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O Motivation: An operational High-Energy Laser (HEL) to be deployed by 2021
= Deformable Mirrors (DM) are key for Beam Control

= DM'’s parameters are critical for Adaptive Optics
= Various types of DM have to be evaluated

 Problem to be addressed: Technology for DMs performance characterization
= System Specification
= Performance requirements
= Breadboard
= Proof of the concept demonstration

O Existing solutions: Optical Technologies for Dinamic Surface Profilometry
= |ncoherent: Time of Flight, Laser Scanning, SHWFS
= Coherent : Holographic, Laser Doppler Velocimetry
1 AS&T Solution: Technology Background
= Design approach and System architecture
= Opto-electronic design and data processing
= Examples of prior applications
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http://www.raytheon.com/news/feature/high_energy laser.html
"l Raytheon: First-ever helicopter-based firing of HEL at a slant range 1.4 km
SW Image , ) : : MWVImagev

US Army tests laser on Apache helicopter

By: Jen Judson, June 26, 2017 (Photo Credit: Courtesy of Raytheon) ‘ LASER m

HEL Beam on Rocket

L Trom 1.5 km away
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AOS Membrane-type DM with Controller




Te ch\\ﬂ\'ﬁ‘,

N7

DM Technologies in Response to Tech Needs
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Wavefront Sensor for a SP Mode Analysis
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[ Controller

The wavefront of the reference wave reflected by a plane mirror (1) and DM2 mirror (2).
The scale of the vertical axis is equal to the reference wave wavelength (A = 625 nm).
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SP Mode Sensor Retrieves Spatial Variations of

HAAI R Wavefront

_ SP-Measured DM has a ' Spherical and “Focusing”
Topography of this DM has a Complex Topography Components of DM'’s
- " Topography

Spherical Component

Focusing the Gaussian beam with

“perfect” mirror DM mirror
Beam reflected of Real DM
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Estimated vs Measured Wavefront Variations

ARL Bimorph DM

r=20cm r=140cm r=f=340cm

The results presented in the last two slides are essential!
They allow to conclude that the DMs with a non-optimal topography still can be used in
their current state with no further refinement. This can be achieved by detecting the DM’s |

topographic pattern and accounting for it in the AO system software.
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Whole Field Laser Doppler Velocimeter - the Sensor
for Temporal Mode Analysis
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Motivation for development

t= tl\/IOVE SETTLE i tMEASURE

Measurement Speed
N2 times faster than single beam (N = 12 - 24)

No mechanical scanning
Single shot frame acquisition

0 Data Integrity
Short frame acquisition times > reduces baseline drift

O Transient, non-repeatable or complex motion

failure mechanics, impact phenomenon,
acoustic emission, shock induced damage

- S =

: .«}’"/«/,‘.’-1' g

Qd Energy Flow in Mechanical Systems (structural intensity)
True vibration phase data aids understanding of energy flow

between mechanical sources = sinks. - _
Mirror Tech/SBIR/STTR 2017
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System design for Temporal Mode
N x N Laser Doppler Vibrometer

Staring full-field beam array (16x16)
Erbium/Er-Yb fiber laser (0.1 -1.0 W)
Lithium-niobate waveguide modulator
Low power digital driver

High speed parallel A-to-D / DSP

16 x 16 beam array

. ————————

umbilical

Fiber optics
Kilpatrick, Apostol and Markov, “Design and applications of a high-speed Doppler imaging
vibrometer”, Proc. of SPIE Vol. 7791 77910B-1, 2010.
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TM Sensor Brassboard
NAVAZAIR

Receiver
Chanel
= Spectrum Analyzer
= Driver of Actuators
= Generator
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Excitation : Central Pin PZT 60 V
Frequency band : sweep 0.1 — 50 kHz

Channel 80: displacement and its FFT
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Animated displacement data
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2D/ emporal Mede offARL DM

2.3 Damped DM ARL mirror.
PZTs parallel excitation: 10kHz, 10V

NAVAZAIR

S

2D displacement FFT map at 10kHz
superimposed on the mirror’s image

DM_ARL_DAMP_10kHz_LOWVOLT2
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displacement [nm]

i _ k="

Channel 66: displacement in time and its FFT
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displacement [nm]

AOS mirror:
* PZTs parallel excitation at 10V
* 15-50kHz sweep frequency excitation

MZA mirror; channel 66, parralel excitation 60V; 0.1-50kHz
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Envirenment Impact en DM Perfermance

no' ot

3.4. MZA mirror. PZTs parallel excitation at 10V; 15-50kHz sweep
frequency excitation; Temperature dependence channel 5
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Temperature dependence of channel #5 resonant modes (black curves:
21.7C, red curves: 50.2C). PZTs parallel excitation at 10V: (a) 2-3.1kHz
sweep frequency excitation; (b) 13-22kHz sweep frequency excitation.
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Ve Conclusions & Future Plans @
NAVAJAIR

Future Plans
= FEA modeling of the DMs performance, correlation of the
extracted mode shapes/frequencies to the test data
= Flexible system architecture to accommodate DMs in alternative
designs and configurations — SM/TM modes
= Data Fusion of SM and TM operation modes

= Refinement of computational models that address the complex
interdependent relationship between the mirror working surface,
support architecture, and drive modules of the actuators.

= Validation of DM performance with diverse operational
parameters

= Explore DM performance on simulated HEL platform: mobile,
ship, airborne

= Quest for non-DoD applications and technology consumers
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2D/3D Temporal Mode of Bimorph DM

Damped Bimorph DM
Excitation : Central Pin PZT 17 V, 300Hz

Time and Frequency Displacement Data
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