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FO rW ar d 4 During the course of this presentation, we may make forward-looking statements regarding
future events or plans of the company. We caution you that such statements reflect our

L O O k I n g current expectations and estimates based on factors currently known to us and that actual
events or results may differ materially. The forward-looking statements made in the this

St at e rn e n tS !ore.sentation are being made as of th.e time and date of its !ive pregentation. If reviewed after
its live presentation, it may not contain current or accurate information. We do notassume

s any obligation to update any forward-looking statements made herein.

In addition, any information aboutour roadmap outlines our general product directionand is
subjectto change at any time without notice. Itis for informational purposes only, and shall
not be incorporated into any contract or other commitment. Splunk undertakes no obligation

Q either to develop the features or functionalities described or to include any such feature or
functionality in a future release.

Splunk, Splunk>, Turn Data Into Doing, The Engine for Machine Data, Splunk Cloud, Splunk
Lightand SPL are trademarks and registered trademarks of Splunk Inc. inthe United States
and other countries. All other brand names, productnames, or trademarks belong to their
respective owners. © 2019 Splunk Inc. All rights reserved.
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Transforming Data into
Operational Intelligence

o @

Real-time Diagnosticsand Maximo Predictive
Monitoring Troubleshooting Integration Maintenance

Machine
Learning

G SMfS App Search & Aero
(0] or _
Metrics Maximo Reporting lloT

Data Integrations (OPC, Kepware, Maximo, etc.)
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Strategic Maintenance Solutions

Industrial loT Partner

EEstrategic
BER ., intenance
solutions, inc.

proven. reliable. trusted.
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Vision for Digitization of Faclilities
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Where To Go From There? ., 1o

Get the word out

Idea of a data lake for Facilities Data
» Attend conferences

* Present at internal meetings

March 2018
November 2017 * F2F w/ John Gonzales (Splunk
« “Finally somebodyin Facilities is Staff Sales Engineer)
doing this.” — Robert Frazier * Energy Focus

January 2018

* Introduction to Splunk

* Introduction to Tony Bass & LM
Splunk Team
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Where To Go From There?

November
2017

Utilities
Global Site Utilities Usage

ey

@ Lubbock

Odessa

drez

Delicias.

Site Natural Gas Usage Total

Site Name #
MFC ORLANDO
GRAND PRAIRIE

Santa Barbara

Ciudad

Usage Trend

March 2018

January 2018

Lawton
Wichia
Falls
McKinney
¢
Abiiene o5
Waco
San Angelo : ]
Kileen  College
Station
Austin
Houston
Acuna Siigar
San Antonio Land
Piedras
Negras
Corpus
Nk Chrisu
Laredo

Usage ¢  Unit +
1,200,328  Mcf
210,241 Mcf

192,673 Mcf

LittleRock

Shreveport Jackson

©Baton Rouge.

New Orlearis

Beaumont
Lafayette

Site Electricity Usage Total

Site Name & Usage Trend &

MFC ORLANDO ]

GRAND PRAIRIE

Troy

Roswell” sihens Colymbia
Birmingham AUShe Augusta
Tuscaloosa
cn
i Columbus P
Montg
Savannah
Albany
£ Tallahassee g
Jacksonville
Gainesville
Spring
Hil
Tompa Paim Bay

Site Water Usage Total

Usage ¢ Unit Site Name &

85,585,257  kith MFC ORLANDO
52,434,131.76  kWh

37,644,607  kih

Florence

arleston

Wilmington.

Usage Trend ¢

Edit Export ¥
Usage ¢ Unit ¢
32,637.16  Mgals

Water Chiller

Historcal with Trend

GSBBTU:VOLUME RATE Detail

38807

These resuts may be wuncatec, Ths vsuslzation s confured o dspiay

Flow aver time

N
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Search Datasets Reports Alerts

Utilities

Global Site Utilities Usage

Lawton
S »
Wichita
- Falls
@ Lubi}ock
Abilene
Odessa
Waco
arez
San Angelo
Killeen
Austin
Ciudad
Acuna
San Antonio
Piedras
Delicias Negras
Corpus
] Nuevo Christi
a Laredo

Site Natural Gas Usage Total
Site Name < Usage Trend < Usage +
MFC ORLANDO 1,209,328
GRAND PRAIRIE 210,241
Santa Barbara 192,673

Dashboards

Little Rock

@

McKinney

Shreveport Jackson
Tyler
]
College
Station
Baton Rouge
Beaumont P N O
Houston Lafayette )
Sugar
Land
Site Electricity Usage Total
Unit < Site Name = Usage Trend =
Mcf MFC ORLANDO
Mcf GRAND PRAIRIE
Mcf Troy

U VIne

Birmingham

Tuscaloosa

Montg@ry

Mobile

Usage =
85,585,257
52,434,131.76

37,644,607
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Roswell

Atlanta

Columbus

Albany

Tallahassee

Unit ¢

kWh

kWh

kWh

Athens

Building

Edit Export v

PRTT SRS

Wilmington

Columbla “g5rence

th Care Y

Augusta

Charleston

Savannah

Jacksonville

Gainesville

Spring
Hill

Tampa " Palm Bay

Site Water Usage Total

Site Name < Usage Trend < Usage <

MFC ORLANDO 32,637.16

Unit ¢

Mgals
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GSBBTU:VOLUME RATE Detail Edit || Export v

Detailed Data for GSBBTUVOLUME RATE

GSBBTU:VOLUME RATE GSBETU:VOLUME RATE Flow Meter Details

« Location: MIAMI

388 0 T;IO Reading Date/Time + Reading +
- & « Manufacturer:

GSBETUVOLUME RATE Apr 28, 2018 23:45:00 577.00
i T P ) + Average Flow:
o i _ . i Apr 28, 2018 23:30:00 616.00
These results may be truncated. This visualization is configured to display a maximum of 1000 results per series, and that « Contact:
Apr 28, 2018 23:15:00 574.00
Apr 28, 2018 23:00:00 605.00
Apr 28, 2018 22:45:00 570.00
m 2 32 4 5 & 7 8 9 10 nexts
Flow over time
1000
o
&
@
£ ol
£ 500
=]
= — GSBBTUMolume Rate
9
Q
Sun Apr 1 Mon Apr 2 Tue Apr3 Wed Apr 4 Thu Apr 5 Fri Apr & Sat Apr 7 Sun Apr & Mon Apr § Tue Apr 10 Wed Apr 11 Thu Apr 12 Fri Apr 13 Sat Apr 14 Sun Apr 15 Mon Apr 16 Tue Apr 17 Wed Apr 18 Thu Apr 18 Fri Apr 20 Sat Apr 21 Sun Apr 22 Mon Apr 23 Tue Apr 24 Wed Apr 25 Thu Apr 26 Fri Apr 27 Sat Apr 28
2018
ime
Volume Rate Outliers
1250
1000
730
500 l | | f | |
Series 2 4
250 outliers
0
-250
-500
1. Apr 2. Apr 3. Apr 4. Apr 5. Apr 6. Apr 7. Apr 8. Apr 9. Apr 10. Apr 11. Apr 12. Apr 13. Apr 14. Apr 15. Apr 16. Apr 17. Apr 18. Apr 19. Apr 20. Apr 21. Apr 22. Apr 23. Apr 24. Apr 25. Apr 26. Apr 27. Apr 28. Apr
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Mon Apr 10 Mon Apr 24 Mon May & Mon May 22 Mon Jun § Mon Jun 19 Mo Jul 3

Historical with Trend

300

NN h N ﬂuﬁvﬁu

Mon Apr 10 Mon Apr 24 Mon May 8

Mon May 22 Mon Jun 5 Mon Jun 19 Mon Jul 3 Mon Jul 17
2017
Data Loss
Unusually Low Data
Data Received
DataFlow =

Data Received
Unusually Low Data

Data Loss

Mon Jul 17

Building

Edit Export =

— WaterChiller Tans Max

Mon Jul 31 Mon Aug 14

MonAug28  Mon Sept MonSep25  MonOctd Mon Oct 23 Mon Now & MonNev20  Mon Dec 4 Mon Dec 18 Mon Jan1 Mon lan 15 Mon Jan 29 Mon Feb 12 MonFeb 26 Mon Mar 12 Mon Mar 26
2018
_time
h h [\‘\ [\ M H h [\‘\ h — WaterChiller Tons Max
U U U Trend
Mon Jul 31 Mon Aug 14 Mon Aug 28 Mon Sep T Mon Sep 25 Mon Oct 3 Mon Oct 23 Mon Nov 6 Mon Nov 20 Mon Dec 4 Mon Dec 18 Mon Jan 1 Mon Jan 15 Mon Jan 29 Mon Feb 12 Mon Mar 12 Mon Mar 26
2018
_time

Sat Nov 4 12:00:00 2017

Data Loss Readings Last Data Loss
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Where To Go From There?

November PRI g gD
2017 March 2018 L SRR A R

ASARDARAA
“‘WUUUU J \—Wﬂh UUU{\/UUWMUU[\UMUHUNUN\J[\UUUUU
January 2018 ‘ 1§§ Sat Nov 4 12:00:00 2017

Utilities

John Completed this on his Flight home (3 5 hours)
TIME TO VALUE
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Where To Go From There?

March 2018
* F2F w/ John Gonzales (Splunk
November 2017 Staff Sales Engineer)
* “Finally somebody in Facilities « Complete Initial POC on his
is doing this.” — Robert Frazier flight home

January 2018 October 2018
* Introduction to Splunk * Introduction to Aeronautics
* Introduction to Tony Bass & LM

Splunk Team

splunk> m
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Lockheed Martin F-35 Lightning |l
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Business Goals

Align with Facilities

* Increase asset reliability & availability

« Automate a work order in Maximo from machine data

* Improve and track Asset Availability

 Anticipate catastrophicfailures utilizing machine learning

. . FACILITIES & PLANT ENGINEERING
* Access data from assets in near real-time

* Integrate with Maximo data

 Provide Technicianswith the ability to visualize & create dashboards on their tablets without coding or
programming

splunk> (D
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Where To Go From There?

March 2018
November 2017 December 2018
* F2F w/ John Gonzales
« “Finally somebody in Facilities (Splunk Staff Sales Engineer) * SMS began Splunk Proof of
is doing this.” — Robert Frazier « Complete Initial POC on his flight home Concept

January 2018 October 2018

* Introduction to Splunk * Introduction to Aeronautics

* Introduction to Tony Bass & LM * SMS working on Maximo upgrade with
Splunk Team Aeronautics

splunk> m
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Making machine data accessible,
usable and valuable to everyone

» Transform Facilities’ operations by utilizing data from connected devices and systems

« Simplify the way information is communicated to enable all personnelin Facilities to
monitor, analyze, and ensure operational excellence

LOCKHEED mann% Splunk S
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Transform Machine Data into
Operational Intelligence

Real-time Visibility & Predictive Analytics

o &

Real-time Diagnosticsand Maximo Predictive
Monitoring Troubleshooting Integration Maintenance

Keﬁ\(/)vare SM%;A‘ bp Search & Aero Machi_ne
Metrics Maximo SIERRIIE lloT Learning

Data Integrations (OPC, Kepware, Maximo, etc.)

= 70 X B ¥ @ K

© 2019 Lockheed Martin Corporation
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Machine Data

W hat data are we using?

cz: S ANO B N D ¥ @ K
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Machine Data

W hat data are we using?

NNNNNNNNNNNNNNN

26 Critical Assets across multiple US sites

* Mills, Drills, Autoclaves

Maintenance
 Work Orders, Job Plans, PMs, Assets

7 O K

Unstructured (Event) Data
S ¥ @ %K

splunk> (D
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Machine Data

How do we use this data?

Data Integrations (OPC, Kepware, Maximo, etc.)

= 7 0 X (8 B @ %

© 2019 Lockheed Martin Corporation
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Machine Data

How do we Access this data?

Integrations (OPC, Kepware, Maximo, etc.)

Machine

splunk> m
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AppS

How do we use the data in Splunk?

Kepware SMS App
to for
Metrics Maximo

Search & Machine
Reporting Learning

Data Integrations (OPC, Kepware, Maximo, etc.)

w70 X 3 B @

© 2019 Lockheed Martin Corporation
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AppS

Add-ons

Kepwareto SMS App for

Metrics Maximo

splunkbase.splunk.com/app/3963/ splunkbase.splunk.com/app/4410/

splunk> m
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SMS App for Maximo

Data Ingest from IBM Maximo

* Ingesting Maximo Business Objects:
— Assets, Locations, Work Orders, Job Plans, PMs, Items, Inventory, etc.

B,

SMS App Q W @

for k
Maximo Real-time Diagnostics and Maximo Predictive Splun >
Monitoring Troubleshooting  Integration Maintenance

© 2019 Lockheed Martin Corporation

Work Order Generation from Splunk into Maximo




SMS App for Maximo

Generating a Work Order from Alert Action

SMS App

for
Maximo

® @

Real-time Diagnostics and
Monitoring Troubleshooting

Alert

Description

Search

Alert type

Trigger Conditions
Trigger alert when
?

Throttle

Trigger Actions

When triggered

o @&

Maximo Predictive
Integration Maintenance

Test WO Gen from Motor Start/Stop with Kepware

[fest WO Gen from Mator Start/Stop with Kepware

index="kepwaremotordemo" source="kepware:IDF" Tag="motor.motorl.starts_stops”

Value="1"
| rename Tag as tagName, Value as tagValue
| head 1
Scheduled Real-time
Per-Result =

O

+ Add Actions ¥

# SMS - Create Maximo Work Order Remove

ASSET Select..~ >

Use the above if the ASSET already exists in Splunk. If not, use the fields below.

ASSETNUM | 11211
SITEID = BEDFORD

LOCATION = BR210

© 2019 Lockheed Martin Corporation

est WO (

Test WO

index=

val
| renam
| head

+ Add 4

Use the above if the ASSET already exists in Sp!

1001,BEDFORD.MOFLOOR1

1002 BEDFORD,MOFLOOR2

1003,BEDFORD,.MOFLOOR3

1004 BEDFORD,MOFLOOR4

1006,BEDFORD,OFF401

1007,BEDFORD,OFF402

1008,BEDFORD,OFF301

1009,BEDFORD.OFF3M

1010,BEDFORD SWSTOCK

101,BEDFORD,SWSTOQCK

1012, BEDFORD,SWSTOCK

1013,BEDFORD,SWSTOCK

1014 BEDFORD,SWSTOCK

1015,BEDFORD,SWSTOCK

1016,BEDFORD,SWSTOCK

1017 BEDFORD,SWSTOCK

1018,BEDFORD,SWSTOCK

1019, BEDFORD, SWSTOCK

filter

ASSET Select...»

ASSETNUM | 11211

SITEID | BEDFORD

LOCATION | BR210

© 2019 SPLUNK INC.
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SMS App for Maximo

W ork Order into Maintenance W orkflow

% = Work Order Tracking

Query - Find Work Order Q -

e il Work Order | Plans | Assignmenis

Select Action hd @

Related Records = Actuals ~ Safety Plan

d
o

@

£ @

Log = Failure Reporting

Work Order: Site: Afttachments RES pﬂ'nﬁibi ||t5|r
1397 maotormetor! stars_stops=1 L_:J; BEDFORD @
Location: Class: Status: Reported By- Supervisor
BR210 %  Girculation Fan #1- Main Office HVAG (5. WORKORDEF WAPPR SPLUNK »
Asset Work Type: Status Date: Reported Date: Crew:
1211 Y ¥ Motor Starter- Size 2/440v/3phiGhcy =} |ALARM @ 2/13/19 12:19 PM 21115 11-48 AM
Configuration liem: GL Account Inherit Status Changes?
? S 5 e @ > J On Behalf OF Lead:
Parent WO Failure Class: Accepts Charges? ”
» » v
Classification: Problem Code: Is Task?
» @
Clags Description: Storeroom Material Status: Under Flove Conirol?
@ »
Launch Entry Name: Direct Issue Material Status: Suspend Flow Control?
> »

SMS App Q W

for

Maximo

Real-time
Monitoring

Diagnostics and
Troubleshooting

Maximo
Integration

&

Predictive
Maintenance

© 2019 Lockheed Martin Corporation
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AppS

Core

Kepware
fo
Metrics

SMS App
for
Maximo

Search &
Reporting

Machine
Learning

Data Integrations (OPC, Kepware, Maximo, etc.)

A T

© 2019 Lockheed Martin Corporation
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Data

Events

Search & Aero

Reporting lloT Real-time

Monitoring

New Search SaveMsv  Close

1 index=iiot_analytics_sero Tag=FTW_ v Last 24 hours * n
» 5,452 events (814115 1:00:00.000 AM to B/15/19 1:44:20.000 AM)  No Event Sampling » Job ¥ s & 4 ® Verbose Mode »
Events (5,492) Patterns. Statistics Visualization

Format Timeling = — Zoom Out 1 hour per columa

List = # Format 20 Per Page = 2 3 4 5 6 7 8 Mext ¥

Time Event

< Hide Fields = All Fields

¥ B8/1519 2019-08-15 01:44:15.427
1:44:15,427 AM

we="8" Quality="good"
SELECTED FIELDS

FTWKEPWAREOLHwe.usimeo.com | source = tep:51 Kepware:IDF

a host 1
a source 1 > 8519 2019-88-15 01:44:15.364 +0000 Tag="FTh, hydrauliconcontactor” Value="1" Quality="good”
@ sourcetype 1 a4
e 1:44:15.364 AM FTWKEPWAREOLIfwe.us.mco.com | source = tep:S1 sourcetype = Kepware:DF
INTERESTING FIELDS > BASN9 81:43:27.489 0000 Tag="FTW_ hydraulicpressuremax_|68bar” Value="1" Quality="good"

1:43:27.489 AM

WKEPWAREDL we us.imco.com tepi51 SOUrCe Kepware:|DF
@ AssetName 1
# AssetNumber 1 > BMSM9 2019-08-15 01:42:53.661 +0000 Tag="FTW_ Controller_cnl.Path_pl.pathl_workpiece” Value="" Quality="good"
# dete_hour 24 4Z53661AM  poct= FTWKEPWAREOLIfwc.us.imco.com | source = tep:51 sourcetype = Kepware:|DF
# date_mday 2
# date_minute 60 > BMsne 2019-08-15 01:42:53.661 D000 Tag="FTW_ Controller_cnl.Path_pl . pathl
a date_month 1 1:42:53.661 AM o5t = FTWKEPWARED! fwe us Imco.com | so tepi51 sourcetype = Kepware:IDF
# date_second 60
a date ;2 » 81519 2013-08-15 01:42:53.661 +0000 Tag="FTW_ Controller_cnl.Path_pl.path]_message” Value="" Quality="good"
# date_year 1 1:42:53.661 AM host= FTWKEPWAREOLHwe us Imco.com | source = tep:51 sourcetype = Kepware:DF

# date_zone 1

. » 81519 ue="0" Quality="good"
@ index
a kepware_path 25 AZEIIT AN tep:51 Kepware:|DF
N u‘ecolu'( > BASNY Controller_cnl.Path_pl.pathl_workpiece® Value="/CMA® Quality="good"
a metadota 1

L4745 SOE AN

© 2019 Lockheed Martin Corporation
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Data

Metrics

© 2019 SPLUNK INC.

+ B32,780 event

100 Per Page =

asset ¢

| mstats avg(_value)

New Search

metric_name="x_load" AND asset=FTW_

s (814/19 2:00:00.000 AM to BNS/19 2:04:1

5.000 AM) No Event Sampling =

Statistics (33) Visualization

# Format Preview =

.Axes_Axes.Linear

Axes_Axes.Linear QMG. Actuator_QME_Drive
.Axes_Axes.Linear _QMD
Axes_Axes.Linear_QMD.Actuator_QMD_Drive
JAxes_Axes.Linear_Qws

JAxes_Axes. uator_QWE_Drive

+ANES_AKES,

9. Actuator _QW3_Drive

CAxes_Awes,

JAxes_Axes.Li Actuator _¥M_Drive

.Axes_Axes.Linear _XM

index=iiot_anal

C5_aero_mtx asset metric_name index

£ metric_name 3 ’
qmé_load
qmé_motor_load
gmd_load
amd_motor_load
qwd_load
qwd_motor_load
qwi_load
qwd_motor_load
vam_load

xm_load

xml_load

index <

iiot_analytics_aero_mtx

iiot_analytics_aero_mix

-analyt

s_aero_mtx
iiet_amalytics_aero_mtx
iiot_analytics_aero_mtx

iiot_analy

iiot_analyt
iiot_analytics_aero_mtx

iiot_analytics_aero_mtx

cs._aero_mtx

iiot_analytics_aero_mix

Save As v Close

£ 8 Verbose Mode =

avg(_value) =

0. 7046237103455215

§130126417

6.038624242184057

Real-time

Monitoring

© 2019 Lockheed Martin Corporation
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Data

Simple Visualization

NEW Sea rl:h Save A5 - Close
| mstats prestats=t avp(_value) metric_name="+_motor_temp™ AND asset=FTw_ ND index=iiot_analytics_aero_mtx Last 24 hours = n

2 | stats avg(_value) w
« 418,785 events (81419 10:00:00.000 AM 1o 81513 10:55:12.000 AM) No Event Sampling * Job * A~ & 4 + Fast Mode «
Events Patterns Statistics (1) Visualization

—

42 Single Value # Format 28 Trellis
39. 5 C

Search &

Reporting Real-time splunk'> m
Monitoring © 2019 Lockheed Martin Corporation
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Data

Complex Visualization

JActuator _C_Drive" OR "asset"="FTW Axes_Axes.Rotary_SP1.Actuator_SP1_Drive") AND metric_name*"ym_motor_temp" AND “index"="iiot_anazlytics_aero_mtx" span=10m BY "

asset”
2 | timechart max(_value) as "Max" agg=max limit=500 useother=false span=10m BY "asset" v
v 342137 events (8/14/19 11:00:00.000 AM to 8/15/19 11:02:46.000 AM)  No Event Sampling * Job~ ~ & L ¢ Fast Mode »
Events Patterns Statistics (145) Visualization
+ Line Chart # Format &8 Trellis
100

Temp ("C)

RRRERRE

200 PM 4.00 PM 6:00 PM 2800 PM 10:00 PM 1200 AM
oo Aug 14

2019

200 AM 4:00 AM 600 AM 2:00 A 10:00 AM
Thu Aug 15

time

Search & Aero

Reporting lloT Real-time Sp|unk'> m
Monitoring © 2019 Lockheed Martin Corporation
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Data

Combining panels to create dashboards

Y_MOTDR_TEMPS Edit Export =
Time Picker
Last 7 days - Hide Filters

Temp ['C)

L R e L B
LI il i |

2200 PM 4:00 PM &:00 PM B:00 PM 10:00 PM 12:00 AM 200 AM 4:00 AM 6:00 AM B:00 AM 10200 AM
Thu Aug 15

Average of all Moter Temperatures Average of all Metor Torques Average of all Motor Loads

39.5°C 555 Nm 71.66 %

Search & Aero )
Reporting lloT Real-time splunk> m
Monitoring © 2019 Lockheed Martin Corporation
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Data

Focusing real-time panels for monitoring

Execution Mode Machine Mode Channel Alarm
ACTIVE MANUAL NO ALARM
Execution Time Yesterday Execution Time This Week Top 10 Alerts Last 24hrs
Value = count = percent =
61Hrs 7.36 Hrs e
Fault:Image preparation suppressed 5 Alerts 17.2 %
t:At least one axls {s not safely referenced 2 Alerts 5.9 %
Fault:Failure of machine control panel 2 1 Alerts 3.4 8
Fault:Communication failure 1 Alerts 3.4 %
Fault:Channel 1 tool T='77700217'#53 has reached its prewarning limit with D = 1 1 Alerts 3.4 %
Fault:Channel 1 tool T='77700217'953 has reached its monftoring limit with D = 1 1 Alerts 345
Fault:Channel 1 block N3152 axis ZM at software limit switch + 1 Alerts 3.4%
Fault:Channel 1 block 2 search target not found 1 Alerts 3.4 %
Fault:Channel 1 block 13 {nvalid default parameter in subroutine call 1 Alerts 3.4%

Program Active Feedrate Override Spindle Speed Spindle Override
2 3 f_ 100 f—- 100
=50 7,820 RPM 5
f— 60 E— 60
f_ 40 f— 40
:— 20 :— 20

Search & Aero )
Reporting lloT Real-time splunk>
Monitoring © 2019 Lockheed Martin Corporation




New Search SaveAs+*  Close

1 | multisearch Last 24 hours = ﬂ
2 [ search index=iiot_analytics_zero Tag=" 3937 Contraller_cnl . Path_pl.pathl_execution”

eval state=CASE(Value="READY",1,1=1,0)

eval asset="READY" ]

zearch index=iiet_analytics_szero Tag=" 3937 .contraller_cnl . Path_pl.pathl_execution”
eval state=CASE(Value="ACTIVE",1.1=1.8)

eval asset="ACTIVE" ]

search index=iiot_analytics_zero Tag=" 18937.Controller_cnl.Path_pt.pathi_execution"”
eval state=CASE(Value="FEED_HOLD",1,1=1,8)

eval asset="FEED_HOLD" ]

search index=iiot_analytics_aero Tag=" #8937 .Controller_cnl.Path_pl.pathl_execution®
eval state=CASE(Value="INTERRUPTED",1,1=1,8)

eval asset="INTERRUPTED" ]

search index=iiot_analytics_aero Tag=" i8937.Controller_cnl.Path_pi.pathi_execution"
eval state=CASE(Value="STOPPED",1,1=1,8)

eval asset="STOPPED" ]

17 [ search index=iiot_analytics_aero Tag=" 3937.Controller_cnl.Path_pl.pathl_execution®
18 | eval state=CASE(Valug="PROGRAM_STOPPED",1,1=1,8)

| eval asset="PROGRAM_STOFPED" ]

=
_ = m= m= == == ] == == ] == ==

w

| streamstats window=2 global=t range(_time} duration
| eval duration=duration*1880
| table _time Tag Value duration w

+ 1152 events | Mo Event Sampling = Job = A A ¢ Fast Mode «

[

Events Patlerns Statistics (1152) Visualization

& Timeline # Format

15:00:00 18:00:00 21:00:00 00:00:00 03:00:00 06:00:00 09:00:00

GeD @ {1 I eMedmmded» 1 9Deesd e W scrve

INTERRUPTED

889..

READY

[l PrOGRAM_STOPF
STOPPED
FEED_HOLD
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Program Status Program Execution All Shifts Alarm State

WANTING
STOPPFED
ABORTED
INTERRUFTED
IN_PROGRESS

Bin Span (minutes)

10

Path 1 Execution - Status Counts

PROGRAM_STOPPLD

STOPPED ALARM NO STOP
ALARM WITH STO®

READY

ACTIVE

INTERRUPTED
FEED_HOLD NO ALARM

N A AA AR

w
=3
7]

Path 1 Execution

Search & Aero

Reportmg lloT Real-time Diagnostics and
Monitoring  Troubleshooting

— ACTIVE
— FEED_MOLD
— INTERRUPTED
- PROGRAM_STOPPED
READY
£X — STOPPED

timo

ACTIVE
INTERRUPTED
READY
PROGRAM_STOPF
STOPPED
FEED_HOLD

B EN

O
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Data — Actions

Sensor Data Discovery

Time

Date time range

100

Pras sure {psi)

_time

2019-02-05 20:31:25.307
2019-02-05 20:31:33.79
2019-02-05 06.10:07.177
2019-02-05 221752196
20190205 14:35:33.587
20190205 17:51:48.152
20190205 09:28:13.936
20190205 05:11:52.426
20190205 22:03-24.025
20190205 114725660

Search &

Asset(s) Senson(s) Value(s) Bin Span (seconds)

w D |~ Pres ® B0

Could not create search Temp %

1N =111

6:00 AM 12:00 PM 6:00 PM 12:00 AM 6:00 AM 12:00 PM 600 PM 12:00 AM 600 AM 12:00 PM
5un Feb 3 Man Feb 4 Tue Feb 5

2019

time

dataitemnid
Temp
Pres
Temp
Pres
Temp
Temp
Temp
Pres
Temp

Ternp

Aero

lloT Real-time
Monitoring
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Hide Filters

| [

6:00 PM

12:00 AM
Wed Feb 6

800 AM
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Edit Export ~

480

240

(4 iz |

—_ Pres
F l Temp

12:00 PM 6:00 PM

value
1329
91.75

T45

splunk> m




Data — Actions

1 | mstats avg(_value), max(_value) prestats=t WHERE index=iiot_analytics_aero_mtx AND asset=...Drivel... AND metric_name=...motor_temp span=1h
2 | timechart avg(_value) as "Avg", max(_value) as "Max" span=1h

+ 32,429 events (before 8/8/19 10:13:06.000 AM) No Event Sampling Job
Events (32,429) Patterns Statistics (853) Visualization
-
e o Axis Motor Temperatures
125
]
Drive 1
75
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_time

Search & Aero
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Wed Aug 7

-kj

Wed Aug 7
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Alltime » n
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Work Order Data

Work Order Master

Time

Alltime

Work Order Count

4.65%

16 6068

31.556%

Work Orders per Asset

Search &

Reporting

3148
ASSETNUM

15,70

2,000 3.000 4,000 5,000

COUNT

-

T e 10041

000 7.000 §,000 9.000 10,000

# of Work Orders

o>

Maximo
Integration

Assetis) Status(es)
v All x All x Hide Filters
APPROVED A
BEMIND
Asset NUm canceLep Work Order by Type
Enter ASSETN “4 TWRK
other (7) c™M

Py

| Picture

Work Orders per Asset

Time for this chart

All time v
1,000

I count(WONUM)

ders
T —

Ord

w
=]
&

¥ of Work

W

e e T NG

© 2019 Lockheed Martin Corporation

© 2019 SPLUNK INC.

Ean Export v

Work Order by Type Definition

Enter Work Type Code

WORKTYPE
PM

CR

™

PW

M

WA

sC

NV
ES

WTDESCRIPTION

Preventive Mainténance
Contractor (No Time Required)
Corrective Maintenance
Planned Work

Equipment Maimenance

Work Around

Service Contract
Environmental Work Order

Environmentally Sensitive

= WOCOUNT

-, f N A\ \AAA S /

splunk>



Work Order Data

Mean Time Between Failures (MTBF)

Currently for Specific Assets

© 2019 SPLUNK INC.

MTBF
ASSETNUM count total_uptime - | DESCRIPTION
10037295 27 000000
Top 10 Downtime Events Top 10 Downtime Events
3.00 DOWNTIME ASSETNUM
3.78 169h 10037295
5.18 14h 10037295
14.00 5h 10037295
an 10037295
3h 10037295
3h 10037295
3h 10037295
169.00 3h 10037295
3h 10037295
an 10037295
Chosen Downtime Event
DOWNTIME ASSETNUM © = DESCRIPTION STARTDATE ENDDATE
169 h 10037295 14-SEP-18 05.57.10.000000000 PM

Work Order by Cost - Drilldown to Relevant Details

All time N,
WONUM ASSETNUM DESCRIPTION TOTALCOST
F753429 10037295 REPLACE LIGHT
BuLe
F753892 10037295 VISUAL
INSPECTION

Search & Aero > @\

Reporting lloT Maximo  Diagnostics and
Integration Troubleshooting

ACTMATCOST ACTLABCOST ACTSERVCOST ACTTOOLCOST STATUS REPORTDATE ACTSTART
0 0 0 REVIEWCOMP
0 0 0 REVIEWCOMP '

© 2019 Lockheed Martin Corporation

STARTDATE

14.SEP-18 05.57.10.000000000 PM
29-MAY-18 11,02 38 000000000 PM
19-APR-17 10.40.00.000000000 AM
16-AUG-16 04.00.37.000000000 PM
21-NOV-16 04.00 35.000000000 PM
17-0CT-16 04,00.24 000000000 PM
21-JUL-16 08.16.35.000000000 PM
19-JUN-16 08.20 49 000000000 PM
22-APR-16 08.32.08.000000000 PM
22-FEB-16 07.58.29.000000000 PM

STARTDATE_epoch
1536962230

REPORTDATE_epoch ACTSTART_epoch

mitbf

91.2231820130316

ENDDATE_epoch

PLANTYPE

PEMO

PEMO
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Alert  DATA MISSING

AI ertS Description Optional

y
Search 1 | mstats latest(_value) where metric_name="*" AND index
=iiot_analytics_aero_mtx AND asset="FTW_ *" AND sourcetype
="kepware:idf" by asset, metric_name, index
Alert type Scheduled Real-time
Run on Cron Schedule v
Time Range Last 1 hour »
Cron Expression NZerees
.g. 00 18 *** (every day at 6PM). Learn More
Expires 365 day(s) v
Trigger Conditions
Trigger alert when Number of Results v
isequalto~ 0
Trigger Once For each result

Throttle *

Suppress triggering for 12 hour(s) v

Search & | k:
Reporting Real-time  Diagnostics and Sp unk> m
Monitoring  Troubleshooting
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Suppress triggering for 12 hour(s) v

Alerts

+ Add Actions ¥

When triggered v D] Send email Remove

Comma separated list of email

To christopherm.gilman@imco.com

agadresses

4 Show CC and BCC

Priority Normal »

Subject | LMPI:Splunk IIOT Email Notification | 1" emall subject, recipients
and messag include
tokens that insert text based on

Message | There has been no data from the results of the search
FTW the past 1 Learn More 2
hour.

V

Include [ Linkto Alert  [] Link to Results
[[] search String [ Inline Table v

Trigger [] Attach csv
Condition

Trigger Time  [_] Attach PDF

Type = HTML & Plain Text Plain Text

Search & Aero =

Reporting lloT Real-time  Diagnostics and
Monitoring  Troubleshooting
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AppS

Splunk for lIoT — Al

Kepware
fo
Metrics

SMS App
for
Maximo

Search &
Reporting

Machine
Learning

Data Integrations (OPC, Kepware, Maximo, etc.)

A T

© 2019 Lockheed Martin Corporation
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Coonenany @R
Monitor View

Industrial Asset Intelligence

< Monitor

G View: Edit

Normal

Out of range

100 100

Waiting for data

Picture

Below 85%

OOmO

MACHINE AXIS TEMPERATURE TOOL CHANGER AXIS TEMPERATURE

445 808 F24= 28 437

323 332 292 243

327 44 313 457

Real-time splunk> m
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Monitor View

£ Monitor

View: _Z details

BN BT T
T T
BN BN EEE
T
T EEEENET R

®

.
ANEIE B |
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Analyze View

Analyze
Assets Groups ® Last48hours v ©) Refresh v G Clearall n = Analysis
Filter Q :
m1_motor_temp e X zm_motor_load
v a 2204 AGGREGATIONS

Select one or more aggregations t¢
display in the chart

v Axes_Axes ) avg [V] max [¥] Min

> Controlier_cnt

> Rotary SPI W ) sum

> Rotary_QW7 L [ swoev  [Jsum

> Rotary_CM

> Rotary_AM 90 x 75 x 50 x 25 x 1
> Lincar_ZM1

> Lincar_ZM mCmetor i, TIME COMPARISON

> Linoar_YM1 e oo Overlay previous time period on th|
> Lincar_YM selected chart

Compare to | Naone

v

Lo 080 VWAVAAAM A e A e A AL

> Lincar_XM2
ne SPLIT BY
> Lincar XM
Spiit this metric by a dimension.
> Lincar_XM
Split by
> Lncar_VAM
> Lincar_CW9
FILTERS
> Lincar_QW8
R Include or exclude metrics from spe
> Unear_QMD m1_motor_load categories.
> Linoor_QM6 e s ascet
& ActiveTime
host
v
f |
v | |‘ ’ A N 'L' ' ‘ |‘\ i P‘\ ‘ k l “'L .AI‘ l‘ 1= hﬂ}‘ index
ontroller_cnt WAL WA \ e\ A A A A o \ o | / J'UwWJS Y \ v
> Controlicr_ ij (i ra\“‘nwv:www N VD NSV | - Dul i DU WA NI kepware_path
v Axps_Axos U A " ! \ | W Ny W | \ l\ AL | metadata
> Rotary_SPi A « | J "
quality

> Rotary.QW7?

Industrial

Asset :
|nte||igence Real-time Diagnostics and Splunk>
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AppS

Machine Learning — Predictive Maintenance

Kepware SMS App
to for
Metrics Maximo

Search & Machine
Reporting Learning

Data Integrations (OPC, Kepware, Maximo, etc.)

w70 X 3 B @

© 2019 Lockheed Martin Corporation
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Machine Learning

GOOD

Failure Early

Begins Signal 1 Ealy

Signal 2 Noise

Predictive Maintenance and
Machine Learning Detect
Early Signals of Impending

ASSET CONDITION

Failure

BAD

COST TO REPAIR

Predict machine failure and prescribe a remedy before failure

Machine @

Learning P_redictive Splunk> m
Maintenance
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Transforming Data into
Operational Intelligence

Full stack

o &

Real-time Diagnosticsand Maximo Predictive
Monitoring Troubleshooting Integration Maintenance

Keﬁ\(/)vare SM%;A‘ bp Search & Aero Machi_ne
Metrics Maximo SIERRIIE lloT Learning

Data Integrations (OPC, Kepware, Maximo, etc.)

= 70 X B ¥ @ K

© 2019 Lockheed Martin Corporation
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Machine — Comparing Motor Loads

Motor Loads

All Motor Loads

&0

$0

40

Frijan 18
2019

Q

Diagnostics and

Troubleshooting

?’").
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Export v

- am_motor_load
em_motor_load
— amb_motor_load
~= gmd_motor_load
- qw7_motor_load
- qwB_motor_load
— qw9_motor_load
spl _motor_load
—— xml_motor_load
== xm2_motor_load
= xm3_motor_load
- xm_motor_load
— ym1_motor_load
ym_motor_load
- 2m| _motor_load
=~ zm_motor_load

splunk> m



© 2019 SPLUNK INC.

Machine — Comparing Motor Loads

Good Axis

-2

A

Sat Jan 19 Sun Jan 20 Mon Jan 21 Tue Jan 22 Wed Jan 23 Thu Jan 24 Fri Jan 25 Sat Jan 26 Sun Jan 27 Mon Jan 28 Tue Jan 29 Wed Jan 30 Thu Jan 31
2019

time

Diagnostics and ;
Troubleshooting Splunk > m
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Machine — Comparing Motor Loads

Bad Axis
Early Failure

Signals——_____ \
[\

i

a1 jan 19 Sun Jan 20 Mon jan 21 Tue Jan 22 Wed Jan 23 Thu Jan 24 Fri Jan 25 sat jan 26 Sun Jan 27 Mon Jan 28 Tue jan 29 Wed Jan 30 Thu Jan 31
2019

_time

Diagnostics and ;
Troubleshooting Splunk > m
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Machine — Comparing Motor Temperatures

Motor Temperatures Edt || Expont v

All Motor Temperatures

1o

Result

) Early M
Signals i

80 om_motor_temp

— qmb_motor_temp
F = I —— gmd_motor_temp
0 al u re — qw7_motor_temp

— gw8_motor_temp

—GwW9_motor_temp
xm | _motor_temp
h‘ ' — X2 _MOLor_temp
hﬂ]r \
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| 1"1"
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Transforming Data into Operational
Intelligence

o @

Real-time Diagnosticsand Maximo Predictive
Monitoring Troubleshooting Integration Maintenance

Machine
Learning

G SMfS App Search & Aero
(0] or _
Metrics Maximo Reporting lloT

Data Integrations (OPC, Kepware, Maximo, etc.)

w70 R OB @ X
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Business Goals

Align with Facilities

* Increase asset reliability & availability

« Automate a work order in Maximo from machine data

* Improve and track Asset Availability

 Anticipate catastrophicfailures utilizing machine learning

. . FACILITIES & PLANT ENGINEERING
* Access data from assets in near real-time

* Integrate with Maximo data

 Provide Technicianswith the ability to visualize & create dashboards on their tablets without coding or
programming
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The people
Kalell Korkmas
Rob Sackett
Kena Searcy
Tony Bass

Bill Ern

Don Schofield
Mary Spross
John Gonzales
Chris Duffey
Erik Dellinger
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Q&A

Adam Whiting | Project Manager
Chris Gilman | Senior lIoT Consultant
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