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Introduction

Single axis vibration control tests are
widely used to qualify the behavior
of the unit under test (UUT). If the
UUT passes the test requirement
then it provides confidence about the
sustainability and durability of the
test structure. However, sometimes
excitation in multiple directions is
required to test the robustness of the
UUT which has led to the wide use
of Multiple-Input Multiple-Output
(MIMO) testing for the programmed
test profiles. It is therefore important
to make sure that the hardware setup
allows for the unit to be tested in
various configurations of single axis,
dual axis, or three-axis. However, it
takes long hours to manually change
the setup because of the components
(shaker setup, slip table, driving bar,
fixture, etc.) involved.

Crystal Instruments provides

one unique solution. The Control
Null feature provided in Crystal
Instruments’ Multiple-Input Multiple-
Output Random vibration control
software allows users to perform
single axis or dual axis vibration
control tests on a three-axis shaker
setup with a simple setup in the
software. The user can perform tests
in any direction of interest. With

this feature, the software nulls the
selected directions while maintaining
the control in the desired direction(s).

Using the Control Null feature,

the target level of the vibration for
the “Control null” channel will be
minimized. This allows the user to
run the test with one axis while the
other two axis shakers will try to hold
and maintain the shaker to be still

on a three-axis shaker configuration.
The drives sent to these control null
channels are computed to achieve the
lowest possible responses along the
control null direction. The responses
in the suppressed directions will

be significantly lower while the
dominant direction is still under

Figure 1.2 Table-top Three-Axis system

control. (Figure 1.1)

Test cases are used to illustrate the
efficiency of this feature. A three-axis
electrodynamic shaker system with
20 kN shakers, and a small table-top
three-axis shaker system are used

to demonstrate the strength of this
functionality by Crystal Instruments.
(Figure 1.2)

The proficient Spider-80M system by
Crystal Instruments’ is a dedicated
hardware for MIMO vibration control
testing applications. This chassis
features 8 outputs for maximum
efficiency in MIMO testing. The
MIMO Random test type from
Crystal Instruments’ EDM MIMO
VCS software provides precise,
real-time, multi-channel control for
multi-axis random vibration control
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tests. (Figure 1.3)

Test Details

1. A scaled down NAVMAT profile
is programmed to run the random
vibration control test. The target
level is 1 grms. (Figure 2.1)

2. First, a single axis vibration control
test is run while controlling the
shaker system in the X-direction
and measuring responses in other
two directions of Y and Z. This
vibration control test is performed
on a three-axis electrodynamic
shaker system. (Figure 2.2)

3. The same profile as shown above is
now run while controlling all three
directions on the same hardware
setup. The X-axis is controlled
to the profile while the Y and Z
directions are set to “control null”.
(Figure 2.3)

4. When comparing the single-axis
test and the three-axis test with the
Control null results below, users
can observe that the RMS value for
the non-dominant directions (Y and
Z) is almost four times lower with
the Control Null feature. (Table 1)

For the single axis vibration control
test, the “g” value in the non-
dominant directions is 30% of the
programmed NATMAT profile. For
the three-axis test with the control
null feature enabled, the “g” value in
the non-dominant directions is 8% of
the programmed NAVMAT profile.
This shows that the Control Null
feature is very efficient in suppressing
the response in the non-dominant
directions.

5. A similar test as the previous is
performed on a table-top three-
axis shaker system. The X and
Y directions are “control nulled”
while the Z-profile is controlled to
the programmed common carrier
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Figure 1.3 Crystal Instruments Spider-80M MIMO Vibration Controller
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Figure 2.1 NAVMAT Profile

profile for the vertical direction.
(Figure 2.4)

The APS and block signals of

X, Y and Z directions illustrates
that the drives are tuned in the X
and Y directions to suppress the
vibration along these directions,
while maintaining the control in the
Z-direction.

The results emphasize the efficiency
and reliability of the Crystal
Instruments” MIMO Vibration
Control Systems. To learn more,
please visit www.crystalinstruments.
com/mimo-vibration-control-
overview.
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Figure 2.2 Single Axis (without Control Null) Random Vibration Control test in X-direction
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Figure 2.3 Three Axis (with Control Null in Y & Z) Random Vibration Control test in X-direction
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Figure 2.4 Three Axis (with Control Null in X & Y) Random Vibration Control test in Z-direction

. . Without Control Null (Single | With Control Null (Three .
Direction . . Difference
Axis Test) - RMS Value Axis Test) - RMS Value
X (Control) 9.75 m/s? 9.73 m/s? N/A
Y 2.89 m/s? 0.74 m/s? Suppressed by 74.4%
Z 2.91 m/s? 0.81 m/s? Suppressed by 72.2%
Table 1.1 RMS Value comparison for Vibration Control Test with and without Control Null
Crystal Instruments Corporation Crystal Instruments Testing Lab Crystal Instruments Testing Lab Phone: +1 (408) 986-8880
2090 Duane Avenue 15661 Producer Lane, STE H 1548A Roger Dale Carter Boulevard Fax: +1 (408) 834-7818
Santa Clara, CA 95054 Huntington Beach, CA 92649 Kannapolis, NC 28081 www.crystalinstruments.com

© 2023 Crystal Instruments Corporation. All Rights Reserved. 07/2023

Notice: This document is for informational purposes only and does not set forth any warranty, expressed or implied, concerning any equipment, equipment feature, or service offered or to be offered by Crystal
Instruments. Crystal Instruments reserves the right to make changes to this document at any time, without notice, and assumes no responsibility for its use. This informational document describes features that may
not be currently available. Contact a Crystal Instruments sales representative for information on features and product availability.

PAGE 6 | CRYSTAL INSTRUMENTS



