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The purpose of the NSTX Power Supply Real Time Controller
(PSRTC) is to provide a means for real time control of the AC/DC
converter system which supplies controlled DC power to the NSTX
magnet systems.

1.0 Introduction

The PSRTC supports two modes of operation:

e “Test” Mode

- All NSTX circuits are driven by the PSRTC in closed loop current
control or open loop voltage control, unless locked out, in a fully
stand-alone fashion

» “Operations” Mode

- One or more circuits are driven by the Plasma Real Time Controller
(PRTC), ak.a. Plasma Control System (PCS), viareal time voltage
commands to the PSRTC, during a specified timeinterval during a
pulse, with full control by the PSRTC outside that interval

- Other circuits are driven by the PSRTC in closed loop current
control or open loop voltage control, unless locked out, in a fully
stand-alone fashion
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Figure 1. Conceptual Block Diagram of Control System

* PSRTC (or PRTC) performs closed loop current control to initiate the
TF coil current, precharge the OH coil, and pre-bias other PF coils

« at the start of a pre-programmed time window, the PRTC initiates the
plasma and controls plasma current, position, shape, etc. via voltage
requests to the PSRTC

» Upon termination of the plasma current the PSRTC extinguishes the
current in al coll systems according to pre-programmed current
derivatives.
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2.0 System to be Controlled

2.1 Power Supplies

NSTX utilizes the PPPL "Power Supply" (PS) facility originaly built
for the Tokamak Fusion Test Reactor (TFTR) project, consisting of
thirty-nine (39) modular 12-pulse phase controlled thyristor rectifiers.
Twenty-one (21) of the units are used for NSTX.

 Each PS consists of two 6-pulse "Power Supply Sections' (PSS)
which are electrically isolated from each other but subject to the same
"Firing Generator" (FG).

« Each PSS is equipped with a full rated bypass module which can
carry the load current when the rectifiers are suppressed.

» Each PSS is rated to produce a maximum average DC output voltage
of 1012.85VDC (»1kV), no load, with 13.8kV AC input voltage
applied to the converter transformer primary.

* Nominal pulse current rating of each PSS is 24kA -6sec/300sec.

» The FG of each PS contrals, in effect, the voltage produced by its two
PSS by phase controlling the thyristor firing pulses in accordance with
a Control Word received as an input from the PSRTC. The Control
Word isan 11 bit digital command.



Power Supply Control Word

Bits 1 through 8:
Firing angle, ak.a. "apha' command, O = 00, 255 = 1650
Bit 9:

"Convert" command, 1= rectifier thyristors gated, ak.a. "fired",

0 = rectifier thyristors gate blocked, ak.a
"suppressed”

Bit 10:
Unused

Bit 11:

"Block Bypass' command, 1 = bypass thyristors gate blocked,
0 = bypass thyristors gated



2.2 Circuits
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Circuit types to be controlled are as depicted in Figure 2, where the
boxed thyristor symbol represents one or more PSS connected in
series/parallel combination. The lines connecting the circles represent

removable bus links.
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Figure 2. NSTX Circuit Configurations
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a Type | is a "Unipolar”, "2-Wire" circuit. Current flows in one
direction through one load coil group.

b. Type Il is a "Unipolar”, "3-Wire" circuit. Current flows in one
direction through two load coil groups; the magnitude of the current
may be different in the two "twin" load coil groups.

c. Type Ill is a "Bipolar", "2-Wire" circuit. Current flows in either
direction through one load coil group.

d. Type IV is a "Bipolar", "3-Wire" circuit. Current flows in either
direction through two load coil groups; the magnitude and polarity of
the current may be different in the two "twin" load coil groups.

A listing of the NSTX circuits along with type, number of DC poles,
number of PSS, and V/I rating isgivenin Table 1.
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Table 1: NSTX Circuit Types, Poles, PSS, and Ratings

Circuit Type DC Poles Seried Volts Peak |ESW@
Pardld | (+-kV) Amps | Peak
PSS (kA) |AmMps
(sec)
TF I 2 1/4 1 35.6 5.3
OH 1l 2 6/2 6 +/-24 0.525
PFla Upper \Y 3 1/1 1 S5H+15( 5
PFlalower 11 2 5/+15| 5
PF1b I 2 2/1 2 20 1
PF2 Upper [l 3 2/1 2 20 5
PF2 Lower 2/1 2 20 5
PF3 Upper \Y 3 2/1 2 5H+20( 5
PF3 Lower 2/1 2 -5+20| 5
PF4/5 I 2 3/1 3 20 5
CHI I 2 2/2 2 50 0.8
Spare 2 2 2 24 6
Totd 12 ckt 21 pole 41 PSS
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» Layout of the PF cails is given in Figure 3. All current and fidd
directions are defined to be (+) when Clockwise (CW) viewed from
above. For nominal plasma current direction (CCW)...

- initia lohis(-)
- initial PF1A is (+), then swings negative while Ip is present

PF1B (-) for CHI X-point formation

- PF2 may be either way, depending on plasma shaping needs

- initid PF3 is (-) to cancel OH dtray fidds at R, as required to
produce fidd null for plasma initiation, but later (+) to provide
vertical field for radial position control, difference between PF3U and
PF3L providesradial field for vertical position control

- PF4 not presently in use

- PF5 (+) to provide vertical field for equilibrium in radial position, and
to assist PF3in creating initial field null at R,

-10-
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* A listing of the Power Supplies connected in the circuitsis given in
Table 2. In the NSTX naming, the x in “xS” refers to the series
connection sequence where x=1 corresponds to the power supply
section into which current first enters, and they in “yP” refers to the
parallel number. For anti-parallel circuits, “1P” isthe (+) branch, and
“2P" isthe (-) branch.

Table 2: PSS Utilization

NSTX TFTR
CHI-PSS-1S-1P EOH1-PSS-1B
CHI-PSS-1S-2P EOH1-PSS-2B
CHI-PSS-25-1P EOH1-PSS-2A
CHI-PSS-25-2P EOH1-PSS-1A
OH-PSS-2S-1P ETF2-PSS-9B
OH-PSS-2S-2P ETF2-PSS-AB
OH-PSS-35-1P ETF2-PSS-7B
OH-PSS-3S-2P ETF2-PSS-8B
OH-PS5-4S-1P ETF2-PSS-5B
OH-PS5-4S-2P ETF2-PSS-6B
OH-PSS-5S-1P ETF2-PSS-3A
OH-PSS-55-2P 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

-12 -
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NSTX (con’t) TFTR (con’t)
OH-PSS-11S-2P ETF2-PSS-2B
PF1AL-PSS-1S-1P EEF3-PSS-1B
PF1AL-PSS-2S-1P EEF3-PSS-1A
PF1AL-PSS-1S-2P EEF3-PSS-2B
PF1AL-PSS-2S-2P EEF3-PSS-2A
PF1AU-PSS-1S-1P EEF4-PSS-2B
PF1AU-PSS-2S-1P EEF4-PSS-2A
PF1AU-PSS-1S-2P EOH3-PSS-2B
PF1AU-PSS-2S-2P EOH3-PSS-2A
PF1B-PSS-1S EEF4-PSS-1B
PF1B-PSS-2S EEF4-PSS-1A
PF2L-PSS-1S EOH3-PSS-1B
PF2L-PSS-2S EOH3-PSS-1A
PF2U-PSS-1S EOH5-PSS-1B
PF2U-PSS-2S EOH5-PSS-1A
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-25-1P EOH2-PSS-1A
PF3U-PSS-25-2P EEF1-PSS-1A
PF4/5-PSS-1S EOH6-PSS-1B
PF4/5-PSS-2S EOH5-PSS-2B
PF4/5-PSS-3S EOH6-PSS-1A
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-25-2P ETF1-PSS-9B
TF-PSS-2S-3P ETF1-PSS-AA
TF-PSS-25-4P ETF1-PSS-AB

-13-
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« atotal of 17 PS Groups are explicitly controlled (including the spare).

It is noted that:

» The voltage applied to, or the current produced in, each of the circuits
must be explicitly controlled. Therefore, eleven (11) separate circuit
control loops are required in case all of the bus links are in place, plus
one spare, for atotal of twelve (12).

» However, if the bus links are not installed in the Type |l and Type IV
circuits, then they reduce to Type | and Type Il1, respectively. In this
case, either the U or L part shall be locked out in the control datafile
and the remaining part used to control the circuit.

e.g. if no link in midpoint of PF1AU and PF1AL, lock out PF1AL and
refer all control to PF1AU

-14 -



3.0 PSRTC Control Algorithms

3.1 Power Supply Control Function
The Power Supply Control Function is depicted in Figure 3.
» The same basic function is applied to all of the circuits viaa"do loop"

» The output of the control function consists of the firing angle (a) and
convert bit commands which are delivered to the PSin the form of the
PS Control Words. Since the firing angle is related to the voltage, these
commands are, essentially, voltage commands.

« The voltage commands are derived either from closed loop
proportional - integral (Pl) current control against a programmable
reference, or from adirect voltage request.

» The direct voltage request is obtained from either a programmable
reference, or asignal supplied in real time by the PRTC.

* When in the voltage control mode, a current clamp feature is applied
if the current approaches a programmable limit. Additiona features
include rate limiting, and control of antiparallel rectifiers, including the
required a limiting.

-15-
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Figure 3: Power Supply Control Function
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3.1.1 Closed Loop Current Control

* |, ., 1S subtracted from pre-programmed | The differenceisthe

error |

reference”

error”

* lerror is multiplied by proportional gain G, and is integrated and
multiplied by integral gain G. The sum of these two terms is the
voltage requested by current control V

current”

* Integral term is only applied when |l | fdls below 2.5% of the
reference and isreset each time |l | exceeds 2.5%

error

3.1.2 Voltage Control & Current Clamp

* Vcommand can be either the programmabl e reference Vreference or
areal time signal provided by the PRTC (V

PRTC) )

 Time window for V
end times.

=7c |S Set by preprogrammed plasma start and

 Subject to override by a current clamping based on Pl control which
generates a voltage V amp whenever the load current lload passes

outside |, amp>0 and | <0.

clamp

* When the current returns to the allowable range the clamp integrator
IS reset.

 The net voltage request based on voltage control V oitage IS the result
of the addition of V and V

command clamp®

-17 -
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3.1.3 Voltage to Alpha Conversion

» selection of the source of the voltage request V , from either voltage
control V. e OF CUrrent control V Isafunction of time.

current

* V, isthe per unit version of V basedonV =V /V __,whereV __ is
the maximum no-load voltage available for the circuit in question. V

isbased on the programmable number of series PSS (NS), and the
primary side AC rmsline-to-line source voltage E (nominally 13.8kV at
D-site).

* V, isarate and magnitude limited version of V,, where the rate limit

IS programmable for each circuit and the magnitude limit is-1to 1 per
unit. The rate limit is only applied when the antiparalldd mode is in
effect (see next section).

* 3, isthefiring angle request, and a, isthe firing angle after limiting. If

antiparallel operation is not in effect, then the allowable range of a, is0
toa__ ,where a__ is the maximum permissble delay angle. It IS
cal culated based on the load current per PSS, equal to I,__ /NP where

NP is the number of parale PSS branches in the C|rcuit being
controlled, the AC source frequency w, the commutating inductance
L., and the AC source voltage E, dong with a programmable inversion
margin angleg

o If antiparalel operation is in effect, then the minimum permissible

delay anglea . isset equal to 180 - a__ , so that the allowable range
of dphaisthereforea . £a, £a__ intheantiparalel mode.

-18-
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3.1.4 Antiparallel Operation

* permits bipolar current flow in the load without delay around current
Zero

o antiparallel converters (ak.a the (#1) and (#2) converters) must be
operated at symmetric (about 90 degrees) delay angles a,,, and a,
.e.

a,=180-a,

o thisis required to minimize the circulating current which is impeded
only by the Current Limiting Reactors (CLRs).

* the antiparalel mode is declared when the magnitude of the load
current | _, falls below athreshold |

thresh

« conditioned by a hysteresis function which only declares the mode to
be true if the previous magnitude exceeded the threshold

 switch is provided to enable/disable antiparallel operation for each
circuit.

-19-
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4.0 Load Current M easurements

* PSS branch currents are measured by two types of DC current
transducers

- Halmar “zero flux” type

- high accuracy (0.1%) if well calibrated and installed
excellent frequency response

- Shunt “leaf” type
« Simple and reliable

- good accuracy (0.5%)
- moderate frequency response

-20-
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» Redundant measurements are (ideally) provided in each branch

- except PF1A and PF3, which are lacking a complete set of
branch currents

- via control input data, PF1A and PF3 the total current is
substituted for the branch current with scaling factor reduced by
1/2

- in some cases (low inductance circuits) it has been found
necessary to drop the shunt measurement due to amplification of
power supply ripple (Lg,« * dl,,oo/dt, and consequential control
loop response), and substitute the Halmar (loss of redundancy)

e Signal processing (buffer and fan out) by “Hamar Sgna
Conditioner” (HSC)

 Interface with control computer via “Data Acquistion System”
(DAYS)

* Interface with EPICs (and MDS+) via CAMAC digitizers

o List of DCCT signalsisgivenin Table 4

-21-
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Table4: Current Measurements

NSTX NAME TFTR NAME DASCh #
TF-BR-1-CUR-1 ETF1-MN1-XT1-| 1
TF-BR-2-CUR-1 ETF1-MN2-XT1-| 2
TF-BR-3-CUR-1 ETF1-MNS-XT1-| 3
TF-BR-4-CUR-1 ETF1-MN4-XT1-| 4
OH-BR1-CUR-1-(+) ETF2-MN1-XT1-| 5
OH-BR2-CUR-1-(-) ETF2-MNS3-XT1-| 6
PFIAL-CUR-1 EFVC-MN2-XT1-| 7
PF1AU-CUR-1 PF1AU-CTD-XT1-l 8
PF1B-CUR-1 EEF1-MN1-XT1-| 9
PF2L-CUR-2 EOH3-SHUNT-1 10
PF2U-CUR-2 EOH5-SHUNT-1 11
PF3L-CUR-2 EOH4-SHUNT-1 12
PF3U-CUR-2 EOH2-SHUNT-1 13
PF4/5-CUR-2 EOH6-SHUNT-1 14
CHI-CUR-1 EOH1-MN1-XT1-l 15
SPR-CUR-1 16
TF-BR-1-CUR-2 ETF1-CTD-XT1-I 17
TF-BR-2-CUR-2 ETF1-CTD-XT2-I 18
TF-BR-3-CUR-2 ETF1-CTD-XT3- 19
TF-BR-4-CUR-2 ETF1-CTD-XT4-| 20
OH-FWD-CUR-2 ETF2-CTD-XT1-I 21
OH-REV-CUR-2 ETF2-CTD-XT2-| 22
PF1AL-CUR-2 EFVC-CTD-XT1- 23
PF1AU-CUR-2 PF1AU-CTD-XT2-I 24
PF1B-CUR-2 EEF1-CTD-XT1-I 25
PF2L-CUR-1 EOH3-CTD-XT1-| 26
PF2U-CUR-1 EOHS5-CTD-XT1-| 27
PF3L-CUR-1 EOH4-CTD-XT1-| 28
PF3U-CUR-1 EOH2-CTD-XT1-I 29
PF4-CUR-1 EOH6-CTD-XT1-I 30
CHI-CUR-2 EOH1-CTD-XT1-I 31
SPR-CUR-2 32
PF3L-BR2-CUR-1-(-) EOH4-MN2-XT1-| 33

-22-
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NSTX NAME TFTR NAME DASCh #
(con’t) (cont) (con't)
PF3U-BR2-CUR-1-(-) EOH2-MN2-XT1-| 34
CHI-BR-1-CUR-1 EOH1-MN3-XT1-| 35
CHI-BR-2-CUR-1 EOH1-MN2-XT1-I 36
DUMMY CUR ECTD-DUMMY 41

* Polarity considerations

- dl cail currents defined as (+) when clockwise viewed from above

- some DCCTs are instadlled backwards, but inverted via a control
Input variable

- some DCCTs are on coil side of the bus links, others on power
supply side (and subject to polarity reversal (w.r.t. coil) when links
are reversed; software accounts for this

» Offseat subtraction

- just prior to each pulse, average of last 100 samples of current is
taken as the offset and subtracted from measurements during pulse

 During pulse, at each time step, the difference between the magnitude
of the two redundant measurements is calculated and compared to a
programmable alowable as a check for the validity of the
measurements.

- The measurement with the larger magnitude taken as the branch
current, corrected for polarity, and used for further processing.

e The coil currents |4 are obtained from the sum of the individua
branch measurements, and are always handled with respect to the
formal definition of current direction

-23-



5.0 Protection Features

* instantaneous overcurrent protection
- branch (during standby and pulse modes)
- load (pulse mode only)

e single pulse 02(t)dt protection

» adiabatic coil temperature rise

Table5: Coil Parameters

QD NSTX —

Following protection features are provided in the PSRTC:

Call (CSA) R (center)) DR |Z (center) DZ | Turns| Hill R(TO) | Cp(20C)
turn

(in"2) (in) (in) (in) (in) mWcoall | kJdegC
OH 0.219 5192 | 1.768| 41.955 | 83.910( 482 | 0.712| 93.403 | 389.7
PFla| 0.519 7.100 | 1.638( 57.019 | 21.211| 48 | 0.718| 2.683 62.9
PF1b| 0519 | 12.000 | 3.340| 71.607 | 6.744 28 | 0.646( 2.645 62.0
PF2a| 0907 | 31.463 | 6.406| 76.122 | 2.676 14 | 0.741| 1.986 142.0
PF2b| 0.907 | 31.463 | 6.406| 72.938 | 2.676 14 | 0.741| 1.986 142.0
PF3a| 0907 | 58.837 | 7.340| 64.311 | 2.676 15 | 0.693| 3.979 284.5
PF3b| 0.907 | 58.837 | 7.340| 61.127 | 2.676 15 | 0.693| 3.979 284.5
PF4b| 0.907 | 70.654 | 3.604| 31.780 | 2.676 8 0.753( 2.548 182.2
PF4c| 0907 | 71.121 | 4538| 34.964 | 2.676 9 0.672| 2.886 206.3
PFoa| 0.925 | 78.528 | 5.350| 25.884 | 2.698 12 | 0.769| 4.167 309.7
PF5b| 0.925 | 78528 | 5.350| 22.944 | 2.698 12 | 0.769| 4.167 309.7
TF* 1.045 n.a n.a n.a n.a 36 n.a 4.69 4474

*aTF Inner legs (highest current density element in circuit)

-24-
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Table 6: Circuit Ratings
Circuit | R(TO) | lesw| Tesw | 072(t)dt
mW/ckt| kA | sec | kKA"2-sec

OH 93403 | 24 | 0.525| 302.4
PFIUL [ 2683 | 15 5 1125

PF1b 2645 | 20 1 400
PF2U,L | 3972 | 20 5 2000
PF3U,L | 7.957 | 20 5 2000
PF4AU+L | 10.868 | 20 5 2000
PFSU+L | 16.669 | 20 5 2000

CHI na 50 [ 0.8 2000
T 469 | 35.6| 53 6711

Circuit | Tinitial [ Tfind | Totd | YCp Tr | aTau
Flow

degC | degC | GPM |kJ/degC|degC/k Sec
w

OH 10 94.5 5.8 389.7 0.6 252.8
PF1U,L 10 63.2 6.1 62.9 1.2 775
PF1b 10 27.7 3.1 62.0 1.2 75.8
PF2U,L 10 39.8 54 284.0 0.7 200.0
PF3U,L 10 39.8 3.6 569.0 1.0 596.1
PF4U+L 10 39.8 4.7 777.0 0.4 326.8
PF5U+L 10 38.6 10.7 | 1238.6 0.2 219.9
CHI na na na na na na
TF* 10 92.2 89.3 447.4 0.04 18.9

* RMS current checks (based on continuous simulation of heating
(during pulse) and cooling (between pulses) of DC cable systems.
Cable parameters are given in Table 7, with suggested nominal c.d
input values indicated in boldface.

-25.
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Table7: DC Cable Parameters

System CableSize | #Pardld Resstance | Cp Tr Tau
MCM MWin J/degC-in degC/W-Iin | minute

OH 1000 2 0.433 88.3 194 28.6
PFlaU &L | 1000 2 0.433 88.3 19.4 28.6
PFla 1000 2 0.433 88.3 19.4 28.6
Midpoint

PF1b 1000 2 0.433 88.3 19.4 28.6
PF2 U&L 1000 3 0.289 132.5 12.9 28.6
PF2 1000 3 0.289 1325 12.9 28.6
Midpoint

(PF)B U&L | 750 1 1.155 331 68.6 37.9

+

FI)ZS U&L | 1000 3 0.289 132.5 12.9 28.6
PF3 U&L | 1000 3 0.289 132.5 12.9 28.6
Midpoint

PF4/5 1000 3 0.289 132.5 12.9 28.6
CHI 750 3 0.385 99.4 22.9 37.9
TF 1000 5 0.173 220.8 7.8 28.6

 Launching load (product of 1oh and Ipflb shall be 3 preprogrammed
level)

 CHI/TF Interlock (CHI suppressed unless |Itf| 3 preprogrammed
level)
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In order to test the PSRTC, a smulation package is included which
interfaces with the real time control code at the same points of input
and output as in normal operation (the inputs being the PSS branch
currents and the outputs being the a commands to the power supplies.

6.0 Smulation M ode

PPPL’s LRSIM code is used.
Following features are included:

 Transient solution of mutually coupled L/R circuits
- at present, only the coils are included

- a more extensive filament model of passive structure may be
added in the future

10 ssimulation time steps per control system time step

 Simulation of latency of input data by utilization of smulation
results obtained midway between control system time steps as inputs
to control algorithm

» Simulation of transient heating of coils and its effect on ohmic
resistance

« Simulation of delays and limits of power supplies, however
individual thyristor commutations are not model ed
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Nomina mutual inductance matrix, and resistance vector, isgivenin
Table 8.

Table 8: Mutual Inductances (mH)
and Resistances (m<Q)

OH lau laL 1b 2U 2L 3U 3L 5 CHI TF

OH [ 13.000| 3511 3.511| 0.374| 0.276 | 0.276| 0.295| 0.295( 0.527 | 0.000 [ 0.000

lau | 3511 | 4.470| 0.000 | 0.000| 0.072| 0.001( 0.060| 0.005| 0.042 | 0.000| 0.000

lalL | 3511 | 0.000| 4.470( 0.090| 0.001| 0.072| 0.005| 0.060| 0.042 | 0.000| 0.000

1b 0.374 | 0.000| 0.090| 0.536( 0.002| 0.186| 0.007| 0.101| 0.054 | 0.000| 0.000

2U 0.276 | 0.0/2| 0.001| 0.002( 1.980| 0.010| 0.731| 0.041| 0.346 | 0.000| 0.000

2L 0.276 | 0.001| 0.072| 0.186( 0.010| 1.980| 0.041| 0.731| 0.346 | 0.000| 0.000

3U 0.295 | 0.060( 0.005| 0.007| 0.731| 0.041| 5.180| 0.166| 1.490 | 0.000 | 0.000

3L 0.295 | 0.005( 0.060 | 0.101| 0.041| 0.731| 0.166| 5.180| 1.490 | 0.000 | 0.000

5 0.527 | 0.042( 0.042| 0.054| 0.346| 0.346 | 1.490| 1.490| 12.300| 0.000 | 0.000

CHI | 0.000 | 0.000| 0.000( 0.000| 0.000| 0.000( 0.000| 0.000| 0.000 | 0.080( 0.000

TF 0.000 [ 0.000| 0.000| 0.000( 0.000| 0.000| 0.000( 0.000| 0.000 | 0.000| 4.180

Resist| 97.400 | 2.800 ( 2.800 | 2.760 | 4.170| 4.170| 8.340| 8.340| 17.400| 7.000 | 4.690

Note: PF1A smoothing reactor inductances are included in the above.
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 External Circuit Resistances (ECR in c.d file), due to the cabling
within the power supply building, and that from the power supply
building, as measured by PTP-ECS-029, islisted in Table 9.

Table 9: External Circuit Resistances

Circuit Resistance (mOhm)
OH 3.32
lau 10.0
lal 10.0
1b 5.86
2U 2.61
2L 2.35
3U 4.85
3L 4.84
5 2.82
CHI 3.76
TF (2 pardlds) [1.21
TF (4 paralels) [1.02

Note: PF1A smoothing reactor resistances are included in the above.
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7.0 Implementation

The PSRTC is written primarily in FORTRAN. Some hardware
specific adjuncts required for real time execution are written in C.
The FORTRAN part can run on any platform.

System consists of ...

* Force host computer
- ethernet connectivity
- user interface

» Skybolt 11 real time computer

- four pardld G4 processors on motherboard with Front Panel
Data Port (FPDP)

* VME based acquisition system (DAS)
- two cratesin NSTX Test Cell
- one crate in junction area
- Fiber Optic Interface Boards (FOIBS) connecting the crates

» Power Conversion (PC) Link driver

- Interface to serial command link which distributes commands to
power supplies
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» The PSRTC occupies one of the four parallel processors; the other
three are available to the PRTC.

» The control system update rate is 1kHz (once per millisecond).
8.0 Input/Output

8.1 Inputs

PSRTC requires the following input files:
c.d — contains control data (Table 10)

t.d — contains timing data (Table 11)

s.d —contains simulation data (Table 12)

o.d — contains selection of variables to be stored in output file
(maximum of 50 may be saved during any particular shot). For each
variable listed, a“1” indicates save, a“0” indicates do not save

cnhtmtx.d — contains mutual inductance matrix and resistance vector
(see Table 8 in prior section of this document)
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Table 10: Input Filec.d

Name i ] k| Description
NMODE Mode (O=norm, 1=test)
NSUBM Submode (0=0ps, 1=simulation)
ODE
NLOCK | 1-12 Lockout (O=in, 1=out); locked out circuits not controlled, only
suppress/bypass command is given
NPC | 1-12 Plasma Control Enable (O=disabled, 1=enabled); this controls whether or
not acircuit will accept voltage reference from plasma control
GAIN | 1-12 1-2 1| Proportional Gain during a pulse, in ohms (volts per amp error)
GAIN | 1-12 1-2 1| Integral Gan during apulse, in farads (volts per amp-sec error)
GAIN | 1-12 1-2| 2| Prop Gan, Clamp
GAIN [ 1-12 1-2| 2| IntGan, Clamp
NMEAS]| 1-19 1-2 Measurement #'s (1 to 38) of two redundant branch current
measurements)
NPMEAY 1-19 1-2 Measurement Polarity w.r.t Coil with buslinksin normal position
NLMEASY 1-19 1-2 Measurement Location 1=SDS side (does not change polarity with link
reversal), -1=PS Side (changes polarity with link reversal)
FSMEAS| 1-19 1-2 Full Scale of Measurement in kA
NCB 1-19 1-2 Circuit # of 1n which branch islocated
KPB 1-19 Branch Polarity & Multiplier, used in smulation only; if KPB>0, current
can only be positivein branch, if KPB<O, current can only be negativein
branch; current in branch = KPB*ILOAD/NP
DIMAX | 1-19 Allowable DCCT Discrepancy (difference between redundant
measurements) in KA
NPLINK]| 1-12 Bus Link Polarity (1=normal, -1=reverse)
NP 1-12 # Parallel branches feeding circuit
NS 1-12 # Series power supply sections feeding circuit
ICLP | 1-12 (+) Current Clamp Leve InkA
ICLN [ 1-12 (-) Current Clamp Level inkA
VAC AC Source Voltage (13.8kV Levd) inkV
FAC AC Source Frequency in Hz
GAMMA| 1-12 Margin angle gamma (max apha= 180 - gamma - commutation angle) in

degrees
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Table9: Input Filec.d (con’t)

Name [ J Description
LC 1-12 Commutating Inductance (nomina vaue = 22 microhenries) in
microhenries
VDOTMAX]| 1-12 Maximum dV pu/radian for rate limiting; normal sine wave as maximum
of 0.637 per unit per radian
NAP 1-12 Antiparalel Enable (O=disable, 1=enable)
NAPBLOCK| 1-12 Antiparallel Initial State Block (O=no block, 1=block antiparale until
first zero crossing)
ITHRESH | 1-12 Antiparallel Current Magnitude Thresnold in kA
IBOC 1-19| 1-2 Branch Overcurrent Standby State in kA
IBOC 1-19| 1-2 Branch Overcurrent Pulse State in kKA
ILOC 1-12 Load Overcurrent Pulse State in kA
I2TMAX | 1-12 12T Limit in KA"2-sec
NPSUM 1-22( 1-2 Circuit # of ILOAD into DC Pole
NPSUM 1-22 1-2 Circuit # of ILOAD out of DC Pole
R20POLE | 1-22 Pole 20C Electrical Resistance in mircoohm/inch
TRPOLE | 1-22 Pole Therma Resistance in degC-inch/watt
TCPOLE | 1-22 Pole Therma Capacitance in Joule/degC-in
NPPOLE | 1-22 Polarity Constraint on Pole (O=no constraint, 1=(+) only, -1=(-) only)
TOPOLE Ambient Temperature for Cablesin degC
TMPOLE Allowable Temperature for Cablesin deg C
ALAUNCH Allowable loh*Ipf1b in KA"2
ITFMIN Minimum |[Itf] for CHI in KA
ICHIO Minimum [Ichi| for ITFMIN check in KA
SCD 1-12 Shutdown Current Derivative, takes effect after plasma control drops out
(NPCON=0) in KA/mS
TCCOIL | 1-12 Coil Thermal Capacity in kJoule/degC
COEFF Copper Therma Coefficient of Resistance, nominally 0.0041
TOCOIL 1-12 Coll Water Inlet Temperature, nominally 10 deg C
FINV Max Invert voltage fraction, nominally -0.666
ECR 1-12 External Circuit Resistance, excl CLR, in mOhm
ECL 1-12 Externa Circuit Inductance, exc'l CLR, in microhenry
RPSS 1-12 Power Supply Section Equiv Resistance, nominally 16 mOhm
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Table 10: Input Filet.d

Name Circuit| Description
TSOP Time of SOP clock event, relative to tO
TPCSTART Time to start plasma control, relative to tO
TPCEND Time to end plasma control, relative to t0
TIRESET 1-12 | NoLonger Used
NBPOINT 1-12 | Number of breakpointsto follow for each circuit
BPOINT Time (relative to t0), data (kA or kV), and mode (O=current control,
1=voltage control)
Table11: Input Files.d
Name Description
NCHIDSO | Simulate bit which =1 if CHI SDS open, =0 if closed
NHCSTF | Simulate status of TF HCS, O = no fault, 1 = fault
NHCSOH | Simulate status of OH HCS, 0 = no fault, 1 = fault
NHCSPFCHI| Simulate status of PFCHI HCS, 0 = no fault, 1 = fault
FMG Simulate status of MG frequency, in Hz
VMG Simulate status of MG voltage, in volts
NPCREADY| Simulate status of ready flag from plasma control, O = not
ready, 1 = ready
NOUTDT | Nolonger used
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8.2 Outputs

PSRTC produces an output file called o_*.d, where * may be...

- anumeric sequence
- date and time
- shot number

0_*.d contains the data collected for the variables identified in o.d (up
to 50), for each millisecond, followed by a list of alarms and faults
which may have occurred, followed by a lis of the names of the
collected data

9.0 PSRTC Operations

9.1 Directory Structure

 PSRTC is operated on the “RICH” computer under username
Power Conversion Engineer In Charge (PCEIC), in directory...

/home/rich/pceic/rtc
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o Input files are stored in adirectory structure as follows...

ARCHIVE
cdfiles tdfiles odfiles

LATEST
STANDARDS testshot plasma testfile

t50

t100

USED BY PSRTC
active
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» Qutput datafilesd *.o0 are written to /home/rich/pceic/rtc
 Output datafiles are manually moved from
/home/rich/pceic/rtc
to
/rdt_data/psrtc

for long term storage

9.2 Input Data File Editing

» Two IDL based input data file editors have been created to proved
agraphic user interface for editing the c.d and o.d files...

cd edit & od edit

» An IDL based waveform file editor has been created to provide a
graphic user interface for editing thet.d files, called wfinit. Details for
invoking this editor are given in the following section.
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9.3 PSRTC Operations
9.2.1 Initidlization of User Interface

o click on “epicsrv.pppl.gov” to select this server
 enter username “pceic”
* enter password
» double click on XTERM icon on SCREEN 1
o connect (via secure shell) to RICH “ssh rich”
e enter “screens’ to generate the necessary set of x-windows
 in PSRTC window:
- enter “psrtc” to reboot SKY computer and set up
* in ACQ window:
- enter “acq” to start the DAS
* in C&OD EDIT window:
- enter “codedit” to set up
* in READRTC window:
- enter “readrtc”
» on SCREEN 2:
- enter “sshi0” tolog on 10 (or KEES or BIRCH or EUROPA)
- enter password

- enter “@mds6_1" to spawn the standard MD S+ scope displays
for the power system

0.2.2 Test Shots

In PSRTC window:
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 enter "cp testshot/t50/* activel." to copy contents of 50% test shot
directory to "active"

 enter "y" to respond yes for all writeovers
e enter "rtc860" to run the rtc code

o "ctl-c", then repeat sequence with "t50" changed to "t100" for the
100% test shot

9.2.3 Plasma Shots

o enter "cp plasmal* activel." to copy contents of "plasma’ directory
to "active"

 enter "y" to respond yes for all writeovers

e enter "rtc860 -pcs’ to run the rtc code version which accepts inputs
from plasma control

9.2.4 Simulations

o "ctl-c" to stop norma PSRTC program rtc860
* enter "rtcam” to run simulation using data from "active" directory

9.2.5 Viewing Output Data

 in READRTC window:
- enter "readrtc”
- select desired shot number from pop-up window

- select desired channel number from list, or "?" for help, or "-1" to
exit readrtc
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9.2.6 Editing c.d or o.d or t.d
 in EDITORS window:
- enter "cdedit" or "odedit" or “tdedit”
- under IDL, enter "cdedit" or "odedit" or “tdedit”

Note: At the present time, the waveform editor writes over the first 15
values in the file with pre-programmed numbers; therefore manual
editing may be required to restore same

9.2.8 Moving Output Files To/From Archive
* in READRTC window:

- enter "mv d x*.o /data/psrtc/." to move al output files with
name pattern x* (where * is the wild card character) from
"/home/rich/pceic/rtc" to "/rdt_data/psrtc"

- enter "cp /datalpsrtc/d_x.0 ." to copy an archived output file with
shot number "Xx" to rtc directory

9.2.9 Printing Windows
* inany EPICSRV1 or RICH xterm window:

- enter "printwinc" and click on window to be printed to NSTX
Control Room printer, "printwin” for MG Control Room printer
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I nitialization of User I nterface

SCREEN 1:
« click on “epicsrv.pppl.gov”
e usernameis “pceic’
* enter password
* Double click “Xterm” icon
* in XTERM window
- “sshrich”
- enter password
- “screens’
* in PSRTC window:
- “psrtc”
*in ACQ window:
- "acq”
* in READRTC window:
- “readrtc”

SCREEN 2:

* Click “Xterm” icon

* in XTERM window
- “sshio”
(or kees, birch, europa)
- enter password
-“@mds6_1"

Test Shots

* "cp testshot/t50/* activel." or
"cp testshot/t100/* active/."

 "y" for al writeovers

* "rtc860

Plasma Shots
o "cpplasmal* activel."

o "y"foral writeovers
*  "rtc860 -pcs’

QD NSTX

Simulations
° Ilrtcs' mll
Viewing Output Data

* in READRTC window:
- "readrtc"

Editingc.dor odor td

* in EDITORS window:

- "cdedit" or "odedit" or “tdedit”

-inIDL, "cdedit" or "odedit" or “tdedit”
Moving Output Files To/From Archive

* in READRTC window:

-"mv d_x*.o /datalpsrtc/.”

- "cp /datalpsrtc/d_x.0."

Printing Windows

* in any RICH or EPICSRV1 xterm

window:

- "printwinc" to print to NSTX Control Room

- "printwin" to print to MG Control Room
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