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; | The Rattlesnake VVibration Controller: a flexible testbed for

Vibration Research

Targets Multiple Hardware Devices Written in Python

° _Initi?flly target?ld NI IHahrdware for mature programming  ° Easy to read, write, extend
interface and flexible hardware. - Open source

> Extended to HBK LAN-XI hardware
> Able to extend to new devices with minimal Multiprocessing Capable

modifications to the controller o Performs computations in parallel to speed up
_ responsiveness
Can perform Synthetic Control

> Integrates modal EoMs from FE solution or state Program your own control laws
space matrices in real-time

o Test out control using FE models, save your shakers any modification to the controller itself
and hardware

- Evaluate setup parameters without wasting time in the Update System ID during control

o Control laws can be loaded into the controller without

laboratory o Useful for nonlinear systems
Extensible to multiple or combined environments  Apply transformations to responses or outputs
o Environments are abstracted with clean interface for - B6DoF transformations can be applied to control table
easy extension rigid body motion
¢ Currently can run MIMO Random, MIMO Transient, > Modal transformations can be applied to control to
and Time History Generator modal quantities

> Plans to expand to MIMO Sine, Nonlinear Force
Appropriation, and Modal Testing Designed for the lazy engineer

> Set up test profiles to start, modify, or stop > Minimize data entry, load test directly from
environments automatically spreadsheet or dafa file

o All data and metadata from test stored to netCDF file

on disk, can load settings from this file to re-create test

Download at: https://github.com/sandialabs/rattlesnake-vibration-controller
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Vibration Research and Development is Hampered by
Commercial Nature of Software

What if | have a new idea for a control law?
o Contact vendors to try to implement your idea

o Write a controller from scratch

What if commercial software doesn’t work?
> No ability to see implementation, might be difficult to tell what is wrong

> Need to wait for vendor support/bugfixes before a test can proceed

As we at Sandia were pushing our vibration controllers harder and harder, we
recognized the need for something we had more control over:

> Add new control laws, modal and kinematic transformations, large channel and exciter counts
> Need to see how and why things break down and update implementation
> Avoid program delays due to vendor’s slow response time.

Note: Commercial software is invaluable for production or high-value tests where
consistency and hardware safety is paramount.



How does Rattlesnake
Work?




Rattlesnake Overview

Rattlesnake is a controller framework that enables flexible addition or removal of

COMPRARGRLSHHs generate data for the output hardware
o Output interface translates Rattlesnake commands into  ° Acquisition sends acquired data to environments
hardware instructions to excite the structure o Environments read data to generate next output signal

> Acquisition interface recovers response data from the

Mote: Each Environment specifies the user interface (Ul) used to define
and run itself. These environment specific Uls are added into the main
user interface when the environments are defined in the controller.

Environment- Environment- User
Specific Ul #1 Specific Ul #2 Interface
Key:
- User Interfaces Acquisition
- core controuer Acquisition Hardware
Interface
B Controller Environments

I Hardware Interfaces
| Physical devices

Streaming Acquisition

_~ Data
_~ Commands Output ]
. . > Output Hardware
- VOItage SlgnalS Mote: An arbitrary number of simultaneous Interface
environments can be specified, within
computational limitations MNote: While there is generally only one physical data acquisition

system, acquisition and output are run on separate tasks to allow
reading from and writing to the data acquisition simultaneously.



What is an environment?

In general, an environment is a portion of the controller that:
> accepts the previously measured data

o optionally analyzes the previously measured data for closed-loop response
o generates the next output signal required by the controller

The environment will consist of:
> An environment-specific user interface (Ul)
> The environment implementation (run on a separate process from the Ul)

> A set of metadata that completely specifies the environment (samples per frame, overlap,
windows, etc.)

Environment-
Specific Ul

Environment




Example Environment: MIMO Random Vibration

Acquisition Test Article

Time Data Time Data

Collector S1gnal.
Generation
FRF . FRF Matrix Output CPSD
Computation Matrix
CPSD CPSD Matrix

Computation Data Analysis

Output is the only process that needs data to be received in a timely manner. Signal
Generation must be able to create the next output signal by the time Output needs it.

All other processes can fall behind. E.g. if FRF computation falls behind, we simply use
the most recent estimate of the FRF that we have.




Rattlesnake Software
Overview




0 I Selecting the types of environments used in a test

Rattlesnake’s initial window prompts to select the type of test that will be run.

Users can select a single environment, or Combined Environments to run multiple
environments simultaneously.

If combined environments is selected, another window will appear to allow users to
select which environments are required.

E irvironmen t Selector 7 =

Combined Environments

Enwvironment Type Emaranmen t Name

I select Controller Type ? * ! am =] Launch Random

2 Time = Separation Shock

(C) MIMO Random Vibration
(T} MIMO Transient

i -
(®) Combined Environments. ..

() Time Signal Generation
Cancel

Add Envirgnment

Remove Seleched Frvironment

Laad Praofie. .. Save Prafle Template...

I




Rattlesnake Main User Interface

Once the environments are defined, the main user interface appears.

JI[?a’Jt[tlesnake utilizes a tabbed interface on the main window to house main components of the
es
o Data Acquisition Setup — Sets up channel table and global data acquisition parameters

o Environment Definition — Sets up each environment in the test

- System ldentification — Outputs flat random signals to identify relationships between output signals
and control responses for each environment; only required by certain environments

o Test Predictions — Display predictions considering the system’s transfer functions and the defined
environments to determine if a given test is feasible; only performed by certain environments

o Test Profile — Set up a test timeline using various commands to start, stop, or modify the
environments; only used in combined environments mode.

o Run Test — Start or stop each environment, or run the test profile.

De%?nding on which environments are used in a given test, some of these tabs may not be
visible.

Tabs are disabled until the previous tabs are complete to enforce order of operations.

F Rattlesnake Vibration Controller E Rattlesnake Vibration Controller

Data Acquisition Setup Environment Definition System Identification Test Predictions Test Profile Run Test About Data Acquisition Setup Environment Definition Run Test About

Combined Environments Test with Environments requiring Single Environment Test not requiring System ID
System ID



Data Acquisition Setup

Channel Table — List of channels in a test, including which channels are used for control

Env_ironmen{t Table — Specifies which channels are associated with each environment; only for combined
environments

Global

Channel
Table

I? Rattlesnake Vibration Controller

Cata ACQUSRoN Setup Enviranment Definrtion

System ldentification Test Predichons

Global DAQ
Parameters

Charnel Table

L T T T —
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Dats Acquisition Parameters
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Time par Write (0,25
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Stop Program
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Acquisition
Channels

Output
Channels

A note on instrumentation setup...

Rattlesnake requires the output signal to be measured by
the acquisition to allow for synchronizing input and output
of arbitrary data acquisition systems.

ensor 2
channe! 2 To Senso

Generally this will mean output signals will be teed
between the exciters and acquisition channels

Qutput 1 To Shaker 1

There will be one row in the channel table for each
measurement sensor as well as each shaker.

Output 2 To Shaker 2

Test Article Definition Instrument Definition Channel Definition Output Feedback
Channel Node Node Serial Sensitivity |Engineering Calibration |Physical Physical Minimum  [Maximum Excitation |Excitation |Physical Physical
Index Control? Number Direction Comment |Number Triax DoF  |{mW/EU) Unit Make Maodel Exp Date Device Channel Type Value (V) |Value(V) |Coupling Source Value Device Channel
1Y 103+ 103Y+ HH70 10.058|g Endevco 7250AM-1 PXI1Slot2  |ai0 Acceleration -3.5 3.5 Internal 0.004
2|Y 105[Y+ 105Y+ HE70 9.92}":g Endevco 7250AM-1 PXI1slot2  fail Acceleration -3.5 3.5 Internal 0.004
3|Y 112[v+ 112¥+ GT02 10.203|g Endevco 7250AM-1 PXI1slot2  |ai2 Acceleration -3.5 3.5 Internal 0.004
Ay 114)y+ 114+ DGES 5.802 Endevco 7250AM-1 PXI1Sl0t2  |ai3 Acceleration -3.5 3.5 Internal 0.004
S|y 119]Y+ 115+ GYS5 10.041 Endevco 7250AM-1 PXI1sl0t2  |aid Acceleration -3.5 3.5 Internal 0.004
= N 122]Y+ 122+ FLOS 3.508 Endevco 72504M-1 PXI15lot2  |ai Acceleration -3.5 3.5 Internal 0.004
7|N 902]Y+ Shaker 1 1000V PXI1Sl0t2  |aig Voltage -3.5 3.5 None PXI15l0t5  |ao0
BN 06|+ Shaker 2 1000|V PXI1slot2  |aig Voltage -3.5 3.5 None PXI15l0t5 Jaol
SIN S20QY+ Shaker 3 1000(v PXIlslot2  ailo Voltage -3.5 3.5 MNone PXl15lots aol
10|M S241Y+ Shaker 4 1000(W PXI1Slot2  faill Voltage -3.5 3.5 Mone PXl15lotE aol
Input Device Output Device

and Channel and Channel




14 ‘ Defining Environment Parameters

Environment Definition has one sub-tab for each environment in the test.

We will need to define all environments before proceeding

IF Rattiesnake Vibration Controller - m| =
T Bon Setup Emviranment Definition System [dentificabon Test Predichors Test Frofie Fun Test About
Environment ‘E Samping Parsmezers Test Specifcation
Sub-tabs a | SampkeRate Samples Per Frame  Samples Fer Acquire Frame Time Raw |1: WITEX+ | Coumn |1 WIEA+ frarments_Controlier test_data|BARC_ Excdus_Testispecticatonnpz | Lasd Spec
£ -
5 s | [1a2s & [512 050 | Specification: Single Entry
| Pyquist Frequency  FFT Lines Frequency Spacng  Test Level Ramp Tme
124,00 513 .00 0.20 &
5| I ] | = 1 VAN
System I Parameters — Real Part r I‘k\ r Y
g — lmagnary Part I .fl 1|',‘_J|.\.|' "".‘L
. Averaging Type  System ID Averages Averaging Coefficent  FRF Technique L I "'| ‘,r-‘ﬁ .u'r‘ i,
= ~ L | | e A oY A .
| e v m & [0.100 : _JI. J‘IN' -y Jﬁﬂavmv“ WAl A Pl oty A
ERF Window Orverlap Peroentage  System 10 RMS Voltage D T l.l'l
- : =] = During Contral? I J
Hann 0,00 + 00w 3 . A
Signal Generation Parsmeters I/)IrJ
COLA Windaw COLAOveriap %  Window Exponent  Samples per Dutput 20 I;’II
Tukey «| [50.00 [#] [0 [#] [512 . . /
ontrol Parameters [} ] 0 300 00 500 500 700 00 a0 1000
FramesinCPSD Input Charnels Control Charnels  Cutput Channels Spectfication: Sum of ASQs
0 i+ |30 7 3
I I . . N
CPSD Window ) Transform Channels Transform Quiputs | o e s J|' \ /
il v [z |z P we . (]\ .frnL- \L/\,(., \-\A,_M_I,r“' "
Cantral Python Soipt - KIL'II A N
- R o L P ey
_Controler contral_lawslgontrol_aves.py | Load J \\-vf R R et
Cantrgl Python Funchon w0 ,;—-"'IIJI
Dseudeinverse_control ~| |Function , j_{,,—f"'“_
Cantral Parameters u '
; i P
hene 05 /
[ 100 o0 ) 400 500 600 700 800 200 1000
Initialize Environments
Stop Program




15

Defining control parameters — MIMO Random Vibration

MIMO Random environment allows definition of all signal processing parameters

A custom control law can be imported via a short Python script to implement e.g. closed-loop, buzz test, shape-constrained, or
other strategies

Test specification CPSD matrix can be loaded from Matlab (.mat) or Numpy (.npz) files

IF Rattiesnake Vibration Controller - m| =
Data Acgusibon Setup Enviranment Definition System [dentificabon Test Predchbons Test Profie Run Test About
E Samplng Parameters [Fest Speaficaion
E Samgée Rate Samples Per Frame  Samples Fer Acquire Frame Time Raw |1: 28376 X+ | Coumn |1 283963+~ frarments_Controlier test_data|BARC_ Excdus_Testispecticatonnpz | Lasd Spec
I
| |2 | 1024 %] [s12 0.5 P
4 Specification: Single
3| rivauist Frequency  FET Lines Frequency Spaang  Test Level Ramp Tme
5 | [m2s00 | [513 200 0.20 : Pl i Test
- % L L 105 Fl ag .
/ \
Signal B | system i Porameters Real Part » ! " Specification
. 5 - N 1
PrOCGSS] ng E Averaging Type System ID Averages Averaging Coeffioent  FRF Technique L brginary Part I.' II i . \-_.\-,
Parameters 5| e ~ 1 |0.100 3 | w LY A AT Ml o, N e i A
Y, i |
I ERF Window Crverap Percentage  System 1D RMS Voltage 0 Update TE e .-"I Y
Hann ! [s0.00 + [oow [] — Dutng Contral? o et
] 1
Signal Generation Parsmeters )lr
S
COLA Window COLA Overdap % Window Exponent  Samples per Dutput o Fi
Tukey | |50.00 Calfl L] # 512 | !
ontrol Parameters 0 1m 0 300 400 500 500 70 00 200 1000
Framesin CPSD Input Charnels Control Charnels  Output Channeks Spectfication: Sum of ASOs
) H |20 |27 3 -
. - 0 ™ PO »
CPED Window ransform Channels  Transform Qutputs Transh / \\ | \ A
Hann ol 27 1l | | Matrices.., DN . !
L l e o Vo " Wy
CUStom Cantrgl Python Soipt |"'|I I I"l ' -
e L ’.' L. e o =i, - e
Control Law | Controler\control_laws\control_laves.py Load /! e - S -
Control Python Function 104 i
pseudorverse_control | Function -~
»
Camtral P u o
Hore W0 /
0 0 ] 300 400 500 &00 00 B00 200 1000
Irvtialize Environments

Stop Program




16 ‘ Custom Control Laws for MIMO Random Vibration

To define a control law, simply define a Python function

that accepts specific arguments and returns an output
CPSD mgtrix. P J P f(Hva Sxxr Sxx kor Svv ks ) = Suvk+1

Control laws can range from a few lines of code to large
functions

F pseudoinverse_control(transfer_function,
specification
cpsd, #

f shape_constrained_ pseudoinverse(transfer_ function,
specification
bu

f match_trace pseudoinverse(transfer_function,
5 ification,

aint_matrix
np.linalg.pin

v.conjugate().T

xCiconstraint_matrix.conjugate().T

Shape Constrained Pseudoinverse Control

trace_ratio[np. an(trace_ratio)] = @
output = last_output cpsd*trace_ratio[:,np.newaxis,np.newaxis]
N output

Closed-loop control to specification Trace
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Alternative Control Law Definitions

Functions are useful, but some control laws require
additional capabilities:

> Functions do not maintain state between calls, all internal
data is lost when function returns

> For control laws with “set up” operations that should only
be called once, need additional logic

Rattlesnake also accepts other control law definitions:

o Generator function — Maintains state between calls, but
still requires additional logic to

o Class — Arbitrary data can be stored to and accessed from
the object, functions can be defined that are called at
various times in the controller to set up the control law.
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Defining control parameters — Time History Generation

We must now define our second environment, which is a simple time history generator

Load in signal from a Matlab (.mat) or Numpy (.npy or .npz) function

Signal will be output as is to the exciters

When finished we initialize the environments which sends all environment parameters to the various portions of the controller

Signal
Statistics

IF Rattleznske Vibration Controller - m] b4
Dita Acguistion Setup Enviranment Definitian Eystem [dentification Test Predicions ‘=5t Profie About
% e e e =SS ber et . Tectimpacts roy Load Signal
= Show!  Signal Mex RIS
H = |
3 14 775N 2000 141
5 24 33533v+  50.00 354
& R 7T+ 1000 0T
Signal I
. g
Display *
)
@ |
10 ‘ ‘
Signal
Processing .
Parameters [ 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.3
[ Sample flate (2048 | Cutput Sample Rate 20980 | Output Channels |3 | Signal Sampies 0480 | SignaiTime [1.00 | Cancel Rampdown Tme [0.50 [

Stop Program

Irwtialize Envircnments




19 ‘ System l|dentification

With environments defined, Rattlesnake will perform a System Identification
> Only specific environments require system identification

Divta Arguisiion Setup Environment DeSnition Sywilin Jdentficaton Test Prediciions Test Profie Test about
§ | rranater Funciion average [0 of [20 l-.\..m Funcion Resporss | 10 J8376X4  ~  Refwence |12 2375604
2 | control Responses )
1] W od
3 oz
S| wa
0.3
02 a2
2 a4 Transfer
. 0 =0 200 500 200 3000 Function
o 3 Displays
Time -
History ..
Display 2
£.4
I— B o 0 0.6 0.8 1
Sk Deive Voltage
o4
[ t
1.9
0z
8
i 0.7
o
&
2.1
oz
4.3
System ID 4
0.4
Controls
T 0.2 o4 0.6 0.8 1 [ 200 a0 600 500 3000
|— ‘;:q:"‘ét [0t o Ele P Acrure [ Stmam Dt Sweaeming Fie St Fie.,
Stop Program
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Test Predictions

With the system identification, environment parameters, and control law defined,
Rattlesnake can make predictions for the given environment.

E Fattlesnake Vibration Controller

Data Acguisiton Setup Environment Defietion LSystem [dertification

Test Predichons TestProfie  Fun Test

E | Output Voltages [RMS)
5| r2em |
b 3034 Real Prediction
3 3mn Irmag Prediction

1

Output
Predictions

0.01 . ||
|

0,001

20001 -'1'|"| |'.l

I ! {fll-,lllllr

||, fi 4 0
¥ |I'1||I'IL|||I'T|IIJL‘l'.lL" ;A;:

G0 Lo Mandmum I AT I+

Go to Minisum 3 ITe4 T+

800

1000
e G o Masimum

bl Go to Minimum

1

Real Prediction

Reaal Spec

Imag Prediction
— Imap Spec

Response
Error
Displays

V]
[T Tt
o 200

16: 3392X+

16 23523+

400

a0

Stop Program




21 ‘ Test Profile

Combined environments tests can be complex, so Rattlesnake allows users to set up
test timelines.

o All environments can be started or stopped automatically

o Environments_mayv also implement their own commands (e.q. Set Test Level)
P rattlesnzke vibeation Cuntmll:l" L \ J 7 = m} =
Dﬂ!ﬂmﬂmﬂﬂ Enviranment Definrtion System [dertification Test Pradichons Test Frofie Run Test About
Prof‘l le Tirmestarnp [5) Enviramme: nt Operation Data
Event 1:0.::5 :‘, L.umch-R.und: v SetTestlevel ~ -6 eparaton ok . .n-
Definitions [|* 2 b il et g et ot o, '
| 3100 - | Launch Rande ~  Start Control TeSt PrOflle
a0 = | Gisbal « | Start Strearnin Visualization
5 |00 + | Launch Rande ~  Set Testlevel ~ 0
{..12.:-: + | Separstion Shr ~  Start Control
?.Ii.m + | Launch Rande ~  Stop Control  ~
. : Lawnch Random . s .
82000 ~ | Global ~ Disarm DA~ b Gy ,g;s.,-.:,b . %t ey, . 2 oy,
Giobal . .
: al.!;a_“"*‘g . nﬂ:!,-“mg
Save Prafe... Load Profie. .. Add Event Remowe Event -2 o 2 4 & a 10 12 1£] 18 18 n 22 24
Initalze Profie
Stop Program




22 ‘ Running the Test — Pre-arm

Global DAQ

Arm/Disarm
Stream to
T
Disk Rattlesnake Vibration Controller _ O %
Options s Acqisibon Setp  EmirnmentDefinton  System Identifcaton | TestPredihions  TestProfle  RunTest  About
|—| {®) Mo Streaming () Start Streaming from Test Profle Instruction () Start Streaming at | LaunchFandom | Target Test Level (C) Start Streaming Immedately  Select Streaming File.., Arm Data _&cquisitign Disarm Data Acquisition
15 Output Voltages (RMS) Response Error (d5) Duasta Display Start Profile Stap Profile
@ cene Chenre (] Switch Emvironment ta Profie Event i
§ 1 —— | R e Profile
= R Contral Channel 2
e - 0,00 Launch Random Set Test Level -6 Events
= 1 28376 X+ 0,00 Separation Shock Set Test Level 18 |
g 10 DCata Type 1.00 Launch Random Start Control
4.00 Global Start Streaming
g e 6,00 Launch Random Set Test Level D
i Create ‘iindow 12.00 Separation Shock Start Contrel
15.00 Launch Randem Step Control
. l_‘,\,"\"'l show al 20,00 Global Disarm DAQ:
. Autospectral
Deeigites
Spectal Dersities
10 Iphassjcoh)
Spectral Densities
[realjmag)
108 ‘iindow Operations
Tike 41
Windows
- e —— Close A
arrent Test Lewvel arget et Levea e \m"s

=]
ar
B
:
=]
i

-
—_

Start Environment

Stop Environment 7 ™™ 0 500 00 o0

Stop Program




23 ‘ Running the Test — Running the Profile

Onsts Srquistion 5=tup Emvronment Definiion. System IdenfificsSion TestPredictions  TestProfie Run et dbout

i) Mo Swewming (7 Start Streaming from TestProfie Matnucson () SEMESieaming 3t |Launch Randem | Targes Test Lavel () SEArt Streamng Inmedately  |[Select Streamng Fie...| | | Arm Data Acquisition Disarm Data Acquisition
g Ouignst Vokiages (RMS) | Response Error () Data Despay Start Profie Stop Profie
. [ swach Emaronment o Frofie Event
g wr| | — Spechiton F] Separation Upeeming Profle Instnuctions
— Rempanss
|II fL D00 Lawnch Random Set Test Level -6
|| | 000 Separation Shock Set Test Level 18
E f |IL 106 Lawnch Randam Start Control
10 \ .F A 00 Global Start Streaming
Start Wi w Ramp .00 Launch Random
12.00 Separatson Shock Shutdown
Random n “ Jr' from -6 to ke ment
. . 20.00 Ghobial Disarem DA
| Vibration . A 0dB
1
.
Start Environment .
Stop Environment 7 T a0 & T 00

Stop Program



Key Rattlesnake Strengths




‘ Developing New Control Laws

Rattlesnake makes it easy to implement new control laws into its framework
> Generally less than 20 lines of code to produce even complex, closed-loop control laws.

o Can investigate effects of control laws virtually prior to fielding on real systems

Dats Acousiton Sehp ~ EmvironmentDefinition  System [derdfication  TestPredictions  TestProfle  BunTest  About

Sarmphra Padaie bers Test Spacification

g Sangle Rale Samples Per Frame  Saegles Par Acguine Frine Time Row 1 WIWA+ | Coew 1o WIMAE v frorments_Controler test_data B0 _Fuodus_Testymmefoation.nps|  Losd Spee
E ) [soa+ #] [522 [o.s50 | coscitcation: sngie Entry
Myquist Frequency  FFT Lines Fregquency Spadng  Test Lewvel Ramp Time
1024.00 |5tz | [200 Jo.20 =] i
E 1 . I--1.' '1I A
System ID Paramessrs = ol P ..*' L 1 I'..
— lmag! F, M W
‘E Averagng Type  System IO Averages Averaging Coefficent  FRF Techrigue - ary Fart Ir|| : y '.""‘r'w b
- ] N
Linear P %] o100 : W / LTI »
i’ 2 ] 0.0 = [ 'L'Ill AN A M e Al A
FRF Window Overisp Percertage wmn:mmmrmmﬁ . ,| o "-“uﬁ;'l W 7y iy ;l'.f-'f‘v‘\',--\\,‘_.-.-__.ﬂl.l_.
Hann | [smo0 z| loom 2| puring Conrai? /
J
Sgral Generation Parametens 1 nakil "..\'Nv
el
COLA Window COLA Overlap % Window Exponent Samples per Output ...l‘
Tukey «| [sam HIE 2] [se2 e M
/
d
Contrdl Parameters |
Frames in CPED [rput Charnels Contral Chanmels  Quiput Channels 1
r r (] ] mo ] & 500 & n a0 L] 1003
= H[= s
CPED Wandow Trarmform Charreds.  Trarsform Cuipis Trarak .
Hamn | |27 I | Hatrices...
1 ,'a'l I 4 A
Coritrol Python Saipt A | N P \ A
i o o
_Contrelier \oordr ol \conivel_lisd_py Load 1 i Wi ‘-;,l\
f
Conitral Pythen Function h ||". I \
I\ |I P il A -
[ e ] W Funchon v 1o II b ‘-'-4 ’_-' SR ol hi " P Bt _pr s o
Corvtrol Parameters ( )
e i pal
el
e
1%
] 100 ] ;0 a0 0 ] 00 =00 900 10

Stop Program




‘ Response and Output Transformations

Rattlesnake implements capabilities for response and output transformations.
o Can implement 6-DoF and Modal Transformations
o Example Use Case: For test articles with significant unit-to-unit variability, may make sense to control to “modes”

than to control to “responses”. Target modes can be moved through the bandwidth to accommodate variations in
the test article.

| Daita Arquisition Setis Errarcnment Defnisor Gysten Jdentificason Test Predctions Test Profle R Test Bbaut I
é ‘Eamghng Farameters Test Specfication
2 | DemplnRaln Sy Vo Pramm: by Par ey Framess i R | Lt Wl Respe | Coburn 1 Virkusl Respe Contraber fiest_data AR Ewodus Testignectication transform.nca | | Laad Spec
i [ne | (1024 &[5tz | |80 .
5 Nyouest Freguency  FFT Lines Freguency Spaong  Test Lewel Ramp Time
[1024.00 | 523 |z00 | [o.20 B » i
E —— i e Rnﬂ‘ﬂ“ i o s —— S S E————
'E Sveragng Tyoe  System D dverages Swversgng Coeffioent  FRF Techreoue ol ~— Imagrari Fart
p
,i Linear | [ — El|paa 3 e »| | 3.0001 q
FRF Wingaw Crewlap Percentags Syibem D RMS Veltage O TF 1
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22 I Component Vibrafuge — Controlling combined
environments with Rattlesnake

Proof-of-concept combined environments testing was
Beaformed using the Component Vibrafuge as a test-
ed.

o Centrifuge environment controlled using open-loop time
signal generation capabilities

> Vibration environment controlled with Random Vibration
capabilities

o Used test profile capabilities to synchronize environments,
run vibration when centrifuge hits test level.

One-click running of test profiles greatly simplifies
combined environments tests.

o Critical for functio with one-time-use items

Pl: David Siler




29 I Modal Testing — Tuning excitation for tests

A shaped input spectrum might be necessary for modal
testing:

> DIC — Limited displacements at high frequencies, need to
increase force to compensate

o High-frequency modal — Shaker force falls off after shaker

resonance.
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1 | 6DoF + Modal Shakers — Flexible capabilities enable non-
standard test configurations
6 Degree-of-Freedom (6DoF) shaker can excite to much

higher levels than small modal shakers, but base excitation
lacks control authority.

Supplement 6DoF with modal shakers to “fill in the gaps” of
the 6DoOF test.

Issues with initial commercial controller resulted in trying
out Rattlesnake.

Control problem consisted of 14 drives controlling 21
control accelerometers.

Wrote custom control law for this test combining shape
constraint and buzz test approaches.

Able to demonstrate improved responses due to additional
shakers:

o |nitial 6-DoF test did not excite the torsion of the Wedding Cake
sufficiently

o Additional modal shakers targeting that motion improved
response.

Pl: Kevin Cross and Brandon Zwink






» | Rattlesnake provides a flexible framework to perform
MIMO and Combined Environments research and

development.
Integration of custom control laws enable rapid iteration on new control strategies

o Researchers don'’t need to write their own complete control systems
o Researchers don’t need vendors to implement ideas into their proprietary control systems

Flexible environment interface allows extension of Rattlesnake to new environments
> New environments need only implement the interface defined by Rattlesnake

> Multiple environments can be run simultaneously, with a test timeline available for repeatable testing.

Flexible hardware interface allows extension of Rattlesnake to new hardware devices
o Currently supports two data acquisition programming interfaces (NI DAQmx and LAN-XI OpenAPI)

o Can also perform testing on synthetic “hardware” by integration of modal equations of motion or state
space matrices

Rattlesnake is already being used for research applications at Sandia National Laboratories
o Has been used to combine vibration and centrifuge tests
o Has been used on tests with up to 275 channels (~50 control) and 12 shakers

You can use Rattlesnake too!
o Download at: https://github.com/sandialabs/rattliesnake-vibration-controller



https://github.com/sandialabs/rattlesnake-vibration-controller

Questions?




