






SIL PFD RRF 
4 0.0001 ~ 0.00001 10000 ~ 100000 
3 0.001 ~ 0.0001 1000 ~ 10000 
2 0.01 ~ 0.001 100 ~ 1000 
1 0.1 ~ 0.01 10 ~ 100 

SIL PFH 
4 10-8 ~ 10-9 

3 10-7 ~ 10-8 

2 10-6 ~ 10-7 

1 10-5 ~ 10-6 





Functions of 
Controls Circuits

Radiation Safety System

Access Control 
System

Radiation Control 
System

Configuration 
Control 

Interlocks 
(CCI)

Beam 
Containment 
System (BCS) 
for photonsShielding

ACM, PIC, LIONS, 
etc.

Vacuum Gauges

Vacuum Gauges, 
Keys

Doors, gates, 
emergency off 
buttons, etc.

Hutch 
Protection 

System (HPS) 
for photon 
enclosures

Doors, gates, 
emergency off 
buttons, etc.

Beam Shut Off 
Ion Chambers 

(BSOICS)

Burn Through 
Monitors (BTM)

Beam 
Containment 

System (BCS) for 
electrons

Personnel 
Protection 

System (PPS) 
for electron 
enclosures

Sensor inputs  
to PPS/HPS

Sensor inputs  
to BCS

Fast and “soft” 
injector shut-off

Slower but “hard” 
injector & LINAC shut-off
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Shielding

Device Control

Device Level Interlock

Beam Containment System

Machine Protection System

Personnel Protection System



MPS BCS PPS
Speed and Complexity

Commercial-off-the-shelf



Safety Chain A  

Access control 
 PLC:  

Safety Chain B 
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CB Closing
(Shunt)

Under 
Voltage 

Detection

PPS Chain A
+ K96R

Control 
Power

No Control 
Power

PPS Chain A
+ K96
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