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1.0
Purpose

1.1
To provide a means of documenting and implementing changes to the operating envelope and protection system settings for the NCSX magnet systems.

1.2
This procedure is intended to be repeated multiple times as the operating envelope of the machine is adjusted to support the experimental program.

2.0
Scope

2.1
The scope of this procedure includes

· definition of allowable operating envelope for conventional, modular coil and power supply systems

· testing with individual circuit energization

· testing with multiple circuit energization (combined fields)

2.2
The following additional steps are (optionally invoked):

· exercise of protective features

· confirmation of voltage induced in circuits not under test

· archival of magnetic diagnostic response

· other special tests/measurements as circumstances require

2.3
This procedure is not intended to produce a plasma in NCSX.  To prevent plasma formation during this ISTP, high vacuum conditions will be maintained and gas injection pulse valves will not be operated.

3.0
Reference
	NCSX-OP-XX
	Procedure for Setting Rochester Instrument System (RIS) Coil Protection

	NCSX-OP-XX
	Procedure for Setting Analog Coil Protection (ACP) System

	NCSX-OP-XX
	ECS Thyristor Rectifier Fault Detection (FD) Settings Procedure for NCSX

	NCSX-OP-XX
	Changing Polarities on NCSX Coil Systems


4.0
Responsibilities and Positions

	Head of NCSX Engineering Ops

Run Copy Head of NCSX Engr. Ops:
	Shall appoint Test Director, and approve operating levels called out herein.

____________________ Init. _________



	NCSXChief Operating Engineer (COE):

Run Copy COE:
	Overall responsibility for machine operations, and preparation of machine and ancillary systems in advance of testing.

____________________ Init. _________



	NCSX Test Director

Run Copy Test Director:
	Overall responsibility for conduct of tests, and documentation of results in the form of a Test Record (completed Run Copy, Test Data Sheets, and any other relevant data or information collected during the tests).

____________________ Init. _________



	NCSX Protection Engineer

Run Copy Protection Engineer:
	Responsible for setting coil protection devices including ACP and RIS.

____________________ Init. _________



	FCPC Engineer-In-Charge (EIC):

Run Copy EIC:
	Responsible for configuration and operation of power supply systems, including protection settings in power supply fault detectors.

____________________ Init. _________




5.0
Procedure

5.1
Head of NCSX Engineering Operation shall indicate allowable NCSX operating levels and bus link constraints in Table 1 through 6.

Table 1 – Current Allowables

	
	Imin
(kA)
	Imax
(kA)
	Coil

I Rated

(kA)
	Link

Polarity

(see note)
	PS

I Rated

(kA)
	(i2(t)dt

(kA2-sec)
	(i2(t)dt rated (kA2-sec)

	OH
	
	
	
	
	
	
	

	PF1
	
	
	
	
	
	
	

	PF2
	
	
	
	
	
	
	

	PF3
	
	
	
	
	
	
	

	PF4
	
	
	
	
	
	
	

	PF5
	
	
	
	
	
	
	

	PF6
	
	
	
	
	
	
	

	TF
	
	
	
	
	
	
	

	M1
	
	
	
	
	
	
	

	M2
	
	
	
	
	
	
	

	M3
	
	
	
	
	
	
	


Table 2 – Minimum Pulse Repetition Period

	
	Minimum Pulse

Repetition Period

(seconds)
	Rated Pulse Repetion Period (seonds)

	TF&PF Coils (except OH)
	
	

	M1
	
	

	M2
	
	

	M3
	
	


Table 3 – OH Repetition Rate Constraints

	Pulse Repetition Period (seconds)
	Maximum

(i2(t)dt

(kA2-sec)
	Maxium

(i2(t)dt

(% of repetition period rate)
	Minimum Starting Temperature (degC)

	
	
	
	

	
	
	
	

	
	
	
	


Table 4 – Constraints on Independent Control

	
	Independent Control Allowed

(yes or no)

	PF1
	

	PF2
	

	PF3
	

	PF4
	

	PF5
	

	PF6
	


Table 5 – Series PSS (Voltage) Allowables

	
	#Series PSS

Allowable
	#Series PSS Rated Maximum

((kV) 

	OH
	
	

	PF1
	
	

	PF2
	
	

	PF3
	
	

	PF4
	
	

	PF5
	
	

	PF6
	
	

	M1
	
	

	M2
	
	

	M3
	
	

	TF
	
	


Table 6 – Current Combination Constraints

	Constraint
	Constraint, Allowable
	Constraint, Rated
	Max Possible from Table 1

	IOH
	
	
	

	IPF1-IPF6
	
	
	

	ITF
	
	
	

	IM1, IM2, IM3
	
	
	


5.2
Nominal headroom for protective feature setting over allowables is given in Table 7.

Table 7 – Protective Feature Settings Headroom

	
	Overcurrent
	(i2(t)dt

	PSRTC
	1%
	0%

	ACP
	2%
	Not applicable

	RIS
	5%
	0%

	FD
	10%
	Not applicable


5.3
Test Sequence

5.3.1
Prerequisites

a.
Generate Test Data Sheets for each shot to be performed under this run copy of this procedure (template for TDS attached in Appendix hereto).  Develop appropriate PSRTC files and perform simulations.

Test Director   Init.____________

b.
Confirm settings of ECS Thyristor Rectifiers Fault Detectors (FD) are consistent with current levels called for herein and/or TDS initial trip levels, in accordance with OP-PC-735.  Nominal headroom over the allowables is given in Table 7.

FCPC EIC   Init.____________

c.
Confirm configuration of power supply system is consistent with polarities and levels indicated in TDS.  Execute link change procedure if Table 1 differs from existing conditions.

FCPC EIC   Init.____________

d.
Confirm settings of RIS and ACP are consistent with current levels called for herein and/or initial test levels, in accordance with NCSX-XXX and NCSX-XXX.  Nominal headroom for the settings over the allowables is given in Table 7.

Protection Engineer   Init.____________
e.
Review T-Mod log and confirm that T-Mods in place will not compromise the execution of the tests called for herein.

COE   Init.____________

5.3.2
Steps Preceding Each Test Session

Following steps, as applicable, shall be performed each time a new test session is started and documented in the Test Record.

a.
Perform scrub and inspection of NCSX Test Cell per “Preparations of Experimental Areas for Machine Operations”.

b.
Perform daily startup activities per NCSX-XXX “NCSX Operations Guide for Startup and Shutdown”.

c.
Start up FCPC and Coil Cooling Water systems.  Record conductivity of both deionized water systems.

d.
Check cryogenic system for machine operations.

e.
Clear and secure all experimental areas per OP-AD-117 “Access Control Proedure”.  Via HIS, “Enable” all systems, pressurize SLD and place all systems in “Configure”.

f.
Using methodology of OP-ECS-245, “FCPC Daily Startup/Shutdown Procedure”, perform 500V hipot of all coil systems with power supply system disconnected (SDS open).

g.
If/when MG is required, start MG system at 13.8kV, 65Hz.

COE   Init.____________

5.3.3
Steps Associated With Each Test Shot

Execute the test shots called out in the TDS and perform the following additional steps as called out therein.

a.
Induced Voltage Confirmation

When called out on the TDS, the PSRTC coil voltage simulation results shall be compared to the digitized coil voltage transducer signals for shape, scale and polarity.

b.
Diagnostic Calibration Shot

When called out on the TDS, the acquired diagnostic calibration data shall be examined by the Physics Operator and confirmed to be complete prior to declaring the test step complete.  If not, the shot shall be repeated.

c.
Protective Features Tests

When called out on the TDS, PSRTC, RIS, ACP, and/or FD tests shall be performed (one circuit at a time only) as follows.

· Set protective feature to X% (X specified on TDS) of nominal value allowed per this procedure then execute pulse and confirm trip at expected level.

· Raise setting above allowable specified herein with headroom as listed in the following Table 7, unless otherwise noted on TDS.

d.
Additional tests and measurements may be noted on the TDS in the “Other Special Requirements” section.  This may include monitoring of special instrumentation (thermocouples, strain gauges, motion transducers, etc.) as called out by the Test Director.

5.3.4
Completion Steps

a.
Update EPICs page with the latest operating limits.

Test Director   Init.____________

b.
Confirm final settings of ECS Thyristor Rectifiers Fault Detectors (FD) are consistent with current levels called for herein, in accordance with OP-PC-735.  Attach settings sheet.

FCPC EIC   Init.____________

c.
Confirm final settings of RIS and ACP are consistent with current levels called for herein, in accordance with OP-NCSX-XX and OP-NCSX-XX.  Attach settings sheet.

Protection Engineer   Init.____________

d.
Place run copy in accordance with NCSX archiving requirements.

Test Director   Init.____________

Table 8 

	Test Data Sheet #
	OH

(kA)
	PF1

(kA)
	PF2

(kA)
	PF3

(kA)
	PF4

(kA)
	PF5

(kA)
	PF6

(kA)
	M1

(kA)
	M2

(kA)
	M3

(kA)
	TF

(kA)
	RTC

OC
	RTC

I2T
	RIS

OC
	RIS

I2T
	ACP/

FD OC
	ACP/

FD OT
	Ind

Volt
	Mag

Diag

Cal.
	#Shot

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	(
	0

	Test Director
	
	

	Project Director
	
	

	Deputy Project Director
	
	

	Project Engr. Mgr.
	
	

	Head, Engr. Ops.
	
	

	Head, Exp. Research Ops.
	
	

	Head, Physics Analysis
	
	


Table 9

Test Data Sheet Sequence#





 FORMCHECKBOX 

Induced Voltage Confirmation

 FORMCHECKBOX 

Diagnostic Calibration Shot


Protective Feature Tests (applicable to single circuit tests only):

 FORMCHECKBOX 

PSRTC Overcurrent
 FORMCHECKBOX 

PSRTC (i2(t)dt
 FORMCHECKBOX 

RIS Overcurrent
 FORMCHECKBOX 

RIS (i2(t)dt

 FORMCHECKBOX 

ACP Overcurrent
 FORMCHECKBOX 

ACP Overtime

 FORMCHECKBOX 

Fault Detector Overcurrent
 FORMCHECKBOX 

Fault Detector Overtime

	
	OH
	PF1
	PF2
	PF3
	PF4
	PF5
	PF6
	M1
	M2
	M3
	TF

	# Series PSS
	
	
	
	
	
	
	
	
	
	
	

	# Parallel PSS
	
	
	
	
	
	
	
	
	
	
	


MG Required: 
  FORMCHECKBOX 
  Yes 
 FORMCHECKBOX 
  No

	Circuit Allowable Current
	
	kA

	Circuit Allowable I2T
	
	kA2-sec


	Protection System
	PSRTC
	RIS
	ACP
	Units

	Overcurrent Initial Setting
	
	
	
	%

	Overcurrent Initial Setting
	
	
	
	kA

	Overcurrent Final Setting
	
	
	
	%

	Overcurrent Final Setting
	
	
	
	kA

	I2T Initial Setting
	
	
	
	%

	I2T Initial Setting
	
	
	
	kA2-sec

	I2T Final Setting
	
	
	
	%

	I2T Final Setting
	
	
	
	kA2-sec

	Overtime Initial Setting
	
	
	
	sec

	Overtime Final Setting
	
	
	
	sec


 FORMCHECKBOX 

PSRTC Overcurrent
Shot # ______
 FORMCHECKBOX 

PSRTC (i2(t)dt
Shot # ______

 FORMCHECKBOX 

RIS Overcurrent
Shot # ______
 FORMCHECKBOX 

RIS (i2(t)dt
Shot # ______

 FORMCHECKBOX 

ACP Overcurrent
Shot # ______
 FORMCHECKBOX 

ACP Overtime
Shot # ______

 FORMCHECKBOX 

Fault Detector Overcurrent
Shot # ______
 FORMCHECKBOX 

PSRTC (i2(t)dt
Shot # ______

Test Shot Complete


Test Director  Init. ____________










