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Design and development of SHINE accelerator fast interlock system

YU Chunlei CHEN Guanghua DING Jianguo LIMing XIAO Qingwen YAN Yingbing
(Shanghai Advanced Research Institute, Chinese Academy of Sciences, Shanghai 201210, China)

Abstract  [Background] Shanghai HIgh repetitioN rate XFEL and Extreme light facility (SHINE) is a large-scale
scientific facility under construction in China. Due to 1 MHz repetition rate and thousands of kilometers length of
SHINE, the accelerator interlock system should be a large system with response speed in microsecond magnitude and
capable of processing tens of thousands of signals simultaneously. [Purpose] This study aims to design and
implement fast interlock system integrated with the conventional slow interlock system for SHINE accelerator.
[Method] Through the analysis of SHINE requirements, FPGA (Field Programmable Gate Array) technology,
distributed control technology, and network communication technology were adopted to complete the design of the
fast interlock system. The integration of fast interlock system and slow interlock system on the same platform was
achieved through programmable control technology and interface program development. The interface development
software for the control system was designed and developed using PyDM, and the massive data exchange between
large-scale interlock system was solved by using FL-net technology. Finally, based on Experimental Physics and
Industrial Control System (EPICS), the design of operation mode, system architecture and data transmission were
implemented and deployed. [Results] The accelerator interlocking system developed in this study enables data
exchange and expansion between fast and slow interlocks, as well as between any station. The average response time
for multiple sites connected by a 1 m cable is 903.32 ns, and the average response time for multiple sites connected

by an 800 m cable is 5.33 us. [Conclusions] All the functions of fast interlock system are implemented and verified,
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and the system have been put into online operation for SHINE injector. The response time test results meet the
SHINE operation requirements, and remote control of the system has been implemented based on the EPICS.

Key words Fast interlock, FPGA, Data transmission, FL-net, Response time
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Table 1 The software and hardware required for the fast interlock system
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Table 2  Statistical table of fast interlock signals
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Table 3 The interlock operation mode of injector

BATHE #5231 B Mode declaration
Operation mode
FENRE G 15 1 BRSO I I L, SR PO G, IEEAE LT IREF DR E TRRES . B 5IEAB

Commissioning mode

17, ] H 2l & {i The trigger for driver laser should be inhibited, and the laser shutter should be

closed. Keep the solid-state amplifiers working if the related interlock signals are normal. The alarm
signals are not latched, and the function of automatic reset can be implemented.

HA, - b B ST TR R BB SR A 5 5% Pl T A B 2 S IR B N AL the signals after the e-gun

should be bypassed, and the normal interlock condition is established for e-gun.
TN B LR R BB A6 1, 5% B E N 2 )5 IR N The normal interlock condition is
established for injector, and all the signals after injector should be bypassed.

The repetition rate of trigger for driver laser should be less than 50 Hz.

BT s AT

Electron gun operation mode

AT

Injector operation mode

IR E AR A8 1380 1€ IR i R S e 50 Hz

Low repetition rate mode
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High repetition rate mode

The profiles are forbidden to work on line, and wire scanners are forbidden to work in slow speed.
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Fig.6 Schematic diagram of interlock mode control and transmission
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