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Unique Capabilities
NIF Background for ICF Experiments ‘

= 1997: NIF construction began at LLNL and was
funded by DOE & NNSA to execute high-energy-
density laser experiments for:
— Discovery science
— Inertial Confinement Fusion (ICF)
— Science-based Stockpile Stewardship Program

= 2009: Operations commenced with 192-laser , ‘ =
beam experiments to Target Chamber Center Extreme temperatures and pressures

found only in stars, giant planets,
and exploding nuclear weapons

= 2022: NIF achieved ICF ignition with target gain

On December 5, 2022, NIF became the first in history

to create a nuclear fusion reaction within a controlled environment.
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NIF’s Historic Scientific Achievement: Target Gain with ICF

After the December 5, 2022
Fusion Ignition Experiment

Target stalk remnants after NIF
Target stalk holding the hohlraum and delivered 2.05 MJ to target and

cryogenically layered 2 mm DT target capsule produced 3.15 MJ of energy

NIF repeated ICF ignition with target gain on July 30, 2023 when it delivered
2.04 MJ to target and produced 3.88 MJ of energy.
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A Control System for Fusion Ignition

= NIF’s Control system, one of largest and most
complex control systems in the world has:
— 1200 control racks, 2300 processes, 6200
line replaceable control units
— Thousands of kilometers of cabling to
connect electrical and optical control points

= NIF Controls are capable of repeatably meeting
precision laser requirements
— 30 billionths of a second pulses
— Beams timed on target within 30 trillionths
of a second
— Beams aligned on target within 50 microns

NIF Beampath

= " = ‘* "

Total distance of pulse travel from
the initial optical fiber laser to Target
Chamber Center: 1500 meters
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A Control System for Fusion Ignition

= NIF Control System has 3 main subsystems:
— Integrated Computer Control System (ICCS) L\
* In-house developed software/hardware &
— Safety Interlock System (SIS)
» Allen-Bradley PLC based
— Industrial Control System (ICS) : S :
* Allen-Bradley PLC based ICCS, SIS, and ICS together remotely
monitor & control over 66,000 devices

= NIF Control System supports the operation of:
— mirrors, lenses, actuators, sensors, triggers, cameras, digitizers, amplifiers,
calorimeters, valves, motors, pressure regulators, and temperature controllers

With up to 400 shots/year and 2 million operations/shot,

Controls hardware is continuously exercised and must be meticulously maintained.
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Maintenance Windows NIF Control Room

= Scheduled blocks of time are devoted to:
— Preventative maintenance
— Reactive maintenance
— Install new laser/diagnostic capabilities §

Weekly 2 days Friday, Saturday

Yearly 1-3 weeks April

Yearly 1-3 weeks August A portion of the Controls team is on-call
Yearly 1-3 weeks December 24x7 to troubleshoot and resolve urgent

issues impacting laser experiments

Approximately 18 weeks of downtime are set aside for maintenance every year.
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Preventative Maintenance

UPS Hardware Replacements

= SIS periodic testing
— 7 systems tested every 6 months
— Testing and repair requires % FTE per year

= Technology refresh, replacing:
— UPS units and 1/O cards
— Servers running Windows XP OS
— Network switches
— Power supplies
— Instrument-based controllers
— Timing system hardware

| Support critical safety and utility PLC
systems such as Tritium Processing
and Target Chamber Vacuum

Regularly scheduled preventative maintenance is crucial

to ensure high system reliability to sustain the pace of shot operations.
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Maintenance Planning

Work Requests & Authorization

TEEETTTI W WORK PERMIT DETAILS

Work Permit Properties Work Permit | Nofifications
10; 1378203 _J Work Scope

Status:  Closed

* Title: ARC CV1 DM1'Y stage Motor troubleshooting
Creator:  Jessica Vaher
Experiment:
;"P“:L ey Status: Closed Rev 0
. 'D -]::“‘ic“”* * WCDIOSP [2]: »09160202 Rev 69/0SP 58111 C69 NIF Laser System Ci and Operation &
tart Date: 08-01-2022
Description: This Work Permit covers ARC CV1 DM1Y motor troubleshooting for PL 1378002. Troubleshooting will include

ohm checks of the motor phases and surrogate motor testing, which involves disconnecting the motor cable
959809 between the SY2:305 NextStep #1 drive and the motor.

Related Logs/WP |

B 1378002 Problem (© Before disconnecting motor cable 959809,
follow the Controls section of this WP to cut power to the 170VDC 8A stepper motor control and apply LOTO.

Related Datasets

Related Orders

Options For reference, ICCS taxon for the ARC CV1 DM1 Y motor is.

B Create v Work Permit AC|R35TB|ARC-TA|IDM1-Y-BP-SM
Cx Create New Lo ee attached for CV1 System Interconnect Drawing 106857-AH (pg 12) for motor and
G Create 0g St d for CV1 Syst t DI LEA05-106857-AH 2) for ARC CV1 DM1Y mote

limit connections.

[ Create Related Log
Configuration at end of shift: Motor cable 959809 reconnected to SY2:305 NextStep #1 drive and to TB L3 ARC CV1 DM1 Y motor.
v Wi it
EQ Cony Work Permit Does this work take place

Work Coordination

hu Sep 7 FriSep 8 Sat Sep 9

6PM  12AM BAM  12PM  6PM  12AM BAM 12PM  EPM  12AM  6AM 6 PIf

t lemp)BDF‘,
Swing DIM 90-78 | for H_RadT_RTBThru_ProT_S29
L Swing DIM 90-124 g for H_RadT_RTBThru_ProT_S29
Close SY2 LS Shield Door.if ambient temp=80F |

Start H_RadT_RTBThru_ProT_S29 ¢ S5:6 AM
NIF Swept [
ICCS Shot Cycie H_RadT_RTBThru_ProT_S29 gy Warm, 90-348, DIM 00,78,124; 2TPs
System Shot Time H_RadT_RTBThru_>roT_S29 # 2:42 PM
Start H_RadT_RTBThru_ProT_S28 ¢ 5:36 PM
NIF Swept [l
ICCS Shot Cycle H_RadT_RTBThru_ProT_S28 \peesssssssugg VVarm, 90-348, DiM 00,78,124; 2TPs
System Shot Time H_RadT_RTBThru_ProT_S28 4 1:42 AM
Configure FDBL for Shot §, for H_RadT_RTCal_S43

Unswing PDIM
Unswing DIM 90-78]

Unswing DIl 90-124
Start H_RadT_RTCal_S43 ¢ 2:42 AM
NF Swept g
ICCS Shot Cycle H_RadT_RTCal_S43 ypeem———yp \Varm, 90-348, No DiMs; 1TP; loop1
System Shot Time H_RadT_RTCal_S43 # 2:12 PM
Perform MOR wavelength change ¢ for Fa_LSR_3w_PDS_ABH

NIF swc%

Start Fa_LSR_3w_PDS_ABH

Actions on or affect the NIF Site?:  '¢°
* Location: =NIF Site / B581 / Switchyard 2 / Floor 3 (29 ft 6 in) [R3004]
& Printable View =NIF Site / B581 / Target Bay / Floor 3 (29 ft 6 in) [R3001]
& send Notification External Id/Link:
P

JIRA tickets and Problem Logs reviewed daily;
Work Permits created to authorize work

Work groups discuss, prioritize, schedule,
and perform work while balancing safety,
security, quality, and efficiency

The robust engineered controls and exceptional safety processes

established during NIF’s inception have led to 14 years of successful operations.
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NIF Controls Support Buildings

Maintenance Infrastructure

Optics_
= Controls Maintenance & Engineering Facility = | "y [ o
N o —~/—  Facility
— Hardware test stations oo S incoming new or
- S N | aciities. e e
* Troubleshoot hardware failures ' Fachn .

|,!g "‘ﬁ'/

 Validate spares inventory

— Fabrication and soldering stations
* Build/repair hardware assemblies
* Terminate cables

Warehouse Equipment going
back to vendors

.- |NIF Controls |/ />~
29 o |Maintenance || [
X0, |

. _—Support
b >
o

The NIF Building |- -
T I

T ; s
4 ol t{,g" i e . L i ol g
i — e ﬂ gacr i L%
e e /|

= NIF Warehouse to store spares inventory

= ICS and SIS Development Labs Conveniently located adjacent to NIF to
— Remote access to PLC systems form a network of support

Our tested, local spares inventory helps reduce reactive maintenance downtime.
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Documentation for Maintenance

= Enterprise Lifecyle Management
(ELM) stores and manages:
— Mechanical/Electrical drawings
— Engineering design data
— Procedures
— Configured System documents

= Controls Information Retrieval
System (CIRS) cross references
data to assist with troubleshooting

SIS Periodic Test
Procedures

CIRS Quick Lookup Tool

T MOTOR: ACIB111(SY_IOM|LMS-SM-X

Alignment Control Configuration
FEP VME CHASSIS
> LOCATION
> RACK DRAWING
> RACK INTERCONNECT DIAGRAM
FEP PROCESSOR MODULE
> IP NODE
> SUBSYSTEM (A,B,C)
> BACKPLANE SLOT (1-7,1-12,1-21)
> CHASSIS SLOT (1-21)
» SERIAL NUMBER
OMS VME58-8 MOTION CONTROLLER MODULE
»MODULE SCHEMATIC
> FEP SUBUNIT
> BACKPLANE SLOT (1-7.1-1@,1-21)
> CHASSIS SLOT (1-21)
» SERIAL NUMBER
» HARDWARE ADDRESS
8-CHAN MOTOR DRIVER MODULE
> MODULE SCHEMATIC

JCIRS Home ICCS

Racks Cables

LEABS-186588 [BOMI
5¥1:581:16
LEA9S-881812

LEASS-3@1812

A
Al FRONT BOTTOM
1 FRONT BOTTOM

N55993-135988

A
A2 FRONT BOTTOM
2 FRONT BOTTOM

axZooa
LEASE-286812
LEASG-ZB6@11

These documentation systems are vital to facilitate maintenance in NIF.
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Ensuring Maintainability NNSA 5-Year NIF Sustainability Plan Summary

FY22 FY23 FY24 FY25 FY26 FY27 FY28 |

Preparatory
activities
completing prior
to plan scope

= NIF 5-year Sustainment Plan
— Spans 30 large-scale projects at NIF
— Focuses on degrading systems that > e’

. .o . . AProduce and Procure
P 400 FSDS Optic Blanks X
have significant project impact oo N ™ B e I
A\ Procure 400 FSDS Optic Blanks Blo k Materials Beam Blocker Assemblies Built A\

Preparations

Equipment & Deploy and Commission
= Current efforts for technology refresh | o > S A m;>
. m Target Align. Sensor Installed A Optics Inspection Sys. Ins(alledA
— Purchasing new old stock s ——
. . . N AU 6410Ms Remove/Clean A\ 128 10Ms Remove Clean,
- F I n d I ng Ve n d O r flt/fo rm/fu n Ct I O n lempBundlesielurbA 24 Amp Bundles R/elurbA

replacements

— Redesigning hardware onsite June 2023 Congressional Committee Briefing

The Controls team is a significant part of sustainment to replace or recapitalize systems.

Some of these systems have increased failure rates due to operating in the

higher laser energy and neutron yield conditions that NIF is now routinely capable of.
N‘V m@» 11
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Conclusion -

= The level of system complexity matches the
level of rigor with which the maintenance
program must be implemented, while
adhering to the high safety standards NIF
values for work processes and procedures

= Qur goal at NIF is to keep equipment,
personnel, and the environment safe as we
continue to lead groundbreaking scientific

O~ S
discoveries and contribute to national and A view of the target positioner from the
global security bottom of the Target Chamber

Our extensive maintenance program has served NIF well and will continue to do so as we

embark on the NNSA 5-year NIF Sustainability Plan to continue progress.
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