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Introduction

Remote Condition Monitoring
(RCM) by Crystal Instruments is
designed for the remote monitoring
of equipment or structures that are
inaccessible to configure within a
local network. Common applications
and examples of remote condition
monitoring include the monitoring of
vibrations during the transportation of
equipment, monitoring vibrations on
bridges and structures close to rails or
roadways, and monitoring vibrations
caused by rotating windmills on the
ground. (Figure 1.1)

The type and intensity of these
vibrations can potentially cause a
multitude of problems; from damaged
equipment during transportation to
structural damages on a bridge.

Continuous monitoring with auto
alarms and notifications assists in
monitoring the health while also
providing alerts to unusual and
potentially catastrophic behavior on
systems or structures.

Crystal Instruments has developed
EDM - Remote Condition Monitoring
(RCM) to extend the capabilities of
Dynamic Signal Analysis (DSA).

The integration of these features

with the Spider platform achieves
reliable results in monitoring remote
equipment and devices.

When operating in EDM-RCM

mode, multiple Spider front-ends
featuring any channel count can be
remotely mounted and connected
through a mobile wireless gateway
using cellular data connectivity.

Each Spider system is accessible
through EDM-RCM software by
using a Static Public IP address with a
connected modem. The use of a Static
Public IP address with the modem
ensures remote connectivity across
the world.

The specially designed EDM-RCM

Figure 1.1
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Figure 1.2

software simultaneously connects
multiple such Spider systems in
addition to providing updated results
of essential data for all Spider front-
ends located throughout the world.
The software provides a live view
of data from any Spider system as
needed and downloads recordings
from any or all Spider front-ends
for further analysis and inferences.
(Figure 1.2)

The capability of Spider systems

Remote Condition Monitoring

to operate in Black Box mode has
been fully utilized to ensure the
continued operation of Spider front-
ends regardless of their connection
to the host software. This ensures
the reliability of RCM during times
when cellular connectivity is poor or
nonexistent.

This paper discusses the key elements
of setting up different Spider front-
ends with a Public IP address
provided by a cellular network
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provider. Also discussed is the
procedure to set up EDM-RCM mode
to simultaneously connect to and
track the status of all devices.

EDM - Remote
Condition Monitoring
(RCM)

Creating Projects

The EDM-RCM software module
was developed using strong features
from the Dynamic Signal Analysis
(DSA) module. A new concept called
Project is introduced, which consists
of multiple tests grouped together for
the purpose of monitoring. (Figure
2.1)

Multiple such projects can be created
to group specific tests together to aid
in monitoring.

Once a project is created, an option
to add existing tests or to create new
tests is available. This flexibility
gives users an option to include one
test in several projects. (Figure 2.2)

Creating Remote Spider
Systems and Tests

Spiders have traditionally been
configured to communicate with
EDM within the local network. With
the help of an upgraded infrastructure
from cellular service providers

and the ever-increasing network of
satellites, any area on the planet is
within the reach of communication
using the data network from wireless
carriers. Remotely located Spiders
can be accessed from the base

station and data can be transferred
through the internet using a dedicated
public IP address. This IP address

is used to configure remote Spider
systems using the traditional Spider
Configuration on EDM. (Figure 2.3)

Once the IP address is entered, EDM
initiates a connection to the remote
IP address in a similar method to
EDM connecting a Spider to a local
network. Once the Spider is detected

Mew Project

Project name: Trucks Moniroting

Append the sequence number 175

Projectdescription | This project includes tests that are installed on different Trucks transporting vibration sensitive

equipmen

Projectdirectory | C:\Users\Sandeep'\Documents\EDM\rcm_dec_2017\Trucks Maniroting

Figure 2.1

New Test Wizard

Add Test

This wizard will help you to create a new test or add existing tests to this project.

OK || Cancel |

. Create a new test in this project

Multiple tests can be created or added into each project
More tests can also be added or created at any time.

Add existing tests to this project

Select this optionto add tests to this projects.
More tests can be added to the projed by clicking on menu “Project -> Add/Edit Existing Test{s)".

Figure 2.2

at the Public IP, a system can be
created. EDM will then associate the
IP address with the created system to
enable continuous monitoring.

Once the required systems are
created, multiple tests can be created
as each Spider system is added to the
project. (Figure 2.4)

Tests can be created by assigning
a Spider system to the test using

MNext > Cancel

a procedure similar to EDM-DSA
mode. The systems could be locally
or remotely located.

Test Configuration
(Figure 2.5)

Alarms and Limits
Configuration

Remote monitoring is primarily
continuous and setting up limits to
trigger alarms and notifications is one
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of the key aspects of its functionality.

Spiders across all platforms are
designed to store multiple limits for
each of the signals and to perform
comparisons. The user configured
events are then triggered when any
signal meets the defined limits.
(Figure 2.6)

A detailed set of limits for both raw
time signals or frequency signals can
be defined. Limits can also be defined
for the statistical signals of Peak and
RMS.

Recording and Event Actions
Tripping Alarms could result in
different interpretations for different
applications. To accommodate all
applications and all scenarios, EDM-
RCM is equipped with a range of
Event action rules including the most
popular recording-on-events feature.

Recordings on specific events can be
configured using the Save/Recording
setup from the test configuration.
(Figure 2.7)

Several combinations of recordings
can be set along with the desired
time duration of recording to suit all
applications.

Event action rules provides several
easy-to-configure actions for user-
defined events or pre-defined events.
The email feature, in particular, is
extremely helpful while monitoring
devices remotely. (Figure 2.8)

Specific emails can be configured
for specific events to enable clear
distinctions during the occurrence
of multiple events across multiple
remotely located Spiders.

Black Box Mode

The Spiders are equipped with a
Digital Signal Processor containing
a fully uploaded algorithm. This
enables the Spider to operate
independently without support from

Create Spider System ? X

Enter the name ofthe Spider system. Add the Spider modules to be included:

Mame ofsystem | TUek 2

P address 166.130.45.31 Detect| Detected Successfully I

Module candidate list

4

4%, Detected modules Add Al

L= (M) SN: 2583936 (IP: 166.1304531) [V] I

dd All

1=

‘,,E}, Modules previously saved
S (M) SN 2583936 (1P 192.168.1.100)
(M) SM: 2590752 (IP: 192.168.1.101)

: (M) SM: 6424892 (IP: 192.168.1.111)
> =¥ SN 6425056 (IP: 192,168.1.112)
=¥ SN 6425088 (IP: 192,168.1.113)

} e ChEEAICAGDI (ID. 107 16211140

Arrange the sequence of modules

Sequence # Maodule Location Il
Seq 1# =¥ (M) SM: 2583936 (IP: 166.1304531) CH1 - CH8

! Module: SM: 2583936, LED light start blink.

Figure 2.3

Mew Test Wizard ? X

Fill in the basic information for this test
Mote: In the future you can search this test through the database by the keywaords in the fields of Test Name or Test Description.

Create a newWaveform and Spectrum Monitaring test: FFT_Battery Testd

Test name: FFT_Battery Testd Append the sequence number b

Test description:

@ Use the default libraries of the previous test of the same type. Ifdefault libraries were not applied before the manufacturing settings will be used.

Create test by using a template.

Select Template name Description

Spider system: Truck 2 El Mew system

Testdirectory:  Ci\Users\SandeepDocuments\EDMrem_dec_2017\Trucks Moniroting\FFT_Battery Testd

| Create new run folder foreach run

[ <Back | mets> || cancel

Figure 2.4

a host PC. This major advantage,
known as Black Box Mode, is a key
element for remote monitoring. The
monitoring is not interrupted by lost
data connections or a sudden shut

down of the PC, thus providing an
extremely robust system.

Upload user created tests to the
Spider. The Spider will then operate
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in Black Box mode. EDM will
periodically connect to the Spider
during its operation in Black Box
mode to extract essential data and to
update the status of each test. (Figure
2.9)

Live signals can be viewed for a
selected Spider system during its
operation in Black Box mode.

Simultaneously Monitoring
Multiple Tests

The interface of EDM-RCM contains
a default view that enables the
Project Status display. The Project
Status includes: Running Status,
Connection Status, Time Elapsed,
GPS Coordinates, Active Alarms, and
Number of Files Recorded or Saved.

The status of each Spider can be
automatically refreshed periodically
using a user customizable time
setting. Otherwise, each Spider front-
end can be manually refreshed to
receive updates on the status. (Figure
2.10)

When live data is required for any
test, connect to the specific test and
configure the Signal Display tab to
stream live data from the Spider to
the EDM software. (Figure 2.11)

Alarm Status

There are several built-in features
within the EDM-RCM software to
monitor the status of Tests, Alarms or
Recordings.

Project Status shows the Spider
systems that have triggered an alarm
by highlighting the tests according to
the set thresholds. (Figure 2.12)

The active Alarm status within the
Project Status window shows the
number of times the alarm was
tripped since a user’s most recent
check.

To receive further insight on the
alarms, a detailed view of the alarms

¢ Test Configurations for FFT_Battery Testd [DSA (FFT)]

i «
Analysis parameters Note: analysis parameters are available based on the measurement type chosen

Analysis parameters

Run schedule

FFT analysis settings
Event action rules
Frequency range (fa) 225 Hz
Save/Recording setup
Block size/Line 1024 / 450
Window Hanning
Cwerlap ratio Ma Overlap
Average mode Exponential
Average number
FFT average on/off Average off

LPF cutoff frequency (Hz)

O EEDEE

=

|Z| Format

fi h Isettings

Reference channel

L

Test y
Block T= 20485
Sampling rate (fs) = 500 Hz

Frequency range (fa)=225 Hz

Figure 2.5

dT = 0.002s
dF = 0.48828125 Hz

Apply Alsrm Limits x
Signal name. Limit name Aslowlimit | Ashighlimit | Aswaminglimit | Asalarmlimit | Exceeding points Event strings
cm Chi_Limit z @ ¢l [Time exceeds high alarm limit
chz Cha2_Limit ) @ 0 [Time exceeds high alarm limit
Ch3 Ch3_Limit W W 0 |Time exceeds high alarm limit
Cha Cha_Limit @ 7] 0 [Time exceeds high alarm limit
Peak_ChS Peak_Chs._Limit @ @ 0 [Peak exceeds high alarm limit |
Peak_Ch6 Peak_Ché_Limit z @ 0 [Peak exceeds high alarm limit
RIMS_Ché RMS_ChE_Limit ) @ 0 [RMS exceeds high alarm limit
RMS_Ch7 RMS_Ch7_Limit W WA 0 |RMS exceeds high alarm limit
APS(CH1) APS(Ch1)_Limit @ 0 [APs exceeds high limit
APS(ChZ) APS(Ch2)_Limit ¥ 0/ [APS exceeds high limit
APSICh3) APS(Ch3)_Limit @ 0 [APS exceeds high limit
APS(Chd) APS(Cha)_Limit < 0 |APS exceeds high limit
InsertLimit Check ON toschedue || adaime || Eatime || memovenmt || oc || cncer |
MNOTE:Limiting can be enabled or disabled by turning on or off the limit check from control panel or runschedule,
Figure 2.6

is provided in the Alarm Status
window. This window is specific
for each test and the details for
each active test is displayed in this
window. (Figure 2.13)

An overview of the alarm status for
an active Spider front-end is also
available in the control panel. (Figure
2.14)

This provides a quick glance of
the events occurring on the remote
Spider.

Once the alarms have been viewed,
the alarms can be reset for the active

Spider front-end or for all Spider
front-ends from the control panel.
(Figure 2.15)

This will reset or clear all the alarms
once the reason for alarms have been
addressed.

Remote Downloads

Another critical feature is to
download the recordings (raw time or
processed time or frequency signals)
to further post-process the data and
improve the diagnostics. (Figure
2.16)

EDM-RCM provides a comfortable
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method to view the available files for
download from the Project status. It
also provides a convenient feature to
download from a single Spider or all
Spiders in the project. (Figure 2.17)

Batch Operations and Data
Usage

The control panel for RCM is
designed to operate on an active
Spider front-end or on all Spider
front-ends. Batch operations such

as Start All Spider Systems or Stop
All are available for convenient
application during the monitoring of
many Spider systems. (Figure 2.18)

Another vital feature is the
transmission of data through a
wireless network. Since data
transmitted through a wireless service
may incur costs based on the data
usage, a data usage indicator has been
added. Live signals and status update
intervals can be appropriately defined
based on the available data limits.

Conclusion

The Spider capabilities have been
completely harnessed by designing
a solution that addresses the needs
of Remote Monitoring. With the
available feature set, any Spider
hardware integrated with the EDM-
RCM software module is deployable
in static structures or moving vehicles
to provide complete and reliable
Remote Monitoring.

& Test Configurations for FFT_Battery Testd [DSA (FFT)] roox

Save/Recording setup «

Analysis parameters
Run schedule
Event action rules

setup

Note: Time Streams are recorded to Spider internal storage and need to be downloaded before review.
Signaks to be saved are defined in the measured signals tab.

Save Signals| Record Time Streams

Begin ding under the selected event "

Manuallystart recording by pushing button
Whenmeasurement starts
Wheninput signal is triggered accarding to trigger candition

() Whendigital inputis received from -]
Whenlimit exceeded (Limits of Spectrum or Time Block must be configured in setup first)

@ Whentime status exceeds the limit _(Limits ofTime Stream must be configured insetup first)

| Belowlowalam [ Below low warning [ Exceeds highalam (] Exceeds highwarning

Stop. ding under the selected
Whendigital input s received from -]
‘Whenlimit exceeded (Limits of Spectrum or Time Block must be configured insetup first)
Whentime status exceeds the limit (Limits ofTime Stream must be configured in setup first)
Below low alam

Below lowwarning [ Exceeds highalam [ Ex

options
Recordduration ggon: 003 10| (HHHH:MM:SS) (Set00:00:00 to record until stopped by user or system)
Afterthe firstrecording, repeat: - Norepeat @ Underthe defined eventabove

Repeattriggered recording withno morethan {pptimes. (this is only effective wheninput triggeris setto start the recording)

File options
Record file name prefix: REC Sequence number starts from: 0

Allow rename before manuallystart recording

Auto Download data at the end ofeachtest

Locate and expand the recorded data after download

Note1: When there is already a file with the same name in the folderkeep bothfiles{a number will be appended to the name of the |atter file). e

[ [

Figure 2.7

@ Test Configurations for FFT_Battery Testd [DS
Event action rules  « [ Eventlist |
‘Analysis parametzrs MnamerevemHEm- event name HFE":- & event ‘Rumﬂg eveﬂtstrmgsHE ent settings.

Run schedule
Event action rules

Save/Recording setup

Event name Action rules

Flash Screenand Beep
Time Status Below Low Warning  Flash Screenand Beep
Time Status Below Low Alarm Flash Screenand Beep
Time Status Exceed HighWarning  Flash Screen and Beep
Time Status Exceed High Alam FlashScreen and Beep, Send E-Mail

Flash Screenand Beep

Limit Exceeded Flash Screenand Beep E
Average Number Reached Flash Screen and Beep

Output Reaches Maximum Flash Sereen and Beep ] —/Stomize Email Cantent ? X
Sensor Overload Flash Screen and Beep

Send email is a DSP actionthat will be takenwhen an event is invoked. The message will be.
Channel Overload

User Pressed Stop

Flash Screen and Beep
Flash Screen and Beep

sent to the Emall address specified by [Global Settings]. Please specify the message bady
here(Note:Send email by Front-End not support SSL)

Just Triggered HNone
Connection Lost Naone Send to: |

Download Complete Flash Screenand Beep

Signal exceeds threshald MNone Copyto: | <input mail address, split by >

Signal drops below threshold None
Receive Digital Input Input #5  None
Receive Digital Input Input #6  None
Receive Digital Input Input %7 None
Receive Digital Input Input #8  None

Subject:  Time Status Exceed High Alarm

Body:  FFT_Battery Testd --> Event Action (Send Email)

-l

Name: [Time Status Exceed High Alarm [add action

Flash Screen and Beep
Send E-Mail

Send by: @ Send email by EDM Send email by Front-End

oK | \ Cancel |

Load from library | save ta library

Figure 2.8
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Figure 2.9

Figure 2.11
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Figure 2.12

Alarm/Warning Status

Figure 2.13

Low Alarm
[(Active / Total)
High Alarm
[Active / Total)

Low Waming
[Active / Total)

Figure 2.14

Figure 2.15
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Figure 2.16

Figure 2.17
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200543 e Hightlerm20

30 205 e
13008 5 teee
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Mumber of Alarms:

D000 . 8300007 10
Rroo0 I 220008 My
00000 £ 330000 1)
00T . 650000 1
D000 £ 320008° M)
000007 £ 350000 1)
0N K 650006 8

@ funn pdate ey

New Data Files:

| DownloadData  ResetAllAlarms
| setuptrigger || Prevewtioos |
Trigger switch: M OFF

Status ofall Tests in Project

Data Used(ME):

|!||

694.3

Start All

|| Stap All

Download from All

Clear All Alarm Stats

Site

& FFT Test Office 4...
& FFT_ Battery Testd
) Spider 1 Test 1

& Spider 20 Test 110
© Spider 20 Test211
) Spider g1 Test2
& Spider 805G Test...

Running Status

Running L] ‘ﬂv
Running - 'ﬂ'
Running L] ‘ﬂ-
Running L] ‘ﬂv
Running - 'ﬂ'
Running - ‘@
Stopped -1 &
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Number of Alarms: m

Mew Data Files:
Download Data Reset All Alarms
Setup trigger Preview trigger
Trigger switch: B OFF

Status of all Tests in Project

Data Used(MB):

Start All Stop All
Download from All Clear All Alarm Status
Site Running Status
& FFT Test Office 4... Running - ‘:B-
) FFT_BatteryTestd Running s A
) Spider8] Test1  Running s I
) Spider20 Test 110 Running = I
) Spider 20 Test211 Running s A
) Spider8] Test2  Running s I
) Spider 805G Test.. Stopped A
Figure 2.18
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