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TO: DISTRIBUTION

FROM: C NEUMEYER
SUBJECT:  REAL TIME CONTROL FOR FIRST PLASMA

A meeting was held on 2/9 to discuss the minimum requirements for real time control for first plasma. Attendees were...

S Kaye
R Marsala
D Mueller
C Neumeyer
G Oliaro

In order to facilitate the discussion the following hardware and software elements were identified. 

Hardware
Skybolt System

This is the existing Skybolt processor system in the VME crate

Skybolt Upgrade

This is a possible future upgrade of the Skybolt processor (new CPUs, etc.) to increase speed.

DAS (64)

This is the existing Data Acquisition System which provides 64 channels of analog to digital input conversion once per 100µS with direct communication with the Skybolt, bypassing the VME bus.

DAS (32) Upgrade

This is a possible future the DAS which would provide an additional 32 channels.

I/O Expansion

This is a possible future expansion of the input (analog and digital) and output (digital) capability based on standard modules in the VME crate with communication to/from the Skybolt via the VME bus. 

PCL

This is the existing Power Conversion Link, which was used to communicate firing angle and mode commands between the D-site power supplies and the TFTR SEL computer once per 1 mS.

PCL Interface

This is a possible future  interface which would allow the Skybolt System to communicate with the PCL.

HSDL

This is the existing High Speed Data Link which was used to collect measured signals in the power supply system and deliver them to the TFTR SEL computer once per 1 mS.

VMS Bus Extender

This is a possible future VME  Bus Extender which would provide an extension of the VME bus over a long physical distance to facilitate connection of remote sensors.

Reflective Memory

This is a possible future Reflective Memory feature which would provide the capability for multiple VME crates to share data over a long physical distance. 

Note: Either the VME Bus Extender approach, or the Reflective Memory approach would be used, but probably not both.

Software

Physics Algorithms

These are the algorithms which describe the plasma control, including fault response. They may be developed in two stages...

- Basic Plasma Control

- Advanced Plasma Control

Power Supply Algorithms

These are the algorithms which describe the power supply control, including fault response.

Skybolt Programming

This is the programming of the Skybolt System, consisting of...

- Incorporation of the Physics Algorithms

- Incorporation of the Power Supply Algorithms

- Incorporation of Housekeeping Functions

Skybolt /Work Station Interface Programming

This is the programming of the Skybolt System and the associated Work Station which will accomplish the communication of data back and forth. 

User Interface Programming

This is the programming of the User Interface which facilitates the input and display of data including gains, setpoints, waveforms, fault sequences, etc. This may be developed in two stages...

- Basic User Interface (minimalistic input of control data and waveforms, output of waveforms and fault data)

- Advanced User Interface (User friendly features along with archiving/machine state recall capabilities, e.g.)

The following possible evolution of the control system was discussed, starting with the most basic and ending with the most advanced features:

1) Power Supply current/voltage control - this is the most basic level, in which closed loop current control and open loop voltage control are available for the TF and PF magnets. A first plasma could be created by pre-programming the currents and/or voltages. 

2) Basic Plasma Control with Current and Position Control - closed loop feedback control would be provided on Ip, and possibly also on crude radial and vertical position signals derived from flux loops. 

3) Advanced Plasma Control with Equilibrium Reconstruction and Gap/Strike Point Control - full reconstruction of the plasma shape and control of the gaps and strike points 

The tentative plan for the hardware, software, and control evolution is described via the following table. Basic requirements for power supply control are listed in column 2, and incremental requirements for basic and advanced plasma control are listed in columns 3 and 4. 

Element
PS I/V Control
∆ Basic Plasma Control
∆ Advanced Plasma Control

Skybolt System
R



Skybolt Upgrade


TBD

DAS (64)
 
R


DAS (32) Upgrade


TBD

I/O Expansion


TBD

PCL
R



PCL Interface
R



HSDL




VMS Bus Extender or Reflective Memory
R



Physics Algorithms (Basic)

R


Physics Algorithms (Advanced)


R

PS Algorithms
R



Skybolt Programming (Advanced Physics)


R

Skybolt Programming (Basic Physics)

R


Skybolt Programming (Power Supply)
R



Skybolt Programming (Housekeeping)
R



Skybolt/Workstation Interface Programming
R



User Interface (Basic)
R



User Interface (Advanced)


R


R = Required


TBD = To Be Determined

Cost and schedule planning for construction project Total Project Cost  (TPC)  as distinct from operations costs  should assume the above plan with the Power Supply control and basic plasma control available for First Plasma. 
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