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Abstract Fiber optic cables monitor for high power arcing near the

. ] . cavity windows and at the klystron and circulator.
A new arc detection and interlock generating module for

the SLAC PEP-II low-level RF VXI-based system has

been developed. The system is required to turn off the RF
drive and high voltage power supply in the event of arcin_lg ,
in the cavity windows, klystron window, or circulator. he Fast Interlock module provides a means of

Infrared photodiodes receive arc signals through radiatiof mmunicating with se\;]eral externa:(llsystem?..l The contr(?jl
resistant optical fibers. Gain and bandwidth are selectapi¥Steém can operate the HVPS, klystron filament an

for each channel to allow tailoring response. The modu?é)leno'd supplies, and beam abort requests as well as

also responds to interlock requests from other moduIesﬁHen'Br"idley system monitoring and fault resetting. The

the VXI system and communicates with theethernet fiber signals from the control system are brought

programmable logic controller (PLC) responsible folnto the shielded rack and passed on to the Fast Interlock

much of the low-level RF system's interlock functionality.mOdUIe by a National Instruments (AUSt'n’ TX) VXicpu-
030. The Fast Interlock module then issues the commands
over fiber optic cable to the nearby instrumentation rack

In the event of a fault it can be necessary to abort the
The PEP-II low-level RF system VXI-based Fasheam to prevent instabilities from the undriven RF
Interlock module (figure 1) performs several functiongyyities. A global beam abort system receives the request
related to monitoring and protecting the RF system. Thg aport the beam from the Fast Interlock module and the

modulg serves as the sole VXI module feSPOf‘Si?'e fP&quest is maintained until either the cavities of that
transmitting any VXI module generated faults to trip theation are parked or the station is returned to normal
klystron high voltage system. Each Fast Interlock mOd“B:-‘peration.

resides in a VXI crate adjacent to each RF station. Akl yncommitted external input for tripping of the system
additional hardware subsystem known as the ‘Loc@l 4yailable.

Panel’ has been configured to serve as an intermediary
between the interlock handling subsystems of the VXI
Fast Interlock module, the Allen-Bradley (Milwaukee,
WI) PLC, and the high voltage power supply (HVPS
controller[1].

2 1/0 FACILITIES

3 ALLEN-BRADLEY COMMUNICATIONS

)rhe RF system is monitored by an Allen-Bradley PLC/5
industrial controller. This Allen-Bradley controller
monitors numerous temperatures, digital inputs, and
analog voltages. If any of the monitored levels goes
outside its prescribed range a fault signal is sent to the
Fast Interlock module which then turns off the high
voltage. The controller also sends a ‘heartbeat’ signal
over a fiber optic cable to the Fast Interlock module.
Should this pulse train fail to appear at the Fast Interlock
module after a suitable time, the Fast Interlock module
will assume the controller is faulty and issue a command
to turn off the high voltage.

The processing nature of the Allen-Bradley system

The Fast Interlock module communicates directly with . .
the Local Panel and indirectly through it to the AIIenprecludes its use as a fast interlock generator. The system

Bradley system and the high voltage power suppi§?0p5 through its monitored signals approximately once
controller. every 15 ms. This isadequate to respond to ‘slow’

problems, like faulty temperatures, arising in the RF
system, but is not adequate as a means of tripping the

Figure 1. VXI Fast Interlock Module
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system in the fast manner required such as when an argsigersistent. A front panel trigger is provided when a
detected. fault is detected for additional diagnostic purposes.

A separate chassis serves to collect the many fiber oplibe VXI backplane fault requires special handling by the
connectors, both inputs and outputs. Each arc detectibast Interlock module since it is a fault that is both
fiber input connects here. Thiber connections for the generated by and monitored by the module. Upon
control of the filament supply, HVPS, solenoid, Allen-detecting any type of fault the Fast Interlock module
Bradley reset, Allen-Bradley heartbeat, Allen-Bradleyasserts the backplane TTL trigger for the benefit of the
summary, and beam abort signal are on this chassis. Tdtker modules. In the event another module in the crate is
optical signals are converted to electrical signals aridrcing the fault the Fast Interlock module must remove
transmitted over ribbon cable to the Fast Interlock moduits assertion and check for persistent assertion by the other
nearby. module and maintain the fault if that assertion is there.

4 COLLECTOR POWER DETECTION 6 ARC DETECTION

The klystron forward power is detected in the extern&even 100 foot lengths of fiber optic cable bring the arc
chassis and an analog output sent to the Allen-Bradlegtection light to the Fast Interlock module. In a high
system for use in tripping the system if the collectognergy ring installation four are from cavities, one is from
power is too high. This is determined by subtracting thi&e klystron window, and another is from the circulator,
klystron forward power from the high voltage supply’she seventh is a spare channel. A low energy ring
voltage-current product and assuming that the differenaestallation has two fewer cavities to monitor. The

is absorbed in the collector. detector is a Honeywell HFD-3854 PIN photodiode with a
peak response wavelength of 850 nm. Each channel has
5 INTERLOCK HANDLING both adjustable gain and bandwidth setting jumpers. The

fastest response time is abous1The slowest can be up
Al critical fast interlock logic resides in hardware on thd® 1G4s. Slower settings enable controlled timing of the
Fast Interlock module. The fault logic is independent dfiP- The circulator manufacturer specifiesjgsdrip time
the crate controller microprocessor and network. Shouf@ llow for burning up the arc instigating debris. Three

there be a network problem or crate controller hang-#in Settings along with adjustable trip settings at the
the Fast Interlock module will still function to trip theComparator input allow flexible selection of trip levels for

HVPS in case of a fault. Al faults are configured in a fai#©0d Protection without nuisance trips. The photodiode
safe manner so as to trip the system in event of mod@HtPut is amplified in two stages to achieve a gain of
failure. The fiber optic outputs must provide continuou@0ut 155dB. The two feedback stages are implemented
light output in order for the ‘on’ signal to be valid. Powef" @ T’ topology (figure 2) to allow moderate component

loss to the module leads to the turning off of the high2lues and reduced stray capacitance.
voltage. The primary interlock function is through the .. .... ......

permissive for the HVPS that is issued from the Fast N T
Interlock module. Other modules in the crate may be ?&:;{ga ?E{ ERRELT)
configured to issue interlock requests to the Fast Interlock e . S
module by asserting a TTL backplane trigger. These fe woi) e
faults may be generated for reasons of excessive RF v
amplitude detected on any number of monitored signals 4> 0 Lever| |
such as klystron reflected power. % rresest [

The high voltage permissive is removed by the Fast

100K

Interlock module when any of the fault sources is in the |rrece viose
faulted state. The VXI backplane trigger, the loss of the " G i
Allen-Bradley heartbeat or summary, a detected arc, or “”f

even a software generated forced fault may all drive the ) . )
fault line. A ‘first fault’ register is provided in the event of Figure 2. Photodiode Preamp Schematic

a rapid succession of faults in order to distinguish thlg__e

T >
precipitating fault. The current status as well as IatchedaCh channel has slow DC removal (>1ms) to allow the

fault status is available to read out in the event that a faHl%e of high gain without regard to the offsets that would

normally restrict such a gain. Only fast transient light
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events are triggered. The unbiased response time of the
photodiode is fast enough that no reverse biasing is 8 CONCLUSION
required. The resulting speed increase from reverse

biasing would be small compared to overall response time\/x|_-bus based Fast Interlock module is in use in the
anyway, and dark current noise would increase. The noisgp_|| |ow-level RF system. It is required to handle
equivalent power is approximately |08 (-43dBm). The  ymerqus sources of faults and transmit trip requests

preamp output is buffered and available at the front pang|nigly and reliably. The crucial interlock logic resides
of the external chassis for testing and monitoringpsrely in hardware and operates autonomously despite

PUrPOSES. _ . _ _ computer or network difficulties.
The two-stage output is then transmitted differentially to

the VXI module portion of the fast interlock system. Each
of the channels may be bypassed through a jumper
located on the VXI module itself. Remote readback of the

bypassed status is provided.

The fiber optic cable for the arc detection is Spectre{ﬂr,] P. Corredoura, et al., "Commissioning Experience

(Avon, CT) HCR with 200 micron core. The cable is ywith the PEP-Il Low-Level RF System”, these

rated OFNP -- Nonconductive Optical Fiber plenurfroceedings. . o

cable, no conduit is required and it meets safety standaf@s E.R. Bea‘?”e’ F'bfr Optics in the BNL Booster
for flammability and smoke generation. The cable igadlatlon Environment”, Proceedings of the 1991 Particle
radiation resistant and should be able to reside in the PESSEIErator Conferenc?, pp. 1493-1495. '

Il tunnel without degradation. The cable has been testé bt J- -Mao, S.., "Radiation Dose to an Electronic
elsewhere with up to 50 krads without degradation[Z(IEevIce under RF Penetration”, SLAC Memorandum, May

Radiation dose in the PEP-Il beam tunnel where the fib

resides is estimated to be approximately 30krad/year [\j& _.] West, R.H., "A Local View of Radiation Effects in

The only component of the Fast Interlock system to resi éber Optics”, Journal of Lightwave Technology, Vol. 6,
in the beam tunnel is the radiation hardened fiber optmo' 2, February 1988.

cable. Less than one third of the length of each cable

resides in the tunnel radiation area. Test data shows

approximately 1dB induced loss per 30m of exposed

cable after a brief exposure to 3krads [4]. Fiber optic

cable of this type is known to recover over a period of

time subsequent to the dose. This provides assurance that

the arc detection system will not be significantly ‘blinded’

by beam loss events.
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7 CRATE TEMPERATURE AND VOLTAGE
MONITORING

A programmable data acquisition system (DAS) monitors
the crate temperature and power supply voltages and
generates an interrupt in the event of an out of tolerance
value. Once programmed, the DAS reads through its
channels comparing the inputs poogrammed limits
without control system attention.

The peak detected levels from the arc detection
channels are available through the control system to assist
in remote trip level setting and noise monitoring.

2522



