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Objective

* Verify the Accelerance Decoupling (AD) approach by extracting the
SLS free accelerance from the SLS + ML coupled accelerance
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Background

e NASA desires direct extraction of SLS free modal data from SLS + ML
integrated modal test (IMT) for:
* Flight controls applications

* Verify SLS FEM correlation
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Method/Solution Requirements

* Method able to decouple (i.e., remove) ML influence from the
integrated modal test (IMT) data resulting in SLS free modal data

* As much as possible, driven by measured data limiting the use of FEM
to fill “gaps”

* Computationally robust — be able to compute with “real-world” data
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Accelerance Decoupling (AD)
“In a Nutshell”
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Methodology
(Brief)

°(‘A§f,f . @AEI}SID)SPACE )

Dynamics, inc. 7



Notation

Acceleration DOF t
(payload side)
Couldbe r,sort

System C
Could be A,Bor C

Input force: DOF s

Acceleration

Response at DOF t
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Notation

C: coupled system (A+B)

A: LV with internal dofs R
B: MBT with internal dofs T
S: connecting dofs

H: accelerance [g/Ib]

W: Impedance [lb/g]

F: [Ib], A: [g]

During the test forces are applied at some of the R dofs and
accelerations measured at the R and S dofs
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Methodology

Fundamental Receptance Coupling (RC) equation for two substructures:

H crr H crs H crt H arr H ars 0 H ars H ars ’
Hcsr Hcss Hcst — Hasr Hass 0 Hass [Hass + Hbss]_1 Hass (1)
Hctr Hcts Hctt 0 0 Hbtt _Hbts _Hbts
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Methodology — AD Core and Auxiliary Egns

From (1), we can derive the AD “core” equation

Harf — Hcrf + Hars(Hass + Hbss)_lHasf

—— —

Requires “auxiliary eqns” from
coupled system

Auxiliary equations:

Hgyps = [Iss — (Hass + Hbss)_lHass]_chrs

Hasf = [Iss - Hass(Hass + Hbss)_l]_chsf
Hc_s}s — (Hc;sls + Hb_s%s
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SLS Free Accelerance
(Benchmark for AD Verification)
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Task

 Compute SLS free accelerance as benchmark to gage accuracy of AD
extracted SLS free accelerance

 Compare to SLS + ML coupled accelerance to see the effect of ML
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NASA Space Launch System (SLS) CLA Model

Launch Abert Sysem | * Integrated SLS is an over-constrained
. | Hurty/Craig-Bampton (HCB) dynamic
nterim Cryogenic i Z .

Propuision Stage — v math model (DMM) with Nll,OOO DoFs
Launch Vehicle — .

Stage Adapter * Retained nodes include
:  Centerlines

e Actuators/Gimbals

* Many Others

* For this problem, input loads at Core
Stage Forward Attach (CS FA)
Fx=Fy=Fz = 100 Ibs (0.1 — 50 Hz)
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Reduced Dynamic Math Model (DMM) ML not shown
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Internal DoF Acceleration
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core engine section, DoF 2

acceleration, in!sec:2

SLS Free (Benchmark)
SLS Coupled to ML

frequency, Hz

SLS free accelerance vs
coupled to ML shows
measurable difference
which the AD procedure
must overcome in order to
be a viable
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Accelerance Decoupling
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Task

e Utilize AD to extract SLS free accelerance from SLS + ML coupled
accelerance

 Compare to benchmark
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Internal DoF Acceleration

core engine section, DoF 2

AD

SLS Free (Benchmark)

acceleration, in!sec:2
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frequency, Hz

AD procedure was able to
correctly “dissect” the SLS free
accelerance from the coupled
SLS + ML accelerance resulting in
a near perfect numerical match
to the benchmark
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AD Sensitivity
ML Accelerance Perturbations
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Tasks

* Assess AD computational sensitivity to perturbations of ML
accelerance while keeping coupled SLS + ML accelerance unchanged
* ML damping varied +/- 10% of nominal in 1% increments

* +/- 5% of nominal in 1% increments (11 runs)
* +/-10% of nominal (2 runs)

 Compare to benchmark

*NASA Peer Review Required Task

Applied AE ROS PACE
o W Structural Assuring Space Missior §uccess

Dynamics, inc.



Internal DoF Acceleration

core engine section, DoF 2
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o T | | AD remains computationally
: % \/ A robust under ML accelerance
+49, i | .
+5% perturbations
+10%
frequency, Hz
Benchmark is nominal case
Applied AEROSPACE

o W Structural
Dynamics, inc.

Assuring Space M/SS/O/& fuccess



AD Sensitivity
Rotational DoFs Stiction
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Tasks

* Assess AD sensitivity to VSP rotational DoFs stiction
* Compare back to benchmark

*NASA Peer Review Required Task
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Internal DoF Acceleration

core engine section, DoF 2

SLS Free (Benchmark)
AD

AD remains accurate under
VSP rotational DoFs stiction

acceleration, in!sec:2

frequency, Hz
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Findings

* SLS free accelerance vs coupled to ML show measurable differences
which AD must overcome in order to be a viable procedure

* AD procedure was able to correctly “dissect” the SLS free accelerance
from the coupled SLS + ML accelerance resulting in a near perfect
numerical match to the benchmark

* AD procedure remained robust under ML accelerance perturbations
(NASA peer review requirement)

* AD procedure remained robust under VSP stiction (NASA peer review
requirement)

e More work remains — effect of noise
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Thank you
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