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Why Do We Needad
Vibration lesting?

We are constantly surrounded by vibrations, some of which are
less welcome than others. Many products of automotive,
aerospace, electronics, and other industries are subject to
intense vibration impact that can cause severe damage to the
moving parts. This in turn might break the equipment, or even
endanger the life of your customers.

Preventing the damage caused by vibrations is the goal of
vibration testing.In today's article, we will take an overview of
this field and see how RULA can help you optimize the testing

process.
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Why do we need vibration testing?

Let's take aircraft as an example. An aircraft is susceptible to high levels of vibration at take-
off and landing, a certain level of oscillation during the flight, and increasingly high vibration
or shocks in turbulence. All of these may have an effect on the structure of the aircraft body,
as well as propulsion and flight control systems. Any faults in the construction or high
resonance may cause damage to the moving parts of the aircraft, creating potential danger

for the passengers. Our immediate goal is to counter this risk and ensure the safety of the
user.

By carrying out vibration tests, we can predict how much vibration the object under test can
withstand and prevent the damage it could cause. Along with other environmental tests,
vibration tests are vital for proving the reliability of the product during development,
manufacturing, and quality control.

A number of internationally recognized standards (MIL-STD 810, ISO, IEC, BS EN 60068-2-27,
DO-160) are introduced to regulate vibration testing procedures.
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What is a vibration testing system?

A vibration testing system is a set of equipment necessary to perform vibration tests. See the
elements of a vibration testing system below.

Closed Feedback Loop

Accelerometer
s

- T - i
EEl == [

PC Controller Amplifier Shaker

Vibration testing set

An electrodynamic vibration shaker or exciter is used to deliver force to the object under test,
proportional to the current delivered to its input. Essentially, the shaker works as a
loudspeaker. At its heart, it has a magnet or an electromagnet and a moving coil of wire
suspended in the magnetic field. When a certain current is moved through the coil, it
produces a proportional vertical force, which moves the table structure of the shaker with
the test object fixed to it.

A power amplifier receives the signal from the vibration control system and delivers the
necessary amplified power to the shaker.

Sensors are mounted on the shaker table and/or test object to register the impact from the
shaker and send the information to the vibration control system. In the course of vibration
tests, accelerometers are most commonly used, even though other types of sensors
(velocity, displacement, force, strain gauge, etc.) may be required, depending on the
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particular tasks. The most widely applicable accelerometers are IEPE and charge
accelerometers.

Nowadays TEDS accelerometers (Transducer Electronic DataSheet, which have embedded
information about their sensitivity) become more and more widespread.

What is the role of the vibration control system?

RL-C21 Vibration control system

In a test set, a controller (or a vibration control system) is the brain center of the vibration
testing process. Along with the vibration testing software on your PC, the system controls
each step of the vibration test.

Before a vibration test, the user enters the required parameters of the test in the software.
The system is to guarantee that the object under test receives the exact specified impact. To
do that, a vibration controller is to ensure a closed control loop.

The closed-loop feedback mechanismin a vibration test is initiated at the test start-up. Before
running a test at full capacity with the parameters specified by the user, the controller
delivers a smaller signal to the shaker, in order to register the alterations and distortions to
the signal caused by THD of different system elements (shaker, amplifier, sensor, and the
controller itself).

The controller then makes the necessary corrections, so that the response signal precisely
corresponds to the task, and runs the full-scale test.
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® Start check (Random)

Test parameters (do_160_random.rndx)
Profile

Frequency range 10-2000 Hz

Total test time (hh:mmiss): 100:01:00

Directories
Test directory: CARULA\Rnd

Report folder: CARULA\Reports
Channels settings directory: C:\RULA\Chans

Shaker configuration
Shaker: IPA1080H/H70110A

Frequency range 2-1000 Hz
Force: 700000 N

Shaker configuration

Limits and control settings
Object mass: 40.2 kg

Maximum output voltage: 7 V

Sample rate: 8192.0 Hz

Configuration of channels (tst.chnx)

Channel Name Sensor type  Sensitivity Type
Channel 1 == Linear 100.00 mV/g Control
Channel 2 S Linear 100.00 mV/g Measuring
Channel 3 --- Linear 100.00 mV/g Measuring
Channel 4 --- Linear 5.00 mV/g Measuring
Drive Type

Outputl Control

[] Hide disabled channels and outputs

: Acceleration 6.10 g (02 %) Velocity 0.08 m/s (47 %)| Displacement 0.73 mm (-9 %)

I Run test Il Cancel

VisProbe SL pre-start check window

Another important function of a vibration control system is to ensure that the predefined
vibration test is safe for the operator, the equipment, and the object under test. For that
purpose, a good vibration controller runs a number of pre-start checks to confirm that the
shaker, system, and sensor parameters are within the established limits. Besides, the
controller needs to have an efficient emergency stop mechanism to prevent shaker damage
during the test.

We strive to provide maximum automation of the vibration test process. The user will need
to enter the initial test parameters in intuitive software, select the shaker and sensor
parameters from a convenient database, choose the necessary test type or test sequence,
and press Start. There is minimum involvement on the part of the operator during the test —
they can visually control the test progress on the test panel and observe the data on well-
designed graphs of their choice. On test completion, the software will create a full test report
based on an existing pattern, or user-defined.
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Therefore, it is hard to overestimate the importance of the vibration control system in a
vibration test set. A carefully selected vibration control system is sure to make your vibration
testing experience easier and more productive.

How do you choose the equipment for your vibration test?

When you are choosing the equipment for your vibration test, there are a number of
guestions you need to bear in mind.

First and foremost, the choice of the particular vibration set element should depend on the
requirements and technical specifications of your task. The user is to know the standards or
technical parameters, which will ensure that the object is tested in the right way. You have
to make sure that:

Shaker

e has a frequency range correspondent to test specifications;
e the maximum object mass is within the shaker capabilities;

Amplifier
e is compatible with your shaker;

Sensor

e has the sensitivity allowing for precise measurements on the lowest and highest levels
of your test;
e can measure the maximum possible acceleration during the test;

Vibration controller

e along with all features described in the paragraphs above, it should be able to perform
all vibration test types you require for your project;
e has a sufficient number of input and output channels.

Types of vibration tests

There is a wide range of vibration tests available, so the user can choose the exact options
suited for their needs. We can roughly subdivide vibration tests into 3 categories:
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e Tests based on simple models: Sine, Random, Shock;
Tests based on a combination of the simple models: Sine-on-Random, Random-on-

Random, Shock Response Spectrum (SRS), Transient Time History (TTH), etc.;
e Tests based on the reproduction of real data: Field Data Replication.

Test based on simple models

Among the tests of the first category, Sine is the most common and well-established test
type. In the case of the Sine test, the signal delivered to the shaker has the sinusoidal form.
The amplitude of the Sine may be specified in the units of acceleration, velocity, or

displacement (depending on the test frequency and other peculiarities of the test). The task
and response may be calculated in amplitude or RMS values.

B Sinetest: do-160_sine X
Acceleration v
Log(X)
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5.0 10.0 30.0 50.0 100.0 300.0 500.0
5.0 Frequency, Hz 500.0
Profile | Schedule | Resonance search | Step by step test | Control | Limits | Channels | Analysis
No. Startfreq Hz Startamp. End freq, Hz  End amp. Sweep rate Abort(-) dB Tol(-) dB Tol(+)dB  Abort(+) |dB v
1 5.00 127/ mm 15.00 127|| mm v 1.0/ | Oct/min v 6.00 3.00 3.00 6.00 Delete
2 15.00: 0.13|| mm v 55.00 013 | mm « 1.0 | Oct/min 6.00! 3.00 3.00 6.00
3 55.00: 1.55|| 9 Y 500.00 1.55(| 9 > 1.0/ | Oct/min 6.00. 3.00 3.00 6.00
Calculate point
of intersection
Calculate sine
point
Calculate
maximum
profile
Autoreplacement [_] Check for shaker limits [_] Check the profile "on the fly”
Limit values Total test time (hh:mm:ss)
Acceleration 1.55 g (peak) 0% Velocity  0.12 m/s (peak)(s'o * Displacement 1.27 mm (peak) (et 00:06:38
OK Apply Cancel

Sine test profile set in VisProbe SL

An important sub-module of the Sine test is Resonance Search and Tracking, which allows

finding resonances in the object under test and dwelling on them to test the durability of
certain parts.

..
:%: RULA «RULA Technologies», SIA « Birzes lela 32-57, RIGA » LV-1016 Latvia « >
» Phone: +371 66 102166 » e-mail: contact@rula-tech.com « http://rula-tech.com «


https://rula-tech.com/uploads/images/Knowledge Articles/Articles/Overview of Vibration Testing/figure 5.jpg

Article

L
Msin  Configuation  Autonomous tests

5 RULA

The Harmony
of Solutions

—ax
3 g i=l ¢, = & 3
O S w w |03 AR O © @ |pemo
ine per te New Settings  Create Settings Select Panels language  Help  Disgy mode
test ¢ . . gaghs * 5 v
Test Graph Report Tests database View Support
Control panel =
Emergency stop ® ooy Acceleration from frequency
i ] Feedback -
N — hannel 1
318465 Hz = ehanndn
3 T=1023% —Channel3
~ 1x10°| Q=4320 Channeld
Wodcat Channel 1:9.000g S s
Frequency, Hz Level Resonance work-off Channei4:918.8% ¢ Beponse
a
g 2
_w% e e
Set Ioiall Stop working T=5631 .
e | [ Stop working e . .
< ) 10000 | Channel1:9.000g
Task. g Response. g Error, % Poimisipiyd B
3
755.108Hz
Uout., V RMS T=246740
Q=41265
Test progress Channel 1:3.000g
@ oo o Channel4:2188 510
85326 AM Command 1: Run profile S-£-5, 1 time (s) 24
85326 AM Startup T - - - -
85334 AM Test running AN
85809 AM Command 2: Resanance search and tracking = Channel 1:.000,
85830 AM The testis paused § 100 Chomndd:ameisle
=
I o |
() Additional data k-
k-
Test resonance_example g o
<
Object Example 2
Time
Total Executed Left
00:04:24 00:05:06 00:00:00 001
Current 24/08/20 8:58:54 AM
1x10 3
4
1%10

L d
@
R RULA (RULA Technologies», SIA » Birzes lela 32-57, RIGA » LV-1016 Latvia »

500

Frequency, Hz

Resonance search and tracking in VisProbe SL

« Phone: +371 66 102166 « e-mail: contact@rula-tech.com « http:/rula-tech.com «

10000
10000


https://rula-tech.com/uploads/images/Knowledge Articles/Articles/Overview of Vibration Testing/figure 6.jpg

