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1.0 Introduction

This document will describe how to configure the NSTX Facility Clock.

Revision 1 has included extra monitors and controls for supporting NB operations.  The primary function of the revision is to provide the ability to synchronize the NSTX clock cycle with the NB recycle period.

Revision 2 includes minor enhancements for the Operator:

· Added Single-Shot-Continue latch.

· Pop-up warning message if FCPC is in the Local Clock Cycle mode.

· Ability to change the Neutral Beam Injection (NBI) time without stopping the current clock cycle.

2.0 References

1) Facility Clock Final Design Review,  September 1998 

2) NB Controls FDR (CI&C portions),  May 2000  

3) User’s Guide for the NB Source Timing Display (NB02)

3.0 Overview

The NSTX Facility Clock provides the basis for synchronization of NSTX hardware and software.  The Facility Clock system controls the NSTX shot cycle.  That is, the relative time of selected events can be specified.  Event times are specified in seconds and are relative to T(0), also known as Start of Discharge (SOD).

The clock cycle has two checkpoints, the Pre-Sequence Check (PSC) and the Pre-Pulse Check (PPC).  At these checkpoints the state of several 'things' can be checked.  If any point is not in the ‘correct’ state then the shot cycle will be aborted.  The operator can set a flag to include or mask each 'thing' in the checkpoint-evaluation.

Display CK02 has an additional control field to permit the clock operator the capability of synchronizing the NSTX clock cycle to the NB recycle period.

4.0 Configuration

Time-of-events and checkpoints can be configured by the operator.  The sections below describe the configuration. 

4.1 Event Times

The table below describes each clock event.  Event times are specified from EPICS medm display CK02, shown on figure 1.

4.2 Pre-Sequence Check

The PSC is automatically set to occur ten seconds after the clock is started at Start-of-Cycle (SOC).  The purpose of this check is to give operators and diagnosticians time to halt the shot cycle prior to a shot number being used up.  A configurable PSC test is configured on medm display page CK03.  Figure 2 shows a sample version of the PSC configuration page.

If the PSC fails the shot will be aborted and the shot number will not be committed. Display CK03 will show which ‘test’ caused the PSC to fail.  A red field in the ‘Latched’ column will indicate a ‘failed’ test and a green field will indicate a ‘passed’ test.  Each test has a control menu to ‘Mask’ or ‘Include’ a test. 

4.3 Pre-Pulse Check

The PPC is automatically set to occur ten seconds before the SOD event.  The purpose of this check is to abort the shot and not issue events that would trigger the plasma-producing subsystems such as FCPC and gas injection.  A configurable PPC test is configured on medm display page CK04.  Figure 3 shows a sample version of the PPC configuration page.

If the PPC fails the shot will be aborted and the shot number will not be reused. Display CK04 will show which ‘test’ caused the PPC to fail.  A red field in the ‘Latched’ column will indicate a ‘failed’ test and a green field will indicate a ‘passed’ test.  Each test has a control menu to ‘Mask’ or ‘Include’ a test.  In addition,  each item on CK04 is made up of several sub-tests.  The sub-tests and their Mask/Include controls are specified on other displays (see figure 4) which can be viewed by poking the appropriate related-display box in the ‘PPC Detail' column.

5.0 Operating the Clock

A description of each item appearing on the clock page is described below. 

5.1  Monitor Fields

 System Banner 

Most CI&C display pages have a 'system banner' at the top of the display page.  This shows the display ID, the Title, the current date and time, the current shot number,  and the current time in the shot cycle.  The display in figure 1 shows the system banner.

 Hidden Alarm Banners

The clock page has hidden banners that will become visible (pop-up) only under certain conditions.

· Central Clock CAMAC Settings Differ - This banner will appear if the timing settings in the CAMAC hardware do not agree with those typed into the page itself.  This will appear whenever the timing is being reconfigured.  To make this warning disappear, hit the 'Load CAMAC' control button.

· NBI CAMAC Settings Differ - This banner will appear if the Neutral Beam timing settings in the CAMAC hardware do not agree with those typed into the page itself.  This will appear whenever the timing is being reconfigured.  To make this warning disappear, hit the 'Load CAMAC' control button.  Note the NB settings are normally made by the NB Operator using display NB02.
· CAMAC Initialized - Load CAMAC!!! : This banner will appear after the IOC1 has been booted or if the CAMAC crate has been powered off and not reloaded. To make this disappear, hit the 'Load CAMAC' control button. 

· Clock CAMAC Crate problem - This banner will appear if there was a CAMAC I/O error reading the CAMAC crates associated with the clock. 

· Waiting for Initial NB Sync After Load- This banner will only appear when the clock is in NB_SYNC mode.  This banner will appear after a clock event time has been changed which will affect the NSTX Central Clock and NB Synchronization.  SOC is the only time setting on CK02 that will cause this to occur. The banner will disappear after the first NNS event has passed.

 Operator Message Fields 

At the bottom of the page there are two lines which hold messages from the control program for the operator.   These have no 'depth' to them, that is, the most recent message will be the one visible to the operator.  A 'clear' button is provided.

 Event Time Fields

Certain event times are programmable and others are fixed.  The fixed times are indicated by 'darkened' monitor-only fields.  The monitor-only fields are PSC, SOS, PPC, SOP, EOP, and EOC.   

Shot-Counter Mode 

The NSTX clock system can run in HPP mode or SoftTest mode. Normal experimental operations use the HPP mode.  The SoftTest mode is for software testing. A 3-position rotary hardware switch on the COE HIS Panel controls the mode.

The clock hardware supports a separate shot number counter for each mode.  The NSTX shot number convention dictates that 5-digit shot numbers should be used for the SoftTest mode.  HPP mode shot numbers start at 100000.

Current Shot 

The current shot number is shown in the system banner.  Note that the shot number will not increment until the SOS (Start of Sequence) event occurs.  SOS will not occur if the PreSequence Check fails.
Countdown 

The current shot time relative to T(0) is shown in the system banner. 

Time Until NNS 

The time remaining until the next (NSTX-to-Neutral_Beam Synchronization) NNS event.  When the Central clock is in NB_SYNC mode, the SOC event will hold until the NNS event occurs.  Next to the time remaining field, a small amber circle will momentarily appear (about 2 seconds duration) when the NNS event occurs.

NB Sync Status 

This field will indicate "Not_Waiting" when the Central clock is not waiting for an NNS event to proceed.  If the clock is waiting for NNS, this field will indicate "Waiting".

Progress Bar

A vertical bar provides a rough indication of the relative time within the current shot cycle.  All green means that the shot cycle is at SOC.  All red means the shot cycle is at EOC.  The position of the green/red border has no correlation with the position of the various event time-entry fields located to the left of the bar.

5.2 Shot Mode Switch
A hardware selector switch to select SoftTest or HPP shot mode is located on the front of control room rack CCR-EE-001 (COE/HIS rack).

5.3 Control Fields

To make a text entry in any control field,  

· the mouse pointer must be poked in the control field area and kept in the area, 

· the value typed in,  

· a carriage return hit.  

· If the mouse is moved out of the field before the carriage return the entry will not be accepted.
Total Cycle Time 

This is the time in seconds that will elapse between SOC and EOC.  For example, a five minute shot cycle will be configured if a value of 300 is entered in this field.  

Event Time Fields 

The event time fields are used to specify the time of events.  The times are entered in seconds.  Some event times are not configurable by the user and the event-settings offer different resolution. Each event is described below.

Event
Description
Time Resolution

SOC
Start of Cycle
1 second

PSC
PreSequence Check
no adj.(note 6)

SOS
Start of Sequence
no adj.(note 6)

T(-60)
1 minute before SOD
fixed

PPC
PrePulse Check
no adj.(note 1)

SOP
Start of Pulse
no adj.(note 2)

T(-1)
1 second before SOD
fixed

T(0)
Start of Discharge
fixed

T(+D)
general purpose event 'D'
0.001 second

EOD
End of Discharge
0.1 second

EOP
End of Pulse
no adj.(note 3)

EOC
End of Cycle
calculated(note 4)





Notes : 

1) PPC must be at least 5 seconds prior to SOP.  Arbitrarily fixed at T(-10).

2) SOP of T(-3.000) seconds picked to match the start time of the reference-waveform definitions in the FCPC real-time computer (skybolt).

3) SOP to EOP time is limited to about 8 seconds by data acquisition memory in FCPC real-time computer (skybolt)

4) EOC = TotalCycle + SOC.

5) The values displayed in the entry-boxes are not necessarily the times loaded into the CAMAC hardware.  If they differ a warning banner will appear.

6) PSC and SOS are kept 'close' to the SOC event,  since the shot number increments at SOS. These events are arbitrarily spaced 10 seconds apart.

Load CAMAC Button 

Before the clock system hardware will provide a shot cycle with the requested timing the CAMAC modules must be loaded with the proper timing information.  Depressing the 'Load CAMAC' button will do this function.  An operator message will appear at the bottom of the display to indicate success or failure.

Cycle-Type Menu 

There are two cycle-types supported, Single-Shot and Multiple-Shot. The mode is selected by depressing the mouse over the Cycle menu, and dragging the mouse and releasing it upon the desired setting. 

In the Multiple-Shot mode, once started,  the clock will run continuously. Also, the clock cycle will stop and need to be manually started if a PSC or PPC (checkpoint) fails. 

In the Single-Shot mode, the clock will run for one cycle (SOC to EOC)and then stop.  When in Single-Shot mode an additional control feature is presented to the operator.  This feature is called Single-Shot-Continuation.  

In the Single-Shot-Continuation control box, the operator can select one of two modes,  Stop-at-EOC or Continue-at-EOC.  These can be selected at any time during the current clock cycle.  If Stop-at-EOC is selected the clock will stop at the next End-of-Cycle event.  If the Continue-at-EOC is selected the clock will immediately start a new clock cycle when the current cycle ends.  Shortly after the SOC,  the control latch will automatically revert to the Stop-at-EOC mode. The Single-Shot-Continuation feature has no effect when the clock is in Multi-Shot mode. 
NB Synchronization Mode Menu 

There are two NB Synchronization modes supported, NB_Sync and No_NB_Sync. The mode is selected by depressing the mouse over the Cycle menu, and dragging the mouse and releasing it upon the desired setting.

In NB_Sync mode, the SOC event will wait until an NNS event occurs, thus assuring that NB injection timing will coincide with the plasma timing.  The NBI time is usually set by the NB Operator using display NB02.  The NB Operator may change the NBI time after EOP, without stopping and restarting the NSTX Central Clock.

Start Button

The only way to start the clock is to momentarily depress the green 'Start' button.

Stop Button

The only way to manually stop the clock cycle is to momentarily depress the red 'Stop' button.

CLR Button 

The CLR button will clear both operator messages.  It is recommended to clear the messages after they are read so that it is more obvious when a new message has appeared.

Related Displays

A related displays menu provides the means to directly call up another display page. The related page is selected by depressing the mouse over the 'Related Displays'  menu,  and dragging the mouse and releasing it upon the desired page description.  

The pages in this menu are :

· PreSequence Check Configuration

· PrePulse Check Configuration

· Clock System Directory (of displays)

· Mini-Clock

· NB Timing (NB Directory)
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Figure 1 - Main Clock Control Page 

Figure 2 - PreSequence Check Configuration 
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Figure 3 - PrePulse Check Configuration Page
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Figure 4 - Typical Subsystem 

PrePulse Check Configuration Page
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