This paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed
I. in the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government. Sal'l dl a
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> 1 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

e Current Research Paths




3 | Component Qualification - Test Lab Perspective
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4 | Component Qualification - Test Lab Perspective
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Component Qualification - Test Lab Perspective

]
Test Unit Alternative to a Stiff Fixture:
“Next Assembly” Fixture Design
edfiention How should a “next
4 | assembly” fixture be
YV Acceleration Power designed? Shock Test on a Drop
— Spectral Density ) .
A R R Shock Machine, Vibe
R — or test, etc. I

Pulse Shock
Specification



Component Qualification - Test Lab Perspective

b

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

Component Test

Specification How should a “next

assem*-' 7
A et Bencier s either choice for the Shock Test on a Drop
Boundary Condition Shock Machine, Vibe
— or “right” test, etc.
Pulse Shock

“conservative”
“appropriate”

Specification
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Component Qualification - Where do the test specs come from?
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Frequency 40
Component-level
Test Specifications based on
environments.

System Level Tests
Acceleration measurements. Usually sparse.

Acceleration PSD, shock waveform...

Measurements compiled
and analyzed to define the
environments to which a
system is exposed.




¢ | Component Qualification - Where do the test specs come from?

System Level Tests
Acceleration measurements. Usually sparse.

Measurements compiled
and analyzed to define the
environments to which a
system is exposed.

Fre-quency (Hz)

Component-level
Test Specifications based on
environments.

Acceleration PSD, shock waveform...

No Component Boundary
Condition Information

Included - Only
Acceleration




s | The Reality of Structural Dynamics

System vs. Qualification Test
« Different Boundary Conditions...

 Different Structural Dynamics
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o | The Reality of Structural Dynamics

The Boundary Condition

System vs. Qualification Test Cha”enge:
- Different Boundary Condition! a tool to understand
 Different Structural Dynamics these issues.

Mode Shapes & Natural Frequencies

- - -
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_ 1 2016:
Collaborative Research
3to 5 people
- Sandia National Laboratories
S Sanda. - Kansas City National Security Campus
ﬂ’“ﬁg @ Laboratories (KCNSC)

Richard Jones, Jr. Julie Harvie
David Soine Tyler Schoenherr
Troy Skousen

Structural Dynamics Problem

NeSA FI5E Honeywell - How can we engage others?
- Try a Round-Robin challenge problem? I



| Genesis of the Boundary Condition Challenge

Collaborative Researcn

Round-Robin Challenge Problem Concept

» A simple structure to understand
the problem

- A‘“system” and “component”

=@

Easily understood but non-trivial
structural dynamics

- Easy to model
- Easy to build
Easy to test

NISs fll

- Facilitates Topology Optimization
(TO) of fixture

- Facilitates Additive Manufacturing
(AM) of fixture

anzAL &

NYSE fI5C

Fall 2016 - AM prototy

Hor

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

Boundary Conditions in Environmental Testing
Challenge Problem

EROBLEM STATEMENT

Tha currant practices for shock & vibration tasting of comporaints may result in incorrect

damage exposure 8s comparned 1o that experenced in the full assemoly. The dference in

Iboundary conditions has been identified as a majar contributor, and may result in

‘components: being over- or under-stressed as companed 1o the intended exposure. Mnn

lbed has bean developed by the Kansas Ciy Campus in

Sandia Naticnal Labormorios 1o study and hepofully overcanma the boundary een-umn
physical pe I the tesd bed are outined bolow.

DRIECTVE

The objective of this problem is io design a componeni-level test setup that allows ihe
companent ta undange a similar ast in tha: full b
The primary aspects to consider include test :ooafnnun unclnpn-rt and fictre design, Proof
of concapl may be der @ithei of bath,
The companent test must be physically realzabie, umprmmund spudﬁnhurum are
compatible with exisling scftware and best equipment

JTEsT BED DESCRIFTION — BOX ASSEMBELY WTH REMOVABLE COMPONENT (BARC)
Pcra‘ﬂoﬂ'wn idateriei Froperfies
Component = twe C-channals + beam = Alurninum (see append)
+  Subassembly = box bearmn

* Assernbly = component ¢ subassembly Systern Boundary condiions

»  Complitd B draeings and vendsr inferration *  Free-lie
are provided in ihe sppendix

Systern Emaronments

»  Suggested Environment - Shock
Madal harmmer inpul with nden tip, i The duration”.
InDuI location defined in drawing (see appendi)
A ged ol ‘truth data’ in the syshem emronment will be expesrentaly messured by e
CAGENEErs AN CAN e prinviend Lpon nequest. Contact ik Hanve lor more iformration
Ths i interced to allow ihe paiciants o focus thei efforts on designing the
componant test
& Addibional Envisonments
Cther envirorsments may be Investigated as desired but will not be the focus of
descussion at this trma. Future efforts will focus an random vibrasion amsiranmaents.

SUIDELINES FOR ASSEMBUING
Companant

+ Bl Torgue = 50 Inchib
» Dy connection {(no lubrication)

Agpamiyy

o Bl Torgue = 20 inch-lb

* Dy cornection (no lubrication)

+  Corffigure bolts in aliemating
drnctions a5 shown

DRGANIZERS

Julie Harve, Sandia Natioral Laborsiories

Tyler Bchoenherr, Sancia National Laboratories

Troy Skousan, Sandia Naticnal Laborataries

Richard Jones, Kansas Gity Natlanal Security Campus
Dvidd Soineb, Karveas Cily Nationsl Secuwity Campus

CONTACT [NFORMATION
Julie Harvie

Sanda National Labarataries
(05} 284-8292

ibarvieg

The loecn inpast rary e mpprasmaned analytically using e lormsla #ir) = 7 un® (2]
i F S AP0 1 nd s B8 1 BT 1 BSCOnS 290 g I b LSS 15 Now BRSgu
responss fing-tdown and frequeny rescldion.




3 | Genesis of the Boundary Condition Challenge

Collaborative Researcn

Round-Robin Challenge Problem Concept '

* A simple struecture to understand
the problem
- & “system” and “componant”

- Easily understoad but non-irvial
sirisclural dvnamics _ F--%

Input Control Approaches

<Acceleration Control=

@ <Stiff Fixture> \

1570s-1080s
Force-Acceleration Method
Transmissibility Correction
Ferce Limiting Dual Control (NASA)

- -I- —————— - -\ Mechanical Impedance Approaches

<Acceleration Control> )
EEEE @ <Stiff Fixture> —)  Multi-Modal T

Maodal Craig-Bampton fixtures

Substructuring

(Transmission Simulator) o

(Mayes SNL) &., =z Adaptive (active)
Impedance Test

NOSE IS M+1 Mext Fixtures
—= . Assembly Fixtures 20005 -
S R, Sy s 3
+ Impedance-Maiched Multi Axis Test g Gurert Rescarch_—3
(IMMAT) Topology Optimized
« Distributed force inputs a |mi:dal::le
= Component tested in full- or nearly full- -
assembly Substructuring Input
Methods
NYSs fISC Honeywell

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

Collaboration and Outreach - n ‘

+ SAVE Conference Oct

Late Fall 2016 - steel protatype

2017
+ |[MAC Conference Feb _

«  SAVE Conference Oct

2018 N
» |IMAC Conference Feb ™~
« ESTECH (IEST) Conference May ~ I
« SAVE Conference Nov
2019
* |MAC Conference Jan

Spring 2017

BARC

NS fISC Honeywell



2 1 What is the Challenge?

System Assembly

Cnmﬁant

+
Subassembly

Impact nomnal
to surfacs | so
appendiy for
location derails)

“BARC”

Component Test
Component

g

+

Fixture

XN

_+_

Test Equiprmant
(Shaker table, drop
tower camiage, etc)

Box Assembly with Removable Component

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

Develop:
- Component Fixture
- Test Method

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



s | Box & Bench Assembly Example - Traditional Approach

Accel Output:
Assembly

Assembly Response:

Accel Output:
Component Base

Fixture

Fixture Input I

Dynamic Input I I

“System Flight Test" “Component Environmental Test" |



16 ‘ Box & Bench Assembly Example - Traditional Approach
Random Vibe Loading

Random Vibe Comparison

101
1 Assembly 1 Fixture b |— Assembly Accel: grms 8.05
10 o P o R Fixture Accel: grms 12.37
—Aecekgrms 8Os 1 b Accal: grms 12.37 i w0 E
Base:grmsi168| 1 1 | Base: grms 1.68
"|E|{:I Input: grms 1.4 E 10\'} E asnnnnus Input: grms 1.68
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7 1 Box & Bench Assembly Example - Traditional Approach m

Random Acceleration: RMS Von Mises Stress

Significantly Different Stress Fields |



18 | Boundary Condition Challenge - research paths

Combining Test and Simulation

Model driven System Multi-Point System Fl'</||| ';ie:dE Response: Sub;';r;;g;u&i}r;g PP Opt-irr%'i:)z?alggx - Multi-axis
i odal Expansion i
Tests ground testing Stral?n component test dynamic fixtures Component testing

]
Environments Component Qualification |




1o 1 Boundary Condition Challenge - research paths

Fig. 12 Area patches where surface strains were calculated

Model driven System Multi-Point System Full Field Response:
Tests ground testing Modal Expansion, Strain

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

Environments



0 | Boundary Condition Challenge - research paths

Truth Data

—

|
Multi-shaker I'||
excitation !

Single axis (X) l
excitation

6DoF shaker |
excitation

Substructuring to
design the
component test

Topology
Optimization for
dynamic fixtures

Full Field Response:
Modal Expansion
Strain

Multi-axis
Component testing

Higher Fidelity & Known
Conservatism

Basis for Qual Environments Test and Fixture Design

Component Qualification




»1 | Boundary Condition Challenge research initiative
- fostering worldwide collaboration

28 X

60 organizations
25 Commercial

24 Universities

5 NSE sites

5 DOD sites

1 NASA

14 countries
4 continents
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>3 | Input Control Approaches

<Acceleration Control> Six-DOF Vierarion Testing

<Stiff Fixture> \ Time-ro-FaiLure Test

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

Modal Craig-Bampton I
Substructuring Frequency Based I
(Transmission Substru;turing/lmpedanc - PBED
Simulator) (Mayes SNL) e Modeling (UMass

Lowell) I



». | Mechanical Impedance Approaches

<Acceleration Control> |
o SUfFxures T — Multi-Modaf @
fixtures

Adaptive (active)
= Impedance Test

N+1 Next Fixtures
Assembly Fixtures

N\

2000s -
Current

* Impedance-Matched Multi Axis Test

(IMMAT) Topology
- Distributed force inputs Optimized
« Component tested in full- or nearly Impedance

full- assembly N

Substructuring Input
Methods



s | Box Assembly with Removable Component - Mode Shapes Eﬂi

Nat_Freq= 1402 Hz * |




s | Box & Bench Assembly Example - Traditional Approach

Assembly

Accel Output: |

Assembly Response:
Component Base

|

Accel Output:
Fixture

Ooef)t
Ze,
Fixture Input |
,ﬁ T
Dynamic Input I
L i o I
R 100g, 1ms . |
SENNENNNEEN acceleration pulse .
‘ “System Flight Test” “Component Environmental Test" I



Accel, [g]

Box & Bench Assembly Example - Traditional Approach

Acceleration Pulse Load

100g, Tms acceleration pulse

Assembly Fixture
150 . . . = 150 . ; ——
Camparsant
Basa 10 SRS Comparison, Q=10%
100 100
50 l
50 Fixture Input
‘ | Dynamic —_ (Component Base -
| I ||||||| (T et | 2 From Assembly) -
||||| CLELEEERERE R T A8 e an A A A A - i 2 s .. L
0 ||‘||'1"||'|J|'|'r"| ||||r|||| illi'i=i'[| el b it o e @ 0 1t iy sttt i =
(I, !
-—
50 1 S0
-100 | g T 100 \
10° -
T ] 10! 102 10° 10
150 L L L L L L L L L 150 1 1 1 I I I 1 1 I Frequency, [Hz]
0 001 002 003 004 005 006 007 008 009 0.1 0 001 002 003 004 005 006 007 008 009 04
Time, [s] Time, [s]



2 | Box & Bench Assembly Example - Traditional Approach m

Acceleration Pulse: Max Von Mises Stress

YVonMises
5500e+03

4125

2750 |

1375

0.000e+00

Maximum Stress is in a Different Location! |



Combined Test and Simulation at all levels

- Model driven System Tests

|
Boundary Condition Challenge - research paths m

* Multi-Point System ground testing Sustem Assembly Component Test

Compone:

« Full Field Response:
« Acceleration and Strain
*  Modal Expansion
+ Laser Vibrometry, DIC

Test Equipmant
{Shaker table, drop
tower carmage, etc)

* Substructuring to design the component test
« Topology Optimization for dynamic fixtures |

* Multi-axis Component testing |



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.

I
50 | Abstract m
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