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Introduction

Areas of Focus:

1. Spacetenna Design — modular tile/sandwich
2. Spacetenna Maintenance (detect/repair faults)
3. Spacetenna Flatness (needed for pencil beam)

Primary Goal:

= Side Lobe Levels below -82 dB
= Needed for Comms:

= Bluetooth

= |EEE 802.11

= |EEE 802.15.4

= First responder radios

per McSpadden, IEEE Wireless Power Transfer Conference 2015
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Phased Array Response
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Side Lobe Level vs Element Error Fraction
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Railroad Coupling
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Railroad Inspired
Coupling Design
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Binder Clip Inspired Coupling

Cross section of hexagon side

“Clip” Connections
“Wire” Connections

Robot
o eler?/ -’
/WA \{

\/V\I\M In compression

Spring (in “Clip”
tension) N




Mechanical hand
inspired coupling

Side view of two sandwich
modules connecting

Mechanical analogy



Connection Analysis Chart

Electrical Connection

Connection speed
Rubbing metal

Brittle metal
Total Score
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Error Detection
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totalSandwichModules = 2.2e6; i=1;

while 1 < queueSize

distLeft = robotQueue(i, 2);

Number of Broken Modules and Active Robots vs Time

hour = 60; 120 F T T T T T T T v r - peed;
day = 24x60; — Inactive Modules

week = 7 x day; —— Active Robots

month = day *x 30;

year = day * 365; 100 F -

time = 0;

failureRateMinute = ...
failureRateDay / (1440);

D && repTimelLeft >= 0)
1;

gl it

robotQueue = [];

totalCurrentFailures = 0; 3t
failureHistory = [];
unaddressedFailures = 0;

robotHistory = [1;

|'|

f = waitbar(0, ); 20 F .
timeSpan = week;
irrentFailures - 1;
robotSpeed = robotSpeed *x 60;
0 1 1 1 1 1 1 1 1 1 1
. . . , 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
while(time < timeSpan) = 1)

waitbar(time/timeSpan); Time (minutes)

gqueued1se = queued1Lse — 1;
totalCurrentFailures = totalCurrentFailures - 1;

and

queueSize = size(robotQueue);
queueSize = queueSize(1);



Failures over time
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Module Design and Robot availability

2000 Effect of Module Design and Robot Availability on Errors
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Failure Rate and Module Availability

o7 v Effect of failure rate on inactive modules
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FMEA: Failure Modes and Effect Analysis
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Power Control Methods

Centralized

Less equipment on each individual sandwich
model, leading to fewer components.

Higher control over control software, allowing
for adjustments and updates.

Increased wiring connecting each sandwich
module, allowing for connection-based failures

~“—aa
—— Increased potential for delayed controls with

- Iarge array structure.

M and increased connection complexity.

Increased communication between modules,
allowing for a connection-based error
detection system.

- i . .

Distributed

More equipment on each individual sandwich
module, leading to higher component count.

Phase control is more sophisticated and
individualized to each module.

Fewer wired connections between neighboring
sandwich modules, reducing connection-based
failures.

Completely localized control, reducing errors due
to communication delay.

Higher difficulty communicating with
neighboring modules, requiring more complex RF
communication.




Results

Areas of Focus:

Control (Centralized or Decentralized)
Error Detection Method

Error Repair Method

Minimization of Askew Angles Between
Adjacent Sandwich Modules
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Goal:

= Side Lobe Levels (SLL) less than -82 dB
= Avoid “desense” of nearby comms
= |ean, automated operation




