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Market Situation
ADI Offer for CBM Overview

Design Considerations
= Select the right sensor

Design the signal chain
Communication interface
Algorithm and service
Mechanical housing

ADI enablement platforms and reference designs
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XTNERSE

Available approaches to Condition Monitoring-
= Generally understood to mean vibration or velocity
= But other tools in the toolbox like Power Quality can be

monitored with ADE9000

Node types

= Wireless — Easy deployment, Interval monitoring
= Cons: Power sensitive, Radio Architecture Selection, Duty cycle
= Wired — Continuous Monitoring
= Cons: Facility costs, Routing wire harness on mechanical equipment

Diagnostic Levels / Prognostics
= Immediate: Failure imminent
= Local modeling of machine (classic model, science is still

developing today)

= Machine Learning is emerging (manual and cloud based)
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Supply

Mec. Imbalance
or Misalignment

Insulation Faults

Stator Electrical
Imbalance
\

Broken Bars

Significance:

Power | EPVA
Quality (Voltage)
MCSA Vibration EPVA
| Dlacharge | EPA
EPVA | MCSA Q"ﬁ;‘jﬁ;
ucon |[Frias
R | Vet on] Mesn s
Vibration | MSSQbES?/A
High Medium Low

EPVA- Extended Parks Vector Approach
- MCSA- Motor Current Signature Analysis
IPSA- Instantaneous Power Signature Analysis
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Vibration Acceleration: Q
; 200 g

Acc::lerometer

1 ISelf Test: ANALYZE

" Pass
A
W= =

5 BV/M |

switching regulators with flexible
input and output ranges.

Regulator portfolio for low
noise, low power applicat’
Precision references and 2
~egulators for low noise
al chains.

MEASURE |

and low power £-A Industrial radios for

converters. wireless communication

Analog Devices Confidential Information—Not for External Distribution. ©2019 Analog Devices, Inc. All rights reserved.
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| Lora >
Wireless | Zigbee > Wireless
Sensor Gateway
| 2.4GHz Mesh >
/
GPRS/4G >
| IEPE(2/3 wire)
NB >
| Voltage
Wired | 4~20mA G Ethernet >
Sensor
| RS485 WIFI >
| IND Ethernet )
&,
R
Data
| Blue Tooth
Hand- Collector
hold | WIFI
sensor
/
R
_ | 4~20mA >
Field
Instru. | RS48E >
e/
Sensing Processing Algorithm
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OEM/Machine Builders Asset Monitoring Suppliers

Asset/equipment manufactures Asset/equipment condition monitoring
manufactures

Siemens, ABB, Rockwell, Danfoss, SKF IFM, Hansford, Bentley Nevada
#1: Component #1: Signal Chain
#2: Signal Chain #2: Component

#3: Al & Algorithms ADI #3: Modules

#4: Module Donick #4: Al & Algorithms

Knowledge

System Integrators Solution/Service Providers

One-stop, full install/service, supplying Providing maintenance service for
assets/equipment from many different assets/equipment
suppliers

JR Automation, Leidos, SAGE Automation GE Digital, Augury, Presenso, Software AG

#1: Module #1: Module

#2: Al & Algorithms #2: Signal Chain
#3: Signal Chain #3: Al & Algorithms
#4: Components #4: Component
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Precision references &
regulators for stable, low
noise signal chains

ANALOG
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AHEAD OF WHAT'S POSSIBLE™

Linear regulators &
switching regulators
with flexible input &

" MEMS Sensors: )
* Small form factor

* Wide bandwidth

* Low Noise

output ranges

N

Otosens Al

Power Management

Regulator portfolio for
low noise, low power

\_* Multi-axis

Sensor

\.

Reference applications
Voltage

Processor

4Y
(" Integrated Sensor Modules:

» Optimized sensor & signal chain
* Integrated signal processing

* Mechanically optimized package
\__User configurability

>16-bit precision SAR &
low power Sigma Delta Ultra low power
) converters microcontrollers & DSPs

16 //

Communications K J

Interface

Isolated & Non-Isolated
Transceivers, T1L, Robust Radios,
SmartMesh




Tl CBM --- B&4¢

MEMS Sensors

Broad portfolio of
high-performance
MEMS sensors

17//

Data Acquisition

Full Data Acquisition
Precision Offering

ANALOG
DEVICES

AD7768-1

24-Bit, DC to 204 kHz,
Precision 3-A ADC
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Wired/Wireless
Connectivity

DUST Networks, RS-
485, |EPE, Ethernet
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ADcmXL3021 Voyager AMC Vibro

Increasing deployment readiness
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OtoSense® PdM
Predictive
Maintenance

Real time recommendations based
on LV /MV electric motors
performance

* Processes incoming
data continuously

» Provides expert feedback on
specific assets

* Leverages existing
domain knowledge

OtoSense® PdM (SMS)
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OtoSense - Hardware Agnostic

+ ldentifies assets, integrates with
industrial buses

» Outputs quality assessment score

» Stores structured and searchable
data.

OtoSense® Al
Field Diagnostics

Portable maintenance solution to
perform on-site inspection of
assets

» Use any OtoSense-enabled
tablet to perform field
diagnostics offline

» See the health score of the
asset instantly

« Each diagnostic increases
accuracy and knowledge

OtoSense®Al
EDGE Monitoring

Real time condition monitoring of
any assets

» Processes incoming data
continuously

» Detects anomalies and
recognizes events

» Enables control over the data
sent by the edge device

ANALOG
DEVICES

s

OtoSense® PdM
Predictive

Malintenance
Real time recommendations based
on LV /MV electric motors
performance

* Processes incoming
data continuously

» Provides expert feedback on
specific assets

» Leverages existing
domain knowledge

20//
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CBM S5l --- e.g. Motor Drive System

Available approaches to Condition Monitoring-
= Generally understood to mean vibration or velocity

= But other tools in the toolbox like Power Quality can be
monitored with ADE9000

Node types

= Wireless — Easy deployment, Interval monitoring
= Cons: Power sensitive, Radio Architecture Selection, Duty cycle

= Wired — Continuous Monitoring
= Cons: Facility costs, Routing wire harness on mechanical equipment

Diagnostic Levels / Prognostics
= |[mmediate: Failure imminent

= Local modeling of machine (classic model, science is still
developing today)

= Machine Learning is emerging (manual and cloud based)
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Supply

Mec. Imbalance
or Misalignment

Insulation Faults

Stator Electrical
Imbalance
\

Broken Bars

Significance:

Power | EPVA
Quality (Voltage)

MCSA Vibration EPVA
| Dlacharge | B
EPVA | MCSA Q"ﬁ;‘jﬁ;
wesa |[Far
Wmlan] | ayeiston| Mesheows
Vibration | MSSQbES?/A
High Medium Low

EPVA- Extended Parks Vector Approach
- MCSA- Motor Current Signature Analysis
IPSA- Instantaneous Power Signature Analysis



Rotational
Rate
1x Imbalance?

Increases in 1x
Relative to Baseline

Vibration Amplitude

B USPERASEREE

Imbalance

Misalignment

1% Misalignment?
Increases in 2x Relative to
1x, High Harmonics
A

2x

Harmonics

Vibration Amplitude

Envelope Signal Envelope Signal

Bearing Defects

Envelope Signal

BPFO: Ballpass Frequency BPFI: Ballpass Frequency BSF: Ballspin Frequency
(Outer Race) (inner Race) FTF: Fundamental Frequency
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q

0.12

0.10
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Acceleration (g)

3xf, axf, GMF
0.04

A U M

o 20 40 60 80 100 120 140 160 180 200

Frequency (Hz)

Sensor & System Considerations

* Low noise

« Sufficient resolution

Bandwidth ~5x fundamental

Multi-axis sensing

* Low frequency response for slow
rotating machines

Sensor & System Considerations

* Low noise

« Bandwidth 10x fundamental

» Multi-axis sensing is important

* Phase matched simultaneous
sampling

Sensor & System Considerations
* Low noise to detect early defects
* Wide bandwidth is critical

» High g range

Sensor & System Considerations

» Wide bandwidth is critical.

» Low noise is critical due to limited
sensor mounting location

24 //
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Fault Type Bandwidth Noise Density Dynamic Range

Misalignment Medium Low/Medium High

Bearings High/Very high Low Medium

Gears Very high Low Low

Guidelines
Bandwidth: Low<1kHz, Medium 1-5kHz, High>5kHz,
Noise Density: Low <100ug/(Hz)?> , Medium 100u-1mg/(Hz)%> , High >1mg/(Hz)°>,

Dynamic Range: Low <5g, Medium 5-20g, High >20g
Resolution: Low 12-14 bits, Medium 14-16 bits, High 16-20 bits

25
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System

Requirements

level of detection

Machine
characteristics

type of faults
System architecture
Sensor type

Translation

Design
Criteria

Bandwidth
Noise/Resolution
Range
Axis/Channel
Size
Power

ANALOG
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+500g |
DAL Eg&é(?gvigcl)r\mlwazchine
ADXL372 F0 ~30/50/50 kHz Health)
+100g
ADXL1001/2
e ADcmXL3021
+409g ) g/\/!-l 4 .
Industrial Machine Health
ADXL356 / 357
1kHz
80ug/\VHz
+8
71 [ 550 g/\Hz ADXL317
H ADXL354 / 355
+29 A[;g(ol_r?z& H 25ug/NHz
<500 Hz 1 kHz 5 kHz 10 kHz 10+kHz

28
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[ System-Level Faults ] Equment/Machme Level Faults

g | —
Fault Types: Fault Tvpes
* Misalignments * Mechanical Looseness * Bearings
* Imbalance * Others...  Gearboxes
1  Cavitation (Pumps)
ADXL356/357 Accelerometers  Others...

« ADXL356/7 offer low noise in 3-axis package
-ADXL§§6/7 offers f!exible bandwidth > 2-3k|:|z

ADXL100x Accelerometers
« ADXL1001/2 preferred for lower noise & DC->10kHz BW
» Capable of measuring slow rotation machines because of operation down to DC

ANV Yoo, i N en TG Ml s AN i A

1 10 100 1k 10k
FREQUENCY (Hz)
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DAQ centralized system typically
have a multi-channel DAQ unit
connected with multiple sensors
through analog communication
link (voltage or current).

DAQ distributed system typically
have DAQ by the sensor. Digital
data is send back to the central

processing unit though protocols
such as SPI, RS485 or Ethernet

digital/wireless Edge node digitize and processes
rF===—=—=—=—====== = = ) the sensor output data locally.

! _ DAQ DSP Uplink can be done through wireless

e e e e e e e e - = = —— - or wired communication.
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Common interface type:

* |EPE (Integrated Electronics Piezo-Electric)
« 4-20mA
* Voltage output

Pros:

* Robust connection

» Low cost 2-wire cable

« Not power constrained

* Wide bandwidth

« Multi-channel DAQ to save cost

» Very high temp tolerance (charge based)

VCC-VEE>24V

Cons:
» Higher power consumption
* Wired based system

IEPE
Accelerometer

Example System Architecture with IEPE

32//
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Piezo

Wi i DAY
IEPE 2-wire coaxial Q

Current Source
24V or £12V

Buffer o : supply
Amplification arvfiieicoaxial SE input

DAQ

4-wire shielded
5V supply

Pseudo Diff

Voltage Current
Conversion

2-wire twisted pair DAQ

Current

MMl > iire twisted pair input

Conversion
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Common interface type:

SPI
RS485
Ethernet

Pros:

Robust connection

Low cost cable

Daisy chain (Ethernet)

Phantom power (RS485 and Ethernet)
Wide bandwidth

Cons:

34/

Short distance communication (SPI only)
Higher design complexity (transceiver)
Wired based system

Phantom
Powar

Consumed

at Slave

R3-485/
R5-427

Phantom
Power

Provided
by Master

R5-485/
RS5-422

Example System Architecture with RS485

ANALOG
DEVICES
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Data link + Power Link

7
%HTF

=y

(

Piezo
IEPE

_ 2 DAQ

Data link + Power Link DSP

Data link + Power Link

RS485 Data link + Phantom Power

ETHERNET Ethernet Cable

35//
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Common interface type:
*  Wireless

* Bluetooth/ Smart Mesh/ Cellular link '
e LIS ose

e SPI, RS485, Ethernet

digital/wireless

Pros:

« Easy to install

« Can be low power

» Built-in intelligence

« Daisy chain (Ethernet)

Cons:

» Limited bandwidth and performance (wireless)
* No continuous monitoring (wireless)

» Process power constrained (wireless)

36//
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Precision Medium BW sigma delta

Characteristic:

 High dynamic range

* Wide bandwidth (160kHz flat BW)

« Cost competitive

* Flexible

* Include digital filter

« Single channel or multi-channel sim-sampling
Example parts: AD7768 family (8/4/1 channel), AD7761
Suitable for:

 General purpose CbM

* Frequency domain and time domain analysis

* High performance piezo system

Precision narrow BW, multiplexed sigma delta
Characteristic:
 High dynamic range
 Narrow bandwidth (<5kHz)
e Low power
*  Multi-channel
Example parts: AD7124, AD7175
Suitable for:
* Low bandwidth sensors, tilt/inclination monitoring
 Low power systems
« Strain and temperature monitoring

ANALOG
DEVICES

EE—tDogm™

3. Precision SAR
Characteristic:

« Low power (if not require digital filter)

« Small size

* Wide bandwidth (up to MHz)

 Low latency

« Single channel or multi-channel sim-
sampling

Example parts: AD7988-1, AD4008, AD7767
Suitable for:

* General purpose CbM
« Time domain analysis
« High frequency shock analysis

4. Precision Multiplexed SAR
Characteristic:

 Very low power
« Tiny size
*  Multi-channel

Example parts: AD4698
Suitable for:

* Low power multichannel vibration sensing
« Small size, multichannel vibration sensing
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ADI SmartMesh IP Wireless Mesh Networking Protocol Solution DEVICES

s

2.4 GHz multihop wireless mesh networking solution IEEES02.15.4¢e

1.) LoWPAN

IPvé-based Low-power
Wireless Personal Area Networks

Established industrial grade solution
= Robust 6LOWPAN, IEEE 802.15.4e standards based

Complete wireless networking solution

= LTC5800 SoC with embedded protocol software and reference design

= Pre certified surface mount pcb (castellated) with embedded software Industrial Process Condition-Based Monitoring
B X - ] e e 1P

g 4 [

1§ 4

Key Benefits

Ultralow power consumption delivering >10 year battery life

High reliability, robustness, and immunity to interference

= Maintains network integrity, avoiding data loss in industrial
environments

Scalability for networks to work in different configurations

High data capacity with up to 7.2 kbps of payload data per node

0 @
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Features and Specifications Target Application

2.4 GHz ISM global license-free multi-hop mesh network

_ o _ o For use in medium to high density networks in harsh industrial
High reliability avoids node communication dropouts environments. such.as

Self-optimizing algorithms maintain high QoS over network life * Industrial processing
= Condition-based monitoring

= Transportation

= Network-wide low power consumption = Data center monitoring
= Typical Routing Node: <50 YA at 3.6 V

* Industry-leading low power radio technology

= 4.5 mA to receive a packet

= 9.7 mA to transmit at 8 dBm Value Proposition

Efficient power management

= Deterministic power management ] ) ) )
Robustly tested wireless protocol which avoids multiple hour

= Extends time to first battery failure g . . .
communication dropouts due to changes in the environment

Bidirectional communications
Industrial-grade wireless protocol delivers high quality of service

On-demand bandwidth allocation in commercial and industrial RF environments

High uplink bandwidth of 10 packets/sec per node (90 B payload) Position sensors to make the best measurement rather than to

Built-in network health statistics and diagnostics enable communications

Micro-second accurate timestamping

OTA (over-the-air) updating

. @



SMARTMESH #=1R =

-t

With an onboard PA to increase Tx power from 8dbm to 14dbm,
and extend the hop-hop RF distance from 300m to 1200m.

Use the spare MCU bandwidth implement a transparent data
transmission to ease the user application design.

Keep cost effective while removing the customer design
complexity of RF board.

Same package and pinout as LTP5902 module to offer
customer more flexibility to choose between non-PA/PA version.

PA/LNA Losic

SE2438T CONTROL
;
BALUN I - H Antenna

R Match

LNA;

\ 4

|
Supply Filtering

41



What is 10BASE-T1L (IEEE802.3cq)

IEEE® 802.3cg™ Approved Standard Nov 7t 2019 ADIN1100 - Low Power 10BASE-T1L PHY usgc,g%g

10BASE-T1L
10MBIt/s
Power & Data over the cable

Single Twisted Pair
(Fieldbus Cable, NOT Standard CAT-x Cable)

Full duplex, Point to point
Distance up to 1km
Suitable for intrinsic safe (explosive safe) applications

3 ADI Chronous

42 // 11 March 2021
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Industrial CbM Asset Monitoring Connectivity
SPE/10BASE-T1L & MQTT

Condition
monitoring
applications

Field asset, smart sensor connectivity with a 10BASE-TIL PHY

Field Asset 10BASE-T1L Connectivity

Asset health insights
on aconverged IT/OT network

s

NLIR

Private Server Cloud

Single-Pair Ethernet Messaging Transport

(SPE)/10BASE-T1L Protocol (MQTT)

* Power and dataona = Messaging protocol for
single twisted pair edge devices

¢ Up to 1-km distance = Low memory footprint for

* 10-Mb data bandwidth low-power edge devices

. N_o gateway required to IT/OT Ethernet Network . D|re(_:t connectivity to cloud
higher-level Ethernet or private server

10BASE-T1L/ MQTT

= Open-source
implementations available
= Interoperates with OPC UA

MEMS Vibration A0RASE TH BHiY |
Sensor -
% O Single Twisted Pair Cable G D
{{O} ADINTIOQ =
000000

Low Noise
High Bandwidth

Low Power
Processor PHY

Power & Data up to 1km

43 // 11 March 2021
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ADIN1100 10BASE-T1L PHY

Sampling Now! Ultra-Low Power
FEATURES 10BASE-T1L PHY
10BASE-T1L IEEE® Std 802.3cg™ -2019
compliant

Supports Intrinsic Safe applications
= 1.0V pk-pk & 2.4 V pk-pk transmit levels

Single supply 1.8 Vor 3.3V
= Mode dependent, multiple supplies also possible

Ultra-Low power consumption
= 1V pk-pk with Dual Supply — 39 m\W
= 2.4V pk-pk Multiple Supplies — 75 m\W

= Specification for all power options in datasheet WWW. analoq . COm/ADl N 1100
Small package 40-lead LFCSP

Industrial temperature range -40°C to 105°C

2 ADI Chronous
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http://www.analog.com/adin1100

ANALOG

ADIN1100 10BASE-T1L PHY e

Configurations
= Unmanaged using hardware pin strapping
= Managed via management interface (MDIO)

[ e o e . - - e - e - - - ——

Standard PHY Data Interface

= MiIl, RMIl, RGMII Interface

= 25 MHz crystal oscillator/clock input frequency
= 50MHz clock input for RMII

I
}
Capacitive |
Coupled MDI 1 Terminal

>
Screw
ADINTI00 : . :
Single Twisted Pair Cable

Up to a Distance of 1Tkm

Low Power

I
I
|
10BASE-T1L Modes bl :
= 1.0V pk-pk & 2.4 V pk-pk transmit levels :
= Master / Slave :

= Auto-negotiation

Simplified 10BASE-T1L Connectivity Diagram
Diagnostics
= Frame Generator and Checker
= Multiple Loopback Modes
= |EEE Test Mode Support
= Cable Diagnostics

45 // 11 March 2021 3 ADI Chr onous”
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1T Housing Design Example

16.4

ANALOG

DEVICES
EAD OF WHAT'S POSSIBLE™

(33)

(44)
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ZEFJ1R 1T Mechanical Hosing Design Session Summaries Coevices

The housing design will affect the sensor noise as well as the
measurement bandwidth

Customers need to have the vibration tester to do their own sensor
module testing

Epoxy also play a key role for the sensor system resonant frequency
Epoxy also will affect the MEMS sensor when it becomes to solid state

48 // 11 March 2021 Analog Devices Confidential Information. ©2019 Analog Devices, Inc. All rights reserved.
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Probe Tip Curved Surface Quick Flat Magnet Adhesive Stud
Magnet Disconnect  with Target Mount Mount

First consideration must be
capability of the Sensor

Almost as critical is mounting
strategy

For MEMS, PCB thickness
and mounting need
consideration

Warning: Magnetic mount can ©

. . 10000- 10000-
generate significant g force T DR O
and care must be taken when 900,000 CPM) 900,000 CPM)

placing on equipment. Maximum Frequency Response

49
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Gy Mounting Methods Session Summaries DEVICES

AHEAD OF WHAT'S POSSIBLE™

—
IR
How an accelerometer is mounted can have significant impact on frequency performance.

Stud mounting is best; but use grease or Bees Wax

Adhesives work very well, so long as the bond line is thin (< 0.005"). Even double-sided tape is a
great solution

50 // 11 March 2021 Analog Devices Confidential Information. ©2019 Analog Devices, Inc. All rights reserved.
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BU Engagement
Smart Motor Sensor g9ag

Service

(SMS Partner/Broad Mkt.

Otosense Al Distributor Solution

Analytics
End Solution

Algorithms ‘

Mote/Box+

comox Voyager3 B
“Soral AMC - LF - |

chain+ .
FW+GUI SW Pioneerl

Module ADcmXL3021
Reference Designs

>

Solution Integration

Components

. : Identifies failures &
. . . _ _ Identifies failures & when to :
Identifies a potential problem Identifies & isolates failures recommends actions to
address address
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oo sy
Wireless CbM Mote A_ - o Analog Devices Condition Based Monitoring Demonstrator
[ ]
e SerniPoes COMT [COMTS Coomact| [Oocamadt| () Bimave ADC st oty wben 5]
- Time series #1 DFT, 1 Hz/bin
MEMS Low Power LTC5800
Accelerometer Microcontroller SmartMesh

AD7685+
ADuCM4050
+ SmartMesh

SmartMesh
IP Manager

ADuCM4050
+ SmartMesh

| ADXL1002 |

[ ADXL356 ]

56 // Analog Devices Confidential Information. ©2019 Analog Devices, Inc. All rights reserved.
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Productised Digital-out Sensors with ADI Signal Chain

ADXL1001

+

ADA4805 AD7768-1

NMV Sensor enables much better allocation of
resources and creates revolutionary approach for |[[T] N
Condition Monitoring of machinery

Up to now, all the CM Systems used separate |l |i |i< B
sensors, data acquisition and processing units
and user interfaces. ADXL359

NMV Sensor can be directly connected to a
SCADA system or to a specialized diagnostic

app.

57// Analog Devices Confidential Information. ©2019 Analog Devices, Inc. All rights reserved.
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generic state, according to ISO \ \
unbalance V v
misalignment \ \
motor broken bars V v
pedestal looseness \ \
fan blade faults \ v
gear faults \
rolling element bearings faults \
pump cavitation \
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1. IEPEf&/RkZE
e SCH
e BOM

e PCB Layout

e | Mechanical design re

e || Others: signal chain,
wireless platform,
software/algorithm

Low
Pass
Filter

IEPE
Interf
ace
Signa
I+

Solution

Epoxy resin fixation
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2. |EPE RE&E+F
1. For ADXL100x connection directly (1 channel)

2. For IEPE interface (3 channels)

3. Mid noise + wide bandwidth(100kHz) for general (2 channels)

4. Low noise + narrow bandwidth(2.5kHz) for seismic detection
(2 channels)

5. Use AD7768, 24-bit, 8-Channel, 256kSPS, 2-A ADC
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