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the timeless concerns of the operations professional

Efficiency

“It is only through enforced standardization of methods,
enforced adoption of the best implements and working
conditions, and enforced cooperation that this faster work
can be assured.”

Frederick Winslow Taylor

Quality

“Understanding variation is the key to success in
quality and business.”
W. Edwards Deming

Maintenance

“Maintenance is terribly important.”
Manolo Blahnik
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IBM Predictive Maintenance & Quality enables you to:

monitor, maintain and
optimize assets for better
availability, utilization and
performance

identify minute changes in
material or product quality
well in advance of traditional
statistical process control
methods
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desirable capabilities to operationalize asset data
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real-time, fact-based understanding
of asset performance and usage

|
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reduced unplanned downtime extended asset life

lower maintenance costs J improved product quality

fewer warranty claims improved production yield

lower parts and inventory costs - optimized maintenance schedule
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gain significantly greater value from the data

generated by assets you create, own and manage
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employ asset data to make it easy to provide
detailed, timely, relevant insight to lines of business

product design ‘ are customers using the product in ways that we never imagined?

production engineering/design ‘ is this machine/process operating as well as planned?

supply chain/procurement how can we reduce supply and materials inventories?
production/manufacturing where/when are we most likely to have asset failure?

quality control what are the root causes of quality issues?

maintenance how can | optimize maintenance schedules and resources?
operations what are the primary causes of unplanned downtime?

customer service/warranty what are the top predictors of warranty claims?

field service/repair what are the optimum locations and quantity for spare parts?
health, safety, environment are we at risk due to asset failures, product recalls, customer claims?
data scientist/statistician how can | develop more ?
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predictive capabilities benefit multiple lines of business
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reduce unplanned downtime, improve asset
reliability, availability & utilization

extend asset life; avoid new asset costs
maintain or improve product quality

reduce scrap & process variability; improve yield
improve manufacturing/production process
reduce maintenance costs

optimize maintenance strategies & practices
optimize spare/critical parts inventory

monitor asset health; remote diagnosis; root cause
analysis; predict pending failures

optimize supplies, materials, components inventory
reduce warranty & service costs

develop new business models, proactive service
better analytical tools & algorithms

reduce risk & compliance exposure
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analyst/ data

statistician/
scientist




clients report these benefits

manufacturing

maintenance
data scientist/statistician

customer service

supply chain/procurement
maintenance

production
product design

production

warranty

finance
quality control

maintenance
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fault recognition for specific assembly operation

— QoL IIINTY

ability to predict delays & cancellations within 12 weeks

accuracy within 48-hour warning about potential equipment failures
accuracy using analytical model to predict stuck pipe situations

d redundant service calls

J of average inventory
 in unplanned maintenance

accuracy predicting machine failures 2+ hours ahead of event
J anticipated in equipment and vehicle failures

T in overall production line productivity
in operating expenses
in warranty claim processing times

J in annual OPEX budget
Tin paint yield
1 in plant maintenance costs
din aircraft-on-ground events
1 in annual CAPEX budget
 in overall maintenance costs




predictive capabilities can significantly improve maintenance
strategy and ability to anticipate pending performance issues
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~ Reactive

Maintenance

(machine fails,
then fix)

Source: Gartner

Preventative

Maintenance

(based on
manufacturers’

schedules, time, or

operational
observations)

Condition-
based

Maintenance
(based on
monitoring to
assess condition
of assets)

Predictive

Maintenance
(based on usage
and wear
characteristics to
predict failure)




transform asset performance data into action

* maintenance logs

[N

—— | - inspection reports
_CIJ —— | - repairinvoices
e * warranty claims

e E1cJORGER

asset performance

monitor

product quality
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acquire

b, 3

analyze

o

model

optimize decisions

initiate work order with recommended actions
modify maintenance schedule

modify production schedule

conduct root cause analysis

modify process design

initiate service call
develop new service or warranty program
optimize parts inventory & locations

initiate supplier review
conduct root cause analysis
modify process design
modify product design
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acquire data to gain understanding of asset performance

e Which data best ?

= A A * What are the main ?
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* testresults
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analyze data and develop predictive models

apply modeling
algorithms

data sources

maintenance
sensor health

top failure reasons

integrated health

feature based
custom
ensemble
industry-specific assets

maintenance logs
inspection reports
repair invoices
customer complaints
warranty claims
operator profiles
test results
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identify relevant

data sources
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model(s)

1000

00 UnHH‘P;D o 8
i ,,E“:?ﬁp n:g3§
800 o H“ﬂ%g"‘ﬂ, mm
I & o ®oog
e B Ts R e
e g Sy
700 f J° B EREw o 5
g, oo #te,Ek g
500 R I
oo e u“; L‘b;”u L&
8" o e ay
500 ] o te B o
Hoe  BuoHm o
i

400

300
=10 0 1n 20 an 40 50 60 n

12




refine models to improve predictive accuracy

[ ] Manufacturer MTBF

_ [ ] Use Only Maintenance Records

[ Account for Censoring

- [ ] Add Textual Info From Maintenance Records
[[] Add Condition Monitoring Data

B Add Operating Conditions Data

|:| |:| [C] Add Damage Modeling
[] |:| | B Add Physics-based Models

time >

asset availability

additional data increases accuracy of predictive models

advanced maintenance modeling techniques leverage combination of event, text
analytics, wear, fatigue and cycle data, to provide a more accurate view of asset health

© 2015 IBM Corporation
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identify minute changes in material, process or product quality
well in advance of traditional statistical process control methods
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* Evaluate quality of supplier
materials and components

* Determine whether sequence of
process is adhering to normal
operation limits

* Provide faster detection of
manufacturing quality problems

* Gain better understanding of root
causes of manufacturing issues

* Improve manufacturing/
production yields

* Improve manufacturing process
quality to reduce warranty claims

* Optimize pricing for warranty
programs

Timely detection of unacceptable process behavior while maintaining a pre-specified low rate of false alarms

© 2015 IBM Corporation
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determine optimum settings for process input
variables to achieve requiredoutput results

Input Variables .
1wy L]
Bath temperature 0
Bazh pH C—1
Bath concentration 1] Output Variables
Bath flow 11
Bath resistivity 131 _ _ - High
Ambient pressure [0 Film thickness C_ 1T 3l
Amblent humidity 75 : "
p|“|“lw|t“: — .:’ Film composition 1]
Plating current [___1] :
Fil h EEE D
. E IIm rougnness
Film adh -
s :- nm aanesion
ol N | Process variables
- within range produce
~ product with proper

Input Variables
low Heh

Bath temperature 8
BathpH 11

Bath concentration 1 ]
Bathflow [ 1

Bath resistivity 13
Ambient pressure [T
Ambler, humidiy T8
Plating voltage T
Plating current (f__]

Output Variables

Lot High

Film thickness W
Film composition [ |
Film roughness D

Film adhesion (f

characteristics

R

J O

film manufacturing process
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determine optimum response to an alert based upon asset health

UseCase | Service Group

Search Dimensions:

= Robotic Arm Malfunction
Replace Fractured Part
Tighten Lead Screw
Check Stepping Motor
Check Drivers
Perform Maintenance

= Drill Bit Issue
Refit Mislocated Member

Use Correct Drill Bit for the material
Use Correct Raw Material for processi

© 2015 IBM Corporation

() Allocate using rules (&) Multiple Allocation () Allocate randomly

’Rule name Allocation
1 ¥ Fractured parts or parts predicted to fail Replace Fractured Part; Perform Maintenal
2 @ Low rotor speed Tighten Lead Screw; Check Stepping Moto
3 [# High voltage Replace Fractured Part; Perform Maintena
4 [® Predicted driver failure Check Drivers
5 @ Time since last service above threshold Check Drivers; Perform Maintenance
6 Remainder Perform Maintenance

Insert rule

L 4
L 4
L 4
L 4
L 4

Remove

3 3 3 3 |

stepping

motor
low speed
—<

lubrication

malfunction

Apply knowledge of subject matter experts, best practices, OEM
guidance, current asset health to develop the most effective responses

16




monitor asset health and performance, and product quality

site health score

top failure reasons

recommendations
process & material quality

© 2015 IBM Corporation
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provide an overall view of process performance

Load KW

47.0%

Overall Health Score

EE
HeatMap
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Failure Probability
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19 *

Work Order Count

Predictor

I 200:
W 202
30
W0z
W 303
304:

Booster Pump Fluid Loss Analysis
Main Pump Fluid Loss Analysis

: Failure Probability from Mon-Linear Re...

Failure Probabkility from Mon-Linear Re...
Correlation Outlier Detection on Bearin...
Mean Time Ta Failure Prediction on Be...

305: Cluster Anemaly Analysis on Bearing ...
306: Correlation Outlier Detection on Bearin...
Mean Time To Failure Prediction on Be....
Mean Time To Failure Prediction on Be...
Correlation Outlier Detection on Pumgp ...
v/ 10 : Cluster Anomaly Analysis on Pump Bal...
Mean Time To Failure Prediction on Pu...

Mean Time To Failure Prediction on Pu...

7 Day Load
BarChart

Total Faiyre Prediction Count

BS: Brindisi Plant

B5-01: BS - Gruppo 01

Recommend BS-01-01-AMA3-PE BS-01-01-AA3-PA

Location

® B5_01-01: Condensato, Alimento, Spilamenti,Drenaggi BS-01-01-AA3-TT

® g5 1-01-AA1 Pompe Acqua Alimento

omposite Eaifure Prediction Count Last 30 Days

® p501-01-AAZ; Pompe Acgua Alimento

® g5 01-01-AA3 Pompe Acgua Alimento
® B5 01-01-AA3-CR: Regolazione Ricircolazione
® B5 01-01-AA3-CS: Strumentazione
® B5 01-01-AA3-GR: Riduttore Giri
L

B5-01-01-AA3-LT: Circuite Olio Lubrif. E Regolaz Turbina
A

P

- =
E i -—A—--"\—f'

BS-01-01-4A3-PA: Pompa Alimento 100% CAS02X ] - \ — —-
B5-01-01-A43-PB: Pompa Booster Alimento 100% P P - Ty o I R I S - S T I A N
CAS02X & & T T E FEFFFVFFFSEEy
Location

#- 200; Booster Pump Fluid Loss Analysis

-#- 316 Correlation Cutlier Detection on Beari...
«» 315 Mean Time Teo Failure Predictionen B...

B5-01-01-AA3-TP: Circuito Acqua Tenute Pompe
Alimento 314 Correlation Outlier Detection on Beari... 315 Correlation Outlier Detection on Beari...
317: Cluster Anomaly Analysis on Bearing... == 318; Failure Probakility from Mon-Lingar B...
320: Mean Time To Failure Prediction on B... 321: Mean Time To Failure Prediction on P...
322 Correlation Cutlier Detection on Pump... ~ 323: Failure Probakility from Mon-Linear R... 324 Cluster Anomaly Analysis on Pump B...

325 Cluster Anomaly Analysis on Pump B... 326 Failure Probability from Mon-Linear R...

BS-01-01-AA3-PB: Composite Failure Prediction Count 30 Day Trend

BS-01-01-AA3-TT: Turbina Ausiliaria (Comprese
Valvole)

B5-01-01-AA3-VA: Valvole Aspirazione Mandata E
Ricircolaz

BS-01-01-AA3-VK: Spurghi Turbina Aux. The Wapore
Tenute
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UNIT STATUS

Vessel Name: VLCC1098

Cargo handling system

Cargo pumps

LMG fuel system

Energy recovering

» Gearbox
system /

-~ Runiliary gensets
y -
— Propulsion

Main engines

Biil off gas compressors

Reliquefaction plant
(Ethane & LPG)

Dependency Graph Discovered

Turbine C2 temperaturd Ue! injection rate
Intake air pressure

Turbo charger pressure

Chamber CG t

Chamber Ch te Cutput power

Chamber C4 tepfipers Rotation speed
Rail unit accele

Main engine spe

Lube oil A2 temper

Lube oil A3 temperatur
Lube oil A4 temperature
Lube oil A5 temperature

monitor, identify,
assess, and respond
to asset alerts

© 2015 IBM Corporation

Sensor values and anomaly scores | Main engine (TRTA84TB) | Power unit A1 | VLCC1098

Fuel injection rate
W/\“\J‘/\Awh

Rotation speed

«NW \NW'L i

Lube oil A3 temperature

e ﬁ__.lf. bl

Exhaust temperature

J‘U»wm/\/m_m/\f\_w 1

Intake air pressure

==y

Rail unit acceleration

=

Lube oil A4 temperature

1l |

Chamber C1 temperature

M g

Error Parts List

| Error Parts | Fault Probability

|1. Lube purifier unit |_ |85%
|2. Sea water cooling unit | | 66%
|3. Fuel injection unit C4 | | 54%
|4. Fuel seno unit C4 |[— |32%
|5. Fuel injection unit C1 | e | 22%
| 6. FCM20 #03 (Flex Control Module) | == | 21%

Arrangement of Selected Parts

]' ]

i

Turbo charger pressure
Main engine speed
Lube oil AS temperature

Chamber C2 temperature

me i

Output power

VLube oil A2 ltr;mperature
U(\Lu BLTR| _ |

Lube oil A6 temperature

L WM e

Chamber C3 temperature

JWF\J\MW\/\

Check Point for Selected Parts

| Check Point

| 1. Check lube pump pressure gauge

| 2. Check lube pump control unit

| 3. Check lube viscocity indicator

|4. Check MF-Detector LED

| 5. Check coolant leakage

|6. Check lube TMP record

Work Procedure and Check List

L
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integrate with EAM systems

accelerate implementation by importing asset master data from Maximo

description,

location,

material oy 1 P
types, — il
processes,

products, -

suppliers... Predictive

A 4

Maintenance

and Quality

when asset data
managed by Maximo
changes it is
° automatically updated
. in IBM PMQ

© 2015 IBM Corporation
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analyze Maximo work orders to understand asset
failure and optimize maintenance schedules

Work Order Description Location Asset Status  Priority Site
1000 Relocate Guard Rails Around Compressor BRIOO 11300 WAPPR 2 BEDFORD
1008 Repair Damaged Conduit Feeding Generator BR230 11230 WAPPR 7 BEDFORD
1004 Generator Overhaul BR230 11230 INPRG 1 BEDFORD
1006 Feedwater Pump Service BR450 11450 APPR 7 BEDFORD
1002 Rebuild Feedwater Pump BR450 11450 APPR 3 BEDFORD
1008 Repair Damaged Conduit Feeding Generator BR230 11230 WAPPR 7 BEDFORD
1004 Generator Overhaul BR230 11230 INPRG 1 BEDFORD
1006 Feedwater Pump Service BR45O 11450 APPR 7 BEDFORD
1002 Rebuild Feedwater Pump BR4S0 11450 APPR 3 BEDFORD
1008 Repair Damaged Conduit Feeding Generator BR230 11230 WAPFR 7 BEDFORD
1004 Generator Overhaul BR230 11230 INPRG 1 BEDFORD
1006 Feedwater Pump Service BRASD 11450 APPR 7 BEDFORD
1002 Rebuild Feedwater Pump BR450 11450 APFR 3 BEDFORD

v gt P ]
- b d Lt | 1] j
WorkOrderdnQ BuildRequest InvekeWorkOrder WorkOrderOwtQ
o P
ProcessSoapError H= '
& ErrorFile
L ‘Eﬂ = " Eh [:
ProcessError Error(}

© 2015 IBM Corporation

d & SCheduled Faintenance

optimized maintenance period
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automatically initiate Maximo work orders with recommended actions

IBW Precictive Naintenance anc Guality |

update an existing work order with
maintenance recommendations

Q v |[sewct Acton

e — | RostedRecords | Lag | specicatons |

Service Request | 1262 | Dwneh| Nidal Cruz__ | Owner Group:| A. Withers
Information
SR e 1 — — - po— -
Reported By [T » Affectsd Person: WILSON »
Name: Mke Wison » Name: Mike Wison »
Phone: (617) 555-901] Phone: (617) 555-9017
E-mai Mike Wison@maximodemo.com E-mai Mike Wison@dmaximodemo.com
: rabyiede_ vy - = — F— — - ———— — - T —
Summary: Electrical (= Classification: ELECTRICAL
q l | | e * Bl v 4
YO(ofMBIBIUSIEExEEE===7-M-rA"R DY Class Description: Electrical
Font Size | Format Hone
1 l v L . v Reported Priority: 3.6
When removing the PM rotating assembly from the motor care must be taken to overcome the inherent magnetic forces Intemal Pri @
that will try to hold the rotating assembly (rotor and shaft) in the stator winding. It is recommended that the motor be ety Ry
di nbled and r bled in a vertical drive end shaft up position using a hoist to remove the rotating assembly. s -
In the horizontal position first remove any accessory items (fans, blower, feedback devices, etc.) Also remove the bearing Groapt]. Beta-Q s
inner cap bolts (if provided). Mount the motor in a vertical drive end shaft up position and remove the drive end bracket. Service: Inspection »
The opposite drive end bracket can remain installed. The thread in the end of the shaft can be used with an eye bolt to lift
the rotating assembly with the hoist out of the frame/winding stator. Vendor:. BluMark »
Detals: Ske. North Shore Q
SLA Applisd?] |
Create WO Options: MULT! Q

© 2015 IBM Corporation
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availability
2 quality reliability quality
e inventory productivity inventory
Y .
staffing
i v
]
=i Ol P, J @
- — —
o
E pass/fail predictive models pass/fail
2 earlyindications asset health early indications
§ variations process quality variations
©

Meet production and budget targets
Reduce process variability
Reduce/eliminate scrap, increase yield
Avoid unplanned downtime

© 2015 IBM Corporation

Optimize inventory levels

Reduce operational risk / improve process safety
Streamline processes and improve OEE

Optimize resource scheduling

23




Maintenance Manager
Minimize unplanned production line downtime

focus process

maintenance schedules

parts availability
dia i
gnosis ®

technical skills
efficiency

procedures @

11y

Eliminate or reduce unplanned maintenance

Reduce spare parts/materials inventory
Optimize spare parts/materials location

© 2015 IBM Corporation

capability

most frequent failures
predictive models
asset health score
root cause analysis
what-if scenarios

recommendation work order

Avoid cost of expedited parts deliveries

Optimize maintenance schedules and resources * Reduce maintenance costs
Extend asset life; avoid new asset costs

Reduce health, safety and environmental risks

24




Quality Control
Minimize scrap, returns, service calls, warranty claims

focus process capability
part, material, component quality pass/fail
process quality _E % parametric
product quality v SPC
health, safety, environmental risk mean shift
analytical accuracy early indications*

Reduce/eliminate scrap
Reduce costly re-work
Reduce returns

Reduce warranty costs

Reduce process variability to improve yield

Identify root causes of quality problems

|dentify substandard materials/ supplies/components
Reduce risk associated with poor quality

*IBM research algorithms
© 2015 IBM Corporation
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focus process capability

asset availability g\rzzti;‘;sgurir;td?lislures

parts availability =
diagnosis ﬁ =| @ g < ?b e asset health score
— root cause analysis

technical skills ‘ _
efficiency what-if scenarios

procedures —
repair time @ g &?'b A recommendation work order

Reduce spare parts/materials inventory

Optimize spare parts/materials location

Avoid expedited parts delivery costs

Comply with safety, regulatory, legal requirements

Increase asset availability

Reduce unplanned maintenance

Reduce maintenance costs

Optimize maintenance schedules and resources

© 2015 IBM Corporation 26




Customer Servic

e
ref: ¢ ot cnm .. .. O
cCrrciernt resSOiution o

focus

resolution
customer retention
reputation
warranty costs
service costs

fraud

support resources
SLAs

e Optimize warranty terms and programs
e Reduce service costs
e Reduce fraudulent claims

© 2015 IBM Corporation

capability

most frequent failures

predictive models

nﬁfr’ m root cause analysis
@

asset health score
expected warranty costs

recommendation advise
work order
Tt legitimate initiate case
— =]
fraud initiate case

* Optimize warranty and service resources
* Optimize parts inventory and locations
* Transform from product- to service-based model

27




potential range of impact by employing We nUcLEUS
predictive maintenance and quality 7S RESEARCH

expense potential improvements*

annual cost of unplanned downtime @ reduce 60% to 90% l l l

excess capacity to compensate for
pacity . P reduce up to 90% J

unplanned downtime

I
scrap or re-work reduce up 50% H
asset useful life extend life 5% to 15% [t
cost of failure annual cost x probability of failure
recall exposure # of recalls x cost of recall

* Based on Nucleus Research analysis

© 2015 IBM Corporation
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estimate your potential return on investment

Financial Analysis for: ABC Corporation

Payback Period
Annual ROI
Met Present Value

Internal Rate of Return (IRR]
Average Annual Met Benefit

| Analysis

Types of Benefits

b

1.0 years
-

155%

4066153
108%
2,564,699

ar

INnancia

Total Benefits Up Front Yearl Year 2 Year 3
Direct 5 - § 1,278,209 S5 3372193 5 4,260,695
Indirect 5 - § 140000 S 140,000 S 140,000
»
Total Costs
CAPENY 5 920,000 5 - 5 - 5 -
OFER & 350,000 S 5000 5 165000 S5 197,000
Met Cash Flows £ [L,270,000) 5 1413209 S5 3347193 S5 4203695

© 2015 IBM Corporation

11.

4 Months

Cumulative Net Benefit

$7,654,096

$32,490,401

2143 209

Up Front

Yearl Year2 Year3

coogett | 1:5.7

Net Cash Flows

54,203 635
43,347,193 -
Plot Area 51,413,208
51,270,000
Up Front Yearl Year 2 Year3
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Platform Developer
Customize, extend content for customer environment
Build content for industry-specific assets

focus

integration

data

models

analytics

orchestration

monitoring

© 2015 IBM Corporation

capability

APIls, connectors

asset- & industry-specific schema, extensible
schema

asset- & industry-specific, predictive
maintenance, sensor health, top failure
reasons, integrated health, quality early
warning system, optimization, custom,
automated model refresh

runtime ingestion (streaming or batch),
aggregation, calculation, scoring, rules

real-time, batch, event detection & handling

configurable dashboards & reports: site
overview, product quality, real-time and
historic performance, quantitative &
gualitative KPls, recommendations

benefit

integrate with: systems of record & engagement,
sensors, PLC, SCADA, EAM, MES, ERP

accelerate implementation time with out-of-the-
box schema; customize schema to meet asset-
specific requirements

accelerate time to value using standard models;
create custom models to meet asset-specific
requirements; identify most relevant data
describing asset performance; continually
improve model accuracy

accurately assess asset or process health in real-
time; optimize responses to alerts

immediate detection of critical events;
automatically invoke other systems to respond to
events

accelerate time to value using standard
dashboards and reports; customize to meet
specific line of business needs

30




ize the benefits of IBM Predictive

ity for your organization.

intenance and Qual

Proof of concept
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