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FRIB Controls Testing and Verification Process

» Hardware for major procurements tested with Bench Test Acceptance Bench Test/
Criterial List (ACL) Testing
» Once PLC installation is complete, we perform several levels of testing ACL

* |nstallation tests
* Interface tests

« Component/Connection including Interlock Tests Installation/
* Integration/Commissioning Tests include test with beam — Controls role is just Interface
support
. ;I'Sétcr)ecords are filed with a number and title in our Document Control Center Test
= [nstallation Test C /
« Testing the PLC installation using traveler procedure/checklist system omponent
» |[nterface Test Connection
- Test our outputs and inputs at the point of interface to hardware devices Test
 Verify hardware devices have expected interface, i.e. Closed/open contact,
4-20 mA, etc
= Component/Connection Test
« Connect to device hardware and verify I/O interface is working as expected, i.e. DRR
On/Off Control, readbacks, interlocks, limit status
 Verify channels in control screens work as expected l
» Test Interlocks per Interlock and Alarm Document
» Device Readiness Review (DRR) reviews that testing and Fully
documentation completed, as well as safety and operational concerns
gt g Integrated
before final integrated testing is performed T
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Acceptance Testing Plans Developed for
PLC Hardware

New hardware tested against ACL verification plan
The Standard Operating Procedure is referenced by ACL plan and details how the ACL

inspections are to be carried out

document

verifier and filed into our DCC system

The results of the tests are recorded in a separate tab of the ACL verification report

The results summary for the lot of modules is entered into the ACL Results section by the

Controllers
Serial Number| RUN LED | FORCE LED OK LED Scrolling Status Display Tested By Date
[Joff Ooft [J Flashing red O Firmwar-elnstallation Required
[Joff OJoft [] Flashing red [] FirmwareInstallation Required
[Joff Ooft [ Flashingred | [] Firmwarelnstallation Required
[Joff Ooff [[] Flashing red [] Firmwarelnstallation Required
[Joff [ elii [] Flashing red [J FirmwareInstallation Required
[ off Joft [J Flashingred | [] Firmwarelnstallation Required
[Joff Ooft [] Flashing red [ FirmwareInstallation Required
[Joff Joft [] Flashing red [] Firmwarelnstallation Required eyt o
1756 Ethernet Modules | —
i LEDs Alphanumeric Display S —
Serial Number OK LINK | NET |TEST. PASS, OK, REV x.x, | B R e S B O e el e T

[ Flashing green| [] Off| [] Off [J oK, IPaddress
[] Flashing green| [] off| [] off [] oK, IPaddress
[[J Flashing green| [] off| [] Off [J ok, IPaddress
[ Flashing green [ off| [] off [J ok, IPaddress
[ Flashing green| [] off| [] Off [J ok Ipaddress
[ Flashing green|[] off| [] Off [] ok, IPaddress
[ Flashing green| [] Off| [] Off [J ok, IPaddress

FRIBE.
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FRIB Controls Installation/Interface Tests

= |[nstallation testing uses online traveler system or spreadsheet
« Combination of procedure and checklist
» Tracks user & history

Traveler title: Controls Rack Installation

PLC to IFM Initial Setup
Status: submitted 24%DE Fower Drop Installation

Devices: FE-007-04, RFQ PLC Rack 2 5 WDC Power Drop Installation

T i T 0 all Circuit Break
idation | Hide validatian : Hide no (chede all if no 54 FS uzed) urn Off all Cireuit Breakers

hisfory  chamged to frue By wuitahz Wonday, December 15 20908, 1000510 aur;

note=: @ O

IFM Installation

FLC to IFMd Initial Setup

PLC Installation PLC to IFM Connections Turn O all Circuit Breakers

Risfory  chamged to frue by auitzha Wonday, December 158 2006, 1000516 3
Ethernet Information

notes:
Enter PLC Name FLC 100 °D
history changed fo PLC 1008 Ay nyftaha Morday, December 19t 2006, 30:00:49¢ am; Equipment Cord Installed on PLC power zupply
notes: « D Risfory  chamged to frve by auitzhz Wornday, December 158 2008, 10005:25 aar;
notes: n (]

Enter PLC Crop 2

Mumber
history:changed o 2 Ay wuitaha Morday, December 13 2096, 10:11:57 am; Unplug all PL1 connestors fram IFMs

notes: ° O hisfory  chamged to frue by mutzha Monday, December 154 2046, {0:915:30 a6,

notes: @ (1
Enter PLC Firmuvare 100004

Rewizion Turn On 1200 circuit breakers for 10 drops and 2% pomer supply

Risfory changed o 10007 Ay muitabz Morday, Deceaber 154 20068, 1001245 am;
hisfory  ehamged to frue by wutzba Monday, Decembper 154 20968, {0:05:32 a0,

niotes: “ (i}
nates: @[
Enter PLC Sofhware 22012
Wersian Werify voltage to povser supply and PLC drop is 12000+ 10%
Risfory: changed o 28002 by muftabz Morday, Decembper 158 2008, {001353:358 am,;
hisfory  chamged to frue Oy auitahz Wonday, Decenmber 154 20916, 10005:97 aar;
netes: (@ [

notes: °D

FPLC Drop installed

Werify voltage from power supply is 20 +5- 10%
Risfory : changed o frue by suiahz Worday, December 1538h 2006, 1000343 am;

notes: @ O

hisfory  chamged to frue Ay auitahz Worday, Decenmber 154 20706, 1000600 aar;

notes: °D
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FRIB Controls Component/Connection
Tests[1]

= Component/Connection testing is tracked in spreadsheet and filed in DCC

« Testing verified installation/interface wiring and control connections through control
screens

» Tracked by each hardwired 1/O point and filed in Document Control Center

Fadility for Rare lsotope Beams FRIB-T30506-RC-D02608-R0O01 Page 7 of 38
Front End Controls instaliation and interiock Test Records Issuad Draft 26 July 2017
Raci Termination Davics Tarmunation Inzallation Teat] [Compansnt Tesd
Coniros Rack Complets Davics Location Compiats Cabée Number Reault Tested By Result Tested On Tastsd By Representative  |Notea
4 |FE_LEBTIP_D0912-0K_RSTS FE-O01.03 FE-001.02 YES PASS 7|LH PASS SME20T|LH AW
3 FEU.0S FE-Q01.02 YES PASS LH PASS 7|LH AN
FEDO.OS FE-001.01 YES PASS LH PASS LH (AW
= FE-O01.03 FE-001.01 YES PASS LH PASS LH AN
# § |FE_MEBT:IP_CHOTO:CK _RSTS FED0.0S FE-001.01 YES PASS LH PASS TlLH AN
|9 |FE_MEBTIP DACS20K RSTS FE-D0.03 FE-001.01 YES PASS LH PASS LH G
10|FE_MEBTIP_D1102:CK_RSTS FE-O01.03 FE-001.01 YES PASS LH PASS LH AW
11|FE_MEBT:IP_D1109:0K_RSTS FEU.0S FE001.01 YES PASS LH PASS LH AN
12 |FE_MEBT:IP_D1121:0K_RSTS FEDO.OS FE-001.01 YES PASS LH PASS T|LH (AW
13 |FE_BTS:IP_D10S5:0K_RSTS FEO0.0S FE-001.01 YES PASS LH PASS LH il
14 [RFQVAC STATUS TO FE FED0.0S FEQ07.04 YES PASS 7|LH PASS TlLH AN
15 FE-D0.03
Slot 2 DIGITAL QUTPUT FED0.03
0 [FE_LEBT:NEGP_D0255:0N_RCMD FE-D0N.03 YES PASS PASS
1 [FE_LEBT'NEGP_DOS57-ON_RCMD FEDO.OS YES PASS PASS
2 |[FE_LEBT.TMF_D0833:ON_RCMD FEO0.0S YES PASS LH PASS T|LH AN
3 |FE_LEBT.TMP_DD83TSFTS_RCMD FEDO.OS YES BAFOODO53 PASS LH PASS LH (AW
4 [FE_LEBTIP_DOS12-CN_RCMD FEDO.0S YES PASS LH PASS LH (AW
5 [FE_LEBT:IP DOSTT-CM _RCMD FED0.03 YES PASS LH PASS LH AN
5 |FE_MEET:IP_D1053:0M_RCMD FE-D0N.03 YES PASS LH PASS LH (AW
= 7 |FE_MEBT:IP_[V1066:0M_RCMD FEDO.OS YES PASS LH PASS T|LH (AW
% § |FE_MEBT.IP_C1070:0l_RCMD FEO0.0S YES PASS LH PASS LH AN
9 [FE_MEET:IP_D1092:0M_RCMD FEDO.OS YES PASS LH PASS LH (AW
10|FE_MEET:IP_D1102:08_RCMD FEQ0.0S YES PASS LH PASS LH AW
11 |FE_MEBT:IP_C105:08_FCWD FED0.03 YES PASS LH PASS LH AN
|12] MEBT:IP_D1 121 :08_RCID FE-D0N.03 YES PASS 7|LH PASS LH (AW
E_BT5:IP_D1095:0M_RCAMD FED01.03 YES PASS 7|LH PASS TlLH AN
14 [FE VAC STATUS TO'RFQ FEU.0S
15 FEDO.OS
3ot 3 DIGITAL INFUT FEO0.0S
0 [FE_SCS1PE_DIFIT-OK_RSTS_ VP FE-D0N.03 FE-001.02 YES PASS 7|LH PASS I202017|LH B3
|1 |FE SCE1RPG OK_RSTS WP FE-D0N.03 FE-001.02 YES PASS 7|LH PASS I20/217ILH B3
2 |FE_SCS1:CCG, OK_RSTS_VE FED01.03 FE-001.02 YES PASS LH PASS INTRNTILH PG
3 [FE LEBT:CCE FEO0.03 FEQ01.02 YES B4F00D002 PASS LH
4 FEDO.OS FE-001.02 YES PASS LH PASS 3202017 |LH PG
3 FEO0.0S FE-01.02 YES PASS LH
g FE-DO.03 FE-001.02 YES PASS LH
] FEQ0.0S FE-Q01.02 YES B4FO0D003 PASS 7|LH
% FE_SCE1PG DOTI0.0K _RSTS VP FED0.03 FE-001.02 YES PASS 7|LH PASS F20ATILH PG
8 [FE_SCS1RPG_DOTISCK _RSTS VP FE-D0N.03 FE-001.02 YES PASS LH PASS I20/217ILH B3
10|FE_SCE1:CCG DOT38:0K _RSTS VP FEDO.OS FE-001.02 YES PASS LH PASS ANT2NTILH PG
11|FE_LEBT.CCE_D0814:0K_R3TS_WP FE-O01.03 FE-001.02 YES B4F00D004 PASS 7|LH
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FRIB Controls Component/Connection
Tests[2]

Checklists for component/connection test filed in DCC

» Alarms and Interlocks documented and signed off in DCC

* Interlocks tested per area’s Alarm and Interlocks document and
results filed in Document Control Center

Facility for Rare |sotope Beams
FRIB Front End Alarms and Interiocks

Table 4: High Voltage Power Supply Interlocks

FRIB-T30506-TD-001036-R002 Page 5 of 18

lzsued 14 April 2017

Fasiity for Rars lzclops Beams
FRIB Front End Alams and Interiocks

FRIB Front End Alarms and Interlocks

FRIB-T30506-TD-001036-R002

Issued 14 April 2017
Reviewed by

Prepared by

X i e

Reviewed by

wpsnory

X

Reviewed by

s

X cuosso suen

s Group Lesder

Reviewed by

Reviewed by

X

o St Group Lesckr
Sighed by gallian

Reviewed by

FRISTIS0STD0010%.R002
Issued 14 Apr 2017

el

sampory

snape

Disgnosis Graup Leader

Signed by s

FRIBg s

Interlocked Device Channel Interlocked Device Interlocked State | Interlocked By Device Description Signal/Limit Delay Notes
FE_PS:LT_NODOL:ON_RCMD Power Supply Warning Light 0 -"Not On" Mone
FE_SCS1VAC_DO739:BYP_RCMD Charge Selection Vacuump Pumpdown Bypass | 1 - "Bypass ON" MNone
FE_SCS1:CCG_DO707:0K_RSTS_VP Cold Cathode Gauge Digital Setpoint 0 - "Not Okay” (>2x107 Torr) 1s
FE_ISRCL-PSEL_DOGOS:EN_RCMD | ACCeleration Column e, — - . m — See Notel
Electrode Enable FE_SCS1:CCG_DO739:0K_RSTS_VP Cold Cathode Gauge Digital Setpoint 0 - "Not Okay" (>2x10” Torr) 1s
FE_ISRCL:IG_DOS79:0K_RSTS_WPL Cold Cathode Gauge Digital Setpoint - "Not Okay" (=2x10 Torr) 1s See Note 1
ee Note
FE_ISRCL:IG_DOBET OK_RSTS_VP1 Cold Cathode Gauge Digital Setpoint 0 - "Not Okay" (>2x107 Torr) 1s
FE_SCS1:CCG_DO707:0K_RSTS_VP Cold Cathode Gauge Digital Setpoint 0 —"Not Okay” {=10-5 Torr) 1s
FE_PSCO1:PSMC_NO101:EN_RCMD — - = See Note 1
Diagnostic Device Bias | | .. FE_SCS1:CCG_DO739:0K_RSTS_VP Cold Cathode Gauge Digital Setpoint 0 - "Not Okay” (>10-5 Torr) 1s
Power Supply Enable B FE_LEBT:CCG_DO783:0K_RSTS_VP Cold Cathode Gauge Digital Setpoint 0 - "Not Okay" (>2x107 Torr) 1s
FE_PSCO1:PSMC_NOL102:EN_RCMD See Note 1
FE_LEBT:CCG_DOBO08:0K_RSTS_VP Cold Cathode Gauge Digital Setpoint 0-"Not Okay" (=2x10* Torr) 1s
FE_P5:LT_NODOL:ON_RCMD Power Supply Warning Light 0 -"NotOn" MNone
FE_SCS1:QET_DO730 - - -
FE_SCSL1VAC_DO739:BYP_RCMD Charge Selection Vacuump Pumpdown Bypass | 1 - "Bypass ON Mone
FE_SC51:PSQL_DO726:EN_RCMD
FE_SC51:PS502_DO726:EN_RCMD E-Quad Triplet Power 0—“OFF" FE_SCS1:CCG_DO707:0K_RSTS_VP Cold Cathode Gauge Digital Setpoint 0-"Not Okay" (=2x10-5 Torr) 1s
FE_SC51:PSQ1L_DO730:EN_RCMD | Supplies Enable
See Note 1

Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
Michigan State University

FE_SC51:P5C
FE scs1-psc  Facility for Rare isotope Baams FRIB-T30506-RC-D02608-R001 Page 27 of 38
7FE SCS1-PSC Front End Controds instaligtion and Interiock Test Records Issuad Draft 26 July 2017
FE_SCS1:QE1 |Innenoeued Devica Channgl Interiociesd Devics Intzriockesd State  |Inkariocked By |Dwine Description | SignatiL imit Dalay Nitaa Tost Results | Tested By | Date Teated
- } FE_PSLT _WO001.0N_RCMD Upper FE Power Supply Waming Light 0 - "ot On” Mone PASS LH
FE_SCS1-PSC FE_SCS1:WAC_DOT39:AYP_RCMD (Charge Selection Vacuump Pumpdown Bypass 1 -"Bypass ON” MNone FASS LH
= —sro FE_SC51:CC5_DOT0T.0K_RSTS_ VP (Cold Cathode Gauge Digital Setpoint o - Mot Oy P Tom 15 PASS LH
FE_SCS1:PSC  |= ; 528 i £ b - see Note 1
ngsml-ps,c FE_ISRC1:PSEL_DOS38:EN_RCMD [(Acceleration Column Elecirode Enabie 0 —*0Fi - [coia Camogs Gange Digital Seipaint T —— 15 PASS ™
% (Coig Cathog uge Dsi‘L‘nI SEIErt 0 ot Dy on” Toe] 15 Nete 1 PASS LH
| FE_SCS1-PSC [Coid Cathoge Gauge Digial Seipoint [0~ Mot Okay” >0 Tom [ PASS H
FE_SCS1:psC i 0 - "Not Oaay* (>10-5 Tom) 15 EASS LH
| E———— FE_PSCOIFSMC_NO101:EN_RCMD = Noa= 1
FE_SCS1:PSC SR — Diagnostic Device Bias Power Supply o —%0FF 0 — "Nod Oiay" [>10-5 Tom) 15 |Fass LH
_— = - G izl ot - &
FE_PSCOTESMC_NITOZEN_RCMD Enable Cokd Cathods Gauge Digital Selpoint 0 - Mot Okay” (2210 Tam) 15 seeNow 1 |rass LH
FE_LEET:.CCG_DDB0E-OK_RSTS_VP Coid Cathodie Gauge Digital Setpoint 0 - "Mot Oicay” (e 5l Torm) 15 PASS LH
FE_SCS1:QET DOT30 FE_PSLT_NO001.ON_RCMD [Ugoer FE Power Supply Waming Light 0 - Mot On® Mone PASS LH
— } - FE_SCS1-WAC_DOT39:8YP_RCMD Charge Selection Vacuumg Pumpdown Bypass 1 - Bypass ON” None Fass LH
FE_SC51:P5Q1_DI726.EN_RCMD IF'F!SS LH
FE_SCS1-P5Q2_DI7T26EN_RCMD . _ - FE_SC51:CC5_DOT0T.0K_RSTS VP (Coid Cathode Gauge Digital Setpoint 0 - Mot Okay™ (>2x10-5 Tom) 15 PASS LH
P 50%1FS01 DITIDEN D £-Quad Triplet Power Supgiies Enable 0-"0F N Ep =
FE_5C51.P5Q2 DO PASS LH
FE_SCS1:P5Q1_D07 FE_SCS1:CC6_DOTI0K_RSTS_VP (Coid Cathode Gauge Digital Setpoint 0 - Mot Okay™ (>2x10-5 Tom) 15 FAaSS LH

K. Davidson, ICALEPCS 2017 Workshop: PLC Based
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Summary

» Testing completed at each level ensures quality installation and
reduces engineers time troubleshooting at the final level

» Beamline performs as intended on first commissioning/integration tests
— reducing calls for support

ility for Rare |
F R I B é ¢ Facility for Rare Isotope Beams K. Davidson, ICALEPCS 2017 Workshop: PLC Based
@ Michigan State University Control Systems, FRIB Testing & Verification, Slide 7
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Quality Assurance - Acceptance Testing
Plans Developed for PLC Hardware

= Acceptance and SOP Test documents developed for PLC components and

Interface Modules (IFMs),
* Allen Bradley Hardware ACL Plan (T31207-VP-000354)

* FRIB Allen Bradley Hardware Acceptance Standard Operating Procedure (T31207-PR-
* Programmable Logic Controller (PLC) Interface Modules Acceptance Criteria Listing
* Interface Module Acceptance Standard Operating Procedure (T3107-PR-000338)

» Acceptance testing is performed once parts are received and documented in a

000322)

(ACL) Plan (T313207-VP-000378)

verification report (VR)

Fasityfor Rare Isciope Beams FRIETS1207:VP 000354002
Allen Bradiey Hardware AGL Flan Issued 13 May 2015

Allen Bradley Hardware ACL Plan
FRIB-T31207-VP-000354-R002
Issued 13 May 2015

Reviewed by

Prepared by

Concured

Faciiyfor Rars Isoops Beams FRIB-T31207-PR-000372-R001
FRIB Allen Eradiey Hartware Ascepiance Standrd Operaing Frocedire. ssued 13 May 2015

FRIB Allen Bradley Hardware Acceptance
Standard Operating Procedure

FRIB-T31207-PR-000322-R001
Issued 13 May 2015

Reviewed by

Prepared by

Sgre by emesn it e

Reviewsd by

s e
VERIFICATION PLAN and TESTING REQUIREMENTS u—
ITEM REQ ID or DESCRIPTION OF TEST TO BE CONDUCTED, VERIFIED or| METHOD or |VERIFYING — PLEInterfaco Modiilas ACL Pian .
NO. DCC doc # WITNESSED TOOL ENTITY _— .
X Daniel Rolh
1 [1] frib-ctrl 5.4-1 CHASSIS(BACKPLANE): Verify quantity for applicable P/Ns; 1756- VISUAL (FRIB) LLC e o, TS
A.10, 1756-A7_ — perern Interface Module Acceptance Standard
la_ [N/A Visual inspection for shipping damage VISUAL (FRIB) LLC Operating Procedure
1b  [T31207-PR-000322-R001 Bench test 5% of components received TEST BENCH | (FRIB) LLC PR 27 PRI RO
Issued 14 May 2015
[1] frib-ctrl 5.4-1 POWER SUPPLIES: Verify quantity for applicable P/Ns; 1756-PA72, ot Preparedby Reviewed by
2 - VISUAL FRIB) LLC
1734-EP24DC, 1606-XLE240EN ( ) X Damisl Folle Ao
2a |N/A Visual inspection for shipping damage VISUAL (FRIB) LLC
VERIFICATION PLAN and TESTING REQUIREMENTS . Revienedby Approvedby
[ y
ITEM REQ ID or DESCRIPTION OF TEST TO BE CONDUCTED, VERIFIED or METHOD or VERIFYING X Lewrene |ty
NO. DCC doc # WITNESSED TOOL ENTITY
1 Analog Input, PLC Interface Module
la N/A Assign serial number if not previously assigned VISUAL (FRIB) LLC
1b N/A Check integrity of the assembly for damage and that all components are mounted VISUAL (FRIB) LLC
securely.
1c T31207-PR-000338-R001 Bench Test 100% of components received TEST BENCH (FRIB) LLC
2 Analog Output, PLC Interface Module
2a N/A Assign serial number if not previously assigned VISUAL (FRIB) LLC
2b N/A Check integrity of the assembly for damage and that all components are mounted VISUAL (FRIB) LLC
securely.
2c T31207-PR-000338-R001 Bench Test 100% of components received TEST BENCH (FRIB) LLC

RIBE »

Facility tor Rare Isotope Beams
U.S. Department of Energy Office of Science
Michigan State University
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https://portal.frib.msu.edu/revvis/reviews/201503 DOE-SC Office of Project Assessment Review/Document Library/1/Memory Stick/DCC/T30203-TD-000657-R001.pdf
https://portal.frib.msu.edu/revvis/reviews/201503 DOE-SC Office of Project Assessment Review/Document Library/1/Memory Stick/DCC/T30203-TD-000304-R001.pdf
https://portal.frib.msu.edu/revvis/reviews/201503 DOE-SC Office of Project Assessment Review/Document Library/1/Memory Stick/DCC/T31207-TD-000695-R001.pdf
https://portal.frib.msu.edu/revvis/reviews/201503 DOE-SC Office of Project Assessment Review/Document Library/1/Memory Stick/DCC/T31207-TD-000686-R001.pdf
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