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MIMO VCS | MIMO Testing

Multiple Shakers driving a single table to produce SDOF or
MDOF vibration

» Large structure testing that cannot be excited with a single shaker
without extensive fixturing

» Large structure testing with a single shaker does not provide
sufficient force

» Tests that require simultaneous multi axis excitation (translation
only)

» Tests that require simultaneous multi axis excitation with rotation

» MDOF testing is recommended when SDOF testing is inadequate to
properly distribute the vibration energy to satisfy the specification
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MIMO VCS | MIMO Testing

Terminology (MIL-STD-810G Method 527)
Single-Degree-of-Freedom (SDOF)

Multi-Degree-of-Freedom (MDOF)

Single-Exciter (SE)

Multiple-Exciter (ME)

Single-Axis (SA)

Multi-Axis (MA)

MESA (multi-exciter, single-axis), MEMA (multi-exciter, multi-axis)
SISO, MIMO

YV V V V VYV VYV VYV VY
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MIMO VCS | MIMO Testing

Single-Exciter/Single-Axis
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MIMO VCS | MIMO Testing

Multiple-Exciter/Single-Axis

TEST ITEM
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MIMO VCS | MIMO Testing

Multiple-Exciter/Multiple-Axis

A CRYSTAL
INSTRUMENTS © CRYSTAL INSTRUMENTS 2020



MIMO VCS | MIMO Testing

Coordinate System Nomenclature

Degrees of Freedom (DOF)

» Arigid body has 6 degrees of
freedom

= 3 translation (X, Y, Z)
= 3 rotations (6,,0,, 6 ,)
» Z vertical, X & Y horizontal
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MIMO VCS | MIMO Testing

Degrees of Freedom
» Translation
= X, longitudinal
= Y lateral
= 7, vertical
» Rotation
= around X, longitudinal roll
= around Y, lateral pitch
= around Z, vertical yaw

Longitudinal

Y
Vertical E;tﬂfdl
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MIMO VCS | MIMO Testing

MIMO Testing Standards
» Mil-Std-810G Method 527
» |EST-RP-DTE022

» |EEE 344 Seismic Testing

» Transportation Time waveform Replication
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MIMO VCS | MIMO Testing

MIMO Testing Types

» MESA: Dual Shaker, push-push/Push-pull
» MEMA: Three-Axis shaker, other tables
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MIMO VCS | MIMO Testing

3-Axis Shaker Table in Motion
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MIMO Vibration Control System | Hardware Overview
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MIMO VCS Hardware | Spider-8OM

Spider-80M
MIMO Vibration Controller System

 Modular, scalable, exchangeable.
e Support up to 8 output channels and
512 input channels.

* Usable together with strain

SPIDER-80M |
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MIMO VCS Hardware | Spider-80M Main Specs

High Channel Count Vibration Test Control: scale up to 512 inputs
High Dynamic Range of Input : up to 160 dBFS

Inputs: 8 BNC connectors per front-end, voltage or IEPE, single-ended or
differential, AC or DC coupling, 24-bit A/D converters, input range +20 volts, up
to 102.4 kHz fs/ch

Outputs: up to 8 BNC connectors per front-end, 100 dB dynamic range, 24-bit
A/D converters, £10 volts range

Channel Phase Match: Better than £1.0 degree up to 20 kHz among all channels

Computer Connections: 100 Base-T, RJ45 female connector supports
connection to PC or network switch

Internal Memory: Flash memory for data storage is 4 GB per unit

A CRYSTAL
INSTRUMENTS © CRYSTAL INSTRUMENTS 2020



MIMO Vibration Control System | Software Overview
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MIMO VCS Software | Introduction

» Customizable layout and display
supporting multiple monitors.

» Template-based reports

» Graphical tools and wizards are added to
make setup a snap

» Interface has been arranged to make it
logical and more useful

» Event-Action Rules, Abort-Sensitivity, and
other features simplify operation

» One central location for all parameter
setup
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MIMO VCS Software | Safety Features

» Pre-test checks drives, sensor responses

» Shaker safety limits

» RMS limits for control signals

» Output voltage limiting

» Open loop, sensor failure detection

» Use limit channels with customized limit profile

> Channel overload and sensor overload detection
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MIMO VCS Software | Overview Test Types

» MIMO Random

» MIMO Swept Sine

» MIMO Classical Shock

» MIMO Transient Time History

» MIMO Shock Response
Spectrum (SRS)

» MIMO Time Waveform
Replication (TWR)

New Test Wizard

Select test type

This test will be applied to the configured default system

Vibration Control (VCS)

MIMO Random

MIMO Swept Sine

\ MIMO Classial Shock
MIMO Transient
Time History

MIMO Shock
Resporse Spectrum

MIMO Time Waveform
Replication

OPOOOCOO

MIMO random control is one of the most used multiple shaker control type, which provides precise control in
real time. The device under test is subjected to true random noise with a precisely shaped spectrum with
Gaussian amplitude statistics. The recording option records time-stream data at the full sample rate on all
input channels. For MIMO random control, multiple random profiles will be defined for each control
channel.And the relationship among these controls can also be defined and controlled, or not.This will result
in different MIMO Random control modes: Magnitude only control, Mag and Phase control, and the Advanced

control.

All Templates

Taghtag o' 1 12

Coi M5 03067 g (V0 28Wz - 300 0BNZ)
arget WS (ol Lawel] § 3859 g (10 00w

Enable 3-axis control

Next > Cancel
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MIMO VCS Software | Start Page

@ EDM Spider-VCS Start Page ? X

A CRYSTAL  EngineeringDataM £Syst
> Open a recent test NSTRUMENTS g araTianagementystem

8.1.8.23
Recent tests Account login
Open Test...
» Create a new test

1. MIMO Sine Y Z plane41 [VCS (MIMO Sine)]
2. Random online ods49 [VCS (Random)) Password:
3. SRS override19 [VCS (SRS)] Login to Spider-VCS user account.
4. Random average control48 [VCS (Random)] Keep me logged in Login

» Log into an account
Create a test Spider connectionstats

(No Spider found that matches withany inthe license keys.
‘O Random

Sine on Random Random on Random
SROR MIMO Random

‘O Swept Sine

Resonance search and tracked dwell Multi Sine
Sine Oscillator Sine Reduction MIMO Sine

» View the list of Spider
hardware

4@ CIaSSical ShOCk Do not show this start page

Run Spider simulation

Detect more Spider..
Transient Time History Control SRS Earthquake
Transient Random Sine Beat Seismic

MIMO Shock MIMO TTH MIMO SRS

Time Waveform Replication MIMO TWR
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MIMO VCS Software | MIMO Random

» In a MIMO Random test, the shakers are driven by wide band random signals.

» Feedback control adjusts the drive signals to generate responses that conform

to the specified test profiles.

» The control algorithm calculates the inverse FRF matrix between the output
drives and the input control channels. Besides the FRF update, the non-linear

control helps correct the control errors.
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MIMO VCS Software | MIMO Random

» Dual Shaker MIMO Random test: Same Profile in phase

@ Engineering Data Management Spider-VCS

[= Control Composite View Signal Display Control Panel
x (Profils (cz2) x| pomsmeay| oniine
i 2
Lo 2 T T m T T | . | ———
k B Run Pause Stop
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001 s 33 Z 2 R 001  HISIGR00G=HIGRABomCZ2) RS-+ 9355 GV\EQMHQE%QWELN B -

i 8507 . M Save Time. 120122048507 03 P =
e : T — - = Ctri DOF: |2 ~| Drive DOF: |z -
e || e e v [ =

1.00E04 | L
1.00E:04 | i
1.00E-05 |- E Ctrl RMS: Target RMS (g)
il ] 1.002) 1.001
1.00-06 | | . .
1.00E-06 |- - | |Elzpsed/Totak Remaining:
1.00E-07 _ 00
I ] 1 oo0:00:00 |
1.00E-07
' ' Frequency [Hz) C L L Frequency (Hz]] | | Full level elapsed: Total elapsed: ‘
= 20 100 1000 2000 | [ 20 100 1000 2000 r
= = 00:05:00 | 00:06:24
(SIGO000_APS(Drive(DZ1)),SIG0000_APS(Drive(DZ2)) % | (SIGDOOD_H(CZ1,021),51G0000_H((Z1,D22),SIG00D0_H((Z2,071),5160000_H((Z2,022)} x 150N I:;‘
mm s
Hag V= [ Hz } 5 —— SIG0000_APS(Drive(DZ1)) a8 (a)/ (V) SIG0000_H(CZ1,DZ1)_1
SIGO000_AF S{Orive(DZ1)) RMS. 00228 V (20.00Hz ~ 2000.00Kz) SIG0000_APS(Drive(DZ2 K
0.000040 |{5160000_AF 5(Drive(DZ2]) RMS: 0.0784 V (20 00Hz ~ 2000.00Hz)
Save Time: 12/17/2048 5:07:03 PM
0.000030 |-
0.000020 |
0.000010 |-
0| 4
0.000000 % A_JE\_ N ]
L L L Freguency (Hz) a0 | 4
o 20 500 1000 1500 2000
L] 40 . . . Frequency (Hz}
(SIG0000_Block(Ch1),S1G0000_Block(Ch2)) % [(51G0000_Block(Drive(DZ1)),S1G0000_Block{DrivelDZ) . — " - - <0000 FHCZI0zI2 ‘ Set el H
= SIG0000_H(CZ1,072) 2
s i I ~— SIG0000_Block(ChT) LI ! T ] ! ! R ‘
L — S5IG0000_BlockiCh2) | L .
or | |
Abort checks: e |
0o Schedule clock timer: o
Closed loop control; S
01 ko Status/Operations =
Spider connected. Press [Run] to start the
i R g test.
L L Tikye L L L L L Tinge (ms) L N " Frequency (Hz)
|l 50 9 3 58 w0 10z 104 |z 76 80 8 a0 95 100 108 ) 500 1000 1500 200

heew oo
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MIMO VCS Software | MIMO Random

» Three-Axis Shaker MIMO Random test with Different Profiles, no phase control

| #3393 3msasy |

Control Composite View Signal Display

Profile (CCh1) % || Profile (CCh2)
Toghag g* T T T TogHag g° 7
e | [Cirl. RMS: 5.1154 g [20.00Hz ~ 2000.00Hz) | Rk R | [Cirl. RMS: 5.0731 g (20.00Hz ~ 2000.00Hz)
} [Target RMS: 5.0000 g (20.00Hz ~ 2000.00Hz)| | i [Target RMs: 48936 g (20 00Hz ~ 2000.00Hz)|
i.__jl'_\ | i
01 . FeEE !
“ o1
0.01 ""-'-L ______ CHIDOR: cni  [+] DriveDOE  Drivet [+]
1 \“"\\J e 0.01
Level: UL LEA Drive Pk: 1.596V
oo | -  100.00%] [_1.596V]
TRt 005 05
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IIEI I | Set level H Level up H Level down |
Prafile (CCha) % | (APS(Drive(DDrive1)),APS(Drive(DDrive2)), APS(Drive(DDrive3))) x | Restore level H Reset avg H Nest entry |
LogMag g* T Hz [Ctrl. RMS: 5.1462 g [20.00Hz ~ 2000.00Hz} Loptagiti —— APS(Drve(DDrivel)) —— APS(Drive(DDnve2)) | | Save FRF ‘ Show pretest H Rec. |
{Farget RMS: 5.0000 g {20.00Hz ~ 2000.00Hz)| —— APS(Drive(DDrive3})
i Abort checks: OoN
01 —m;\“ e, h Schedule clock timer: ON
1.002-04 S, i
Closed loop control: ON
0.01
1.00E-05 |APS(Drive(DDrive1)) RMS: 04183 V (20.00Hz ~ 2000.00Hz)
- [AP S(Drive(DDrive2)) RMS: 0.3644 V (20.00Hz ~ 2000.00Hz)
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0.001 =
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10 ]
-10 ¥ :
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MIMO VCS Software | MIMO Random

Non-linear Control

» Enables the advanced control algorithm S .
that compensates for non-linear Genera

[C] Adjust High Alarm/Abort by level whenit is less than 100% (0dB

D Start notching when level is less than 100% (0dB)

response in the test syste m. i i [l Display Alarm/Abortwithleve

[C] Disable Control low limits while notching ~ Abort ramp downrate (dB/s): 20
Continue target level 250| % (-12.0dB)
Level change rate (dB/s): 20| Adjust level step (dB): 0.82785
L] L] L L]
» Significantly improve the control e

— Non-Linear control [C]] optimize displacement

performance for vibration tests on tamp-mrte - |
mechanical shaker systems. e e

“Fastest” rate is not commonly used. Please make sure you're confident with the system’s
connections and there is no safety concerns.

» Should be left enabled for all tests unless ,
advised otherwise by a manufacturer’s artoss contro
service representative.

- W

oK Cancel
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MIMO VCS Software | MIMO Random

Using Non-linear Control

= When controlling the profiles with Mag/Phase, profiles are correlated. The FRF matrix cannot be
updated. The non-linear control is the key to correct the control errors. It is also used with the Mag
mode for the Mag control, when the FRF matrix can be updated to achieve fast control.

= A hydraulic driven shaker usually has very strong non-linear effect. The estimated transfer function
does not completely represent the characteristics of the system. Enabling Non-Linear Control can
increase the control accuracy so the control spectrum matches the profile better.

= When UUT has sharp resonances, the data windows applied in the data acquisition process
introduces non-linear effect. To increase the control accuracy, turn on the Non-Linear Control option.
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MIMO VCS Software | MIMO Random

> Non-linear control in action

Without Non-Linear Control

s

&M o)
1.002f 1.001]

1o0e0s. Clpreaiont Remaining

With Non-Linear Control
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MIMO VCS Software | MIMO Random

» Multiple Channel Control Strategy -
o Weighted Average BT I ~
o Maximum : ' |

o Minimum

Delta freque

trategy Abort type H update ratio (0.0~ 1.0

parameters

5.000000 +| |Single channel ~ | Magnitude abort hd 0

ofile Single channel

Frequency range (fa)(Hz o et
Weighted average

Calculated by profile v Maximum

Minimum

Correction Control

Control channel Control DOF Correction MCoh. Min,
Or 07
2 O 07
Z O 07

Abort sensitivity

U / Customize
i 0.5 10
Not Sensitive Very e
Summary
Block T=0.2s dT = 0.000195313 s
Sampling rate (fs) = 5120.00 Hz Frequency range (fa) = 2000.00 Hz
|
v
Config. library - OK Cancel
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MIMO VCS Software | MIMO Random

» Multiple Channel Control :
Weighted Average

® Engineering Date Management Spider-VCS (Not Responding)

Loggedinas [Adm

psed:

Test Setup Contml View Layout Took Repot Help
7 [ signal Display R Contral P
g
= Profile (CY)
£
Toghag o™ ] Az T —— HighAbortiCX) HighAlarm(CX) TogHag g™ / Hz — TighAbomCY) FIghATaImICY)
[CoT_ RS- 0.5523 fm— Erut‘lﬁ’r‘»l‘«eh(grﬁlx‘ tmﬁﬂg()cm — profile(CY) LowAlarm(CY)
= =_ et RMS: 0.2996 —— LowAborl(CY} —— control(CY)
- APS(Cht APS(Cha) z 2 ouAborl contol
5 oo1 |- ]
0.001 1
[ = ]
1.00504
1.00E:04 |- d
1.00505 |- ]
1.00805 | o | Fullle l
100206 | | 0.050
in
1.00806 | |

Frequency (Hz)

Frequency (Hz)|

200

300 500

1.00206

Frequency (Hz)

L
100

200

300 500

.
10 2 30 50 Ta 100 200 300 500 20 30 50 0 100
LogMag g* / Hz L LogMag V= / Hz k APS(Drive(DZ) APS(Drive(DX))
[GoFws s aoang | —— HghAbonc) FighATmeZ) AP S{Drive DX ANS 0.0907 V (10 00 ~ 00 00
Tarpet RMS: 0.4000 g —— profile(CZ) LowAlarm(CZ) |APS(Drive(DZ)) RM V {10.00Hz oH
|AP 5(Ché) RMS: 04150 g —— LowAbor(CZ) —— control(CZ) i
001 e X - APS(Ch3)  —— APS(CNE) ] r 1
— APS(ChT) _ —— APS(ChE
i 100e.04
1.00504 ED
1.00E-05 1.00E-06
] 1.00E07 | |

Frequency (Hz)|

200

300 500

Savini

Test name: MIMD Randnm 3 axis -weinhted:Samnlinn rafe (f<). = 1280 Hz: Frennency ranne (fa) = 500 Hz

Logout  Hide/Show  Style @

sl elapsect

2.52208

Setlevel Level up Level down
Restorelevel  Resetavg Next entry
SaveFRF Showpretest Rec
Abort checks: OFF
Schedule dock timer: on
Closed loop control: on
-
Collapse status panel ¥

g block signals...
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MIMO VCS Software | MIMO Random

» Multiple Channel Control :
M d Xi mum e b e A

L [ signal Display + |Cantrol Panel 1

y X |-gmm§.‘ Online
—— HighAbor(CY) HighAlarm(CY)
TR — profile(CX) LowAlam(CX) TRt — profile(CY) LowAlarmi(CY)
|Target RMS. DJEI]EUQ = LowAbort{CX) = control{CX) = LowAbort(CY) = control(CY]
oor (BB T askh o APS(Ch1) APS(chi) | ﬁﬁ
4] RMS 0 3436 oo1 | 1

Profile (COX)

sisa11806Y

Toghteg g 1 iz T [— HighABor(CX) HighAlarm(CX) Taghag g7 Bz

0.001 Ctri DOF: 7 = z -
0.001
003 03
1.00E04 — L —
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1.00E-05 |- sk
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e —
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100807 | ] Pl i
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1.00205
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10 20 30 50 70 100 200 300 500 10 20 30 50 70 100 200 300 500
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P, —— HighABOM(CZ) FighAlaMmICZ)

[Cur RMS: 04138 5 — profile(C2) LowAlam(Cz)

e e —— LowAbort(CZ) —— control(CZ)

e stcns) -0 392 - APS(CN3) ~ —— APS(Ch6)

001 o =
R e APS(ChT. APS(Ch8
000t Tty Setlevel Level up Level down
Restorelevel | Resetavg Next entry
ol SaveFRF Showpretest Rec.
100504
Abort checks: on
Schedule dock timer: oN
100505 Ao Closed oop control: on
-
ro0g07 | | Test running...

1.00E08

» Frequency (Hz)
10 20 ) 50 i) 100 200 300 500
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10 2 3 50 0 100 200 300 500

Test name: MIMD Random 3 axis -Maximin:Samnling sate (fs) = 1280 Hz: Frenuency rnoe (fal = 500 Hz.
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MIMO VCS Software | MIMO Random

» Multiple Channel Control :
Minimum o

Logout Hidejshow Style @

Setup Control Wiew Layowt Took Repot Help Loggedinas [/

z [ signal Display e ControlPared
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MIMO VCS Software | MIMO Swept Sine

» MIMO Swept Sine test generates one frequency at a time and sweeps through a
pre-set frequency range.

» Feedback from the control signals are then used to adjust the output drives such
that the response signals of the UUT match the test profiles.

» Each test profile is a linear spectrum with the amplitude versus frequency. Mag or
Mag/Phase mode can be used to define the profiles. The profiles can be the same,
or different.
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MIMO VCS Software | MIMO Swept Sine

» Dual shaker MIMO Sine test: Same vs. Different profiles
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MIMO VCS Software | MIMO Swept Sine

» Three-Axis Shaker MIMO Sine test with different profiles

[E control Composite View Signal Display
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— | ——
W Abort cheds: onN
01 t .
i Schedule clock timer: ON
;
N ! gy — : “on T
i i Closed loop control: ON
[40.67 ! | |
1 Frequency (Hz) 1.5 | 0:00:41.475 i i Time {ms)
El 8.0 20 30 50 70 100 200 300 550 g‘ 50 -40 30 -20 -10 o
(H(CCh1,DDrive1),H{CCh1,DDrive2),H(CCh1,DDrive3),H(CCh2,DDrive1), etc.[9]) % | (spectrum(Drive(DDrive1}),Spectrum(Drive(DDrive2}),Spectrum(Drive(DDrive3))) x
LogHag W Tonask] [—— Spectrum{Drive(DDrive 1)
|Spectrum(Drive(DDrive1]) Max Peak: 0.1050 V Spemrum(Dr!ve[DDr!veZ))
|Spectrum(Drive(DDrive1}) Peak: 0.0727 V —— Spectrum(Drive(DDrive3))
1.0 Spectrum(Drive(DDrive2)) Max Peak: 01218 V
|Spectrum(Drive(DDrive2])) Peak:
01 sp ive(DDrive3)) Max Peak: 0.1214 ¥
5p- i i 0.0852 V
.01
0.001 0.1 E—
T e
80 Test running...
0 0.01 ]
50
[40.44
-180 Froquency (Hz)
E‘ 10 20 30 50 70 100 200 300 500
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MIMO VCS Software | MIMO Classic Shock

» The Spider MIMO Classic Shock Vibration Control provides precise, real-time
control and analysis for typical transient time domain signals.

» Classical pulse types include half-sine, haver-sine, terminal-peak sawtooth, initial-
peak saw tooth, triangle, rectangle, and trapezoid.

» Dual or Three classic Shock waveforms can be defined and under control. These
waveforms can be the same or different.

A CRYSTAL
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MIMO VCS Software | MIMO Classic Shock

» Dual Shaker MIMO Classic Shock test with same profiles

@ Engineering Data Management Spider-VCS

Test Setup Control View Layout Tools Repot Help

Recent tests o
N Open Properties Delete

8001 MIMO Shock 2 axis Shaker [MIMO(Shock)]

' .7, System (SN:998656) ~=

8001 MIMO TWR 2 axis Shaker [MIMO(TWR)]

7202 MIMO TWR2 axis Apple testing [MIMO(TW|

. u_______ ] 1§

:ﬁ km RunFoldes | DataFiles

|45 profile (cz1)

I control{cz1)
T profile{czr)
[nn highabort(czy)
I lowAbort(CZ1)
|48 Profile(cz2)

4 control(CZ2)

| il profile{cz)
fna highabort(cz2)
Inn lowabert{cz2)
|48 Time Streams
il Cht

Han chz

|45 Time Blocks

lnn Block(Ch1)

lnn Block(Ch2)

I Block(DZ1)

I Block(DZ2)
|48 Auto-Power Spedra
[, drive f(DZ1)
o, drive_f(0z2)
|48 FRE

I H(cZ1,021)
[t H(CZ1,022)
In, H(CZ2,021)
|t HlCZ2,DZ2)

Engineering Data

01 MIMO Shock

= x
Loggedinas [admin] | Logoie | Hide/show | style| @
[=] signal Display « |Control Panel 7|
Frofie (cz1) % ontine |
1.0 4
0.3 | —
06 | 4
04 —
02 |
00 E .
02 =
04 —
L L L L | L | Time (ms)|
- -1 5 o 5 10 15 20 22
[l Control Peak Target(g):
T T T T T T T
1.0 | ~ +
o oo fE ozae/
| | !EVE‘ ive Pl |
M A
0.6 | 4 sble sifgle palse” | OupUTSHle pulse |
0a b 1 evetdown |
02 | -
G & |
0o g - =
= ger |
D21 —
aal 1 | | Abort checks: ON
A L I . L L . L Time(ms)| | Schedule clock timer: ON
-1 5 o 8 10 15 20 22
= Closed loop control: ON
(HiczL, 2),H(CZ2 DZ1) H(CZ2, % | Channel Status X, i s OFF
FegFieg (aI/V T 52T el ] iczoz ] | LeetenD Overload Unit RMS Peak M
—— H(CZz2,pz2 E ChERE)
- C— g 0.08835 0.34180 €
B
o CHIEPE] e
o — o : o072 im0t 0
2V -1 o 1 20V v
o1 —
001 L | | Frequency (Hz} |
Test ready, press [Run] to start
80
o
=0 ]
o Frequency (Hz]|
2 500 1500 2000 2500
< i » |
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MIMO VCS Software | MIMO Classic Shock

» Three-Axis Shaker MIMO Classic Shock test with different profiles

| 3503 smaosy |

5| B Control Composite View Signal Display

B Control Panel

-]
Profile (CCh1) x |[ Profile (Cch2) e
9 | J 9 | J |
| i | i | Run
| i I I I
° I =0 \ i Check
4.0 } 40 \ J only
o a0 ,.\ CulDOF: | chi  [o] DriveDOF:  Drivel [«
20 20
o o B [T 100.00% OGN  0.437v
"/ A\ N
0.0 ¥ ¥ — (o1 S —— ¥
! f ! = 005 05
/ ' A ' IR . ]
-1.0 : l : -1.0 : 'I
o | I 1 1 - | | I Control Peak Target (g):
| | I | | | i
— -1 5 0 5 10 15 22 — -1 5 5 0 15 22 5.1 66
=] =]
Profile (Cch3) x | (ch1,Cchz,ch3) erLr:vre[‘;G)‘
(R —— Ch1 100.00%| 0.432v
e level: drive Pk:
50 4.0 "
- EE e B'D | Enah!esinglepuhe“ Output single pulse
a0 // 1 20 | Setlevel H Level up H Level down |
- 1
B e | I | |
T Restore level | Resetavg | Nextentry
1.0 / | 0.0 fampmminged L i | B
0o + i \ BT J \J
e i B i | 20 | 00058.521 Time (me)
. 1 1 9 —— Ch2 Abort checks:
-2.0 . +
30 i i Tipa (ms) w0 Schedule dock timer: ON
- = ° : o = = 30 Closed loop control: ON
{H(CCh1,DDrive1)H(CCh,DDrive2), H(CCh1,DDrive3),H(CCh2,DDrive1), etc. 2]} x || =20 Inverse puise: A o
1.0
[FeaaatalitvT "t T 1 l
L i 0.0 A, —h, A
10 ; - 1.0
1.0 s 2.0 | 0;00:59.521 Time (ms)
] — ch3
v
4.0 el Operations -
= Collapse status panel ¥
20
Test running...
10
0.0 L l = I
o U RMS Higher than Alarm
20 | 008521 Time (ms) RMS Lower than Alarm
P 5117 -4000 -3000 -2000 -1000 a
|
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MIMO VCS Software | MIMO Time Waveform Replication (TWR)

» MIMO TWR provides precise, real-time control for long waveform
duplication up to 1 billion data points!

» Multiple long waveforms can be duplicated precisely on the shaker
just as they were recorded

» Includes Waveform Editor (EDM-WE), a flexible importing and editing
tools for long waveform signals

» Allows the recording of time stream data at the full sample rate on all
input channels

» Dual or three shakers can be under control and time data recording on
master front-end
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MIMO VCS Software | MIMO TWR

» Dual Shaker MIMO TWR test with same profiles

e

44444
bEilILLin:
::‘Etlg" :

HIRHTH

o~ T - s

—— ——-
—— - i ———
= RSt A
> o ——. —

| ‘ 3 ,,‘ e —
‘ |l 1 = =
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MIMO VCS Software | MIMO TWR

» Dual Shaker MIMO TWR test with Different profiles

lEsL SELp wunuW wiEw  Lopubt  uuis  Repuit DS

EIS] E control Composite View ErlEEn s
E [ Profile (Cch1) 3 [ Profile Output Index Window - Profile(CCh1)
o
& 9 !
| ]
05 20 4
0.0 LA il N A L 3.0 VAN Vo ST 0.0 !
1 v AT R et SR P AR £ ek T AREAYPY B e .
= =0 i CriDOR |ch2  [¢] DriveDOR  Drivet [«
-0 Ti 40 Tiny
ime (ms) e mel] | [} cvel: 100 e Drive Pk:
— 0 200 400 600 800 1000 1200 1400 600 [i— o 100000 200000 300000 400000 500000 600000 733998
I I 0.05 05
Profile (CCh2) x [ Profile Output Index Window - Profile{CCh2) x ————)
05 i i h Control RMS: Target (g):
b M M A A A A MU A 4 A M
YRRV RAV AT VAl W e ny R e o0 RMS error (%)
0.5 \ ¥ |
1.0 Time (ms) 40 Time (ms)|
El 0 200 400 600 800 1000 1200 1400 1600 El 0 100000 200000 300000 400000 500000 600000 738938 |
Profile (Cch3) 3 [ Profile Output Index Window - Profile(CCh3) x |
3 n l g T T ] T ——1 Profile CRICHZCN3 TWRPIo Ch3 | | | Abort checks: &3l
= T ] 1 | i i
U 2 9.2 ' | 1 t t F B | Closed loop control ON
o [ Mo Af‘ Ao V'\_f\ P, A ..,fL M l ! \n \ﬂ A 5E i J
e e e e >
| | ] 1
o5 20 ]
¥ i 65600.00 : HEEE ! B
1.0 Time {ms)| 4.0 i i i Time {ms)|
w ° 200 400 600 800 1000 1200 1400 100 | i 0 100000 200000 300000 400000 500000 600000 733998
(hinv(DDrive1,cCh1)hinv(DDrive2,CCh1) hinv(DDrive3,CCh1)hinv(DDrivel,CCh2), ete.[3]) % |[(drive_f(DDrive1),drive_f(DDrive2),drive_f(DDrive3)) x
FI5aM=s NG GT i LogHag T THz = =5 |— drive_f(DDrive1) —— drlve_f(DDrweE}_
il sttty =T drive_fDDrived) RMS: 00109 V (0.00Hz ~ 250 nm |=—_drive_f(DDrive3}
o1 1 0.001 ||drive_fDDrive2) RMS: 00682 V {0.00Hz ~ 250.0
| drive_f{DDrive3) RMS: 0.0313 V (0.00Hz ~ 250.0(Hz)
oot 1.00E-04 | i 7 Moo
0.001 ]P\ A
. i)
1.00E-04 + x | 1oos03 WY
IR i 2 T 1.00E-06
t i requency (Hz] \-\ j
1.00E-07 N
Phase [Degrbs) i3 T Status ns -
: A A X 4 B 1.00E08 =
© phdoerd Haime el 7, —pedten i i = F Test running...
o ety e = 1 1.00E08 | — —
-0 f 7 i 1.00E-10 | ——
-180 i b B k. i i i Il 5 == . 1.00E-11 | |
1 1 tequency (H ; :
05 10 10 100 2 | [ 06 10 10
=l
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MIMO VCS Software | Input Channel Table

» Input channel setup with
customizable column selection

> ‘ O nt ro | D O F fo r ‘ O nt ro I C h a n n e I S (% Input Channels for MIMO Random 3axis 32 chan v18 [MIMO(Random)] ? %
Non-acceleration control [#] Save as default [#] Auto Fixed LocationID

Tip: Use Ctrl=cand Ctrl+v to copy and paste selected rows or cells.

> Engineering unit assigned to each [ doe G weeo @9 G G s e e e G0 B

(M) [ 0n [Control

14 (4 0n  |Manitor
15 1 0n |Menitor

» Sensor library with optional o
sensor calibration notification e I

Chi4 Ch14 Acceleration
Ch15 Ch15 Acceleration
Ch16 Ch1é Acceleration
Ch17 Ch17 Acceleration

20.0000 (V)  |2.0000
20,0000 (V)  |2.0000
20.0000 (V) 2.0000
20.0000 (v)  |2.0000

(
100.00000 (mV/qg) AC-Single End
100.00000 (mV/g) AC-Single End
(
(

100,00000 (mV/g)  |AC-Single End
100.00000 (mV/g) AC-Single End

v 1Chl X Acceleration ~|lg 100.00000 (mV/q) AC-Single End ol ~120.0000 (v)  |2.0000
2(M) B2 On | Control v |Ch2 Y Acceleration vlg 100.00000 (mV/qg) AC-Single End ™ ~ [ 20,0000 (V) 2.0000
C h a n n e I 3(M) [10n |Control v |Ch3 Z Acceleration vlg 100.00000 (mV/g) AC-Single End v ~ 120.0000 (V) 2.0000
4(M) On [Monitor ~|Chd Cha Acceleration ~lg 100.00000 (mV/qg) AC-Single End v ~ 120.0000 (V) 2.0000 3
5(M) On [Monitor ~|Ch5 Chs Acceleration ~lg 100.00000 (mV/g) AC-Single End b ~ | 20,0000 (V) 2.0000 1
> A uto m at i Ca I Iy eXt ra Ct t h e T E DS »BM) On Monitor |~ |Ché Ché Accelerstion |~ |g 100.00000 (mV/g)  |AC-SingleEnd |~ ~|200000(v) {2.0000
7(M) EA0n |Menitor ~|Ch7 Ch7 Acceleration ¥lg 100.00000 (mV/g) AC-Single End ¥ w 120.0000 (V) 2.0000
o o 2(M) On [Monitor ~|Ch8 Chs Acceleration vig 100.00000 (mV/q) AC-Single End v ~ 120.0000 (V) 2.0000
S e n S O r I n fo r m at I O n 9 On [Monitor v |Ch9 Cha Acceleration ~lg 100.00000 (mV/g) AC-Single End b ~ | 20,0000 (V) 2.0000
10 On |Monitor >~ |Ch10 Ch10 Acceleration ~lg 100.00000 (mV/g) AC-Single End 7 ~ | 20.0000 (V) 2.0000
1 On |Monitor |~ |Ch11 Ch11 Acceleration v~lg 100.00000 (mV/g) AC-Single End N ~ 120.0000 (V) 2.0000
. 12 On [Monitor ¥ |Ch12 Chi2 Acceleration ¥lg 100.00000 (mV/g) AC-Single End s} ~ | 20,0000 (V) 2.0000
> F I Ite r Set u p fo r e a C h C h a n n e | 13 On [Monitor ¥ |[Ch13 Ch13 Acceleration ~lg 100.00000 (mV/g) AC-Single End v ~(20.0000 (V)  [2.0000
~ v|q ) v
W Vlg v b
v v|g v v
v v|g v v
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MIMO VCS Software | Shaker Parameters

» Shaker Configuration defines
the Drive DOF for each drive
channel

» Control DOF and Condition
number selection

» Shaker information can be
loaded and saved into library

¢ Test Configurations for MIMO Random 3axis 32 chan v18 [MIMO(Random)]

Shaker parameters  « ‘ Shaker configuration

Shaker parameters ‘ IThree—Axis E" ‘ Edit parameters Edit or save to a new configuration using the Edit parameters button.
Test parameters Drives

Fretestpacmels Output Channel | Active Drive DOF Dir [ Sigma clip Drive limit(Volt Pk) Shaker

Test profile

RMS limits B 0n 3 De ke

Run schedule On 3

Event action rules [ on z 3

Miscellaneous

Config.library ~

Max. control DOF: | Default EI Condition number threshold (%) QE{

Shaker information

Manufacturer [Default

Shaker name Default Shaker

Payload mass 1 kg

Actualshaker limits used in this test

Force peak 444,92| Newton

Acceleration peak 16.667| g

Max. velocity - 1.778] mvs

Max. positive displacement £.35 mm

Max. negative displacement 6.35| mm

Shaker orientation ‘ Vertical

Max. drive voltage peak 10V

Min. drive frequency 71 Hz y
< >
Load from Il'brary[ I Save to library ‘ ‘ Import manufacturer shaker list l | Export manufacturer shaker IiStl ‘ Import default Iibrary‘

oK | cancel
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MIMO VCS Software | Test Parameters

@ Test Configurations for MIMO Sine 3axis 32 ch v18 [MIMO(Sine)]

Test parameters
{| signalplot points

Shaker parameters

[Test parameters ‘ Initial drive (Volts):

Pre-test parameters
Test profile

Check against shaker
Run schedule

Event action rules

Miscellaneous

Sweep type:

Maximum drive
during ramp-up
and pre-test(Voltsy

Aborttype

Measurement strategy

Filter type

2048

[=] |- Advanced settings

0,005

I Logarithmic

[] [octmin

[=] sweepspeea

07|
|
Magnitude abort E

frer [l oo

Bandwidth (%)

Proportional Filter

L [z

[

¢ Test Configurations for MIMO Random 3axis 32 chan v18 [MIMO(Random)] 4 X
Test parameters « | =
{|Lines DOF Average Overlap ratio
Shaker parameters | [400 |ZI] ‘ ‘005‘ | soFE] ism ﬂ
Test paramet I -
Lol J Deita frequency (Hz) Aborttype H update ratio (0.0~1.0)
Pre-test parametars 1
1.250000 Magnitude abort 03|
Test profile l Ell ‘ Eﬂ |
RMSlimits Hequencyrange ()
Calculated by profile | Advancedsettings
Run schedule i E ‘ )
Event action rules “ Control
Miscellaneous Control channel Control DOF Correction MCoh. Min.
1 X o7
2 Y o7
3 Z o7
Abort i
& @ @ |Vestemiz|
00 0.5 10 -
Not Sensitive Very Sensitive
Block T =0.8s dT = 0.00078125 s
Sampling rate (fs) = 1280.00 Hz Frequency range (fa) = 500.00 Hz
v
< >
oK Cancel
& Test Configurations for MIMO Shock spec IMIMO(Shock)]
Test parameters « l Average Interval between pulses (s) Correctionrate (0.0~ 1.0)
Shaker parameters | AE‘ ‘ 1 [ 9
Testparameters | Drive timit Vot P) Level changing increment (dB)
Pre-test parameters ‘ 2‘ ‘ 083/ ‘
| Advanced settings |
Test profile L
SRS analysis R
Shock abortlimit (=} 0 & | customiz= |
Limit channels 00 0.40 10
igsikadile Not Sensitive Very Sensitive
Eventactionrules Y
Miscellaneous
Block T/Size = 0.64 s / 4096 dT = 0.00015625 5.
Sampling rate (fs) = 6400.00 Hz Frequency range (fa) = 2500.00 Hz
—

0645

Abort it
(= & @ | Customize
00 10
Not Sensitive o Very Sersitive
o Test Configurations for MIMO TWR 3axis v18 [MIMO{TWR] ? %
Test parameters « ‘ Block size: H update ratio (0.0 - 05)
Shaker parameters
Test parameters Control strategy Hint:For lightt, tarticies s larg the best
Pre-test parameters control
Fortest loads with linear responses, set H update ratio to 002 Use 02 - 05
Testprofie Level changing increment (0B) fornon-linear or time varying load responses.
Limit channels 083 Rrev——
Run schedule
Event actian rules
& '
Miscellmeois
Contralchannel  Control DOF Correction MConMin &
£ on 07 EI
B on o7

G———————————————————® cEnmE 256/ Points
o0 10

Not Sersitive i Very Sensitive

Summary of the first profile

Block T/Size = 1.65/1024 o = 0.0015625 5

Sampling rate (1s) = 640.00 Hz Frequency ange (fa) = 250.00 Hz dF = 0.63 Hz

Total time of the profile: 7328 5

[
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MIMO VCS Software | Pre-Test

» Broadband random signals from
the output channels are used to
measure the system FRF matrix
of the control channels vs. all
drives

Pre-Test status ? X
m/ 1
(m/sT)* [ Hz ; i noise(f) control{CX)
- s, control(CY) control(CZ)
001 | el gs, T 7
o001 |
1.00E04 | _——
1.00E-05 |
1.00E-06 |-
1.00E-07 |
1.00E-08 |-
1.00E-09 |- —
1.00E-10 F Hz
10 20 30 50 80 100 200 300 500
(®) control —)drive ) H(control/drive)

Finalize FRF

Qutput OFF (Open- Increase Drive
i ) —  EE— Close Loop — Ectimat

(Operioop)

Press the [Proceed] button to conduct scheduled test.
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MIMO VCS Software | Test Profiles

@ Test Configurations for MIMO Random 3axis 32 chan v18 [MIMO(Random)] ? X

Test profile J l Control mode: (

IMagnitude only () Mag and Phase

— | — : e ' MIMO Random

X 10G 514.6C Longitudinal o
Pre-test parameters

Test profile (1K |810G 514.6C Transverse b

]

RMS limits z
Run schedule

Event action rules

Currentprofile: 810G 514.6C Transverse © EditProfie
Miscellaneous — -

Tips: select from existing profiles using the pulldown list, edit or save to a new profile using the Edit Profile button.

Bt 00000 e
RMS (g) 020394
ngest Configurations for MIMO Sine 3axis 32 ch v18 [MIMO(Sine)] ? X
Hag g* [ Hz i ] P
2 Test profile = Controlmode (0)Magnitude only (8)Mag and Phase
Shaker parameters | 1
Ref X ¥ Z |
Test parameters = |
0.001 X 1 -

Pre-test parameters
ITest profile ‘ Y |Sine 2 bk

1.00E-04 Check against shaker z |Sine 3 -
Run schedule

1.00E-05 Event actionrules
Miscellaneous -

Current profile:  Sine 2 ‘W| Phase: ‘ 180.00| Degree
1.00E-06
Tips: select from existing profiles using the pulldown list, edit or save to a new profile using the Edit Profile button.
L FMHG\CY (“2) rrErEEiE
10 20 30 50 70 100 200 300 500
Showshakerlimits| | Accveypisp ¢ Y axisfomat |LogMag [~

‘—!—‘ |—w

MIMO Sine R ——
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MIMO VCS Software | Test Profiles

MIMO Classic Shock

g’ Test Configurations for MIMO Shock spec [MIMO(Shock)]

Test profile % | Current control channel: Ch2 ~ | [l Use one profile for all control channels
Shaker parameters ._‘“ r————lp ol Accalarton
Test parameters 5_n___1r:____1t___:ff___ ~ _1____—f____—f_'
Pre-test parameters e S S = o R e e
- R N /4 RG] | R (i
- N
SRS analysis R S I
s R=S e —— E\j_—__ .
Shock abortlimit o R _______;____4 —
Limit channels a0 -_:_____i e I____ l____ ] __?h;ein_sj‘
Runschedule -1 5 o 5 10 15 22 4o ——————————— ————Tim&[ms)|
Eventaction rules
.—.i Pulse parameters }. f Compensation para meters |
Miscellaneous
Pulse Type Compensation type —-[ 5"5“’ limits !—
Half-sine [+] Pre-post [=] |fPos. displacement: 6.35 mm
Amplitude (g) Pulse width{ms) Compensation pulse type I:e]i' il:pla;::e:: i
elodrty: 1. m
5000000% 11.00% Displacement optimum B |Acceleration' 09
—! Main pulse tails I— Pre-pulse height(%) |Force: 444,92 Newton
3.00
® MILSTD810G ) MIL-STD810H E [ Real max/min value | _
Post-pulse height®) = = =
] - : L = 3 [Max Vel: 0.23109 m/s 13% @
CIR0 0T ML TR0 50017} [Min vel: -0.13134 m/s 7% @
[| Reverse the pulse [Max Disp: 2.4255 mm 38% [7)
1 EC 60068-2-27 Customized = = L S
o 5 e [Min Disp: -2.5036 mm 39% @
Pre puise tail(%) _-.-_.;_-_?E |MaxAcc Sg 10% 0
? [Min Acc: -0.74931 g 1% @
Post pulse tail(%) |Max force: 14.71 Newton 3% 6
[Load from!lbwﬂ lSa\r: to library
Config. library  ~ ook cancel
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MIMO VCS Software | Test Profiles

4 Test Configurations for MIMO TWR 3axis v18 [MIMO(TWR)] ? X

Test profile < | ] T T T T T T T

Shaker parameters ' ! I I I | !

Test parameters

M I M O TW R Pre-test parameters
Test profile

Limit channels

Run schedule

|
Event action rules |
Miscellaneous | | |
| | |
| | |
TR S —— i =
| | |
[ | | i | [ =
6 i ] I i | i Timg (ms)
0 100000 200000 300000 400000 500000 600000 732798
= =
CtriCh# | Ctrl DOF Profile Name | Profile Che ~
1 X TWRDefault Ch v
2 Y TWRDefault Chi -
3 £ TWRDefault Ch1 -
Profil I | i i Fil ti nt
rofile name Sample rate Block size Duration ile location | On front-end ‘ Add profile
TWRDefault 640.00Hz 468992 7328s CAUsers\weij\OneDriveD... MNA
‘ Remove profie
| A4
< >

| Config.libray ~ ook cancel
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MIMO VCS Software | Run Schedule

» Run Schedule allows the
test to be run automatically
through a preset routine.

» This schedule can include
loops and periods of
running the test at a

specified level and duration.

» The schedule can also
activate any user-defined
events defined in the Event
Action Rules.

Select an item to insert:

F
Test schedule entries

Startaloop
Level and Pulses
Irvert Pulse

Start Manual Output Control

User defined events
My Report

Flash 5creenand Beep
Savesignals to PC

»

S

[ Schedule |

|E::I|T. entry | |FEI"'-'Z-- e entry | | Disable e:’-tr;| |r-1-:- £ up | | Move down

---Schedule begin---
Loop number: &
Loop number: 2
Level 25.00%, Pulses 2
Level 50.00%, Pulses 2
Savesignals to PC (Save results to PC)
Level 75.00%, Pulses 2

Flash Screenand Beep (Flash Screenand Beep)
Level 100.00%, Pulses 100
Savesignals to PC (Save results to PC)

End loop

My Repart (Create Report(My Report)

Save signals to PC {Save results to PC)

End loop
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MIMO VCS Software | Run Schedule

¢ Test Configurations for MIMO Random 3axis 32 chan v18 [MIMO(Random)] ? X

Run schedule « ||selectan itemto insert [ [ Schedule |
Pr—— pepe—— Remove entry| | Disable entry| | Move up| [Move down
Test parametars AR --Schedule begin—

op Loop numbes- 1

Pre-test parameten Run at Level Level -6.00dB, duration 00:00:10 [T ] a n O I I I
Testprofie Level -3.00dB, duration 0000:10 R |
RMS limits User defined events Level 0.00dB, duration 00:05:00 (|
Runschedule s

Save signals to PC
Flash Screenand Beep

e

My Report (Create Report(My Report])
Event action rules

Miscellaneous

"d' Test Configurations for MIMO Sine 3axis 32 ch v18 [MIMO(Sine)] ? b

Run schedule & |“‘ ‘"l ¥ axisformat LogMag [+] controlchannel z =]

Shaker parameters

Test parameters

Pre-test parameters

Test profile
Check against shaker

Runschedule

______________________ i SRR R EERFUTE o e o]
Event actionrules +

Miscellaneous

[Eaentn [Remove enry Disableent 1. | ove down)
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The End
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