ELROPEAN UNION

Temporary laser interlock system for
delivering the HPLS pulses to the
experimental areas

ENG. ADRIAN TOADER

D))l el] 1:1:@:b 11.01.2022

nuclear- physics




O Introduction
 What is interlock? Why do we need interlocks?
O Interlock systems at ELI-NP

 E4 experimental area interlock system

O Future approaches and developments

J Conclusions




el

nuclear physics

The HPLS is constituted by two laser beams A and B
whose first part is a common laser source: The Front End.

Each laser beam (A or B) has three configurations
corresponding to three levels of power with specific repetition
rate:

s 100 TW/10 Hz
s 1PW/1Hz
s 10 PW /1 shot/minute Fig 1. Laser room view

To ensure the protection of the personnel during the experiments and while preparing these experiments, laser
and radiation related risks must be taken into consideration.
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Laser hazards can propagate outside the laser room through:

= 3 sectional doors (one sectional door is covered with a foil protecting people against laser hazards)

= 3 regular doors

= the curtain between the laser room and the laser control room
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Fig 2. Laser hazards and risks in the laser building




Additionally, the laser hazards could propagate by the outputs of the HPLS:

v"in the experimental area E4, through the 100TW beam transport;
in the experimental area E5 through the 1PW beam transport;
in the experimental areas E1-E6 and E7 trough the 10PW beam transport.

v
v

HPLS (L-P-01)

100TW outputs 1PW outputs 10PW outputs
100TW Beam| | 1PW Beam 1?5::;??”

T T
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Fig 3. Representation of the ELI-NP facility from the operation point of view
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The interlock of a laser is a mechanism which can contribute to laser safety by
automatically turning off the laser or by blocking a laser beam via a beam blocker.

Once and interlock has been triggered, it will usually require a manual reset
for resuming operation ==> Fail-Safe

| Interlock box

The purpose of a laser interlock system is to protect people against laser risks (eyes
and skin damages) in some areas of the laser buildings.
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Optics Lab Interlock System
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LIS Interlock System
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E4 and E5 experimental areas Interlock Systems
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The system intends to protect people working in E4 when performing experiments with one of the HPLS arm (A
or B).

Inputs Outputs

Configurator box SAGA interlock

$ electronic module
BS sw ¢

=> LISE E4 Lamp

E4 door sw :>
HPLS LOOP

Fast shutter :>

Fig 4. Inputs/Outputs of E4 interlock system
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Fig 5. Block diagram of LISE
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Main Electronic Control Board of the system
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Configurator Box Electronic module

Config box HW check

e

Logic signals
from HPLS
config box

Fig 8. Configurator Box Electronic module PCB

Signaling Electronic module

Fig 10. Signaling Electronic module PCB Fig 11. Electronic circuit diagram of signaling module
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SAGA interlock module

Towards SAGA
power supplys

Outputs
(relay
contacts)

Command signals

Fig 12. SAGA interlock module PCB
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e Class IV lasers are e Class IV lasers are e Class IV lasers are
disabled enabled enabled (Except 1 or 2
e There is no laser beam e All the BD are in position SAGA lasers)
in E4 e 100TW BD is removed
e The BD is in position * The laser configuration is
100 TW
* The E4 warning light is
on
Keys/Buttons

Operation mode key (3 positions for ALIGN HPLS, ALIGN E4,
RUN)

Master key (2 positions, OFF, ON)

Start button
Reset button
Stop button
By-pass key

* Class IV lasers are
enabled

¢ 100TW BD is removed

* The laser configuration
is 100 TW

* The door of E4
experimental area is
closed

* The E4 warning light is
on
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Laser Interlock System for Experiments Arm A
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Mode selector Master System bypass
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¢ Access control Interlock system based on PLC

Schematic diagram (LASER CONTROL ROOM, LASER ROOM, SAS, TECHNICAL CORRIDORS)
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Fig 14. General architecture of the PLC system in L-P-01
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The topology will ensure the availability of the communication even if one of the segments fails. The FO is required because of
the distance between peers (the switches in this case) exceeds 100 m as the cables will have to run through the penetrations to the
basement.

| -P-1 E1-E6 G-P-06

E7 E4 ES

Fig 15. Fiber optics connection between PLC interlock system

Each PLC sub-system is composed of one electrical cabinet containing the CPU and, if necessary, Distribution Station
cabinets.
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> Interlock systems plays a very important role in a Laser System

» Protection of the people during experiments is mandatory

» LISE for E4 experimental area is based on analogic electronic components
» An interlock system is mandatory to be fail safe

» ACIS will be developed based on PLC (Programmable Logic Controller) and
will cover all experimental areas




