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Background

AC 20-146: Methodology for Dynamic Seat Certification by 
Analysis for Use in Parts 23, 25, 27, & 29 Airplanes and 
Rotorcrafts

• Signed in May 2003; allows simulation results to be used in support 
of seat certification

• Provides high-level guidance on the validation of seat models

• Defines the conditions under which computer modeling can be used 
in support of certification

ARP 5765 

Analytical Methods for Aircraft Seat Design and Evaluation



The primary objectives of the ARP is to provide

• Quantitative method to measure and evaluate the
degree of correlation between a model and a physical
test

• Best modeling practices to improve the accuracy and
predictability of seat analyses

Seat  Suppliers

• Weber / Zodiac

• IPECO

• Recaro

• Sicma

• B/E Aerospace

• Contour

A/C 
Manufacturers

• Airbus

• Cessna 

• Embraer

• Bombardier

Regulatory

• FAA

• EASA

Software

• FTSS

• TASS

• ESI

• Altair

• LSTC

Academic

• NIAR 

Technical Specialist from 

Objectives
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SAE ARP 5765 Rev A – Published in Nov. 2015. 



Goal: define the process for ensuring that v-ATDs match the 

anthropometry and kinematic performance of a physical ATD for 
aviation- specific applications

 Mass and Geometry

 Component Response (head, chest, knee, etc.)

 Pelvic Shape Evaluation (cushion interaction)

 Dynamic Response : evaluate ATD performance for aircraft 
conditions 

FF 2pt belt: extreme flail envelope

FF 3pt belt: torso twist

FF 4pt belt: submarining

Download: vertical crash vector

Test Condition 2 (14 CFR XX.562) 
2pt, 3pt, 4pt restraint system

Test Condition 1 (14 CFR XX.562)

3.0 v-ATD Calibration



Channel Description

Forward 

Facing

2-Point Belt

Forward 

Facing 60 Deg

2-Point Belt

Forward 

Facing

3-Point Belt

Forward Facing

4-Point Belt

Sled Ax X X X X

Upper Neck Fx * X X

Upper Neck Fy * X

Upper Neck Fz * X X

Upper Neck Mx * X

Upper Neck My * X X

Chest Ax (CFC 180) X X

Lumbar Fz X

Lumbar My X

Right Lap Belt Load X X X

Left Lap Belt Load X X X

Right Shoulder Belt Load X

Left Shoulder Belt Load X X

Seat Pan Fx X  X X X

Seat Pan Fz X X X X

Seat Pan My X X X X

Head CG X Position X X X X

Head CG Z Position X X X X

H-point X Position X X X

H-point Z Position X X

Knee X Position X X

Knee Z Position X X  

Ankle X Position X

Ankle Z Position X

Shoulder X Position X X

Shoulder Z Position X X

Opposite Shoulder X Position X

Opposite Shoulder Z Position X

Head Angle X X

Pelvis Angle X X X

Dynamic Calibration Data Set – Forward Facing ATD

* FAA Hybrid III only
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Dynamic Calibration Data Set – Forward Facing ATD



Dynamic Calibration Data Set – Forward Facing ATD



Verification

Code 
Verification

Calculation 
Verification

Validation

Material 
Properties

Component 
tests /models

System 
Validation

Sensitivity 
Analysis

4.0 Seat System Verification and Validation

V&V Plan

Plan, Reality of 
Interest, Intended 

Use, and SRQs

Goal is to Ensure that the 
system (v-ATD, seat structure, 

restraints, and other sub 
systems and their 

connections) is an accurate 
representation of the test.

Building Block Approach

Novel materials /rate 
sensitive
Novel structures
Joints
Test Method / Model

Test Condition/s
Structure and Occupant

Initial condition
Input/ output checks

SRQ

Critical Components
Input parameters

Output parameters
Geometry and etc.

Handbook
ASTM / accepted test 
method
Constitutive model/ 
material model



Material Characterization

What
• Source of the data

• Reliability & Repeatability of data

• Strength values for temperature and other condition (hot/wet/dry) if required

• A basis/ B basis allowables

• Failure criteria

Where
• MMPDS

• NIAR FAA test data ?

• Plastic Deformation and Ductile Fracture of 2024-T351 – by Jeremy Daniel (OSU 

Dissertation 2010)

• Allowables - Based Flow Curves for Nonlinear Finite-Element Analysis – J.D. Pratt 

How
• ASTM E8, ASTM D-3039 – Tensile test

• ASTM E9, ASTM D-3410, ASTM D-6641, ASTM D-5467 – Compression test

• ASTM D-3518 – Lamina shear testing

• ASTM D-7078 – V-notch Shear Test

• SAE AS 8043 - Seat belt pull test

• ASTM D3574-03 - High speed cushion compression test



Initial conditions

• Talks about initial 
position and 
condition checks:

• Precision: Improving 
Test Repeatability and 
Methods

• Documentation

System Validation 



• Test pulse,

• Kinematics, 

• Mass  scaling,

• Hour-Glassing,

• Energy balance, 

• Initial penetration

• Etc.

Post processing pre-requisite checks



Primary Support Threshold

Lumbar Fz Occupant Trajectory Belt Loads

Floor Reaction Fz Lumbar moment

Primary Support Threshold

Floor Reaction Fx and Fz Occupant Trajectory Floor Reaction Fy

Belt Loads strain in the primary load 

path structural members

Primary Support Threshold

Head Resultant Acceleration 

and HIC

Floor Reaction Fx and Fz Floor Reaction Fy

Head Path Pelvic and/or Knee Motion

Belt Loads Target Seatback Motion

Femur Fz Head Impact Velocity and 

Angle

Impact Location

Typical Channels for Injury Criteria Test Condition

Typical Channels for Structural Test Condition (Forward Facing)

Typical Channels for Combined Horizontal-Vertical Test Condition

Acceptable Limit 

for Primary 

Channel is 10%

(AC 20-146 )

Seat System Response Quantities



5.  Model Use



Limitation   



Factor Of Safety   



6.  Documentation

• Software/ Hardware

• M&S assumptions, capabilities, limitations, risks, 
and impacts

• Units 

• Description and Results of V&V tasks 

• Identifying unresolved issues associated V&V 
implementation

• Documenting recommendations in support of 
accreditation decision



7. Best Practices 



In addition to the basic 
requirements in SAE AS8049B

• Improving Test Repeatability and 
Methods

• To provide optimal data for the 
purposes of modeling a dynamic 
sled test.

• Documentation

• Early and good communication   
between the test engineer and 
engineering analyst 

• Plan collecting additional 
information such as strain 
gauges, load cells, additional 
cameras, etc.

• General Documentation
• Specific ATD dimensions
• Sitting height
• H-point location

• Motion Analysis
Target Point Placement Considerations 
• Head
• Shoulder
• H-point
• Knee and Ankle Pivots
• Restraint system
• Target Obscurities 
• Overhead Cameras

• Consistent ATD Pre-Test Position
• ATD Position
• Seat and Interior Mockup Measurements

• Additional Data Considerations  
• FAA-Hybrid III
• Seat pan/cushion
• ATDs used for ballast
• Seat instrumentation

7.1 Testing Best Practices 



• Global Parameters 
• Units
• Integration Methods
• Time step
• Mass scaling
• Element Quality Criteria

• Contact Definition

• Load Application

7.2 Modeling Best Practices 

• Physical Discretization 
• Modeling structural elements 
• Modeling of non structural 

elements 

• Material Definition
• Material model verification 
• Failure mode definition 
• Strain rate sensitivity

• Initial Conditions
• ATD positioning 
• Establishing equilibrium 

position 
• Pitch and Roll

• Output Control
• Energy Balance
• Output request 
• Negative volume 
• Hourglass Energy



Appendix

A: METHODOLOGY FOR THE COMPARISON OF TEST AND  

SIMULATION WAVEFORMS 

B: FAA - NIAR DATA SET FOR THE HYBRID II ATD

C: FAA - NIAR DATA SET FOR THE FAA HYBRID III ATD

D: SAMPLE HYBRID II V-ATD CALIBRATION REPORT

E: SYSTEM VERIFICATION AND VALIDATION EXAMPLES (REV A)



SAE ARP 5765 Rev B ? 


