[l National Synchrotron Light Source II

Hard X-Ray Pair Distribution
Function (PDF) Beamline And End-

Station Control System

Oksana Ivashkevych
Lead Controls Engineer

October 10, 2019

F 0 ! U.S. DEPARTMENT OF Office of A
(@ ENERGY | < RO TN

AAAAAAAAAAAAAAAAAAAAAAAA



Outline

e A few words about NSLS-Il and PDF beamline.
* Beamline network.

* Control system architecture.

* End-station Bridge.

* Movie.

* Conclusion.

* Acknowledgments.
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B NSLS-Ilin a snapshot

* 3.0 GeV synchrotron

e Circumference 792m
* 30 double-bend.achromat cells

* Designed for 500mA
e Currently running at 400mA

e 29 beamlines + 1 (HEX)

* Infrared IR-22: FIS, MET.
* X-Rays:
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® PDF layout

* By changing SBM crystal PDF changes

energles
929’
&’
* PDF mostly operates at 75keV
* There is flux at 117keV at 400mA
/
Y
n /4 Side view I 50 mm (_&
P -
' o o A z X
(// 'f‘/
‘/// Z ?t(;)?)[;?er SBM
Z,
A pd Z N
PDF /’,/ Top view 5.8° [ - (_—?
X
XPD-1 Monochromatic beam
XPD-2 Monochromatic beam
White beam
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B PDF Controls Infrastructure

a0
== BNL ITD T /
A

* Each beamline is a separate subnet \
* Allows easy maintenance without affecting others.

* Controls system is alive when others are undergoing
maintenance

NSLS-Il Core Infrastructure

* PDFis connected via 20Gb uplink to Core Infrastructure Tt

i or
Beamline 20Gbyuplink

Beamline

Cameras |

raw images
—~ ) Motor-controllers

< - -
b « o) O * 3 VLANSs: Device, Raw images, CA
v C ifl o Allen-Bradley =L % 1.+ ! =2
Perkin Elmer EES RIC * Subnet’s traffic is isolated from each
| other

Device VLAN

e Device VLAN is dedicated to low
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* Each beamline is a separate subnet \

* Allows easy maintenance without affecting others.

* Controls system is alive when others are undergoing
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NSLS-Il Core Infrastructure

* PDFis connected via 20Gb uplink to Core Infrastructure "
ccelerat
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raw images
6 E ) Motor-controllers
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B PDF Controls Infrastructure
LI

= BNL 1D T
* Each beamline is a separate subnet \

* Allows easy maintenance without affecting others.

* Controls system is alive when others are undergoing
maintenance

* PDFis connected via 20Gb uplink to Core Infrastructure "
ccelerat

i or
20Gb liplink

NSLS-Il Core Infrastructure

Cameras
raw images

Motor-controllers

[O] G em—
: s = [ _---.»-" - “_7'1 ° . 1 1
web cam TS r—— e |:I<|+ e 1) -—..I e ;.-if 3 VLANs: Device, Raw images, CA
Perkin Elmer Eaill R I ‘ [ ' * Subnet’s traffic is isolated from each
=3l 1 1Gb Device VLAN other
‘ Camera VIAN * Device VLAN is dedicated to low
. - 10 Gb CA VLAN bandwidth devices: motor controllers,
Il I IJ 4 ¢ EPS status, temperature, vacuum
__ information, etc.
% E g g * Device subnet never starves for resources
! 5
3 ] 2 serve. servet server v * Each subnet can be independently
S % N i N i troubleshot for problems
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B PDF Controls Infrastructure
LI

=T BNL 1D T
* Each beamline is a separate subnet

* Allows easy maintenance without affecting others.

* Controls system is alive when others are undergoing
maintenance

* PDFis connected via 20Gb uplink to Core Infrastructure

Accelerat
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Cameras PD Device
raw images VLAN
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| - | l -
® PDF End Station

Detector Bridge

|

y

Detector 2

X-ray Energy
Calibration System

——

Sample Table
Optics Conditioning Module
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PDF End Station

Detector Bridge

: : X-ray Energy
A r Calibration System

W |
Detector 1 |4
Detector 2 - W

Sample Table
Optics Conditioning Module
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B Bridge control features

Detector Bridge

———

= g | ~ X-ray Energy
i | Calibration System

T I
Detector 1 |4
——mIINW

B

Sample Table

= Each stage moves
independently along
3m travel @
300mm/s along Z.
= by 2 BLDC servo

motors in a gantry
configuration

= controlled by a
single channel of
Delta Tau GBLV
motor controller
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= Absolute encoder
50nm resolution
provides feedback to all
3 stage.

= There are proximity
switches installed on
each stage, which get
activated within 40 cm
from each other or the
end of the bridge.
= |f the switches are

activated, the stages
move @30mm/s

= When the hutch is
unsecured:

= Safety breaks and
motor breaks are

applied

= There is a bypass ke
under access control.
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B Hardware, Software and Standards

Standard HW Standard SW Custom, One of a kind

e Allen Bradley PLC e Debian LINUX e Bridge three (3) stages

e Delta Tau GBLV e EPICS via Debian Z translation

e SmarAct MCS2 packages * Custom PLCs, motion

e Prosilica cameras for * Archiver Appliance programs with slew
diagbostic e Control System Studio feature

e Axis webcams for in- (CSS) * Reconfigurable
hutch visuals * Logbook speeds.

e Perkin EImer detectors * Data browser

e Lakeshore 625 for 5T e BEAST
magnet e Bluesky for data

e Lakeshore 335 cryostat collection

e FMB C400 e SW Configuration: Git,

. Hg

U.S. DEPARTMENT OF ofﬁ f N A '
(@ENERGY |  BROOKHAVEN 9 National Synchrotron Light Source 11



Movie: Proximity Switches in Action
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® Movie: Automated Safety

U.S. DEPARTMENT OF ofﬁce of

EN ERGY Science

NATIONAL LABORATORY

C5-Studio_(on xf28id1-ws1)
CSStudio Window Help.

22

Folw asing
Err Progre

W <[ sow0omm > (ST0H) (Fere) . e
<[ So000mm > (ST08) (Here
> [STOP || More

°* e
*
> [5708) (Were) °* »
o o
°* o

In-Pos

Det2X W[ 2623935 mm W
Det1X W[ 2621830mm M
Det2y W[ 01000mn W
Det1y

26218130 mm

<[ 2000000 mm

Grid Y n W m > [5T0F) (More

Grid X W[ ss00000mm W o < 1.00000 mm > [ST0P | [ More

Det1Z W | 326648200 mm > [STOP | More . .
pet2z W [ 267579100 mm > [5T08) (Wore) o
Grid z W[ 83e82435mm W | <[ s050000mm > (S¥0B) (More * o

Stuft Only
Stopper Motions

x W[ esses36mm W[ 1essessonm | <[ ooi0000mm > | (ST0R) (Wore)

¥ W[ 207z66mm W[ _2074266mm | <[ 010000 mm > | (ET0E) (Mere)

x W [So300zzmm [ So30mzzon | M <[ oo mm > (E¥6E) (Here)

Y W [ sag7easimm W[ ad8788s1mm | < [ 0.000000mm > |[5i0E) (More

National Synchrotron Light Source II [l



Conclusions

PDF beamline is available for user operations
* we made the right design decisions.

PDF offers high degree of automation thanks to
* maintenance free design approach
* early user feedback during commissioning

PDF control system follows NSLS-II standards
* which greatly simplifies maintenance
* by limiting diversity of the equipment and solutions.

Delta Tau GBLV motor controller offered enough features to put
in place reliable solution which

* combines high speeds and protects equipment
* Hides complexity from the user.
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