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Scope & Intent @E
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ssDemonstrate SErapplicationitorthe Plantindustry:

ssDemonstrate capability’enhancingimechanismiviaradoption of'new technology; |
ike'ubiguitous technology:
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Ubiquitous maintenance (u-Maintenance) system @E
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] Maintenance system is [1]

= A system which support maintenance activities to keep physical assets in the
desired operating condition or to restore them to this condition.

 Ubiquitous maintenance (u-Maintenance) system is

= A system which support the maintenance activities by utilizing ubiquitous tech
nologies.
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Problems of the existing maintenance systems @E
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ssAccording toliteraturerand field surveys; the existing maintenance syste

ms have the following problems:

O Lack of failure prediction capability (from [1])
J Waste of resource due to redundant preventive maintenance (from [1])
 Shortage of maintenance experts (from [2] and field survey)

O Deficiency of immediate diagnosis and repair capability for broken equi

pment (from [3] and field survey)

O Insufficient equipment history or data (from [4] and field survey)

 Poor system usability (from field survey)

d Etc.



Limitation of existing researches on maintenance system
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 The existing researches on maintenance systems solved partly.

= e.g. e-Maintenance systems have been researched by utilizing e-technologies (web, wireless com
munications, and mobile devices, etc.) to solve the problems in the green box. [5].

«e-Maintenance systems hav
16 7 [

e not cover the problems on
[ e
2] I-‘v“ v'insufficient equipment history or

10 1 data,

v'poor system usability, and

v'lack of technician’s awareness
of safety.

Shortage of maintenance experts
Waste of resource due to redundant preventive maintenance
QO i e nredicti nahility
7

Deficiency of immediate diagnosis and repair capability /

Lack of technician's awareness of s;f‘e_:ty
Poor system usability /

1997
1998 1999
2000
2001
2002 5003 : . .

2004 5005 2006 Insufficient equipment history or data /

2007 e

2008

Annual number of e-Maintenance system literature on the existing problems of maintenance systemsP

A new maintenance system should be studied J

to address the whole problems.
0] Iy ~
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Potential of ubiquitous technology and

Necessity of u-Maintenance system
Ubiquitous technology

» Feature: Thousands computers per one user

e-Technology

* Typically uses:
- Context-awareness

- Wireless sensor network
- Natural user interface

» Feature: Several computers per one user

* Typically uses:

- Web
- Wireless communication

- Mobile devices
O The pervasive computing and communication capabilities of ubiquitous t

echnology have the potential to solve the uncovered problems

Capability to acquire/exchange/utilize extensive information on things
=» can be applied to solve the problem on “insufficient equipment history or data

Capability to perceive a situation autonomously and support maintenance activitie

[8]

s in the most suitable way to the situation
=» can be applied to solve the problems on “poor system usability” and “lack of technicia

n’s awareness of safety




Existing researches related to u-Maintenance system ﬁw SE
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Problems of the existing maintenance systems
_— Lack of techn )
Research (Year) Insufficienteq | 5 - system | ician’s aware Deliverables
uipment histor usability | ness of safet
y or data
y
ARVIKA & ARTESAS (1999 ~ 2006) X 0] 0] . | Technician support system using augmented reality
PROMISE (2004 ~ 2008) 0] X 0] . | Maintenance system using smart embedded device
DYNAMITE (2005 ~ 2009) 0] X X . | e-Maintenance system using ubiquitous technology
ARMAR (2005 ~ Present) X 0] @] . | Technician support system using augmented reality
SmartFactoryKL (2005 ~ Present) X (0] X . | Technician support system using ubiquitous technology
>

ihe existing researches have been focusedion the development ofiaparticulartechnology a
ndits laboratory prototype; but not on systematic design methodology:

Eorexample;in the’domainofiubiquitous systems::
s.helliteratures oftenireport that a'system; working completelyiinralaboratory.
environment; operatesiagainstiausersintentiniareal environment: [25]
s.heliteratures pointioutithelimmature development methods and tools as the cause of;
the'problem:|26]

Avdetailimethodology; facilitating the systems engineering process
for'the u=Maintenance systems; shouldiberdeveloped:

Aa Y. O
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Objectives @E
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1 To develop the requirements development methodology (process
, methods and tools) for u-Maintenance system of production pla

nt system.

O To demonstrate the case study of the u-Maintenance system of a
steel making plant for validation.
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7l system Context 'ﬁ%

4l Tech||1ician
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Off-shore Plant z = = = E m % | U'Malntenance i Prouct: Plant systems i
1 e i Fe e ot t Sol il o . !

t{l% S ! sys em(Sol) | g , !

Steel making Plant

A e !
iae: FHHEH ! M I
. Hr - ecom
Chemical Plant — EEE 5y Ma
I v/v systein
Development sys:

Energy Plant )
Production system Monitoring agent Expert

Plant Industry
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2. Requirements development met
hod(ways and means) for ubiquito
us maintenance system

[l



Requirements development process tailoring consideration@g
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s he standard(ISO/IEC15288) requirements development processes are

tailored; by considering two distinguishing factors; to'suit u=Maintenan
ce system especially:

O [F#1] Dynamic adaptation to new situations:
= This factor support the maintenance activities in the most suitable way to situations.
= The u-Maintenance system adapts its behavior dynamically to new situations.

=» In order to consider this factor, the methodology should identify the anticipated situation
s to which the u-Maintenance system would adapt.

O [F#2] Bidirectional interaction between a maintenance system and a mai
ntenance target product (e.g. steel making plant):

= The u-Maintenance system and its target product operate at the same time while intera
cting with each other.

=» In order to reflect such bidirectional interaction, the methodology should consider the bo
th of maintenance activities and product operating activities



Requirements development process tailoring @E
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*= Drive tasksito perform requirements definition process

Consideration factors Derived tasks

[F#1] Dynamic adaptation to new situation A.1.1. Field survey

s (Identification of the anticipated situation A.1.2. Selection of target maintenance act
s) ivity

A.1.3. Selection of target product operatin
[F#2] Bidirectional interaction between a g activity
maintenance system and a product

_ _ _ A.1.4. Modeling of existing maintenance a
(Consideration on the maintenance and pr nd product operating activities (As-Is)

oduct operating activities
P J ) A.1.5. Modeling of u-Maintenance activity

To-B
Requirement definition process complem (To-Be)

ental tasks A.1.6. Gap analysis and User requiremen
ts derivation

A.1.7. Evaluation of user requirements

A.1.8. Selection of target user requiremen
ts



Processes of the requirements development methodology

Criteria to Criteria to
evaluate the evaluate the Ubiqguitous
Necessity of improvement improvement Rules of technology Technical
u-Maintenance expected by u— expected by u— modeling selection Readiness
systems, ... Maintenance, ... Maintenance, ... language, ... guide, .. Level, ...
Field survey List of the Existing
results target maintenance
maintenance and product
activity P N
operating
activities model
Field survey with current
\ technology u-Maintenance
A L actMty‘ mgdel
i » Select the ‘. with ubiquitous
target Modeling of technology
maintenance existing
activity 1 maintenance
» |
A > » and proQuct User
i operating v requirements
activity Modeling of u—
i~y Maintenance
List of the ; Ap activit
existing y y
maintenance Select the At B
activity target i > Gap analysis
h g product and User v
operating requirements Evaluation of
o activity derivation user
A13 Al16 requirements
. .. > Al
Hst of the > List of the
roducgt target product
o?oerating operating
activity activity
Interview, ... Template to Template to Modeling Template to derive the Template to Template to evaluate
select the target select the language, ... u-Maintenance activity analyze the the technical
maintenance target product and ubiquitous gap, .. feasibility of user
activity, .. operating technology, ... requirements, ...
activity, ..

Weight factor on
technical

NCOE

Int i0 sium
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feasibilty,economic

impact, VOG, ...

Evaluation
results of user
requirements

7 -

>

Y

Process

Target user
requirements

Selection of
target user
requirements

A18

—f’l

Template to
evaluate the
priority of user
requirements, ...

Refined
— u-Maintenance
activity model

Operational
concept of the
u-Maintenance
system

Tools(Templates, Modeling tools, etc.)




A1.1 Field survey
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s Process to/understandithe existing maintenance and productioperating activitie

S in the maintenance field

Necessity of u- 4 i tenance field

Maintenance systems ﬂ

Survey the Field survey results
maintenance / . Field survey
field results
Ways SEE Classify the existing :f; t‘?;;he
- . e ISt
——— "
=  maintenance activity maintenance
Al12 activity
List of the
— Classify the existing existing
— product operating activity —— product
operating
All3 activity

Means

Y X e

Mas Daily
| “:'::‘::“ -{ Inspection -I iaspection 1. A product operator finds a failure. l
3
Periodic 2. The product operator calls
inspection technician and explains a situation
3
Repeie _I periodic rrpllr| | 3. The ki decides e coe ofl
¥

Unexpected 4. The technician moves to the broken
repair cquipment.

TemplateP
for field surveyP

[15]
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A1.2 Selection of target maintenance activity l@e
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ssProcess torselectithe targetimaintenance activity; to'whichiu=hMaintenance syste
ms willlbe applied; among thellist ofithe existing maintenance activity
= WhyZ ljhe developmentiprojectofia u=Maintenance systemwouldbe driven'with

smallimanpowerandbudget:

WhyZitis necessary to focus the development efforts onfew existing maintenance
activities forwhichilargelimprovements are expected:

Criteria for evaluating the
improvement expected by
u-Maintenance

Criteria for selecting
the target maintenance

activity
l Expected improvement for
Field survey Evaluate the expected individual maintenance activity
results ™ improvement for
existing maintenance activity Select the target it of th
maintenance Al 2 1 maintenance aCthIty to LlStt o tt e
activity — which u-Maintenance — 29t ==
" b led malnt‘er}ance :
systems will be appli activity .
Al22
T
Template to select the target Characteristics of existing 1ce activity Impr
maintenance aCt|Vity S Existing maintenance activites A ConzglekXity o Béyctggre\Zeosf indivigl'.lglozsccfs:rence A+BxC
d (1-10 scale) (1-10 scale) (1-10 scale)
M ea ns Daily inspection 5 10 1 15
Periodic inspection 5 8 1 13
) Periodic repair 8 3 3 17
Repair Unexpected repair 10 1 10 20




A1.3 Selection of target product operating activity
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st Process torselectithetargetiproductioperating activity, torwhichru=Maintenance's

ystems will'beapplied; among the list of:the existing product operating activity.

Criteria for evaluating the Criteria for selecting
improvement expected by the target product
u-Maintenance operating activity
l Expected improvement for
individual product
Field survey Evaluate the expected operating activity
W results ™ improvement for
ays List of the individual prOdUCt Select the t t T
existing product |  operating activity e e larget proau P
operating AL31 operating activity to ist 0 de
activity = which u-Maintenance —» ‘args;r‘;;?ng”d
systems will be applied activity
Al.3.2
T
Template to select the target Characteristics of existing maintenance activity Tmpr
pI'OdUCt Operating actiVity | EXisting maintenance activites A Con:glekxity of B;)z‘i:’::::(';;f indivisﬁglozscsz:rence AoBEE
[ (1-10 scale) (1-10 scale) (1-10 scale)
M ea ns . X Daily inspection 5 10 1 15
o Periodic inspection 5 8 1 13
Repair Periodic repair 8 3 3 17
P Unexpected repair 10 1 10 20

7]



A1.4 Modeling of existing maintenance and product operat
activities
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ssProcess tormodelithe targetimaintenance andiproduct operating activities

= WhyZ lhe developers are likely torunderstand the activitiesrabstractly since they.
concentrate onthe ubiquitousitechnology:

= WhyZ lherefore, the modeling processiis requiredito make the developers
understandithelexisting activitiesiin detail:

Criteria to verify the existing

Rules of modeling maintenance and product
language operating activities model
Existing maintenance
- | Field survey and product operating
= | results activities model

Model the existing
- | List of the target maintenance and

- maintenance ~ — product operating

-~ activity activities T
List of the A141 Verify the existing
WayS .| target product maintenance and
| operating product operating
-~ activity activities model Model the existing Existing
Al4.2 maintenance and maintenance
product operating and product
— o o=s . h ——-»operatlng
activities wit activities model
current technology with current
Al43 technology
| T
Modeling Computer aided systems Template to model the
language engineering tool existing maintenance and
M product operating activities
eans ACtIVIty MOdeI CORE 80 Num u.m"n.cipﬁnn NuL Name who | Avlia |y, 'v::';' What() | rechnelo | How Why | When | Where
EFFBD, etc. N .

Gap
. Automatic detect ina pro
about | «The system | - |AOmAte et et the failure war |via contex |within sfterat |03 P10
g2 | the | findsa failu re |3 | product operat [operator | 1!l receive | - |ning, detected [t-awarer ne [Sseco | - |ailure is ereting ¢
g soppor| suomesca ly. m;‘“mm by the system |35 nds. derected |50



A1.5 Modeling of u-Maintenance activity
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s Process toimodelthe u=-Maintenance activity, Whichiimproyves the existing maint

enance activity,
= Current the u=Maintenance activity is derived unsystematically by the developers:te

chnological’lknowledge and experience:
iherens highiprobability thatithe derived u=Maintenance activity is biased for a parti
cularrubiguitous technology familiarwithithe developers:

Ubiquitous technology Rules of modeling Criteria to verify the u-
selection guide language Maintenance activity model
l u-Maintenance
Existi Derive the gk A
xstng - ol ubiquitous u-Maintenance
mac;nte:)\gnce Maintenance technology activity model with
W ggergtringua activity and ubiquitous technology
ays activities model ubiquitous Y
with current e gy Model u- u-Maintenance
technology A15.1 Maintenance activity model
A activity with ubiquitous
Y technology
Al5.2 o th
i Veu:lfy the u-
Maintenance
activity model
Al.5.3
A

Means

el 1] T [ P i e Template to derive the u- Modeling Computer aided
WL e ] Maintenance activity and language systems engineering | CORE 8.0
= e ubiquitous technology Activity Model tool

EFFBD, etc.

[19]



A1.6 Gap analysis and User requirements derivation If
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* IS process
1)analyze the gap betweenithe existing maintenance and product operating activit

iesimodeliandithe u=-Maintenance activity: model and
2)derive the userrequirements ofithe u-Maintenance system from the gap.

Ways

Means

u-Maintenance
activity model
with
ubiquitous
technology

Existing
maintenance
and product
operating
activities model
with current
technology

Group the u-
Maintenance
activity

Alb6.1

u-Maintenance
activity group

A

L

Analyse the gap
between the
existing
maintenance

" activity and the

u-Maintenance
activity
Al6.2

|

Template to
analyze the gap

Gap between

Derive the user

Al6.3

I

Template to derive

the user requirement

the existing maintenance activity
and the u-Maintenance activity

requirements —»

User
requirements

User requirement

Wh
atql
[}

What )

ailu ct
operat | operator |3l | recei

mmmmmm

......
nnnnnnnnnn

.......




A1.7 Evaluation of user requirements :
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ssProcess toevaluate thelindividual user requirementsiin the perspectives of:tech
nicalfeasibility; economicimpact; and VYOG (Voice-of*Gustomer,)
Why 2 At present; the user requirements ofiu=Maintenance 'systems are evaluated

by the developersitechnical knowledge andexperience:
Why 2 A systematic process is required to evaluate the user requirements

guantitatively in' various aspects:

) Cutoff critena
Technical for Technical

Criteria to evaluate Criteria to
evaluate VOC

the economic impact

Readiness Level Readiness Level
} { Evaluation result|of Evaluation result of
user requiremerfts user requirements
Evaluate the (Technical feasibilty) (Economic impact)
technical Evaluation result of
Ways :Jset:irements feasibility of user / / » user requirements
o requirement I 4 - (Technical feasibility)
TRL AL71 Fvaluate the
i economic Evaluation result of
_| impact of user » user requirements
o requirement Y (Economic lmpact)
AL72 Evaluate the )
edis —» VOC of user Evaluation result of
—® user requirements

$
requirement (VOC)
Val. A173
I 3 . S
| r °r

to evaluate Template to evaluate  Simulation Interview Workshop Template to evaluate
the VOC of user

Template
M eans the technical feasibility the economic impact tool
of user requirements  of user requirements requirements
] e [ Esvin wm;mm Nu voe

Technical Readiness Level (TRL) of
Uhiauk hnol

Cutoff e chnical

Num|  Name ; ¢ I — ame
mun) mun) ur.! lonitoring in a central control center

. 32.65 3 . oo 2 ur.. utol a failure in a central contre

5 5 - —

2 . 3 5 3 N 3 | un utol a control center

. 2 3 H LS ur5 |Automatic a i roo! 4
3 3 - - g
T, center

[21]




A1.8 Selection of target user requirements

Inf ium
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s Process to select target userrequirements; whichwillflbeimplementediintora sol
ution; by priontizing the user requirementsibased on the previous evaluation'res
ulits

= his process enables the developers tondentify suchimportant and feasible userre
quirements objectively:

Weight factor on
technical feasibility,
economic impact, VOC

Criteria to select
target user
requirements

Priorities

of user
Evaluate the | requirements
Evaluation priority of
W results of user —»=  the user Target user Redefined
requirements i requirements u-Maintenance ——
ays requirement Select the actity model —
Al81 target user J _ Target user S
4 requirements " requirements
o Al82 Redefine the Sadafinad
- s erl
u-Maintenance U-Ma.mtenance » u-Maintenance
activity model _| activity model activity model
with ubiquitous Al8.3 Define the
technology g
operational Operational
concept of the concept of the
u-Maintenance u-Maintenance
system System
' AlB84
Template to evaluate Workshop Computer aided
Means the priority of user systems

requirements

engineering tool

CORE 8.0

s T T e

[22]
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3. Case study of the requirements
development method for ubiquit
ous maintenance system
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A1.1 Field survey

Ini Sium
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s [lhe maintenance field of:the steel making plantis surveyed viainterviews and'\w
orkshops to define'the lists ofithe existing maintenance and product operating a

ctivities.

Name Field survey result on the unexpected repair activity
Number fs.1
* Generally, product operators find failures first and notify the failures to technicians.
Description | * Safety accidents happen sometimes when the technicians hurry to repair broken equipment.
[E.XElmpIe of the Maintenance . Daily .
field survey re .. Inspection . . 1. A product operator finds a failure.
i activity inspection
sult on mainten 7
ance]P .
,|  Periodic 2. The product operator calls a
inspection technician and explains a situation
v
. . C g . 3. The technician decides the cause of
Figure Repair Periodic repair .
the failure.
v
Unexpected 4. The technician moves to the broken
repair equipment.
. . v
- Preventive Maintenance
: 5. The technician performs a repair.
Activity Unexpected repair activity




A1.2 Selection of target maintenance scenarios I@E
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*she expectedimprovement ofieach maintenance activity israssessed in the light
of:ithe complexity of
= Maintenance activity

= @ccurrence frequency ofithe maintenance activity,
= less due tolindividualioccurrence:

= Ihe unexpectedirepairactivity is selected as 'the target: maintenance scenario:

Characteristics of existing maintenance activity Improvement
Existing maintenance activities A.Complexity of B. Number of C. Loss for
task occurrences individual occurrence A+BxC

(1-10 scale) (1-10 scale) (1-10 scale)

. Daily inspection 5 10 1 15
Inspection — :
Periodic inspection 5 8 1 13
] Periodic repair 8 3 3 17
Repair :

Unexpected repair 10 1 10 20

[Selection of the target maintenance activity]P Cf. The values are defined by this res
earch team for illustration.

% The steel rolling process is considered for the unexpected repair because of the importance of the process. |




A1.4 Modeling of existing maintenance and plant ==

In sium
4

o pe rat i n g a Ctiv i ty Philadelphi;, PA

*'Erom thelinterview, the'scenarios offoperating and maintenance processes for st

eellmaking plantiare developed:

Interview result
s about steel m
aking plant op
erating proces
s

A. “A product operator checks the ID of an incoming material.”

B. “The product operator checks the operation parameters of the material.”

C. “The product operator processes the material.”

D. “The product operator checks the error between the planned parameters and the
measured parameters.”

E. “If the error exists, the product operator modifies the operation parameters.”

F. “If the error doesn’t exist, the product operator inputs the operation results into a
process computer.”

Interview result
s about mainte
nance process

G. “In general, the product operator finds out a failure.”

H. “When the failure is found, the operator calls a technician and explains the situati
on.”

l. “A monitoring agent monitors several products in a central monitoring center.

J. “The monitoring agent finds out a failure.”

K. “When the failure is found, the monitoring agent calls a technician and explains t
he situation.”

L. “The technician perceives the failure cause by the explanation on the situation.”

M. “The technician moves to the broken product and repairs the product.”




A1.4 Modeling of existing maintenance and plant
operating activity

Number of processing

Sium
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A B 0 C : o
Nomal [T Checi: the 223 Check the N3‘PC ‘°j » Using the developed activiti
ati . aa.3 Process o 3
= o Zpermtion b the materit G s theactivity/modellisidev.
. R ©)
L ‘hema'i“a‘ R Fafure (01 eloped andianalyzed:
Product ~ . ~ .
operator (O Operation Matenal - . .
2@ i : ; ; s During the analysisiofithe'm

Abnormal / / g odell'somehidden activities
operation ’ o
aredentified’and'enhanced
Maintenance
@ support completeness:

aa.10 Receive the
request for the operation
information of the target
product (O

aa.l1 Provide the
operation information

of the target product
O

[opuation information ot][ information of the ] activities

" activitie!

the target product (X_O) )| target product (X_0O)

L Nof [ eM)
Momto(il'\t{n)g aa_12 Request the aa.13 Receive the aa 14
agent operation operation ! - @
information of the information of the Moniter a — J ; K -
\roet product (M) \reet product (M) product (M) aa.15 Find| |aa.16 Call a technician
- P = Failure (M) a failure and Explain a situation
Hidden oD oD
activities p L 72—
Explanation on

the faite= (X_T)

Technician (T) aa.17 Perceive
the failure (T)

[Example of the existing maintenance and product operating activities model
8
[27]
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A1.5 Modeling of u-Maintenance activity

(S

In sium
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*she u=Maintenance activities and relevantubiquitousitechnologies are derived b

yincorporating thedesirableffunctionalitiesfofithe u=Maintenance systemiintoth
e existing maintenance and product operatingactivities|28]:

F.1 Support for the mobility of technicians
F.2 Acquisition of extensive information on things
F.3 Automatic context-awareness of the system
F.4 Prevention of the safety accidents of the technicians

.. | Functionality of
Curre Existing : : o
N Stake | . ... | U-Maintenance u-Maintenance activity
o nt tec activity
u Name Description hnolo Nolde system
m r - Ubiquitous
oy Num|..|F.1|F.2|F.3|F4| Num|  Name Description d
technology
Stop the The product operator
ws| x| [x|x]| s [Pt PIOGUEt OPEIAIOT Ty
T operation (O) u [stops the operation.
.. |The u-Maintenance
Call a technici | "€ Product operat Produ Call a technician ) Context-awareness.
aa or calls a technician ct ope . system automatically | ..
an and Explain = " " * . ity Phone " and Provide . Wireless sensor
: ituation (0) 2nd explains a situ rator ( o e |decides the most o .
a situation (O) .. " o) |@9] 0|00 ta.9 |possible failure | . .. metworks, Real-time
: appropriate technician. |, ~ .
'V causes and . s " locating system,
. possible failure causes, N
solutions (O) u : Smart phone
— |and solutions.

Y X e

[Example of deriving the u-Maintenance activities]P

[28]
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*she u=Maintenance modeliistdevelopediusing u=-Maintenance activity

[uﬂaintenance actiyity mode}

: -~ ﬁ



A1.6 Gap analysis and User requirements derivation l‘% SE
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doranalyze the 'developed u-Maintenance model; the'similaractivities are groupe
ditogetheras capability'because the similaractivities can be repetitively appeare

din theimodels forthelogicall’completeness ofithe models
Eight.capability groupsiare derived from the u=Maintenance activities

Capability groups )
| gr.1 Product operation

[ ] gr.2 Product monitoring

B gr.3 Support for starting repair

| | gr.4 Support for movement

|| gr.5 Support for deciding a failure c
ause

o

I gr.6 Support for the cooperation wit
h an expert

|| gr.7 Support for searching addition
al information




A1.6 Gap analysis and User requirements derivation

.
w P

ssAfter grouping theractivities; the gap between the existing maintenance activitie
s and the u=NMaintenance activities areranalyzedrandidentified from capability vie

WpoInts:

Existing | u-Maintena
Grou .. . . Gap
P activity | nce activity
Num| Name |[Num| ... Num| ... |Num| Name Description
aa.8|...[ta8 | ... * A corresponding technician is
changed dynamically. The system
Gap -l :
decides automatically the most
about . .
Support the appropriate technician based on a
3 for > |support sitnation whenever a failure
&2 I starting | aa.0 ta.9 &< |SUPP occurs.
.- for . : .
repair starting *The system derives possible failure
repair ~ | causes and solutions automatically.
and this information is delivered to
the technician.

>



A1.6 Gap analysis and User requirements derivation I@E
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ssBased on the'gapranalysis results, the user requirements for u=Maintenance 'syst

em are denvediwithia formalized requirementsidescription'template|29]:

Gap User requirement
Num|...[Num Name A B Cc |D E FIGH|I|TJ

Automatic the information
decision of a on the most

ur.4 |SOTSSPO nd.ing Monitoring shall |receive |.. ["PPIOP I:iate
technician in a |agent technician.
central control decided by the
room system

g2 Automatic
identification the possible
of possible o failure causes
. Monitoring . .

ur.6 |failure causes agent = [shall [receive |...[and solutions.
and solutions | © derived by the
in a central system
control room

A: Who. B: Auxiliary verb. C: Verb. D: What (II). E: What (I). F: How. G: How much. H:
Why. I: When. J: Where [Example of user requirements derivation].) >
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No. Name

ur.1 |Monitoring in a central control center

ur.2 |Automatic detection of a failure in a central control center

ur.3 |Automatic detection of a failure in a product operating room

ur.4 |Automatic decision of a corresponding technician in a central control center

ur.5 |Automatic decision of a corresponding technician in a product operating room

ur.6 |Automatic identification of possible failure causes and solutions in a central control center

ur.7 |Automatic identification of possible failure causes and solutions in a product operating room

ur.8 |Failure notification from a central control center

ur.9 |Failure notification from a product operating room

ur.10 |Automatic directions guide

ur.11 |Safety warning during movement

ur.12 |Provision of possible failure causes and solutions

ur.13 |Automatic adaptation of possible failure causes and solutions

ur.14 |Automatic decision of a corresponding expert

ur.15 |Ask the advice of an expert

ur.16 |Cooperation between a technician and an expert

ur.17 |Search of additional information

ur.18 |Automatic provision of repair tasks

ur.19 |Safety warning during repair

ur.20 |Automatic storage of repair results
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*he technicalifeasibility of.ithe userrequirementsiis evaluated by employinglech

nicallReadiness Level(IRLE)S0]:

User Technical Readiness Level (TRL) of
requirement Ubiquitous technology Cutoff _
Wireless Real-tim criteria Technical
Context- ca-time Smart feasibility
No. sensor locating (0)
awareness phone
network system
ur.1 7 - - - o) 7
ur.2 - 4 - - O 4
ur.3 - 4 - - @) 4
ur4 - 2 2 - O 2
ur.5 - 2 2 - O 2
ur.6 7 4 - - O 5.5
ur.7 7 4 - - O 5.5
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*Jlhe economicimpactis evaluated by comparing the time=lineranalysis results of
the existing activityymodelfand the u=Maintenance activity: model:

Consumed time
to achieve the ur1.

i [Example of the economic impact of the user requirements]P

User requirement Criterion #1 (Time consumption) : :
Num!| Name UR value |Existing value| Improvement Vi s hEilco;:(:IZ});c)
(min) (min) (%) B
ur-1 > 132.65 137.6 3.6 1 3.6
ur.2 132.65 137.6 3.6 1 3.6
ur.4 129.6 137.6 5.8 1 5.8
ur.6 129.6 137.6 5.8 1 5.8

[33]
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s he developediuser requirements are validated by thenterview and Workshopw

ithithe. maintenance field people:

Interview results

» “It’s very good to show inspection list which is suitable to inspection context. That will upgrade the legacy system.”

» “Steel mill will be built in oversea, and a central center will monitor and control the overseas steel mill. For this reason, the
capabilities of remote monitoring and automatic status notification are necessary.”

» “GE monitors aircraft engines around the world. GE predicts the failures of the engines and notifies the replacement time.
StatoilHydro has the same system for an oil prospecting ship likewise.”

» “Sensors are already attached to major equipment, but they are not attached to peripheral equipment. Wireless sensors have

the problems of battery and increasing maintenance spots. However, the pressure and temperature sensors which transmit
data every 1~2 minute are applicable to a field because their battery life is few years.”

User requirement Val. .
Rationale

Num Name Results

ur.1 |Monitoring in a central control center 1 Link
ur.2 |Automatic detection of a failure in a central control center 1 Link
ur.4 |Automatic decision of a corresponding technician in a central control center 0 Link
ur.5 |Automatic decision of a corresponding technician in a product operating room 0 Link
ur.6 |Automatic identification of possible failure causes and solutions in a central control center 1 Link
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shetargetuserreguirements; whichiwilllbenmplementedintoraisolution; are sel
ected by priontizing theluser requirements based on the previous evaluation'res

ults:
s"nithis research; all’ofithe alternative requirements are selected to'show the con
ceptofiu=Maintenance system fully:

I‘Jser Technical feasibility Economic impact vVOC
requirement
) . ) Priori
Original Converted Weight Original Converted Weight Original Converted Weight FLonty
No. | Name value value factor value value factor value value factor
(0.4) (0.4) 0.2)
url 7 1.0 0.4 3.6 0.1 0.0 1 1 0.2 0.6
ur.6 . 5.5 0.7 0.3 5.8 0.2 0.1 1 1 0.2 0.6
ur.2 . 4 0.5 0.2 3.6 0.1 0.0 1 1 0.2 0.4
urd4 . 2 0.1 0.0 5.8 0.2 0.1 0 0 0 0.1

[Example of selecting the target user requirements]P

2

[37]
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*he u=NMaintenance system activity. modelis refined to reflect the target user-req
uirements:

s Jlhen; the Goncept ofi@perations of:the u=Maintenance systemis defined based
onthe refined activity model:

Environment (Maintenance field) A

URs D

80y _+8p

Technician A
- Automatic provision of repair tasks
’ - Automatic adaptation of possible

failure causes and solutions
- Search/Acquisition of additional

nter - Safety wamning during

information
Target product system _

No. Name Priority Technician C i s
ur.q1 |Monitoring in a central control ce |().§ . 8 ’ -: mcni::: irebtions guide

ur.2 Automatic detection of a failure in 04 movement
a central control center

a product operating room causes and soluti - Automatic detection of a failure

- - : : hi 0 ce
ur.3 |Automatic detection of a failure in| ) 4 Tum@:i:b% Product operator A

ur.6 |Automatic identification of possibl| () § - Automatic identification of possible

e failure causes and solutions in Monitoring agent failure causes and solutions, ...
a central control center - Monitoring product systems Product operating room A
ur.7 |Automatic identification of possibl| () G - Automatic detection of a
- . - Automatic identification of

e failure causes and solutions in
a product operating room

Envir t (Maint field) B
possible failure causes and solutions nvironment (Maintenance field)

ur.8 Failure notification from a central 0.5
control center

Central control center

Target product system

of maintenance

Baselined Concept of Operation
S Expert B
of the u-Maintenance syst m)

&

ExpertA
- Cooperation between
a technician and ERP MES. etc.
an expert (Legacy systems)

failure causes and solutions, .

Product operator B
- Automatic detection of a failure
6 - Automatic 1dentification of poss1ble

Product operating room B

[38]
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5. Conclusion
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Conclusion

ssherequirements development methodology of:u=Maintenance system s propose

diforssteel=making plant.domain:

SE Process Area /"~ . ™
Ta r et Req. Def. Architecture Mgmt. ... Scope of u-Maintenance 6= ==<“~| Environment
g [ | i system Context %
Technician =
a =5 :’ -I._e-g_a_c)_'_s};t_e_n;_g_r_o;l;a_ ‘: i Maintenance target !
! : u-Maintenance ! product: Plant systems |
> Off-shore Plant| /£ = ! @ @ ! . stem(SoI) : Steel :
- 1 < ; < ; 1 \ N
g Steel making Plant i Il ERP MES /: y : Makmg H
i 9 : Enabling syster | ~----7"------"7=--- ! plant !
= T T e ; N~ '
e Chemical Plant — i e i e M;s::rr:;/Dlsl /
E T T v/v system
Energy Plant LD evel?pment system Monitoring agent Expert Product operator
Production system

Requirements definition process
tailored to u-Maintenance syste
m for plant system.

Methods

Tool using methods (ways)
(Procedures, Rules, criteria, etc.)

Tools
Models, Templates




=
Lessons learned INCOSE

QroationaliSymposium

Philadelphia, PA
June 24-27, 2013

d The proposed requirements development methodology was
effectively used to develop and validate ubiquitous mainte
nance system requirements of production plant.

 Through analysis of operational model, we can assure that t
he pervasive computing and communication capabilities of
ubiquitous technology have the potential to solve the unco
vered problems of maintenance system of production plant.

= Capability to acquire/exchange/utilize extensive information on things

=» can be applied to solve the problem on “insufficient equipment histo
ry or data”.

= Capability to perceive a situation autonomously and support maintenanc
e activities in the most suitable way to the situation

=» can be applied to solve the problems on “poor system usability” and
“lack of technician’s awareness of safety”.




Future research needed |%
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O Step 1: Steel-making plant / Maintenance system / Req. Def.

0 Step 2: Steel-making plant / Maintenance system / Sol. Def.

O Step 3: Steel-making plant / Production plant / All SE process area
1 Step 4: Off-shore plant / Production plant & Maintenance system
O Step 5: Other plant / Production plant & Maintenance system

SE Process Area SE Process Area SE Process Area
Step 1 Req. Def. Architecture Mgmt. ... Step 3 Req. Def. Architecture Mgmt. ... Step 5 Req. Def. Architecture Mgmt. ...
VA S
A | dl
| —Z | —
) ] ===
J4m| -
Off-shore Plant| ¢4 = 7 = i 7
) P Production plant &
Steel making Plant : e e E E Enabling system
4 i :=’== raimi7 -y
. =4 iest H D¢ A e De Decom./Disposal
Chemical Plant _+ ; Mair {_ e, F Main Maintenance system
T v/v sys T v/v syst IR system
Energy Plant Developm Developm¢ | ’Development system
Production ¢ Production s Production system

- SE Implementation area with new technology
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Q&A

Thank you

Survey

Please take the time to rate this presentation by submitting the web survey found at:

www.incose.org/symp2013/survey
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Architecture model developed & coded

T-UMSC_MT link rS

“Z Physical
model

e FUNctional -~ Functional |

system =» System) .

i | model |

UMSC_MT-UMSS Link

£ Information
P~ request (System

Information (Information Y= External system)
. of external system,
u-Maintenance system Results of SR L L
e UMSS-LS link
server logic function r‘j:: P-UMSS Lirk
-

]
: L - wMaitanance system
LS-UMSS link server (UMSS)

Server
u-Maintenance system Y u..wg,"““" =_"—"°5:
DB function e
Information
(Information
in DB)
e

Basic proto developed

AxORAG®Cic] é-°4 16/E° (UMS_T) ol MEAAZSTA 53
“UAV2Yed, @% =1« E- & (UMS_T)
146, ®él"4 E- & (UMSC_T) s
146, ®él+4 E®AL 0/° (UMSC_T)
A acsh» 1650 (UMS_E) HEAMNAD: TP
A\ %38k » E- & (UMS_E)

¥ E- é (UMS_X)

Al»o»oE2éohl, 10°¢1C b 0 (UMS_X

U3%=Ax0, AG A 168°U (UMS_X)

Cu¥esAno, (UMS_X)

Al»owoE2ioAl, 1%0°C%C E & (UMS X,

HISALHE Sak:
G

Menu/Button
click event Menu/Button/Window Tankl 9] Tank2 £:9]
HT2 STt :
(User = System) (System = User) PR [ Gl s @ om
LER L
u-Maintenance system _—
function (UMS A L) ;
( ) I uCx, i cak» (UMSS_P) < UI of the expert client of A
the u-Maintenance system >
A

< An interaction in the functional architecture of the u;Maintenance system >
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Major projects Year Considered ubiquitous technologies
ARVIKA [8] & ARTESAS [9] 1999 ~ 2006 Context-awareness, Augmented reality, HMD
PROMISE [10] 2004 ~ 2008 Smart embedded device, Mobile device
DYNAMITE [11] 2005 ~ 2009 Web service, Smart sensor, Smart tag, Agent, Mobile device

ARMAR [12] 2005 ~ Present Context-awareness, Augmented reality, HMD
SmartFactoryKL [13] 2005 ~ Present Context-awareness, Augmented reality, Mobile device
Major papers Year Considered ubiquitous technologies
Friedrich, W. [14] 2002 Context-awareness, Augmented reality, HMD
Ailisto, H. et al. [15] 2003 Context-awareness, Wearable computer
Lampe, M. et al. [16] 2004 Context-awareness, Augmented reality, Location tracking, Mobile device, Smart tag
Siltanen, P. et al [17] 2007 Augmented reality, Mobile device, Context-awareness
Tiwari, A. et al. [18] 2007 Wireless sensor network
Zeeb, E. et al. [19] 2008 ?Ilgec;)ei(iecr;/ice, Context-awareness, Location tracking, Networked embedded system, Mob
Irigaray, A.A et al. [20] 2009 Web service, Smart sensor, Smart tag, Agent, Mobile device
Backman, J. and Helaakoski, H. [21] 2011 Mobile device, Location tracking, Smart tag
Ropp, T.D.et al. [22] 2011 \r/nVaeE faegwice, Context-awareness, Augmented reality, Location tracking, Mobile device, S
Ziegler, J. et al. [23] 2011 Mobile device
Zhu, J. et al. [24] 2012 Augmented reality, Context-awareness

% Abbreviation

- ARVIKA: Augmented Reality for Development, Production and Servicing
- ARTESAS: Advanced Augmented Reality Technologies for Industrial Service Applications

- DYNAMITE: Dynamic Decisions in Maintenance
- ARMAR: Augmented Reality for Maintenance and Repair

- PROMISE: PROduct lifecycle Management and Information tracking using Smart Embedded systems - MOMA: Mobile technology to support maintenance efficiency




Analysis results for the existing researches
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na n2 nanan

Problems of the existing maintenance systems
noerotve) | oy e | ooy [0
ata el s of safety
ARVIKA & ARTESAS X O @) Technician support system using augmented reality
Friedrich, W. X @) 0] Technician support system using augmented reality
Ailisto, H. et al. X @) X Wearable context-aware terminal for technicians
PROMISE 0] X 0] Maintenance system using smart embedded device
Lampe, M. et al. O @] X Smart toolbox and inventory for airplane maintenance
DYNAMITE 0] X X e-Maintenance system using ubiquitous technology
ARMAR X 0] 0] Technician support system using augmented reality
SmartFactoryKL X 0] X Technician support system using ubiquitous technology
Siltanen, P. et al X O X Technician support system using augmented reality
Tiwari, A. et al. 0] X X Condition-based maintenance system using wireless sensor network
Zeeb, E. et al. X 0] X Technician support system using context-awareness and web service
Irigaray, A.A et al. 0] X X Condition-based maintenance system using ubiquitous technology
Backman, J. and Helaakoski, H X 0] O Maintenance scenario using mobile technology
Ropp, T.D.et al. X 0] X Airplane technician support system using ubiquitous technology
Ziegler, J. et al. X O X Technician support system using mobile technology
Zhu, J. et al. X @) X Technician support system using augmented reality and context-awareness

| <
.

The existing researches have been focused on the development
of a particular technology and its laboratory prototype.

—= |
=
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Systems lifecycle process for general system [12]

u-Maintenance system design methodology

Technical

Stakeholder requirements definition process |

Requirements analysis process

Field survey

Architecture design process

Select the target maintenance activity

Implementation process

Select the target product operating activity

Integration process

Modeling of existing maintenance
and product operating activity

Verification process

Modeling of u-Maintenance activity

Transition process

Validation process

Gap analysis and User requirements
derivation

Operation process

Evaluation of user requirements

Maintenance process

Selection of target user requirements

Disposal process

Definition of system context

Project

Decision management process

Definition of system requirements

Design of functional architecture

Organizational
project-enabling

Evaluate the functional architecture

Design of physical architecture

Agreement

Evaluate the physical architecture




Gap analysis

sium

Philadelphia, PA
June 24-27, 2013

Cap. Group | Existing maintenance and product operating activity u-Maintenance activity Gap
Num | Name | Num Name Description Relevant tec Num Name Description Relevant tec | Nu Name Description
hnology hnology m
Find a failu The progiuct operator fi Find a failu The u-Malntena_nce Context-awar
aa.4 nds a failure of a prod |null ta.4 system automaticall
re (O) re (O)_u ) : eness
uct. y finds a failure.
* The system fin
Call a tech | The u-Maintenance | Context-awar ds a failure auto
Call a tech nician and | system automaticall |eness, Wirel matically. .
nician and | The product operator ¢ Provide po |y decides the most |ess sensor n * A correspondin
aab | .o o |alls atechnician and e |Phone ta.5 |ssible failur |appropriate technici | etwork, Real- g technician is ¢
tuaF:ion 0) xplains a situation. | \>e causes a |an, possible failure ¢ ime locating hanged dynamic
3”1 nd solution | causes, and solutio , Sm aIIy.. The system
s(O)_u ns. art decides automat
- 3 Gap ab |ically the most a
Suppor Z out the |ppropriate techni
gr.3 tfor sta The technician recogni The technician reco g.2 support clan pased ona
rting re . . . for star | situation whenev
. zes the failure by the e gnizes the failure by . .
pair . . . ) . ting rep | er a failure occur
Recognize |xplanation of the techn Recognize | the possible failure air S
aa.9 |the failure ( |ician. He could identify | Phone ta.9 [the failure ( | causes and solution | Smart phone -'i'he svstem deri
0) the failure cause, dep 0) s, provided by the u- ves oisible fail
ending on his expertis Maintenance syste P
o m ure causes and
’ ' solutions autom
atically, and this
information is de
The monitoring agent f livered to the tec
. . |inds a failure in a parti . .| The u-Maintenance -
Find a failu : Find a failu . Context-awar hnician.
aa.7 cular product while mo | null ta.7 system automaticall
re (M) o re (M)_u ) : eness
nitoring several produc y finds a failure.
ts.




6W2H2V rule of Requirements description template.

Example of user requirements derivation

Inti sium

Philadelphia, PA
June 24-27, 2013

Gap User requirement
Nu Auxiliar Wh e How m
Num | Name Description Name Who Verb |at(l What (1) (Technolo Why When Where
m y verb uch
1) ay)
Gap ab| The system fin Automatlc? detgctl the failure warn |via context | within afterafa |’ 2 prod
out the ; on of a failure in | Product . . : ; uct oper
g.2 ds a failure auto |ur.3 . shall |receive| - |ing, detected b |-awarenes |5 seco - ilureisd | _;
suppo ticall a product operati |operator the svstem s nds etected ating roo
t matically. ng room y Y m
é:tg]rr; a:;ﬁ::eigt' Product the failure warn |via context | within after a fa Ichtaoprg?
« The system fin | ur.3 . shall receive| - |ing, detected b |-awarenes |5 seco - ilure is d L op
. a product operati |operator ating roo
ds a failure auto ng room y the system S nds etected m
matically.
* A correspondin Automatic decisio The information \r/:; Ezla-:iln after a fa
g technician is ¢ | n of a correspond Monitori on the most ap svstem a within ilure war in a cent
hanged dynami E> ing technician in na agent shall receive| - |propriate techni gd )clzontext 5 seco - ning is re ral contr
cally. The syste a central control ¢ |9 29 cian, decided b _awarenes nds cei\?ed ol center
m decides auto enter y the system s
Gap ab | matically the mo
out the | st appropriate te , Lt
g2 | Suppo chnician based Automatic decisio The information | '3 Iea _t.l terafa | q
' rt for st | on a situation w nof a correspond |, on the most ap |™'° otca "N | within .al] eratajin f pro
arting r | henever a failur |ur.5 |ing technician in orc;r:t%r shall [receive| - |propriate techni gdszzr?trgx? 5 seco - Inlijr:e ;Aslar; :’ﬁnoﬁz:}
epair | e occurs a product operati P cian, decided b —awarenes nds cei\g/;ed m 9
. ng room y the system
*The system der S
ives possible fai o B
lure causes and ﬁ\:ttigrr?i?c c')ii?;'lg the possible fail | via context after a fa
solutions auto tailure capuses an | Monitor ure causes and |-awarenes | within lure war |1 @cent
matically, and th | g d solutions ina ¢ |ng aqent |Shall |receive| - | solutions, deriv|s and wirel | 5 seco - nin is re | @l contr
is information is 9ag ed by the syste |ess sensor|nds '9 ol center
delivered to the entral control cen m network ceived
technician ter
<
1




}

Types of maintenance [38] INCOSE

Philadelphia, PA
June 24-27, 2013

Maintenance activity Description

* Allow a product to run to failure
» Repair or replace damaged product when obvious problems
occur

Reactive maintenance
(Breakdown maintenance)

» Schedule maintenance activities at predetermined time
intervals
* Repair or replace damaged product before problems occur

Preventive maintenance
(Time-based maintenance)

» Schedule maintenance activities when operational conditions

Predictive maintenance warrant
(Condition-based maintenance) '+ Repair or replace damaged product before obvious problems
occur

 Utilize predictive/preventive maintenance techniques with root
cause failure analysis to detect and pinpoint the precise
problems

* Include potential product redesign or modification to avoid or
eliminate problems from occurring

PR T Y

Reliability centered maintenance
(Proactive maintenance)
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= J1ed7tS 8, SH8, VOC2| ‘BIIE1IE S2iol0] AZAL 27 A

- Why? u-Maintenance A|2HIS| 1= M0 i) ZZE5|0{0f 2F =0H0| HE4{0]OF B
- Why? 8712ke| =ER JNE: B8, E7|ZEe| A AR I=: J|= Fei7IS 8L VOCT

AHEXL QAL (UR; User requirement) 7|l& F87tsH 4N VOC
s UROIZ ezt | waa | EY e | e | B ez | wa g | 2 e
url | SYEHMEO|M 2L ER 7 1.0 0.4 7.0 1.0 0.4 1 1 0.2 1.0
ur6 |SYSHMEO|M 7HsE O|AAEE RI0Iat £ M XHE S0l 5.5 0.7 0.3 4.0 0.6 0.2 1 1 0.2 0.7
ur7 |HIEAAH 2F MM Jhsst O|AAtE ol &2 M XHE &0l 5.5 0.7 0.3 4.0 0.6 0.2 1 1 0.2 0.7
ur2 | SYSHME|A o|aAE XS WA 4 0.5 0.2 1.8 0.3 0.1 1 1 0.2 0.5
ur3 |HIEAAH 2FAA O|AME XHE LA 4 0.5 0.2 1.8 0.3 0.1 1 1 0.2 0.5
ur.8 |SYSHME{0|A O|AtAtE 2E 4 0.5 0.2 1.8 0.3 0.1 1 1 0.2 0.5
ur9 |HEAAH 2T MM OfAtAE 22 4 0.5 0.2 1.8 0.3 0.1 1 1 0.2 0.5
ur.12 |7+t O|AkME flolnt £2M H|Z 34 0.3 0.1 1.2 0.2 0.1 1 1 0.2 0.4
ur.18 |SE|ELYE 1M S 3 0.3 0.1 0.8 0.1 0.0 1 1 0.2 0.4
ur.13 |7+t o|AME flolnt £2M Xt XS 25 0.2 0.1 0.5 0.1 0.0 1 1 0.2 0.3
ur17 |FIFEE AMEIS 4 0.5 0.2 1.8 0.3 0.1 0 0 0 0.3
ur.11 |05 Al 218 @2l 21 34 0.3 0.1 1.2 0.2 0.1 0 0 0 0.2
ur.10 |Z Xt= QtLH 3.3 0.3 0.1 1.1 0.2 0.1 0 0 0 0.2
ur.15 |MH|HET = 2F 3.3 0.3 0.1 1.1 0.2 0.1 0 0 0 0.2
ur.16 |HH|ME 7ot HH|7|&X 7te| Y 3 0.3 0.1 0.8 0.1 0.0 0 0 0 0.2
ur.20 |2[ZnAts ME 3 0.3 0.1 0.8 0.1 0.0 0 0 0 0.2
ur.19 |42 & 8 22l 31 2.8 0.2 0.1 0.7 0.1 0.0 0 0 0 0.1
urd | SLSHMEM HH|7|SXt XtE E2H 2 0.1 0.0 0.2 0.0 0.0 0 0 0 0.0

[56]



