‘ ! ! . LLNL-PROC-424343

LAWRENCE
LIVERMORE
NATIONAL

oo | LESSONS from Two Years of Building
Fusion Ignition Targets with the Precision
Robotic Assembly Machine

R. C. Montesanti, E. T. Alger, L. J. Atherton, S. D.

Bhandarkar, C. Castro, E. G. Dzenitis, A. V. Hamza, J.
L. Klingmann, A. Nikroo, T. G. Parham, J. L. Reynolds,
R. M. Seugling, M. F. Swisher, J. S. Taylor, M. C. Witte

February 23, 2010

10th International Conference of the European Society for
Precision Engineering & Nanotechnology

Delft, Netherlands

May 31, 2010 through June 3, 2010




Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States
government. Neither the United States government nor Lawrence Livermore National Security, LLC,
nor any of their employees makes any warranty, expressed or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein
to any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States government or Lawrence Livermore National Security, LLC. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States government or
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product
endorsement purposes.



Proceedings of the euspen International Conference — Delft - June 2010

Lessons from Two Years of Building Fusion Ignition
Targetswith the Precision Robotic Assembly Machine

R.C. Montesantj E.T. Alge?, L.J. Athertor, S.D. Bhandarkay C. Castrd,
E.G. Dzeniti$, A.V. Hamzd, J.L. Klingmann, A. Nikrod?, T.G. Parharh
J.L. Reynold§ R.M. Seugling, M.F. Swishet, J.S. Taylor, M.C. Witte!

1 Lawrence Livermore National Laboratory (LLNL), USA
2 General Atomics, USA
% |AP World Services, USA

montesanti 1@lInl.gov LLNL-PROC-424343

Abstract

The Precision Robotic Assembly Machine was develgpemanufacture the small
and intricate laser-driven fusion ignition targ#tsit are being used in the world’s
largest and most energetic laser, the NationatimmFacility (NIF) [1]. The National
Ignition Campaign (NIC) [2] goal of using the NIB produce a self-sustaining
nuclear fusion burn with energy gain — for thetfiime ever in a laboratory setting
— requires targets that are demanding in mateffi@isication, machining, and
assembly. We provide an overview of the design fandtion of the machine, with

emphasis on the aspects that revolutionized howthil@®ts are manufactured.

1 Background

Historically, building laser fusion targets depethda a significant amount of hand-
crafting skill and technique involving microscopasd manually driven fixtures.
Many of the target components are designed tofislifpgether with micrometer-
clearances, and the dimensional accuracy of a &stiembled target is in the range of
2-20 micrometers. Repeatable and consistent prioduof high-quality, precision
ignition targets plays an important role in usindgrN 192 laser beams to explore the
high-energy-density regimes associated with nudigsion. Shown in Figure 1, the
Precision Robotic Assembly Machine [3, 4] providéé needed transformation in
how fusion targets are assembled, with a demosstraen-fold reduction in
manpower needed to assemble a target and improwkdepeatable target quality.
The reader is referred to another paper presenmtidisaconference containing figures
showing models of a NIC fusion target: “PrecisiomgEeering within the National

Ignition Campaign”, J.S. Taylor, et. al.
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Figure 1: The Precision Robotic Assembly Machineaging a laser fusion target
that was just assembled. Target components beisgrmded (left inset). A
completed target (right inset).

2 Overview of the Machine
The Precision Robotic Assembly Machine operatea itlass 100 clean room, and
consists of an LLNL-developed manipulator systertegrated with an optical
coordinate-measuring machine. Figure 2 shows aalpsview of the manipulator
system, which can be reconfigured to accommodatfereint target designs or
assembly procedures. Nineteen motorized and temahdegrees of freedom provide
simultaneous manipulation of five objects in a bictcentimeter operating arena
with 100-nanometer repeatability (precision) androvineter accuracy. Sensors in the
manipulator system provide 100-milligram resolutiferce and gram-millimeter
resolution torque feedback of the contact loadw/&eh components being assembled
with micrometer-level or no clearance. The opticabrdinate-measuring machine
(OCMM) has a machine-vision system, laser-basethntie-measuring probe, and
touch-probe that provide micrometer-level accura@asurements.

Target components are held by a vacuum chuck atliial end of tooling that

attaches that component to its manipulator. Incatea in the proximal ends of the
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tooling are kinematic or semi-kinematic mounts thedvide accurate remove-and-
replace orientation of the tooling. A relativelyaspoperating arena is maintained by
using kinematic mounts on the capsule manipulaamic on auxiliary mirrors that
provide the OCMM with multiple viewing directionsto the arena. This allows those
systems, and the target base, to occupy the sajimmseat different times during the
assembly process. Additional remove-and-replactesys include a long working-
distance binocular microscope with an integral sidamera, and a steady-rest that
assists the hand-application of adhesives usedltbthe target components together.

The vision and measurement systems of the OCMMisee to guide the initial
approach and alignment of the target componentd, tanmeasure the relative
position and orientation of the components. Thedand torque feedback is used to
guide the final approach, alignment, and matindhef delicate target components.
The OCMM’s working volume of 61 cm x 66 cm x 30 catlows the Precision
Robotic Assembly Machine to stitch together mudiphillimeter-scale operating
arenas, over distances spanning tens of centimetitinsmicron-level accuracy.

An operator provides top-level control of the maehiinitiating and controlling
the actions of the motorized instruments with hama/ements that are precise in the
millimeter-scale world being scaled to precisiorthie 100-nanometer world. Adding
a machine-based top-level control system wouldwallutomating the assembly

process.

Figure 2: Close-up view of the manipulator systeiith a target being assembled.
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3 Enabling Technologies

The combination of precision motion control withrde and torque feedback provides
the operator — whether a person or machine-basgdotsystem — active compliance
when assembling delicate components. The use bfimea dimensional metrology
allows deterministically aligning and joining compmts, and immediately verifying
the accuracy of the completed assembly. These démies were migrated to other
machines used to manufacture NIC fusion targets. Alax-FAM [5] is a follow-on
target assembly machine that utilizes the sametiraal dimensional metrology and
force and torque sensing as the Precision Robatsembly Machine. The Hohlraum
Insertion Station [6], which is used to preassenskltain target components, uses the
same force and torque sensing. Completing the eciofl technology proof-of-
principle and propagation, next-generation toolfog assembling targets that was
developed with the Flex-FAM has been adapted fer ars the Precision Robotic

Assembly Machine.
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