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Motivation

 Laboratory vibration tests typically mimic field
environment dynamics

« Any difference between the boundary conditions

change the dynamic characteristics of the device
under test
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& Motivation

 Laboratory vibration tests typically mimic field
environment dynamics

« Any difference between the boundary conditions

change the dynamic characteristics of the device
under test

Field Environment Laboratory Test
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Motivation

« Two beam assembly used to demonstrate the problem

Field Environment

Device Under Test (Bomb)
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Boundary Conditions (Airplane)
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Motivation

« Two beam assembly used to demonstrate the problem
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Motivation
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Motivation

How can the laboratory test system be excited to
replicate the DUT field environment dynamics?

Field Environment
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Boundary Conditions
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Motivation

How can the laboratory test system be excited to
replicate the DUT field environment dynamics?

Field Environment
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Motivation

How can the laboratory test system be excited to
replicate the DUT field environment dynamics?

g ..
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Motivation

How can the laboratory test system be excited to
replicate the DUT field environment dynamics?
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How can the laboratory test system be excited to
replicate the DUT field environment dynamics?
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Motivation

Reference Excitation Location
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Motivation

Field Environment Response Matched Laboratory Test Response
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Motivation

Field Environment Response Matched Laboratory Test Response
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Field Environment Response Matched Laboratory Test Response
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Motivation

* We need to allow and account for laboratory fixture
flexibility

Field Environment Laboratory Test
Device Under Test (Bomb) Device Under Test (Bomb)
Boundary Conditions (Airplane) Boundary Conditions (Shaker/Fixture)
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3 Motivation

* We need to allow and account for laboratory fixture
flexibility

« We need to allow and account for differences
between field and laboratory boundary conditions

Field Environment Laboratory Test

Device Under Test (Bomb)
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Boundary Conditions (Airplane) Boundary Conditions (Shaker/Fixture)
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* We need to allow and account for laboratory fixture
flexibility

« We need to allow and account for differences
between field and laboratory boundary conditions
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Motivation

Reference Excitation Location
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Field Environment Response Matched Laboratory Test Response

Time: 0.00 sec Time: 0.00 sec

Field Environment Laboratory Test
DUT DUT
Support Support
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Field Environment Response Matched Laboratory Test Response
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Field Environment Response Matched Laboratory Test Response
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at all DUT DOFs! (A
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Motivation

How are the laboratory test system modes used to
create the field environment motion?
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Motivation

How are the laboratory test system modes used to
create the field environment motion?

Specifically, which laboratory test system modes are
used to create each field environment modal response?

Laboratory Test System Field Environment System
Modal Responsles Modal Responses
{P (Lab)} = [T (Field)—>(Lab)] {P (Field)}

Modal Transformation
Matrix from Field to
Laboratory

_ ", ; 27 Mechanical Engineering I'AI
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Theory

Desired Relationship: {plLab)} — [T (Field)>(Lab)]{p(Field)]
Form of Solution: {F,) = |u§ CEar)]® {x e}
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Theory

Desired Relationship: {plLab)} — [T (Field)>(Lab)]{p(Field)]

Form of Solution: {P}(Lab)} _ [Hig_Lab) g {X'i(Field)}

1

{X:i(Lab)} lH (Lab) {F} (Lab)}
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Desired Relationship: {plLab)} — [T (Field)>(Lab)]{p(Field)]
Form of Solution: {F,) = |u§ CEar)]® {x e}

1

{X:i(Lab)} _ lHig_Lab) {P}(Lab)}
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Theory

Desired Relationship: {plLab)} — [T (Field)>(Lab)]{p(Field)]
Form of Solution: {F,) = |u§ CEar)]® {x e}

1

{X:i(Lab)} _ lHig_Lab) {P}(Lab)}

{X'i(Lab)} lH(Lab)] lH (Lab)1Y {X'i(Field)}

1 Modal transformation

g =
{ P‘(Lab)} _ [ H(Lab)] lUj(Lab)]T [lUi(Lab)] [ H(Lab)] lUj(L“b)]T] lUi(Fleld)] { p(Fiezd)}
| J
[T(Field)ﬁ(Lab)]
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Theory

The Modal Amplitude Contribution Matrix (MACM) is
then formed by multiplying each field environment
transformation by the field environment modal response.

[M A"CM] _ [T(Field)ﬁ(Lab)] , {p'(piezd)}T

The MACM matrix gives us physical insight into how
modes of the laboratory test are utilized to create the
field environment DUT response for a set of excitation
locations.
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Theory

Field Environment Modes Laboratory Test Modes

Mode 1 at 7.8 Hz Mode 1 at 7.8 Hz

Mode 2 at 10.15 Hz Mode 2 at 10.08 Hz

Mode 3 at 22.65 Hz Mode 3 at 21.8 Hz

[T(Field)ﬁ(Lab)]
Mode 4 at 30.1 Hz Mode 4 at 29.78 Hz
The transformation

matrix describes how
linear combinations of

laboratory test modes are

used to create the field
environment response
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Theory

Field Environment Modes

Mode 1 at 7.8 Hz

Laboratory Test Modes

Mode 1 at 7.8 Hz

Mode 2 at 10.15 Hz

Mode 3 at 22.65 Hz

Mode 4 at 30.1 Hz

0.99

-0.04

Mode 2 at 10.08 Hz

0.01

T~

Mode 3 at 21.8 Hz

0.00

[T(DLl)—’(DLz)]

Mode 4 at 29.78 Hz

The transformation \
matrix described how \
linear combinations of
laboratory test modes are
used to create the field
environment response
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Theory

Field Environment Modes Laboratory Test Modes

Mode 1 at 7.8 Hz Mode 1 at 7.8 Hz

_—
0.21

Mode 2 at 10.15 Hz Mode 2 at 10.08 Hz

-1.02

Mode 3 at 22.65 Hz _o OO Mode 3 at 21.8 Hz

0.01
[T (DL1)—(DL2
Mode 4 at 30.1 Hz Mode 4 at 29.78 Hz

The transformation
matrix described how [\
linear combinations of

laboratory test modes are
used to create the field

H environment response
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Theory

Field Environment Modes Laboratory Test Modes

Mode 1 at 7.8 Hz Mode 1 at 7.8 Hz

0.26

-0.09
Mode 3 at 22.65 Hz Mode 3 at 21.8 Hz

-0.22

A=(DT AN

Mode 4 at 30.1 Hz O s O 6 Mode 4 at 29.78 Hz

The transtormati
matrix described how S~
linear combinations of

laboratory test modes are
used to create the field

H environment response
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Sine Excitation

Simple Example: Sine excitation at field mode #4

Mode 4 at 30.1 Hz
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Sine Excitation
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Sine Excitation
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Sine Excitation

Reference Excitation Location
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Sine Excitation

Field Environment Response Matched Laboratory Test Response

Time: 0.00 sec Time: 0.00 sec

Field Environment t Laboratory Test
DUT DUT
Support Support
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Field and Laboratory DUT
Response Match Perfectly =
at all DUT DOFs! (A
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Sine Excitation
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Sine Excitation
[MAC‘M ] (Top View)
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Sine Excitation
e MACM] (Top View). .
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Sine Excitation
e MACM] (Top View).
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Sine Excitation
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Sine Excitation

The majority
of the response

is created usin . .
the first 5 . — We can use this information to go back and

el design a better test by optimizing the
fmodes shaker locations to excite the first five

laboratory test modes.
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Sine Excitation
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Conclusions

*The Modal Amplitude Contribution Matrix (MACM)
matrix between field and laboratory modal response
was derived.
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Conclusions

*The Modal Amplitude Contribution Matrix (MACM)
matrix between field and laboratory modal response
was derived.

*The MACM matrix gives physical insight into how
laboratory test modes are used to create a field
environment response.

* Which laboratory modes are important
« Which field modes are important
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Conclusions

*The Modal Amplitude Contribution Matrix (MACM)
matrix between field and laboratory modal response
was derived.

*The MACM matrix gives physical insight into how
laboratory test modes are used to create a field
environment response.

* Which laboratory modes are important
« Which field modes are important

*Physical insight into the transformation process can
help us design better tests.
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