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— Scalable analytics

From device to plant to cloud
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What plant Why is site A throughput Will I meet plan today? How can | change operations
performed the best? below plan? Tomorrow? to improve profitability? Yield? Quality?

Is Line 1 running ok? Why is Line 1 | predict that Line 1 quality is What action should the operator
quality poor? moving out of tolerance. take to avoid poor quality?
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Am | running ok? Why did a fault happen? | predict a fault will What action should be taken to
happen soon. avoid the fault?




Condition monitoring applications

There are many ways to apply condition monitoring.
So it is important to consider the objective before selecting a solution.

Protection

In any plant, we have assets that we must:

Production
assurance

Help protect from catastrophic damage

Identify and manage problems before they force downtime

Identify and manage problems before they impact quality

Quality

Identify faults and schedule repairs to reduce maintenance costs

These are optimized by adopting a predictive maintenance
strategy

Predictive
maintenance
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Understanding vibration & fault indicators

Faults can be identified by the frequency of vibration that they cause...

NANNANANAN,
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What are fault indicators?

« Machine vibration causes faults

 Faults induce repetitive impact or cyclic forces at specific, predictable*
frequencies

* Frequencies are related to the speed, mechanical, and electrical attributes of
the machine.

« Most fault indicators are at multiples of running speed*. Knowing the
machine’s speed is essential to identifying faults/

« Example mechanical attributes: bearing type, numbor of impellor vanes,
fan blades, or gear teeth, etc.

« Example electrical attributes: type of motor, line frequency, number of

rotor bars or stator slots, etc. Impact forces Cyclic forces

Pits or scratches on Imbalanced rotors,
balls, broken or misaligned shafts,
damaged gear teeth... flow turbulence...
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Understanding vibration & fault indicators

Fault indicators are in the spectrum

How do we observe the fault indicators? CEARMEST

BEARING
DEFECT

* Fast Fourier Transform (FFT)

» Allows us to measure the frequencies that
indicate specific faults

« Monitoring these frequencies

make it possible to assess

and trend the indicators of Time Waveform " "
specific faults .

« The Dynamix™ series use the Integrated s ".1 P x w— T
Architecture® system to capture, alarm, W/ W\ -‘
trend, and analyze these indicators, using TS - E—
the common historians and visualization . J—s P J“a—

products that you already have.
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| BEARING DEFECT

I | GEAR DEFECT
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FREQUENCY
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Scalable analytics

From device to plant to cloud

DESCRIPTIVE DIAGNOSTIC PREDICTIVE PRESCRIPTIVE

%%

( \ 8%

=
o £ I (S i

What plant Why is site A throughput Will I meet plan today? How can | change operations
performed the best? below plan? Tomorrow? to improve profitability? Yield? Quality?

Why is Line 1 | predict that Line 1 quality is What action should the operator
quality poor? moving out of tolerance. take to avoid poor quality?
DO A S
-) (] CURRENT OVERLOAD
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Am | running ok? Why did a fault happen? | predict a fault will What action should be taken to
\ ) happen soon. avoid the fault?
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Understanding vibration & fault indicators

Predicting failure by trending fault indicators

Faults almost always propagate in a similar manner

- Fault begins, or worsens until it is above the level of detection
- Fault slowly progresses until it is end of life

- Fault condition deteriorates exponentially until failure

Continued operation above “Alarm” may result in damage to
components other than those associated with the original fault...

Compounded faults will cause longer and more expensive repairs, or
repairs that do not solve the root problem.

@ Fauit is present, severity is severe &
N
>

I

Fault is present, severity is moderate
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i
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7N Rockwell
Aultomation

Detection

@Fault is not present
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R W2 REM) Cracked rotor bar, loose laminations, eccentric air gap (1x & 2« Line Frequency)

Unbalance (1% RPM)

’

by Turbulent Flow or Eccentric
4 Impeller (# vanes x RPM)
1

Integrated Condition Monitoring

Misaligﬁn)ént (2x RPM) '

[13 7 ? L
B W
What do we mean by “Integrated™ 5 Bearnglear
‘.'Mechanical Looseness Lon
/ CXREN e BXREM _.=* / \ Cavitation
roA i ,:,'4 - ,/ X (Broadband excitation hcqu?ncy)

Condition data available as tags in Logix

- Magnitude of vibration at selected fault frequencies written as common
tags in a Logix controller

S | ;

Controller Tags - Feed_P

o Faults induce forces that cause vibration at specific frequencies

Scope: (@Test_Bands Show: All Tags

Indication

o The presence of vibration at frequencies that a fault produces, indicates |Hems
the presence of the fault N

o The magnitude of vibration at frequencies that a fault produces, f&#ﬁﬁ:ﬂ:ﬁﬂﬁf
provides indication of the severity of the fault e

This is what the Dynamix™ system does!/ f oerrina

fhp:|.ChOFF TBand2

p:l.ChOFFTBand3
fhp:.ChOFF TBand4
p:l ChOFFTBand5

ol
O|lO|(O|O|O|(O|O|(O|(O|O|O|O|O|O | . . . . . . .
. . . . . . . o | v | . . . .

~ North_Feed_Pump:.Speed0
||+ North_Feed_Pump:0 P
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The Dynamix™ 1444 series

A simple architecture

@

Distributed I/O on an EtherNet/IP™ network

* A simple distributed system
- A single main module
Three expansion modules
Removable plug connectors
o Available in either spring or screw cage type
- Part of our Integrated Architecture® system
Managed and configured from Logix
Capable of independent function, and action

o Regardless of the availability or status of the controller

Rockwell
Aultomation
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The Dynamix™ 1444 series

Built on an innovative package

_ . Ethernet connections located above
Use with removable plug terminal field wiring for easy, uncluttered
connectors — simplifies wiring access

Recessed frame designed for
easy gripping

Connectors are angled and labeled for
by € improved access, visibility and ease of use

Innovative DIN mount design
with tension and leveling control

Rugged, low noise, fully soldered
card stack construction

Connectors fitted directly to the
module for sensitive signals — ,_
fewer internal circuit connections, - : Integrated buffered output

less noise, higher reliability e BNC connectors

Connectors fitted to the terminal base for
non-sensitive wiring such as power, relays, grounds...

(. Rockwell
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The Dynamix™ 1444 series

The Dynamic Measurement Module —
extraordinary functionality in a single, compact design.

@

The core measurement module

Dual processors

Auxiliary processor and high
performance DSP

Nonvolatile memory
Retains configuration and event log

4 dynamic inputs
24 bit ADC per channel pair

2 speed inputs
Measure speeds from TTL inputs, or
read from controller output assembly

Rockwell
Aultomation
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I
1444-DYNOA-01RA
Dynamic Measurement |

1 SPDT relay . | .|
Max 8A@250VAC / . e | - v
SA@30VDC, it o R e
assign to any alarm or fault g N WLEELR PR | QO A :

4 buffered outputs

BNC & terminal pin
connections

2 Ethernet ports
Single or Device Level Ring (DLR)
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The Dynamix™ 1444 series

6 catalog numbers!
(plus the removable plug connectors)

Dynamic Measurement Module m Tachometer Signal Conditioner Expansion Module e
1 i
1444-DYN04-01RA d . 1444-TRSX02-02RB ITITE
7 "
T : tennen
| B _ | 2 speed inputs 2 TTL speed outputs © tvam |
4d ic inout l * eddy current probes acsessns By ematire
ynamic inputs | * magnetic pickups 1 per Dynamic SR
2 TTL speed inputs : « NPN / PNP sensors Measurement Module e
1 SPDT relay
Minimum input frequency Can serve speed signals
* Manual threshold: to up to 6 Dynamic
Most applications require only the Dynamic 1 cpm (0.017 Hz) Measurement Modules
Measurement Module and its terminal base. « Auto threshold: 6 cpm (0.1 Hz)
4-20mA Output Expansion Relay Expansion Module R Terminal Bases
Module """'" e
T 1444-RELX00-04RB LTI 1444-TB-A, 1444-TB-B
1444-AOFX00-04RB - e
A MunaE | 1 pynamic Measurement
4 channels we | 4 SPDT Relays b Module base
i . ‘|| ll .
Output referenced to any measured 3 per Dynamic Measurement Module Includes switch for last octet
of the Ethernet address
parameter
1 Expansion Module Base
1 per Dynamic Measurement Module
@ R:fgmgll'!on PUBLIC | Copyright ©2019 Rockwell Automation, Inc. 17 =




The Dynamix™ 1444 series

Architecture and local bus

< to DYN Modules TSCX Ch 0 TTL Signal & TX OK to DYN Modules >
\ e g to DYN Modules >

Host / ExpanS|on Module Communications Host / Expansion Module Communications

‘ | I !
I LT R Allflrl‘l EIRREY 4 lI I I REE  DHREED b AROE G iR AR e '
{yt

""""""""""""""" t- A I 'M
.................................... p L - il
"' EERIRe llllm
-l = | 5|
ArChIteCture Dynamlc Measurement Relay Expansion Dynamic Measurement Tacho Signal l Relay Expansion
Conditioner
» A Dynamic Measurement Module can “host” up Expansion
to 5 expansion medules mchljldmg: Local bus
o 1 tachometer signal conditioner
o 3relay » Provides host - expansion module
o 1 analog output o Communications
» Host module powers, manages and configures o Power distribution
its expansion modules = Distributes speed signals from a tachometer signal conditioner expansion module

= Expansion modules mounted to the right of its host = Bus implemented via simple (included) ribbon cable jumper between terminal bases

-7\ Rockwell PUBLIC | Copyright ©2019 Rockwell A ion, | —
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The Dynamix™ 1444 Series

Power, environment, certifications & approvals —
an extraordinarily rugged design!

Power
Redundant supplies Integral redundant power supply inputs with supply fault detection
and status available on I/O
Supply voltage +24VDC (18V to 32V wide range input) — designed to

accommodate battery backed systems

Environment
Operating temperature -25°C to +70°C

Conformal coating All circuit cards are conformal coated

Electrical Safety Designed for distributed

CE, CSA & UL i S
& skid mount applications!/
Hazardous Area
IECex-Zone 2 & ATEX — Zone 2 e e
. == 5.5 Vde, 25 (200
cUL — Class 1 Div 2 Groups A,B,C,D 286 <a " 0 6 70N @ .
I c U8 GPABCD
Region & Country Marks @sag T o con o
CE, C-Tick, Korean DEMKO 14 ATEX 1365X SDFS FORMAZ LOC
’ ’ ‘“é“i“ﬁ'[”‘c E—& [:grmp CODE T4
Marine Certifications .
DNV, ABS

-7\ Rockwell . .
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Integrated Condition Monitoring

Monitoring fault indicators can change how you think of machine condition

@

Condition data available as tags in Logix

tags in a Logix controller
- Machine condition evaluated by Logix
- Monitor and present condition

o Monitor the status of balance, alignment,
bearing condition...

o Present meaningful, intuitive information
rather than numbers

o When condition is considered in these terms
it is far more intuitive, and actionable, than
“vibration”

Rockwell
Aultomation

RUb (1/2x RPM)
\
1

Magnitude of vibration at selected fault frequencies written as common

wimellF

Dynamix Motor Pump

Vibration Alerts

Unbalance

Misalign/
Looseness

Bearing

=

Cracked rotor bar, loose laminations, eccentric air gap (1x & 2x Line Frequency)

/Unbalanco (1% RPM)

Misalignrqén! (2xRPM)
1 /’ Ir

A .
1/ Mechanical Looseness
el

0.85
-8.7

1:27.22 PM S)E/2016

Turbulent Flow or Eccentric
Impeller ¢ vanes x RPM)
)

Controller Tags - Feed_Pumps(controller)

0 A6 400 02 058 K
(£ 0 (1
g 0m o

o—E v—é o= o—E n—E “_E

EEEE EEEN BN ES
077 059 0.83
9.1 -9.2 92 838 87

1.23 1.14

Scope: (@Test_Bands v Show: All Tags

Name z2|a |Value

+ Local:1:C

+ Local:T

[+ Local:1:0

+ North_Feed_Pump:C

= North_Feed_Pump:l

'+ North_Feed_Pump:l.Mo

S EEEEE

1. el
| North_Feed_Pufhip:l Ch0Order0Mag

- North_Feed_Puffp:1.Ch00rderiMag

‘*Nollh_Fsed_P1p:l.ChOOrde|2Mag

- North_Feed_Pulhp:.ChOFFTBand0

Rotor Bar

TS U X
y (Broadband excitation frequency)
'
'

i
Bearing Wear i
(Nx RPM (" depends on bearing model]) !
i
L d 4
P T
o ’ /
LR
, K 2
5
3
’ 1

' North_Feed_Pufhp:.Ch0Order3Mag
North_Feed_Puflap:. ChOFF TBand1

Laminations

| North_Feed_Pufhp| ChOFFTBand2

Bearing Wear (1)

| North_Feed_Pufhip:l ChOFF TBand3

Bearing Wear (2)

| North_Feed_Pufhp:| ChOFFTBand4

Bearin, g Wear (3)

‘*Nonh_Faed_Pl*p:LChOFFTBandS

Bearing Wear (4)

| North_Feed_Pulfip:l ChOFF TBand6

Flow

' North_Feed_Pufp:1.ChOFFTBand7

avitation )

~|o|o|o|o|o|o|o|o|o|o|o|o|o|o|=|=|=|=|=|=|=|=]+

o|lo|o|lo|o|o|o|lo|o|o|o|lo|o|ofs fs s |s | [« |¢ |8

North_Feed_Pump:

RPM

'+ North_Feed_Pump:0 =
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Dynamix™ series in the Integrated Architecture® system

A standard Logix I/O solution for machine condition

Controller Organizer v @ X =
=8 "tm"e' PumpMonitor Rockwell Software® Controller lnpUt Controller OUtPUt
7] Controller Tags B .
5 ottt Stu dl 0 5000 Input assembly content Control bits Data
i..J Power-Up Handler 1 H%YT
& i . selected in module definition Trip inhibit Speeds (2)
&8 MainTask Logix Designer™ i i imi
" .CF MainProgram g g9 5 Input Data Set point multiply (2)  Alarm limits (16)
... Unscheduled ; Gate controls (2)
=-£5 Motion Groups []speed (0) [ speed (1)
i..(8 Ungrouped Axes Factored Speed (0) Factored Speed (1) A|arm buffer trigger
[ Add-On Instructions Speed (0) Maximum Speed (1) Maximum AI
= E‘TJ Data Types Speed (0) Rate of Change Speed (1) Rate of Change arm reset
o6 er-oeﬁned e Channel Pairs Alarm buffer reset
i|ti) NorthP Fault: _ H H
B NohPomeotFauls W s it e BN Transient buffer resets (4)
SouthPumpFaults M Fights Fsseeved. This ij{';{i;ﬂfm”;mﬁiﬁfﬂfﬁjuﬁ [ sMax Peak-Peak Differential Expansion
[ SouthPumpMotorFaults [ shaft Absolute Peak-Peak
[ Strings Channel it ieiis : = #X1| I3 Controller Tags - PumpMonitor(controller)
G} Add-On-Defined @0 O1 F Pt sore: Glforghiotor _+ Show: AlTom
(-3 Predefined 5 Controller Faut Handler
5 . . [¥] overall (0) [V1FFT Band (0) ontroter Faut Fandle hame
-0 Module-Defined . (3 Power-Up Handler TPEET
3 G Module-Defne Supported by any Logix controller: Woveral () T end () ™ e
; 558 MainTask
i, Logical Model . [ order (0) Magnitude FFT Band (2) 73 &3 Memprogram + Local 10
110 Configuration = ControlLogix® controllers Lo (V)7 Band (3  Clurschesid ebrmirer
T %?;2759 L18ERM-BB1B C L ™ % gr:er 8 Mha i l Ban: o _ E”L“;"g,‘i’;’::: o bgmmx;:dum" Cortl
- - - PumpMonitor - 1 rder (1) Phase V| FFT Band (5) (23 Add-On Instructions & —
R ;mbedded %) om paCt 0ogIxX  con trollers [~| Order (2) Magnitude FFT Band (6) o te Topes ’mxﬂiﬁlﬁl‘fﬁmm&
- @ [1]Embedded Discrete 10 . ["] Order (2) Phase FFT Band (7) T, Logical Model jationeebing 0 Stoud bler [Ex
L -3 Expansion I/0, 0 Modules - G ua rd Log |X® con tr0| |e rs [~ Order (3) Magnitude ["INot 1x = Sv?é:nfi:ul:tiun NotthFeedPump:0 SpeedOFault
=-Z5 Ethernet 7] Order (3) Phase - . -89 Pointl0 v ' NorthFeedPump:0.Speed1Fault
! . portional DC [0]1769-L18ERM-BB1B NorthFeedPump:0. AlamControl0
--(E11769-L18ERM-BB1B PumpMonitor Bias / Gap Rod Drop : ] gEmbedded o —NonhFeedesn.Alammm
. | & (1] Embedded Discrete 10 NorthFeedPump:0 AlamReset
i ﬂ 1444-DYNO04-01RA SouthFeedPump . R S::np:tnsion 1 ot 7m$gpg':mx:n;w
. . . = p:O.Alamm
Re u I reS LO IX Ve rS I O n : (E611769-L18ERM-BB1B PumpMonitor NorthFeedPump:0. i
Module Defined Tags il " NorthFeedPump:0. Transi Reset
) NorthFeedPump:l # 1444-DYNO4-01RA SouthFeedPump NorhFeedPump 0 Trans
) Nortesapum:0 = V20 or greater for stan oot O Tors
) owreedhums O g standard controllers, or o Fohap T
Description | Motor- Pump, Roling Bearings, ... kciblorteediiwn i Speed
Sabus [Rumning = V24 or greater for redundancy EE
Module Fault b
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Our EtherNet/IP™ network strategy

A Converged Plantwide Ethernet industrial network

The Dynamix™ 1444 Series is an integral part of
the Converged Plantwide Ethernet strategy from
Rockwell Automation.

Native dual port Ethernet and EtherNet/IP™ protocol

Supports Device Level Ring, Star and Daisy Chain
topologies

A native EtherNet/IP™ device for Logix controllers

Implement visualization of true machine condition
How and Where you need it

Enable as comprehensive a solution as necessary by
leveraging the products and capabilities of the
Integrated Architecture® system...

These are what make the Dynamix™ series the
industry’s most open yet secure, integrated and
capable solution for machinery monitoring and
protection available today!

Rockwell
Aultomation

S Corporate Network - Office
Tfé) = 4 Applications,
' CbM Applications,

Asset Management
Applications

Back-office Mainframes and
Servers (ERP, CbM, etc.)

Phone

Camera

T T, e

Supervisory
Control

B

-—

Safety Con‘troller

DynamlxTM
Protectlon

.. Human
Motors, Drives g ! Maclf\me
Actuators - Interface

b b Dynamix™ (HMI)
Robotics M_ Condition

Monitoring
EtherNet/IP=>
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Dynamix™ system architectures

Condition monitoring within an Integrated Architecture® system
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Emonitor CMS Software

Selecting the RIGHT
software, made

Because sometimes...

- The problem is “other”
- The actual time waveforms and spectrum must be seen

- Dynamix™ 1444 monitor is a part of a larger predictive
maintenance program
When “other” happens, when the solution requires data

and the tools required by Condition Monitoring
professionals, there’s Emonitor® software.

7N Rockwell
Aultomation

simple

Plant

Asset
Management No options
/ :
" Asset Health & Defect )~ C0°7 0%
Frequency Analysis No missing features

) No surprises
Surveillance Trending & Alarm
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Integrated Condition Monitoring

From Rockwell Automation

Dynamix™ 1444 monitors:

* Integrated Condition Monitoring ; :
 API-670 capable machinery protection \ \T‘“‘\\\)
« Smart machine monitoring... \ 9

o Automated fault detection and
identification within the Integrated
Architecture® system

» Secure configuration in Studio 5000
Logix Designer® software

Dynamix™ 2500 portables:
 Data collector for predictive maintenance and
machinery vibration diagnostics.

o Part of a comprehensive Condition Based
Maintenance (CbM) program
o Download your measurements to Emonitor® software

» Areal-time, multi-channel signal analyzer

o A stand alone instrument for use in balancing, run up /
coastdown analysis, bump testing, and more.

Emonitor® CMS software:

» Proven, comprehensive tools for executing any size condition
based monitoring program

* Online and offline analysis and
data collection

» Automated diagnostics

o Fault frequency identification e < -
o Built-in and user editable rule sets

u'g Rockwell
Aultomation

Sensors:

» 1442 series eddy current probes

o API-670 compliant sensors, extension
cables and drivers for all common size
and range requirements

* 1443 series sensors

o Industrial accelerometers, cables, and
mounting solutions

PUBLIC | Copyright ©2019 Rockwell Automation, Inc.
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1444 Dynamix vs GE Bently Nevada 3500

Bently’s most capable monitoring system, the 3500 series, is a
traditional rack based system that consists of various modules

3500

* 19" rack based system, must be installed
in controlled environment

 High cable installation costs due to
location constraints

* Requires 9 modules to perform the
functions of one Dynamix 1444

» Complex data such as FFT & TWF
requires a connection to GE System 1 or
other GE software using a RIM or
Gateway

7N Rockwell
Aultomation

Dynamix 1444

» Adistributed system capable of being
mounted close the machine All FFT and
TWEF data is calculated within the module

« Can behave as a standalone device if
desired or connected to the control
system via Ethernet

» Smaller cost of total system architecture

 Optional deeper visualization and
analytics available with Emonitor CMS

PUBLIC | Copyright ©2019 Rockwell Automation, Inc.
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