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1.
PURPOSE

1.1
This procedure covers dummy load power testing of the NSTX Power Systems.  The aim is to test each power supply unit, and associated DC circuitry, up to its full peak current rating (based on NSTX requirements), using the power supply control and protection systems developed for NSTX. In addition, prior to energizing the 13.8kV distribution system after extended shutdown, control and trip checks are performed.

2.
SCOPE

2.1 
One circuit at a time, the Transrex power supply sections (PSS) connected therein, are energized as follows:


a. Open circuit energization (PSS line/disconnect switches in bypass position or SDS line switch when applicable)

b. Closed circuit energization into dummy load, 1 or 2 PSS at a time (depending on the circuit under test), pulsed current is driven....


• from the Field Coil Power Conversion (FCPC) building;


• through the Safety Disconnect Switches (SDS);


• through the cable spread room (CSR);


• to the transition area and NSTX cable run in the TFTR test cell basement (TBC);


• through the Mechanical Equipment Room (MER);


• into the NSTX Test Cell (NTC);


• jumpered (line to line) at the Power Cable Termination Structure (PCTS);


.....returning through the above path in reverse to FCPC where it flows through the dummy load (DL).


Protective features are exercised step by step as the current level is raised up to its NSTX rated level.

2.2
Power is supplied...


• from the 138kV, 60Hz utility grid;


• through C-site substation transformer XST1;


• through C-site substation S1A1 breaker to D-site bus S1;


• through bus S1 output breaker ESF1-SB-08;


• through motor operated switches ESF1-SD-03;


• through motor operated switches ESV1-SD-01 and ESV2-SD-02;


• through variable frequency buses SV1 and SV2;


• through the 13.8kV feeder breaker to the PS unit(s) under test. 

2.3 
Real Time Control is via the NSTX Power Supply Real Time Controller (PSRTC) running on the Skybolt Real Time Computer. 

2.4 PSS to be tested under this run copy of this procedure shall be as indicated in the following table by the Test Director.

NSTX
TFTR
Series Test
Parallel Test

CHI-PSS-1S-1P
EOH1-PSS-1B



CHI-PSS-1S-2P
EOH1-PSS-2B



CHI-PSS-2S-1P
EOH1-PSS-2A



CHI-PSS-2S-2P
EOH1-PSS-1A



OH-PSS-1S-1P
EEF2-PSS-1B



OH-PSS-1S-2P
EEF2-PSS-2B



OH-PSS-2S-1P
ETF2-PSS-9B



OH-PSS-2S-2P
ETF2-PSS-AB



OH-PSS-3S-1P
ETF2-PSS-7B



OH-PSS-3S-2P
ETF2-PSS-8B



OH-PSS-4S-1P
ETF2-PSS-5B



OH-PSS-4S-2P
ETF2-PSS-6B



OH-PSS-5S-1P
ETF2-PSS-3A



OH-PSS-5S-2P
ETF2-PSS-4A



OH-PSS-6S-1P
ETF2-PSS-1A



OH-PSS-6S-2P
ETF2-PSS-2A



OH-PSS-7S-1P
ETF2-PSS-9A



OH-PSS-7S-2P
ETF2-PSS-AA



OH-PSS-8S-1P
ETF2-PSS-7A



OH-PSS-8S-2P
ETF2-PSS-8A



OH-PSS-9S-1P
ETF2-PSS-5A



OH-PSS-9S-2P
ETF2-PSS-6A



OH-PSS-10S-1P
ETF2-PSS-3B



OH-PSS-10S-2P
ETF2-PSS-4B



OH-PSS-11S-1P
ETF2-PSS-1B



OH-PSS-11S-2P
ETF2-PSS-2B



PF1AL-PSS-1S
EEF3-PSS-1B

n.a.

PF1AL-PSS-2S
EEF3-PSS-1A

n.a.

PF1AU-PSS-1S
EEF4-PSS-2B

n.a.

PF1AU-PSS-2S
EEF4-PSS-2A

n.a.

PF1B-1S
EEF4-PSS-1B

n.a.

PF1B-2S
EEF4-PSS-1A

n.a.

PF2L-PSS-1S
EOH3-PSS-1B

n.a.

PF2L-PSS-2S
EOH3-PSS-1A

n.a.

PF2U-PSS-1S
EOH5-PSS-1B

n.a.

PF2U-PSS-2S
EOH5-PSS-1A

n.a.

PF3L-PSS-1S-1P
EOH4-PSS-1B



PF3L-PSS-1S-2P
EEF1-PSS-2B



PF3L-PSS-2S-1P
EOH4-PSS-1A



PF3L-PSS-2S-2P
EEF1-PSS-2A



PF3U-PSS-1S-1P
EOH2-PSS-1B



PF3U-PSS-1S-2P
EEF1-PSS-1B



PF3U-PSS-2S-1P
EOH2-PSS-1A



PF3U-PSS-2S-2P
EEF1-PSS-1A



PF4/5-PSS-1S
EOH6-PSS-1B

n.a.

PF4/5-PSS-2S
EOH5-PSS-2B

n.a.

PF4/5-PSS-3S
EOH6-PSS-1A

n.a.

TF-PSS-1S-1P
ETF1-PSS-1A



TF-PSS-1S-2P
ETF1-PSS-1B



TF-PSS-1S-3P
ETF1-PSS-2A



TF-PSS-1S-4P
ETF1-PSS-2B



TF-PSS-2S-1P
ETF1-PSS-9A



TF-PSS-2S-2P
ETF1-PSS-9B



TF-PSS-2S-3P
ETF1-PSS-AA



TF-PSS-2S-4P
ETF1-PSS-AB



2.5 
Transrex power supplies with one or both sections called out for test in the above table are henceforth referred to as "Power Supplies Under Test" (PSUT). Power supply sections called out for test in the above table are henceforth referred to as PSSUT. 


Test Director:  

Init. 


3.
REFERENCES

3.1 
Documents


• NSTX-SPEC-5X-049-01, “NSTX Software Requirements Specification for Power Supply Real Time Controller (PSRTC)”


• PSRTC Operations Guide, Rev. 0, 12/2/99


• NSTX-SRD-5X-019-0, "NSTX WBS 5 Systems Requirements Document"


• NSTX-SDD-5X-024, "NSTX WBS 5 System Design Description"

3.2
Drawings


• Control Wiring Diagrams (CWDs) 4F1005:



sh. 1501
TF  Schematic Diagram



sh. 1511
OH  Schematic Diagram



sh. 1523
PF1AU/PF1AL Schematic Diagram



sh. 1531
PF1B Schematic Diagram



sh. 1543
PF2U/PF2L Schematic Diagram



sh. 1553
PF3U/PF3L Schematic Diagram



sh. 1561
PF4 Schematic Diagram



sh. 1571
CHI Schematic Diagram



sh. 1581
Dummy Load Schematic Diagram


• 6800-E-310-OL
AC Power Distribution Flow Diagram

4.
PREREQUISITES

Notes: 


[1] 
In case any of the prerequisites listed below are not available or satisfied for the tests, Test Director shall duly note same, along with work-around variations from this procedure, in or attached to the run copy of same.

[2]
Pre-requisites do not apply to the AC power system testing described in 6.2.1 and 
6.2.2, except for OP-NSTX-08, "E-Stop Tests", OP-PC-61 "ECS Hipot Testing", 
and OP-PC-734 "Transrex Power Supply Reactivation Following Extended 
Shutdown"

4.1
Following NSTX WBS 6 Central Instrumentation and Control (CIC) components shall be available for the test:

• 
PPCC Skybolt Computer Rack installed in D-site Junction Area;

• 
Power Conversion Link (PC Link);

• 
X-terminal operating on NSTX Engineering Network;

• 
EPICs Process Control System and associated PC applications, including:


- PC02
FCPC Line Switch Page


- PC03
FCPC Ground Switch Page


- PC04
FCPC Reset Page


- PC10
Local Cycle Control


- PC20
Digitizer Plotting Utility


- PC30
Digitizer Configuration Utility

• Safety Lockout Device (SLD) 

• Hardwired Interlock System (HIS)

4.2 
Following NSTX WBS 3 Auxiliary Systems components shall be available:


• FCPC Cooling Water System, including De-ionizing System


• Compressed air supply for SDS operations

4.3 
Following NSTX WBS 5 Power Systems components shall be available:

• 
All components which comprise the NSTX DC circuits under test, namely:


- Transrex power supply units;


- DC cabling;


- DC current limiting reactors (CLRs);


- Halmar and shunt DC Current Transducers (DCCTs);


- Safety Disconnect Switches (SDS). 

• 
All control and protective components including:


- Hardwired Control Systems;


- Halmar Signal Conditioner (HSC);


- Electrical Fault Detection System (EFDS);


- Rochester Instrument System (RIS) Overcurrent/I2T Protective Device;


- Analog Coil Protection (ACP) Device.

4.4 
Following NSTX Power Systems components are not required for the test, since they are excluded from the NSTX DC circuits:


• Capacitor Charge/Discharge Units (CCD);


• Capacitor Banks;


• Interrupters;


• Reversing Switches;


• Power Diode Assemblies (PDA).

4.5
Following test procedures shall be current (i.e. not overdue, or repeated after major reconfiguration or modification as appropriate).

OP-NSTX-08
"E-Stop Tests"

OP-PC-734 
"Transrex Power Supply Reactivation Following Extended Shutdown"

OP-PC-44
"ECS HCS I/O Check Out"

OP-PC-49
"ECS Ground Fault Detector Testing"

OP-PC-61
"ECS Hipot Testing"

PTP-ECS-034
"PSRTC Simulation Tests"

PTP-ECS-035
"PSRTC I/O Tests"

5. PRECAUTIONS

5.1 Equipment Constraints

5.1.1 Dummy Load

Dummy load consists of 5 pancake series connection of ATC TF coils with the following net parameters:

Inductance




4.7mΩ

Resistance




12.1mΩ

Conductor cross sectional area (CSA)  
0.4744 in2
Thermal Capacitance



228.1 kJ/oC


Rated Voltage to Ground


15kV

Nominal water flow is 1.2 GPM per each of the 5 pancake cooling circuits. Water flow switches (via IP-NSTX-2048) are set to drop out at 1.0 GPM. Corresponding thermal parameters are:

Max.Thermal Resistance 
0.756 oC/kW

max = RC


172.8 seconds

At nominal water flow the thermal time constant is:

nom = RC


143.9 seconds

Therefore the cooldown time is in the range of:

Tnom = 3*nom
= 431 sec (7.2 minutes)

max = 3*max
= 520 sec (8.7 minutes)

Auxiliary systems permissive relay (PAUX) is set to drop out at T>77oF (≈ 25oC). 

Based on the above parameters the following thermal envelope is selected for the tests described herein:

Max. Allowable Conductor Temperature

80oC

Max. Inlet Water Temperature



25oC

Allowance for Temperature Ratcheting

10oC

Max. Initial Temperature



25+10 = 35oC

Max. Allowable ∆T




80-35 = 45oC

Max. Allowable ∫i2(t)dt




742.5 kA2-sec


Based on the conductor resistance at maximum temperature, and the thermal resistance at minimum flow, the maximum allowable rms current which would yield a 10oC temperature rise (corresponding roughly to the above 10oC allowance for ratcheting would be:

Irms, max 
= sqrt(∆T/Tr/Rcoil/(1+(Tmax-20))) 




= sqrt(10.0/0.756e-3/12.1e-3/(1+0.0041*(80-20)))




= 936.6 Amp

where:




Tr = max. thermal resistance




 = copper temperature coefficient of resistance

Considering that a fault could occur at peak current, such that a follow-on L/R decay could increase the ∫i2(t)dt deposited into the conductor beyond the nominal planned amount, the latter must be limited to account for the former. The net circuit resistance and inductance will determine the L/R decay. Based on the results of PTP-ECS-029, referring to Figure 1, the circuit resistance consists of the sum of the dummy load resistance, the net resistance of the power supply branch or branches in parallel, as the case may be, as well as the resistance of the DC poles connecting to the PCTS. Resistances (20oC) for the various test cases are summarized in the following Table 1.

Table 1 - Test Circuit Resistances (mΩ)

Dummy Load Line-Line Resistance Measurement PTP-ECS-029
17.57


Dummy Load Coil
12.10


Dummy Load Circuit Net
5.47


Circuit
Line-Line Resistance (PTP-ECS-029)
Tot. DL Coil & Test Ckt. Res. 

OH
7.01
24.58

PF1AU
5.99
23.56

PF1AL
5.58
23.15

PF1B
6.86
24.43

PF2U
3.61
21.18

PF2L
3.35
20.92

PF3UP
3.09
20.66

PF3UN
5.85
23.42

PF3U Max.
5.85
23.42

PF3LP
3.45
21.02

PF3LN
5.84
23.41

PF3L Max.
5.84
23.41

PF4/5
3.82
21.39

CHI1&2 Parallel
3.77
21.34

CHI1
5.73
23.30

CHI2
5.73
23.30

TF1&2 Parallel
2.64
20.21

TF1
4.67
22.24

TF2
4.67
22.24

Minimum

20.21

Maximum

24.58

[image: image1.wmf]
Based on the minimum resistance (assume minimum test resistance from table, 20oC value), and the maximum circuit inductance (the dummy load coil plus one series CLR at 265µH
) the maximum total circuit L/R time will be:


max = 
(Ldummy load+Lclr)/Rmin = 
246mS

Allowing for a peak current up to 30kA, the maximum decay and allowable pulse ∫i2(t)dt values will be
:

∫i2(t)dt decay, max
= 
30kA2*max /2 = 110.5kA2-sec

∫i2(t)dt pulse, max

= 
742.5 - 110.5 = 632.0 kA2-sec

Given the above, the minimum repetition period shall not result in an rms current larger than that calculated above to produce an average (ratcheted) temperature rise of 10oC as allowed above:




Irms, max  =936.6 Amp


Tmin = sqrt(632.0/936.62) = 720.3 seconds (12.0 minutes)

At lower values of ∫i2(t)dt the repetition period can be smaller as long as the rms current is less than the above limit.

Summary of allowable dummy load operating envelope for this procedure is as follows:

Max. pulse current




30kA

Max. pulse ∫i2(t)dt




632.0 kA2-sec

Max. rms current




936 Amp

Min. repetition period @ Max. pulse ∫i2(t)dt

12.0  minutes

Input data (c.d) to the PSRTC shall be set ≤ the above ∫i2(t)dt limit, and to simulate the coil thermal behavior via the thermal resistance and capacitance given above. Maximum allowable coil temperature shall be set ≤ the above 80oC limit. All instantaneous overcurrent settings shall be set ≤ the above 30kA limit.

5.1.2 DC Circuit Components

All FCPC NSTX components are rated well above the maximum rms current indicated in 5.1.1. The weakest link in this regard are the 1/c 1000MCM cables which comprise the last leg of the connection to the dummy load. Input data (c.d) to the PSRTC shall be set to simulate the thermal behavior of these cables via the following electrical resistance, thermal resistance and thermal capacitance values:

20oC electrical resistance

0.866µΩ/in

Thermal resistance


38.8oC-in/Watt

Thermal capacitance


44.2Joule/oC-in

In addition, in the c.d file, ambient temperature of ≥ 25oC shall be used (FCPC building, no other loads on), and maximum allowable cable temperature shall be ≤ 90oC.

5.2 AC Power Constraints

5.2.1 Utility Grid

Tests must be constrained in active (P), reactive, (Q) and apparent power (S) taken from the utility grid, in order to avoid excess voltage drop and flicker. In addition, level of current must be limited in order to avoid harmonic voltage distortion. It is noted that in some cases the tests described herein will contain characteristic harmonics down to (6+/-1), i.e. 6-pulse rectifier operation. 

Using the PSRTC simulation feature a hypothetical worst case test pulse, combining maximum current with bipolar operation, was set up. V and I waveforms are shown in Figure 2.  P and Q waveforms are shown in Figure 3
. The levels are  within previous practice, and below limits approved in recent years by PSE&G, and are therefore judged to be acceptable.

[image: image2.wmf]
Figure 2 - Worst Case V & I Waveforms

[image: image3.wmf]
Figure 3 - Worst Case P & Q Waveforms

The above represents a worst case, combining 2kV with 30kA operation. In fact the maximum test called out at 2kV will be ≤ 24kA, and the maximum test at 30kA will be ≤ 1kV. The P and Q levels will thus be correspondingly less.

5.2.2 AC Distribution System

Power will flow through 138/13.8kV C-site substation transformer XST1, which has a continuous rating of 30/40/50MVA and a pulse rating of 120 MVA. Both the peak and average levels called for herein are well below this rating. 

5.3 Safety Considerations

5.3.1 Failure Modes

5.3.1.1 Short Circuit

In case of a short circuit fault, abnormal forces will be generated within FCPC equipment and between DC Circuit conductors. However, all equipment, and all conductor supports and tie downs have been designed and implemented in anticipation of such forces. NSTX does not introduce any short circuit scenarios which would lead to fault currents beyond past experience. In any case, to minimize the risk of personnel injury such that it is As Low As Reasonably Achievable (ALARA), personnel (especially untrained and not cognizant of the power systems) shall be excluded from high power equipment areas whenever possible. All exposed terminals of high power equipment shall be contained in locked rooms or grounded metal enclosures. 

5.3.1.2 Open Circuit

In case of open circuit fault, energy delivered by the power supply and stored in the dummy load coil could be dissipated in an arc. Worst case would result from an arc developing at then start of a pulse (SOP), continuing through the start of flat top (SOFT) through the end of flat top (EOFT) undetected by the power supply controller,  followed by an L/R decay of the circuit current beginning at the end of flat top (EOFT). Worst case scenario based on the waveforms called out by this procedure is as follows:

Rise time SOP to SOFT
250mS

Flat top current

30kA

Flat top duration 

0.5 sec

Minimum circuit resistance
20.2 mΩ

Maximum L/R time

(4.7mH+265µH)/20.2mΩ = 246mS

∫i(t)dt, SOP to SOFT

=∆I/∆T[t2/2] = 30e3/250e-3*(250e-3)2/2= 3.75kA-sec

∫i(t)dt, SOFT to EOFT
= Iflat*T = 30e3*0.5 = 15kA-sec

Assuming an L/R decay unchanged by the (small) arc voltage,:

∫i(t)dt, EOFT to zero current
= Iflat*/2 = 30e3* 246e-3/2 = 3.684kA-sec

∫i(t)dt, Total


= 22.2522.4 kA-sec

Assuming an arc voltage of 30 volts, the maximum arc energy would be:

Max. Arc Energy

= 22.4*30 = 673kJ

To minimize the risk of personnel injury (ALARA), personnel (especially untrained and not cognizant of the power systems) shall be excluded from high power equipment areas whenever possible. All exposed terminals of high power equipment shall be contained in locked rooms or grounded metal enclosures. 

5.3.2 Personnel Access Control

As indicated on Figure 1, the test current will pass through several areas. The following access control shall be in effect:

• FCPC - normal operating procedures requiring card reader access, flashing lights;

• Cable Spread Room/Vacuum Control Room (CSR/VCR) - shall remain in No Access with the doors closed and locked, and the Search and Secure (S&S) loop set. [Note: Setting the S&S loop for the CSR/VCR activates the red warning lights by each door.];
• TFTR Test Cell Basement -  shall remain in Free Access, however the transition area shall be placed in No Access with the doors closed and Kirk locked and the red lamp stands around the transition area shall be energized.
• Mechanical Equipment Room (MER) - no restrictions, free access (except to enclosed cable runs)

• NSTX Test Cell - no restrictions, free access, except no access permitted to metal enclosed Power Cable Termination Structure (PCTS) at any time during tests unless system shutdown and safe. PCTS enclosure shall be roped off such that no access to top is available, and that no panels can be removed without first removing roping.

Notes: 

1) Appropriate indicators (e.g., signs, flashing lights, etc.) shall be placed at strategic locations to warn personnel of the access conditions during the tests.

2) The keys to all of the machine areas shall remain in the control of the NSTX COEs.
6.
PROCEDURE

6.1 General


6.1.1 Responsibilities


Test Director: 


Overall responsibility for conduct of tests


Engineer-In-Charge (EIC):
Responsible for tests as they are underway (may 





vary from day to day, hour to hour), and for 






safe admittance of personnel into FCPC areas and 





FCPC equipment during conduct of tests







Note: Transition of EIC duty from one shift to the 





next shall be recorded in the Test Record Sheet of the 




run copy of this procedure


NSTX COE:

Responsible for admittance of personnel into TFTR 





Test Cell Basement, Cable Spread Room/Vacuum 





Control Room


6.1.2 Safe Access


a. EIC(s) shall lockout/tagout the MG breaker disconnects EMG1-SB-GBK and EMG2-SB-GBK upon assumption of safe access responsibility.


b. Whenever access is required to the PCTS, or Transition Area (TA), active EIC shall lockout/tagout ESF1-SB-08, FCPC EFDS Hipotter, and the SLD.


c. Whenever access is required to other FCPC equipment, normal FCPC Access Procedures shall be followed under supervision of the EIC.


6.1.2 Methodology


One circuit at a time, the Transrex power supply sections (PSS) connected therein, 1 or 2 PSS at a time (depending on the circuit under test), are energized as follows:


• PSS in "bypass" position , PSS under test are energized in open circuit mode;


• PSS under test placed in "line" position;


• SLD pressurized, circuit under test (including PSS in line) is hipot tested at 1kV(PF/OH/CHI), 500V (TF);



• SDS line switched closed, PSS under test are energized in closed circuit mode, 1/2 rated current waveforms are programmed



- selected protection features are exercised;



- half rated current waveform is exercised.


• SDS line switches closed, PSS under test are energized in closed circuit mode, full rated current waveforms are programmed, full rated current waveform is exercised.

6.1.3 Waveforms


Test waveform summary is given in Table 2. 


Table 2 - Test Waveform Summary

Circuit
Rated Curr
Rated Branch and/or Test Current
Trise /Tfall
Tflat
Uni/ Bi
∫i^2(t)
Trep, min
Trep, min


(kA)
(kA)
(sec)
(sec)

(kA^2-sec)
(sec)
(minutes)

OH P or N
24.00
24.00
0.25
0.25
U
240.0

4.6


24.00
24.00
0.25
0.25
B
480.0
547.1
9.1

PF1AU or L
15.00
15.00
0.25
0.25
U
93.8
106.9
1.8

PF1B
20.00
20.00
0.25
0.25
U
166.7
190.0
3.2

PF2U or L
20.00
20.00
0.25
0.25
U
166.7
190.0
3.2

PF3U or L, P or N
20.00
20.00
0.25
0.25
U
166.7
190.0
3.2


20.00
20.00
0.25
0.25
B
333.3
379.9
6.3

PF4/5
20.00
20.00
0.25
0.25
U
166.7
190.0
3.2

CHI Parallel
50.00
30.00
0.25
0.25
U
375.0
427.4
7.1

CHI1
 
30.00
0.25
0.25
U
375.0
427.4
7.1

CHI2
 
30.00
0.25
0.25
U
375.0
427.4
7.1

TF Parallel
35.60
30.00
0.25
0.25
U
375.0
427.4
7.1

TF1
 
21.57
0.25
0.25
U
193.9
221.0
3.7

TF2
 
21.57
0.25
0.25
U
193.9
221.0
3.7

Minimum
15.00
15.00
0.25
0.25
U
93.8
106.9
1.8

Maximum
50.00
30.00
0.25
0.25
U
375.0
427.4
7.1


6.1.4 PSRTC Utilization


For the tests described herein, special control (c.d), timing (t.d), and mutual matrix (cntmtx.d) files have been created which place the dummy load coil and circuit parameters into the control settings for each circuit. In this way the actual circuit control I/O and software execution path is used, even though the dummy load parameters have been substituted. Feedback control will be performed against the actual circuit DCCTs, since they are in the circuit loop during dummy load test. The simulations of coil and pole (cable) temperatures will reflect the actual dummy load installation. 


6.1.5 DCCT Calibration


During the tests with current flow, the DCCTs associated with the circuit under test, as well as the dummy load DCCT, will measure the current. Since the dummy load DCCT is used as the reference standard, multiple test shots with intermediate adjustment of the circuit DCCT signal conditioners may be performed as necessary to bring the circuit DCCTs into calibration.

6.2 Test Sequence


6.2.1 AC Power Source Test



AC Power Engineer (ACPE): 







a. Confirm all AC protective relay systems related to pulsed operation of XST-1 have been set and tested in accordance with the load scenario projected herein.











ACPE Init. 




b. Configure FCPC PS and associated 13.8kV transformer primary disconnect switches as follows:

PS Status
PSS Disconnect
Xfmr. Disconnect
SV Feeder Breaker

Under test by this run copy of this procedure (sec. 2.4, "PSUT")
Bypass
Closed
Racked in & Open

Already tested per this procedure
x
x
Racked out or Racked in & Open

Not yet tested or covered by this run copy
Bypass
Open
Racked out & Tagged out











EIC Init. 



c. Confirm S1A1, XST-1, and S1 bus available for test (no critical MG loads or House (S2) loads receiving power through this path).











ACPE Init. 



d. Confirm CB Advance Trip jumpers in MG Control Board in appropriate positions for supplying power via ESF1-SB-08.











ACPE Init. 



e. Inform NBI Operations that S1 and SV buses will be energized.











NBI Init. 




f. Close all three motor operated switches ESF1-SD-03, ESV1-SD-01, ESV2-SD-02











ACPE Init. 




g. Close ESF1-SB-08.





ACPE Init. 




NOTE: The first time (only) that this procedure is executed for the PSUT in the NSTX era (beginning 1999) the following tests shall be performed under the supervision of an AC Power Engineer.

h. Confirm "CB Advance Trip" indication on one selected  PSUT.











EIC Init. 



i. Close SV feeder breaker to selected , PSUT. Confirm loss of "CB Advance Trip" indication on selected  PSUT while SV breaker closed.











ACPE Init. 













EIC Init. 




j. Close SV feeder breakers to all remaining PSUT and maintain energized for at least 5 minutes.











ACPE Init. 




k. Open ESF1-SB-08, while SV feeder breaker remains closed. Confirm return of "CB Advance Trip" indication on selected PSUT. 











ACPE Init. 













EIC Init. 




6.2.1 Hardwired Interlock System (HIS) Preliminaries

Prior to the start of testing, suitable jumpers shall be installed, and a T-mod shall be established to cover same, so as to allow the pressurization of the SLD, and the operation of the SDS ground and line switches without causing an E-stop or “Unsafe” HIS condition in the NTC. Interlocks for the Vacuum Control Room/Cable Spread Room shall remain active.











COE Init. ________

6.2.2 NSTX Test Cell Preliminaries

All flex links between the PCTS and the bus run to the machine shall be removed, and ground shall be placed on all bus run conductors to the machine. Grounds shall be tagged by an NSTX COE. 










COE Init. _________

6.2.3 FCPC Preliminaries for each "Circuit Under Test" (CUT)


a. EIC shall initiate new Test Record Sheet for the CUT (Appendix).


b. Connect local control box for control of "PS Permissive" (K1) and "Configure" (K2) relays in HCS associated with CUT, if not already connected. 


c. Configure all PS associated with the HCS(s) associated with the CUT in "Bypass", transformer primary disconnect switch "Open", HCS Defeaters in "Test" position.


d. For all PSUT in CUT, fault detector settings shall be set down per PTP-ECS-039 Settings spreadsheet (Appendix), except set section overcurrent temporarily down to 1kA (0.333 volts, Fault Detector  M card, TP-3) for both sections, all PSUT in CUT.


e. Install turn-around-jumper (2 parallel 500MCM cables) in the PCTS corresponding to the  CUT, in accordance with the reference drawings. Tighten all bolts to 40 ft-lbs. Resistance of all joints shall be ≤ 5µΩ.


f. EIC shall inspect the PCTS jumpers. PCTS enclosure shall be bolted closed and secured.


6.2.4 PS Test Sequence


Note: Steps preceded by "*" shall be performed at the initial start, and after any resumptions thereafter, of each test session, or occasion of access to test circuit.In case multiple PS tests are performed in a row in one test session, they are to be skipped.


a. *EIC shall walk down any and all parts of the test circuit which may have been accessed since last inspection, confirming that no abnormal conditions exist and that all safety related items (barriers, signage, etc.) are in place.


b. *Obtain SLD key from NSTX COE, inform him that no access shall be allowed to the Cable Spread Room/Vacuum Control Room, and TFTR Test Cell Basement Transition area during the test. 


c. *Announce over the D-Site PA System:


"Dummy Load Tests are about to commence. The TFTR Test Cell Basement Transition Area, Cable Spread Room, Vacuum Control Room, and 1st Floor FCPC Building are Off Limits to unauthorized personnel until further announcement"


d. *Confirm FCPC 1st floor card reader access is in effect. 


e. *Initiate FCPC Cooling Water System operation. Confirm PAUX relay dropped out prior to, and picked up after, water supply is established, via HCS control board lamp associated with CUT. Record conductivity of water. 


f. For the first time (only) that this run copy of this procedure is executed, turn off control power to the dummy load interlock panel and confirm PAUX drop out, via HCS control board lamp associated with CUT.











EIC Init. 




6.2.4.1 Open Circuit Test



a. Artificially pick up K4 relay to HCS of circuit under test. 


b. Pressurize SLD, reset Level 3 on PS and Level 3 and Level 4 on HCS using PC04, and local K6 reset(s)


c. Using local control box, pick up K2 relay to HCS of circuit under test to obtain "Configure" permissive. Open SDS ground switches in the CUT plus all other circuits in associated HCS. All SDS line switches shall remain open. 


d. Load test.5 versions of c.d, t.d, s.d. Load special version "cntmtx.d.dl" into cntmtx.d. Place PSRTC into "Standby" state. Set and arm digitizers via PC30. 


e. Close SV feeder to all PSUT in CUT. 


f. Reset Level 1 on PS and HCS using PC04, and local K6 reset(s).


g. For first time test of CUT (only), confirm integrity of Level 1 interface of EFDS unit by manually tripping DBB4 relay. 


h. Reset Level 1 on PS and HCS using PC04, and local K6 reset(s).


i. Using local control box, energize K1 relay for "PS" permissive.  


j. Execute pulse using PC10 (PCEVENT) 


k. Remove local "PS Permissive"


l. Confirm PSRTC and digitizer triggering. Confirm CAMAC digitized section Vd signal(s).


m. Repeat as required to achieve satisfactory results.


n. Undo artifical pick up of K4.


6.2.4.2 Closed Circuit Test


a. Place PSSUT in "Line" position (maximum 2 PSS per test). Other units shall be in the "Bypass" Position, HCS Defeaters in "Test Position".
b. Set RIS overcurrent protection shall be set to 2kA for  CUT (as applicable). 

c. Set ACP overcurrent protection shall be set to 3kA for  CUT (as applicable). 



d. Artificially pick up K4 relay to HCS of circuit under test. 


e. Pressurize SLD, reset Level 3 on PS and Level 3 and Level 4 on HCS using PC04, and local K6 reset(s)


f. Using local control box, pick up K2 relay to HCS of circuit under test to obtain "Configure" permissive. Close SDS line switches and open SDS ground switches and to the CUT.


g. Via the EFDS Hipot unit, perform a 1kV (PF/OH/CHI), 500V (TF) DC hipot, record leakage.


h. Remove the K2 "Configure" permissive.


i. Load test.6 versions of c.d, t.d, s.d. Load special version "cntmtx.d.dl" into cntmtx.d. Unlock the  CUT in the c.d file. Set the load overcurrent ILOC value for the circuit under test to 0.5kA. Place PSRTC into "Standby" state. Set/arm digitizers via PC30. 


j. Close SV feeder breaker(s) to PS under test. 


k. Reset Level 1 on PS and HCS using PC04, and local K6 reset(s).


l. Using local control box, energize K1 relay for "PS" permissive.  


m. Execute pulse using PC10 (PCEVENT) 


n. Remove local "PS Permissive"


o. For first time test of CUT (only), confirm PSRTC & digitizer triggering, trip of PSRTC on "Load Overcurrent" at 0.5kA. Raise setting to 1.1 * peak of 1/2 current waveform for  CUT (see Table 2, section 6.1.3).


p. Repeat pulse multiple times in order to confirm each PS Fault Detector (FD) trip at 1kA, each PSS, with proper PSRTC, PS Id & Vd, SDS Voltage Divider (VD), and DCCT CAMAC digitizer signals.  After each trip, raise the FD section OC setting (M, TP-3, 8V/24kA) to 1.1 * peak level of full current waveform for  CUT (see Table 2, section 6.1.3).


q. For first time test of CUT (only), reset faults, repeat pulse multiple times in order to confirm the following trips, as applicable, along with proper PSRTC, PS Id & Vd, SDS Voltage Divider (VD), and DCCT  CAMAC digitizer signals.



• RIS trip at 2kA



• ACP trip at 3kA


After each trip, raise setting to 1.1 * peak level of full current waveform for  CUT (see Table 2, section 6.1.3).


r. Execute 1/2 current pulse. Confirm proper PSRTC and PS response via PSRTC collected data and PS Id & Vd, SDS Voltage Divider (VD), and DCCT  CAMAC digitizer signals. Compare digitized dummy load and circuit DCCT signals, and adjust circuit DCCT(s) as required to match reference dummy load DCCT.


s. Load test.7 file set for full current waveforms. Execute full current pulse. Confirm proper PSRTC and PS response via PSRTC collected data and PS Id & Vd, SDS Voltage Divider (VD), and DCCT  CAMAC digitizer signals. Compare digitized dummy load and circuit DCCT signals, and adjust circuit DCCT(s) as required to match reference dummy load DCCT.


t. Repeat as required to achieve satisfactory results.


u. Undo artifical pick up of K4 relay.


v. Move on to next set of PSUT (6.2.3.2), or CUT (6.2.2)


6.2.5 Shutdown Procedure


Note: Following steps shall be performed at the conclusion of each test session.


a. Vent the SLD and return SLD key to SupervisorNSTX COE, inform him that test session is completed.


b. Announce over the D-Site PA System:


"Dummy Load Test session is completed, related access restrictions are no longer in effect until further announcement".


c. Remove temporary warnings (e.g., signs, flashing lights, etc.)

6.2.7 Completion Procedure


a. Remove PCTS jumper cables.



b. If complete with all tests, or moving to different HCS system, remove local HCS control box.


c. If complete with all tests, remove T-mod on HIS











COE Init. ______


d. If complete with all tests,  apply jumper across dummy load control box TB4-TB5.


6.2.6 Final Signoff


All tests complete....

Test Director

APPENDIX
• Test Record Sheet

• Fault Detector Settings Sheet

• cntmtx.d file

• test.5 files

-c.d.test.5

-t.d.test.5

-s.d.test.5

• test.6 files

-c.d.test.6

-t.d.test.6

-s.d.test.6

• test.7 files

- c.d.test.7

- t.d.test.7

- s.d.test.7

�Based on the "G" function for copper, which accounts for the increase of resistance with temperature, and which neglects cooling during pulse


�Inductance of cable run is neglected; it is insignificant


�∫i2(t)dt for a simple exponential L/R decay is equal to Io2*/2


�Although this is the limiting end of flat top value, it is taken as the total pulse value for simplicity (conservative).


�P based on DC side power, Q based on Vdo (no load) * Id (worst case Q)





