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4.120.72.1 LINAC Relay Logic Tests

PASS ANNUAL ACCEPTANCE TEST PROTOCOL

Division A Software Filename and Checksum: Title: Checksum:

Division B Software Filename and Checksum: Title: Checksum:

Initial testing complete:

Test Team Leader’s Name (Print): Life Number:

Test Team Leader’s Name (Sign): Date: / /

Acceptance test procedure complete (following repairs and retesting if required):

Test Team Leader’s Name (Print): Life Number:

Test Team Leader’s Name (Sign): Date: / /

Test results reviewed by:

Safety Section Head’s Name (Print): Life Number:

Safety Section Head’s Name (Sign): Date: / /

Test results accepted by Radiation Safety Committee:

RSC Member’s Name (Print): Life Number:
RSC Member’s Name (Sign): Date: / /
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1.1 Test of Relay logic for Primary Crash on D40 — E013

SET Logic states of relays: DK4, EK1, EK10, AK9, AK10, AK11, BK6
in Table 1 below
VERIFY State of BK1 in columns 8 and 9
AK11 .
A EK1 EK10 AK9 AK10 | HEBT prim BK6 Frime Crash
s Plug Door | AGS/HEBT | Tnkprim | BLIP prim crash Reset erify
g?ash crash gate crash crash crash function
ON OFF
ON ON ON ON ON ON PULSE O XXXX
OFF ON ON ON ON ON PULSE XXXX 0
ON OFF ON ON ON ON PULSE XXXX 0
ON ON OFF ON ON ON PULSE | xxxx O
ON ON ON OFF ON ON PULSE | xxxx O
ON ON ON ON OFF ON PULSE | xxxx O
ON ON ON ON ON OFF PULSE XXXX 0
ON ON ON ON ON ON OFF XXXX O
Table 1 - Logic states of relays controlling Primary Crash
O Check for acceptance of Test of Relay logic for Primary Crash
1.2 Test of Relay logic for Redundant Crash on D40 — E013
SET Logic states of relays: DK4, EK1, EK10, BK2, BK3, BK4, BK6 in
Table 2 below
VERIFY State of BK5 in columns 8 and 9
DK4 EK1 EK10 BK2 BK3 BK4 BK6 Rdnt Crash
Tkl PlugDoor | AGS/HEBT | Tnkrdnt | BLIP rdnt | HEBT rdnt Reset Verify BKS
gate crash gatecrash | crash crash crash function
crash ON OFF
ON ON ON ON ON ON PULSE 0 XXXX
OFF ON ON ON ON ON PULSE XXXX 0
ON OFF ON ON ON ON PULSE XXXX 0
ON ON OFF ON ON ON PULSE XXXX 0
ON ON ON OFF ON ON PULSE XXXX 0
ON ON ON ON OFF ON PULSE XXXX 0
ON ON ON ON ON OFF PULSE XXXX 0
ON ON ON ON ON ON OFF XXXX O
Table 2 - Logic states of relays controlling Redundant Crash
0 Check for acceptance of Test of Relay logic for Redundant Crash
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1.3 Test of Relay logic for Controlled Access (CA) on D40 — E014

Put the Linac into RA with BNL-3 key and the Black P/B

0 VERIFY At encl 4880 relay EKS5 is OFF
0 VERIFY Attempt to put the Linac into CA with the BNL-3 key only FAIL
N VERIFY At encl 4880 relay EKS5 is OFF
0 VERIFY Attempt to put the Linac into CA with the BNL-3 key and the Red SUCCESFUL
P/B
0 VERIFY At encl 4880 relay EK5 is ON
SET Logic state of relay FK5, in Table 3 below
VERIFY State of DK1, DK10, EK7, IK6 and 1K14 in major columns 2
thru 6
EK5 DK1 DK10 EK7 IK6 IK14
Controlled Tnkl CA Plug Door CA AGS/HEBT CA Cont. Access Cont. Access
Access
ON OFF ON OFF ON OFF ON OFF ON OFF
ON O XXXX O XXXX O XXXX O XXXX O XXXX
OFF XXXX ad XXXX ad XXXX ad XXXX O XXXX O
Table 3 - Logic states of relays controlling Controlled Access
O Check for acceptance of Test of Relay logic for Controlled Access
1.4 Test of Relay logic for Sequential Sweep Complete on D40 — E014
SET Logic state of relays FK5 and FK9, in Table 4 below in sequence
listed
VERIFY State of HK8 in major column 3
Seq. Sweep
complete
FK5 FK9 Verify HK8
Controlled Access BS2 Intlks
ON OFF
ON OFF XXXX O
OFF ON XXXX O
ON ON O XXXX
ON OFF O XXXX
OFF XXXXX XXXX O
Table 4 - Logic states of relays controlling Sequential Sweep Complete
O Check for acceptance of Test of Relay logic for Sequential Sweep Complete
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15 Test of Relay logic for Linac Tunnel Area Cleared on D40 — E014

SET Logic states of relays: DK3, DK12, EK9, DK7, EK3, EK4, FK1,
BK9 in Table 5 below in sequence listed
VERIFY State of FK4 and AK3 in columns 9 and 10

DK7 EK3 FK4 Linac area cleared
DK3 DK12 EK9 Thko Swing EK4 FK1 BK9 &AKS3 Linac area reset
Tnklgate | Plugdoor | Ags/Hebt | oo gate BLIPgate | HEBT gate Reset Verify FK4 and AK3
closed reset gate reset | |1 ked locked closed locked function %l;l 1+52g£ OFF
ON ON ON ON ON ON ON OFF XXXX O
ON ON ON ON ON ON ON ON o XXXX
ON ON ON ON ON ON ON OFF O XXXX
OFF ON ON ON ON ON ON ON XXXX O
ON OFF ON ON ON ON ON ON XXXX O
ON ON OFF ON ON ON ON ON XXXX O
ON ON ON OFF ON ON ON ON XXXX 0
ON ON ON ON OFF ON ON ON XXXX 0
ON ON ON ON ON OFF ON ON XXXX 0
ON ON ON ON ON ON OFF ON XXXX 0

Table 5 - Logic states of relays controlling Linac Tunnel Area Cleared

O Check for acceptance of Test of Relay logic for Linac Tunnel Area Cleared

1.6 Test of Relay logic for Linac area Reset Primary on D40 — EQ14

SET Logic state of relay FK4, in Table 6 below
VERIFY State of AK3 in columns 2 and 3

Linac area Reset

FK4 Verify AK3
Linac area
secured ONafter 15
after 15 sec
Time delay OFF
ON ] XXXX
OFF XXXX O

Table 6 - Logic states of relays controlling Linac area Reset Primary

O Check for acceptance of Test of Relay logic for Linac area Reset Primary
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1.7 Test of Relay logic for Linac Ready for Beam Primary on D40 — EQ14
Logic states of relays: AK3, AK4, BK1 and BKS5 in Table 7 below
VERIFY State of relay GK12 in columns 5 and 6
Linac Ready for Beam Prim
AK3 AK4 BK1 BK5 Verify GK12
Prim Intlk Rdnt Intlk Crash Prim Crash Rdnt ON OFF
ON ON ON ON a XXXXXXX
OFF ON ON ON XXXXXXX O
ON OFF ON ON XXXXXXX O
ON ON OFF ON XXXXXXX O
ON ON ON OFF XXXXXXX O
Table 7 - Logic states of relays controlling Linac Ready for Beam Primary
O Check for acceptance of Test of Relay logic for Linac Ready for Beam Primary
1.8 Test of Relay logic for Linac Ready for Beam Redundant on D40 — E014
Logic states of relays: AK3, AK4, BK1 and BK5 in Table 8 below
VERIFY State of relay HK1 in columns 5 and 6
Linac Ready for Beam Rdnt
AK3 AK4 BK1 BK5 Verify HK1
Prim Intlk Rdnt Intlk Crash Prim Crash Rdnt ON OFF
ON ON ON ON O XXXXXXX
OFF ON ON ON XXXXXXX O
ON OFF ON ON XXXXXXX O
ON ON OFF ON XXXXXXX O
ON ON ON OFF XXXXXXX O
Table 8 - Logic states of relays controlling Linac Ready for Beam Redundant
O Check for acceptance of Test of Relay logic for Linac Ready for Beam Redundant
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1.9 Test of Relay logic for LEBT BS2 Intlk Primary on D40 — E014
SET Logic states of relays: GK12, HK3, FK7, LK1, CK7, BK14, AK13,
BK15, CK8 in Table 9 below
VERIFY State of FK8 in columns 10 and 11
GK12 AK13
Linac HK3 | o7 (ne) LK1 CK7 BK14 BLIP BK15 CK8 BS2 Intlk Prim
d Nz304 Tkl Bstr Hebt BM Tnk4/5 cmk 1 BLIP Tnkl Verify FK8
ready | 1307Bs n Failure | 1/2 Intlk | CmkOK | OK cmk 2 cmk
for failure REN/Intlk Rhbk clear OK OK
beam ON OFF
ON ON OFF ON ON ON ON ON ON O XXXX
OFF ON OFF ON ON ON ON ON ON XXXX 0
ON OFF OFF ON ON ON ON ON ON XXXX O
ON ON ON ON ON ON ON ON ON XXXX O
ON ON OFF OFF ON ON ON ON ON XXXX O
ON ON OFF ON OFF ON ON ON ON XXXX O
ON ON OFF ON ON OFF ON ON ON XXXX O
ON ON OFF ON ON ON OFF ON ON XXXX O
ON ON OFF ON ON ON ON OFF ON XXXX 0
ON ON OFF ON ON ON ON ON OFF XXXX 0
Table 9 - Logic states of relays controlling LEBT BS2 Intlk Primary
O Check for acceptance of Test of Relay logic for LEBT BS2 Intlk Primary
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1.10 Test of Relay logic for LEBT BS2 Intlk Redundant on D40 — E014

SET Logic states of relays: HK1, EK5, FK7, LK1, CK7, BK14, AK13,
BK15, CK8 in Table 140below
VERIFY State of FK9 in columns 10 and 11

HK1 AK13
Linac NI52§5)4 FK7 (NC) BstI;Kl HegtKB7M 'I'Bn};i?S cBnlw_liF; gflls ?rﬁ B%/Zelrri]ft;kFRKgm
or | TS5 | e | Falre | 42 Il | emkox | ok | ek | ok
beam ON OFF

ON ON OFF ON ON ON ON ON ON O XXXX
OFF ON OFF ON ON ON ON ON ON XXXX O

ON OFF OFF ON ON ON ON ON ON XXXX O

ON ON ON ON ON ON ON ON ON XXXX O

ON | ON OFF OFF ON ON ON ON ON | xxxx O

ON | ON OFF ON OFF ON ON ON ON | xxxx 0

ON | ON OFF ON ON OFF | ON ON ON | xxxx O

ON | ON OFF ON ON ON | OFF | ON ON | xxxx O

ON | ON OFF ON ON ON ON | OFF | ON | xxxx O

ON | ON OFF ON ON ON ON ON | OFF | xxxx O

Table 10 - Logic states of relays controlling LEBT BS2 Intlk Redundant
O Check for acceptance of Test of Relay logic for LEBT BS2 Intlk Redundant
1.11 Test of Relay logic for LEBT BS1 Interlock on D40 — E014
SET Logic states of relays: FK8, FK9, GK2 and FK7 in Table 11 below
VERIFY State of relays GK6 and GK7 in columns 5 and 6
LEBT BS1 Interlock
OK prim OK Rdnt Closed ON OFF
ON ON ON ON 0 XXXXXXX
OFF ON ON ON 0 XXXXXXX
ON OFF ON ON 0 XXXXXXX
ON ON OFF ON O XXXXXXX
ON ON ON OFF O XXXXXXX
OFF ON OFF ON XXXXXXX O
OFF ON ON OFF XXXXXXX O
ON OFF OFF ON XXXXXXX O
ON OFF ON OFF XXXXXXX O
OFF OFF OFF OFF XXXXXXX O
Table 11 - Logic states of relays controlling LEBT BS1 Interlock
O Check for acceptance of Test of Relay logic for LEBT BS1 Interlock
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1.12 Test of Relay logic for LEBT BS1 Failure on D40 — E014
SET Logic states of relays: GK4, GK6, GK7, GK10 and GK3 in Table
12 below
VERIFY State of relays FK10 in columns 6 and 7
GK3 LEBT BS1 Failure
GK4 GKG6 GK7 GK10 Bypass for GKS, Verify FK10
LEBT BSlwater | LEBTBSLintlk | LEBTBSLintk | oo o o~ GK7 and GK10
OK OK Prim OK Rdnt p Insulate GK3 ON OFF with TDOD
contacts for OFF of 3sec
ON ON ON ON OFF O XXXXXXX
OFF ON ON ON OFF XXXXXXX O
ON OFF ON ON OFF XXXXXXX O
ON ON OFF ON OFF XXXXXXX O
ON ON ON OFF OFF XXXXXXX O
ON OFF OFF OFF ON O XXXXXXX
ON ON OFF OFF ON O XXXXXXX
ON ON ON OFF ON O XXXXXXX
ON ON ON ON ON a XXXXXXX
Table 12 - Logic states of relays controlling LEBT BS1 Failure
O Check for acceptance of Test of Relay logic for LEBT BS1 Failure
1.13 Test of Relay logic for LEBT BS2 Failure on D40 — E014
SET Logic states of relays: GK5, FK8, FK9, GK11 and GK2 in Table 13
below
VERIFY State of relays GK1 and CK1 in columns 6, 7 and 8
GK2 Verify GKL and CK1
GK5 FK8 FK9 GK11 Bypass for FK8,
LEBT BS2 LEBT BS2 Intlk | LEBT BS2 Intlk FK9 and GK11. CK1OFF
; BS2 Open Com GK1 OFF ith
water OK OK Prim OK Rdnt Insulate GK2 ON with TOD wit
contacts for OFF 3 secs TDOD of
5 secs
ON ON ON ON OFF O XXXXXXX XXXXXXX
OFF ON ON ON OFF XXXXXXX O ad
ON OFF ON ON OFF XXXXXXX O ad
ON ON OFF ON OFF XXXXXXX O O
ON ON ON OFF OFF XXXXXXX O O
ON OFF OFF OFF ON O XXXXXXX XXXXXXX
ON ON OFF OFF ON O XXXXXXX XXXXXXX
ON ON ON OFF ON O XXXXXXX XXXXXXX
ON ON ON ON ON O XXXXXXX XXXXXXX
Table 13 - Logic states of relays controlling LEBT BS2 Failure
0 Check for acceptance of Test of Relay logic for LEBT BS2 Failure
1.14 Test of Relay logic for LEBT BS1 on D40 - E015
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SET Logic states of relays: GK6, GK7, GK10,CK3 and GK13 in Table
14 below
VERIFY State of BS1 in columns 6 and 7
K1 Verify BS1 (GK8 and GK3)
GK6 GK7 GK10 CK3 GK13 ( use light indicator if necessary)
BSL Interlock Pr | BS1 Interlock Rd (E)Snirﬁgig BNL3 captive LEBT BS lockout CLOSED OPEN
(GK3 on &GKa8 off) (GK8 on &GKa3 off)
ON ON ON ON ON XXXXXXX O
OFF ON ON ON ON O XXXXXXX
ON OFF ON ON ON O XXXXXXX
ON ON OFF ON ON O XXXXXXX
ON ON ON OFF ON O XXXXXXX
ON ON ON ON OFF O XXXXXXX
Table 14 - Logic states of relays controlling BS1
O Check for acceptance of Test of Relay logic for LEBT BS1
1.15 Test of Relay logic for LEBT BS2 on D40 - E015
SET Logic states of relays: FK8, FK9, GK11, CK3 and GK13 in Table
15 below
VERIFY State of BS2 in columns 6 and 7
GK11 Verify BS2 (GK9 and GK2)
FK8 FK9 BS2 CK3 GK13 (use light indicator if necessary)
BS2 Interlock Pr BS2 Interlock Rd comn?lg?lg BNL3 captive LEBT BS lockout CLOSED OPEN
(GK2 on &GKJ9 off) (GK9 on &GK?2 off)
ON ON ON ON ON XXXXXXX O
OFF ON ON ON ON O XXXXXXX
ON OFF ON ON ON O XXXXXXX
ON ON OFF ON ON O XXXXXXX
ON ON ON OFF ON O XXXXXXX
ON ON ON ON OFF O XXXXXXX
Table 15— Logic states of relays controlling BS2
O Check for acceptance of Test of Relay logic for LEBT BS2
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1.16 Test of Relay logic for Linac Safely OFF on D40 — E015
SET Logic states of relays: GK5, CK4, GK2,HK®6 and FK7 in Table 16
below
VERIFY State of relays: HK4 and HK5 in columns 6 and 7
Linac Safely OFF
HK6 Verify HK4 and HK5
GKb5 CK4 GK2 BS1 closed FK7
BS2 water OK RFQ HV OFF BS2 closed & BS1 water OK Tnkl RF disab
or RFQ HV OFF ON OFF
ON ON ON ON ON a XXXXXXX
OFF ON ON ON ON a XXXXXXX
ON OFF ON ON ON a XXXXXXX
ON ON OFF ON ON XXXXXXX O
ON ON ON OFF ON a XXXXXXX
ON ON ON ON OFF a XXXXXXX
Table 16 - Logic states of relays controlling Linac Safely OFF
O Check for acceptance of Test of Relay logic for Linac Safely OFF
1.17 Test of Relay logic for Gate-Redundant Interlock OK on D40 — E016
SET Logic states of relays: DK5, EK2, EK11, IK12, IK13 and BK7 in
Table 17 below
VERIFY State of AK4 in columns 7 and 8
DK35 EK2 EK11 IK12 IK13 BK7 Rerity At
Tnkl gate Plug door Ags/Hebt gate HEBT gate BLIP gate Red t
closed closed closed closed closed edun rese ON OFF
ON ON ON ON ON OFF XXXXXXX O
ON ON ON ON ON ON O XXXXXXX
ON ON ON ON ON OFF O XXXXXXX
OFF ON ON ON ON ON XXXXXXX O
ON OFF ON ON ON ON XXXXXXX O
ON ON OFF ON ON ON XXXXXXX O
ON ON ON OFF ON ON XXXXXXX O
ON ON ON ON OFF ON XXXXXXX O
Table 17 - Logic states of relays controlling Redundant Interlock OK
O Check for acceptance of Test of Relay logic for Redundant Interlock OK
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1.18 Test of Relay logic for Tank RF Pulsing cleared on D40 — E023

SET Logic states of relays: 1K7, 1K10, IK3, DK6, FK2 and IK11 in
Table 18 below
VERIFY State of IK11 and FK2 in columns 5 and 6

Tnk RF pulsing cleared
Tnk G: }r<eZet for Tnk IlKrg.sgt for Tnk ‘;Iéfet for Tnk E)gsit for VerifypIKll ?& Fre
beam beam RF RF ON OFF
ON ON OFF OFF 0 XXXXXXXX
OFF ON OFF OFF XXXXXXXX O
ON OFF OFF OFF XXXXXXXX 0
OFF OFF ON ON O XXXXXXXX
OFF OFF OFF ON XXXXXXXX g
OFF OFF ON OFF XXXXXXXX o

Table 18 — Logic states of relays controlling Tank RF Pulsing cleared

O Check for acceptance of Test of Relay logic for Tank RF Pulsing cleared

1.19 Test of Relay logic for RF 50 KV PSs Interlock OK on D40 — E023

SET Logic states of relays: CK2, AK9, BK2, DK4, IK2, IK11and IK5 in
Table 19 below
VERIFY State of IK5 in columns 7 and 8

RF 50 KV PSs Intlk
CK2 DK4 IK2 oK
AK9 BK2 IK11 Verify IK5
Tnk arce:ion RF Tnk Crash OK Tnk crash OK Tnk1 %al? crash Tnk9 g(;)a}t<e crash RF pulsing Intlk OK
ON OFF
ON ON ON ON ON OFF XXXX O
ON ON ON ON ON ON O XXXX
ON ON ON ON ON OFF O XXXX
OFF ON ON ON ON ON XXXX O
ON OFF ON ON ON ON XXXX O
ON ON OFF ON ON ON XXXX O
ON ON ON OFF ON ON XXXX O
ON ON ON ON OFF ON XXXX O
Table 19 — Logic states of relays controlling RF 50 KV PSs Interlock OK
O Check for acceptance of Test of Relay logic for RF 50 KV PSs Interlock OK
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1.20 Test of Relay logic for Tank RF Controlled Access on D40 — E023

SET Logic states of relays: 1K4 and DK5 in Table 20 below
VERIFY State of CK2 and FK3 in columns 5 and 6
Tnk RF Controlled Access
IK4 DK5 ME-16 RF Verify CK2 & FK3
Tnk 1 Closed Tnk 9 Closed in Sec Panel
ON OFF
ON ON Cw a XXXXXXXX
ON ON CCw XXXXXXXX a
ON ON Cw a XXXXXXXX
OFF > 2 Min ON XXXXXXXX XXXXXXXX a
ON ON Cw a XXXXXXXX
ON OFF > 2 Min XXXXXXXX XXXXXXXX O
Table 20 — Logic states of relays controlling Tank RF Controlled Access
O Check for acceptance of Test of Relay logic for Tank RF Controlled Access

TTL: Sign for completion of initial testing:

TTL: Sign for completion of final testing:

END OF TEST PROCEDURE
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