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Outline

• Content of Guidelines
• Content of Appendices
• Derivation of the Proposed Categories
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Mission and Scope
• Our mission is to develop structural guidelines for UAVs that can be 

tailored to the lethality of the vehicle and reduce the level of effort 
required:
 to achieve safety and reliability for these vehicles equivalent to   

manned aircraft levels;
 reducing the testing requirements where rational;
 commensurate with lethality to air and ground personnel; and
 consistent with the value of the operational capability.

• Our group supports the following military capabilities:
 Reconnaissance
 Early strike

• The scope/focus of our group:
 All military UAVs 
 Fixed and Rotary Wing Vehicles
 Looking Toward Flight in 

International Airspace

Barracuda - EADS
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History
• Workshop held Spring of 2007
• Exploratory Team Began in Spring 2008 Learned that 

 350 different types of UAVs flying in NATO nations in 2007
 1,500 different types in 2013 via AIAA Worldwide UAV Roundup
 STANAG 4671 did not cover the full range of existing UAVs
 There was NATO interest in formulating rational set of guidelines 

from which criteria and requirements could be developed.
• Formed AVT‐174 in Spring 2009

 13 Nations involved Spring and Fall Meetings
 5 major updates through the years

• NATO Approved Guidelines for Publication
 Fall 2012

Delfly - Delft
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Contributors

• Outline and commitments

13 Nations are Involved
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Participants
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Members of US Team

Organization Name Email

Air Force Chuck Babish Charles.Babish@WPAFB.AF.MIL 
Alan Owens Alan.Owens@WPAFB.AF.MIL
Frank Grimsley Frank.Grimsley@wpafb.af.mil

Navy Don Polakovics donald.polakovics@navy.mil
Army Martin Rogers Martin.Rogers@us.army.mil
NASA-Langley Charles Harris charles.e.harris@nasa.gov

James Burley James.R.Burley@nasa.gov
FAA Ken Fugate kenneth.d.fugate@faa.gov
Boeing Brent Whiting brent.a.whiting@boeing.com

Terry Britt robert.t.britt@boeing.com
Tom Hagen thomas.l.hagen@boeing.com

Lockheed-Martin  Steve Englestadt steve.engelstad@lmco.com
Northrop-Grumman Mo Pourmand mo.pourmand@ngc.com
General Atomics Stan Mak stanley.mak@uav.com
Aurora David Kordonowy dkordonowy@aurora.aero 
MIT R. John Hansman rjhans@mit.edu
Purdue Tom Shih tomshih@purdue.edu
Rutgers Tom Farris farrist@rutgers.edu
BYU David Jensen david@byu.edu
WSU/NIAR Tom Aldag thomas.aldag@wichita.edu
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HALE

X-43A

Delfly - TUDelft

Heron Barracuda

Scan Eagle

Predator

UAVs Cover a Broader Range of Flight Regimes 
than Manned Aircraft
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Proposed Categories
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Used JSSG As a Pattern
STANAG for Content
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Principal Structural Design Requirements
and Criteria Consist of 10 Core Elements 

Design loads, Weight and Balance

Static strength

Stiffness and flutter

Durability
• Fatigue
• Corrosion
• Impact

Fail safety
Crashworthiness

Producibility

Maintainability
• Repairability
• Inspectability

Environment and 
discrete events

Structures
Design
Criteria

Damage tolerance
and safe life
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Response Time Affects Overloads

Sense and Respond Time - Latency, Sec.

Load Factor
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Gmax/Glimit
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Local
FCS
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Many Factors Affect Factors of Safety
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Appendices 1-3
Cover Category 1-3 UAVs
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Conventional Qualification
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Qualification by Analysis

Consider modifying to include aspects of 
USAF AWB-013A, Risk Identification and Acceptance for Airworthiness Determinations
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Qualification of Hybrid Structures

• Fatigue / damage tolerance test sequence example for
combined metallic and composite structures:

Damage
Introduction
Composite
And Metal

LEF = 1.17

Toldom

1/3 DSG

Fatigue

2/3 DSG
Repair

Static Tests

Damage Tolerance Tests
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Strength Margins 
Required for Prototype Flight
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Nested Qualification
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Appendix A
Justification for Categories 1-3 UAVs
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Risk is a Matter of Likelihood and Consequence
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Consequence

What is the Likelihood of an In-Flight Failure of a UAV?
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UAVs Tend to Have More Accidents
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But Experience May Be a Big Driver
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The Cause is Rarely Structures

Structures <2%
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Consequences of UAS Failure

• Probability of Fatality on the Ground is 
Greater than in the Air

• Probability of Fatality is Greater with at 
Higher Population Densities

• Probability of Fatality is Greater the Higher 
the Mass and Speed of the Aircraft

• Probability of Fatality Can Be High if Carrying 
Lethal Weapons

• Higher Usage Requires Higher Reliability to 
Meet Safety Standards
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Auto Fatalities are Linked to Kinetic Energy

Data from 
University of Adelaide, Australia, 

Dept of Transportation, London, UK, and 
Dept of Transportation Australia 
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World Trade Center Building Performance 
Study:  Data Collection, Preliminary 
Observations, and Recommendations, 
FEMA 403, May 2002.

Extreme Ground Fatality Data

Population Density of Towers
100,000 per Sq. Mi.

4,000 people potentially killed in each
building had the buildings not 
protected them

High mass density portion of the aircraft
exited the buildings

Mass, density, speed, population 
density and armament all matter 
in determining lethality of UAV 
collisions with the ground.
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Airline 
Ground 
Fatalities

Auto –
Pedestrian
Fatalities

Unprotected 
WTC Fatalities

MIT Analyses
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Kinetic Energy Determines Lethality
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Proposed Categories



• We recommend that in two years, NATO STO begin a new effort to 
revise these Guidelines to include rotorcraft UAS guidelines.

• Look at republishing the Guidelines in about 5 years 

• We believe that there will be many lessons learned from UAS vehicles 
in the next few years as they are integrated into the national and 
international airspace.

• We address rotorcraft in these guidelines
in a general sense, but not with the 
specifics that these vehicles require.

Outlook
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