Operational recovery from system failures.

In 2014 the IVS assigned over 1400 station days of observing. One station
day for this analysis is 24 hours of observing by one radio observatory in one IVS
session. 1400 station days equals about 6 million scans for all stations in the IVS
network.

The IVS network lost about 86 station days or 6% of the total due to station
problems not counting bad weather or the VGOS testing. VLBI data acquisition is a
technical challenge using a complex electronic data acquisition system with a moving
radio telescope using motors and associated electronics. It would be difficult to suggest
a perfect "score". What we can provide is training to recover from known failures which
happen from time to time at all stations and then the possible operational guidelines to
recover as quickly as possible depending on that failure. Feedback from operator
comments is necessary to keep the program at the highest possible level of success
and the process starts with the staff assigned to the IVS observing program.

The following problems were assigned station data loss and the number of days in
2014.

Misc- 59 station days lost. Misc is not included in this discussion. It is loss from
all actions not caused by station activity such as weather or assigned testing, etc.

Antenna- 25 days lost. This includes all possible problems with the movement or
control of the antenna and is the majority of loss reported by most stations. We
will discuss this in this class.

Receiver- 23 days lost. This mostly includes station observing warm which is an
impact on overall sensitivity. This discussion can be found under the Cryogenic
System and Receiver Maintenance section of the TOW 2015 notebook.

RFI- 22 days lost. RFl is not included in this discussion. It is possible to avoid
some RFI by filters and antenna masking. This discussion can be found under
RFI sources in the TOW 2015 notebook.

Rack- 20 days lost. This discussion will include all possible recovery and repair of
the station Data Rack.

Oper errors - 7 days lost. Full discussion and possible causes with ways to prevent
errors. Proper reporting of errors will be reviewed.



Recorders - 7 days lost. Discussion of recovery while observing and a review
of possible causes reported by stations in 2014.

Power failure and the maser accounted for 2 days station loss and will be
discussed below.

CONT14 campaign 14 statistics using 17 stations in the IVS network.

BADARY FORTLEZA HOBART12 HOBART26 HART15M KATH12M KOKEE MATERA
NYALES20 ONSALA60 TSUKUB32 WESTFORD WARK12M WETTZELL YARRA12M
YEBES40M ZELENCHK

total sessions 15

total stations 17

total station days 255
average fit 29 ps

average corr loss 10%

total scheduled scans 114522
total station days lost 18

Power Failure:

2014.198.06:20:12.91;"We had power outage, all scans from 23:00 UT are no good
2014.198.06:20:30.11;"problem with system rectified too late, nearly the end of the
2014.198.06:20:42.06;"schedule. So have not resumed.

Power failure operational guidelines can be found in the 2015 TOW handbook in the IVS
operations workshop section which includes the steps necessary to continue observing
after the system is operational. All stations have the steps necessary to bring their station
back from a cold shutdown usually in some kind of order that makes sense.

Some sample guidelines:

Verify the AC utility and equipment power is stable.

Verify the antenna is operational and will slew.

Verify the Field System rebooted properly if not on a UPS.

Verify the DAT rack came up properly.

Verify the Mark 5/6 system is operational.

Verify the Maser's UPS system maintained the load.

Verify the GPS system if not on a UPS is locked on the satellites.
Verify the Cryogenic system is working correctly.

Verify the power supplies appear normal and all fans are running.



Normally some devices from a cold start will require reloading their
operational software to recover. Two examples in this class will be
the Mark6 and the RDBE.

Telescope:

ivs: el drive was stuck at 25 degrees, reset drive, onsource again at 15:20

Scans from 209-2357 through 210-0212 were offsource due to a problem

with the Az drive.

Scans from 223-2203 through 223-2221 offsource due to glitch in elevation drive.
Starting session late due to problems in az shaft encoder electronics

NOT able to observe r1657 session because we are evaluating the AZ bearing status.
Sources missed from 216-1719b to 216-1741a due to an encoder fault (believed to be
due to a faulty power cable in the Declination wrap)

" Comment from 'oper': " CHECKLIST(B): Antenna: pad clear of obstructions OK

" Comment from 'oper': " CHECKLIST(B): Antenna: Generator OK (In Auto, off) OK

" Comment from 'oper': " CHECKLIST(B): Antenna: Time OK (i.e. SNTP server OK) OK
" Comment from 'oper': " CHECKLIST(B): Antenna: in remote mode OK

" Comment from 'oper': " CHECKLIST(B): Antenna: Pointing and SEFD checked

Each observatory usually has an unique antenna control and the procedures

to go with it. Some exceptions are the AuSCope with the same 12 meter design
but different issues such as weather or obstructions. Normally only qualified
staff will operate the antenna. They have guidelines on when it's safe to operate
the antenna and when it should not be moved. No one can make that decision
except the local station staff.

Weather- Most stations have high winds and many Antenna Control Units have
high wind stows automated. Antennas risk serious damage when moving in
high winds. HatCreek is an example. Snow load is another consideration and
each station will have published guidelines when it is safe to operate during

a snow storm. Lightning may be an issue at some stations. In all cases the
operational directives at each station will dictate when the radio telescope

can be used for observing safely.

Mechanical- These issues usually come under station management once they
have been identified. It is important for operators to recognize a problem
such as an undefined noises as the antenna slews. It also may be recognized
with bad pointing offsets or not able to hold a position on source.

Electrical- Most telescopes today use electric motors. The AC power buss
and electronics to move the antenna will often be maintained by trained



utility staff. Station guidelines differ but it would not be unexpected to
see that only trained staff are allowed to reset a main power breaker for
the antenna.

Recovery from common antenna failures available for operators:

1. Will not slew.

- Antenna control unit indicates a system fault. Software issues or interface
to the Field System is not working.

2. Pointing Offsets are bad.

- Check ACU time. Verify the telescope slews smoothly and the encoders
are reading correctly. Possible power supply problems to the control
electrons. Snow in dish.

3. Slewing on source (midop).

- ACU software or time needs to be corrected. Verify weather is not the
cause.

Maser

Early this morning the maser micro processor hung up and the 5 MHz signal glitched. We are
presently setting up for the fringe test using the PCFS procedure that Ed Himwich has been
working on. | am working with Katie at Exelis to try to stabilize the maser for this test this
morning.

Tuesday!! Have emailed Exelis awaiting direction. Possible Power supply failure!

Recovery from a maser failure is probably the most difficult. Any loss of the timing standard for
the station is the end of observing. The first step is to verify the maser has failed by either a
large time offset or drift with the GPS or a 2nd standard. Recognizing this quickly and reporting
it to IVS-Ops starts the process. Often the observatory has technical help with a connection to
the maser PC which allows them to monitor the device.

Operators can monitor most masers by the monitor and control electronics at least once during
the session. Often this includes the IF level, Voltage Controlled Oscillators, Phase lock voltages,
and power supply voltages. They can also verify the maser chamber or room temperature is
stable and normal. Preventive maintenance by reporting a problem with one or more
parameters may prevent a complete failure.

Recovery options:

1. Switch to a 2nd time standard. This may not be possible at some stations. Note: Only a
properly operating hydrogen maser provides the level of stability required for VLBI.

2. Be prepared and properly trained to adjust or enter the commands necessary to maintain the
maser.

3. Be prepared to replace or reset power supply fuses or breakers.



4. Be familiar with the maser's key operating parameters and adjust or correct those available
to the operator.

DATA RACK

The IVS network is in transition from the Mark 4, VLBA DAT racks to the digital backends
supported by the DBBC and the RDBE. (Roach digital back end.)

The original equipment was installed in a six foot by 19 inch rack with power supplies, 15 Base
Band converters or video converters. Some older versions may still have the formatter, sampler
and Mark IV decoder. The rack also has the IF electronics going to the receiver and the cable
calibration ground unit. Often a second rack holds the counters, GPS system and spectrum
analyzers and associated test equipment.

The phase calibration signal is used for an end to end check of all channels. The Field System
can detect most channel failures and many DAT rack issues and will report this to the operator.

Recovery from failures with legacy VLBI DAT racks:

1. Lost channels.

-The most common problem. Each rack comes with a spare converter and can be swapped into
the system quickly. The order of lost channels is 6-11-7 then 2. It is important to have a working
spare. The common failure for a converter is loss of the Total Power readings, communication
to/from the converter or loss of the Local Osc signal either High or Low by failure of a tunnel
diode.

2. Power supply failure.

- Often caused by heat or loss of a fan. Stations should have spares or a variable power supply
to quickly replace the bad unit. Power supplies usually fail over time by a large AC ripple in the
output DC rail caused by bad filter capacitors. A blown fuse may be an indication of a bridge
diode circuit has shorted.

3. Rack reset.

- The Field System will reload and service each module in the rack and confirm that it is
operational and the operating parameters are correct. This may be necessary due to a
momentary AC power interruption.

Recovery from Digital Back End terminals.

- Since most of the electronics is software define reloading the system's software is the main
technique for recovery. An example of how this is being done for the VGOS system can be
found in the VGOS draft operational memo in the TOW 2015 operations chapter.

Clock errors example - Op comment, "Delay difference has been drifting for the last one hour.
Halted schedule to reconfigure DBBC and restarted at UT 03:30."



Other problems with these new systems have been cooling, power supplies, filter board needed
alignments, and bad or poor cable connections. The Mark 5B and Mark 6 can also detect
operational problems with the DBBC and RDBE.

Most operator comments for DAT rack issues report lost channels or power supplies.

Here is an example where the problem was not the rack but the time was one second off.
Correlator report: No fringes throughout. Only non-zero codes appear to be when fringe rate
passed through zero.

For discussion this operator comment is suggested:

"No fringes found in S-band, but phasecal signal present."

Mark5 recording system

"Experiment was correlated without one station, as the data was not usable.
"Scan checks contained trailing E error."
"All data lost due to module failure."

The Mark5 system was a major upgrade for the recording system. However there were seven
station days of data loss in 2014. Operational guidelines have been published as the network
gains experience with the most common failures. The Mark 5A has been upgraded to Mark 5B
and it now includes the formatter which adds some complexity to the device along with the
StreamStor disk interface card using the Linux OS being controlled by the program Dimino.

Normally recording failures can be divided into three categories. Module failure, Mark5
Hardware failure such as the power supply and software issues requiring the operator to restart
the control program. Additional software is required to interface the Mark5B to the DBBC using
the DBBC control program.

1. Module failures.

Often caused by a slow or failed disk drive. Usually necessary to change the module. Module
testing and repair information can be found, for example in the TOW2013 Mark 5 Disk module
testing file.

One example that can crash Dimino is using a SATA module in Bank A.

2. Hardware Failures.

Often the power supply or the DC power connections. The easiest way to look at the PS voltage
and ripple is at an unused PATA disk drive power connector. These connectors are white and
have 4 wires connected to them:

2 black for ground



1 red for +5 volts
1 yellow for +12 volts

3. Software and timing.
Often requires restarting the Mark5 from a cold start.

Scan checks are necessary to verify a good recording. The mark 5 can issue an "E" error when
there is a problem such as the time has been corrupted by the operator trying to set it while
recording. At this time a review of all logs and the scan checks is being done soon after each
session. If the correlator knows there is a problem with the recording on occasion they have
been able to save the data.

The network guide lines for this error and the recovery:

To: Stations with Mark 5B/5B+ Recorders

From: Ed Himwich, Dan Smythe, and Rich Strand

Date: 8 May 2012

Re: Mark 5B/B+ recorder ",E" errors from "scan_check"

INTRODUCTION

It has been recently noticed with Mark 5B/5B+ recorders that sometimes a
",E" occurs at the end of the "scan_check" response. This indicates a
problem with the data format on the disk. It is not entirely understood
what causes this problem, but when it occurs, the scan with the error is
unusable. If it occurs all the time, corrective action is needed. We

list below steps to take to deal with this problem if it occurs at your
station.

Please be aware that once this error occurs persistently on a module, it
is not safe to record any more data on that module. Set the module
aside, appropriately labeled, and in its place use an empty module that
has been erased/condition in your recorder.

After changing modules, you should test with the new module using the
following "recscan" procedure, which you can place in your station
procedure library.

"recscan
disk_record=on
1+9s
disk_record=off
I+1s
scan_check



The next section gives a complete procedure for recovery.
RECOVERY PROCEDURE

If the ",E" error is occurring persistently, please take the following
actions:

(1) Halt the schedule:

disk_record=off
halt

When there is a problem with any Mark 5 Recorder, it is rarely
helpful to terminate the FS. It's not good to halt the schedule
or terminate the FS while recording, you will fill the disk. The FS
will try to prevent you from terminating while recording, but it
won't try to stop you from halting the schedule while recording,
so please try to avoid that.

(2) Remove the module that is having the error and label it
appropriately.

(3) Insert an empty module in this recorder, preferably already
erased/conditioned.

(4) Please make sure the new module is the one selected for recording.
If not, use "mk5=bank_set=inc;" to change which is selected.

(5) Once you have verified that the new module has been selected, erase
it with:

mk5=protect=off
mk5=reset=erase

(standard procedure for any fresh Mark 5 module)
(6) Test the new module with (see INTRODUCTION section above):
recscan

(7) If the scan_check from (6) does not show the ",E" error, the problem
is probably resolved.



(8) After verifying, again, that the new module that you used in step
(6) is selected, erase this new module:

mk5=protect=off
mk5=reset=erase

(9) If the problem was resolved in step (7), you can rejoin the
schedule at the next opportunity using the "schedule=..." command.
Do not use the "CONT" command since this will attempt to observe
the scans you missed since you entered "halt". You can (should) use
the new module that you used for step (6) and erased in step (8) to
continue the schedule.

If the problem was not resolved, please contact us. You can try a
complete restart of the Mark 5 with a power cycle to see if that
helps. You can also try another new module.

(10) Unless the module that was in use when the problem was originally
discovered is bound for correlation at JIVE, it can be erased and
reused if all the scans on it had the error. Any module going to
JIVE should be not be erased and should be sent there regardless
of whether all scans have the ",E' error or not. If there are some
scans on the module without the error, it should be sent for
correlation regardless of where it is going.

ADDITIONAL NOTES

If you have this problem, please send us an e-mail to let us know that
it happened and how it was resolved. This will help us to develop a
better understanding of the problem.

One action that may cause this error is to sync or set the time in the
Mark 5B while it is recording. Please try avoid to doing that. When you
e-mail a report about your recovery, please let us know if there was any
activity before the error occurred, such as setting the time while
recording, that we might be able to relate to the occurrence of this
problem.

The next version of the FS will generate an error message when ",E"
occurs in "scan_check".






