
Sandia National Laboratories is a 
multimission laboratory managed 

and operated by National Technology 
& Engineering Solutions of Sandia, 
LLC, a wholly owned subsidiary of 

Honeywell International Inc., for the 
U.S. Department of Energy’s National 
Nuclear Security Administration under 

contract DE-NA0003525.

Boundary Condition 
Challenges in Dynamic 
Testing

David Soine,  Sandia Nat ional  Laborator ies

April 2021

SAND2021-4173C

This paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed
in the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.



Overview

• Component Qualification & Test Boundary Conditions
• Test Lab Perspective
• Where do Test Specifications come from?

• Genesis of the Boundary Condition Challenge

• What is the Challenge?

• Box and Bench Example – Traditional Approach

• Current Research Paths
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Component Qualification – Test Lab Perspective5

Alternative to a Stiff Fixture:
“Next Assembly” Fixture Design

Shock Test on a Drop 
Shock Machine, Vibe 

test, etc.

Component Test 
Specification

Acceleration Power 
Spectral Density

Or

Pulse Shock 
Specification

Test Unit

How should a “next 
assembly” fixture be 

designed?



Component Qualification – Test Lab Perspective6

Alternative to a Stiff Fixture:
“Next Assembly” Fixture Design

Shock Test on a Drop 
Shock Machine, Vibe 

test, etc.

Component Test 
Specification

Acceleration Power 
Spectral Density

Or

Pulse Shock 
Specification

Test Unit

How should a “next 
assembly” fixture be 

designed?Is either choice for the 
Boundary Condition

“right”
“conservative”
“appropriate”



Component Qualification – Where do the test specs come from?7
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Component Qualification – Where do the test specs come from?8

System Level Tests
Acceleration measurements. Usually sparse.

Measurements compiled 
and analyzed to define the 
environments to which a 

system is exposed.
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The Reality of Structural Dynamics9
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The Reality of Structural Dynamics10

≠
System vs. Qualification Test
• Different Boundary Conditions…
• Different Structural Dynamics

• Mode Shapes & Natural Frequencies Shaker 
Armature

Fixture Boundary Conditions

The Boundary Condition 
Challenge:

a tool to understand 
these issues.



Genesis of the Boundary Condition Challenge11

2016:

3 to 5 people
- Sandia National Laboratories
- Kansas City National Security Campus 

(KCNSC)

- Structural Dynamics Problem
- How can we engage others?

- Try a Round-Robin challenge problem?



Genesis of the Boundary Condition Challenge12

2017: Work Together
- develop the Challenge Problem
- Round-Robin hardware



Genesis of the Boundary Condition Challenge13

2017-2018:
- Do some homework
- Ask for help



What is the Challenge?14

Do a “System Level” test 
to create “truth data”

Develop:
- Component Fixture 
- Test Method

- to replicate the “truth 
data” at the 
component level

Box Assembly with Removable Component
“BARC”



Box & Bench Assembly Example – Traditional Approach15
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Box & Bench Assembly Example – Traditional Approach16

Random Vibe Loading

Flat PSD
 0.001 g2/Hz
 200 to 2000Hz Inconsistent

Conservatism



Box & Bench Assembly Example – Traditional Approach17

Random Acceleration:  RMS Von Mises Stress

Significantly Different Stress Fields



Boundary Condition Challenge – research paths18
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Model driven System 
Tests

Multi-Point System 
ground testing

Full Field Response: 
Modal Expansion, Strain

Environments

Where to Measure during Flight Fill in the blanks from Flight Basis for Qual Environments



Boundary Condition Challenge – research paths20

Full Field Response: 
Modal Expansion 

Strain

Substructuring to 
design the 

component test

Topology 
Optimization for 
dynamic fixtures

Multi-axis 
Component testing

Component Qualification

Basis for Qual Environments Test and Fixture Design Higher Fidelity & Known 
Conservatism



Boundary Condition Challenge research initiative
 – fostering worldwide collaboration
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60 organizations
• 25 Commercial
• 24 Universities
• 5 NSE sites
• 5 DOD sites
• 1 NASA

14 countries
4 continents 

By Strebe [CC BY-SA 3.0  (https://creativecommons.org/licenses/by-sa/3.0)], from Wikimedia Commons

LANL
SNL KCNSC

BARC Hardware

Engaged
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Input Control Approaches23

Force-Acceleration Method
Transmissibility Correction
Force Limiting Dual Control (NASA)

<Acceleration Control>
<Stiff Fixture>

Six-DOF shaker testing

Frequency Based 
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(Transmission 
Simulator) (Mayes SNL)

Ignores Test Structure 

Includes Test Structure Information
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Current 
Research!

Current 
Research!

Current 
Research!



Mechanical Impedance Approaches24

• Impedance–Matched Multi Axis Test 
(IMMAT)
• Distributed force inputs
• Component tested in full- or nearly 

full- assembly 

Multi-Modal 
fixtures

Adaptive (active) 
Impedance Test 
Fixtures

Topology 
Optimized 
Impedance 

+
Substructuring Input 

Methods

N+1 Next 
Assembly Fixtures

<Acceleration Control>
<Stiff Fixture>1950s

1960s

2000s

Current 
Research!

2000s - 
Current

Current 
Research!



Box Assembly with Removable Component – Mode Shapes25
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Box & Bench Assembly Example – Traditional Approach26

Accel Output: 
Assembly

Dynamic Input

Accel Output: 
Fixture

Assembly Response: 
Component Base

Fixture Input

“System Flight Test” “Component Environmental Test”

Component 

Environment

100g, 1ms 
acceleration pulse



Box & Bench Assembly Example – Traditional Approach27

Acceleration Pulse Load
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100g, 1ms acceleration pulse



Box & Bench Assembly Example – Traditional Approach28

Acceleration Pulse:  Max Von Mises Stress

Maximum Stress is in a Different Location!



Boundary Condition Challenge – research paths

Combined Test and Simulation at all levels

• Model driven System Tests

• Multi-Point System ground testing

• Full Field Response:
• Acceleration and Strain
• Modal Expansion
• Laser Vibrometry, DIC

• Substructuring to design the component test

• Topology Optimization for dynamic fixtures

• Multi-axis Component testing
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Abstract

The Boundary Condition Challenge, initiated in 2017 by researchers from the DOE’s 
Kansas City National Security Campus and Sandia National Lab, was designed to engage 
structural dynamics experts on reducing the risk of inaccurate conservatism related to 
test fixture design in shock and vibration testing.  The seemingly simple challenge 
problem and easy-to-obtain hardware has become a powerful focal point for research 
in ground vibration testing.
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