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Te rm i n O Ti n g b e O m LEBT Chopper System (One Channel)

HV Pulse PGS
_|
Generator _/R\;,v]_a
R(HV) & )

« Methods for terminating beam in a Linac 20 -
— Choppers SUPPY | Mixer Box
— Faraday Cups [
— Shutters
- Kickers MPS Interface

— Terminate cavity and source RF

* A pulsed machine like SNS it is easy to “steal” | }

7-10 cycles — then return to full power RF
RFQ

Source

 Faclilities with CW beam and cryogenic targets
may not be so lucky — a slow ramp can be
required to establish “production” beam again

s_QOAK RIDGE
Nat

ional Laboratory




The “"Machine Cycle”

. Time Critical Events, (soft events disabled)
60 Hz beam pulses e e |
— 16.67ms defines 1 cycle ﬁ o (o (0’3563’33/?
- ATurn is dependent on beam o N\ ? |
e n e rgy \ fﬁon accubrﬁi::ati :
« 973 ns @ 850 MeV A "o !
¢« 911 ns @ 1.3 GeV Lé@i%f%ffe“ y \\
e Cycle Startist=0 / \ Kic\k the
_ _ Beam size beam out of
* Ring Extract is t = 5050 grows towards Starﬁ_of eac? the Ring
Cycle Start machine cycie

« Beam production stops at End of Fvery 1667 ms

Inject, t = 5048

 Beam Is extracted from the Ring at
turn 5050
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RF, source and

The machine CYCle diagnostic events

Time Critical Events, (soft eventge#®able non critical timing

« Beam On notifies subsystems, “this =

MPSFPL_| 'MPS FPAR

cycle is a beam cycle”

» Power grid line synchronization was =\WiZhs? N LT 2 \/
terminated after commissioning o | N

— Caused neutron smearing at the

Instruments because the Neutron

Choppers couldn’t keep up with the S

Not good for
load demands at the power plants Neutron Choppers

Beam On Event

 The Event Link Is a biphase mark coded bit stream that is derived
from the ring clock.

— This allows CDR (Clock and Data Recovery) circuits to create a local copy of
the ring clock at the subsystem nodes for synchronization
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Normal beam

operations
Beam controls operations
S t

» Operate source and RFQ while the REQ is
during non-beam cycles active, beam is

_ _ N accelerated through

— Maintain thermal stability the RFQL_and into the

Inac

— DO NOT generate beam
« “Blanking cycles”

—i.e. <60 Hz s hifted
) y ource shifte
« MPS “faulted” states operations 8D St s
~ Shift gates in time Beam Off

» Pulsed machine Source operates

— Kickers/shutters almost 3 ms after the
_ RFQ is active, beam

« CW machine is not accelerated

and is lost in the

RFQ structure
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Source gate

End Inject

[2.50M5/s \" © 7 220V
10k points

| End of Inject:
M Timing Event that
. determines the
“end” of an SNS
| Machine Cycle



Primary Camera Image:

Beam controls
« DTL1 180° phase shift

— Mitigate accelerating low leakage currents in
the Linac, ~3 uA while the RFQ is on

— Reduces heating in the SCL cavities
— Eliminated in the 15t warm RF structure

Dark current
seen using a
view screen

~300 W 13.56 MHz RED gaie ity o
continuous RF generates sotlrce’shifted gate
High beam current a low power plasma
pulses are generated lon Source LEBT
by a 50-70 kW 2MHz Plasma Dumping magnets Second lens / steerer / chopper
RF amp"fier Permanent magnets Cesium collar Dumping electrode  First lens Chopper target / RFQ

entrance flange (ground)
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RF antenna Filter magnets Qutlet electrode Extractor electrode Ground electrode



B e O m C O n Tro |S LEBT Chopper System (One Channel)

HV Pulse PGS
_|
Generator —':;)v]_
R(HV), A
Bias &

Steering
Supply Mixer Box
 Set Chopper to "full chop” during beam blanking [
cycles
- Use the LEBT Chopper to “blank” out shifted lon MPS Interface

Source pulses, up to 20 Hz

« >20 Hz increases the likelihood of damaging LEBT Chopper
Target with increased heat load

— Reduce contamination of the RFQ

RF
Source RFQ
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Protection by equipment lock-down
DG535

e Another method to T Rep rate
e . i
limit beam pulse iIs —T— Bulse width \
to lock down limits
certain control
parameters R

* At SNS, operations P— I'
staff manually set a
gate generatorin the tom Source Gate Radiation Safety &%
—ront-end buildingto [5 w RS-Hold iy

Imit the 1on source AOOBBOGE
peam pulse length
— The pulse can be < but not

> than this setting,

truncated by the DG535
S_Q(N)aﬁqK RIDGE
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lom Source Gate

Beam Width Output

Lirruit

Repetition
Rate Limmit




Beam Controls

 \Warm Linac Resonance Control
Cooling System (RCCS)

e Provide thermal stability for resonance
control to reduce beam losses

e 10 system, one for each set of warm
cavities

- 6 DTL
- 4 CCL
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X DTL 3 RCCS Water Skid

Tank 3 Water Skid

DTL RCCS RF Water Supply

i 24737
GPM alveState

Close.
| Mode |

Auto

780 164
GPM  Mohm-cm

. Heating
-22.605
kw

Mode B
FREQ dic
=
L J L
o (5 13 y 3
WX Flow | T Sl s
So. _@-25.37. 2590 27.08
psiy  psig  degC
.," - ‘[3‘_30
99 uegL
*591 29.25
31

TT1-TT2 Heat Drop
1529 29.911
degC kW

~+ Giseciin
- Ac Nater Retus
il A TING: 7.78) e
psig  \B J ¢ GPM TT6-TT5 Cooling | |HEEEAE
18.80 38.461
degC kW EXIT

AN
Hot and cold flow valves



Logbook Entry

Create electronic logbook entry D

PACE

User name: user

 PACE (PV Adjust Confirm E-log)
— EPICS (Experimental Physics and Industrial (oabocks  {Cperntios — manual_:

Title: PV Changes

Control System)
— Applied to critical control parameters

Updated the power limit because ...

The following PVs were changed ...

PV: MEBT HPRE:Cavé:PwrLmtAd :
Old Value: 15.50&“‘r wrmeam po— aUtomatI "l
New Value: 40

e Control System Studio (SNS) —
Eile C55S Window Help
| B | = |8 8 |

=1 Alarm [H CSS Standard | <= Data Browser | <= SNS Control System Studio
== Data Browser Archives ['?«:T_ Mavigator 2 = 0O [E *f_pwr_limits.pace E2 l

&2 a ;%,l = “% = ||[HPRF Pwr and Duty Cycle Limits

Cancel 0K

- E=CSS =] [ system | Pwerimt | Pwrimtadm | Pwrimtrad | DutyLmt [DutyLmtadm [ DutyLm
7 EmShare SCL 08a 500.00 500.00 500.00 8.00 8.00 8.00
b = Elisa SCL 08b 500.00 500.00 500.00 8.00 8.00 8.00
7 = PACEConfigs % SCL 08c 500.00 500.00 500.00 8.00 8.00 8.00
b =ovs SCL 09a 500.00 500.00 500.00 8.00 8.00 8.00
-project SCL 09b 500.00 500.00 500.00 8.00 8.00 8.00
| || scLooc 500.00 500.00 500.00 8.00 8.00 8.00
SCL 10a 500.00 500.00 500.00 8.00 8.00 8.00
SCL 10b 500.00 500.00 500.00 8.00 8.00 8.00 —
b= css-plt SCL 10c 500.00 500.00 500.00 8.00 8.00 8.00
B . css-pvtable SCL 11a 500.00 490 500.00 2.00 8.00 8.00 =
k=BcC Ms.css-plt SCL 11b 500.00 490 SCL_HPRF:Cavlla:PwrLmtAdm = 490, orig: 500,00 2.00 -
ke~ CCL3 Restart Stripchart.css-pit SCL 11c 500.00 490 500.00 8.00 8.00 8.00
b= CCL4 Vacuum.css-plt SCL 12a 500.00 490 500.00 8.00 8.00 8.00 I
k== Cavity 18c Investigation.css-plt 500.00 500.00 500.00
b= DTL2.css-plt SCL 12c 500.00 500.00 500.00 8.00 8.00 8.00
= Dave's DTL4 capture.css-plt SCL 12d 500.00 500.00 500.00 8.00 8.00 8.00
k= Delta_10 and SCL tuners.css-plt SCL 13a 500.00 500.00 550.00 8.00 8.00 8.00
= Downtime Calculator.css-plt SCL 13b 50000 500.00 550.00 8.00 8.00 8.00
k== Everything you wanted know about the SCL 13c 500.00 500.00 550.00 8.00 8.00 8.00
b= FV33001.css-plt SCL 13d 500.00 500.00 550.00 8.00 8.00 8.00
k= Foil Movement.css-plt =]/ SCL14a 500.00 500.00 550.00 8.00 8.00 .00 ||
[=1 e | [*>] St Ak = nn =nn nn = nn = nn = nn = nn 1=

| o= | | o b= @ &




Configuration control Channel status

Device

DTL_HPRF :¥wtrd:FPL_CCL_BS

— 50, 100, 1mS, Full Power, Off and Standby DL HERE Mod3: FEL
e SNS Machine Modes “Mode Mask” indication

Color is dependent on setting

- MEBT BS, CCL BS, L-Dump, I-Dump, E-Dump o
and Target Physical input status

from field device
« Configured via MPS PLC

— Located in the main Control Room

— Read by the Timing Master and broadcast to
each node at 60 Hz

— Verified against database before every machine
cycle
S_Q%\KRIDGE
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Sector Gate Valve | oo o SonREAR BELES JLm
DTL_Mag:PS_DCH418: FPL_CCL_BS HEEN |
Intended for 2 MW DTL_Magy:PS_DCV421:FPL_CCL_BS Hpray
e SNS Beam Modes / DTL_HPRF:¥mtr’5: FPL_CCL_BS |
O
B[]




Software interlocks

Magnets

Power Supplies
— HV levels for BLMs
— Power supply settings

Chatter Fault limits
— Auto recovery — manual recovery

Dump Power limits

— Combined with administrative
controls

— Injection Dump uses fast protect
hardware “Nano-coulomb detector”

o Soft interlocks are too slow in the event
of a Primary Stripper foil failure

&QA RIDGE
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&ﬂl’l’ll’l’l

RDBK B B Book BBook->MPS gy Sts->MPS
34.41 34.37 |_RSet | ]
38.05 38.00 | Rset | L]
28.04 78.08 | RSet | ]
16.46 16.30 | RSet | L]
16.98 17.00 | RSet | L]
27.55 27.30 | Rset | L]
11.35 11.00 | RSet | L]
11.42 11.00 | RSet | L]
0.00 27.25 [ ] O
16.84 17.00 |_RSet | N
17.88 18.00 | Rset | L]
24.80 25.00 | RSet | L]
28.81 28.65 | RSet | B
11.64 11.20 |_RSet | | ]




Protection by alarms

e Control system can monitor many parameters, and alert operators
when these parameters stray outside of pre-defined limits

 These are separate from the automatic interlocks.

e Alarms do not automatically turn off the beam.

 Alarms may be set to alert operators before parameters reach the
Interlock limits, or may be set on some less rigorous parameters
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T
g
g

O O
O
User screens R =
Overview of o
I the SCL
 Approximately 110 nodes at [~
SNS i
— Without interface screens, it i
would be difficult to know which =
system reported the fault The input status =
— Also allows operations to rﬁﬂeuitirfgﬂg‘:?
establish bypass settings P Bypass
Enable/disable
SW Set
taltus Malmk Malmk /4?et Enaible Fal.lllts
|:| . EMABLE 2 f
. . EHABLE , Fault
N L] ENAEBLE 9 )F'IE counters
The channel status N ENABLE 2 |Hei
is green because gl BN ENABLE 2
the Machine Mode is HEEE N | ENABLE 0| E:
upstream of this location [ [ 11 B ENRBLE 0| b
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= | 1 Ac:umulatur

Moving forward STS Egg;g}irgn
e Second Target Station (STS)
« Single pulse configuration Cioker
— Two pulse configuration for Magnets
STS (Second Target Station) Second Target Station
~ STS 10-20 Hz

o 47 kJ per pulse

o Kicker magnet interface o .
-~ Beam must go to STS T m_ | First Target Station __

- Example: What level of effort should be spent protectlng the FTS
beam when a fault occurs on the STS beamline?

— Afault occurs in the R2T2 transport line or target. It is desirable to not disrupt
beam to the FTS. This requires coordination between the Timing System and

MPS to ensure only STS cycles are disrupted.
*OAKRIDGE
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Implementing interlocks

« Microcontroller design
— PLCs “Slow Interlocks,” milliseconds
— Software “Soft Interlocks,” seconds

e Discrete Components, microseconds
- ICs
- FPGAs
~ CPLDs

 Varying levels of reliability
— Failure methods plague all types

Discrete components PLC

microseconds milliseconds seconds
#(,OAKRIDGE

National Laboratory

Oxygene PEARL

Mm

aL 8
Language Pascalsin w == &,

AIAGOLbT"“ | Ajax l,:ob" "'Jé&““m"‘; -

re ke ASSEITIDIY language

ey g SosTakp Sh | |SpVB Kadscrpe |Mp
( :+ +ABC Jasz;ISc:')lAst':L ) .

Progranmmg

=ScriptPHP. 5 o4 gva

MWW&:

- Python =~ -

software




The Magic FPGA

P77

problem solution

FPGA
(Field Programmable Gate Array)

#(,OAK RIDGE

National Laboratory USPAS 2023




FPGA “basic” SRAM architecture

» Logic Blocks
— 4 input LUT (look up table)

 Programmable Interconnect

— Routing configurable resources together Basic Xilinx layout
o ' e R P P P
/O pins EHE gz X
— Configurable and fixed types F*E s i i
e Internal RAM ] S| Erar g arar I ar ary
Programmable | IF IF IF IF IF IF ﬁ% O Blocks (OB
Interconnect HIFIFIFIFIFIFIF IFy ocks ( )
 External Flash g~ |ZTrIrarar I oy ar el
. el DU T o d Gy
— Device program storage A dddddddddddyddy T
adls H ﬂ,_D?LF. Configurable

« SRAM type, most common Logic Blocks (CLBS)

 Anti-fuse/Internal Flash, heavy in defense and aerospace

S_QOAK RIDGE
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. AlB|([C D|Z
FPGA architecture W sTela(a e
B o(0o(0|1|0
. . N >01:>-ID—I E olo[1/0]o0
e Size metrics D i S AT IERERE
— Flip Flops (registers, bit storage) el
- LUTs Entire resource is 1]
— RAM blocks consumed if any wThjs is no longer | | |0 |°
of its elements are  yeinmodern |11 1% 1|0
 No logic gates internally used day devices | '/ 1/ "%/

— Functions are translated into Look Up Tables
e LUT (Look Up Table) T emo oo |

l
. AlB|c|D|2 ) |
— DFF (D-type Flip Flop) STololsls Amr L | Interconnect
ojofof1]0 B +» FE e Ot Ol ©
— MUX ojof1/0]0 l LUT L *—Iﬁ- : it
olelalef| mmmmy © T 3 ) S
ol1/0]1]1 D —:—h + I :
N |
1/1]o0]0]0 |
XiIi_nx SiTI[_3|LiJS_I'_[iC : : t: ; E Rst : i
View O 2 lallmlals | |
PRGN configuration Clk i




Microcontroller “basic™ architecture -

« CPU
— Central Processing Unit

e Shared bus(es)

e RAM and Flash

— Boot-up Instruction storage
— Program storage

e External I/O
e |Instruction/Data Cache

e Other interfaces

e Intel and PowerPC Atmel AT89S52 G.ﬁo

%OAK RIDGE
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Basic CPU example
 1GHz clock

TEMP = V(K)
YV(K) =Vi(K+l)
Y(K+1)=TEMP

l_Fnrtran Compiler

temp =v|k];
vik] =v[kt+l];
v[k+1] =temp;

C/Java Compiler 1

High-level Language

MACHINE CYCLE

Decode instructions Execute Iw Sto, 0(%2)

into commands commands Assembly Laneus Iw $t1,  4($2)

 Perform 1 step per ssemply Language o St 0052
sw th,  4(%52)

clock cycle

1 MIPS Assembler

J

CONTROL
¥ ‘ |

o Fetch

— Intel Store results 0000 1001 1100 0110 1010 1111 0101 1000
instruction in memory . 1010 1111 0 01 1100 0110
1 1}) 0101 1000 0000 1001 1100 0110 1010 1111 )
Execute commands _ - oo
occur at 250 MHz!!! ST
Memory
10001010] (Location 0)
00110100) (L ion 1
thocation 1) MIPS32 Add Imm mte Instruction
Data to Memory 01110111} (Location2) ¥
01001 .ocation 3) \
CPU e 1101[:1110}3:;\19“ 0 <-1Iﬂ;1 nnnln ﬂﬂﬂﬂﬂﬂﬂlﬂlﬂlulﬂ
NOGO0LeT(Location 5) g
01001111 (Location 6) :OP Code; Addr 1 ¢ f.'f'?.*.'?i[.% .............. : FP.!HEE*.EI?_HE'HE ..........
Pragram 10100000 (Location 7) _ _
counter: 5| 00000010| (Location 8) Equivalent mnemonic: addi . .
{0010110111001000 Address for 10100010} (Location 9) _
readlrégfwntlng 00010100| (Location 10) Add the to the value stored in
t .
e : and store that result in
S_QOAK RIDGE
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Basic similarities
e Flash to store programs

— uC typically local, FPGA typically external
— On Power up, programming functions are loaded

» Clocking resources (synchronous devices)

o User Configurable, one to many times, flash dependent not device
dependent

e Susceptible to "event upsets”
- SEU, MEU, ... several classifications depending on the failure type

« Radiation hardened devices
— Level of "hardening” varies significantly

 Modern day devices are highly complex architectures

s_QOAK RIDGE
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Basic differences

Microcontroller
» Single process execution (time slicing)

» GHz clocking speeds
* Dynamic program configuration
o Operating Systems

* Broad user community
— Plethora of programming languages
- Compile and go...

S_QOAK RIDGE

National Laboratory

FPGA

Massive Parallel Processing
MHz clocking speeds

Fixed program configuration
Direct programming

Limited user community
— Concurrent programming languages
— Timing constraints, PLL configuration, ...



High
Energy
Neutron

Oxide
Insulation

Single Event Effects (SEE)

— SEU, MEU (Multi) Single Event Upste

— SEFI — Single Event Functional Interrupt
« Can be repairable in real-time, depending on location and

device _ ——
: ort Mmoo Jepieton Reger
- SEL - S|ng|e Event LatCh Up Trail of lonization

» Fixed by power cycling the device

— SEB - Single Event Burnout
 Permanent damage, non-repairable

1e-03 ¢

1e-04 |

1605 | |

SER
Soft Error Rate

1e-06 |

16-07 |

: = : * * , )
N | 1240r11 r7n Moor’s Law
Ly sranw transistors double per
e- F latch —8— -

Soft Error Rate (FIT/[bit|latch|logic])

logic, 6 FO4s —e—
logic, 8 FO4s —&— ]
logic, 12 FO4s W

Icl-gic. 16 FCI)45 ©

unit area every 2 years

te-11 | §

i * *
teiz L — 2022
600nm 350nm 250nm180nm  130nm  100nm  70nm  50nm

%OAK RIDGE 1992 1994 1997 1999 2002 2005 2008 2011 7 nm

National Laboratory Technology Generation




Error detection
 FSM (Finite State Machine)
— Encode “one-hot”
— Run the State Register through an XOR gate

 CRC (Cyclic Redundancy Check)
— CRC “Sum’ is transmitted with data

* TMR (Triple Modular Redundancy)

— Can be implemented internal to an FPGA
— Multiple devices feeding a PLC
— Etc...

LDDQ D1QBD1D2Q5D1D3Q£)DLD4Q_D5Q DBQ_DTQ QUTRUT
CLOCK!’LSB”— ’7 ’7 ’7 ’7 ’7 ’7 (MSBIT

S_QOAK RIDGE
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Output
will
SReg -+ XOR always
be ‘1’

Single bit error detection method

What if the failure
occurs in the
voting scheme?



CPU SEU example

« ADDI “Add Immediate” becomes ANDI "logical AND Immediate”
* This example applies to address or value registers as well

 What if this was a branch or jump command?

Data to Memory

Memory

10001010

00110100

01110111

10100100

%

National Laboratory

C P U Data from Memory | 11010010
10000110
01001111
Program 10100000
counter: Q0000010
[0010110111001000 | Address for 10100010
reading/writing 00010100
data
OAK RIDGE

(Location 0)
(Location 1)
(Location 2)
(Location 3)
(Location 4)
(Location 5)
(Location &)
(Location 7)
(Location 8)
(Location 9)

(Location 10)

New instruction

ANDI
001100

Expected instruction

ADDI
001000

Could be any of these!!!!

iz s T o s s b s A s R S s e m e e s s A E i B R,

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

................................................................



AlB|C|D|Z AlB|C|D|Z
FPGA SEU eXOmple olo ﬂ"ﬂ 0 olo ﬂ"ﬂ 0 Combinatorial Lo
0jofo|1]0 0ojofo 1|0
Combinatorial Logic 0o(0(1|0)0 0|0(1|0|0
o 00111 00111
B >°'3-|D_z:">n1uu1-n1uu1
B o(1/0|1]1 o101 1
65— 1>~ . 1L
X —p1|1|ofo]o X—>o(n»n
1(1(0(1]0 1(1]0(1]0
1(1(1|0/(0 111(1]0/|0
1(11(1]11|1 111(1]11|1
[ 1 - .
E -] Programmable switch matrix * Utilize CRC capabilities of
rogrammable devices
,_,c \ I""""“"":’./ Prog
='=‘=‘“l NI ; | ! « Usually requires partial to full
Ir ; Ju i reconfiguration of the device
CLB (] | * T
Tt i — This can be an automated process
5 f* T — For Interlocks, it will likely be better to notify
RRERRRRRRES and take no immediate action

S_QOAK RIDGE
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Other failure modes

o Stuck at “1/°'0" (high/low)
— Doubled Digital I/0O as SNS for PLC
interfaces (SA1) "MPS Good”
e SNS Vacuum Interface

» Electrical overload during maintenance created
permanent damage to the output gate

— Gated Clock “MPS Good”
« SNS MPS Hardware failure

* Firmware doesn’t match final design requirements

— Does your organization consider firmware software or
hardware?

— Are firmware changes subject to DCN (Design Change
Notification) process?

« What if it's part of an interlock system???

S_QOAK RIDGE
Nat
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1756-0B16D
Output module

+DC

ouput SA'1’

V320

PLcmmq HEBT
? PLCA i_@i%

Backplane interface




Protection system grounding error

* April 2013 - Modification to add redundant power supplies to increase
availability

— Inter-segment handshaking not tested as part of installation QA or post modification
tests
e Error found July 31, 2013 during annual certification testing

— Under certain conditions, PPS would not have shut off the front end for a
downstream fault

— Common mode error affected both of the redundant chains
— Unintended result of modification to PPS systems to add redundant power supplies

— Beam Operations halted until mitigating measures in place
» Ittook 9 days before receiving a letter of resumption from DOE

— Failure mode identified and replicated on bench
* Very complicated failure mode

*(N)AK RIDGE
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Accelerator PPS grounding error

« Power supply modification \ v~ .
required a common ground ’ 2 % ,*
TP i ——r—iEeen Een imer

between A and B divisions e s A0E{ 0L

« Improperly installed jumper
"floated" linac PPS ground,
creating a sneak circuit

. ey
- Sneak circuit defeated segment bbbl |
to segment handshaking if propery )
enough PLC outputs were ON soen

S_QOAK RIDGE
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Biased input “good condition”

24VDC 24VDC 24vDC
RING RING Redundant
B 62 RING 200 || 24v0c 24v00 Inter-Segment Hardware 1/O
B HEBT HEBT Redundant .
N I I T e 52 M HEBT, RING & LINAC Details
i ?— T : j 24VDC Cam 24V0C Cam 2aviae 24VDC GMD
o ° 11 M2 o o
L1
24VDGC 24vDC 24VDC
RING RING Redundant
Al A2 RING 24vDC 24vDC 24vDC
A HEBT HEBT Redundant 24VDC
woe e Al A2 HEST LINAC
o e B
‘ b
ZIE')DC Com
I : !
] = -
1756-0B16D : 1756-1B32 : 5 L :
Qutput module Input module ‘_‘ 1756-0OB16D 1 HEBT
rosms RING S S rosaome  HEBT ol Output module Return path |- PLCB
7 5 | o, J: PLC A : ok e gopre HEBT e 1 Is though ground |3
- Aok 'l“ R E _@J Oulput \—: Voltage Reading to GND .
= T s AT \: = 40.8 VDC H
=2 e a1 NI .- ¥ - - Voltage Reading to GND .
Interface. ‘:!" OFF State = 15.4 VDC :
- On State S Voltage Reading to GND . Same
. OFF State = 16,0 VDG : Configuration
: : 28 PLC A
In p uts S Mismatch :
) o T Condition
BI ased O N PN 1756-1832 : Output Enable =0 :
................................................................ = Input mﬁzﬂ% Input Disable = 1 LINAG
. . . . PLE Backplane . H PLCB
Configuration with jumper PLC A : :
e P .
. T — " .
NOT making contact T | e mm :
Hackplng OO N O I g o
= o I

:  ON State Min = 4.8mA@10VDC
OFF State Max =2.27mA / 5VDC

S_QOAK RIDGE
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Sneak circuit — outputs bias inputs

Input Channel Voltage

%OAK RIDGE

National Laboratory

O — N W N 01 O N0 0O — DN W MO

Input Voltage vs. # Outputs ON

PLC Inputs 7
Transition from '0' to 7
'1"when 9 or more \ P
Outputs = ON \ L
N
) G =o=Input Voltage vs. # Outputs
o= ON
- ' -
_9
@
P 4
&
o
0 2 4 8 10 12 14 16 18 20

# Outputs 'ON’



Questions
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