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14 UD Tank Opening Report #119

This tank opening was unscheduled and was required due to our inability to condition the
14UD to high terminal voltages without occasional sparking that sometimes deconditioned
the machine to 13.3-13.7 MV (refer to section 11 of Tank Opening Report #118 and to 14UD
log). Long reconditioning times were required. Shorting rod investigation identified units 13
and 14 as being unable to hold full gradient. All others successfully operated at 1.05-1.07
MV/u. Some tasks planned for the next scheduled opening were brought forward.

Plan of action is:

perform initial 30kV insulation test of the column;

before opening the terminal, inspect units 13 and 14 for signs of sparking activity and
for any possible hardware failure;

inspect and test each and every column and tube resistors, looking for both electrical
and mechanical defects;

inspect idlers, chains, pulleys, bearings, and shafts;

investigate equipment around shorting rod locations for spark damage in order to
understand observed spark damage in the middle of a shorting rod after previous
conditioning tests;

inspect for chain-generated dust and assess performance of chain oilers;

inspect 14UD emergency lighting system power supply and repair if possible;
inspect terminal cup mechanism action for evidence of binding or SF6 leaks;

inspect terminal cup plumbing for SF6 leaks (PFA tube etc.); and

remove modified CPO electrodes installed during TO #118 and reinstall original
electrodes.

Additional unplanned tasks were performed as opportunities presented themselves.

The SF6 was pumped from the 14UD into the storage vessel.
The 14UD was vented with air, the porthole doors were opened and the fresh air
ventilation system was run overnight.

Entered tank and performed HV testing
Examined units 13 and 14 and found:

o burnt resistor plug in unit 13 (replaced);

o that 3" stringer in unit 13 was completely without rivets at post end, and had

lodged itself against lug above (work to replace begun);

o burnt column resistor lead in unit 14 (replaced);

o 2" stringer in unit 14 loose at column end (work to replace begun); and

o alternator shaft in unit 13 is riddled with “snail trails” (shaft removed for repair)
Found failed post in unit 10 with ceramic particles dispersed around casting from
lowest gap
Found unit 12, post B, gap 1 resistor pair housings were mounted on their post
electrodes too close to each other as there was clear evidence of sparking between
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14 UD Tank Opening Report #119

them. Rivets on the post electrode were removed to allow a greater separation from
~6 mm to ~14 mm
o Wiped down machine from top to bottom and noted unit 12 was quite dusty
o Observed issues with a number of resistor banana plugs:
o Unit 17, gap 4 top resistor plug is burnt
o Unit 25 gap 18 top resistor plug is displaced by 4 mm, bottom plug by 3 mm
o Unit 27 gap1, bottom resistor plug has dark discolouration
e All resistor banana plugs in unit 13 were checked.

e Finished repairing/replacing resistor leads, stringers etc. in units 13 and 14.

¢ Removed casting covers above and below unit 10 and de-ringed in preparation for
post replacement

e Found stringer 1 in unit 10 was loose at column end

¢ Removed damaged post (#2178) and installed replacement (used - #2342) and
remounted resistor chain (see section 3 for description of post type and age)

e Perspex shaft from unit 13 had 0.5 mm skimmed from diameter to remove all traces
of “snail trails”. Reinstalled shaft.

o Began HV testing of individual resistors in units 13 (@20kV) & 14 (@30kV)
e Found series of burnt resistor leads on post in unit 13:
o gap5,top
o gap7,top
o gap?9,top
o gap 13, bottom
e Bottom resistor on unit 13 post gap 17 is suspicious, but have to ensure insulating
sleeve used in HV testing is of sufficient length — tested again with longer sleeve at
30 kV and was OK
e Column resistors in unit 13 seem to all be OK
e Replacing burnt resistor leads and the related resistor nuts in unit 13. Also, noticed a
few days ago that new resistor lead banana plugs don't fit the old nuts well. Hence,
when replacing resistor leads, we are changing both nuts (for unit 13 anyway).
e Platform power down for ~2hrs due to required external lab electrical work.
o Post resistors in unit 14 are all OK (via HV testing), no sign of burnt resistor leads
e Post resistors in unit 10 (after post swap) are all OK (via HV testing), no sign of burnt
resistor leads
o Refitted stinger in units 10 and 14 using hex head socket screws with radiused off
ends instead of the button socket head screws used previously. This allows better
tightening. Need to monitor condition at next tank opening.

e Cleaned and closed unit 10 and casting covers above and below
e Examined all resistor leads in unit 11, found broken ball-ended type banana plug in
tube 1, gap 3. Replacement installed, cleaned unit and replaced rings.
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o Examined all resistor leads in unit 12, found burnt plug in tube 1, gap 11, bottom
resistor. Removed both resistors across this gap to replace socket nuts.

¢ Examined all resistor leads in unit 9, found burnt plug on post gap 16 (both resistors).
Removed both resistors to replace socket nuts.

o Replaced relevant resistors and leads in units 9, 12, 13 & 14, cleaned and closed
units.

o Removed test CPO electrodes installed during TO#118. Will replace with modified
original electrodes.

¢ Inspected resistor plugs and leads, shorting rod spring contacts and stringer wires in
units 1 to 8. Closed after following repairs:
o Found burnt resistor plug in unit 6, 15t tube, gap 1 resistors (both). Changed
both resistor plug nuts and installed new wire lead.
o Found burnt resistor plug in unit 1, post resistors on gaps 13 & 15. Changed
all four resistor plug nuts and installed new wire leads.
¢ Noticed small spark mark on unit 1 stringer 1 that is now positioned (after TO#117)
near the shorting rod location, but marks are too small to be related to large spark
gouge noticed on a shorting rod during conditioning before this tank opening.
e Continued with unit-by-unit inspection:
o Changed a ring screw in unit 15, closed unit
o Found loose post end stringer screw, stringer 3 in unit 16, repaired and close
unit
o Found burnt resistor lead banana plugs on post gaps 4 &6 in unit 17
o Found the tube flange mounting for unit 18, tube 2, bottom resistor was loose.
Rectified and closed unit.
o Found burnt resistor lead banana plug on post gaps 6, top resistor in unit 19
o Also observed two different types of markings on unit 19 post B ceramic
insulators, which can be described as a metal deposit and arc marks. Photos
were taken.

¢ Replaced resistor lead banana plugs on resistors (referenced above) in units 17 & 19
e Found unit 19 HE mid-section.

o Post A electrode lug nut used for securing the dead zone shorting wire had failed
due to spark damage and was loose. Repairs were completed.

o Post B electrode lug rivet mounting was loose. Another one used for the shorting
wire attachment. The rivet holes on this post electrode are in fact open slots to
the electrode edge. The electrode surfaces were abraded clean and a new lug
fitted. This is the same post that has deposits, so we suggest replacement of the
post in the near future.

¢ Continued with unit-by-unit inspection:
o Found burnt resistor lead (plugs OK) in unit 24, tube 1, gap 5. Replaced the
lead and socket nuts on both resistors.
o Found in unit 25, tube 3, bottom resistor (tube flange mounting), was loose.
Rectified and closed unit.
¢ Reinstalled original, but modified, CPO electrodes. Installed flush with tank wall.
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Measured chain leg clearances:
o chain 1, 54 mm
o chain 2, 52 mm
o chain 3, 19 mm
Therefore, two links were removed from chain 3 (installed during TO#118)

Ran shafts — all sound good
Ran chains

o Chain #1 bottom idler at unit 25 sounded noisy, probably serviceable but the
bearings were changed on one wheel. Remaining idlers sounded good.

o Chain #2 idlers sounded good, noticed a wobble between units 19 and 16

o Chain #3 was OK, but definitely the most noisy “growly” chain (as noticed
during TO #118)

Chain oilers were tested with bottle pressure at 500 kPa

o Chain #1 26 drips in 20s with 2s delay before first drop

o Chain #2 22 drips in 20s with 3s delay before first drop

o Chain #3 24 drips in 20s with 2s delay before first drop

Terminal cup was tested for operational pressure threshold

o Put cup to ‘in’ position at 500 kPa, but cup did not make it all the way in
(based on micro-switches — confirmed working).

o Leaving cup in and increasing pressure up to~900 kPa did not move cup all
the way in

o At 600 kPa, cup moves all the way in on first operation but not on subsequent
operations.

o Repeated full operation achieved at ~750 kPa, but not every single time. If
you wait ~10s between operations, then it works every time. This pressure
appears to be a threshold and sits well with what has been observed in
normal “tank closed” operation.

o No leaks could be heard along tubing from tank bottom to terminal and when
cup was left in the ‘in’ position with the SF6 bottle valved off for about 2
hours, the pressure did not drop at all.

Repaired emergency lighting system by improving ground connection inside the
terminal box under the tank lid.

Performed HV grouped rings resistor tests. Some differences between current
values at entry that need to be looked at and a lot of “noisy” resistors in unit 14 T1
and T1 group.

Looked for cause of noisy resistors in unit 14. Tested each individual tube resistor
(20kV) and found one where current is clearly out of spec (tube1, gap 2, top).
Swapped for entire known good resistor assembly.

Applied voltage (6kV) across each individual gap on the posts in unit 14 (resistor
leads removed where applicable) and found some gaps where there appeared to be
excessive leakage current (post A, gap 10; post D, gaps 11 & 14). These are
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relatively new posts (see section 3 for description of post type and age). Decision
was made to replace posts.

¢ Inspected o-ring seal(s) on corona needle rod assembly, decided replacement was
appropriate.

e Test-fit spare corona needle assembly. Fit so well, left it on. Removed assembly
fitted during TO #117 will have needles replaced and ready as a spare.

o Applied voltage across each individual gap on the posts in unit 20, where there had
been slightly higher current reading during regular 30 kV grouped ring tests. No sign
of inconsistencies between gaps.

e Top terminal spinning raised in preparation for post swap in unit 14.

o Conducted HV insulation tests across the gaps of two used spare posts. Some
leakage was noted and we would bake (70°C) them overnight in an oven in an
attempt to eliminate the leakage.

o Work started early today for some. In the early morning, crew member Peter
Linardakis became the proud father of a daughter, Alexandra. Congratulation to both
Angela and Peter.

e The two posts placed in the oven overnight were taken to the tank and HV tested.
Leakage was now ZERO for all insulators on these baked posts.

o Post (used 2344) was fitted to unit 14 position “B”. Post (used 2345) was fitted to unit
14 position “D” (see section 3 for description of post type and age)

o Post 2344 being readied for installation had a loose Al end spacer. It was glued back
in place against the end ceramic of this post. The rotational orientation was set using
scratch details etc. shared across the spacer and the post end flange.

e The post resistors were re-installed in unit 14 and the rings were refitted to unit 13
and unit 14.

e Cooper has produced a drawing of the central conductor rod, o-ring seal and
tensioning nut of the terminal corona assembly for future reference.

o HV testing of unit 14, tube 1 and tube 2 ring groupings found them to still be noisy.
This was rectified when the associated ring screws were swapped out for new 3/8”
long screws and inserted with them bottoming in the ring lug. Historically we found
this same kind of problem. At that time, Loctite used to set the screw positions was
blamed for reducing the electrical connection within the thread.

¢ Investigating the higher than normal current reading in unit 20, tube 1 and the lower
reading of tube 4 (8 gap). It was discovered that the first three and last three pairs of
column post resistors in unit 20 had been installed at the wrong ends of the post.
Thus the post resistors associated by the stringer connection with tubes one (11 gap)
and tube 4 (8 gap) were incorrect. We expect this occurred by mistake when the
resistors were removed and replaced during the installation of new column post
during TO 101 dated 12/9/2005.

o Resistors across the first and last 3 gaps of the column post in unit 20 were
swapped with each other. HV test results at 30kV of the grouped rings were
normal values in this unit.

o We lowered the upper spinning back into place at the terminal.

e Casting covers were re-installed above the terminal

ANU Department of Nuclear Physics | 70f13



14 UD Tank Opening Report #119

o HV testing (30kV) of ring groupings in unit 1 were undertaken again as the entry test
values were high.

¢ With the Beam Focus system disconnected we conducted many test regimes of
individual resistors, individual post insulators and individual tube insulators. All was
considered normal or good values. All wiring connections were reestablished and
rings put back in place. The standard HV test was undertaken again and normal
values seen. T1 =7.5uA, T2 = 7.3uA, T3 =7.2uA, T4 = 10uA
The Beam Focus system was reconnected the following values recorded.
T1=9.2uA, T2 =7.2uA, T3 =7.2uA, T4 = 10uA

e Unit 16 T2 was noted to be noisy during the HV entry test. When retested it was
found not to be noisy. Using a multimeter to check continuity between the fitted rings
and their post electrode where the stringers are also attached we found for U16 T2 it
was open circuit. We replaced the ring screw at this post and continuity was
reestablished.

e The whole column was checked for continuity through the ring screw to post
electrodes coincident with where the stringers are also fitted. Also all ring screws at
the posts populated with resistors were tested. Any found open-circuit were rectified
by replacing ring screws and or rotating the ring to bring into place a screw that was
conducting to the ring.

o Tests with at low voltage with Infinitron have revealed abnormal results in units 11,17
and 24. A re-test of these units with our usual 30kV tests produced normal readings.

¢ More examination of unit 17 at low voltage. Measurements of voltage down the rings
of this unit when applying 36V show discrepancies where the 36V/18=2V should
show an incremental increase ring to ring of 2V per added ring gap. This is not the
case here. We have an incremental increase of 2 V up to specific ring and then we
get abnormal jump in voltages across remaining gaps. This phenomena can be
explained by poor electrical continuity in resistors circuit measured at low voltage. At
high voltage test it could be masked by corona discharges shorting out the small
gaps.

Nevertheless individual HV resistor tests showed some discrepancies coincident with
the Infinitron tests results.

The U17, T1 G5 bottom resistor and the U17 column G10 top resistor HV test value
were a little low and correlated with the Infinitron test results for these rings.

The T1 G5 bottom resistor was replaced with a new one. The column G10 top
resistor was replaced with a spare at hand that coincidentally was set aside during
TO 114 from U17 G6 Column with a burnt nut socket. It was deemed a serviceable
resistor.

We replaced burnt leads and resistor nuts on column resistor pairs at U17, G12,
G16.

e Unit 11 column was re-tested with the Infinitron. Its test value discrepancies were not
as bad as U17 and when the erroneous gaps were shorted they didn’t highlight any
significant problem area.

e Unit 22 was re-tested and conclusions were the same as unit 11.

¢ Noticed the retaining clevis pin through the “C” channel casting cover at unit 9 was
displaced from its normal flush to surface arrangement. Investigations found the
circlip was missing. This was replaced and the casting cover reattached correctly.
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e We are scheduled to close today.

e The charging system feedthrough spark protection mushrooms were cleaned. We
checked the chain inductor settings using the gauge. A general inspection of the tank
bottom was completed.

e The column blow down was completed.

¢ Tunningley noticed a column resistor loose in its protective tube at U2 G4 top. The
resistor screw fixing into the tube was loose and there was evidence of abnormal
spark activity between the spark protection electrode and the bore of the resistor
tube. There was no evidence of spark damage to the thread. It was reassembled and
put back on the post.

e The column wipe down with chamois was completed.

e HV grouped ring tests were completed.

e The platform and tank bottom were vacuum cleaned.

¢ Chain charging tests, both static and with chains running were satisfactory.

e The platform was parked and the porthole doors closed ready for evacuation, starting
Sunday evening.

Upon opening the tank, bits of ceramic were found in and around unit 10. Post B was
damaged with ceramic flakes coming off the bottom gap. There was no indication that the
damage was due to a sparking event and a proper failure analysis will be required.

Two posts were replaced in unit 14 due to a high leakage current. The used replacements
also exhibited a high leakage current (on the bench) until they were baked overnight at
70°C. The leakage current was then zero.

ANU Department of Nuclear Physics | 90f13



14 UD Tank Opening Report

#119

Figure 1 Failed post in Unit 10 with ceramic pieces falling off face. The ceramic is clean,

with no marks that may be associated with sparking

Table 1 Serial numbers of posts removed and installed

Unit | Position Installed Removed
S/N Flange Age S/N Flange Age
First
Epoxy/Al end | installed Epoxy/Al end | Installed
10 B 2342 cap 6/1990 2178 cap 5/1986
in U22
First .
. NEC design | Installed
14 B o344 | EPOXYAlend linstalled |, 0 | Alondcaps | after
cap 6/1990 Ti skirt 1997
in U22
First .
. NEC design | Installed
14 D o345 | EPOXY/Alend installed |, 0 | aongcans | after
cap 6/1990 .
. Ti skirt 1997
in U22
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New, larger CPO electrodes were installed during TO 118 in an attempt to increase the
magnitude of the CPO signal. However, during testing these larger electrodes supported
corona currents at higher terminal voltages, which locked up the preamp. Thus, they were
deemed unsuitable for use and so the original diameter CPO electrodes were reinstalled
during this tank opening.

The electrodes are not completely “original”’. The mounting block is larger to allow the CPO
electrode to sit further in toward the terminal. The new mounting blocks mean the electrode
re now basically flush with the tank wall, instead of being recessed as before.

Testing will have to take place to determine if this electrode design and position improves
anything.

Figure 2 Original CPO electrode with new larger mount to allow the electrode to sit flush with
the tank wall

A\

Figure 3 Original CPO electrode with new larger mount to allow the electrode to sit flush with
the tank wall
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Loose stringer screws were found in units 10 and 14 during the tank opening and we looked
for a better option for fastening. Radiused hex head socket screws were used instead of the
button head socket head screws used previously. The key size is larger and therefore
allows more torque to be applied for better tightening. Their condition needs to be
monitored at the next tank opening. We should address re-surfacing the flange to restore
good electrical contact.

Figure 4 Radiused hex head stringer screw in unit 14 used as an alternative to the button
head screws used elsewhere.
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Table 2 - Machine hour meter readings

#119

Date compiled 5-3-2013
Team member AGM
Readin CHAIN #1 CHAIN #2 CHAIN #3 LE HE CH
9 (2m) (1N) (3P) SHAFT SHAFT VOLTS
New New
@TO111 @TO9%4
New
Notes Swapped | Swapped @TO118
from pos 2 | from pos 1
@TO#114 | @TO#114
Hours at
5.3.2012 18039 17978 18127 33594 33593 19760
Hours at
13-10-2012 17369 17308 17425 31986 31984 19088
(TO#118)
Change in hours 670 670 702
Accumulated 8.388k 27.132k 702

total hours

During initial performance tests there were instabilities above 12 MV. They have been

localised to Unit 13 so are not due to black flakes or SF6 contamination. The machine is

operating above 14 MV with this unit shorted.
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