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Overview

e Company/Industry Introduction

* Core Maintenance Principles in our Industry:
— Reliability Centered Maintenance (RCM)

— I1SO 14224

Predictive Maintenance via NOV Max™

NOV’s Internal Maintenance Software Stack

* Lessons Learned
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Who Are We?

* Leader in the Design, Manufacture, Sale and Service of Qil Field
Equipment

* Established: 1841
NYSE: NOV
Employees: 36,000
Revenue (2016): $7.25B

* 178 Manufacturing Facilities Worldwide:
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Not Just The Qilfield...

* We solve really big problems
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Scientists want to be first to drill into

the Earth's mantle

By Ben Westcott and Junko Ogura, CNN
(© Updated 1251 GMT (2051 HKT) April 14, 2017

Journey to the Earth's mantle Drawworks
Traveling Block
The Chiku Top Drive
Rotary Table

Pipe Racking System
Hydraulic Roughneck

Pipe Transfer System

Riser Transfer System

4 km
Coring Winch

Mud Pump

Ocean floor/ Heave Compensator

Earth's crust 6 km

Riser Tensioners

Lower Marine Riser Package

Drilling Equipment:

Type Model

Drilling Control System

NOV Hitec DCIS

NOV EH-V-5000

NOV Hydralift HTB1380

NOV Hydralift HPS 1000 2E AC
NOV Varco BJ RST 60-1/2

NOV Hydralift Hydra Racker IV
NOV Hydralift HRN-166

NOV Hydralift 3-1/2" to 30”
pipe, SWL 20 ton

NOV Hydralift 90’ riser & slip
joint, SWL 45 ton

NQOV Dual Drum 19mm x
10,000 m.

NOV 14-P-220
NOV Hydralift CMC1000-25

NOV Hydralift N-line direct
acting tensioner

NOV Shaffer Dual Annular

Mantle 1 km

Source: http://edition.cnn.com/2017/04/07/asia/japan-drill-mantle/index.html

©2017 NOV Increasing Internal Reliability with Smart Asset loT - 11/29/2017 | 5



Challenges We And Our Customers Face

e Extremely remote locations i

Extremely rugged (rough neck proof)

* Low connectivity

Extremely expensive when things
break

— Antonov AN 124 rented to fly
equipment

Technology averse
(unless it turns to the right!)

Tried and failed a few times... no trust it will work!
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Core Maintenance Principles

 Reliability-Centered Maintenance (RCM)

* I1SO 14224
Petroleum, petrochemical and natural gas industries — Collection
and exchange of reliability and maintenance data for equipment
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Reliability-Centered Maintenance (RCM)

* First used by Boeing during the design of the 747

* Since then adapted widely by many industries, incl. aerospace,
wind power, mining, and oil and gas production

Reliability Centered Maintenance

Risk , Asset ~ Condition
Management | Management | Monitoring

Documentation |

Asset Preventative
Management Maintenance

Staging of Replacement Parts

and Repair Personnel
Contingency Planning
Thermography

Run Hours
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o
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o
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o
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Criticality vs. Redundancy
Real-Time Oil Analysis

Probability vs. Consequence
Drilling Performance Data

Acoustic Sensors (Vibration)

Comprehensive Repair
Standardized Repair and
Maintenance Procedures

T
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Source: RCM Principles Provide Predictive Asset Maintenance Benefits, Cost Savings - Frank Breland, et al. (2010) - IADC/SPE 128865
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1ISO 14224 - Taxonomy

Use/flocation

(1
Industry

/ ¥ \

Business category

[\
Installation

/ (4)
Plant/Unit

\

(5)
Section/System

-/

(6)

Equipment unit

Example:

Petroleum
Upstream (E&P)
Drilling Rig
Offshore Platform

Compression

\ Pump

/

(7)
Subunit

\ Lubrication

/

(8)

Component/Maintainable ltem

\ Gearbox

Equipment subdivision

/

(9)
Part

\ Bearing

Source: ISO Standard 14224
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Predictive Maintenance via NOV Max™

* Analytics augments our products

@ Products @ Platform @ People

Large Footprint NOV Max™ 100+ years of product knowledge
Decades of Historical Data X Multidisciplinary data science team

End to End Solutions
*  Failure prediction

* Notification and alerting
* Mitigation strategy

Asset Lifecycle

Condition-Based

Reduced Cost Optimized Reduced

Management

Maintenance

of Ownership Performance Downtime
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Example: Offshore BOP Monitoring

e Large structure used to seal, control and monitor
wells to prevent blowouts

* Chosen because of its high criticality and available
data:

— 15 years of data

— 5 years of detailed maintenance history

— 8 BOPs

* Focus on pressure regulator failures:
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Condition-Based Maintenance

0000 0000 0000 0000 0000

0000 0000 0000 0000 0000

0000 0000 0000 0000 0000

0000 0000 0000 0000 0000
Traditional 0000 0000 0000 0000 0000
preventative .... .... .... .... ....
ma]ntenance .... .... .... .... ....
Condition-based ..::
maintenance —@

o0

0000 @ n-use

0000 @ Replaced

? ?. @ Flagged as high risk

©2017 NOV

BOP predictive

BOP predictive
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NOV Access Customer Portal

NSy

OARD / BOP DASHBOARD

45 USS Defiant NXT

& Equipment Overvie Electrical

Dashboard LR

WED APR 27 2016
Ofi 04:13:06

Favorite

System Functions
WELLBORE

Trend Tool
Readback 200
°F

32 50
Reports TEMPURATURE

200
°F
32 350
TEMPURATURE
SYSTEM STATUS
EMERGENCY
EDSL

EDS2

EDS3

ELECTRICAL

HYDRAULIC

LEGEND

10:00

STATUS RETRACTED

150
Ps|
o 300

PRESSURE

150

PsI
[3

PRESSURE

A Non-critical Fault LI
weeks

Critical Fault Maintenance next 2
months

4

OPEN
BLOCKED

I

CLOSED
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1< ?
CLOSED NO
BLOCKED DATA

%

CHOKE

July - 02

2:00 400

Manifold | Supply
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48-HOUR HISTORY

Time
Fri, 01 Jul 2016
15:27:50 GMT

Fri, 01 Jul 2016
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Fri, 01 Jul 2016
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We Sell Great Products, So Why Not Use Them Ourselves?
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Overview of NOV’s Maintenance Software Stack

——

Data Historian NOV Max™

@ osi

Coupling to Motor .
Coupling to swivel 1

Compound and Bull Gears | H
4]%,.,“"“,,,%&5 — Sensors, PLC, Edge Devices

. §= P2
Failure Mode, Effects and EEEM

Criticality Analysis (FMECA)

Preventive Maintenance

a

Unplanned Maintenance
Computerized Maintenance Management System (CMMS)

Machines

OEE

> Manufacturing Execution System
G Forcam Ignition.”
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Asset Information Management System (AIMS)

RIS |

T -
My As=t

Work Orders

Tnventory

hecklists

Save Current Layout W] l Reset Layout Gl l Add to Favorites iil l Help (2 ] Logged in: aims Support New Task Request My Profile Feedback  About  Support Logout [

Read My Requests  Procedu

+ AIMS Rollout Version 4.0.442.0 - posted on 10/24/2017
+| AIMS Rollout Version 4.0.441.0 - pested on 9/20/2017

| Search |v | |

Cost Center

My Favorites % | | Announcements
Mo ltems to display
Checklist Summary
Created Today 0 Checklists
Created This Month 65
Al Open e Breen - 5217237 - CRANES
Planned Workorder Summary x Breen - 5217337 - CUT BACK
Breen - 5217337 - SPRAY
Created Today 256
Breen - 5217337 - VULCANIZING
Created This Month 3453
Oklshoma City - AREA 02
All Open 9332
Oklshoma City - AREA 02
Unplanned Workorder Summary X Oklshoma City - AREA 03
Oklshoma City - AREA 06
Created Today 23
Oklahoma City - AREA 07
Created This Month 512
Cklahoma City - AREA 08
All Open 400
Oklshoma City - AREA 09
Downtime This Month X Cklshoma City - AREA 10

S0.6% ——

m 1001CG5150-25 m BRN-WL1003 m 1001C5150-6
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Oklshoma Cify - AREA1Z
Oklshoma City - AREA 12
Oklahoma City - AREA 14
Cklahoma City - AREA 15
Cklahoma City - AREA 16
Oklshoma City - AREA 1T
Oklzhoma City - AREA 18
Oklshoma City - AREA 10
Oklshoma City - AREA 20
Oklahoma City - AREA 22
Casper

Cklshoma City - INVENTORY AREA

Cklshoma City - MAINTENANCE AREA

Oklshoma City - Night Shift
Misku 4th Street

GO

Planned Work Orders

Cost Center

| 1day | 2-3 days ‘ 4-5 days ‘ 6-7 days

Aberdeen - Quality

Abu Dhabi, UAE - Service Quality

Air Center - Engineering-Maintenance
Air Center - Engineering-Quality
Badentoy - Maintenance

Baku. Azerbaijan - Quality
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Condition Monitoring Work Order

Add to Favorites 4

Logged in: aims Support ERGUREESELTS My Profile Feedback  About  Support  LogOut A

| w2,

‘Saan:h

Procedures  Transfers Analyticc  Reports  Admin
Created By aims Support on 6/5/2014 1:18:54 PM |l print Work Order | || Work Order Docs | Equipment Class Docs Equipment Docs
WO Number: UWOD05431 PO Number: Add New Document Ewﬂaégsljgiadmg documents for the WorkOrder Number:
Select a File : Brows
g;‘:tfd 8/5/2014 Company Doing Wark: | NOV - R . l
: ocumen
-

Equipment . Type: (Select from list)

N?): P CNC-88 Person Doing Work: Support, aims -

Equipment g . 5

Description: Orange CNC-88 Tasked To: Electrician - R

Permit To Work

Status: Open Mumber:

Cause: Circuit failure - 158: | & Upload File |

Priority: 1- MACHINE DOWN -

bowntime:  Ono @ ves  Hrs: | 1000 File Name | Document Type Comments Uploaded By Uploaded Date | |

CBM Asset Health Alert Detected Tag Name: Tag Value: Rule Policy Tag Condition: DataWarehouse::" 16389, spindletempl” = 33 OR No records ta display.
Comment: DataWarehouse::"16389.spindletemp2” = 33 Rule Policy Evaluate Condition: 0 = 33 OR 36 > 33 Alert Severity: Alert Description: - R
Machine Name: SRVHOUOTTMPOS Reliability Characteristics Failure Class: Problem Code: Cause Code: Remedy Code: pag

Additional

Comment: Work Order Inventory |/ Edit |

Master Part # I"‘;:;’"’ ‘ Part# ‘ Warehouse ‘ Location ‘ Quantity ‘ On Hand ‘

Category: Condition Monitoring System: CNC Machines Tier 3: N/A Tier 4: N/A Na recerds to display.

Man Hours: 10

| +| Add new record || Refresh
Man Hours Performed By Comments Created By Create Date ‘ ‘
10 Support, aims Support, aims 8/19/2014 s a

Cost Details: $0.00

| +| Add new record || Refresh

Cost Type Ttems Description | Qty | Cost (each) Total Cost ‘ ‘
Mo records to display.

Delay Reasons: None

|+ | Add new record || Refresh
Delay -
Resson Note Resolution Date | Created By Created Date

No records to display.

Total Duration:

Froblem (5000 char max): CBM Event: Asset Health Alert for Overtemp Alert

Action Taken (5000 char max): Replaced circu'n:l
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©2017 NOV

IN®Y | Total Cost of Ownership

Division: Grant Prideco
Cost Center/Zone:
From: NIA

Equipment Details:
Equipment #:

Description:

Zone:

Serial Number:

Current Operating Status:
Install Date/Creation Date:
Current Age In Months:
Estimated Total Life In Months:

Remaining Life In Months:

Planned Work Order:
# of Work Orders:
Labor Hours:

Labor Cost:

Additional Cost:

Parts Cost:

Inventory Costs:

Miscellaneous:
Contacts Cost:

Direct Purchase Costs:
Direct Parts Cost:

Direct Third Party Costs:

Summary:

Cost Incurred So Far:

Average Monthly Operating Cost:
Estimated Cost Over Life:

Estimated Cost Over Remaining Life:

District: North America
Equipment Number: u
To: N/A

|

| | mm |

H B H mE

In Full Service

Include Children Equipment:  Yes

1/8/2013
57
Unplanned Work Order:
8 # of Work Orders: 321
1938.30 Labor Hours: 2816.07
$28,620.00 Labor Cost: $22,779.99
$372,370.41 Additional Cost: $2,101.89
$0.00 Parts Cost: $0.00
$3,977.52 Inventory Costs: $4,957.92
Downtime Hours: 720.26
Downtime Costs: $204,482.86
$0.00
$1,569,425.12
$0.00
$0.00
$2,208,715.71
$11,215.62
$1,569,425.12
N/A
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Planned vs. Unplanned Maintenance

Planned vs. Unplanned Work Order Hours Planned vs Unplanned Work Order Count Cost Center
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e e I

geldecs

> Line 1

Overall Equipment Effectiveness

Total Upsets = 953

Total Time = 24.0 hours

Idle Time = 2,19 hours
Planned Time = 21.81 hours
Down Time = 0.49 hours
Operating Time = 21,32 hours

Ideal Rate (per hour) =[ 44

Avallabllity = Operating Time / Planned Production Time
0.978 = 21.32/21.81

Performance = (Total Upsets / Operating Time) / ldeal Rate
1.016 = (953/21.32)/44.0

OEE = Availabllity x Performance x Quality
0.993=0.978 x 1.016 x 1

99.3%

]

[0 Rmnng O Setip © Tocing ©
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Orange - Mazak FCA750PY-N3B

Wittes Melp Launch Full Screen  Look and Feel

Mam Menu
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Effasency Screen

Machine ID
801:MAZAK SIM
800:MTC DEVICE
700:Weid Cell
207:VerticalMili2
127.Cincinnati Gantr
125:Doo=an Mill 99
122:Husky IMM 1
119:Press 2
118:Press 1
116:Tacchi Lathe 3
114:Tacchi Lathe 1
111:Auto Chop Saw
110:Olympia Vert Mil
109:Twin Turret Lath
108:Gun Drill
107:Doosan Vert Mill
106:Docsan Mill 98
105:Haas MI" 1"

"o
T SR
)

OEE

Availability

100
0
100
7582
70.72
7394
7458
24
7242
7459
7495
7468
7468
7496
7495
7498
7498
7493

Quiality

100
100
100
100

8182
7273
7667
8333
7273
75
66.67
100

84,62
875
7568

Quality
g4

Petformance

100
100

3249

5.08

781
= 18.3
== 16.64
719

96.46

98.07

98.07

97.68

105.86

99,67

100,36

Performance

FEERE|

Group

i
por}
(2]

MTC

Fab Cell

Mill

Mill

Mill

Injection MM
Punch Press
Punch Press

Mill

Increasing Internal Reliability with Smart Asset loT - 11/29/2017



Orange Overview

Utilization: 41.1

00:00

Utilization: 31. 00:01

Status Log

Ve

88 - 88 - MAZAK INTEGREX EE50H Il

Manual Mode

500 - 500 - MAZAK E-RAMTEC V/12 1850V

Manual Mode

11 -11 - MAZAK INTEGREX e500HII

Manual Mode

101 - SOFT LIMIT

12 - 12 - MAZAK VARIAXIS 720-5X Il

321 - TABLE POSITION MALF

125 - 125 - MAZAK FH-8800

In Production

407 - MAZAK QTN 250MY-II

In Produc

408 - 408 - MAZAK QTN 350MY-II

Machine Off

Utilization: 13.4
410 - 410 - MAZAK VCN 510C!

In Produc

217 - 217 - MAZAK VCN 410A

Machine Off

Utilization: 41.4

129 - 129 - MAZAK FH-10800

In Productiol

Status Log

1 Days 19:34

Utilization: 33.9

140 - 140 - MAZAK FH-8800

Machine Off

142 - 142 - MAZAK FH-8800

Utilization: 0.0

2 Days 19:56

Utilization: 35.0

00:03 Utilization: 39.4

147 - 147 - MAZAK MTV 515/40N

Machine Off

151 - 151 - MAZAK CT4500M

Manual M

152 - 152 - MAZAK CT4500M

In Production

©2017 NOV

Operating States Legend:

Reduced Production
Setup / Manual Machine Problem Idle / Undefined

Maintenance

Machine Off |

Utilization: 34.0 %

Current Shift
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Day-Driven vs. Usage-Driven Maintenance Study

Mud Pump Maintenance Savings
Rig

(&) Al

Asset
Mud Pump 1
Mud Pump 2
hud Pump 3
hud Pump 4
Mud Pump 5

®an
Within Years

Run hours

B

e
o
——

i

Mov 1,12 Mar 1, 13 Jul 1,13 Mov 1, 13 Mar 1, 14 Jul 1, 14 Mov 1, 14 Mar 1, 15 Jul 1, 15 Mov 1, 15 Mar 1, 16 Jul 1, 16 4
Timestamp o

1M vs 500Hr Routine Maintenance
Show Breakdowns

(® Yes
No
10
WO Description
£ B 1M Routine
= [l 500Hr Routine
[o]
E
November 2012 May 2013 Movember 2013 May 2014 November 2014 May 2015 November 2015 May 2016
WO Date

1M vs 500Hr Maintenance Cost

WO Deseripfion Savings from 1M to 500Hr

150K
o/ ~

oYy
b
g 100K 66 [ ] 1 8 0 v
E
[=]
= 50K

0K _ $ 1 08 L] 00 0

1M Routine 500Hr Routine
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Day-Driven vs. Usage-Driven Maintenance
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Qtrl

Qtr2 Qtr3
2014

Qtrd

Qtrl

Switch to Usage

l
1 “ |‘ |‘ H |‘ || || ‘u

Qtr2 Qtr3
2015

Qtrd

Qtrl

Qtr2 Qtr3
2016

B Man Hour Count

B Planned Work Order Count

Qtrd Qtrl Qtr2 Qtr3 Qtrd
2017
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Lessons Learned

* Prepare your machines for loT now (e.g. network ports or wireless
networks)

* Always get your corporate network security team involved
whenever you connect equipment to your company network

* Develop/Buy/Rent computerized maintenance management
system (CMMS) to log maintenance and failure data

e Perform FMECAs on your most critical equipment

* Try to store any type of data from your machines that you can get;
for new machine purchases, check whether they support
MTConnect for easy data access

» Switch to usage-driven maintenance

 Never Settle!
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Lessons Learned

e Uptime and reliability is fun

e Plants want to be cool

Technology exists
* Show them the money!!!

* We have no more excuses:

Insert Your Company Here

/

JUSTDOIT

loT - 11/29

Increasing Internal Reliability with Smart Asset lo

/2017



Questions?
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