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~ Motivation

Electronics

Actuator

/Need

- Compact Size

* Large Stroke / High Force
* Fast Response

* Efficient

* High Reliability / Long Life
» Low Cost, Rapid Manufacturing

Actuator

Fuel I njector

» High Power Density/ Specific Work

Synthetic Jet

Actuators

3

Electronics
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£ Project Goals

e Goal: The synergistic development of complete piezoe ectric actuation
systems with integrated electronic drivers, material transduction, and novel
Internal compliant mechanical transmissions.

Objectives

e Compliant Internal Transmission with Integrated
Electronics

e compact size

* |large stroke, high force, fast response

« efficient

* high power density and high specific work
Integrated predictive models and easy to use
design tools
Physical hybrid actuation demonstration
Failure mode and life cycle data
Low cost, rapid manufacturing

Successful application demonstration

ACT




#" Active Compliant Transmission

Active Compliant Transmissions efficiently transform mechanical
Input from internal /exter nal sour cesinto mechanical output of a
desired form (for ce,deflection, bandwidth, etc.)

f Output

Unique because:

» Both external and embedded internal
piezoelectric inputs

* Integrated electronics

Internal » L oad-bearing substrates with tailored

Source stress regions according to material
| nput
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"~ Basic Recurve Building Block Element Piezoelectric Material
Poled +3 direction

l Piezoelectric M aterial
Poled -3 direction
. Pre-compressing
"\ Substrate

Linear displacement
- with no rotation

Piezoel ectric
Moment




¥ Recurve Experimental Performance
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Recurve:

i Wind Tunnel Flap Deflection Results

Q3 30
S o 25 0 ft/s
= B .
P 124 mm g = D _ 50tys 1Hz Signa
82207 | —100tus
— EVII 31‘ 3' 9815‘ —— 130 ft/s
= T 23 mm S5 10 -
= | 3 5 - ]
#:' 4 v 4 [ | 3 4 . —_ E ’
I — -l_I/AJV' I / al () 0 T T T T
13 mm 0O 100 200 300 400 500 600
PZT-5H with brass substrate and spacer Voltage (+/- V)
35
30 - ’(7 —Oft/s

Peak-to-peak Flap
Deflection (deg pp)

NACA 0012 Rotor Blade Integrated with Recurve 0 zoprequgr?cy (H Z()SO 80

ACT



#”™ Low Frequency Synthetic Jet

/ Jet Outlet Slot
BAFCSSJ - : N\
V22 1/10 Scale M odel Testing j
* 0.8 mm Slot Elastomer Bellows_/——\
e thin film PVDF 14 layer I
recurves I\U)(Mu;llayer PVDF Recurve
e >20m/sat 110 Hz Recurve Configuration
» Requirement 0.8 Newton &

2.5 mm

PV DF recurve element Single Cell Recurves Two Cell Recurves
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tential Payoffs

- Lower Noise
- Less Vibration

- Reduced Drag

Guidance

| . Improved Performance

- Proportional Control

- Precise Aiming and

e\ - INCre tange

< I

Control Surface Act

cooth

un Barrel

S

abilization




#" INertially STAbilized Rifle (INSTAR)

o Marksmanship fundamentals require extensive and periodic training
to master and degrade drastically under combat stress.




INSTAR Demonstration

= Goal: Eliminates aimi ng error sources by stabilizing barrel assembly
(2 DOF), effectively compensating for small user induced
disturbances.

Potential Payoffs:

 Improved Soldier Survivability

* Increased lethality and “ stowed”
Kills

Sensor Electronics  Inertial

‘/gf Sensors

Controller

... Elevation

* Reduced ammunition .
requirements/cost/l ogistics burden Actuator Electronics FETE
ELECTRONICS =

» [Faster training cycles

Power Supply

Customers:
« Material Developers— Joint Service Small Arms Program, PM Small Arms
* Requirement Developers — Infantry School, USMC Special Operations, Rangers
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Team Members and
Primary Contributions

CORE TEAM

Diann Bre, Principal Investigator
UM - Mechanical Engineering
Project Administrator, Design Tools, Actuation

System Architecture be_sign Integrated
odeling, Actuator Testlng/Quall Ication

Mary Frecker , -
Penn State - Mechanical Engineering

Compliant Transmission Optimization and
Design Tools

Doug Lindner
Virginia Tech - _
Electronics. Design, Fabrication, and Testing

John Halloran

UM - Materials Science
Material Study, Reliability Study, Material
Testing and Characterization

Aaron Crumm
Manufacturing

Design for Manufacturability, Manufacturing
Process Development, Actuator Prototype

ELECTRICALLY

INTEGRATED
COMPLIANT
TRANSMI|SSION

ACTUATION
TECHNOLOGY

e

DEMONSTRATION
PLATFORMS

Fabrication, Cost Analysis, Transition fo

ommercial Market

MULTIPURPOSE \

MARKETS
MILITARY
| NDUSTRIAL
COMMERCIAL

SPORTS
L AW ENFORCEMENT _/

INSTAR POTENTIAL
ChrisLaVigna
TS Synthetic Jets
«Gun Design *Boeing
«Control Design

*Open and Closed L oo . .
%emonstraion : Precise M unitions

*Transition to Commercial +TACOM/ARDEC
Markets

MikeMatticeand | HYPER Valves

RObert Taa «Saturn
TACOM/ARDEC Eaton

*Gun Specification

*Firing Demonstration *ARC-TaconVARDE(

*Transition to Military
*Gun Platforms
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# Approach

 Active Compliant Transmission
Optimization

o Integrated Electronic Drivers

e Integrated Actuation System Modeling
e Actuator Manufacturing

e Actuator Performance Validation
 Reliability Study

 Transition to Military/Commercial
Platforms




Implementation Schedule

PHASE | | PHASE ||
Year 1 Year 2 Year 3
Q1 Q2 Q3 Q4 | Q1 Q2 Q3 Q4 | Q1 Q2 Q3 Q4
Task A: Synergistic Compact Hybrid Actuations Development N 'l
Actuation System Design L ad
Integrated Actuation System Modeling \a v
Compliant Transmission Optimizaiton Design Tool ad
Material Procurement & Prototype Fabrication —
Performance Validation ) o

P

Reliability Study

Integrated Actuations System Computer Design Tool
Actuation Design Refinement and Optimization
Prototype Fabrication

Performance Qualification

ﬁ
@ Phasd | Actudtor
*,
Y
\

2 Ih |

Phage |1 Actuator

Task B: INSTAR Demonstration
Phase I: Open Loop Specifications ¥y
Open Loop System Devel opment v

Y
Q Open Loop INSTAR|Demonsstration

Phase 11: Closed L oop Specifications
Closed Loop System Devel opment 2

(ol

Cloged Loop INSTAR Demeonstratign
Programmatic Decision Points .i-

Design Reviews - Tasks A,B '!' 'l' 'l'
Prototype Reviews - Tasks A,B '|i' 'i'
[ ]

|
retd
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Quarterly and Annual Reports




Electrically Integrated New Platforms -
Active Compliant |:l‘: Robotic Locomotion UAV * ESta'bI I Sh CUStom er
] Transmission Radical Shape Change  Control Surfaces ;
Actuator Devel_opment Wing Reshaping Miniature Munitions AdVI Sor y Boar d
- e|ndustrial
ARMY 1A
INSTAR ~ | _|RIFLES Marine  Law Erforcement Military
D Srati —»  Remington malr- T
SMONSIT&tions HHIiEEE Bl oL aw Enforcement
SYNTHETIC JETS Fixed Wing Aircraft
5| SyntheticJet | B0 g | Rotor ot *End of Phase | and
Transducers Physical Sfences Inc teded Phase || Demonstration
DoD SYSTEM .
CONTRACTORS & USERS to Customer Advisory
Precision Army Lockheed-Martin Missiles
Ly Muniti —»| Navy Raytheon —» Munitions Board
LRLers AirForce  Alliant Tech Sys. Guns
Marines SACO Defense .
e *Ongoing
ENGINE & TRUCK .
MANUFACTURERS — Demonstrationsto
Saum  ypLp | »| Heavy Truck i
> HYPERValve [P Ean  covn Dyramics| | L ke Potential Customers
Delphi Land Systems
Ford Caterpillar
GM
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