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Overview of DPS system

* Required to allow experimental gasses up to few Torr in the IP, while:

- Maintaining nTorr at XTCAV and linac
- << mTorr in spectrometer to limit emittance growth (in fact we can maintain <1e-6 Torr)
- No solid material in the beam path - i.e. Be windows

* Two systems running in parallel
- US-DPS (upstream): 4x turbopumps and 2x roughing pumps
- DS-DPS (downstream): 2x turbopumps and 2x roughing pumps
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Schematic of the system

Schematic

......

filystron
Gallery
Jector 20

- Madri Wiarifald Gaugs

Linaz
Turkmwel
Sector 20

Experimental Area

p G

M3201 M3202, M3203

IEE®

3076

Device Lists

3108 3130 3151

Interlock Logic

1&05

g i A vl

5 Ge-07 Torr |
Efm 5

SO

3201

3133 3187
In Geries

G171

Be ﬁnduw —— -

r— —
3208

M3204

Diagnostics

| Pumps...

Walve Interlocks...

Foreling %Iy Intlks...

FLC Modules...

| Valves...

20-4B8 K-TCAW Interlock...

PLC Admin...

Diagnostics

| acuurn ArchiwertStripTool |

20-46 H-TCAN dystem...




Schematic of the system - foreline system
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Summary of hardware

* Turbopumps: Ebara EMT2204 - ~2000 |/s mag-lev turbos

- Pumps directly on beamline

- Controllers are in gallery:
* 4 US pump controllers at Penetration 20-10
* 2 DS pump controllers at Penetration 20-12

* Roughing pumps: Ebara EVS-100P- 10,000 I/s
- Pumps installed under the beamline, directly below the turbos
- No remote controller, but remote status panel in rack FKG20-24
- Powered from circuit breaker 2PK102E2

* Foreline valves between turbos and roughing pumps

- Interlocked to foreline pressure
- Controllable through EPICS

* Beamline valves
- Interlocked to beamline pressures

Roughing pump panels @ FKG20-24 Roughing pump breakers @ 2PK102E2
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DPS Watcher

[screen 0: run_matlab.bash] (on facet-srv02)

“MATLAEBIR >
Copyright 1984-2020 The Mathllorks, Inc,
R2n20a (9,8,0,1323502) Bd-bit (glmxabd)

FACET Matlab Watchers (on facet-srvol) ») (») (X

FACET Matlab Watchers

Matlab Watchers

BPM Repeater
Feedbacks
TCAY Fhck
Charge Feedhack
Waist Locator
FACET VITARA
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Defender
S10LaserArchiver
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FastLaserArchiver @ | stop|
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Diff. Pumping m | stop|
MDL Feed-forward @ | stop|
Orbit Watchdog @& |stop|

‘ Watcher Diag Display... |
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SIL AL November3, 2022

February 25, 2020

To get started, type doc,

For product information, wisit ww,mathworks, com,

MWon-Tlegree Granting Education License —- for uze at non—degree granting, nonprofit,
educational organizations only, Mot for govermment, commercial, or other organizational uwze,

Wed Mow 02 13:50:48 POT 2022: Auzrdlocal /facet/tool=/matlabTHG commonsaida-pea—client, jar successfully added to java class path

Aida PYA client initialization completed

Wed Mow 02 12:50:47 POT 2022: Fphyszics(phuyzics)Bfacet-srv02 ¢+ Starting DPSwacllatcher,m, 10/25/2022

Initializing labCA Release '86ffed6-dirty’...

Author: Till Straumann <straumanislac,stanford,edu:

Wed Mow 02 12:50:52 POT 2022: Fphuzics(phuyzics)@facet—-srv02 ¢ Watchdog started on F2:WATCHER: DIFFPUMP_STAT

Wed Mow 02 13:50:52 POT 2022: fphysics(physicslBfacet-srwl2 @ Health check: Beamline pressure 0K, Beamline pressure readings: Beam_lSlpress
E38e—08 Beam_lS3press = B,002%9e-10 Beam_US4press = 1,1451e-10 Beam_TCAMpress = le—08 Beam_DSZpreszs = 0 Beam_Dumppresz = 2,1e-08

Wed Mow 02 13:51:15 POT 2022: fphysics(physics)Rfacet-srw02 ¢ DPSwachatcher: Stop signal zent to turbopump: YPTH:LIZ20:3151:052

Wed Mow 02 13:51:15 POT 2022: fphysics(physics)Rfacet-srwl2 @ DPSwachatcher action taken: WPTH:LI20:3151:U52 stopped, Foreline walwe WWPG:LI
ed while turbo was running

Wed Mow 02 13:51:20 POT 2022: fphysicslphysice)Bfacet-=rvlZ ¢ Message =ent to elog

Wed Mow 02 13:51:20 POT 2022: fphysicsiphysics)@facet—srv02 ¢ Message sent to email

Wed Mow 02 12:51:20 POT 2022: Fphyzics(phuzicsl@facet—srw02 ¢ Health check: Beamlink pressure OK, Beamline pressure readings: Beam_USlpress
ﬁﬂﬂe-UE Beam_lIS3prezs = 1,0492-10 Beam_lS4presz = 1,1506e-10 Beam_TCAYpreszs = le— Beam_DS5SZpress = O Beam_Dumppress = 2,1e-08

= 11/02/2022 13:51 Matlab DPSvacWatcher 3151:U82

DPSvacWatcher action taken: VPTM:LI2@8:3151:U52 stopped. Foreline wvalve VWPG:LI28:3151:U52 detected
to be closed while turbo was running

* [Important note: Green on the watcher panel only means the watcher is
running. The color DOES NOT change if there are problems.
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Main failure modes - in order of likeliness

Radiation trips roughing . Foreline pressure rise = Foreline valve closes = Watcher shuts off turbo > message
pump to FACET elog
. Could result in beamline pressure rise, depending on conditions of trip =2 beamline
valves go in, MPS fault
. Pump statuses show off and probably an error message (deep in status panels)

Turbopump trip «  TMP stops = Watcher should notice and close foreline valve = message to elog.
. Could result in beamline pressure rise, depending on conditions of trip = beamline
valves go in, MPS fault

DPS watcher glitch —i.e. . Usually results in watcher stopping a TMP and closing a foreline valve = message to
bad input elog

Some other service glitch If a pump overheats, or shuts itself off, then the interlocks/watcher should intervene
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For Example - US1 roughing pump failure

Schematic
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For Example - US1 roughing pump failure

Schematic
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Turbomolecular Pump - VPTM:LI20:® v (~ (% Roughing Pump - VPRO:LI20:3291:D52 (on facet-srv0l)

i % Status
Status At Low Speed i . -
O W O rO u e S O O At Fated Speed Main Status - tain Power Water Flow
At Target Speed
janeibneed . {Fieaerved) Eooster Status - Eooster Power ME Flow -
Speed I
I

. . Current Remote
1. Determine what pump is the problem s rovrsne || e st Spees
o Rotation Wamings Alarms

Other

Cooler1 temp high

Check the vacuum schematic il ot

MP driver prot active Other
(Lt Power failure {Reserved)
. B terp high {Feserved) Back press high {Reserved)
[ ] | k Touchdown Count il level low {Reserved) {Reserved) {Reserved)
FI rSt oo at p ressu res Drwn brg temp high Walve errar {Reservec) {Reserved)
Etror Code Dirw ternp high Cormrnunication error MF hio current {Reserved)
External interlock

[ ] Th e n | OO k at p u m ps MP-M il lewel low Drriver temp high {Reserved) {Reserved)
‘Water flow low cont'd

P-G oil level low MP motor temp high (Feserved)
Exh M2 flow low

Emergency off

MFP step out

BF step out

MF overload 2

EF averload 2

BF driver prot active

EP-M ail lewel low BF motaor temp high {Reserved)
BEP-G ail lewel low Heater errar {Reserved)

CheCk the message in the elog \ Casing ternp high Back press high P thermal
{Reserved) Exh trap temp high EF thermal
. {Reserved) Exh M2 flaw low ‘Water leakage
2. Once you find the problem pump - see what'’s up (tearvt)

{Reserved) Coaler3 temp high EP motor temp high
‘Water flow low Cooler2 temp high Casing temp HH

open the pump panel and click “More...” to see the warning/alarm statuses
* Turbopump status panel and roughing pump status panel shown above

3. More info here:
https://confluence.slac.stanford.edu/display/FACET/DPS+Pump+Troubleshooting

Fy-L523

Note!

- The forelines are reconfigurable, so be aware of the flow of gas.

- Generally, gas will flow from a lower pressure volume, through a working pump,
into a higher pressure volume.

- Do not open/close any foreline valve with a letter suffix, i.e. FV-DS2a Stage4 M) Sta.ge3 M Sta.ge2 Stage1

s&a;\;

3108 3130 3151 71
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https://confluence.slac.stanford.edu/display/FACET/DPS+Pump+Troubleshooting

Main failure modes -

low to try to clear a fault

https://confluence.slac.stanford.edu/display/FACET/DPS+Pump+Troubleshooting

Sign of the fault Things to try

Radiation trips
roughing pump

Turbopump trip

DPS watcher glitch —
i.e. bad input

Some other service
glitch

November 3, 2022

Foreline pressure rise,
Foreline valve closed
turbo stopped
Warning and/or Alarm
code

TMP stops

Foreline valve closed
Foreline pressure is still
low

“Failure” or “Alarm” code

Things are off, but no
errors

Things are off, but no
errors, or error in temp or

water flow
D. Storey

1)
2)
3)
4)

1)
2)
3)

1)

Hit “Reset” on roughing pump panel

If error does not clear, then try again over a few minutes
Reset the power to the pump (cycle circuit breaker)
Sometimes an extended time with no power brings the
pump back (i.e. ¥~30 minutes)

Hit “Reset” on turbopump panel

If error does not clear, then try again over a few minutes
Cycle the power on the controller in the gallery (power
switch is on the back)

Check EPICs to see if the readback looks ok
Usually this is a temporary glitch
Check that the watcher is still running (restart if its not)

Call for help

DPS Overview
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https://confluence.slac.stanford.edu/display/FACET/DPS+Pump+Troubleshooting

How to restart a DPS stage

Confluence page:

- https://confluence.slac.stanford.edu/display/FACET/Restarting+DPS+pumps#RestartingDPSpumps-
StartingorRestartingtheDS-DPSpumpswhenthebeamlineisundervacuum

* Basic steps are:
- Start the roughing pump, or ensure it is running:
Check that the foreline pressure is good i.e. <1e-2 Torr, and clear interlocks
Start the turbopump
When then turbo speed is >5000RPM, then open the foreline valve
Watch to make sure the turbo reaches the full speed and the foreline valve stays open

* Things to watch out for
- The watcher sometimes interferes. you may need to stop it, then restart after pumps are sorted

- Interlocks can be tricky to manage. If you don’t understand EXACTLY what you are doing, then
you shouldn’t be messing with them
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https://confluence.slac.stanford.edu/display/FACET/Restarting+DPS+pumps#RestartingDPSpumps-StartingorRestartingtheDS-DPSpumpswhenthebeamlineisundervacuum

Summary of confluence articles:

* DPS trouble shooting guide:
- https://confluence.slac.stanford.edu/display/FACET/DPS+Pump+Troubleshooting

* How to guides:

- Gas jet with DPS:
https://confluence.slac.stanford.edu/display/FACET/How+to+DPS+with+Gas+Jets

- Stop the DPS pumps:
https://confluence.slac.stanford.edu/pages/viewpage.action?pageld=349294120

- Restart DPS pumps:
https://confluence.slac.stanford.edu/display/FACET/Restarting+DPS+pumps

SL,%\G November 3, 2022 D. Storey DPS Overview
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https://confluence.slac.stanford.edu/display/FACET/DPS+Pump+Troubleshooting
https://confluence.slac.stanford.edu/display/FACET/How+to+DPS+with+Gas+Jets
https://confluence.slac.stanford.edu/pages/viewpage.action?pageId=349294120
https://confluence.slac.stanford.edu/display/FACET/Restarting+DPS+pumps

DPS performance

* Can support 4 modes of operation:

* No straws or apertures installed, but
the Be windows are left as-is
- US Be window is fixed, and has large holes

- DS Be window is removable, but also has
holes

* Radiation shielding has been added
to the downstream roughing pumps

s:_,%\s November 3, 2022 D. Storey

Mode: Gas:

Pressure:

0: High vacuum  none

1: Li oven He
2: H2 plasma H,
3: Gas jets He, H,

le-6 at IP, 1e-9 in US-DPS/DS-DPS
< 5 Torr at IP (US-Be to DS-Be)
< 5 Torr at IP (US-Be to DS-Be)

Ok to 10 Hz, depending on backing
pressure + opening time. No DS-Be
required

Upstream Be window after the 2022 run

DPS Overview

DS1 Roughing Pump



DPS performance - static fill

* Better than %-level stability over hours (until radiation trip)

* |Improvements since 2022 run mean up to 5 Torr H2 is possible with addition of purge gas into
the roughing pump

* Still tricky to manage the gas fill (local control only)
H2 Fill with DPS
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DPS performance - Gas jets

* Problems earlier in the summer when the gas jets
were set to long opening time
- Fixed on IOTA controller

* Main limitation now comes from the picnic basket
turbo evacuating gas between shots
- US4 pressures good to 1200 psi He
- Need to retest with H2 with purge gas

* Nominal operating mode is to stop gas when not
actively take data/aligning

He 5mm round gas jet - ims opening T
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DPS operation with Gas Jets, from a user perspective

* DPS with gas jets has been well practiced and many kinks worked out

* Control by trained users is encouraged!
- https://confluence.slac.stanford.edu/display/FACET/How+to+DPS+with+Gas+Jets

* Gas jet control panel contains
controls and status summaries
- Gas supply status (EPS)
- Pressures
- Simplified gas jet controls
- DPS status
* Beamline valve statuses

* Beamline pressure
* Turbo statuses

* Anything red means trouble

cl A
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Gas jet control panel

Gas Jet Controls

Rate
Beam 0.2Hz 05Hz 1Hz 5Hz 10Hz State

1 [Disatted| [pisabled| [Disabiad| [Disabled| [Disabied| [Enabled’

DPS

Width (ns)

Walve Intlks

D52 Gauge:

Spect Gauge:

DPS Full Schematic

d106:U54 3130053 31571:U82 41 71:U51

US-OPS Turbo Statuses: . . . .

FRODUCTION

Beckhoff. |
E-300 Quen

1000 Torr Galge

Delay (ns) Mame

[FO00000 " [FEA00 T iot tigger

Open DPS3_Gasjet_Pre StpTI

DS-DPS Turbo Statuses: . .

d255:D51 d291:D52

03M7/2022 13:07:24
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https://confluence.slac.stanford.edu/display/FACET/How+to+DPS+with+Gas+Jets

DPS operation with static fill, from a user perspective

* This is trickier to manage.... Not ready for prime time yet

* Things to sort out to make this user friendly
- Remote management of the gas supply
- Robustness of pumps (hopefully shielding works)
- Integration into E300 control panel

sL,%\G November 3, 2022 D. Storey DPS Overview
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