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Why Energy Harvesting for Aerospace?

Wireless Sensor Module \

Wireless Sensor Electronics —

Battery replacement
every 227 operational
hours!

Re-certifications

Wiring Example: A380

» 530km of wire

» 40,000 connectors

Batteries

| *» Initial and replacement battery cost  $

» Battery change cost — A/C/D checks $$%$$
» Battery volume

Sensors

PHM Example:

*» Problem: failing ACM
fan motors in fllght

*» Solution: simple
real-time accelerometer
spectrum analysis
detects failure before
catastrophic loss

* New problem: galvanic
connection to sensor
system requires re-cert

» New solution: wireless
self-powered sensor
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Wings, fins, nacelles, and landing gear have
" || need for sensors without extra wiring
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Unique Aerospace Challenges for Energy Harvesting

0.01uF 0.1uF 1uF 10uF 2.5F 500mA 1A
Parameter 16V 6.3V 6.3V 6.3V BV 20V 40V
. . . . Super- .

Component type = Capacitor = Capacitor  Capacitor =~ Capacitor Capacitor Diode BJT
Component size 0805 0201 0603 0402 “Can” 0603 SOT-563
Component . Ceramic Ceramic Ceramic Si .
material 0 X65 X7R xsr | Electrolte | o ) oiky | SIPNP
Applied voltage 4.1V 4.1V 4.1V 4.1V 4.1V 4.1V 4.1V
Leakage current  0.08uA 0.14uA 0.13uA 0.12uA 15.6uA 12uA 55uA

Typical Sensor Component Leakage at 25°C

Problems at Temperature Extremes
» Rechargeable battery lifetime is poor at 85°C
» Super-capacitors stop operating below -40°C

Wide Temp Range Super-cap Development

‘woltage (V)

L 10 ¥ 20 a0 50 B0 7n B0

Carbon Nanotube-based Structure
» Leakage current 10x lower than conventional
» Operates below -55°C, above 85°C
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Unique Aerospace Challenges for Energy Harvesting

TEG TEG Matched Load Load
Current Power Load Power Power
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Need for Reduced Energy Consumption

In Practice, Sensors Consume More Energy Than Predictions
" Transmitted RF 1pA Standby Current

,._...lmmm___* 22-27 ms packet duration

“=v| Current Profile

4ms startup
95% at 30 mA, 3.3V
J/packet=0.74 uJ
11.88 pl/event
~10 nJ/bit (1 nl]/bit academic)
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Actlvations Transmit/Recslve Cycles per Minute
Wireless Sensor Activations Example of Startup Energy Dominating —
Limited to Save Power Not Designed for Energy Harvesting

li United Technologies -
Research Center This page does not contain any export controlled technical data. EnerHarv 2018 5



Opportunities from Reduced Energy Consumption
Airframe Structural Health Monitoring (SHM) Sensors Enabled by EH

Upper skin:
Compression/stability Bending and
Longitudinal stress Lowerskin: Torsion
Static/residual strength Tensionfcrackgrowth
Crack growth
Impact

Shear

stress . Bending

Hoop stress and longi-

tudinal stress \

Impact

Shearstress due totrans-
verse shearand torsion

Impact /“‘ : L —
| V Compression due to bending,
Hoo ili i
P High local stability, static strength,
stress Impact

corrosion resistance
loads

Existing Energy Sources and Storage Elements Won't Support
SHM Networks Without Sensor Energy Consumption Reduction
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Thank you!
Questions?
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Backup
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Outline

1. Why Energy Harvesting for aerospace”?

2. Unique aerospace challenges for Energy
-Harvesting

3. Reduced energy consumption — needs and
opportunities
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Component (unique instance or type)
SMT ceramic capacitors (0201 to 0805)

Super-capacitor

SMT diodes (various)

SMT inductors (various)

SMT transistors (FET and NPN)
SMT resistors (0201 to 0805)
1.8V low current reference

Low current comparator
Power Manager IC
Transceiver + MCU IC
Single low current logic gates
Low current op-amp
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Scenarios

-Temperature
-Isolation
-Activation
-Environmental
effects

Operation

- Energy conversion

Components - MPPT A
- Sensor operation
-PV modules
-Storage
(battery, capacitor)
-Sensor

-Power converter

Min. Max.
Operating Operati
(°C) (°C)
-55 +125/+150
-40 +85
=55 +150
+125
+150
+155
+85
+125
+125
+125
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- Energy management

Challenges for Energy Harvesting
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Output

- Energy balance
- Life

- Performance

- Circuit variables
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