Extent of condition reference materials

Meeting with engineers to determine their concerns for extent of condition 5/19/2015
9:00 Center Stack Project - Larry Dudek (discuss walk downs)
9:30 Center stack configuration and hookup (Raftopoulos)
TF connections (Raftopoulos)
10:00 Ground plane connections (Raki)
10:30 TF connections (Raftopoulos)
11:00 Water connections (Atnafu / Titus)
11:30 Integrated testing/startup — C. Gentile / Al von Halle
1:00 Test Cell Ground fault detector (Schneider)
1:30 DCPS System — S. Gerhardt / Tim Stevenson

Analysis of bakeout conditions
A. Brooks



Larry Dudek
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e Following included in white
paper

—-Grounding Clamp - NEW
design (Raftopoulos)

—-Grounding of OH Preload Assy
- Design to solve underway
(Raftopoulos)

—OH Water tube insulator/
supports - New Design passed
electrical tests (Atnafu)

—-Grounding conductors missing
on floor mounts to busswork
(Atnafu)
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—OTF Finger Supports (Sibilia)
+Newly identified cracking of
G10 cups.

+Adding structural adhesive
should eliminate the problem
but will make future
disassembly more difficult

—Electrical Contact Surfaces
(Sibilia)
+Stains found on TF joints

4+Have price quote from local
tester to perform analysis




e OH Coaxial Bus (Atnafu)

—-Design change to eliminate
epoxy potting of the

—Concern regarding bending in
center conductor

—-Plan to inject epoxy after
installation to fill gap between
G10 and copper




eOriginal plan was to use brazed assemblies

eRelatively highly stressed parts required CuCrZr which could not be
brazed and maintain strength - went to ebeam weld joint

e Tested E-Beam with Class 2 CuCrZr material
e Production parts were specified with harder grade of CuCrZr

eFirst set of parts were unmanufacturable with specified alloy. Weld
cracking due thermal stresses of E-beam welds

eSecond set also required redesign due to as-built conditions found in the
umbrellas requiring shortening by 1 inch

e Fatigue life of one Type (12 pcs) was insufficient due to as-built location
of weld.
—-Replacements ordered with new weld location for changeout after first year.

eChanges were expected to allow for final fitup via field drilling of holes.
Last minute decision to drill holes at supplier required relocating holes
during installation.

—No indication of any issues with these pieces, but they will also be replaced
during installation of parts above.




el ate in the design, discovered can had line
of sight to divertor area

eSpace is extremely limited
—-Heat shield was eliminated due to CHI concerns
—Decision was to “scan” the plasma to avoid large
heat build up
e Countermeasures
—Added TCs to monitor

—-Added belly band around coil to minimize stress
at welds due to thermal excursions

—-Added weld in the corner area to maximize strength




Steve Raftopoulos

EXTENT OF CONDITIONS

IP-3572
Final Center Stack Installation Activities

IP-3565
NSTX-U Outer TF Lead Supports
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D-NSTX-IP-3572

e |P-3572 guided installation of and connections to the
Center Stack:

— Install Centerstack Assembly

— Install ceramic break assemblies

— Install upper and lower CHI flag assemblies
— Connect Organ Pipe Diagnostics

— Install OH bus

— Install Upper and Lower PF1 Buss

— Install cooling hoses for- inner PF coils, ceramic breaks, CHI and
IBD

— Pre-assemble TF Flex buss to OTF lead extensions
— Install TF Flex Buss and supports- upper and lower
— Install upper and lower umbrella lids

— Connect TF bundle cooling hoses



D-NSTX-IP-3565

* |P-3565 guided the installation of the TF Lead
Support System.

— Support segments and weld gussets
— G-10 insulating boxes (3 types)

— Connection stiffeners (3 types)

— Shimming and/or potting

— Bolts and spherical washers



Managing Field Work

Procedure approvals (both)
— Author — Steve Raftopoulos
— ATl —Joe Winston
— RLM — Erik Perry
Coordinated via the work control center
— Daily coordination meetings with larger audience
— Twice weekly meetings with WCC group
— Constant communication between WCC group

When a field change or engineering input was needed someone
from WCC group (typically Raftopoulos) would interface with
appropriate parties in the MED and FOM divisions.

— Custom shimming the TF flex straps to achieve alignment
— Super-bolt lubrication and torque determination

— Cooling tube support brackets

— TF Connector support brackets



Field decisions

Difficulty: TFOL flags and the Inner TF leads did not
point at each other.

— Solution: Custom machine angles onto the spacer blocks
and/or add wedge-shaped spacers to get the electrical
faces to connect.

Difficulty: Specified structural adhesive not available:

— Solution: Hysol/glass bead slurry was substituted, but
abandoned for shimming when the fit between parts was
deemed tight enough.

Difficulty: Support brackets for the OH cooling hoses
not included in design.

— Solution: Design based on the support brackets used
during NSTX campaign, was field fit.



Concerns

Cracked G-10 in the TF Lead connector support.

— Four (of 12 in upper umbrella) middle support G-10 isolator are cracked.
None appear to be cracked in the lower umbrella.

— Structural shim is now available. This should alleviate concerns with fit-up and
cracking

OH Coax connector — Pot with Hysol epoxy to eliminate all motion
between conductors.

— Will add safety factor to OH electrical connection, however holes will be
drilled through the coax outer wall and the G-10 insulation. If the potting

leaves voids in the G-10 holes, insulation may be compromised.

OH ground plane - lower grounding point.

— Has benefit, however the installation of a lower grounding location is not
without risks. Many energized components in the area (PF-1A and PF-1B leads
are to the left/right and the OH coax is below the only location that we can
add a lower grounding point.

Tarnished silver plated TF electrical flags

— Silver plated electrical contact faces have discolorations. Present at both
upper and lower umbrella locations.

— Contacted vendor for analysis.



OH Ground Plane Lower Grounding option




OH GROUND PLANE
CONNECTIONS

S.RAMAKRISHNAN
NSTX U Power System
May 19 2015



OH GROUND PLANE

* OH POWER LOOP WAS DESIGNED TO PROVIDE
6KV +/-24KA.

* SIXTRANSREX POWER SUPPLY SECTONS EACH
OF 1KV ARE CONNECTED IN SERIES IN BOTH
THE FORWARD AND REVERSE BRANCHES - IN
ANTI-PARALLEL
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OH GROUND PLANE

Floating Circuits

Artificial Null through resistance network

In OH maximum ground leakage current < 500mA (about)
Total of four ground detection devices in all circuits

One Ground fault

— One timed OC (DBB)

— One device for Positive

— One device for Negative

— One Instantaneous (In TF added in 1989; in OH added in 2002)

TF, OH have dedicated ground detection devices; All PFs
are grouped together



OH GROUND PLANE

* Purpose

— Industry practice is to provide Ground plane in
electrical apparatus above 5kV,

a) uniform distribution of electrical stresses
b) Corona effects and

c) facilitate proper insulation testing.

d) facilitates ground fault detection

In NSTX OH system the operating voltage is 6kV and
is a candidate for the provision of a ground plane.



OH GROUND PLANE

* Pre-Upgrade

— Braid was provided around (without forming a
loop).

— This was connected to Inner vessel via 10 ohm
resistors

— After the first OH ground problem in 2001 the
design was reviewed and a new design was
recommended — see Charlie Neumeyer’s memo.



OH GROUND PLANE
PRE-UPGRADE DEPICTION

CARBORUNDUM
TYPE 891SP
100

TYP

AAA
VW

18 AWG
40kV
TYP

17
l_ L RELEASED FOR
G FABRICATION / INSTAL

PPPL Drsfingjerome siegel

1/2° WIDE BRAIDED
COPPER STRAPS INSULATED
ON ONE SIDE (WHITE BAND)
TYP.
LEGEND
w A — INNER VESSEL WALL
< B — TF HUB ASSY
o
P D — OH G.P. SOUTH
& E — OH G.P. NORTH
o F — OH G.P. SOUTH
I G — OH G.P. NORTH
= H — TF HUB ASSY
J — OH TENSION TUBE
D E
L
A
M CARBORUNDUM NOTES:
4 4 TYPE 891SP S
TENSION 2 2100 1. THE OUTER SURFACE OF THE OH COIL IS PROVIDED
TUBE [ TYP WITH CONDUCTIVE PAINT AS FOLLOWS:
A) A HIGH RESISTANCE SIMICONDUCTIVE VANISH (RANBAR
INNER BOTTOM B—2-135, 2000-5500 ohms PER SQUARE) OVER THE
VESSEL ) " ENTIRE SURFACE.
vacL -} 7 B) 12 SEGMENTS OF LOW RESISTANCE PAINT (TECKNIT
A P/N 73-00081 FOR 1 GALLON CAN — SAME AS
18 AWG P/N 73-00025 FOR 160z CAN) OF CONDUCTMITY
40kV 1" OHM PER SQUARE. THE BANDS PROVIDED BY THE

HIGH RESISTANCE LIMITS THE INDUCED TOROIDAL
AND POLOIDAL CURRENTS.

C) THE UPPER TWO SEGMENTS AND THE LOWER TWO SEGMENTS
OF LOW RESISTANCE PAINT IS CONNECTED TO THE INNER
VESSEL VIA TEN ohm RESISTORS.



OH GROUND PLANE

Adhesive Kapton Tecknit Consil-E
Tape 1" width Silver filled Silicone

G-10 Elastomer 1/16" x 1/2"

1/16"x 1" attached with Technit
Conductive Adhesive

G-10

]/8" X ]u

SS Worm CH Coll
Gear Clamp
Existing Lo
Resistance

Tecknit Paint

Existing
Hi Resistance
Ranbar Paint



OH GROUND PLANE

Apparently there was not enough time to
implement the new design

The braid per old design continued

Per Jim Chrznowski’s request the writer conveyed
the recommended ground plane requirements



OH GROUND PLANE

* 1. Provide a ground plane for the OH Coil using a
conducting paint of 200 Ohms per square.

e 2. Provide leads to ground (Inner V) from this
plane using a 10 ohms. 20W resistors.

* 3. Provide an overcoat on the ground plane using
a non-conductive paint.

* 4. Provide insulation for diagnostics/
instrumentation in the vicinity

want to add that two ground connections be
orovided — one at the top and another at the
pottom




OH GROUND PLANE

Extract from JC’s procedure for the
upgraded center stack

7.6.4 Mask off eight inches from either end of the OH solenoid. (See Figure 8)

7.6.5 Using a roller, carefully paint uniformly the outer surface of the OH
solenoid with the conductive paint. Be sure not to paint either end of the
masked off areas of the OH coil.

& inches & inches

Ground plane coverage

Figure 8- Outer OH Ground Plane
13.78 ft long x 21.6 dia.



OH GROUND PLANE

* | understand that per Steve’s directions following drawings
are being generated:

— E-DC1942 - Center Stack Grounding Scheme

— E-DC1943 - Upper OH Coil Coolant Tube Support Details (model
& details complete, pending review/approval)

— E-DC1944 - Installation of OH Coil Coolant Tube Supports

— E-DC1945 - OH Ground Plane Braid and Clamp Assembly (model
started)

— E-DC1946 - OH Compression Ring Insulator Spacer (model &
details complete, pending review/approval)

* Height over which the paint is applied: 13.8" (approx)
 Diameter of the surface: 21.6” (approx.)
* Approx. resistance top to bottom — 500 Ohms



OH GROUND PLANE

Charlie’s memo in 2001:

*  Upon removal of the OH coil to repair the ground fault, some pitting and was noticed on the
surface of the Tecknit ground plane paint over which the existing ground plane connector was
installed. See figure 1, area just above flexible braid.

Figure 1 - Pitting Under Existing OH Ground Plane Connector

It appears that the existing ground plane connector, consisting of a flexible braid pulled tight
around the coil and secured with a G-10 clamp, does not make good contact with the ground
plane. Although the current should be small (around 100 mA) and short lived (see reference
[1]), it appears to be sufficient to cause the observed arcing and pitting if the contact is poor. In
fact, during recent troubleshooting activities related to the characterization of the OH ground
fault, the two connectors on the top of the coil were very loose and virtually open circuited

Figure 1 - Pitting Under Existing OH Ground Plane Connector



OH GROUND PLANE

Better to provide connections to paint from a) Top and b) Bottom

Periodic resistance measurements of the paint from top to bottom can be taken.
Good approach is to use a design shown in slide 8. If Technit is not available 3M
products can be used — conductive rubber tape. Check temp. withstanding
capability

Tinned tubular (flexible) copper braid can be used as an alternative approach
Spring steel %5” wide SS strip —approx 6’ long

Insert the SS strip through the braid (

Spring Steel - Stainless Spring Steel Strip | Precision Steel ...)

Bend the ends of the strip

Bolt the braid on to the projecting portions of the SS

Keep 4” gap after going around the painted portion

Provide G10 strip

Provide insulating bolts clamping the strip with springs

Connect one end of the SS ring to the | V through a 10 ohm resistor — one at top
and another at bottom.




OH GROUND PLANE

Terminals (/terminals.asp) | Shielding (/shielding.asp) | Home Theater (/hon

MBNO.5
by Techfle




OH GROUND PLANE

18AWG
20kV
(TYP)
R1 ‘ INNER
AAA——& VACUUM
100’ VESSEL
20W (CATEGORY 3)

HOLE THRU SS AND BRAID
WITH BOLT, NUT & LUG

7 ———
12" 316 SS ( 6
1 —_——

1" WIDE GROUND BRAID i




OH GROUND PLANE

/7 ~@22.125

R1

10Q
20W

10Q
20W

INNER
VACUUM

| VESSEL

(CATEGORY 3)



OH GROUND PLANE

Electronics Product Catalog 3M™ XYZ-Axis Electrically Conductive Adhesive Transfer Tape 9764: Elec... Page 1 of 2
e |
m All 3M Products Newsroom About 3M

Electronics

Unitad Statas [ 0 T ¢

Products Industry Market Contact Us

ducts > E ocs > ECB 4A HecironicsGiobal > Products > Elect
> 3M™ XYZ-Axis Electrically Conductive Adhesive Transfer Tape 9764

3M™ XYZ-Axis Electrically Conductive Adhesive Transfer Tape 9764

s>alaME
for T8

qics Products Cataleg > EMI/EMC Maredals > Eleciically Conductive

Part Number 9
* Print
3M™ XYZ-Axis ECATT 9764 is a double sided tape with ane
side removable, conductive febric based isotropically electrical | Ne®d HeIP? * Shere
conductive tspe. Conducts electricity through the thickness
(Z-axis) and in the plane of the adhesive (X, Y planes) Questions? We can help

Contact Us

Easier rework as greater face side to back side adhesion
delta

Easier rework version of 9732

High and Low adhesicn sides

* Isotropic XYZ-axis electrical connectivity

ANl HiL

Like Bethe first of your friends to like this

Overview  Documents
Specifications
Adhesive Type Conductive Acrylic
Application Category  EMI/EMC Applications , Bonding
Applications Antenna Bonding (with Grounding) , Flex Stffener Bonding (with Gre
Groundng , Static Dissipation, Flex Bonding (with Gro EMI

(with Grounding) , Metal to Metal Bonding (with

Conductivity Direction  X/Z-Aus Conductive

Conductivity Filler Serim
Type

Product Series 3764
Total Tape Thickness & mil
without Liner

Total Tape Thickness  0.15 mm

without Liner (metric)

Product Disclaimer

+ The technical information and data shown on this page sheuld be considered representative or typical enly and shauld not be used for specfication
purposes,

http://solutions.3m.com/wps/portal/3M/en_US/Electronics_NA/Electronics/Products/Electronics_Product ...  5/18/2015



OH GROUND PLANE
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OH GROUND PLANE

"BOTTOM"

3KV 10 G

15KV 10 Ground

LOCKING JOINT

YT —

g

0 Volts to Ground
This is the NULL point
L x

ST Y —

g

2 |- 15KV 1o Ground
g

SLe_ o
3KV 10 Ground

o= “an

Note

Note that the Zero potential (NULL) point is at the Bottom of the

Above potential distribution assumes "P" as Positive and "A” as Ny

achine.
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EXTENT OF CONDITIONS

Water Systems and Connections
&
Coils Bus Bars

Tuesday, May 19
By: Neway Atnafu



Water Systems Overview

NSTX-U Water Systems Installation was completed using the following
documents:

— Job Number: 9417****3200
— Work Planning Number: 1920
— P&ID Drawing #5GA522, Rev-2

— Procedures: D-NSTX-IP-3598 Rev-1, D-PTP-WS-08 Rev-3, D-PTP-
WS-011

— NSTX Failure Mode and Effects Analysis: NSTX-FMEA-71-10 Rev-11



Water Systems Overview

NSTX-U Water Systems Installation took the following steps:
— |IP, JHA, Work Permit and Blue Package was prepared
— Pre-job briefing was given to all personnel involved in the work
— All fabricated hoses and fittings were tested before installation

— The installation was completed in a step-by-step technique and
using check lists to verify that all work was covered

— Hydrostatic and leak test was done on all installed systems and
PTP performed



Problems and Solutions

The issues encountered during the installation of NSTX-U Water
Systems and the stapes taken to resolve the issues:

— There was overflow in the TF Coils which reduced the amount of water
flowing into OH and PF Coils. Temporary Fix: The flow in each TF lines
were set manually using the ball valves. Permanent Fix: Currently
Orifices are being installed per #D-NSTX-IP-3710

— There were some confusion with the flow requirement for the PF coils.
The requirements were made clear and the flow was set within
acceptable range.

— The flow switches on the PF-1 (BU, CU & CL) coils were not sensitive
enough to measure the low flow rates. The flow switches were
replaced with unibody flow switches



Problems and Solutions

The issues encountered during the installation of NSTX-U Water Systems and
the stapes taken to resolve the issues:

— The flow switches on the PF-2, PF-4 & PF-5 coils were not sensitive enough to
measure the flow rates. Temporary Fix: The return lines of two coils were teed
into one venturi which doubled the flow rate and enabled the flow switches to
read. Permanent Fix: There is a plan to install new venturis and re-arrange the
flow switches

— The jumper hose between the outer and inner OH buses was too short (<1 ft)
which created leakage during hi-pot testing of the machine. The jumper was
replaced with a long hose which eliminated the leakage

— The issue with the thickness of insulation and thermal gradient between the
OH and Inner TF Coils. There is a work going on to install PLC-Controlled water
heater which will be able to provide OH Coils with a profile water temperature



Problems and Solutions

The issues encountered during CD-4
Shots and the stapes taken to
resolve the issues:

— Four of the eight Upper OH Caoil
Fittings were burned during the
recent incident related to the OH

Grounding Cable.

— The clamps which was holding
the fittings were also damaged.

— The SS Braided hoses were
intact.




Problems and Solutions

The issues encountered during CD-4
Shots and the stapes taken to
resolve the issues:

— Inspections and leak tests
proved that no damage occurred
to the OH Caoils

— Hydrostatic test was performed
and the coils passed the test

— New clamps are being designed

— The new clamps will replace all
existing ones




Problems and Solutions_

The issues encountered during CD-4 Shots "" ‘
and the stapes taken to resolve the issues: \/‘
— The New clamp drawing #E-DC1943 ‘
— Sample clamps were fabricated and <4
passed 26 KV hi-pot test \

New OH Clamps Hi-Pot Test Result

Hi-Pot Voltage (KV) 0 5 9 17 26
Duration (Min.) 1 1 3 5 5
Measured Current (HA) 0 0 0 0 14
Calculated Resistance (GQ) oo oo oo oo 1.86

The acceptable resistanceis >= 1 GQ



Bus Bars Overview

NSTX-U Bus Bars Installation was completed using the
following documents:

— Job Number: 9417****5501
— Work Planning Number: 1903
— Drawings E-DC1761, E-DC1758, E-DC1760 and E-DC1498

— Procedures: D-NSTX-IP-3525

— NSTX-CALC-54-01 and NSTX-CALC-55-01



Bus Bars Overview

NSTX-U Bus Bars Installation took the following steps:
— |IP, JHA, Work Permit and Blue Package was prepared
— Pre-job briefing was given to all personnel involved in the work
— All fabricated bus bars were tested before installation

— At completion of the installation, joint resistances checked and
hi-pot tested.

— The buses had gone though PTP with no issue.



Problems and Solutions

The insulation on the Outer CHI
Bus Bars changed color.

Discussions were held between
EEs, MEs and construction
personnel.

It was discovered that bakeout
was done at 8 KA. Bakeout
usually done at 4-6 KA

The plan is to install
temperature stickers and
measure how hot the conducts
get.
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If necessary, the insulation can
be replaced with high-
temperature materials.




Problems and Solutions

— The bus supports to the
ground were not grounded
appropriately.

— Discussions were held
between EEs, MEs and
construction personnel.

— There is work going on to
generate electrical drawings
and install grounding cables
which will connect these
supports to the umbrella
structure.
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TF RETURN BUS ASSEMBLY
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OH BUS ASSEMBLY CH BUS ASSEMBLY

NSTX UPGRADE BUSES




Problems and Solutions
/ 3

The OH Co-Axial Bus was
not filled with Expoy as the
parts were needed to be
removable. #E-DC1750

The radial clearance
between mating parts was
0.01”

Discussions were held
regarding the need to fill the

gap.

The detail will have to be
worked out, but there is a
plan to fill the gap with
epoxy in the field.




THANK YOU!!!
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NSTX-U CS Installation — Documentation Package Items

« NEPA 1466
 Work Package 9417 **** 8250
« Work Planning Form 1672

» Final Design Review Committee Report for the National Spherical Torus
Experiment (NSTX) Upgrade Project

* Engineering Work Package 229M

* Procedure # D-NSTX-IP-3572 “Final Center Stack Installation Activities”
» Lift Procedure Number D-L-NSTX-1047

 NSTX Failure Modes & Effect Analysis / NSTX-FMEA-71-10

« |STP-001 — copy of run copy with external review committee

« NSTX-02, Rev 14 — copy of run copy with external review committee

- Documentation package is fairly comprehensive. Some technical details
could be improved — in the works
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NSTX-U Startup Documentation

* Run Copy of ISTP-01 — Approved and in place

* Run Copy of NSTX-02 — Approved and in
place

* Blue Folder Package

NSTX-U NSTX Upgrade Project — OH Fault Extent of Condition — May 19, 2015 3



Documentation

 There is a well documented (blue folder) work package for the installation of “
Final Center Stack Installation Activities”

« Design reviews appear to be comprehensive , but lacks details associated
with coil grounding strategy

« ECN’s appear to be well documented in the drawing(s) package

» No details associated with the OH Ground Plane Braid are depicted in
system engineering drawings. The Ground Plane Braid is not shown on
Center Stack drawings. While detailed mechanical drawings exist, there is
only an old drawing ( from the first center stack ) to show the electrical
grounding in the CS

NSTX-U NSTX Upgrade Project — OH Fault Extent of Condition — May 19, 2015 4



Recommendations, Conclusions, Actions

* Provide better / more specific depictions of the OH in the
system drawings — in the works

* There is a lack of policy regarding referencing (grounding) of
machine structures. This needs be developed — in the
works

* There is no design drawing depicting machine structure
referencing (grounding) — in the works

« There is no detailed engineering design for OH ground plane
clamp and ground strap — in the works

NSTX-U NSTX Upgrade Project — OH Fault Extent of Condition — May 19, 2015 5



Final Conditions / Actions

« NSTX-U ACC will convene to review those actions
performed to address the OH fault issue(s)

* Report, post ACC review will be sent to Deputy Director of
Operations

NSTX-U NSTX Upgrade Project — OH Fault Extent of Condition — May 19, 2015
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SHOT 200185 OVV to IVV LOOP FAULT

< 4 Minutes
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SHOT 200185 OVV to IVV LOOP FAULT

< 15 Minutes

IVV to OVV LOOP FAULT
IVV

OVV DATA INCREASES AFTER FAULT CLEARED
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SHOT 200190

< 20 Minutes

200190
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Data Acquisition User Interface
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Data Playback User Interface

<« 24 HOURS
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Definitions

e GROUND — An electrical connection to Earth

— In an electric circuit, a common return path may not
necessarily be connected to Earth

« SINGLE POINT GROUND - Circuit Grounds returned
to a common point

— Where not practical a Ground Bus can be an adequate
substitute

Raymond Gernhardt & Hans Schneider %P P Pl

PRINCETON PLASMA
PHVSILS LABORATORY
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Definitions
(continued)

« GROUND LOOP — Unwanted current flowing in a
conductor connecting two points that are supposed to be
at the same potential

— Sometimes called a Current Loop

 GROUND FAULT - Circuit with a compromised (high
impedance) or open Ground connection

— Note: Ground Monitor System Self Test failures are also called
Ground Faults

Raymond Gernhardt & Hans Schneider %P P Pl 11
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Fault Definitions

* Loop Fault — Ground Loop Current above set threshold

* Ground Fault -
— Ground connection impedance above a set threshold
— Ground Monitor System Self Test failure

* Over Voltage Fault — Receiver coil circuit saturated

— Receiver circuit output above a set threshold
— Caused by “Hard” Loop Fault or extraneous external signal

Raymond Gernhardt & Hans Schneider %P P Pl

PRINCETON PLASMA
PHVSILS LABORATORY
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Ground Monitor System Purpose

e Ground Loop & Ground Fault Detection

— Real Time 1ndication during installation, maintenance and
machine operation
e Inner & Outer Vessel walls cannot be monitored during CHI operations

* Ground Loop & Ground Fault Troubleshooting

— Assists in determining Fault cause and location

Raymond Gernhardt & Hans Schneider %P P P l 13
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NSTX Ground Categories

CATEGORY Description

1 General Purpose AC Systems (outlets) —
Building Steel Common

5 General Purpose Diagnostics —
TFTR Ground Pit Common

21/3 Inner Vacuum Vessel Common
4 Outer Vacuum Vessel Common
5 Neutral Beam Grounds

Raymond Gernhardt & Hans Schneider %P P Pl

PRINCETON PLASMA
PHVSILS LABORATORY
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NSTX Vessel Grounds with Faults
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Theory of Operation
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Test Cell Grounc} inult Monitor (GFM)
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OVV & IVV.GND BUSES with I{( & R>!< Coils

OVV GND BUS

IVV GND BUS
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Category 2 GND BUS with TX & RX Coils
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NTC EAST WALL CAT. 2 GROUND PLATE

Hans Schneider
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NTC WEST WALL CAT. 2 GROUND PLATE
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System Block Diagram (GFM)

MONITOR ASSEMBLY

[ e o ‘ez

PLC - GFM CHASSIS I

o >

RX COIL
x| o \ /
< — S
o o P NN
TX COIL GROUND FAULT MONITOR

SELF
CALIBRATION UNIT
TEST TERMINAL
CIRCUIT BOARD

BUZZER, STROBE,
BUZZER SILENCE BUTTON
ASSEMBLY(S)
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System Block Diagram (PLC)

TVPS & GAS | F/O
PLC —

|

EPICS |

Raymond Gernhardt & Hans Schneider

CONTROL ROOM

TEST CELL

PLC - GFM CHASSIS

GROUND FAULT MONITOR
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Timing Cycles
RUN & SEARCH MODES

LOOF FAULTTEST FILTER
SETTLE

PERIOD

15 SECONDS 1 SEC 1 SEC 1/2 SEC 1/2 SEC

START OF PULSE (SOP) SOP + 72 sec
(T = -10 seconds) (T =62 sec, 72 sec from TFTR)
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Operational Modes
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TFTR to NSTX Modifications

* Increased Loop Fault sensitivity
* Glow Discharge and Machine Permissive hardware

functions remain but are not used. PLC software can be
modified for future use.

Raymond Gernhardt & Hans Schneider %P P Pl

PRINCETON PLASMA
PHVSILS LABORATORY
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TFTR to NSTX Modifications

(continued)

* Fault Buzzer & Light changed from 120 vac to 24 vac
— New Buzzers, Lights & Buzzer silence Buttons

— Configured for up to 6 Buzzers, Lights and Buttons
— BUZZER - Fast Intermittent Sound, 2500 Hz at 85 dB

— LIGHT - Xenon Strobe with Clear Lens, 1 Hz Flash Rate
« All NSTX faults produce same Buzzer sound and Light
flash rate

— For TFTR Ground Faults the Light & Buzzer were pulsed on
and off.

Raymond Gernhardt & Hans Schneider %P P Pl

PRINCETON PLASMA
PHVSILS LABORATORY
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« DCPS Primer
« Concerns about DCPS
* A new “damage avoidance” feature added to PSRTC
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What is DCPS

 DCPS is the “Digitial Coil Protection System”

* |tis a suite of computers, data acquisitions systems,
custom software, custom hardware, automated
testing systems, procedures, and parameter data.

 The DCPS is primarily designed to protect the
NSTX-U coils and their mounting hardware against
excessive mechanical loads.

* Itis NOT a global machine protection system.
* Itis NOT a rectifier protection system.

NSTX-U EoC Review — DCPS, Gerhardt (05/19/2015)



Simplest Block Diagram

FCC and JA DCPS have
_ identical code, and are the
R same executable file, but i)
B Measurements get their input from different
]l\ sources, and ii) send their
output to the rectifiers

l 2 measurements per coil different ways

Fault Hardware User
Interface
Detectors *
s A lFPDP Data Link
A Local Acquisition
FCC DCPS &

v Plasma Red for Junction Area
J — Control Green for FCC
tnction Area Computer Blue for FCPC

Power Supply L 5,
Suppress and NS IJl ‘
Bypass X

A %

Hardware User
Interface

Firing

Generators — < FPDP Datalink This block diagram is
< missing A LOT of details!

@D NSTX-U EoC Review — DCPS, Gerhardt (05/19/2015)



Input Data to DCPS

« Parameter data that controls all of the DCPS function is
stored in the "“DCPS Configuration Spreadsheet”.
— Ask for a copy if you want one.
— One instance of the Configuration spreadsheet contains the
information to make for FCC and JA DCPS parameter files.

* Realtime data is limited to some limited digital status and
timing information, and 2 measures of the coil current for
each coil system.

— No line-switch positions, no coil voltages, no water temperatures

NSTX-U EoC Review — DCPS, Gerhardt (05/19/2015)



Both DCPS Instances Can Shut Down a Shot

- JADCPS

— Two ways to abort the shot:

» |If a overcurrent/stress/torque/force/temperature/moment is exceeded, the “SW L1 Fault”
lines go low.

 If it detects too large a difference between Cur1 and Cur2 for any given coil, code aborts
— This is called an “auctioneer error”
— the 5 kHz watchdog timer is thus stopped.
— the code does not archive any post-shot data in this case.

— These changes (SW fault, WD timer stopping) are processed by the hardware in the
JA and turned into FCPC L1 Faults.

« FCC DCPS

— Two possible actions:

 If a overcurrent/stress/torque/force/temperature is exceeded, then suppress and bypass is
forced onto the FPDP stream.

» If too large a difference in Cur1 and Cur2, the code would again abort, stopping the WDT.
— 0On 4/24/2015, the FCC DCPS heartbeat was not being listened to.
* This was a vulnerability, that has since been addressed by Keith, Ed Lawson, Hans.
* We now get a L1 fault if the FCC DCPS is not running.
» Both cases: the WDT also stops if:
— The code freezes, or has internal timing glitches
— The code aborts due to certain clock-cycle indicators being out of sequence.

@ NSTX-U EoC Review — DCPS, Gerhardt (05/19/2015)



List of DCPS Algorithms

 Qvercurrent
« |2t integrals

— Must limit this due to aquapour.
- Vertical and radial forces on coils -
 Combinations of vertical forces
* Local stresses in OH, PF-4, PF-5

 Torsional Shear Stress

—

 TF outer leg moments

T T _Including the heating after a
TF "OH suppress and bypass

Including calculations of the forces
following a disruption with a simple
model for the post-disruption
currents.

NSTX-U EoC Review — DCPS, Gerhardt (05/19/2015)



DCPS has been Tested and Used

Numerous test procedures

— PTP-DCPS-001: Software Testing

— PTP-DCPS-002: Board Bench Testing
— PTP-DCPS-003: HUI testing

— PTP-DCPS-004: Real world testing

— PTP-DCPS-005: Buffer Chassis Testing.

Dummy Load Testing

— Both DCPS instances generated overcurrent & I%t trips

ISTP-001

— Both DCPS instances generated overcurrent & I%t trips

Configured daily via OP-DCPS-779

NSTX-U EoC Review — DCPS, Gerhardt (05/19/2015)



We Polled the DCPS Team to See if There Were Outstanding
Issues...Get Three Replies

DCPS questions/issues Inbox  x | =
ﬂ Stefan Gerhardt <sgerhard@pppl.gov> May 16 (2 days ago) ‘ - v ’
to Keith, Hans, Greg, Paul, Gretchen, Roman, Weiguo, Andy, Pet¢ |~
All,

The "Extent of Conditions" review panel has cast a wide net.

The are interviewing people, including Tim and |, on Tuesday, and here are the
instructions we got from Larry Dudek:

"With regard to the meeting on Tuesday, Joel is looking for a brief
presentation (20 min.) on areas you believe to be problematic. Items that
need another look."

So, with regard to DCPS, are there any items you would like us to mention? This
could be hardware, software, testing, procedures,...any of it.

Feel free to email Tim and/or |, or talk to Joel yourself if you want to go that way.

And you can forward this email to anybody relevant that | may have missed?

@ NSTX-U EoC Review — DCPS, Gerhardt (05/19/2015)



Reply #1

« DCPS:
— 1. No GUI (if you don't count hanscam01)
— 2. Data Acquisition stops on some WDT "Faults"
— 3. WDT not really used as a WDT

 T-Mods:
— 1. Ip L1 Fault overridden
— 2. Water PLC Permissive, Flow Ok and Over Temp - all overridden.

@ NSTX-U EoC Review — DCPS, Gerhardt (05/19/2015)



Reply #2

« | do think that we should get that BZ fixed and delivered that
makes the auctioneer log output more useful by listing the

actual coill.

« Translation:
— BZ = "Bugzilla”, an electronic means of tracking bugs in codes.

— When there is an auctioneer fault, the code aborts (previously noted),
and it does not tell you which coil system had the transducer
mismatch.

— This is a statement to update the code to document which coil system
drove the abort.

NSTX-U EoC Review — DCPS, Gerhardt (05/19/2015)



Reply #3

« ...the startup procedure for PCS (and/or related codes) was
missing or inadequate. | take this to be an efficiency issue,
one that might cause delays in starting up, rather than cause
damage, but it should be rectified at some point.

 Noted...

NSTX-U EoC Review — DCPS, Gerhardt (05/19/2015)



SPG List of Concerns
(1)

« PCEICs and CoEs are not comfortable determining the exact
nature of DCPS faults.
— Lack of an integrated DCPS GUI is partly an cause.
— We do have a GUI that looks at post-shot data and determines the
causes of faults; not a lot of comfort using it.
« The DCPS configuration spreadsheet is very complicated,
well documented, but...

— ...not sure that it has been thoroughly checked by anybody other than
its creator.

— Tim found a few bugs once, and Bob Woolley checked a bit that he
was asked to look at, but | don’t think there has been a
comprehensive review.

— | am afraid that this could be a vulnerability at a future external
review.
« Similarly, there is no external check that modifications/
updates to the spreadsheet don’t have bugs/errors.

NSTX-U EoC Review — DCPS, Gerhardt (05/19/2015)



SPG List of Concerns
(1)

« We still need to do algorithm benchmarking.

— DCPS algorithms are based on the various models of the NSTX-U
mechanical structures.

« And thus assumptions about the material properties, assembly
tolerances,...

— The DCPS algorithms are only as good as the models.
— Model validation task has bounced between engineers.
* Not a high-priority job at any one time, and so it falls to the side.

— But both the instrumentation, and the follow-up comparisons, are
significant tasks that will need meaningful amounts of time (and $9).

@D NSTX-U EoC Review — DCPS, Gerhardt (05/19/2015)



SPG List of Concerns
(1)

 The DCPS model for how the currents evolve after a
disruption is rather simple, and not accurate.
— It may end up being more restrictive than necessary.
— There may be a request to turn this model off....TBD.

« The DCPS assumes that the plasma is always perfectly
centered in the vessel.

— It has no way of knowing the vertical position of the plasma.

— If the plasma is shifted downward, this will result in an actual vertical
force that is not captured in the calculations.

* Nobody has, to my knowledge, made an assessment of how a 2 MA
plasma sitting on the divertor floor/ceiling would impact vertical forces.

NSTX-U EoC Review — DCPS, Gerhardt (05/19/2015)



New “Damage Avoidance” Feature Added to PSRTC
Algorithm (Roughly...)

« Compute the measured coil current derivative
(A1), oores = (her~lier i1/t
 Compute a model for what the derivative should be
(dl_Jdt) .. =(V
 Compute the error

Rlo: )/Lcod

coil filter = Iccul

(d Ioo ‘/dt)error = (d I cocI/dt)measwed'(g.lcm/dt)model

« Compare it to a limit value

(dloo/dt)max = fcl«'c1vobjecuve?.1ax/l'oo'

* Note: cannot implement this in DCPS because DCPS does
not know the coil voltages.

« Algorithm deliberately “detuned” during DL testing to provide
drive a suppress and bypass.

NSTX-U EoC Review — DCPS, Gerhardt (05/19/2015)



New “Damage Avoidance” Feature Added to PSRTC
Zoom Out (top) and Zoom In (bottom) on Demonstration Shot
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Art Brooks Bakeout Analysis
Impact of PF1b Coil on Inboard Divertor Bakeout

The temperature to which the Inboard
Divertor can reach during Bakeout of NSTX
CS may be limited by heat loss to the PF1b
coil which is welded to the CS Casing

G10 Insulation in PF1b is at risk

Everywhere else (OH, PF1a) the CS is
insulated from the CS Casing with
MicroTherm to reduce heat loss

PF1b is part of the load path that supports
the CS Casing and is in direct contact with
the flange on which the Horizontal Inboard
Divertor Tile is mounted

There is also concern over the shear
strength of the weld when subject to the
large temperature differences

Tile is in good thermal contact with the
flange with Grafoil to limit ratcheting with
consecutive pulses




Geometry Details at Inboard Divertor and PF1b
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Analysis Overview to Assess Issues

 Thermal Analysis of the Bakeout of the Vacuum Vessel and
internals done to provide guidance on options

* Options split into two categories:

— Near Term where only cooling changes are made (ie on/off)
— Longer Term where changes to Tile mounting are made

Goals

 Determine Temperature obtained at Inboard Divertor Tile
and at PF1b G10 (Shim, Groundwrap and Turn Insulation)

e Assess weld stress



Model Assumptions

NCDAL SCOLUTICIN

STEP=2 ¥ X

SUB =27
TIME=10800
TEMP (AVG)
RSY5=0

SMY =12

SMX =375

CS Casing
Ohmicly Heated Only

OH cooled to 40 C avg

Water Tubes Available for
Heating or Cooling of IBD

PFla cooled to 40 C

(some cases)

12 | 92.6
52.3333

667
133

ANSYS

R16.0

APRvz0 2015
Lo sA53
PLOT NO. 1

VV Heated by Water
at 150C and Insulated

PP and OBD
Heated by Helium
at 350-375C
PF1b cooled to 12 C
173.333 254 334.667
213.667 294,333 375

NSTX CsSU Bakeout with Chmic and He. PFlb added




Options Assessed

Near Term Options

1)

2)
3)
4)

CS casing ohmically heated 8 kA without any cooling in IBD, OBD, PPP, SPP or VV —
Only heat leak to OH and PF1b (and VV insulation)

—  This simulates the initial bakeout performed
Add PPP, SPP & OBD (ie normal He system turned on)
VV Cooling/Heating at 150 C
Add IBD He at 350C

Longer Term Options

5)

6)
7)

8)

9)

10)

Remove IBD He at 350C and Remove conduction path (but not radiation to
flange) at IBD to let tile float thermally

For IBDhs Tile Only - No Conduction or radiation to flange
Add leakage to pfla at 40C, h=6.3w/m?2
* Repeated with Conduction between IBDhs and IBDvs removed

IBDhs & IBDvs Tiles No Conduction or radiation to flange (leakage to pfla at
40C)

* Repeated with Conduction between IBDhs and IBDvs removed
From (4) but added contact resistance and conduction thru weld
Contact resistance artificially increased to see impact. Still conduction thru weld

Note: Above were done sequentially. Small leakage to PF1A and conduction between tiles ignored in initial simulations.
Some cases in later runs found to be impacted when included (ie 6 vs 7)



CS casing ohmically heated 8 kA without any cooling in IBD, OBD, PPP, SPP or VV

Only heat leak to OH and PF1b (VV perfectly insulation)

; | & ANSY
NODAL soLUTIN &K o %13)
STEP=1 APR 27 2015
SUB =54 14:45:20
TIME=172800 PLOT NO. T
TEMP
TEPC=47.2373
SMN =12
SMX =334.443
12 .., 83.654 155.308 . 226.962 298.616 __ &
47.827 119.481 191.135 262.789 334.443
NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH
ANSYS
POST26 R16.0.
APR 27 2015
Tspp | 14:45:20
Tvv mid PLOT NO, 3
Tvv _bot
275
250 —
225
200
175
Temperature [C] 149
125
100
7%
50
26 (x10%42)
800 1200 1600 2000
200 600 1400 1800

1000
Time [secorxds]

NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH

ANSYS
R16.0
APR 27 2015
14:45:20
NO., 2
400
Temperature [C)
{x10%42)
0 400 800 1200 1600 2000
200 600 1000 1400 1300
Time [secarxds)
NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH
ANSYS
POST26 R16.0
APR 27 2015
Tpflb aw 14:45:20
Tgl0_ins NO., 4
200
180 I ! { ! ! e
160 S
1
140 i
120
Temperature (C] 449
80
60| /
aof
20
0 (x10%42)
0 400 800 1200 1600 2000
200 600 1000 1400 1800
Time [secorxds)
NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH




Add PPP, SPP & OBD (ie normal He system turned on)
) ( y u
. ANSYS ANSYS
NODAL scLoTIoN X 8 b R160| | POST26 R16.0
STEP-1 APR 27 2015 APR 27 2015
SUB =58 14:19:55 14:19:55
TIME=172800 No. 1 -2
TEMP
TEPC=49.5%945
SMN =12
SMX =394.352
Temperature [C)
(x10%42)
0 400 800 1200 1600 2000
200 600 1000 1400 1800
Time [secorxs)
12 96.9672 . 181.934 266.902 = 351.869 _ :
54,4836 139.451 224.418 309.385 394,352
NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH
ANSYS
- AN%xye.% FOST26 R16.0
APR 27 2015 APR 27 2015
Tspp 14:19:55 Tpflb gw 14:19:55
Tvv_mid PIOT NO. 3 Tgl0_ins NO. 4
TvV bot
400 400
360
320
280
240 e B ——
A
Temperature [C] Temperature [C]  g0f /
160
120
80
40
{x10%42) 0 {x10%42)
600 o9 209" agp: % qgep 2P 200 g0 2 10" dagg: X0 iqgep HX

3 1000
Time [secorxds]

NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH

k 1000
Time [seconds)

NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH




VV Cooling/Heating at 150 C

% ANSYS ANSYS
NODAL soLoTion X b R160| | POST26 R16.0
STEP=1 APR 27 2015 : APR 27 2015
SUB =61 14:33:47 Tes_end 14:33:47
TIME=172800 B ek Tikd v L
TEMP Tobd
TEPC=45.6605
SMN =12
SMX =363.787
Temperature [C]
\ 7
(x10%42)
800 1200 1600 2000
1000 1400 1800
Time [secarxds)
12 90.1748 __ 168.35 246.525 324.699 ___ .
51.0874 129.262 207.437 285.612 363.787
NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH
ANSYS ANSYS
POST26 R16.0( | POST26 R16.0
AFR 27 2015 AFR 27 2015
Tspp 14:33:47 Tpflh aw 14:33:47
Tvv mid PLOT NO. 3 1910_1ins PIOT NO. 4
Tvv_bot
440 250
400 225 -
)
360 200
320 -
280
Temperature [C] 44 Temperature (C]
200
160
120
80
a0 (x10%42) (x10%42)
0 400 800 1200 1600 2000 200 1200 1600 2000

200 600 1000 1400
Time [seconds)

NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH

1800

NSTX CSU Bakeout with Chmic Only.

600 1000 1400 1800
Time [secorxds)

Heat sinking to PFlb and CH




Add IBD He at 350C

ANSYS ANSYS
NCDAL SOLUTICN g x B R16.0| | POST26 R16.0
STEP=1 s APR 27 2015 APR 27 2015
SUB =63 14:42:26 14:42:26
TIME=172800 PLOT NO. 1. NO. 2
TEMP
TEPC=48.9176
SMY =12
SMX =362.485 400
360 _
320
280 f
240ff
Temperature [C] 440
160
120
80
40
0 (x10%42)
0 400 800 1200 1600 2000
200 600 1000 1400 1800
Time [seconds)
12 89.8855 167.771 245.656 323.542
50,9427 128.828 206.714 284.599 362.485
NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH
ANSYS ANSYS
POST26 R16.0| | POST26 R16.0
APR 27 2015 APR 27 2015
TSpp 14:42:26 Tpflb aw 14:42:26
Tvv mid . 3 Tgl0_ins NO. 4
440 400
400 360
360 320
320 r 280 -
280 240
Temperature [C] 549 Temperature [C] g0
200 160 (
160 120
120 80 F
30 40
0 {x10%42) 0 (x10%42)
0 400 800 1200 1600 2000 0 400 800 1200 1600 2000
200 600 1400 1800 200 600 1400 1800

1000
Time [secorxds]

NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH

1000
Time [seconds)

NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb ard CH




Remove IBD He at 350C and remove conduction path at IBD
to let tile float thermally

ANSYS ANSYS
NODAL SOLUTICN R16.0: POST26 R16.0
STEP=1 APR 27 2015 : APR 27 2015
SUB =61 15:20:55 Tes end 15:20:56
TIME=172800 o, 1 T 2:20:50
TEMP
TEPC=45.3137
SMN =12
SMX =363.793 400
360
320
280
240
Temperature [C] 449
160
120
80
- 40
0 (®10%42)
800 1200 1600 2000
; 1000 1400 1800
Time [secords]
90.1761 __ 168.352 246.528 324.705 )
51.0881 129.264 207.44 285.616 363.793
NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH
ANSYS ANSYS
POST26 R16.0| | POST26 R16.0
APR 27 2015 APR 27 2015
Tspp 15:20:56 Tpflb aw 15:20:56
vV iuc NO. 3 Tgl0_ins NO. 4
440 250
400 225
360 200
320 r f 175
280 t 150
Temperature [C] 349 Temperature [C] q2¢
200 100
160 %
120 50
80 25
a0 (x10%42) 0 (®10%42)
0 400 800 0 1600 2000 800 1200 1600 2000
200 600 1400 1800 1400 1800

3 1000
Time [seconds]

NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH

3 1000
Time [secords]

NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH




For IBDhs Tile Only - No Conduction or Radiation to flange

ANSYS ANSYS
NCDAL SCLUTICN R16.0 POST26 R16.0
STEP=1 APR 28 2015 AFPR 2015
SUB =61 14:26:34 1 ):34
TIME=172800 PLOT NO. al PLOT NO 2
TEMP
TEPC=45.957
SMY =12
SMX =402.996 500
450
400
X
350
7
300
£ 7 Temperature [C] 45
ANSYS|
o NCDAL SOLUTICN R16.0
< STEP=1 RER 28 2015
15:13:59
150 PLOT NO. 1
/ 100
50
/ 0
40
/ 200
12 98.888 185.776 272.664 359.552
55.444 142.332 229.22 316.108 402.996
NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH NSTX CSU Bakeout with Chmic Onl
] ANSYS
POST26 R16.0 POST26
AFR 28 2015
14:26:34
PIOT NO, 3
12 oeg 61.1718 110.344 _ _, 159.515
36.5859 85.7577 134.929 184.101 233.273

440

400

360

320
280
Temperature [C] 440

200
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80

40

{x10%42)

0 400 800 1200 1600
200 600 1000 1400

Time [secarxds)

NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH

2000
1800

Temperature [C]

NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH

NSTX CSU Bakeout with Chmic Only.

Heat sinking to PFlb and CH
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200

600 1000
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Add |

eakage to pfla at 40C, h=6.3w/m?2

ANSYS ) ANSYS
NCDAL SCLIUTICN R16.0 POST26 R16.0
STEP-1 APR 28 2015 AFR 28 2015
SUB =61 1° 15:23:11
TIME~172800 PLOT NO. PLOT NO. 2
TEMP (AVG)
RSYS=0
SMN =12
SMX =399.397 400
360
320 r
280
240
Temperature [C] g NCDAL SOLUTICN AN§1Y6%
STEP=1 RER 28 2015
SUB =61 15:28:34
160 TIME~172800 PIOT NO. 1
TEMP (AvG
120 gﬁ’N 2
SMK =208.286
80
40
0
200
12 98.0882 - 184176 - 270.265 " 356.353 2
55,0441 141.132 227.22 313,309 399,397
NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH NSTX CSU Bakeout with Chmic Only
ANSYS
POST26 R16.0 POST26
APR 28 2015
15:23:11
FLOT O 12 33.8095 2> 77 4oe6 0281 151 048 14257 164,667 1807 208.286
NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH
440 200
400 180
360 160
0 r 140
&9 120
Temperature [C] 449 Temperature [C] 190
200 80
160 60
120 a0
80 20
0 {x10%72) 0 (x10%42)
0 400 2000 0 400 1600 2000

200 600 1000

Time [seconds]

1400 1800

NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH

600 1000

Time [secorxds)

200 1400 1800

NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH

h2



Conduction between IBDhs and IBDvs removed

ANSYS . ANSYS
NCDAL SOLUTICN R16.0( | POST26 R16.0
STEP-=1 AFR 28 2015 AFR 28 2015
SUB =61 15:45:19 15:45:19
TIME=172800 NO. 1 PLOT NO. 2
TEMP
TEPC=37.8838
SMN =
SMX =399.677 400
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280
240
Temperature [C] 449
160
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80,
40
0 (x10%42)
800 1200 1600 2000
600 1000 1400 1800
Time [secarxs)
12 E 98.1505 . 184.301 o 2ART 356.602 _
55.0752 141.226 227.376 313.527 399.677
NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH
ANSYS 4 ANSYS
POST26 R16.0| | POST26 R16.0
APR 28 2015 AFR 28 2015
Tspp 15:45:19 Tpflb aw 15:45:19
TV mid P B T910_ins PLOT NO. 4
Tvv ot
440 131.5
400 125 — — o
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360 112.5 /
320 = 100
280 5 81.5
Temperature [C] 349 s s
- §
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80 25
a0 (x10%42) 12.5 (x10%42)
0 400 800 1600 2000 0 400 800 1200 1600 2000
200 600 1000 1400 1800 200 600 1000 1400 1800
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NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH

Time [seconds]

NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH

h3



IBDhs & IBDvs Tiles No Conduction or radiation to flange
(leakage to pfla at 40C)

ANSYS p ANSYS
NCDAL SOLITICN R16.0 POST26 R16.0
STEP-=1 AFR 28 2015 AFR 28 2015
SUB =61 11:24:32 11:24:33
TIME=172800 PIOT NO, 1 PIOT NO. 2
TEMP
TEPC=28.7008
SMN =12
SMX =399.929 400 -
360
320 (’V
280
240
Temperature [C] 440 GG AN%Y(’%
STEP=1 APR 28 2015
160 SUB =61 15:36:10
TIME=172800 ELOT NO. 1
120 h
80
40
0
40
200
12 .., 98.2065 184.413 _ | 270.619 ___ ___ 356.826 >
55,1032 141.31 227.516 313.723 399,929 5 .
NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH NSTX CSU Bakeout with Chmic Onl
; ANSYS ]
POST26 R16.0 POST26
AFR 28 2015
1 Tpflh aw

440

400

360

320
280
Temperature [C] 440

200

160

120

20 (x10%42)

200 600 1000

Time [secorxds)

NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH

1:24:33
TOT NO, 3

Tl 12 8
51.7522

27.9009 43,801
19.9504 35.8513

59.7)
NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH
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NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH




Conngction betwee

n IBDhs and IBDvs removec

ANSYS
NCDAL SCLUTICHN R16.0 POST26 AN%,Yg%
STEP=1 APR 28 2015 APR 28 2015
SUB =61 17:12:28 end 17:12:29
TIME=172800 Mo, 1 NO, 2
TEFC=28.7516
SMN =
SMX =399.904 w00y
360
320
2804}
2404}
Temperature [C] g0l
160
120
80
40
0 (x10%42)
800 1200 1600 2000
800 1000 1400 1800
Time [secarxis)
12 98.2008 184.402 _ 270.602 _ 356.803 _
55.1004 141.301 227.502 313.703 399.904
NSTX CSU Bakeout with Chmic Only. Heat sinking to PF1b and CH NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH
ANSYS ) ANSYS
POST26 R16.0 POST26 R16.0
APR 28 2015 APR 28 2015
TSR | 17:12:29 Tpflb gw 17:12:29
Tvv mid NO. 3 Tgl0_ins s 4
Tvv bot
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NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH

NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH

Time [secarxds)
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Contact Resistance and Weld Added
to “IBD He at 350C” case

NODAL S-OU_TI‘IC‘IZ\]_X AN%IYG.% POST26 AN%IYG.%
5 63 s a5 2015
TIME-172600 Interface Conductances=. o, 2
TEPC=48.8347
o NN 2000 w/m2-C at PF1b

360

320 [/

280 (

240

12 : .. 89,8855 _ ~ __ 167.771 2 245.657
50.9428 128.828 206.714

323.542
NSTX CSU Bakeout with Chmic (Zrﬂy.h Heat sinking to PFlb and CH )

284,589

362.485
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NSTX CSU Bakeout with Chmic|Only. Heat sinking tc

POST26

MAY 5 2015

13:45:48
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NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH

ANSYS

R16.0

12 ~ 313
42.0157 1
NSTX CSU Bakeout with Chmic Only

1b and CH

400

G10 Temperature 270 C
At Shims
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NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH




Shear At Weld from Thermal Growth

ANSYS
ELEMENTS R16.0
TEMPERATURES MAY 5 2015
TMIN=12 14:54:21
TMAX=362.422

PLOT NO. 1

Temperatures
12Cto 362 C

12 89.8716 6.8 167.743 245.615 323.486

50.9358 128.807 206.679 284.551 362.422
NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH

ANSYS
NCDAL SCOLUTICN R16.0
STEP=1 MBY 5 2015
SUB =1 14:49:43
TIME~1 PLOT NO. 1
UX (RVG)
RSYS=0
DMK =.007878
SMV =-.368E-03
SMX =.001863

Radial

Displacements
-.36mm to +1.0mm at PF1b
I -

-.121E-03 .375E-03 .871E-03 001367 .001863

NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH

Weld Shear from Thermal Growth

Radius 0.381 m

Weld Depth 0.003175 m 460 MPa is taken as a limit
Weld Fraction 0.5

Weld Are o03al on weld shear stress bases on
Radial Force, 360deg 1.75 MN (llmlted) testi ng

Shear 460.49 MPa

All options meet this limit
except last (next slides)



Low Interface Conductance,

but stil

Conduction thru Weld

X ANSYS
NODAL SOLUTICN R16.0
STEP=1 MAY 5 2015
SUB =63 15:27:31
TIME=172800 PIOT NO, 1
TEPC=37.1482

SMN =12

SMX =362.488

ANSYS
POST26 R16.0.
MAY 5 2015
15:27:31
PIOT NO., 2
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Temperature [C] 440
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NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH NSTX CSU Bakeout with Chmic Only) Heat sinking to
POST26 AN%IYG% POST26
MAY 5 2015
: 15:27:31 3 : 5444 250.633
Yok NO Change in Tile Temperatu r-em'gr NO. NSTX CSU Bakeout with Ohmic Only. Heat sinking b o
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s0f B 81.5
280 o %
f
Temperature [C] 449 _: 62.5
.

200 g 50
160 & 3.5
10 But G10 Temperatures < 113
80 12.5 i
o (x10#42) 0 (x10#42)

400 800 1200 1600 2000
200 600 1000 1400 1800

Time [secorxds)

NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH

1600 2000
200 1400 1800

00 1000
Time [seconds]

NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH




Shear At Weld from Thermal Growth

ANSYS
ELEMENTS R16.0
TEMPERATURES MAY 5 2015
TMIN=12 16:00:46
TMAX=362.478 PIOT NO. 1
Temperatures
12Cto 362 C
G10 Cooler
@
12 50.942 89.8041 128.826 107768 206.71 245652 284.594 923.536 362.478

NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH

Radial

355803 _ 10se-03

ANSYS
NCDAL SOLUTICN R16.0
STEP=1 MBY 5 2015
SUB =1 15:58:53
TIME=1 PLOT NO. 1
UX (AVG)
RSYS=0
DMX =.008226
SMN =-.355E-03
SMX =.001892

Displacemen
-.36mm to +1°

ofaffofle

offoffollofioffo

m at PF1b

NSTX CSU Bakeout with Chmic Only. Heat sinking to PFlb and CH

001642

.001143 001892

644B-03

)

.001393

Weld Shear from Thermal Growth

Radius

Weld Depth

Weld Fraction

Weld Area

Radial Force, 360deg
Shear

0.381 m
0.003175 m
0.5
0.0038 m2
2.75 MN
723.63 MPa

Assuming separation of PF1b
from Flange (near 0 conductance)
produces a larger temperature
gradient and higher shear stress



Summary Table

Case Description IBDhs Tile G-10 PF1b PF1b PF1b
Temp Coil Shim Ground Conductor
Temp Wrap Temp Insulation
180 135 80

1 No Heating or cooling of IBD, OBD, PP or VV
Near 2 PP & OBD He Heating Turned On 290 240 180 110
Term 3 VV Heating/Cooling at 150 C turned on 260 225 162 95
4  IBDHeatingat350C 325 280 200 120
5 NoIBD Heating, Grafoil Removed from Tile 265 215 160 95
6  Radiation Shield added behind IBDhs Tile 270 D 165 100
Long 73  Heat Leakage to PFla at 40 included 240 200 148 87
Term 7b  Repeat assuming no conduction between Tiles 310 125 95 60
83  Radiation Shield added behind IBDvs Tiles also 325 30 60 40
8b  Repeat assuming no conduction between Tiles 315 80 60 40
Near 9 Starting.with (4) above, contact resistance and 325 270 195 115
conduction thru weld
Term 10 Contact resistance artificially increased to see 330 113 105 65
(Modified impact. Still conduction thru weld

Assumptions)



Observations

Results to date show that attempts to bake the Inboard Divertor Tile to
near 350 will result in G10 temperatures exceeding 150 C by a significant
margin

Initial Bakeout already performed may have already driven G10 above 150
C with the Tile just breaking 200 C

— Consequences of the shim exceeding 150 C may not be as severe as if turn
insulation does

The weld does not appear to be at risk

Attempts to float the tile and reduce conductance to PF1b can reduce the
G10 to acceptable levels but the flange still runs hot. The result
jeopardizes the weld.

Need to review analysis assumptions (here). How well insulated is PFla
from the CS? Do the Tiles as installed contact each other?

The temperature of any fluid in the IBD system will control the Tile
temperature. To limit G10 temperature to 150 C at the shim, the fluid
temperature is limited to 175 effectively setting the tile temperature near
term



Summary Table

Conduc [:10]13 [:10]13 IBDvs 1BDhs ov
tion With Insulate Insulate Heated Maintai

betwee Graphoi d d with ned at

n IBDhs land Helium 150C
and Bolt at 350C
IBVvs Conduc

tion

1 Yes Yes Yes Yes No Yes Yes No No No No 205 180 135 80

2 Yes Yes Yes No No No No 290 240 180 110

3 Yes Yes No No No Yes 260 225 162 95

4 Yes Yes Yes Yes Yes No No Yes Yes 325 280 200 120

5 Yes Yes No No No Yes 265 215 160 95

6 Yes Yes Yes No No Yes 270 225 165 100

7a Yes Yes Yes Yes Yes No No Yes 240 200 148 87
40C

7b Yes Yes Yes No Yes No No Yes 310 125 95 60
40C

8a Yes Yes Yes Yes Yes Yes No Yes 325 80 60 40
40C

8b Yes Yes Yes No Yes Yes No Yes 315 80 60 40
40C

9 Yes Yes Yes Yes Yes No No Yes Yes 325 270 195 115

10 Yes Yes Yes Yes Yes No No Yes Yes 330 113 105 65





