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1.
PURPOSE

1.1
This procedure covers testing of the NSTX Power Supply Real Time Controller (PSRTC) software package in the simulation mode.

2.
SCOPE

2.1
Tests are performed in the simulation mode to confirm basic operation of the software. 
3.
REFERENCES

3.1 
NSTX-SPEC-5X-049-01, “NSTX Software Requirements Specification for Power Supply Real Time Controller (PSRTC)”

3.2
PSRTC Operations Guide, Rev. 0, 12/2/99
4.
PREREQUISITES

4.1
Following NSTX CIC components shall be available for the test:

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

• 
X-terminal operating on NSTX Engineering Network
5.
PRECAUTIONS

None

6.
PROCEDURE

6.1 Versions of software under test are identified based on date of testing:   



Today’s date:


____/____/____

6.2
Basic Function Tests

6.2.1 Utilize c.d.initial (copy into working c.d), t.d, s.d, o_cur.d and o_temp.d (copy into working o.d data files) in rtc/testfiles/test1 directory and attached as Appendix of this procedure. These files produce closed loop current control waveforms in each circuit with ramp rates of 20kA/second, 10kA flat top, and 0.5 second duration. The ∫i2(t)dt value of the waveform is 83.33 kA2-sec. Coil R and L values are per NSTX. Pole thermal capacities are dummied up to produce temperature rise of approximately
 20C given test waveform.

The start times of each circuit’s waveform are staggered as follows (entries in seconds):

OH
-1.00

PF1aU
-0.90

PF1aL
-0.80

PF1b
-0.70

PF2U
-0.60

PF2L
-0.50

PF3U
-0.40

PF3L
-0.30

PF4/5
-0.20

CHI
-0.10

TF
0.00

Spare
0.10

The OH and PF3 waveforms are bipolar (and the ∫i2(t)dt value of their waveform is 2* 83.33 = 166.66 kA2-sec).

6.2.2 CHI SDS Interlock Tests

a. Attempt pulse, confirm error due to CHI SDS not open while in test mode, set CHI SDS closed bit in s.d to 1.









Init. 



b. Attempt pulse, confirm error due to conflict between CHI SDS bits, set CHI SDS open bit in s.d to 0.









Init. 



6.2.3 One circuit at a time, perform the following steps:

a.
Unlock
 the circuit under test in c.d, If CHI, TF must also be locked out.

b.   Execute pulse, confirm fault at start due to external HCS fault. Clear external HCS fault in s.d
.

c.
Execute pulse, confirm waveform per above, only in unlocked circuits

d. 
Note release of integral correction term (tireset) midway through flat top, except for CHI which (due to gains and impedances) will not come close enough to reference current to activate integral term.

e.
For bipolar (OH and PF3U/L) circuits, confirm proper anti-parallel mode (napon flag in collected data) transitions on threshold current crossovers. For OH only, confirm that initial antiparallel state is blocked.

f.
Confirm final temperature of each coil and in poles associated with each circuit approximately
 per table entries below.

g.
Confirm  L*dI/dt voltage and induced voltage on other circuits during ramp up per table entries below.

h.
Lower i2tmax in c.d to 20.0 kA2-sec, execute pulse, confirm trip, restore level

i.
Lower load overcurrent in c.d to 5kA, execute pulse, confirm trip 

j.
Lower branch overcurrent in c.d to 2kA, execute pulse, confirm trip (for all branches, as applicable)

k.
Lockout the circuit under test in c.d

l. 
If PF or CHI, reset HCS fault bit to fault state in s.d

Initial the following table indicating successful results for each circuit test, and confirm induced voltages in subsequent table. 

Circuit
External HCS Fault
Waveform

& Integral correction
NAPON flag
T Coil

Deg C
T Coil
∆T Poles
LdI/t

+ 

MdI/dt
I2T Trip
ILOAD Trip
IBRANCH Trip

OH



53.6







PF1aU


n.a.
13.6







PF1aL
n.a.

n.a.
13.6







PF1b
n.a.

n.a.
13.6







PF2U
n.a.

n.a.
11.2







PF2L
n.a.

n.a.
11.2







PF3U
n.a.


12.4







PF3L
n.a.


11.2







PF4/5
n.a.

n.a.
11.2







CHI
n.a.

n.a.
n.a.







TF


n.a.
10.9







Spare
n.a.

n.a.
29.4







Volts>
OH
1aU
1aL
1b
2U
2L
3U
3L
5
CHI
TF
Spare

Amps into....













OH
265.300
14.620
14.620
7.480
5.520
5.520
5.900
5.900
10.540
0.000
0.000
0.000

1a
29.240
12.8239
12.8239
1.807
1.473
1.473
1.314
1.314
1.664
0.000
0.000
0.000

1b
7.480
0.005
1.802
16.020
0.033
3.720
0.132
2.020
1.088
0.000
0.000
0.000

2
11.040
1.473
1.473
3.753
45.106
45.106
15.442
15.442
13.840
0.000
0.000
0.000

3
11.800
1.314
1.314
2.152
15.442
15.442
112.220
112.220
59.600
0.000
0.000
0.000

5
10.540
0.832
0.832
1.088
6.920
6.920
29.800
29.800
251.300
0.000
0.000
0.000

CHI
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
4.250
0.000
0.000

TF
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
86.250
0.000

Spare
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
99.300

6.2.4 For CHI confirm the following additional features.

a. Confirm error due to selecting CHI in test mode. Change c.d to reflect normal mode.










Init. 


b. Confirm error due to CHI unlocked with TF locked out. Unlock TF.










Init. 


6.3
Miscellanous Function Tests

6.3.1
Load c.d.test.2, t.d.test.2, s.d.test.2 and o.d.test.2 data files per Appendix II of this procedure. These files demonstrate various functional and protective features. Set up is as follows:

OH:
 Bipolar

PF1aU/L:
Operated as single circuit, closed loop current control, 10kA reference, set for 6kA branch overcurrent

PF1b:
Closed loop current control, bus links reversed to produce 

(-) current from unipolar power supply

PF2U:
Closed loop current control, 10kA reference, 20.5kA load overcurrent

PF2L:
Closed loop current control, 10kA reference, 4kA load overcurrent 

PF3U:
Closed loop current control, 10kA reference 

PF3L:
Closed loop current control, 6kA reference

PF5:
Closed loop current control, 10kA reference

CHI:
Open loop voltage control, 40kA current clamp

TF:
Closed loop current control, 35.6kA reference

Spare:
Closed loop current control, 10kA reference

Execute pulse and confirm the following:

a.
Since PF1aU/L operated in common, their currents are identical. Branch overcurrent demonstrated at 6kA





Init. 




b.
PF1b trips due to launching load fault


Init. 



c.
PF2L trips at 4kA due to Load overcurrent; PF2U trips also because it is a twin. Current waveforms slightly different due to different mutual coupling to coils operated with asymmetry about the midplane (PF1b, PF3U, PF3U)










Init. 



d.
PF3U and PF3L demonstrate clean closed loop fault-free pulse, with the twins under separate control










Init. 




e.
PF4/5 fault free 10kA pulse



Init. 



f.
CHI is clamped effectivly at 40kA. However it faults off after 1 second because the TF falls below the minimum amount required for CHI










Init. 




g.
TF pulses at 3kG (35.6kA)



Init. 




h.
Spare circuit trips on I2T



Init. 






i.
If this is a repeat test, use UNIX “diff” function to compare latest 



d.o result with earlier result.










Init. 



6.4  Archive all source code, input data (.test.) files on the NSTX server. Zip and the d.o file containing the output data from 6.3 on the NSTX server. If this is a repeat test, use UNIX “diff” function to compare latest result with earlier result.










Init. 



APPENDIX
c.d.test.1

t.d.test.1

s.d.test.1

c.d.test.2

t.d.test.2

s.d.test.2

�Approximation does not account for change in resistance with temperature, or with cooling during pulse, or deviation of actual wavefrom from reference waveform





�in twin U/L circuits, unlocking one circuit and not the other will cause the first to be the master, with the other unlocked automatically and treated as the slave





�for CHI, see additional steps in 6.2.4





�except in twin U/L circuits, equal current will flow in both U and L circuits





�Approximation does not account for cooling during pulse, or deviation of actual wavefrom from reference waveform








