Affordable high-performance
vibration monitoring
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Overview

Introduction to Vibration Monitoring Solution Toolbox

« Why predicative maintenance? — Wafer Fab monitoring example
« Condition monitoring — High-performance IEPE sensor
L front-end
* Vibration sensors : , :
_ — Very compact design with 1O-Link
* Inside IEPE sensor interface
* Vibration monitoring system — Wireless condition monitor using a
« Existing commercial IEPE interface MEMS sensor
products — Vibration monitor with energy
« Vibration monitoring challenges for harvesting
Industry 4.0 — What's next after getting the data?

2

Wip TEXAS INSTRUMENTS



Predictive maintenance

Why predictive maintenance?

“It costs approximately 50%

more to repair a failed asset
than if the problem had been
addressed prior to failure”

Machine breakdown can be

unsafe leading to manpower
loss, fines, audit, production
stop...

Unpredicted failure RN . . -t
- Costly (tools, material) ‘' 2 ilg Non-invasive, retrofitting
: NS techniques reduces down time,
Safety Concerns ~ : - =2
- Affects Production — increases availability and
S productivity

Maintenance m Preventive 2 Predictive

*Replace when *Replace upon *Replace when
breaks schedule required 3
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Condition monitoring
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http://www.ti.com/solution/condition_monitoring_gateway

Vibration sensors

Vibration sensor technology
1
1 1 1 1
: - Charge , _r "
IEPE Piezoelectric Sopera e Piezoresistive Capacitive MEMS

Servo
Accelerometer

{1, Sz | S
€090 0085 | .

s 0.5 to 50 kHz 0.5 to 50 kHz 1- 10 kHz 0- 1 kHz 0-100 Hz

range

sensiti- 5F._5t0 10 V/g .01 to 100 pC/g 1E-7 to 1E-2 Vg 10m to 1 V/g 1to 10 V/g

vity

I\R/I:r?sgre. 1E-6to 1E5 ¢ 1E-5t0 1E5 g 1E-3to 1E5 g 1E-5t0 1E3 g 1E-6to 1E3 g
[RZ:Z?C ~120 dB ~110 dB ~80 dB ~90 dB >120dB
fopieat - Industrial High Temp Crash test Airbag Space Navigation
*This table features typical ranges of such devices, but not necessarily the actual ranges/specs of the these products shown. 5
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Inside IEPE sensor

IEPE sensor structure Simplified sensor interface

| Measurement range
| Sensitivity
' Bias voltage

IEPE Sensor| Excitation Frequency range

Power sourcq Current

ICP® microelectronics

IEPE Sensor

—_———— e —— — — —

Basew/ threaded mourting
stud hole on bottom

Piezoelectric

—
Transceducer

Figure 1: Typical ICP® Accelerometer

Image source: http://www.pcb.com
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Vibration monitoring system

S Signal BEIC Data | Failure
Vibration sensor conditioning acquisition analysis [ models
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http://w3.siemens.com/mcms/siplus/en/siplus-cms/system-overview/pages/default.aspx
http://www.abb.com/industries/db0003db004332/c12573e700330587c1257369002406be.aspx
http://www.abb.com/industries/db0003db004332/c12573e700330587c1257369002406be.aspx
http://www.abb.com/industries/db0003db004332/c12573e700330587c1257369002406be.aspx
http://www.abb.com/industries/db0003db004332/c12573e700330587c1257369002406be.aspx
https://www.gemeasurement.com/condition-monitoring-and-protection
https://www.gemeasurement.com/condition-monitoring-and-protection
https://www.gemeasurement.com/condition-monitoring-and-protection
https://www.gemeasurement.com/condition-monitoring-and-protection
http://ab.rockwellautomation.com/Condition-Monitoring
http://ab.rockwellautomation.com/Condition-Monitoring
http://ab.rockwellautomation.com/Condition-Monitoring
http://ab.rockwellautomation.com/Condition-Monitoring
https://gb3a.mitsubishielectric.com/fa/en/news/content?id=2827

Existing commercial IEPE interface products

IEPE interface products

[ 1
Analog signal il Analog signal Vibration Data PLC analog Measurement
conditioner transmitter switch acquisition input systems
. . Filter, gain, . High end/High
Filter, gain, High speed
: : RMS or peak Includes DQ : :

Ready for control

loop capacity,

accuracy
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http://www.ti.com/solution/condition_monitoring_module

Vibration monitoring challenges for Industry 4.0

Connectivity and bandwidth  EESIEs=e

How to transfer this amount of Local processing (Low-power processing)
istri ? . 9\ .
Sl i @I aUIEe netlss. Sending health indicators infrequently, cloud.

& J & Interleaved monitoring (reduce hardware)

Where to do data processing? o :
How to do that efflﬁc):iently. N Scheduled monitoring. (reduce power and BW requirements)
Efficient BW usage

Send indicators, data frame only when requested.

Space and cost

) _ Powering
Qf?c\)l\;otlgbblgl!sdoﬁ '[Simﬂlﬁfa?%grr]mt Use available 24-V power, or battery, or energy harvesting.
scale. Power through data link (Ethercat-P, 10-Link).

Failure models availability Employ machine learning techniques to build failure models based

vibration spectrum?
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Solution toolbox

For Industry 4.0 large-scale vibration monitoring

10

Wi3 TEXAS INSTRUMENTS



Wafer Fab monitoring example

5000 m? fab
with 100’s of
Pumps with

RS422 ports

| Data available
per pump

* QOil level

+ H20 flow

* N2 flow

* Temp.

* Current
consumption

» Operating
hours

* Faults

* Leaks

« Exhaust
pressure

Different pumps
Large area
Uncontrolled use
of H20, N2, |

High Cost of
unplanned
maint.

6LoWPAN Network

TIDA-010012

Ethernet ‘i::)
Intemet
v
Benefits of the design

 Multi-protocol support:
6LOWPAN + BLE, ...

» RS232/RS422/485 if

* 3-wire RTD sensor input

* 4-20 mA interface

* Isolated 24-V to 60-V DIN

* |O-Link support for COM3

* Onboard humidity sensor

» Powered by 24 from pump

P ——

1// A\ e (K S
///""/ Sensqr Node ., \\

\\“Sensgr Node ;‘

J \°‘\ B

\
Sensor Node\\ /;/ﬁ%/

Edge Router

Beaglebone

N usB
-

L

Sensor Node

Industrial wireless condition monitoring
reference design (TIDA-010012)

R
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http://www.ti.com/tool/TIDA-010012

Solution In action
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Industrial wireless condition monitoring
reference design block diagram

(TIDA-010012)

Y ——————— 1 Display
128x128
2652/ <pi
CC3220moda F—
Wireless Modules
—
—
UART ADS1Zzu04 [
HDC2080 12C —
RTD, 4-20mA —(
Hum/Temp Sensor
! V3
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! —
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E
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High-performance IEPE sensor front-end

IEPE vibration sensor interface for PLC
analog input reference design (TIDA-01471)

High-resolution ADC (24b) with
integrated filter

Ve_Q/ high sampling rate of 64 kSPS
Wide bandwidth: 20 kHz
Measurement grade performance
SNR=107dB

Signal chain BOM<$15

With simple additions we can reach
$5/channel

TIDA-01471

SPI
== o CTAL
SN74HCS95 =

OPEN Vcom Generator

TS3A5017 6025

8 MFB LPF )

1 lpole HPF . Progran Gam] 39 order WB filter
Variable Attn: +6dB .. +18 dB 20 kH B\;\l‘ Data Rate
-6d8..-24 dB : -

fixed gain=6dB Z=ERal
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http://www.ti.com/tool/TIDA-01471

Compact design with 10-Link interface

IEPE Sensor analog front-end with digital
interface reference design benefits

Integrated MCU+ADC (14b
Local FFT processing (1kS

|O-Link interface runnl_n(%(full speed
Powered through 10-Lin

Robust digital signaling

10-Link
Master

Inte ‘ I0-Link signaling

IEPE sensor

18,24y MSP432P —9x9 mm/ 5x5 mm
ARM 256k Flash @ IO-Link
4mA Cortex M4F
48 MHz e aay
B4k RAM
i |
M12 e AFE A'DC UART UART TIOL cal 112
(90 dB, 16kHz) 1 Misps M3 | L
CRC32,
Vref A ALS296, COMS3 = 230.4 kbit
Comp. 400us min cycle time
Ta =3 Thit
T2 =0 Thit
To IEPE sensor
/////// 4
"
“ Ry Power +
e data 1O-Link

A g
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http://www.ti.com/tool/TIDA-010045

Wireless condition monitor using a MEMS sensor

I TIDA-01575 Other RF Technologies | |

Benefits of the reference design for wireless : Sensor and Signal werexpaszrao | Bossccssann] |!
e i | Conditioning Board LaunchPad™ BoosterPack™ !
condition monitor for motors and pumps : e |
using multi-axis vibration (TIDA-01575) ! | ~ L e Y
Integrated MCU+SAR ADC (14b) ! A Preciion A0C (413 | iow aneray :
Local FFT Processing U [ | accommmeter [ TLACIe ATE | I
Easy switch: BLE, WiFi, Sub 1GHz , g I
Ultra low power: sparse measurement I mel T :
Battery life up to 15 years, meas./4h ! T .

ower |

: Ma:agement |

|

BLE Motor Condition Monitor BL E,
S WiFE N
Sub 1G

“<a
Q % TiDA-010575 ||

. | 3

15

Wip TEXAS INSTRUMENTS


http://www.ti.com/tool/TIDA-01575

Vibration monitor with energy harvesting

Wireless motor monitor reference design I
benefits o cozsn ot
Piezoelectric capacitive sensor Bt N5 e
Integrated MCU+ ADC _ * uarr
Local FFT Processing, and Temp sensing. . Y TPLS100
Connectivity: 6 LoWPan, BLE Flash memory |4 p|  MSP430 Nano timer
Ultra Low Power : sparse measurement . R
High Efficiency energy harvesting "
battery
kSl «| | aasen
' Piezo
----------------------------------- vibration
TPS22969
Load switch
R iy

—%!} }E;\,m s
¥ [NSTRUME
Wireless Motor Monitor TIDM-WMM
16
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http://www.ti.com/lit/ug/tidu886/tidu886.pdf

What’s next after getting the data?
multivariate distribution

- Many dimensions
- What are the relevant
frequencies?

Fundamental

Harmonics
and Non-Harmonics

Higher frequency components

0 1000 2000 3000 4000

A
__ Alarm
r warning
I =
I

Acceleration PSD

frequency

-

Analytical models

Depends on Load
Mounting, ...

Empirical models
Very specific

needs previous data
to buil

Machine learning

If no training data?
Anomaly detection
can be used

Anomaly detection by
Autoencoders

- ComRIare simplified spectrum

- Use Neural processing for
simplification
Input Layer
_\ W Original Spectrum

RN

Hidden Layer(s)
Encoded Spectrum

Output Layer
Reconstructed
Spectrum
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