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Figure 2 Unit 14 Post B 
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Figure 3 Unit 20 Post A 
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4 Removal of unit 6 alternator drive flange 
Figure 4 shows the puller made to remove the alternator drive flange from the unit 6 
alternator.  The flange could not be removed otherwise.   

 
Figure 4 Puller made to remove the alternator drive flange from the unit 6 alternator 

5 Idler wheel damage 

 
Figure 5 Unit 19 chain 3 up idler damage 
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Figure 6 Unit 22 chain 3 down idler with spark damage 
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6 RGA scans for SF6 levels 

6.1 129A 
As part of continued efforts to understand how SF6 may enter the acceleration tube, a 
number of RGA scans were performed before, during and after the tank opening.  Before 
the tank opening, there was a noticeable SF5 peak at AMU 127. Figure 7 shows the tube 
vacuum as the gas was removed at the start of the tank opening. Figure 8 shows the SF5 
peak partial pressures during gas up of the tank after closing. 

 
Figure 7 Acceleration tube vacuum during tank gas out at the start of the tank opening.  

There is a definite increase in vacuum at approximately 80 psia tank pressure. 
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Figure 8 SF6 peak monitoring via RGA during the evacuation and gas up of the pressure 
vessel after the tank was closed after TO129A. 
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Figure 9 SF6 peak monitoring via RGA during after gas up was complete and after an initial 
conditioning effort.  No one was present in the facility when the sudden and unexpected 
increase in SF6 occurred. 



1 4  U D  T a n k  O p e n i n g  R e p o r t   # 1 2 9  

22 of 35  |  A N U  D e p a r t m e n t  o f  N u c l e a r  P h y s i c s  

 
Figure 10 SF6 peak monitoring via RGA during overnight from 13th to 14th August to check 
for consistency in presence of SF6. 
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6.2 129B 

 
Figure 11 SF6 peak monitoring via RGA during gas out for tank opening 129B.  The SF6 
disappears with the tank pressure 
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Figure 12 SF6 peak monitoring via RGA during gas up after tank opening 129B.  Note in this 
instance the Wessier valve is shut in an attempt to isolate and locate any leaks. 
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Figure 13 SF6 peak monitoring via RGA over weekend after gas up after tank opening 129B.  
Note in this instance the Wessier valve is shut in an attempt to isolate and locate any leaks. 



1 4  U D  T a n k  O p e n i n g  R e p o r t   # 1 2 9  

26 of 35  |  A N U  D e p a r t m e n t  o f  N u c l e a r  P h y s i c s  

6.3 129C 

 
Figure 14 SF6 peak monitoring via RGA during gas out for tank opening 129C.  Note in this 
instance the Wessier valve is still shut in an attempt to isolate and locate any leaks.  There 
are momentary reactions in the low-energy vacuum accompanied by increased in the low-
energy SF6 levels, even when the tank is at atmosphere. 
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Figure 15 SF6 peak monitoring via RGA during gas up for tank opening 129C. There appear 
to be fewer reactions in SF6 levels, and a decoupling of increases in vacuum and 
appearance of SF6. 
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Figure 16 SF6 peak monitoring via RGA during after tank opening 129C. There are small but 
definite releases of SF6 levels corresponding to small increases in both the low- and high-
energy vacuum.  Other spikes in vacuum are single point increases and are unlikely to be 
real. 

 



1 4  U D  T a n k  O p e n i n g  R e p o r t   # 1 2 9  

 A N U  D e p a r t m e n t  o f  N u c l e a r  P h y s i c s  |  29 of 35 

7 Gas stripper 
A digital pressure gauge was attached to one of the Swagelok valves on the cylinders outlet. 
When valve was opened to the cylinder the pressure reading was 0.167 barG. Previous 
readings noted on the cylinder were 0.25 barG (TOR 126) and 0.24 barG (TOR 127). 

A small gas sample from the cylinder was released into a disposable glove.  When the 
halogen leak detector was inserted in this sample, there was a rapid response, therefore 
there is some SF6 mixed with the N2 in the cylinder.  RGA will be used to confirm when 
available. 

Components of gas stripper system will need to be leak tested again, where possible, in our 
pressure vessel. 

8 Shorting rod clutch 
A multitude of issues had developed with the high-energy shorting rod clutch.  The 
mechanism would not reliably grip the rods and required excessive force to operate.  There 
was also evidence of sparking to the shorting rods though the clutch. 

Investigation showed that the problem with high-energy rod slippage was due to lost motion 
in the over-centre actuator. It had two broken clevis pins and some wear in the pin holes.   
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Figure 17 Shorting rod clutch worn actuator and broken pins. 

Tunningley purchased and fitted the new actuator and also converted it to a removable 
base. This will allow easier replacement should it become necessary.  The lever action is 
now very light to use and the shorting rods hold very positively even when quite wet with oil. 
In the future, the actuator pins should be lubricated as part of usual maintenance. A spare 
mechanism should also be purchased. 

 
Figure 18 Shorting rod clutch new actuator installed. 

Cooper spent some time in testing ideas to replace the cone with an elastomer version.  By 
his own words, he tried to reinvent the wheel, so to speak, and wasted much time trying to 
get this version to work. He learned much about what won't work, but he now knows an 
approach that would work well with elastomers. However, he now believes that the 2009 
designed clutch that is being used is both robust and efficient.  As part of the investigation, 
the stainless steel activator was replaced with a Delrin version, which should eliminate (or at 
the very least, move) the sparking and damage to the rods that we were seeing.  We will 
assess this after the next running schedule is completed. 
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Figure 19 Shorting rod clutch arrangement shown exploded on the starting shorting rod 

(Note that the activator on the right has since been replaced by a Delrin version). 
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9 Watch list 
Table 1 Watch list of suspect items for review next tank opening 

Unit Component Description Condition/ 
Resolution 

Retain 
watch 

6 Post C, gap 
10 

May have small subtle cracks in 
ceramic 

Increased 
discoloration, no 
current leak at 6 kV 

Yes 

22 Post C, gaps 
7 and 10 

May be a small subtle crack, but 
also what may be two, small, 
surface divots at a “nine o’clock” 
position 

No deterioration Yes 

28 Post B, gap 
12 Marks including metallic deposits  No deterioration Yes 

6 Post gap 9 

New unused resistors installed on 
both top and bottom, showing 
18µA @ 20kV (lower than 19µA 
nominal). 

Keep track of current 
as resistors age Yes 

14 Post gap 18 Current leakage of 0.02µA 

Restest, as current 
leakage after test on 
immediate entry was 
much higher. 

Yes 

14 Post A gap 1 Current leakage of 0.2µA@5kV  Yes 

15 Post gap 18 Current leakage of 7µA New post installed No 

10 
Post C, gaps 
6, 8, 13 and 
19 

Visible spark marks across gaps  Yes 

7 
Spring 
contact 
upper 

Flat section, a bit gnarly Check on next TO Yes 

8 
Spring 
contact 
lower 

Ugly coil form Check on next TO Yes 
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10 Tube ceramic insulator current leakage 
The current state of shorted tube ceramic gaps is shown in Table 2 

Table 2 Summary of tube ceramic current leakage in the 14UD 

Unit Tube Gap 

Leakage though 
insulator @5kV (µA) 

Discover
y Comment Repair 

TO #123 TO #129 

3 2 2 8  8.8 TO #121  Dummy resistors top and bottom, 
dummy on post gap ???? 

6 1 2 1.1  1.2 TO #123  Dummy resistors top and bottom, 
dummy on post gap 5, top 

6 1 3 60 80 TO#128  Dummy resistors top and bottom, 
dummy on post gap 4, top 

7 3 10 12  14 TO #120  Dummy resistors top and bottom, 
dummy on post gap 10, top 

12 1 1  32 TO #129  Dummy resistors top and bottom 

12 1 2 0.25  43 TO #123  Dummy resistors top and bottom, 
dummy on post gap 5, top 

12 1 3  4 TO #129  Dummy resistors top and bottom 

12 1 4  73 TO #129  Dummy resistors top and bottom 

12 1 9  7.2 TO #129  Dummy resistors top and bottom 

13 1 10 0  0 TO #120 
Suspicious 
arc mark 

across gap 

Dummy resistors top and bottom, 
dummy on post gap 3, top 

13 2 1 0.05 0.02 TO #120  Unshorted TO#129, deemed too 
small.  Monitor. 

13 2 2  95 TO #129 
Short 

moved from 
U13 T2 G1 

Dummy resistors top and bottom, 
dummy on post gap 8, top 

24 3 10  18 TO #129  Dummy resistors top and bottom, 
dummy on post gap 14, top 

25 3 10 7  7.2 TO #120  Dummy resistors top and bottom, 
dummy on post gap 16, top 

26 3 5 0.15  >100 TO #123  Dummy resistors top and bottom, 
dummy on post gap 12, bottom 

26 3 9  0.25 TO #129  Dummy resistors top and bottom, 

26 3 10 0.01  >100 TO # 123 shorted 
TO129 Dummy resistors top and bottom, 

26 3 11 2.5  16 TO # 123  Dummy resistors top and bottom, 
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dummy on post gap 14, bottom 

28 3 1 0.01   TO # 123  None, deemed too small.  Monitor 

28 3 5 0.47   TO # 123  Dummy resistors top and bottom, 
dummy on post gap 12, top 

28 3 7 0.1   TO # 123  Dummy resistors top and bottom, 
dummy on post gap 13, top 

28 3 9 0.02   TO # 123  None, deemed too small.  Monitor 

28 3 10 0.05   TO # 123  None, deemed too small.  Monitor 

28 3 11 0.28   TO # 123  Dummy resistors top and bottom, 
dummy on post gap 14, top 

 

11 Machine hour meter readings 
Table 3 Machine hour meter readings 

       
Date compiled 12/07/18           
Team member(s) PL, BG      
Reading Chain #1 (1O) Chain #2 (2N) Chain #3 (3P) LE shaft HE shaft Ch. volts 
Notes New @TO121 New @TO121 New @TO118    
Current reading 43108 43031 43195 64705 64698 39833 
Previous reading (TO 
#126) 38704 38642 38791 59916 59909 36586 

Change in hours 4404 4389 4404 4789 4789 3247 
Previous total hours 17172 17110 21601    
Current total hours 21576 21499 26005       

 

Note that we know about a problem with the charging volts meter. We are judging charging 
volts from calculations in section 12. 
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12 Terminal voltage distribution for period of service 

 
Figure 20 Cumulative terminal voltage distribution for period of operation from the end of 

tank opening 128 to the start of tank opening 129 (including any time spent conditioning the 
machine) 

The total hours with voltage on the terminal was 4355 hrs, which gives a utilization of 75% 
assuming a twenty-four hour, seven-day maximum. 

 

13 Initial performance 
There is a significant improvement in the vacuum readings for the three ion pumps in the 
terminal.  After one month, they all read less than 10-10 Torr if not zero (which indicates very 
low current).   

The machine was slowly conditioned up to 14.5 MV over a week after the tank opening.  A 
difference was immediately noticeable in that there was little if any deconditioning from one 
day to the next.  Subsequent conditioning after a few experimental runs improved the 
conditioned voltage to 14.7 MV.  An initial RGA scan for SF6 also showed no trace. 

However, there are some regular dips in terminal volts and users report strange behaviour 
under beam loading.  This requires investigation. 


