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1 Reason for tank opening  

This tank opening was scheduled and was required due issues in unit 13. 

We have suffered from a problem in unit 13 essentially since closing the tank after TO 119. 

We have sparking events that disturb the terminal voltage and inhibit the machine from 

reaching maximum voltage. Operations continued with this unit shorted and the 14UD was 

doing well, albeit with a limited maximum terminal voltage.  Plan of action is: 

 inspect the many aspects of the column and tube resistors, both electrical and 

physical; 

 inspect unit 13 to determine the fault that is limiting potential across this unit; 

 inspect condition of chains, observe any dust generation, evaluate oiling procedure, 

check oiling delay and evaluate chain slippage with stroboscope; 

 undertake Alan Cooper chain slippage tests; 

 replace unit 19 post B, HE mid-section, which has bad post electrode lug mounting 

rivet holes and the electrode is sparked away and thinning. 

 assess entrance lens excess current draw which is believed to be 

approximately 20%; 

 inspect corona mushroom and the tension of the central conductor rod; 

 check that suppressor voltage is present at tank Faraday cup (~300V is confirmed 

present at the tank lid, outside the tank).  The cup is reading beam currents that are 

~60% of LE cup;  

 test threshold voltage of insulators on terminal and charging motor wheel bearings 

<1 kV; 

 measure leakage current at few kV of charging/suppressor insulators in the terminal 

and under platform; 

 inspect gas stripper 20L/s pump for correct operation, as pump has been showing 

1e-5 in addition to there being some confusion about EPICS control of power to the 

pump; and 

 inspect shorting rod contact housings on all castings. 

 service shorting rod seal assemblies with new o-rings 

Additional unplanned tasks were performed as opportunities presented themselves.  

2 Summary of work 

2.1  1-7-13  Monday 

 The SF6 was pumped from the 14UD into the storage vessel.  

 The porthole doors were opened, but the fresh air ventilation system was unable to 
be run as it was still interlocked due to work on the platform power box. 

 Work began to improve the electrical ground path to the platform power box through 
the “power umbilical” (required to bring it up to an appropriate safety standard).  This 
issue was identified during pre-tank opening replacement of a cable plug and socket 
on the platform remote control. 
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2.2  2-7-13  Tuesday 

 Work continued to restore power umbilical to the platform power box and was not 

complete at day’s end.  No tank opening tasks could proceed without this work being 

complete. 

2.3  3-7-13  Wednesday 

 

 Work continued to restore power umbilical to the platform power box and was 

completed by lunchtime.  The ventilation was then run over lunch. 

 Gas tests were performed after lunch, allowing the team to enter the tank, deploy the 

platform and otherwise get ready. 

 The new power umbilical was deployed and lengths of heat shrink were fitted along 

its entire length to restrain the communications systems cable to the umbilical. 

 High voltage testing was performed with the only anomalous ready being in unit 9, 

tube 3.  No anomalous readings were observed in unit 13, which is where we have 

been experiencing problems during operation. 

2.4  4-7-13  Thursday 

 Examination of unit 9, tube 3 stringer revealed a detached post lug. Whilst the lug 

was still attached to the stringer wire, it was resting on the next lowest post 

electrode. The rivet holes used for mounting the lug were eclipsing the OD of the 

post electrode and this less than perfect arrangement is attributed to the early failure. 

 Simple continuity tests were performed (using a DMM) between each ring and their 

respective post “fins” on units 11 through 14.  This tests the continuity of the ring 

screw threaded contact to the ring and also the ring screw “slotted head” mount with 

the post electrodes. At least 10 showed no continuity and this needs investigation. 

 Spinnings were raised and lowered to enable access to the terminal and to allow 

complete removal of the rings from unit 13 

 Accelerator column was wiped down 

 Performed high voltage testing (@ 6 kV) on all ceramic insulation gaps on tubes and 

posts.  The only current reading greater than zero was 0.05uA on tube2, gap 1.   

General external breakdown occurred at 8kV across the external spark gaps. 

 Performed high voltage testing on all accessible tubes and post resistors in unit 13 

 Tested for current leakage in 150 kV beam focus system (see TOR 117 for details on 

system) 

o Removed cable from back of supply 

o Removed resistor wire from immediately above beam focus connection to 

tube, tested at 6kV and has 0.42 uA 

 Observed arc track marks in unit 13, tube 1, gap 10 (see Figure 2).  There was no 

current leakage observed across this gap during HV tests. 

 Observed trail mark in unit 13, tube 3, gap 10 (see Figure 3).  There was no current 

leakage observed across this gap during HV tests. 

2.5  5-7-13  Friday 

 Tidied up power umbilical 
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 Removed unit 13, tube 2, spark gap electrode pair #1 for inspection and a small 

collection of metallic particles was found gathered in the transition from the inner 

flange to the raised spark gap feature.  Unsure of significance. 

 Cleaned unit 13 tube insulators by drawing back and forward strips of wet chamois 

(water only) across the ceramic surface (achieved without dismounting any 

resistors).  A considerable amount of deposition on the ceramic was removed.  

 HV tested unit 13, tube 2, gap 1 at 6 kV after cleaning, essentially unchanged from 

earlier (0.06uA leakage) and leakage is linear from 0 to 6 kV. 

 Refitted unit 13, tube 2, spark gap electrode pair #1. 

 Removed all tube resistors from unit 13 for disassembly and inspection. 

 

2.6  8-7-13  Monday 

 Re-tested the U13 tube gaps at 6 kV and the same U13, T2, G1 is drawing 0.05 uA 

 Tested the 20 l/sec ion pump in the terminal and it is “short circuit” when tested from 

the power supply HV co-ax connection 

 Bench testing of a spare tube section that was purged with N2 over the weekend and 

all insulator gaps test without leakage. Re-testing after opening the tube to discuss 

end flange detail and the insulators draw current. Weisser recalls as a young lad the 

need for tubes to be purged with N2 for this test. 

 We operated the LE shaft. Its operation is generally smooth and quiet. One 

exception is the unit 13 upper bearing set where it periodically has a rumbling noise. 

There is also evidence of escaped grease about the periphery of the lower 

bearing/housing interface in this bearing set.  

 We operated the HE shaft and deemed it to be operating fine. 

 We operated the chains and scanned the column to watch and listen to the chains 

and idler systems. The chain #1 idlers at casting 22 down are noisy and this will be 

investigated. 

 The terminal DC idler on chain #3, up side is grumbly when spun by hand and resists 

spinning freely and will require new bearing at a minimum. 

  A small sample of the unit 13 tube resistors were disassembled and inspected. The 

resistors from these looked fine. The remainder will have their external surfaces 

cleaned of breakdown product dust and text markings ready for re-installation. 

2.7  9-7-13  Tuesday 

 Replaced both up and down chain #3 terminal DC idler bearings. 

 Measured leg clearances at chain motor drives: 

o chain #1: 47mm 

o chain #2: 50mm 

o chain #3: 30mm 

 Tube resistors from unit 13 were washed with water, baked overnight at 60°C and all 

were tested OK at 20 kV.  All resistors were reinstalled, except on gaps earmarked 

for shorting.  Short “dummy” resistors were installed in: 

o post gap 8, top 

o post gap 3, top 

o tube 1, gap 10, top and bottom 

o tube 2, gap 1, top and bottom 
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 Chain slip tests were performed as per Cooper request.  However, numbers are 

inconsistent with previous measurements and there is some confusion as to what we 

are actually measuring. 

 Examined issue with tank cup suppressor.  Suppressor voltage was present at the 

tank cup body, as you would expect and the suppressor input on the tank cup body 

appears as a good open circuit.  Hence, there doesn’t appear to be anything wrong 

with the tank cup suppression circuit.  The wire on the inside may be loose though? 

2.8  10-7-13  Wednesday 

 Three links were removed from chain #3. During this operation, with the motor 

propped, the total weight on the terminal pulley is reduced and the chain can be 

additionally tethered free of the terminal wheel. This facilitates the ability to do a 

simple rock and spin check of the terminal chain wheel bearings. Seems OK. 

 Checked EPICS control of terminal 20 l/s ion pump and determined that as 

suspected, EPICS states that it is on when it is off and vice-versa.  This was easily 

fixed. 

 As part of gaining confidence in the version of drawing on file, we checked the 

diameter of unit 13 shaft.  It is 2.840” (with 0.5mm skimmed during TO #119).  The 

shaft is fitted with shims in the bore of the end flanges.  The bore of the end flanges 

looks like 3”. 

 Unit 24, bottom post resistor on gap 8 was found to be open circuit during low-

voltage (Infinitron tests).  Problem wasn’t apparent with normal high voltage tests.  

Resistor was replaced with one of the good post resistors removed from unit 13. 

 Unit 13 high-voltage tests with “shorted” configuration is: 

o tube 1: 7.8 uA 

o tube 2: 7.8 uA 

o tube 3: 7.2 uA 

 Decreased resistance was found on unit 25, tube 3, gap 10 using low-voltage tests, 

and was estimated to be ~60% of normal.  Test was repeated with the resistor lead 

across that gap removed, with no change in the result, so problem is assumed to be 

leakage across or through the insulator.  High-voltage tests across insulator at 6kV 

showed 10uA leak through gap.  Decision was made to short gap.  Short “dummy” 

resistors were installed in: 

o post gap 16, top 

o tube 3, gap 10, top and bottom 

 Closed top and middle terminal spinning 

 Repaired broken post stringer mount on unit 9 using a new method.  As mentioned 

above, the rivet holes used for mounting the lug were eclipsing the OD, making 

remounting without a post change inadvisable. So, we used a modified resistor end 

mount (see section 5).  

2.9  11-7-13  Thursday 

 Fitted alternative post end stringer mount in unit 9, tube 3, using a modified resistor 

mounting end piece (see Figure 4). 

 Manufacturing was underway for an insulating mount for a tube type resistor 

assembly to be installed at the end of the tube resistor chain in unit 1. 
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2.10 12-7-13  Friday 

 Cleaned and closed the terminal 

 Fitted low energy casting covers 

 Fitted insulating mounting type resistor assemblies at the end of the resistor chains 

at the low-energy unit 1, tube 1, gap 1 and one at the high-energy column end unit 

28 post gap 18. In both these locations only one resistor had been used. 

 Shortened chain #3 by 3 pellets 

 Remounted under the bottom casting the spark gap discs used for routing the high-

energy tube metering. A dollop of Silastic® adhesive was used for this. 

 Beam focus feed-thru coax is actually shielded and the shield is only connected 

within the screwed cable retainer that connects to the 150kV HV power supply 

chassis. 

2.11 15-7-13  Monday 

 Reinstalled the HE tube metering spiral cable to the remounted spark protection 

discs.   

 Closed unit 28. 

 Cleaned motor end inductors, tank floor and charging/suppressor mushrooms. 

Particular attention was given to the area of the spark over gaps of the mushrooms. 

 Checked oil levels in oilers, all adequate. 

 Chain #3 leg clearance measured to be 94mm 

 Investigated weird Infinitron measurements in unit 7, tube 3, gap 10.  HV test at 6kV 

across gap showed 14uA leakage.  Short “dummy” resistors were installed in: 

o post gap 14, top 

o tube 3, gap 10, top and bottom 

 Investigated weird Infinitron measurements in unit 9, tube 1, gap 1.  Tests showed it 

was shorted and closer inspection showed tube spark gap electrodes were touching 

because of a missing retaining screw.  Replaced screw and retested.  All OK. 

 Investigated weird Infinitron measurements in unit 11, tube 2, gap 9.  Tests showed it 

was basically due to an open circuit resistor.  However, HV tests across gap at 6kV 

also showed ~0.2uA leakage through insulator.   Will probably short gap as that’s 

what we did with unit 13, tube 1, gap 10 (which showed only 0.05uA leakage). Short 

“dummy” resistors were installed in: 

o post gap 10, top 

o tube 2, gap 9, top and bottom 

 

2.12 16-7-13  Tuesday 

 Checked tension on terminal corona needle assembly.  All OK.  Also checked state 

of corona needles, all look good although one is showing signs of blunting.  

 Performed Infinitron measurements on unit 1 (with added tube resistor at end of 

resistor chain) and unit 28 (with added post resistor at end of resistor chain) 

 Replaced casting covers near terminal 

 Replaced casting idler bearings on chain #1 
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o Unit 25 2 of 3 (one replaced at TO119) down side1 and 3 of 3 up side 

o Unit 22 3 of 3 on up and down sides 

o Unit 16 3 of 3 on up and down sides 

2.13 17-7-13  Wednesday 

 Replaced casting idler bearings on chain #1 

o Unit 19 3 of 3 on up and down sides 

 Began process for tank close (clean, blow down etc.) 

 Found an issue with unit 26, tube 3 during 30kV HV tests.  Turns out the top flange 

electrode was missing a retaining fastener (as with unit 9 earlier). The electrode was 

making contact with the first gap electrode and shorting this gap.  First gap electrode 

was eroded through due to arcing activity and required replacement (see Figure 6).   

 Also noticed slightly higher current reading for unit 25, tube 1 during 30kV HV tests 

(~7.4uA as opposed to the more usual 7.2uA).  This is higher than it was upon entry. 

2.14 18-7-13  Thursday 

 Fitted new gap 1 electrode pair in unit 26, tube 3.  The repair for the flange mounted 

electrode required the re tapping of the fastener hole. Repeated all HV and low-

voltage tests and everything is OK. 

 Traced slightly higher current in unit 25, tube 1 from yesterday to post B, gap 8.  

Leakage current from 6kV tests across gap was ~3uA.  On close inspection, like 

really, really close, we found a hairline crack in the ceramic insulator. 

 Removed post #2047 from unit 25 post position B and replaced with used post #253. 

This post has the historic refurbished epoxied end flange treatment requiring the use 

of 2 spacer shims to match overall lengths. 

 Repeated 30kV HV tests on units 25 through 28.  All now check out. 

 Performed all tank closing tests (chains, metering currents etc.) and all were OK. 

 Closed tank and began overnight pump down. 

2.15 19-7-13  Friday 

 Machine was suffering a high current reading on the chain charging system after a 

few hours of low terminal voltage operations as the tank was gassing up. 

Investigations found the feed through was shorted to ground. Lobanov suggested 

using a high current power supply to “blast” the bridging piece away.  It worked. 

  

                                                

1 Remaining bearing appears to have been changed during TO #119 
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3 Cracks in post ceramic 

Upon performing exit 30kV high-voltage tests, unit 25, tube 1 showed 7.4uA.  Although this 

is higher than normal, the more concerning factor was that this same tube showed 7.0uA on 

entry to the tank.  After high-voltage testing each individual resistor and each individual gap 

on both tube and post, post B, gap 8 showed 3uA current leakage.  After staring at this gap 

for a while, we could see two small cracks in the ceramic.  These can be seen in Figure 1. 

We are seeing a consistent pattern with our posts in that any gap that exhibits current 

leakage will have some sort of crack in the ceramic insulator.  Furthermore, posts with 

cracked ceramic can be baked out overnight (presumably driving out moisture) and show no 

current leakage.  After prolonged exposure to atmosphere, the current leakage will return. 

This is possibly what has happened with this post, where operating in a dry SF6 

atmosphere, it was fine, but was able to absorb moisture while the tank was open.  We are 

quite certain we did not “create” the crack during the tank opening. 

 

Figure 1 Unit 25, post B, gap 8 showing two subtle cracks.  There was also current leakage 

through gap. 
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4 Tube track marks 

A number of tubes have interesting marks on the ceramic insulator between electrodes.  

The two shown in Figure 2 and Figure 3 were found in unit 13.  Neither showed any current 

leakage when 6kV was applied across the gap. 

 

(a)                                                                      (b) 

 

Figure 2 Arc track mark in unit 13, tube 1, gap 10 (a) pre and (b) post cleaning 

 

(a)                                                                    (b) 

Figure 3 Trail mark on unit 13, tube 3, gap 10 (a) pre and (b) post cleaning 
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5 Unit 9 stringer mount 

Arrangement will be monitored next tank opening and assessed as a long term solution.  We 

are seeing more and more failures of the rivet style mounting and even worse, often the rivet 

holes are burnt through, which mean there is no rivet mounting option left without removing 

a post. 

 

Figure 4 Unit 9, tube 3 stringer mount using resistor clamps 

 

6 Loose tube flange electrodes 

Units 9 and 26 suffered identical problems whereby the tube electrode mounted on the 

flange collapsed onto the second electrode, shorting the gap.  In both cases, the dome head 

screw that usually holds it in place was missing.  It had not sheared off, nor were there 

excessive arc marks in the area.  Figure 5 and Figure 6 show the issue and end result. 
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Figure 5 Unit 9, tube 1, gap 1 loose flange electrode 

 

 

 

Figure 6 Unit 26, tube 3, gap 1 eroded electrode due to loose flange electrode 
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7 Gap repair and shorting summary 

Unit Tube Post Gap 

Leakage 

though 

insulator 

(@6kV) 

Open 

circuit 

resistor 

Other Repair 

1 1  1   

Only one 

resistor across 

gap 

Added 2nd resistor 

7 3  10 14uA   

Dummy resistors 

top and bottom, 

dummy on post gap 

10, top 

9 1  1   

Loose 

electrode fin 

shorting gap 

Replaced missing 

screw 

11 2  9 0.2uA Yes  

Dummy resistors 

top and bottom, 

dummy on post gap 

10, top 

13 1  10   

Suspicious arc 

mark across 

gap 

Dummy resistors 

top and bottom, 

dummy on post gap 

3, top 

13 2  1 0.05uA   

Dummy resistors 

top and bottom, 

dummy on post gap 

8, top 

24  D 
8  

(bottom) 
 Yes  

Replaced with good 

resistor 

25  B 8 3uA  
Crack in 

ceramic 
Replaced post 

25 3  10    

Dummy resistors 

top and bottom, 

dummy on post gap 

16, top 

26 3  1   

Loose 

electrode fin 

shorting gap 

Replaced missing 

screw 

28 4  8   

Only one 

resistor across 

gap 

Added 2nd resistor 
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8 Column and tube end gap resistor configuration 

The very last HE and LE column tube gaps are populated with gradient resistors and these 

are in series with the current metering at the control console. 

These gaps were configured with the following resistors when the original resistor 

installation took place, circa 1988. 

 LE tube first gap, single resistor (a resistor added, making a “pair”) 

 LE column first gap, two resistors 

 HE tube last gap, single resistor 

 HE column last gap single resistor (a resistor added, making a “pair”) 

In all but the HE tube, last gap, the gradient across the end of resistor chain gaps listed  

were made consistent by the addition of a second resistor to have “pairs“ at these gaps. 

We manufactured and installed a new insulating mount for a tube resistor to have a “pair” at 

the entrance of the LE tube, unit 1, tube 1, gap 1. 

The new insulated mount was fastened to the large bore of the casting conveniently near it’s 

mating tube mounted resistor and allowing easy connection of the LE tube current meter 

wiring. 

Similarly an existing spare (intended for install in 1988?) insulated mount for a column 

resistor was used to add a second resistor to the end of the HE column, unit 28, post gap18. 

Holes were drilled and tapped to fasten the assembly to the upward facing surface of the 

casting using nylon screws. This is now the same as was done originally at the entrance to 

the LE column resistor chain. The last HE tube gap though required the added consideration 

of balancing the tube gradient with only 3 column gaps in unit 28. Therefore unit 28, tube 4, 

an 8 gap tube is at half gradient to match the last 3 column post gaps and is fitted with a 

single resistor per gap. Therefore, tube 4 gap 8 has one resistor before connection to the 

current metering. 

 

9 Recirculator servicing 

The small dryer in level 3 was reactivated on 2nd July.  Below is a small log of the work 

performed: 

 1/7/2013 

o 14UD pumped out. Recirculator valves left open to evacuate SF6. Let up to 

air with 14UD 

 2/7/2013  

o 14:00   Started vacuum pump. 

o 15:30   1400µ @CPS gauge. 

 3/7/2013 

o 10:00   1180µ 

o 12:00   Valved off vacuum pump (base 160µ). Turned heater on. N2 flow set  

to 4 cfm. 

 4/7/2013 

o 9:00   T = 275 F 

 8/7/2013 

o 11:00   T = 290 F. Heater off. Vacuum pump base 64µ. 
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o 14:00   T = 100 F. Turned N2 off. Start to evacuate with vacuum pump. 

 9/7/2013 

o 9:30   910µ. 

o 14:40   610µ. 

 11/7/2013 

o 14:00   590µ 

 15/7/2013 

o 12:15   570µ 

 16/7/2013 

o 10:00   380µ 

 17/7/2013 

o 14:00   350µ. Turned pump off. Let system up to N2. 

 18/7/2013 

o Pumped down along with 14 UD. 

 19/7/2013 

o Gas Up 

10 Machine hour meter readings 

 

Table 1 - Machine hour meter readings 

Date compiled 19-7-2013 

Team member AGM 

Reading 
CHAIN #1 

(2M) 

CHAIN #2 

(1N) 

CHAIN #3 

(3P) 

LE 

SHAFT 

HE 

SHAFT 

CH 

VOLTS 

Notes 

New 

@TO111 

Swapped 

from pos 2 

@TO#114 

New 

@TO94 

Swapped 

from pos 1 

@TO#114 

New  

@TO118 
   

Hours at 

19-7-2013 
  19181  19119 19268 35310 35309 20981 

Hours at 

5-3-2013 

(TO#119) 

  18039  17978 18127 33594 33593 19760 

Change in hours       1142     1141 1289 

Accumulated 

total hours  
9.530k  28.273k 1991 
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11 Initial performance 

The machine was suffering a high current reading on the chain charging system after a few 

hours of low terminal voltage operations as the tank was gassing up. 

Investigations found the feed-through was shorted to ground. This was difficult to 

understand as before closure testing of this system was satisfactory and on two occasions 

the feed-through mushrooms spark gap area had been cleaned, once during the opening 

and a second before cleaning and closure of the 14UD. 

Lobanov suggested using a high current power supply to “blast” the bridging piece away. 

It worked and we continued operations. 14UD was conditioned up to 14.5 MV in few hours. 

No major sparks were observed during conditioning. 

Early experiments after the tank opening were at low terminal voltages, but an AMS run 

three weeks later was at 14.2 MV.  This run was successful.  Figure 7 shows an example of 

the terminal voltage behavior during this run.  Further analysis is required to determine if the 

rate of spark events has diminished when compared to before the tank opening. 

 

 

Figure 7 Sample terminal voltage log during AMS experimental run 


