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Additive Manufacturing Enabled Ubiquitous Sensing
Outline
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• Compelling market and technology drivers for 
sensing – a historical perspective

• Why wireless signal/power and embedded sensing

• Additive manufacturing as a holistic approach

• Gaps and research opportunities



3Historical Perspective
of Automotive Sensing Systems
Minimalist Approach

Lots of Opportunity for Improvements
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Automotive Sensing Systems
Emissions and Comfort Controls - Environment
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Emissions Systems Imposed by Legislation Drove Sensor Needs
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Automotive Sensing Systems
In-The-Loop-Sensing
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Building Sensing Systems
In-The-Loop-Sensing

HVAC
System

Lighting
System

Communication
System
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System
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System
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System

Pure Comfort
Combined: cooling,
heating, and power
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with ReGen

PureCell
Green power at 90%
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Integrated people and 
building security

EnergyWise
Integrated building IP 
and lighting
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Aerospace In-the-Loop Sensing Systems
Integrated Sensing

http://www.flightglobal.com/imagearchive/Image.aspx?GalleryName=Cutaways/Cutaway%20Posters/Microcutaways&Image=Boeing-787-8-microcutaway
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UTC Opportunity Space
The Sikorsky Platform – Health and Utilization Monitoring System (HUMS)

This page contains no technical data subject to the EAR or the ITAR

On board System

Source: Bates, et. al. AHS Forum 68

Example: COST-A

Opportunity
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PW4000 112-Inch Fan Engine

Image publicly available on P&W external website
LPC = Low Pressure Compressor
HPC=High Pressure Compressor
HPT=High Pressure Turbine
LPT=Low Pressure Turbine

Fan

LPC
HPC

HPT

LPT

• High pressure spool aerodynamically coupled 
to Low Pressure

• Inter-shaft bearing supports
• Variable pitch vanes in HPC only.
• Chemical Energy  Thrust
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UTC Opportunity Space
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Pratt & Whitney Geared Turbofan Engine
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UTC Opportunity Space

Pratt & Whitney currently captures about 100 parameters at

multiple snapshots through a given flight, but that number will

grow when the next generation of commercial engines enters

service. The Geared Turbofan engine will collect 5,000

parameters continuously throughout a flight, generating

massive amounts of data. The GTF family at maturity will

have collected roughly 12 petabytes of data.

Matthew Bromberg, Pratt & Whitney President – Aftermarket
MARKETS, April 1, 2015
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Consequence of all Those Electrical Contacts
Failed Contacts are the Largest Source of Electrical Failures

43% of all Electrical Failures
Due to Contacts

Based on U.S. Air Force Safety Center 
Electronics Failure Data for 1989-1999

6% of Contact Failures
Due to  Corrosion Alone

(Based on U.S. Navy Safety Center 
Hazardous Incident Data for 1980-1999.)
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PW4000 112-Inch Fan Engine

Image publicly available on P&W external website
LPC = Low Pressure Compressor
HPC=High Pressure Compressor
HPT=High Pressure Turbine
LPT=Low Pressure Turbine

Fan

LPC
HPC

HPT

LPT

• High pressure spool aerodynamically coupled 
to Low Pressure

• Inter-shaft bearing supports
• Variable pitch vanes in HPC only.
• Chemical Energy  Thrust
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UTC Opportunity Space
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Additive Manufacturing as an Enabler
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UTC Opportunity Space

F-35 Growth 
(F135 upgrades)

Advanced Subsonic
(Derivative engines)

Next Generation Air 
Dominance

(Next Gen engines)

Reduce 
lead-time, 
reduce cost

Revolutionary
designs

High-performance
Materials

Increased 
capacity

Photo credit:  U. S. Air Force

Photo credit:  Boeing

Photo credit:  U. S. Air Force
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Additive Manufacturing as an Enabler  - In Process Prototype Development
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UTC Opportunity Space

Visual

Over 2,500 Prototypes
15 engine programs 

supported

Rigs & Testing Engine Development



ATOMeS:
Additive Topology Optimized Manufacturing

with Embedded Sensing

This project aims to demonstrate an additive manufacturing process (guided by physics-
based models) for seamlessly embedding a sensor suite into the airfoils of industrial
natural gas turbines while maintaining their structural integrity and providing for wireless
power, sensor interrogation, and real-time diagnostics through the employment of a
health-utilization-monitoring system (HUMS).

UTC PROPRIETARY - This page contains no technical data subject to the EAR or the ITAR



Additive Topology Optimized Manufacturing
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Final design:
1. 75% reduction in stress
2. 20% reduction in weight

This page contains no technical data subject to the EAR or the ITAR
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Additive Manufacturing Palette

This page contains no technical data subject to the EAR or the ITAR

ATOMeS: Additive Topology Optimized Manufacturing with 
embedded Sensing

LENS: Laser Engineered Net ShapingWASP: 
Wire Arc Sintering Processing

Cold Spray

DMLS: Direct Laser Metal Sintering
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Methodology

This page contains no technical data subject to the EAR or the ITAR
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embedded Sensing



Hydra Concept – A Research and Development Platform
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Integrated Inlet Guide Vane with Embedded Sensing

HYDRA
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HYDRA

ATOMeS: Additive Topology Optimized Manufacturing with 
embedded Sensing
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Technology Capability Flow

Angular Position Sensor

Additive Topology Optimized Manufacturing

EM Modeling and Tests

COTS (TRL4+)  RF Components
and Sensors

Embedded Thermocouple

HUMS Diagnostics
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TRL6 Hardware Test
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TRL4+ Demonstrator
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NETL Test Facility

UTRC / NETL
Development Probe

This page contains no technical data subject to the EAR or the ITAR.



ATOMeS
Section View of UTRC / NETL Stub Vane Development Probe Concept

This page contains no technical data subject to the EAR or the ITAR.
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ATOMeS
Tag Board Layout and COTS BOM

Design Philosophy: Use Non-Proprietary
COTS Components to  Allow User Community Access

0.
5”

Top Bottom

Top Bottom
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ATOMeS
Angular Position Sensor Sensitivity Analysis

 Resolution of <0.5 angular degree can be achieved
 Magnet material should be selected in conjunction with sensor IC

specifications to achieve desired resolution without saturation

 Flux contained in the VR structure

Magnetic field density variation

This page contains no technical data subject to the EAR or the ITAR.



ATOMeS
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Technology Opportunity Space

This page contains no technical data subject to the EAR or the ITAR.

Additive Manufacture offers tremendous potential for 
reducing cost in prototyping, engine development 
programs, and production. 

UTC has AM applications in all of these categories, 
including productionization of components

Significant work is still necessary bring AM processes to 
the point of rapid, part specific development and 
validation

UTC has worked with and is working with a number of 
partners to rapidly develop this technology



ATOMeS
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Technology Opportunity Space
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ATOMeS
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Supply Chain Hardware Integrity for Extended Defense
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The Counterfeit Parts & Materials Challenge
Boeing, March 26-27, 2008



ATOMeS

30No Technical Data per the EAR or ITAR.

NETL Publication Notice:
• You are encouraged to publish or otherwise make publically available the results of

the work conducted under the award.
• An acknowledgment of Federal support and a disclaimer must appear in the

publication of any material, whether copyrighted or not, based on or developed
under this project, as follows:

Acknowledgment: “This material is based upon work supported by the
Department of Energy under Award Number DE-FE0012299.”

Disclaimer: “This report was prepared as an account of work sponsored by an agency
of the United States Government. Neither the United States Government nor any
agency thereof, nor any of their employees, makes any warranty, express 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 any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.”


