From: Grant Minor

To: Lia Merminga; Pierre Bricault; Donald Jackson; "mgallop@triumf.ca”;
Yuri Bylinsky; Joe Mildenberger; Jamie Cessford; Gordon Roy;

CC: "Bevan Moss"; Maico Dalla Valle; Travis Cave;

Subject: Cyclotron Bridge Orbit Counter and Aluminum Bridge Sector Analysis

Date: March 23, 2011 6:30:00 PM

Attachments: Cyclotron Bridge Wheels Over Bump March 23 2011.pdf

Orbit Counter Wheel On Skip Point.JPG

Aluminum Bridge Sector Bolted To Magnet.JPG

Aluminum Bridge Sector Bolted To Magnet Counterclockwise Side.JPG
Aluminum Bridge Sector Clockwise Side.JPG

Aluminum Bridge Sector Over Extraction 5 Horn Cabling.JPG

Drive wheel clockwise from bump.JPG

Free wheel clockwise from bump.JPG

Orbit Counter Wheel Just Before Skip Point.JPG

Hello all,

| have performed some investigation into the skip in the orbit counter that was
experienced during the tank survey this 2011 Shutdown, and made a first-run
evaluation of the risks involved.

Some Background:

There is an aluminum bridge spanning the gap between the cyclotron magnet steel
at approximately position 140 — 150 degrees. This bridge passes over Extraction 5
Horn. Itis one of several bridges that were installed in the 1970’s by Dilworth,
Secord, Meagher and Associates. According to Gord Roy, they were an
afterthought, and were never quite fitted properly, and took quite some effort to
install. From our photos collected they appear to be bolted to angle brackets that
are welded to the magnet steel. The bridges were installed to allow the remote
handling service bridge wheels to travel around the perimeter of the cyclotron
over a flat surface.

It appears that the bridge over the Extraction 5 Horn is protruding on the counter-
clockwise side by some small fraction of an inch (approx 1/8”, see attached
photos). Itis not known whether it has always been this way or if this has evolved
over time. Itis general hearsay knowledge that the aluminum bridges were never
perfectly fitted or installed to begin with.

The Problem:
- This year, the orbit counter skipped a number of degrees during a
tank survey, rendering the survey data invalid.
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- The skip has been isolated by Remote Handling to the location where
this aluminum bridge is protruding (see attached photos).

- The skip is not repeatable every time: some tests performed have
shown the skip, but some have not.

- Itisunclear yet whether the skip is related to mechanical slippage of
the orbit counter wheel at the bump, or another mechanical or electrical
issue.

- No prior photos or documentation exist to confirm or deny the
existence of this bump over time.

- The aluminum bridges are around the perimeter of the cyclotron
which is the hottest (most active) area of the cyclotron.

- The bridges are likely active and any mechanical work on them would
be likely high-dose.

The Implications:
- lam under the impression that the remote automated tank survey
cannot be performed reliably with this skip problem.
- The remote handling equipment can still be used to take manual
position readings and do a manual survey from the RH control room.
- It will take additional time and effort to accurately diagnose and
solve the orbit counter skip problem.

Additional Risks:
- There was some concern about the bridge stalling at this bump, and
whether the drive motor can generate enough torque to the drive wheel
to overcome the bump in this instance.
- This may cause delays in cyclotron maintenance, and force people to
accumulate dose running into the vault to try to lift/pry and reposition the
bridge should it become stalled.

Actions Taken:
- I'have done a preliminary analysis on the bridge drive system and
wheel torque (see attached).
- My conclusion, based on some large assumptions, is that there is
sufficient torque in the drive system to overcome a 1/8” bump in the worst
case.
- We have run the trolley back and forth several times over the bump
with full load from the probes trolley, and video recorded the results.
- There is some mechanical vibration passed through the system when
the bridge wheels pass over the bump, which transmits through the
outrigger cameras.




- Both bridge wheels were successfully able to clear the bump 8 times
(4 in each direction) under full load and at the slowest possible speed.

Hypotheses on Cause:
- The aluminum bridge may be dished (bent down at the center and up
at the ends) from repetitive stress of the trolley load travelling over it over
the past 30+ years.
- The bolts securing the bridge may have loosened over time, due to
repetitive stress, allowing the bridge to rock slightly on its fixture points.
- The aluminum bridge may have been bent and protruding in the first
place.

Conclusions and Recommendations:
- Therisk of this bump on the bridge’s ability to orbit the Cyclotron is
very low.
- Next shutdown, another manual or compromised survey may have
to be performed should the orbit counter skip manifest itself again.
- Unless priority is given, we will have to neglect the orbit counter
problem this year, as we have no more resources to address it.

If you have any questions or concerns, please contact me.

Thanks,

Grant

Grant Minor, M.A.Sc., P.Eng.

TRIUMF Remote Handling Group Leader
Nuclear Engineer

4004 Wesbrook Mall, Vancouver

BC, Canada, V6T2A3

gminor@triumf.ca

(604) 222-7359



From: Grant Minor

To: Lia Merminga; Pierre Bricault; Donald Jackson; "mgallop@triumf.ca”;
Yuri Bylinsky; Joe Mildenberger; Jamie Cessford; Gordon Roy;

CC: "Bevan Moss"; Maico Dalla Valle; Travis Cave;

Subject: RE: Cyclotron Bridge Orbit Counter and Aluminum Bridge Sector Analysis

Date: March 25, 2011 10:03:00 AM

Apologies all,

Gord Roy has corrected me on the history of the aluminum “bridges” in the tank
spanning the magnet gaps.

See below,

Grant

Hi Grant;

I do not remember saying that the "bridges'"™ were an
"afterthought™.

The Service Bridge was required to install the resonators and
other i1tems and as such it was engineered to do so. Since the
magnet surface was not contiguous, in order for the Service
Bridge to rotate fully, "bridges" were required between the
magnet sectors. The problem encountered was that each gap was
slightly different and as such each of the six "bridges"” had to
be custom fitted, which is what we were talking about.

A necessity, yes; an installation problem; yes, but an
"afterthought™ no.
Gord

From: Grant Minor [mailto:gminor@triumf.ca]

Sent: March 23, 2011 6:30 PM

To: Lia Merminga; Pierre Bricault; Donald Jackson; ‘'mgallop@triumf.ca’; Yuri
Bylinsky; Joe Mildenberger; Jamie Cessford; Gordon Roy

Cc: 'Bevan Moss'; Maico Dalla Valle; Travis Cave

Subject: Cyclotron Bridge Orbit Counter and Aluminum Bridge Sector Analysis
Importance: High

Hello all,
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| have performed some investigation into the skip in the orbit counter that was
experienced during the tank survey this 2011 Shutdown, and made a first-run
evaluation of the risks involved.

Some Background:

There is an aluminum bridge spanning the gap between the cyclotron magnet steel
at approximately position 140 — 150 degrees. This bridge passes over Extraction 5
Horn. Itis one of several bridges that were installed in the 1970’s by Dilworth,
Secord, Meagher and Associates. According to Gord Roy, they were an
afterthought, and were never quite fitted properly, and took quite some effort to
install. From our photos collected they appear to be bolted to angle brackets that
are welded to the magnet steel. The bridges were installed to allow the remote
handling service bridge wheels to travel around the perimeter of the cyclotron
over a flat surface.

It appears that the bridge over the Extraction 5 Horn is protruding on the counter-
clockwise side by some small fraction of an inch (approx 1/8”, see attached
photos). It is not known whether it has always been this way or if this has evolved
over time. Itis general hearsay knowledge that the aluminum bridges were never
perfectly fitted or installed to begin with.

The Problem:
- This year, the orbit counter skipped a number of degrees during a
tank survey, rendering the survey data invalid.
- The skip has been isolated by Remote Handling to the location where
this aluminum bridge is protruding (see attached photos).
- The skip is not repeatable every time: some tests performed have
shown the skip, but some have not.
- Itis unclear yet whether the skip is related to mechanical slippage of
the orbit counter wheel at the bump, or another mechanical or electrical
issue.
- No prior photos or documentation exist to confirm or deny the
existence of this bump over time.
- The aluminum bridges are around the perimeter of the cyclotron
which is the hottest (most active) area of the cyclotron.
- The bridges are likely active and any mechanical work on them would
be likely high-dose.

The Implications:
- lam under the impression that the remote automated tank survey




cannot be performed reliably with this skip problem.

- The remote handling equipment can still be used to take manual
position readings and do a manual survey from the RH control room.
- It will take additional time and effort to accurately diagnose and
solve the orbit counter skip problem.

Additional Risks:
- There was some concern about the bridge stalling at this bump, and
whether the drive motor can generate enough torque to the drive wheel
to overcome the bump in this instance.
- This may cause delays in cyclotron maintenance, and force people to
accumulate dose running into the vault to try to lift/pry and reposition the
bridge should it become stalled.

Actions Taken:
- I'have done a preliminary analysis on the bridge drive system and
wheel torque (see attached).
- My conclusion, based on some large assumptions, is that there is
sufficient torque in the drive system to overcome a 1/8” bump in the worst
case.
- We have run the trolley back and forth several times over the bump
with full load from the probes trolley, and video recorded the results.
- There is some mechanical vibration passed through the system when
the bridge wheels pass over the bump, which transmits through the
outrigger cameras.
- Both bridge wheels were successfully able to clear the bump 8 times
(4 in each direction) under full load and at the slowest possible speed.

Hypotheses on Cause:
- The aluminum bridge may be dished (bent down at the center and up
at the ends) from repetitive stress of the trolley load travelling over it over
the past 30+ years.
- The bolts securing the bridge may have loosened over time, due to
repetitive stress, allowing the bridge to rock slightly on its fixture points.
- The aluminum bridge may have been bent and protruding in the first
place.

Conclusions and Recommendations:
- Therisk of this bump on the bridge’s ability to orbit the Cyclotron is
very low.
- Next shutdown, another manual or compromised survey may have




to be performed should the orbit counter skip manifest itself again.
- Unless priority is given, we will have to neglect the orbit counter
problem this year, as we have no more resources to address it.

If you have any questions or concerns, please contact me.

Thanks,

Grant

Grant Minor, M.A.Sc., P.Eng.

TRIUMF Remote Handling Group Leader
Nuclear Engineer

4004 Wesbrook Mall, Vancouver

BC, Canada, V6T2A3

gminor@triumf.ca

(604) 222-7359



From: Don Jackson

To: Grant Minor;

CC: Bevan Moss;

Subject: Bridge Orbit Anomaly
Date: March 17, 2011 4:45:51 PM
Attachments: Bridge Orbit Anomaly.docx
Grant:

Attached report on bridge orbit issues.
Don
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Remote Handling Bridge Orbit Anomaly in Cyclotron February 28-March 4, 2011

Synopsis

The cyclotron bridge orbit encoder failed during an attempt to do the scheduled radiation survey.  Over the last 30 years the encoder wheel has been reliable within the require accuracy (±0.5° per 360° orbit at speed setting of 35%) for the surveys.  The encoder wheel has a repeatability of ±0.01° over short ranges.  No attempt has ever been made to determine the reason behind the discrepancy of the readings.  As the encoder is only currently used for the radiation survey it has never been considered a priority to improve its operation.

Timeline of Failure

Feb 28		Setup – Basic operation of orbit counter checked near “home” position (51.6 degrees) and was operating correctly.  No attempt made to check accuracy over orbits.  One orbit made at slow speed (<50%) no bridge related orbiting issues observed.

March 1	(Morning) Photo Survey – numerous complete orbits made of cyclotron at slow speed (<50%) no issues discovered.  Orbit counter not used.

March 1	(Afternoon)	First Radiation Survey:  On first attempt at orbiting bridge orbit counter was observed to have an under reading of error of at least 7 degrees.  The orbit speed should have been set to 35% but was not confirmed.  Remote Handling group inspected orbit counter and could not find any issues related to shaft encoder.  The accuracy of encoder was confirmed over multiple complete orbit of tank.

Radiation survey was resumed and no further orbital issues were observed.  Analysis of radiation survey data confirmed that the orbit encoder was operating within required specifications.

March 2-3	Shields:  Shields placed in cyclotron.  Orbit encoder was not used for this operation.

March 4	Second Radiation Survey:  Orbit counter failed calibration test with bridge speed set at 30%.  Bridge speed was set to orbit at approximately 10% of maximum speed setting.  Upon repeated orbit the exact failure point was identified at the south end of an aluminum bridge that crosses over the extraction 5 horn (approximately 140 degrees).  The immediate conclusion was that there was no “quick fix” to resume the radiation survey.  It was still possible to perform a remotely operated survey without automatically saving data, effectively duplicating manual hands on survey.  This procedure was declined by the safety group.

Visual observation from outside tank confirmed exact failure point.  The south end of the aluminum bridge was sticking up approximately 1/8” from the adjacent sector.  When approached from south side (going north) when the orbit encoder wheel hit the sector it was observed momentarily reversing direction.  The remote handling bridge also shook quite significantly at that time.  The reverse direction (going south) still shook the bridge but there were no discrepancies observed with the orbit encoder wheel.

[image: E:\DCIM\100ND300\DSC_0531.JPG]Aluminum Bridge Sector Join



 





History

These aluminum bridge sections were installed in 1972-1973.  Upon discussion with the few people still around from that era it appears that these sections were modified at least twice.  Once upon initially installation and again 1975 to allow the bridge to be operated with motors (it was manually pushed around tank until than).  The calibration holes on the plate were drilled in-situ in 1975.

No drawings relating to these sections have been identified.

Consequences

As this is a change in a historically reliable operation of the remote handling bridge the causes and consequences need to be fully understood. 

It is not known if this misalignment of the aluminum bridge sector is new or has existed for some time.  The failure of the orbit encoder at this specific location is new.  The encoder does work when traversing other aluminum bridge sections.  This tends to imply that something has changed at this location.

Currently the bridge appears to be orbit successfully over this location, but still needs to be investigated further.  If the bridge orbit is impacted this could have serious consequences in particular when handling the copper beam stoppers (dose in excess of 100mSv).  Any failure during their handling will have serious dose consequences when attempting to recover from the situation.  Either the situation has to be repaired or failure modes and consequences need to be analyzed.

There are plans in place to minimize dose when handling failures that occur on the bridge itself.  It is unclear what steps to take to minimize dose on a failure of the tank itself (or at least the running surface for the bridge).



Schedule

The current shutdown schedule calls for shield installation to start on March 25th.  Copper beam stoppers will be installed on March 29th or 30th.

Ideally the situation needs to be investigated as soon as possible.  Any repair would have to be completed before March 24th.  At a minimum the risks need to be determined and minimized before the start of the copper beam stopper installation.

Page 1 of 3
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From: Grant Minor

To: "Anne Trudel"; Noel Giffin;

CC: "Donald Jackson"; "Pierre G. Bricault"; Lia Merminga;

Subject: RE: pick-up wheel for Tank Survey

Date: September 21, 2011 6:55:00 PM

Attachments: Cyclotron Bridge Orbit Counter and Aluminum Bridge Sector Analysis.pdf
Hi Anne, Noel,

| analyzed this problem in March and circulated a written report for it via e-mail,
see attached docs.

From what I can tell, the problem is not repeatable, difficult to diagnose the
exact cause, and if it is in-fact related to misalignment of an aluminum bridge
sector, it will be a high-dose job trying to repair it and will require resources and
planning.

It is on the list of things to repair, but due to other priorities we may not get to
this in 2011. If the potential exists that an automated orbit position readout skip
will render the data un-usable, then a manual survey would have to be
performed using the cameras and the hard-scribed position markings on the
cyclotron perimeter.

My recommendation is to try the automated orbit program during the winter
shutdown 2012, and if the skip re-occurs, we will have to resort to a manual
scan.

Hope this answers your question, if you need any more info let me know.
Thanks,

Grant

From: Don Jackson [mailto:djacks@triumf.ca]
Sent: September 21, 2011 7:47 AM

To: Grant Minor

Subject: FW: pick-up wheel for Tank Survey

Grant:
I will let you handle this one.
Don
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Adobe recommends using Adobe Reader or Adobe Acrobat version 8 or later to work with
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- Easy printing

« Quick searches
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From: Grant Minor

To: Lia Merminga; Pierre Bricault; Donald Jackson; "mgallop@triumf.ca”;
Yuri Bylinsky; Joe Mildenberger; Jamie Cessford; Gordon Roy;

CC: "Bevan Moss"; Maico Dalla Valle; Travis Cave;

Subject: Cyclotron Bridge Orbit Counter and Aluminum Bridge Sector Analysis

Date: March 23, 2011 6:30:00 PM

Attachments: Cyclotron Bridge Wheels Over Bump March 23 2011.pdf

Orbit Counter Wheel On Skip Point.JPG

Aluminum Bridge Sector Bolted To Magnet.JPG

Aluminum Bridge Sector Bolted To Magnet Counterclockwise Side.JPG
Aluminum Bridge Sector Clockwise Side.JPG

Aluminum Bridge Sector Over Extraction 5 Horn Cabling.JPG

Drive wheel clockwise from bump.JPG

Free wheel clockwise from bump.JPG

Orbit Counter Wheel Just Before Skip Point.JPG

Hello all,

| have performed some investigation into the skip in the orbit counter that was
experienced during the tank survey this 2011 Shutdown, and made a first-run
evaluation of the risks involved.

Some Background:

There is an aluminum bridge spanning the gap between the cyclotron magnet steel
at approximately position 140 — 150 degrees. This bridge passes over Extraction 5
Horn. Itis one of several bridges that were installed in the 1970’s by Dilworth,
Secord, Meagher and Associates. According to Gord Roy, they were an
afterthought, and were never quite fitted properly, and took quite some effort to
install. From our photos collected they appear to be bolted to angle brackets that
are welded to the magnet steel. The bridges were installed to allow the remote
handling service bridge wheels to travel around the perimeter of the cyclotron
over a flat surface.

It appears that the bridge over the Extraction 5 Horn is protruding on the counter-
clockwise side by some small fraction of an inch (approx 1/8”, see attached
photos). Itis not known whether it has always been this way or if this has evolved
over time. Itis general hearsay knowledge that the aluminum bridges were never
perfectly fitted or installed to begin with.

The Problem:
- This year, the orbit counter skipped a number of degrees during a
tank survey, rendering the survey data invalid.
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- The skip has been isolated by Remote Handling to the location where
this aluminum bridge is protruding (see attached photos).

- The skip is not repeatable every time: some tests performed have
shown the skip, but some have not.

- Itisunclear yet whether the skip is related to mechanical slippage of
the orbit counter wheel at the bump, or another mechanical or electrical
issue.

- No prior photos or documentation exist to confirm or deny the
existence of this bump over time.

- The aluminum bridges are around the perimeter of the cyclotron
which is the hottest (most active) area of the cyclotron.

- The bridges are likely active and any mechanical work on them would
be likely high-dose.

The Implications:
- lam under the impression that the remote automated tank survey
cannot be performed reliably with this skip problem.
- The remote handling equipment can still be used to take manual
position readings and do a manual survey from the RH control room.
- It will take additional time and effort to accurately diagnose and
solve the orbit counter skip problem.

Additional Risks:
- There was some concern about the bridge stalling at this bump, and
whether the drive motor can generate enough torque to the drive wheel
to overcome the bump in this instance.
- This may cause delays in cyclotron maintenance, and force people to
accumulate dose running into the vault to try to lift/pry and reposition the
bridge should it become stalled.

Actions Taken:
- I'have done a preliminary analysis on the bridge drive system and
wheel torque (see attached).
- My conclusion, based on some large assumptions, is that there is
sufficient torque in the drive system to overcome a 1/8” bump in the worst
case.
- We have run the trolley back and forth several times over the bump
with full load from the probes trolley, and video recorded the results.
- There is some mechanical vibration passed through the system when
the bridge wheels pass over the bump, which transmits through the
outrigger cameras.








- Both bridge wheels were successfully able to clear the bump 8 times
(4 in each direction) under full load and at the slowest possible speed.

Hypotheses on Cause:
- The aluminum bridge may be dished (bent down at the center and up
at the ends) from repetitive stress of the trolley load travelling over it over
the past 30+ years.
- The bolts securing the bridge may have loosened over time, due to
repetitive stress, allowing the bridge to rock slightly on its fixture points.
- The aluminum bridge may have been bent and protruding in the first
place.

Conclusions and Recommendations:
- Therisk of this bump on the bridge’s ability to orbit the Cyclotron is
very low.
- Next shutdown, another manual or compromised survey may have
to be performed should the orbit counter skip manifest itself again.
- Unless priority is given, we will have to neglect the orbit counter
problem this year, as we have no more resources to address it.

If you have any questions or concerns, please contact me.

Thanks,

Grant

Grant Minor, M.A.Sc., P.Eng.

TRIUMF Remote Handling Group Leader
Nuclear Engineer

4004 Wesbrook Mall, Vancouver

BC, Canada, V6T2A3

gminor@triumf.ca

(604) 222-7359








From: Anne Trudel [mailto:atrudel@triumf.ca]
Sent: September-20-11 2:55 PM

To: Donald Jackson

Cc: Noel Giffin

Subject: pick-up wheel for Tank Survey

Don,

I may be out of the loop on this but I was reminded recently that we weren't
able to get a tank survey completed with the shields in last shutdown

because of a problem with the pick up wheel on the bridge. Do you know when
we might expect to have that fixed so that the surveys can resume?

Thanks,

Anne


mailto:atrudel@triumf.ca

From:

Grant Minor

To: "Anne Trudel"; Noel Giffin;

CcC: Donald Jackson; "Lia Merminga"; "Pierre G. Bricault"; "tlyth@triumf.ca™;
"kur@triumf.ca";

Subject: Pick-up wheel on cyclotron orbit

Date: September 26, 2011 5:18:00 PM

Hi Anne, Noel,

Noel phoned me today and expressed concern on the criticality of the cyclotron
bridge orbit system counter being fully operational to complete the surveys

needed

this coming shutdown.

| had a few suggestions that might make addressing the problem easier:

- In preparation for this upcoming shutdown, it would be useful if Noel
could organize a meeting with Remote Handling and present to us his
understanding of the problem and outline any data, photos, video, etc. he
has collected on the problem, perhaps indicating regions in the orbit
where the problem occurs more frequently, etc. As | explained in my
previous e-mail, we put the bridge and trolleys through their paces at the
end of the shutdown several times at the slowest possible speeds, and we
were unable to reproduce the problem as we understood it, but maybe
there was some miscommunication down the line about what exactly the
problem is.

- Istill suggest that we try again to perform the tank survey with the
orbit counter wheel as-is, with both Noel and Remote Handling staff
present, and that way if the problem arises we can use the outrigger
cameras, etc. to zoom in on the problem areas and see exactly what is
happening. This will give us more information on whether it is a
mechanical issue (i.e. the wheel is skidding or skipping) or an electrical /
controls issue.

- Noel commented to me that it his understanding that the orbit
position counter was historically not designed properly, and perhaps it was
designed to be too sensitive or too accurate, and that the accuracy
required by the user (Safety?) is not as tight as what was designed. In this
case, | asked Noel if he could put a specification together in writing
summarizing what the actual requirements of the system are, and describe
quantitatively the negative experiences he has had using the current
system. With a proper specification of what is needed from the user, it will
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be much easier to correct the system with a proper design the next time
we go in to address whatever problem may exist.

- Regarding the urgency of this repair, | can only say that we are
strapped for resources right now fighting fires (ex. M20 Q1Q2, M9T2
Joint), and if this is urgently needed, some other project will have to fall to
the wayside until we get it fixed. If we have to re-design the counting
mechanism, this may take months to design, build, and test a prototype,
and | have to make it clear to my supervisors that another project will have
to suffer.

Let me know how you would like to proceed, and | will help any way | can.
Thanks,

Grant

Grant Minor, M.A.Sc., P.Eng.

TRIUMF Remote Handling Group Leader
Nuclear Engineer

4004 Wesbrook Mall, Vancouver

BC, Canada, V6T2A3

gminor@triumf.ca

(604) 222-7359



From: DJACKS@triumf.ca

To: Grant Minor;

Subject: Re: Pick-up wheel on cyclotron orbit
Date: September 26, 2011 6:56:23 PM
Grant:

| don't agree with the statement that it wasn't repeatable. Every time |
tried it up to and including the last day of the shutdown I could repeat
the error at the exact same locaton: Where the orbit wheel transistions
over the gap of the bridge sector on the west side of the tank. This was
observable with both the outrigger and by local direct observation.

Travis also noticed that this happened on a similar location on the east
side of the tank. These only occur at slow speed without a load on the
outboard extremity of the bridge. At higher orbit speeds the counter is
useless anyways so any repeatablitiy wouldn't be observable. In other
words the failure is do to a mechanical fault.

Travis noted that during the 2C operation which passes over the same
location at slow speed the orbit readings were perfect. This uses the
upper resonator trolley which is considerably heavier than the radiation
survey. | consider this only as a qualtitive observation not conclusive

as there were no recorded observations. | suspect we are seeing a
deteriation of the bridge sectors .... but not a major one as "bumps" have
been observed when orbiting over the sectors have been observed since
1976.

Electrical and mechanical operation of the encoder were repeatable tested
outside of the tank and never failed. The electronics is a quadrature
decoder which requires a precise signal to work. If there is any problems
with the signal, electronics or wiring the end result is no count at all.

In other words it is virtually impossible to have an intermittant count.

| agree with you that an attempt should be made to do an "automated"
survey. The accuracy should be immediatley obvious as a calibration is
done on each orbit. The program only has the ability to calibrate at the
D-Gaps. Additional calibration points may be usefull but not be ready
until the 2013 shutdown when hopefully a better solution has presented
itself.

Even if manpower and priorites are adjusted it won't be of much help to
Noel for 2012. The only place any solution can be tested (or repaired if
It is the tank) is in the tank after shields are in place. Than again if

no attempt is made in 2012 then it shifts to 2013 to 2014 etc.

If Noel wants repeatable results for 2012 than he better be prepared for
remote operation and manual data entry. It will take a significant amount
of time and be a very tedious operation: But it will get the results he
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needs.

As to accuracy the encoder (for radiation survey purposes) is only

measured to withen 1/2 degree. If he is willing to live with nearest 10
degrees or even more than | would never have bothered with any encoder and
just left it at manual entry anyways.

Don

> Hi Anne, Noel,

>

>

>

> Noel phoned me today and expressed concern on the criticality of the

> cyclotron bridge orbit system counter being fully operational to complete
> the surveys needed this coming shutdown.

>

>

>

> | had a few suggestions that might make addressing the problem easier:
>

>

>

> - In preparation for this upcoming shutdown, it would be useful

> if

> Noel could organize a meeting with Remote Handling and present to us his
> understanding of the problem and outline any data, photos, video, etc. he
> has collected on the problem, perhaps indicating regions in the orbit

> where

> the problem occurs more frequently, etc. As | explained in my previous
> e-mail, we put the bridge and trolleys through their paces at the end of

> the

> shutdown several times at the slowest possible speeds, and we were unable
>to

> reproduce the problem as we understood it, but maybe there was some

> miscommunication down the line about what exactly the problem is.
>

>

>

> - I still suggest that we try again to perform the tank survey
> with

> the orbit counter wheel as-is, with both Noel and Remote Handling staff
> present, and that way if the problem arises we can use the outrigger

> cameras, etc. to zoom in on the problem areas and see exactly what is
> happening. This will give us more information on whether it is a



> mechanical

> issue (i.e. the wheel is skidding or skipping) or an electrical / controls
> issue.

>
>
>
>

- Noel commented to me that it his understanding that the orbit
> position counter was historically not designed properly, and perhaps it

> was

> designed to be too sensitive or too accurate, and that the accuracy

> required

> by the user (Safety?) is not as tight as what was designed. In this case,
> |

> asked Noel if he could put a specification together in writing summarizing
> what the actual requirements of the system are, and describe

> quantitatively

> the negative experiences he has had using the current system. With a
> proper

> gpecification of what is needed from the user, it will be much easier to
> correct the system with a proper design the next time we go in to address
> whatever problem may exist.

>

>

>

> - Regarding the urgency of this repair, | can only say that we

> are

> strapped for resources right now fighting fires (ex. M20 Q1Q2, M9T2

> Joint),

> and if this is urgently needed, some other project will have to fall to

> the

> wayside until we get it fixed. If we have to re-design the counting

> mechanism, this may take months to design, build, and test a prototype,
> and

> | have to make it clear to my supervisors that another project will have
> to

> suffer.

>

>

>

> Let me know how you would like to proceed, and I will help any way I can.
>

>

>

> Thanks,



=>
>
=>

> Grant

> Grant Minor, M.A.Sc., P.Eng.
>

> TRIUMF Remote Handling Group Leader
>

> Nuclear Engineer

>

> 4004 Wesbrook Mall, Vancouver

>

> BC, Canada, V6T2A3

>

> gminor@triumf.ca

>

> (604) 222-7359
>
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From: Noel Giffin

To: Grant Minor;

CC: "Anne Trudel"; Donald Jackson; "Lia Merminga"; "Pierre G. Bricault";
tliyth@triumf.ca; kur@triumf.ca;

Subject: Re: Pick-up wheel on cyclotron orbit

Date: September 30, 2011 12:13:27 PM

Attachments: orbit-wheel-memo.pdf

Hello everyone,

Here is an attached memo that | have produced in response to Grant's request
for more information
about the failure of the orbital position sensor of the Cyclotron R.H. bridge.

regards,

Noel Giffin

On 09/26/2011 08:07 PM, Grant Minor wrote:

> Hi All,

>

>

> | should correct my first point below:
>

> -Don Jackson WAS able to reproduce a particular error near a misaligned
aluminum bridge sector near

> Extraction Horn 5, but | am still unclear of the relationship between that error
and Noel’s observed

> failure. There is some conflicting information in my notes that | will have to
clarify with Don

> tomorrow.

>

> In the meantime, I still think it would be very valuable for Noel to attempt to
document and

> quantify the failure he observed last shutdown, specifying the operating
conditions (orbit speed,

> direction etc.) and the location of the failure, so our group has something to
work with to try to

> address the problem.

>

> Thanks,

>

> Grant
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TRIUMF

TRIUMF Memo

Date: [Date]

To: Grant Minor Cc: Anne Trudel, Don Jackson,
Lia Merminga, Pierre Bricault, Ron
Kuramoto, Tom Lyth

From: Noel Giffin File: orbit-wheel-memo.pdf

RE: Discussion on the Failure of the 500 MeV Remote Handling
Bridge Orbital Position Sensor and it's impact on the Cyclotron
Tank Radiation Survey

At the beginning of the long shutdown starting last fall, the Safety systems group was
unable to complete the set of orbital tank scans that make up the 500 MeV Cyclotron
Radiation Tank Survey. A mechanical or electrical signal failure of the orbital sensor
caused the R.H. Rad survey program to record invalid positional data. The failure was
erratic and unpredictable enough to make any correction or interpolation of the gathered
data impossible. Several hours were spent with Remote Handling personnel trying to
isolate and determine the cause of the failure. The problem seemed to be isolated to a
region around extraction horn #5 and to my memory seemed to be more of a problem in
the counter-clockwise direction, but I am no longer able to remember this with certainty.
The survey was attempted many months ago and as no relevant radiation survey
information was recorded, no data was kept by me. Perhaps Don Jackson still has the
scans that he recorded at that time or perhaps saved video clips from the camera views of
the problem. I do know that only scans at outer radii were attempted as that is where our
survey starts.

At the time of failure, I thought that we had convinced ourselves that the failure was
mechanical, as camera surveillance of the orbit wheel while performing the scan gave the
appearance of stuttered or irregular rotation. This may have been an illusion due to
awkward lighting, and less than optimal camera position.

In hindsight, a similar problem could have been induced by failure of the electronics
providing pulse-counting from the optical wheel. Why this type of failure would be
restricted to the exit horn #5 region is open for speculation, although it could possibly be
related to a poor electrical contact in the harness being effected by vibration or jarring
from the transit of rough areas of the aluminum bridges between the magnet sectors. This
still doesn't explain why the problem occurs primarily in one orbital direction. To my
mind this points to a mechanical over an electrical problem.





Eventually attempts to complete the survey during the assigned time period was
abandoned and the problem was left with Remote Handling to resolve. We had hoped at
that time that the problem would be one that was easily solved after more detailed
assessments had been made. That appears not to have been the case and we were never
able to compete the second survey at any time throughout the long shutdown period. In
further conversations with Don Jackson, he mentioned the unlevel bridge crossings and
also ruts/scratches and wear marks on the bridge and magnet face that could cause
mechanical problems for the pickup wheel.

My comments during our phone conversation about design problems were not so much
about this specific failure of the orbit position mechanism, but more in reflection on a
possibly related chronic failure of the system. In my twenty-five year history of tank
radiation surveys, the orbital position has never worked properly. I mean it has never
worked to its design potential. The system has continually required re-calibration after
each orbit. The clockwise direction error was acceptable. After a single orbit in the
clockwise direction, it was typically out by only 1/10™ of a degree, but in the counter-
clockwise direction the error is typically a factor of ten worse often dropping one whole
degree from a complete revolution.

My understanding of the orbital position sensor is that it has the capability to provide
10,000 pulses per single revolution of the orbit wheel. With a 7 inch diameter, this
translates to 10,000 pulses over an approximate 22 inch span. With the pickup wheel
orbiting at a nominal 50 foot diameter, this should give a distance of 5.236 inches per
degree, which translates to 2380 pulses/degree of bridge rotation. If the bridge orbit
position is losing up to 1 degree in 360 then it is dropping 2380 pulses in one direction if
it is a signal problem, or losing contact with the surface of the bridge for about 5 % inches
if it is a mechanical failure. These errors are significantly less then the crippling errors of
the last shutdown, but to my mind this indicates a flaw that needs to be addressed. We
have been living with this problem and just re-calibrating at each orbit and putting up with
the distortion these errors induce in the plots of the tank survey, but in light of the recent
more catastrophic failure, perhaps these chronic errors should be looked at. It may
provide some insight.

As far as specifying our requirements for accuracy for any redesign, I would say we
would take as much accuracy as we can reliably achieve, but something in the order of
1/10™ to ¥4 of a degree of error over 360 degrees of rotation would be considered
acceptable. Given that this represents about 200 to 500 pulses on the encoder, or between
% an inch and 1.5 inches out of 1885 inches of travel. Is this not achievable? It would
certainly appear possible from a hardware perspective. Where are these chronic errors
induced into the system? I would suspect some type of mechanical slippage, with the
point where the metal pickup disk meets the magnet face and bridge decks the most likely
candidate. Can we not achieve a more positive point of contact with a different wheel?
Perhaps we could use a different metal disk with a rubber O-ring around the perimeter for
traction and to absorb minor mechanical deviations along it's path. See Proposed
modified take-up wheel, in illustration #1 for a possible solution.





[llustration 1: Proposed modified take-up wheel

Let me address some of the issues that arise with this type of wheel:

1. The Wheel is soft and the accuracy of the diameter is not as precise
2. The rubber will wear over time adding to inaccuracy

3. The rubber o-ring is subject to lateral forces and may roll off the rim
4

It may not solve the problem

1 Rubber distortion

The issue of the softer material may not matter if it can still prove to reduce the
current error by improving traction. The error induced by this material may not be
prohibitively large. Yes there will be a minor distortion induced in the material,
but if the downward force of the wheel can be constant then the distortion will also
remain fixed. The overall effect would be that of a slightly reduced diameter.
There may be minor fluctuations in this as the wheel rides over irregularities, but
these would only introduce small instantaneous errors while the mechanism
regained equilibrium and the overall error contribution would be small.

2 Wheel Wear

It is true that a softer material such as a rubber will be subject to wear and this
will introduce another source of error over time, but if a good material choice is
made, being soft enough to gain traction while resilient to wear, then the
replacement of the rubber might only be required each shutdown and could be





performed before the bridge was inserted. Rubber is cheap and the job could be
quick and easy.

3 Lateral force causing failure

Lateral forces on the point of contact between the wheel and the magnet
face/bridge sectors which are induced by movement of the wheel at 90 degrees to
the tank orbit and compounded by the longer point of contact at the rim due to the
compression of the rubber may cause the mechanism to fail by forcing the rubber
ring out of the channel on the pickup wheel. This could possibly be minimized by
introducing a small outboard cambering of the take-up wheel and/or using a soft
adhesive to affix the rubber o-ring into the groove of the take-up wheel.
Introducing a camber will effectively reduce the wheel diameter, but so what?
This can be worked out by calibration or using a slightly over-size wheel. Either of
these suggestions won't reduce the wear factor, but it should reduce the tendency
to pull the rubber away from the rim. The wear is something we might have to live
with. I think it is better to have the wearing on the take-up wheel rather than on the
magnet surface or on the bridge blocks, which a metal take-up wheel will
eventually cause.

4 It may not solve the problem

None of this may work. There may be another source of the error that has been
overlooked. You may say that planning this type of upgrade is premature and we
should wait until the problem is more completely understood and as you suggest in
your email, that we should just try the survey again at the beginning of the next
shutdown and put the process under closer scrutiny. This may sound pragmatic,
but my problem with that approach is that if the major error reappears, then we
will be without another set of Tank Radiation Surveys with no solution in sight. It
may be several shutdowns before we can reintroduce these surveys and during that
time valuable data will have been lost. These surveys provide a lot of information
regarding the effectiveness of cyclotron tuning, locating neutral beam activation
points, proving machine long term stability and verifying improvements caused by
lower energy extraction as well as pin pointing hot spots in the tank to warn tank
workers of hazardous locations.

Your suggestion of a manual survey is really a non starter. The mechanics of
our survey require a dynamic recording of orbital position. Data is taken at each
degree of rotation over a complete set of twenty six orbits. If we have to manually
enter or confirm the position of each data point, the time required to complete the
survey could run to weeks. It has been suggested by R.H. Personnel, that perhaps
we could change the survey to do radial scans rather than orbital scans and thus
reducing the requirement for dynamic orbital recording. This is also not practical
due to the fact that we would then require 360 radial scans and the fact that we
also re-calibrate our radiation detectors several times as we move inboard. Radial
scans would force us to re-calibrate several times for each radial scan rather than
over the whole survey. The calibration procedure is not automated and can take
five to ten minutes while we re-position the bridge to locate a suitably broad field





with which we can accurately perform the operation.

So yes, these suggestions may seem premature, but the effort and cost to replace the
wheel is minimal compared to the task of replacing the aluminum bridge decks. I would
like to see some small effort be made ahead of next shutdown to prepare in the event of a
repeated failure. All this may have been tried before, or there could be mechanical
difficulties or problems that I have not foreseen. I am not pretending to be a mechanical
engineer. I'm just someone with a vested interest in the survey process and want at least
some discussion on the topic. This could be a relatively cheap fix to a long standing
problem.

If alternatively that the problem lies in the electronics, then this can be tested by a
measured mechanical rotation of the wheel before the bridge is inserted into the tank to
avoid excessive radiation exposure. As long as the complete electrical harness is used,
then these tests can be conducted in the remote handling tunnel outside the vault.

I am concerned that after all this time has passed there is no progress being made
towards a solution and the recommendation is try again next shutdown to see if the
problem has mysteriously gone away. [ understand that the Remote Handling group is
busy with many other projects with higher priority, but it seems to me that this problem
has received zero priority. How much effort would it have been to try a few simple
solutions during the last long shutdown, such as moving the orbit wheel over an inch or
two to see if a new track improved things, or to lay a thin metal plate in front of the raised
bridge deck to improve the transition, or to test out the tool trolley electrical harness
connections and the wheel electronics while the Cyclotron was open for so long? If the
problem had really healed itself, then why weren't we notified so we could have
completed the shields-in survey before the shadow shields were removed at the end of last
shutdown?

As a footnote:

If you are going to monitor the orbital wheel in the coming shutdown, then
improved camera positioning and lighting would be an asset.

Sincerely,

Noel Giffin
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>
> *From:*Grant Minor [mailto:gminor@triumf.ca]

> *Sent:* September 26, 2011 5:18 PM

> *To:* 'Anne Trudel'; Noel Giffin

> *Cc:* Donald Jackson; 'Lia Merminga'; 'Pierre G. Bricault'; 'tlyth@triumf.ca’;
'kur@triumf.ca'

> *Subject:* Pick-up wheel on cyclotron orbit

> *Importance:* High

>

> Hi Anne, Noel,

>

> Noel phoned me today and expressed concern on the criticality of the
cyclotron bridge orbit system

> counter being fully operational to complete the surveys needed this coming
shutdown.

>

> | had a few suggestions that might make addressing the problem easier:

>

> -In preparation for this upcoming shutdown, it would be useful if Noel could
organize a meeting with

> Remote Handling and present to us his understanding of the problem and
outline any data, photos,

> video, etc. he has collected on the problem, perhaps indicating regions in the
orbit where the

> problem occurs more frequently, etc. As | explained in my previous e-mail, we
put the bridge and

> trolleys through their paces at the end of the shutdown several times at the
slowest possible

> speeds, and we were unable to reproduce the problem as we understood it,
but maybe there was some

> miscommunication down the line about what exactly the problem is.

>

> -| still suggest that we try again to perform the tank survey with the orbit
counter wheel as-is,

> with both Noel and Remote Handling staff present, and that way if the
problem arises we can use the

> outrigger cameras, etc. to zoom in on the problem areas and see exactly what
Is happening. This will

> give us more information on whether it is a mechanical issue (i.e. the wheel is
skidding or

> skipping) or an electrical / controls issue.

>

> -Noel commented to me that it his understanding that the orbit position
counter was historically not
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> designed properly, and perhaps it was designed to be too sensitive or too
accurate, and that the

> accuracy required by the user (Safety?) is not as tight as what was designed.
In this case, | asked

> Noel if he could put a specification together in writing summarizing what the
actual requirements of

> the system are, and describe quantitatively the negative experiences he has
had using the current

> system. With a proper specification of what is needed from the user, it will be
much easier to

> correct the system with a proper design the next time we go in to address
whatever problem may exist.

>

> -Regarding the urgency of this repair, | can only say that we are strapped for
resources right now

> fighting fires (ex. M20 Q1Q2, M9T2 Joint), and if this is urgently needed, some
other project will

> have to fall to the wayside until we get it fixed. If we have to re-design the
counting mechanism,

> this may take months to design, build, and test a prototype, and | have to
make it clear to my

> supervisors that another project will have to suffer.

>

> Let me know how you would like to proceed, and | will help any way | can.
>

> Thanks,

> Grant Minor, M.A.Sc., P.Eng.
>

> TRIUMF Remote Handling Group Leader
>

> Nuclear Engineer

>

> 4004 Wesbrook Mall, Vancouver
>

> BC, Canada, V6T2A3

>

> gminor@triumf.ca

>

> (604) 222-7359
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