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COE Responsibilities

« Safe operation of NSTX-U
— Personnel Safety
— Equipment Operation within established limits
« Coordinating the various groups to achieve the above
— Machine Technicians
— Health Physics
— Physics Operator/Session Leader
— Diagnostics
— ESU
— Engineering (PCEIC, Grounding, OIT)



Machine/Vacuum Techs - Daily Startup

* Hi-pot the inner and outer vessel

* Configure the gas injection system
and check pumping systems

* Configure diagnostics as required
* Kirk keys at appropriate stations for
operations

* Ensures the experimental areas (TC,
TCB gaged area and VCR/CSR) clear
of personnel (search and secure) and
set the loops

* Informs the COE that the machine and
test cell are ready for operations

* Runs typically 30 minutes of helium
GDC prior to fiducial plasma
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COE Daily Startup

* Instructs water systems and MG
to startup at 7 am

Starts up various programs:
-EPICS

- Energy monitor

- Scope pages

- Database for shot statistics

Runs clock cycle to test acquisition
and EPICS are OK

* At 7:30 test cell is cleared and
closed up and COE requests the
Safety Lockout Device (SLD) be

pressurized by FCPC
- SLD supplies air to the Safety Disconnect
Switches (SDSs) in the FCPC area so that

the line and ground switches can be
configured
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COE Daily Startup (cont)
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Supplies enable and arming
permits to NB and RF(ECH)

FCPC performs a hi-pot of the
coils separately and the coils and
rectifiers together

Hi-pot values entered in
database and checked for typical
values

PCEIC starts PSRTC/DCPS and
Runs two coil only test shots at
50% and 100% current levels

Runs fiducial plasma discharge
and hands over plasma
operations to the Physics
Operator and Session Leader
(usually between 8 and 8:30 am)
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Typical Shot Sequence

NB (remote)
RF

Lithium Operator

Heating Request

Session Leader

Physics Operator

<
%

I.ithium request

Ready

Requests coil
change if req’d

PCS/NB ready

v

> COE

A

No hardware or software faults
Enters shot data

TF joints satisfactory

All systems ready

Start clock

Requests plasma configuration; lithium, GDC,
gas injection, and NB/RF

Scts ups plasma config and gas injection (PCS)

GDC and gas injection configuration

Read
-« Y Vacuum Tech

A

GDC, probe status, shutters and lithium coordination
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Vacuum Tech / Between Shot GDC

[GDC_AUTD - Display
Glow Discharge Cleaning (GDC) s, i, | Spms| s swmen| swrs| - o | wow| ims) % = terg:
SYSTEM STATUS PEKRE:AES[)%Y)E; PROCESSNESSAGE GISMODE SOCOURRENT _ CONTROLED FROM Tl - O p e rat| n g m Od e (l |th | um an d
— RN " operations or operations only)

GDC PROCESS PARAMETERS SET GDC GDC\CLOCK SYNC MODE SELECT . .

BayK B:}ELJESI;; ch:JVE? l?;r Lower Dome WEPER‘OD SRRty ﬁ PR MILEOC & B TI m e p e rl Od pe r S L O r P O

MIN GDCwithTMB B Pasta Ops vith Litr _ Pressure (typ|Ca”y 2 .5 mT)

s Coety o oty (g5 iV (g8 Plagma Ops with GDC el Shut Down .. . .
A == | - Gasl/injector (typically helium from

injector #3 at Bay J mid-plane but may
use #1 at the top of Bay K this run)
* Ensures shutter configuration is correct

ELAPSED GDC TIME ;‘K(E’::E"Eﬂ —

m L0AD —

staos-[ ]

GDC STARTUP GDC SHUTDOWN

(@) NBTIV ctosen ;":’ (&) Filaments  ovisay (3) Flow Control (1) Probes (OFF)
GCEVEC| 000 am O 5 1000 mTor ow— *
ay @r GDC runs and shuts down

SHUTTERS / TIVs
® Sl X A o el Pt — automatically
_3gmr M (s)6IS Mode | mmen
mT for He

) tmcage o [ | Flomerttes o G —————| * PLC cog may assist until

Actual VOLTAGE and GURRENT @GDC Injector (orF)

@ G et [ - el R ] o | T P interlocks and timing between GDC and
BayK  BayJlwr BayJUpr LwrDome| 500 V. (typically 500 volts) Set Probe Power 3I:::::§(:)§%(typically wy | — L I T E R a re d eve I O p e d

gi sl @RGA (PLASMA CONFIG)
oo e e | e ~———— * GDC time usually decreases with
5::: i _— A NG m @Fllaments/Blas o0 . ~ Ok

W O s increased lithium use

@ GIS Control PRIVER MoDE Open Closed (PLASMA CONFIG)

{60C CONFIG) - {GDC CONFIG) _
Amed  Steady READY FOR 60C @Fllamenls (o) i GDC Complete
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Vacuum Tech Operation

e e e T * One of four PLC controlled diagnostic
1t024 R | | — | === s evms 1/13 /10

= ==y 10s0 & shutter pages
el | ACTUAL  MODE ACTUAL  MODE
DEV#  CTRL _STATE | STATE PERM DEVE  CTRL  STATE STATE PERM
CHERS | MSE 1-DCCD CMR'A
AV213 =
savemp soo | A b4 BAY B BOT HDOME 2 | - *
rouzes D R >4 | Can be operated manually or
savemp goo | AVOR —_— AV214
FAST CAMERA 1D CCD CAMERA L] L] L]
swvowo wor | a swcer | M - programn 1ed for automatic actions in
DEP MONITOR LITH VIEW PORT =
BAYEMID 5:00 . BAYFBOT 2Zic »< . .
ssorurr _ran | == different modes of operation such as
SR G| A2 >4 BAYFMD CNTR | AV217 >4 L
GAS PUFF TUBE -
s are e v nencoser | yan b4 [0 e ] i
somsie | plasma operation, and shutaown
FIRETIP

SPARE AV207 ‘ NO SHUTTER INSTALLED EYED S AV219 N [Cro oeEN |
CAMERA FIRETIP
BAYE MID 3:00 AV20e) 2] BavFMD 1000 | AV >« ENGRERN|
FILTER SCOPES VB
BAY C TOP Ava09 N BAY G MID 11:00 IN 2zt N _

DUST CLCT' . I FIRETIP Av222 l l _
BAY C BOT AV210 BAYGMID CTRR
VERT DVTR CMRA JH OPTICAL ARRY
BAYETOP LAl >4 BAYGMD 300 | AVZ2® »< Croroear] PAGET
X-RAY SPECTR IR CAMERA _
BAYDBOT az TV pd BAYGMID 5:00 »<

— Lot | s | [ | e | e || e | e
D'AGNOST'C e — i \GE 1 PAGE PAGE 3. PAGE 4 PUMPING PUMPING
TIV'S toan — [ oo | =l VACUUM VESSEL
1t0 20 status-[ I I ISz 1/13 /10
5E-8 10:56:38 A
ACTUAL  MODE ACTUAL  MODE
DIAGNOSTIC DEV# CTRL STATE STATE PERM DIAGNOSTIC DEV # CTRL _ STATE STATE PERM

GASPUFFTUBE | AV206

XCS Ar PUFF | Av208B h I><| -_
BAYB MID_2:00 [isabled]

LITER 1 TIV.

BAYF ToP 12:00 |AVZ5® _ N

e [ I | e Y | | * Diagnostic TIV page which is controlled
T e [ B == B in a similar manner as the shutters

BAYIMID 7:00

SGI PROBE
BAYIMID 10:30

Av231

BAY C TOP

16220
vz A >4 ——a

BAYL END 12:00 averz _

LYMAN ARRAY _

eavsToP were [ D4

IMP PELLET INJR

Av237 NO TIV INSTALLED
BAYK MID 1:00

16204
NPA

BAYKMD 300 | AV240

o | (NECEEE

16205
spreD || (chamber) -- X-RAY PHA
Av281 [[To oeen |
BAYL END 12:00 | AV242 m [__REMOTE | BAY E MID
16206
FLAT-FLD SPCTR
avass [Diatiea | HEEEN [RTRTY|
BAYL END CNTR sl EOE=10
16207
X-RAY XTAL —_— _ ST
BAYL END 3:00 >«
16212 PE37
LoWEUS NEUTRAL BEAM VACUUM INTL'K
BAYE MD cNTR | AV2%® _ >4 RERMISSIVE 1O P | auromanic
OPEN TIV AV40

LITER2TIV
Avzs7
BAYK TOP 12:00 _ 2 ‘ conric

conric || conmic |[ conmic
PAGEZ PAGE 2 PAGED
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Vacuum Tech Lithium Operations

GS555.adl gg_

GS55 Shot 136452
20-JAN-10 09:33:18 f Shot Time  -140

| GS00 * Controls and monitors the
biiks operation of the two LITER
probes from EPICS pages
- Home, parked and operate

1%! Present Positiqinch)
il Axis in-motion Status

Bay F Top
HOV )/
Ltrl NOT Home

15.00 - 15.33
Ltrl NOT Parked

* Co-ordinates GDC and LITER
probe operation with lithium

S Patiew | operator and COE to get
Disabled ~ FLCLS requested between shot lithium

and GDC
PLC Control Mode Disabled %
*Parked’ Pos. |58 Operate Pos. m

Position Request ToParked
from PLC Ao

it B
i

Manual Contol

Home
Park
Operate W ﬁ

Present Position
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Vacuum Tech — Gas Injection

oo ey *

T ons DELVERY SveTeW | 5. | i Fills high field side center stack

10:46:40 AM

w5t iy | e "R oo s injections systems (and lower dome

1 =
AV109 i3 I a2zl avizra 0.28

7y B injector if needed) to requested

cu AV110
! PE106
mimm|  Eon. pressure per PO
T AVt sic't
43 T il conTROL PAGE L
et _ Smart Gauge
e ws mEns * C Is SGI (PLC EPICS
- . vz YT Ateg Az o IS *’"’ “ O n tro S a n d
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Aoecronn uecTor sz Bt || - — b d d th E P I CS
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g | - I f A At
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— = L d with f SL
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Dperat o FILAMENTS AND i Filament Bias Voltage NBTIV  MOMOLE
- BIAS vaLrAGEn . - - - 115 Ac - »<
T e i [ — s W i
= . : i
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LOWER DOME | CSTK GAS INJECTION L | 1/ Sits) o) ) Kiniu mtls k) ¥1¥ o o o)
9:46:39 AM lo|m| | «JF I
OPERATION —_
Injector 4 150 PUFF VALVE  TIV et TV rastvave iso 3.03E.08
Fillsﬁ AV126A  pinu AV125A  AVA27A | osme —— AVI13A Avi1s  AVA23A g':y'lw :‘:;ﬁ Lwr:‘i;i upr Quadi: 18 1m0
GENTER STAGK SHLD'R UPPER - 438 cc | _— [Lor= Jioee | e LS PZV2 PZV3, ; :
AV126 PLNM  AV125 AV127 = S e R
csTK BAY G - i PE102 | PE103

mip  PEO02
CENTER STACK MID PLANE -425¢cc w LI L aase

== - e .
AVA13D  AV122 | AV123D
AVI28  pNw_ AVI29  AVIMZE | L 1OTM"F / M
BoT ,,—N—M Av108 X AVI12

LOWER DOME - 16,5 ¢¢ 6ach b
PLENUMS - 62907 Fill Valves

PE10G PE111 [l 16110 S
o 2.5KT w7 AV114 AV10
Imm ., ==
Lros.ot Qo R
y

-~
LD BRANCH 5 -13cs
ﬁ

[e8] PpE104 PE107 [c8]
FILL &

pienow Gl
o AVI16 Il 28KT 445 26KT

To Injectors 1,23

Fill Valve
Operation Injestion Mode Real Tim, e —
Timadisten soe
Valve Driver Arm iy Gontrol Permissive e
v s | EE= FEISE 258t
resfaceres] FILAMENTS AND  Filament Filament Bias Voltage NBTIV _MBMODE
BIAS VOLTAGE w1 e | AuTomac
> W VA

Bay K

i
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COE Panels

- LHS panel status:

- Test cell status

- Loop status

- E-Stop status

- Permit to pressurize/vent the SLD

- Enable and arm permits to FCPC
for configuring TF/PF/CHI line and
ground SDSs

- Reset hardwired faults

 EsH L RHS panel status:
- Provides final arm for FCPC/NB/RF(ECH)
e ST after systems are ready
' . - E-Stop alarm and acknowledge
- E-Stop button and resets
- Enable and arming permit for NB and RF
to configure

.....

PEAMT ™
EnasLing
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COE Operations

% AEE| ()
PC02 o B R = o | PC RIS PCO4 | PCO2 | PCO3 | PCOO | AU Reret
- RESET SDSGND  SDSLINE  ECPC 00
— : P RIS/Halmar/GndFIt Page
OPEN | opene O om B0 mich
- . oo — TF PF2L OH PF3U PF3L
8
OPEN apene: - OO Om B0 m$ = RIS
PFIB opin | opened  [NGHGREN o e | i | S
PE20 opEN | opened  [JGHOREN B2 e || |
) [re— 12T
PE2L opEN | opened  [REHOEEN o fsm O T8 | status ¥ PF2L o PR3 PFaL
PESU OPEN | opened  JGHOREN &% | Ghoen | CEich i
rlrn
PF3L OPEN | opened - A R e micE Status TF PF2L OH PF3U PF3L
RDY AIR BN LINS LT H l
PE4 OPEN | opened  [JHGSEN oy AR S Em | S e
e e OO TF PF2L OH PFaU PF3L
PES_OPEN opened - O O B0 m_fu] EEDS Pos  Neg Pos  Neg Pos  Neg Pos  Neg
v _OPEN | opened  [JHOSEN oA R mich || cndel
— Status TF PF2L OH PFaU
— [ «~«w WE B3 Instn
on _open | opened | NEHGRE e e e oot Gndlt
Status TF PF OH CHI SP1-2
mun | puss IR =)
RWM _OPEN | opened - O 0= G Halmar ~ SGEP 00 Branch?
27 Relay
Mt o e Status Series RWM PF2L
16 OPEN | opened RDY AIR w  HE ND NG N3
oK | om _aost | == R Branehd Branehd PG RIS Test Page
......... " 121/0vrCrnt/Halmar RESET
\ 8@0p Ao
PCO3 o | S S — PCO5 PCO4 | PCO2 | PCO3 | PCO0 |  PAUXResst
—T— RESET  SDSGND SDSLINE FCPC 00
pr1av [JORERH Qlost | cosed A% A5 gy (mich NSTX HCS STATUS MONITOR
pr1aL [JORERH QOSE | cosed [ M g oy mich TF OH PF1 PF2 SPA
i coost| deed (05 & I |E B R o
n 40wy [ | ACP
pr2u [ORERI CLOSE | closed (9 (™ O ey micH || ] eoms B svicow || SPA
EDY ALK o U LRCI TS SDS ACP
et [JGRER CLOSE | closed (3 5 O@ mim PR PERM PoR Pon SUICUR2 |
prau |JORERI cLose | closed | (M M GF gy | i - -
i | e BN 0 VL1 1 L1 SPA2
PFBL- CLOSE | closed (9 3 Do En @ mich NS FIRIIIJ'L% R EAGL relay SU2CUR1 .
)| CLOSE | closed (% A% S By migy N | e
PF5 CLOSE l d ALR GNY. LINS L) E ny LVL3 LVL3 LVL3 LVL3
_omax | _auosE | dosed 12 2 tE: a FAULT FAULT FAULT FAULT Telay W
o [ aosE| deed % B cmicH s | Bsuan SP.M
w T LVL 4 LVL 4 LVL 4 ACP
o G _ClosE | closed | £ AN 5: ; FAULT FAULT FALE bt relay | I suscune
F4
- & B
RWM - CLOSE | closed ALk = AUX AUX AUX CHARGING
= - Gm | eaulr FAULT FAULT FAIH relay coent | INTEER
...... an Fax m
i | CLOSE | closed (2 A% [y WO WA NG B
G Cim Cim Cim Reset ACP/SPA
i s PC05.adl 12Feb2009 jd

* Monitors configuration of

the FCPC SDS and ground
switches.

* Gives permissive to FCPC

to make configuration
changes by placing the
switch on the COE panel to
configure

* Monitors fault conditions

and resets faults when
systems are satisfactory

Physics Operations Course

July 29, 2015



COE Operations

ACP Monitor " Clock Control Page  gpot# 136451

=m Oy Ao aess el * Vonitors ACP for faults and
[7 Time smce [ Time to 71 .
U resets when satisfactory

NB Sync

=

*Lower right corner is a
summary page of the status of
a various systems

SGI Probe not Retracted. Se

(poke selectlon)

Mode

Continuation
Stop at EOC

120

60

10

000

1.0

0.0
fpanteo
o]

3.5

310

. .
T Sets minimum clock cycle,

524 (NB interlock 2.5 minutes) and

il e starts clock when all systems
Reed Oy | PAUX Reset | 0 Composite Status p Rate ECH Monitor Naif» y
! = Total Cycle secll Klystron Rack Pwr d | d
da 1] {wsos ¥ ystro
T O IR a— ) Ao ana personnel are ready
Conductivity i RIS I2t Pot % W ECH Ctel
Temp. Switches 0 ok | e
Supply Water Temp. .Lp'l ’PIL. w d H;S :t;tns
P e eeptieeptierd L Water System S
2 Dew Point Alarm Max OH Out 12 degC
Interlk S degC
. GDC GEM nterlk Stpt legCJ| ECH HV Intlk
HP Supply Pressr. MAXTemp  iei{erin
PLC Commands Center Stack
Ol.ltbd DiVl‘tl‘ ECH VSWR/Are Det Latch
m FCPC Permissive Normal Clear
Coll/CHI Pwr Sup GND Switch Vac Vessel
- CHI Mode
Inner/Outer VV GND Status EPICS Fcpcperm N Legend
| Normal | PLC Remote/24V loss Top JE0TT 10C PLC H Coil/CHI GND(UIE] xx good
PLC Counter Value Mer e ) CHI Mode R —
selcost lam fomPLC (] 0 AT oo
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LEVEL 1 FAULT OVERRIDE

OH L1 FAULT

o)

&

L1 FAULT SOURCE

LOOP VALID

© HSC PWR OK ‘ouv
O Ip L1 FAULT

WDT ¥ "“V
© DC PWR OK ‘-16v
© DC PWR ON
© RT PC TF L1 "5"
O RT PC OH L1 ‘m
© RT PC PF1 L1

RT PC PF2 L1
" SUMMA L1 3lls
© L1 SPARE 2 @
TRIANGLE

B-AE4490
-501

OPERATIONS|

KEYCARD

B-AE4509-519

EXPANSION
p L1
RESET

L1 FAULT SOURCE
© BUFFER L1
5 © SUMMA L1
© LATENCY L1
SPARE 1
© SPARE 2
© SPARE 3
© SPARE 4
© SPARE 5

TF TOTAL CURRENT

©
CUR2
<

©

|

nstx-riud




Controlled Access and Shutdown

Controlled Access
- FCPC, NB, RF, CHI shutdown and safed

- FCPC then vents the SLD

- Machine tech obtains the SPA kirk key from the
transfer station on 2" floor of FCPC

- Machine techs let personnel into the test cell once all
systems are safed (HP may be first)

- Activity is monitored by machine techs and search and
secure is performed before exiting the test cell and loop
is set

Shutdown

- All systems safed (FCPC, MG, NB, RF and MPTS) and
SLD vented

- Cool down LITER probes (couple of hours)
- Kirk keys back at test cell door

- Place test cell in Free Access (typically 10-15
minutes after last shot)
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Conduct of Operations

At the Controls Area

Health Physics

Stubborn COE

Communications

Emergencies and Off-normal Events



