

This shows the "generic mechanism" we built to verify the behavior of chosen components, 
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explore fabrication plans and techniques, and to test our mechanism control designs in 
software. We built a mechanism section and control section. We also built a LabVIEW 
control module.

The mechanism section.

This shows the mechanism section of the Generic Mechanism.

At the top is a worm-driven linear stage (like our slimask elevator). It has an incremental 
rotary encoder on the left end, and a cable transducer (like a yo-yo) on the right. The cable is 
pulled out as the stage moves to the left, and provides an analog signal.

The bearing has end-of-travel switches (a Hall-effect vane switch and a Reed switch), and a 
home indicator used when initializing the encoder.

At the bottom is a 2-port Festo pneumatic actuator, like we will use with the slitmask fetch/
stow operation.

We were surprised by the size of the wire bundle, considering that this plate supports only 
two actuators!

The control section.
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This shows the control section of the generic mechanism. Clockwise from upper left:

The digital I/O interface to our PXI chassis. This supports the pneumatic actuators and 
sensors.
The motion control interface to our PXI chassis. This supports the NI 7334 stepper 
motor controller. It also provides an analog input for the cable transducer.
The power distribution strip.
The Oriental Motors motor driver board. This receives the step and direction outputs 
of the 7334 motion controller, and drives the stepper motor wires.
Signal conditioning & miscellaneous electronics. This contains analog signal 
conditioning circuits and the relays that drive the pneumatic actuators.

A LabVIEW User Interface

Controller Panel
Pneumatics Panel
Stepper Panel
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 ->  -> PFIS Home Documents Code 3140: Control System

Southern African Large Telescope

Prime Focus Imaging Spectrograph

Interlock Specification and Design Document

SALT-3140AS0015

Jeffrey W Percival

Modification Record
Version Date Comment

1.2 09 Sep 
2002 -

2.0 25 Sep 
2002 Remove NI 7334 motion control interlocks

2.1 18 Oct 
2002 Add Etalon detentes, update articulation detente, heaters, and RS232

2.2 08 Nov 
2002 Assign codes to interlocks, rename home and index items

2.3 03 Dec 
2002 Update etalon latch management, filter magazine

2.4 02 Jan 2003 Add shutter state table; use interlock tables generated from controls 
data base

2.5 04 Feb 
2003 Add articulation state table & interlocks

Introduction
Hardware Interlocks

Hardware Pneumatic Interlocks
Hardware Stepper Interlocks

Self Consistency Checks
Sensor Self-Checks
State Checking
Limit Checks

Initialization & Safing
State Tables and Diagrams

Slitmask State Table
Waveplate State Table
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Shutter State Table
Grating State Table
Filter State table
Articulation State Table

Introduction

This document specifies all the actuator interlocks required to prevent misuse of or harm to 
the Prime Focus Imaging Spectrograph.

It also describes the instrument safemode, and gives procedures for recovery into safemode.

A complete list of actuators and sensors can be found .here

The interlock charts below describe how to prevent commanding PFIS into an illegal state. 
The interlocks are grouped into hardware interlocks and software interlocks. Hardware 
interlocks are implemented in hardware. Each hardware interlock is also implemented in 
software, so that a hardware interlock is activated only in the event of a software failure. 
Additional interlocks are implemented in software.

NOTE: we refer to the boolean indicators from a logical, not electrical, point of view. "True" 
and "asserted" mean that the sensed condition is present. Whether that condition is actually 
active-high or active-low (1 or 0) is irrelevant here.

Hardware Interlocks

Hardware interlocks prevent actuators from being activated in a dangerous condition.

Hardware Pneumatic Interlocks

In order to energize a particular solenoid, certain requirements must be met. This table gives 
AND conditions for each solenoid. For example, the first entry below means that the relay 
P.5.1-R.1 must not be closed, and its solenoid not energized, unless the sensor S.5.1-B.7 is 
asserted (logically true), meaning that the elevator is at a station.

Hardware pneumatic interlocks are shown . All interlocks, sorted by sensor code, are
.

here
here

Hardware Stepper Interlocks

Motion Control interlocks (forward and reverse limits) are managed by the National 
Instruments 7334 motion control cards. This section covers additional interlocks not managed 
by the 7334s.
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The stepper direction terminology we use is "forward" and "reverse", so that we match the 
boards and documention from National Instruments (NI). NI defines "forward" to be 
clockwise as you face the tip of the motor shaft.

Hardware stepper interlocks are shown . All interlocks, sorted by sensor code, are here here

Self-consistency Checks

PFIS has a sharp distinction between configuring and exposing. There are no modes that 
require a continuously changing state of an actuator. Even in fast polarimetry, the waveplates 
are stopped and detented between motions. This provides many points in time, even during 
exposures, at which the state of the instrument is fixed, and the relationships between 
actuators and sensors are known and are able to be checked.

These checks can't be performed in hardware, because they are transiently violated during 
actuator motions. The software knows when the instrument is in a quiescent state, so the 
checks will be performed in software.

Sensor Self-checks

Some actuators move between opposite, mutually exclusive states. For example, a mask can 
either be in or out, but not both or neither. These checks can be done in software, using an 
exclusive-OR test.

Note that these conditions represent , not undesirable, states. Undesirable states 
are avoided with hardware interlocks, and interlock failures are sensed according to the 

 section below. Impossible states cannot happen even if you defeat the interlocks. It 
is a physically unrealizable state, and hence can be used to diagnose the sensors or state of 
the hardware.

impossible
state 

checking

These pairs of sensors must satisfy an exclusive-OR condition. One or the other, but not both 
and not neither. This check is done in software.
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Code Item Complement Item

P.5.1-B.1 Mask Fetched P.5.1-B.2 Mask Stowed

P.5.2-B.1 Mask Inserted P.5.2-B.2 Mask Removed

P.6.1-B.1 HWP Inserted P.6.1-B.2 HWP Removed

P.6.2-B.1 HWP Detente Inserted P.6.2-B.2 HWP Detente Removed

P.6.3-B.1 QWP Inserted P.6.3-B.2 QWP Removed

P.6.4-B.1 QWP Detente Inserted P.6.4-B.2 QWP Detente Removed

P.6.5-B.1 QBL Inserted P.6.5-B.2 QBL Removed

P.7.1-B.1 Shutter Opened P.7.1-B.2 Shutter Closed

P.7.2-B.1 Shutter Assist On P.7.2-B.2 Shutter Assist Off

P.9.1-B.1 Etalon 1 Inserted P.9.1-B.2 Etalon 1 Removed

P.9.2-B.1 Etalon 2 Inserted P.9.2-B.2 Etalon 2 Removed

P.9.3-B.1 Etalon 1 Latched In P.9.3-B.3 Etalon 1 Latch Removed

P.9.3-B.2 Etalon 1 Latched Out P.9.3-B.3 Etalon 1 Latch Removed

P.9.4-B.1 Etalon 2 Latched In P.9.4-B.3 Etalon 2 Latch Removed

P.9.4-B.2 Etalon 2 Latched Out P.9.4-B.3 Etalon 2 Latch Removed

P.10.1-B.1 Grating Inserted P.10.1-B.2 Grating Removed

P.11.1-B.1 Beamsplitter Inserted P.11.1-B.2 Beamsplitter Removed

P.12.1-B.1 Filter Inserted P.12.1-B.2 Filter Removed

P.13.1-B.1 Articulation Detente Inserted P.13.1-B.2 Articulation Detente Removed

State Checking

At any given time, the instrument must satisfy some constraints on its current state. For 
example, if "Mask Stowed" is asserted, then so must "Mask Removed". The condition should 
have been prevented by the hardware interlocks, so these conditions can serve as indications 
of interlock failure. These checks are implemented in software.

These conditions should have been prevented by the hardware interlocks, so they can serve 
as indications of interlock failure.

Code Item Constraint Item Mech. #

P.5.1-B.1 Mask Fetched 5

P.5.1-B.2 Mask Stowed P.5.2-B.2 Mask Removed 5

P.5.2-B.1 Mask Inserted P.5.1-B.1 Mask Fetched 5

P.5.2-B.1 Mask Inserted S.5.1-B.3 Mask Elevator Home 5

P.5.2-B.2 Mask Removed 5
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S.5.1-B.1 Mask Elevator Fwd Hard 5

S.5.1-B.2 Mask Elevator Rev Hard 5

S.5.1-B.3 Mask Elevator Home S.5.1-B.6 Mask Elevator Station 5

S.5.1-B.4 Mask Elevator Station 1 5

S.5.1-B.5 Mask Elevator Station 2 5

S.5.1-B.6 Mask Elevator Station S.5.1-B.3 Mask Elevator Home 5

P.6.1-B.1 HWP Inserted P.6.5-B.1 QBL Inserted 6

P.6.1-B.2 HWP Removed P.6.3-B.2 QWP Removed 6

P.6.2-B.1 HWP Detente Inserted 6

P.6.2-B.2 HWP Detente Removed 6

P.6.3-B.1 QWP Inserted P.6.1-B.1 HWP Inserted 6

P.6.3-B.2 QWP Removed 6

P.6.4-B.1 QWP Detente Inserted 6

P.6.4-B.2 QWP Detente Removed 6

P.6.5-B.1 QBL Inserted 6

P.6.5-B.2 QBL Removed P.6.1-B.2 HWP Removed 6

P.6.5-B.2 QBL Removed P.6.3-B.2 QWP Removed 6

S.6.1-B.1 HWP Encoder Index 6

S.6.1-B.2 HWP Home 6

S.6.2-B.1 QWP Encoder Index 6

S.6.2-B.2 QWP Home 6

P.7.1-B.1 Shutter Opened 7

P.7.1-B.2 Shutter Closed 7

P.7.2-B.1 Shutter Assist On 7

P.7.2-B.2 Shutter Assist Off 7

S.8.1-B.1 Focus Fwd Hard 8

S.8.1-B.2 Focus Rev Hard 8

P.9.1-B.1 Etalon 1 Inserted S.13.1-B.3 Articulation Home 9

P.9.1-B.1 Etalon 1 Inserted S.10.2-B.3 Grating Rotate Home 9

P.9.1-B.1 Etalon 1 Inserted P.9.3-B.1 Etalon 1 Latched In 9

P.9.1-B.1 Etalon 1 Inserted P.10.1-B.2 Grating Removed 9

P.9.1-B.2 Etalon 1 Removed P.9.3-B.2 Etalon 1 Latched Out 9

P.9.1-B.3 Etalon 1 Open 9

P.9.2-B.1 Etalon 2 Inserted S.13.1-B.3 Articulation Home 9

P.9.2-B.1 Etalon 2 Inserted S.10.2-B.3 Grating Rotate Home 9
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P.9.2-B.1 Etalon 2 Inserted P.10.1-B.2 Grating Removed 9

P.9.2-B.1 Etalon 2 Inserted P.9.4-B.1 Etalon 2 Latched In 9

P.9.2-B.2 Etalon 2 Removed P.9.4-B.2 Etalon 2 Latched Out 9

P.9.2-B.3 Etalon 2 Open 9

P.9.3-B.1 Etalon 1 Latched In P.9.1-B.1 Etalon 1 Inserted 9

P.9.3-B.2 Etalon 1 Latched Out P.9.1-B.2 Etalon 1 Removed 9

P.9.3-B.3 Etalon 1 Latch Removed 9

P.9.4-B.1 Etalon 2 Latched In P.9.2-B.1 Etalon 2 Inserted 9

P.9.4-B.2 Etalon 2 Latched Out P.9.2-B.2 Etalon 2 Removed 9

P.9.4-B.3 Etalon 2 Latch Removed 9

P.10.1-B.1 Grating Inserted P.9.3-B.2 Etalon 1 Latched Out 10

P.10.1-B.1 Grating Inserted P.9.4-B.2 Etalon 2 Latched Out 10

P.10.1-B.1 Grating Inserted S.10.1-B.6 Grating Magazine Station 10

P.10.1-B.2 Grating Removed 10

S.10.1-B.1 Grating Magazine Fwd Hard 10

S.10.1-B.2 Grating Magazine Rev Hard 10

S.10.1-B.3 Grating Magazine Home 10

S.10.1-B.4 Grating Magazine Station 1 10

S.10.1-B.5 Grating Magazine Station 2 10

S.10.1-B.6 Grating Magazine Station 10

S.10.2-B.1 Grating Rotate Fwd Hard 10

S.10.2-B.2 Grating Rotate Rev Hard 10

S.10.2-B.3 Grating Rotate Home 10

S.10.2-B.4 Grating Rotate Home 1 10

S.10.2-B.5 Grating Rotate Home 2 10

P.11.1-B.1 Beamsplitter Inserted 11

P.11.1-B.2 Beamsplitter Removed 11

P.12.1-B.1 Filter Inserted S.12.1-B.6 Filter Magazine Station 12

P.12.1-B.2 Filter Removed 12

S.12.1-B.1 Filter Magazine Fwd Hard 12

S.12.1-B.2 Filter Magazine Rev Hard 12

S.12.1-B.3 Filter Magazine Home 12

S.12.1-B.4 Filter Magazine Station 1 12

S.12.1-B.5 Filter Magazine Station 2 12

S.12.1-B.6 Filter Magazine Station 12
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P.13.1-B.1 Articulation Detente Inserted 13

P.13.1-B.2 Articulation Detente Removed 13

P.13.1-B.3 Articulation Detente Caught 13

S.13.1-B.1 Articulation Fwd Hard 13

S.13.1-B.2 Articulation Rev Hard 13

S.13.1-B.3 Articulation Home 13

Limit Checks

Any no time should any limits be asserted. Here are the limits. These are fed into the National 
Instruments 7334 motion control card, which prevents motion into a limit.

Hard Limits
Limit Code Avoidance Action

Mask Elevator Fwd Hard S.5.1-B.1 Home Indicator Move Rev
Mask Elevator Rev Hard S.5.1-B.2 Cable Encoder Move Fwd
Focus Fwd Hard S.8.1-B.1 LVDT Move Rev
Focus Rev Hard S.8.1-B.2 LVDT Move Fwd
Grating Magazine Fwd Hard S.10.1-B.1 Cable Encoder Move Rev
Grating Magazine Rev Hard S.10.1-B.2 Cable Encoder Move Fwd
Filter Elevator Fwd Hard S.12.1-B.1 Home Indicator Move Rev
Filter Elevator Rev Hard S.12.1-B.2 Cable Encoder Move Fwd
Articulation Fwd Hard S.13.1-B.1 Home Indicator Move Rev
Articulation Rev Hard S.13.1-B.2 Open Loop* Move Fwd

* Open loop means that an incremental encoder will be initialized as part of a power-up 
sequence, and then that encoder will be subsequently relied upon to avoid the hard limits 
without any additional indicators. The hard limits will be avoided during initialization by using a 
center switch to indicate the hunt direction, and a home indicator to reset the encoder. The 
hard limits themselves, of course, provide the next level of protection for the hardware.

Initialization and Safing

To initialize PFIS or recover it from an unknown state, perform these steps.

1. Apply power to the PXI Chassis
2. Reset the motion control cards
3. Turn off power to the stepper motors
4. Turn off power to the pneumatic solenoids
5. Command all pneumatic relays to the off state
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6. Apply power to the pneumatics
7. Execute the , the , and the .sensor self-checks limit checks state checks
8. Apply power to the stepper motors
9. Recover the slitmask mechanism into a safe state

10. Recover the grating mechanism into a safe state

At the end of this procedure, PFIS indicators should be in a safe state.

This table specifies the indicators that must be asserted for the PFIS to be in a safemode state.

Mech. # Sensor Code Item

5 P.5.1-B.1 Mask Fetched

5 P.5.2-B.2 Mask Removed

5 S.5.1-B.3 Mask Elevator Home

6 P.6.1-B.2 HWP Removed

6 P.6.2-B.1 HWP Detente Inserted

6 P.6.3-B.2 QWP Removed

6 P.6.4-B.1 QWP Detente Inserted

6 P.6.5-B.2 QBL Removed

7 P.7.1-B.2 Shutter Closed

9 P.9.1-B.2 Etalon 1 Removed

9 P.9.2-B.2 Etalon 2 Removed

9 P.9.3-B.2 Etalon 1 Latched Out

9 P.9.4-B.2 Etalon 2 Latched Out

10 P.10.1-B.2 Grating Removed

10 S.10.1-B.3 Grating Magazine Home

10 S.10.2-B.3 Grating Rotate Home

11 P.11.1-B.2 Beamsplitter Removed

12 P.12.1-B.2 Filter Removed

12 S.12.1-B.3 Filter Magazine Home

13 P.13.1-B.1 Articulation Detente Inserted

13 S.13.1-B.3 Articulation Home

13 S.13.1-B.4 Articulation Motor Killed

State Tables and Diagrams

Some of the PFIS mechanisms are complicated enough to require state information: the 
slitmask, the grating, and the filter mechanisms.
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Slitmask State Table

Slitmask State Table
State # State Name Station Stowed Mask in Elevator Home Inserted
0 Parked X - - - -
1 Stow into Magazine X X - - -
2 Select Mask X X - - -
3 Fetch Mask into Elevator X - X - -
4 Go to Mask Home - - X X -
5 Insert Mask into Beam - - - X X
6 Remove Mask from Beam - - X X -
7 Select Empty Station X - X - -
8 Stow Mask into Magazine X X - - -
9 Go to Penthouse X X - - -
0 Fetch from Magazine X - - - -

Waveplate State Table

The waveplate pneumatics are a little tricky. There are 3 legal states: unpolarized, linear, and 
circular. These states are achieved with 3 pneumatics, which therefore provide 5 unwanted 
states. We need to move from state to state in particular order, and to move from an illegal 
state to a legal state in the fastest way, which is to change the state of exactly one of the 3 
pneumatics.

Waveplate State Table

State QWP 
Inserted

HWP 
Inserted

QBL 
Inserted State Name Next 

State Next Action

0 - - - Open 1 QBL Insert

1 - - X QBL, Not 
Useful 3 or 0 HWP Insert or 

~QBL Insert
2 - X - conflict 0 ~HWP Insert

3 - X X Linear 7 or 1 QWP Insert or 
~HWP Insert

4 X - - conflict 0 ~QWP Insert
5 X - X conflict 1 ~QWP Insert
6 X X - conflict 7 QBL Insert
7 X X X Circular 3 ~QWP Insert

QWP: Quarter-wave Plate
HWP: Half-wave Plate
QBL: Quarter-wave Blank (used for linear polarimetry)
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Note that of the four illegal states, three of them require opening a relay instead of closing 
one. With a power failure, the mechanism automatically springs into the Open state.

Shutter State Table

The shutter has states because of the pneumatic assist. The pneumatic assist actuator allows 
the shutter solenoid to be turned off during an exposure. The shutter is kept open by the 
pneumatic, whose control solenoid is in a cooled control box. The pneumatic assist actuator 
can be disabled, so that the shutter can be used with only its solenoid, during short and 
repetitive exposures.

The sequence of events is this:

1. The shutter open command (P.7.1-R.1) is asserted by the software.

2. The electronics applies the full opening voltage to the shutter solenoid. This circuitry has an 
RC network built into it, so that it relaxes into the standby voltage within 5 RC time constants.

3. Upon detection of the shutter open indication (P.7.1-B.1), the circuitry asserts the 
pneumatic assist (P.7.2-R.1) if enabled by the digital output P.7.2-D.1.

4. When the shutter assist on indication (P.7.2-B.1) is detected, the power is cut to the 
solenoid. Note that the software is still asserting the shutter open bit.

5. When the shutter open bit is de-asserted, the shutter assist pneumatic is returned to its 
normally off position.
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Shutter State Table

State Shutter Assist 
Enable

Shutter Assist 
On

Shutter 
Open Actions

0 - - - Solenoid off
Pneumatic off

1 - - X Solenoid on
Pneumatic off

2* - X - Solenoid off
Pneumatic on

3* - X X Solenoid on
Pneumatic on

4 X - - Solenoid off
Pneumatic off

5 X - X

Solenoid on
Pneumatic on when shutter is 
open
Solenoid off when assist is 
sensed

6* X X - Solenoid off
Pneumatic on

7* X X X Solenoid on
Pneumatic on

* = Not a normal state

Grating State Table

Grating State Table
State # State Name Magazine Station Rotate Home Inserted
0 Parked X X -
1 Go To Home X X -
2 Select Grating X X -
3 Insert Grating X X X
4 Rotate Grating X - X
5 Go To Home X X X
6 Remove Grating X X -

Filter State Table
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Filter State Table
State # State Name Station Stowed Mask in Elevator Home Inserted
0 Parked X - - - -
1 Stow into Magazine X X - - -
2 Select Filter X X - - -
3 Fetch Filter into Elevator X - X - -
4 Go to Home - - X X -
5 Insert Filter into Beam - - - X X
6 Remove Filter from Beam - - X X -
7 Select Empty Station X - X - -
8 Stow Filter into Magazine X X - - -
9 Go to Penthouse X X - - -
0 Fetch from Magazine X - - - -

Articulation State Table

Articulating the camera arm requires careful use of the articulation brake and motor power.

Articulation State Table
State 

#
State 
Name

Detente 
Removed

Detente 
Caught

Detente 
Inserted

Motor 
Killed

Brake 
Released

0 Safe - X X X -
1 Brake Off - X X X X
2 Motor On - X X - X

3 Remove 
Detente X - - - X

4 Insert 
Detente - X - - X

5 Motor Off - X X X X
6 Brake On - X X X -
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 ->  -> PFIS Home Documents Code 3140: Control System

Southern African Large Telescope

Prime Focus Imaging Spectrograph

Power Distribution and Management Plan

SALT-3140AE0018

Jeffrey W Percival
Don Michalski

Modification Record
Version Date Comment
1 19-Feb-2003
1.1 21-Feb-2003 Add power budget

This note presents the PFIS power and switching plan.

Table of contents:

Power and Switching Diagram
Discussion of Switches
Power Budget

Steady State Power (cooled)
Intermittant Power (not cooled)

Power and Switching Diagram
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Discussion of Switches

There are 4 mechanical switches:

: this is the SALT-provided switch in the electrical room that applies 
220V to PFIS on the payload. 220V is supplied to the PFIS PXI chassis, and to the etalon 
controller switches. This allows the etalons to be powered up (using the PXI chassis) long in 
advance of using the etalons. Ted Williams reports that the controllers like to be on for a day 
prior to use, to allow the electronics to settle.

SALT Isolator Switch

This switch controls the two PFIS items that will usually be left on. The PXI chassis will 
always be left on (in normal usage) because cycling its power requires the PFIS computer 
(PCON) to be rebooted. Turning off the etalon controllers will require a day or more of 
settling time before use. We therefore expect that the SALT isolator switch will be left on 
except during maintenance periods.
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: this switch is the PFIS "maintenance mode" switch. Whenever any 
invasive work is to be done on PFIS, this switch will be opened. It cuts both actuator and 
sensor power, but maintains power to the PXI chassis and the etalon controllers. This is also 
the  button.

PFIS Instrument Power

emergency stop

: this switch cuts power to the motors. Sensors and pneumatics are still 
enabled. This is used when motorized movement is not desired, but still allows pneumatics to 
hold elements in place.

PFIS Motor Power

: this cuts power to the pneumatic relays. Sensors and motors are 
still enabled.
PFIS Pneumatic Power

Power Budget

PFIS dissipates power in two ways: steady state power (e.g. power supplies, electronics) 
and intermittant power (motors). Our steady-state power is all enclosed in glycol cooled 
enclosures. Only the intermittant power is used in the beam without cooling, and only in 
polarimetric modes is it used during an observation. In non-polarimetric modes, the 
intermittant power is used to configure the instrument prior to an observation.

Steady State Power (cooled)

PFIS will dissipate power when it is in use. The steady-state power dissipation occurs in 
glycol-cooled boxes.
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PFIS Steady-state Power
Power (W) Comment

Top Hex
2 x etalon ctlr 184 Mfgr spec; measured power is about half this
PFIS Main Box
PXI Chassis 4 Data sheet
3 x Motion Ctlr 15
Power Supplies 36 15A, 24V, 90% efficiency
PFIS Box 1
4 x Drivers 9.6 estimate based on measured Oriental Motors board
Interlocks 1 estimate from EE
PFIS Box 2
4 x Drivers 9.6 estimate as above
Interlocks 1 estimate from EE
SAAO CCD Boxes
SDSU Array Ctlr 4.3
SDSU Pwr Supply 80
CCD Ion Pump Ctlr 40
Star Tracker
Base 15 Measured
Total

399.5

PFIS will dissipate 400 W steady-state, in 6 separate glycol-cooled boxes. The allocation to 
PFIS is 1.1 kW.

Intermittant Power (not cooled)

Intermittant power dissipation occurs when PFIS runs its motors. PFIS motors are not 
cooled. The situation is mitigated in several ways:

1. Most PFIS motors have a very low duty cycle
2. PFIS motors are turned off when not in use; stages are held in place using brakes or 

back-torque.
3. Most PFIS motors are used for configuration, not for observing

The exception to these statements involve polarimetric observations, where the waveplate 
rotation occurs during an observation, and in some situations may have quite a high duty cycle.
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Power 
(W) Comment Time 

(s)
# Ops/

hour
Energy 

(J)
Average Power 

(W)
Mask Elevator 14.4 30 1 432 0.120

HWP Rotate 3.5 est. winding = 
5V 1 900 3150 0.875

QWP Rotate 3.5 est. winding = 
5V 1 900 3150 0.875

Focus 5 estimate 5 1 25 0.007
Grating 
Magazine 7.5 est. winding = 

5V 20 1 150 0.042

Grating Rotate 9.6 5 1 48 0.013
Filter Magazine 14.4 43 1 619.2 0.172
Articulation 25.1 70 1 1756 0.488

Total energy in 1 hour: 9330 J.
Time-averaged power: 2.6 W (worst case), 0.8 W typical.

We point out that this is a worst-case mode, doing 2-waveplate high-duty cycle polarimetry. 
Without the polarimetry, the time averaged dissipation drops to about 0.8 W.

This analysis assumes a 1-hour exposure for a typical observation.
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Strategy

Our spares strategy is to provide spares for those items that can reasonably be expected to 
be needed to commission and operate PFIS.

Optics

We will not provide any spare optics.

Actuators

We have selected standard actuators (pneumatics and motors) from large and well-known 
suppliers. Replacements are easily available, and spares will not be provided.

Sensors

We have selected sensors from a small number of well-known suppliers, and replacements 
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are easily available. We will supply a selection of Hall effect sensors and reed switches as 
spares for installed items.

COTS Electronics

We will provide spares for the following bought-out items:

1  (both ends, 2 cards)MXI fiber backplane extender
1 pair MXI fiber
1 PXI Chassis
1  motion control cardPXI-7334
1  RS232 serial interface cardPXI-842x
1 TBD +24V power supply
1 TBD +5V power supply

Custom Electronics

We will have custom electronics boards in the PFIS control system. The boards include 
interlock electronics (using programmable logic devices) and signal conditioning electronics 
for analog sensors and other devices.

Our printed circuit board (PCB) vendor ships board orders in lots of 5 or 10 pieces. We will 
populate 2 boards of each order: one to be installed in the PFIS control system, and another 
as a spare. We will also provide the remainder of the board lot (unpopulated) for future use.
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