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We overestimate impacts of new
technologies in short term.

We underestimate impacts of new
technologies in long term.



~ DATA REVOLUTION

We have so much data today
that we are not able to use it

90%

of data is not

DATA DATA
TODAY TOMORROW
De-we-have-enough-data? Will we be able to

Do we have right data?
Are we able to use it?

utilize new data?
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Information

PowerBl is the
new excel!

Data
monetization!




from Excels

to Power Bl

ﬁgﬁ One data = one truth

é”lnlﬂ Quick combination of
various data sources

2 Intuitive and visual
outputs



from Excels to Power Bl
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»» EIGHT RULES FOR EFFECTIVE SPARE PARTS MANAGEMENT

1) Go for preventive maintenance!

2) Eliminate process problems

3) Segment your spare parts portfolio

4) Evaluate spare parts criticality

5) Spare parts management starts with good forecasting
6) Use special methods for intermittent demand items
7) Consider the whole life cycle of your equipment

8) Data, computers and technologies will help you
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>> GO FOR PREVENTIVE MA

CORRECTIVE
(REPAIRS)

INVENTORY
MANAGEMENT
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»»> ARTIFICIAL INTELLIGENCE IS WORKING FOR US:

Diagnostics from acoustic emission using neural networks

l'lllll' NEURON We recognize broken machines using sound
goecsgee SOUNDWARE

NeuronBox NB.6 |01 Device

nBox : nCard : Sound sensor

Let the smart device check the machines for you : Listen to your machines anytime, anywhere . See standard sensors used in NSW installations

\%\ ” Analysis of data
in place of origin:
/ i Edge computing

Remote
diagnostics
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»» ELIMINATE PROCESS PROBLEMS

SP NEED
IDENTIFICATION

REQUEST
FOR ORDER

APPROVAL

PROCUREMENT

No direct responsibility of maintenance engineers/technicians for
“their” items and spare parts levels.

RFO created by someone else, not the technician who requested part.
The step of RFO may not be necessary in the process.

How often are orders approved? Who approves?
Approving in IS workflow or by signing a paper copy? Or both?
Approving both RFO and then issued order again?

Too many approvers, complicated procedure and hierarchy.
Approving on high levels of management.

60-80%
procurement
specifications

missing

Insufficient information available to procurement, poor sparé
identification — the buyer hardly knows what should be bought,
additional communication with maintenance technician is needed.
Missing or incomplete procurement specification in the IS.
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»»> ELIMINATE PROCESS PROBLEMS

Problems with missing (undelivered) documentation for the received
RECEPTION material (certificates, declarations).
Lost spare parts documentation — only “paper-based” archiving.

Insufficient identification of spare parts in the warehouse.

Problems to find items stored.

Inventory count discrepancies, physical stock different from information

system data.

Non-real value of stock in the information system.

Out-of-system stocks. Spare parts

Slow spare part issues in case of sudden need. f;gt:';;a;i'r?g
CONSUMPTION Issued spare parts are not consumed in fact. What happens the

Consumption of external material even in case the part is on stock

Refurbished parts return to warehouse while new are bought.
WAREHOUSE Accounting price of refurbished items is much higher (or lower) than the
RETURNS AND non-realistic value of items on stock.

REFURBISHED Problematic or impossible returns of parts issued but not consumed.
SPARE PARTS Insufficient control of parts dismantled from the maintained object

(the information system has no information about these).
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»»> IDENTIFICATION OF SPARE PARTS IN SMARTPHONE

Android application for support and collection of
identification data including photos of spare parts.
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>»> FINDING DUPLICATES IN MASTER DATA

Levell v

80,00 % 99,38 %

e R s O

Similarita by Vyrobek ID and Substitut ID

Vyrobek ID
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2383050057312
238303300000

23830100300000

23830500510000 =
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analysis
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23830500001000
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23830500503000
23830500510000
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>»> SERVICE LEVEL X LOCKED-IN CAPITAL

Inventory A
value

What items are really important?

>
90 % 95 % 98 % 99 % 100 %7

Service level / availability




e —
>»> WHAT ITEMS ARE REALLY IMPORTANT?

Consumed quantity (pcs)
40 000 oao
33 333 333
d
26 666 65T ¢
20 000 000 Dominant categories C and D:
typical for spare parts
13 333 333
& GGG GET
u}
o L = i L= L = L = L L= L (= L 2 L (=) L) [=) L
L+ g ) = ™ = an o w0 ) ™ ™ o an M~ w0 = el -
(=] & E L] L] =] e el o e o o & P = = = I~ )
un -l ™ o L} i P ™ o L = P ™ o Ty -l I~ ™
— — ™~ ™~ 1 = = Cal L hr= P~ P ol o0 o [ [ —
- - -
Bes0% | Zabs =25 264 011,00 (S0.01%) | 2524x
B 95% | £ bz, =4 754 776,00 (15.00%) | 7408x
fcioo% | Zabs, =1 584 036,00 (5.00%) | S8261x
Boioo% | 2 abs, = 0,00 (0.00%) | 51159
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»»> SPARE PARTS CRITICALITY — 4 PIECES OF INFORMATION

Price
% cost of capital

Part lifespan

Failure probability
Failure characteristics
Failure anticipation

Cost of
inventory
holding

Failure
probability

Leadtime and

other
parameters Effects of failure
Delivery time Production losses
Repairability Links to asset register,

Number of items in use critical assets (RCM)

Maintenance planning



»»> CRITICALITY CALCULATION

Ciny = Cyn * LT x f

INVENTORY HOLDING UNAVAILABILITY LEAD TIME FAILURE RATE
10 000 EUR x 10% 100 EUR / day 100 days 1 per 2 years

1000 EUR B 5 000 EUR

KEEP ON STOCK
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CMMS
spare parts
master data

CMMS

spare parts
transactions
data

Planning Wizard
data analysis

Previous
SP criticality
assessments

(if available)

Spare parts
consumption
forecasts

RCM data

Preliminary
segmentation

Cost of

unavailability
(from RCM or other
sources)

2-LEVEL EVALUATION OF CRITICALITY

of spare parts

Non-critical
items

Assessment by
maintenance

engineers and
technicians

Qualitative
evaluation of
criticality

Quantitative
evaluation of
criticality

Non-critical
items

Critical items
(criticality score)




»» SELECTING SUITABLE STOCK CONTROL METHOD FOR EACH SEGMENT

All active spare parts (SP) Spare parts segmentation

Preliminary identification of
potentially critical items

Potentially critical SP Non-critical SP

Critical SP

Stock level is set Intermltte.:nt Regular consumption Consumption frequency
based on level of S -
criticality and Long Short

quantity of leadtime leadtime

installed pieces T

. Stock level set by Standard models Standard models
Stock level is Bootstrapping of stock of stock
validated by

maintenance
technician

Lead time

management management

+ Safety stock Recommended method of stock

control (stock level calculation)

.
For items under Framework contracts
with vendors, automated MRP ordering
in ERP can be applied




»»> QUALITATIVE CRITICALITY ASSESSMENT — ONLINE APP

(2] Planning Wizard: Pfihlazeni do systému ] + '. — - o o S
€ )® . |2 htps/bmologio.ca/chemotest/framework/vs113658126/ contentlrefreshingStatus=1 77 -1 (M- Google ERESIE

Jazyk:

PwDate: 2011-04-27

Jméno: | hiadik

W wocio



»» SELECTION OF ITEMS TO EVALUATE

(&) | LI itpy/bmolagio.cz/chemotest/framework/vsA94607865/mainscreen?refreshingStatus=1 77 - [ [$8- Googic

| cesta:ch rol Piihlaseny uzivatek Admin Adrin, Odnlasitse |
(=) planning wizard 2.0 o
Hodnoceni kriticnosti
ﬂ Chemopetrol ¢ )‘
Polypropylen
w Polymerizace
¥ Granulace «l23s PoloZek na strince
» HD ABB Farrel 1
: Rg AIBEtFa”eIt Nizev - Kategorie - Skdadov cena [KE] - Hodnoceni kriticnosti
elektromotol
: mg :::ﬁ:ﬁmﬁtg: pohon odvzdusnovad klapky sil PP sklady polypropylenu 20000 ‘ Hodnotit kriticnost ‘ |Nﬂ:x:iad.|] zasobu |
: Rg Zfok\;'%gn;’;)nzémfe fepinad klapky pneudopravy PP sklady polypropylenu 45000 ‘ Hodnotit kriticnost ‘ |Nﬂ:x:iad.|] zasobu |
b D Sermars e ar 2 A e 7000 Hockostiténost | | Nesoadaziotu
P MD transformatory pro PP2 b I eklady pol ‘ itic ‘ | py . |
¥ P - STROIE - 100 obj, 200-3150-210 Willett lady polypropylenu 39000 Hodnotit kritiénest | | MepoZaduiji zasobu
» PP - STROJE - 200 svafovani pytd na stroji Z-210 (2.918.2109.00 - = = =
» PP - STROJE - 240 welding device) sklady polypropylenu 269 875 ‘ Hodnotit kriticnost ‘ |Nﬂ:x:zad.|] zasobu |
P PP - STROJE - 250 servomotor dévkovad vahy stroje Z-210 (kéd E = =
¥ PP - STROJE - 300 9.481,1230.05) sklady polypropylenu 120 000 ‘ Hodnotit kritiénost ‘ |Nepozad.|) zdsobu |
» PP - STROIE - 350 jednotka fizeni fitn -
» PP - STROIE - 400 EM”—I?W zr\:ienl regenerace fitru (Lammers sklady palypropylenu 12000 Hodnotit kriticnost
¥ sklady polypropylenu oper.panel stroje Z-210 (Micro Innovation
» virobni technologie- MC2-440-10TVB-1-10 s aplikaéni SW od virobce | sklady polypropylenu 240 000
Polypropylen stroje)
t;p;grgpg;;\zvﬂ; stroje Z-210 (MEC I terminal sklady polypropylenu &0 000 Hodnotit kriticnost
::Ir'\r\élz\avnhn tolas préis pro linky Farrell a vyrobni technologie-Polypropylen 1300 000 ‘ Hodnotit kriticnost ‘ |Nq:x;zad“ Jji Z&
?:;T;ir:imﬁi“w fadn Qhmart v wyrobni technologie-Polypropylen 350 000
?:;T;irsfﬁi“wmn vyrobni technologie-Polypropylen 550 000
Cerpadia oleje kompresoru 1]
Kompresor PRU 0 g
- c - v ] Hledat produkty Hedej |




»» ANSWERING FEW SIMPLE QUESTIONS
W |2 Planning Wizard: Hodnocenf kriticnosti li! —

" > 1] {@ http://brno.logio.cz/ chemotest/framework/vs113658126/ content

~ Google PJ f B

planning wizard 2.0 Hodnoceni kriticnosti

3 chemopetrol Y 1)
Typ ndhradniho dilu

¥ : %ﬁ?igﬁge Jednd se 0 ND BéZné dostupny v prodeii meba ¢ speciEing dif ktery je nutné objednat pi
» ND ABB Farrel 1
» ND ABB Farrel 2
¥ ND elektromotory - Farrel 1

U wirohce zaiEeni?
Bé&Zné dostupny v prodeji
Spedidlni, znackowy, doddvany wrobcem zafizeni

¥ ND elektromotory - Farrel 2 O Nevim

» MD elektromotory - PP2 2)

» ND frekvenéni ménice PP Popis nahradniho dilu

» D pro E703 PP2

¥ ND pro sklady PP Do tehote pole milZete napsat popis di, pezndmky m kykolv kementar, pokud je podie Vds vhodny.

» ND Siemens pro Farrel 2

» ND transformatory pro PP2
» PP - STROIE - 100

» PP - STROIE - 200 H

¥ PP - STROIJE - 240
» PP - STROJE - 250
» PP - STROJE - 300
¥ PP - STROJE - 350
¥ PP - STROIE - 400 3)

» sklady polypropylenu Mérna jednotka
¥ wrobni technologie-

Polypropylen Jednotka, ve které je mefena z3soba tohoto diu (napr. ks, kg, | mapod. ).

(I

4)
Cena dilu (CZK)

269875

Dodaci Ihilta, (dni)

5)

Z3 jak diouho je en dil dodat? Jak diouho trvd pofzens (nakup) noveho diu?

B o [ —
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ANSWERING FEW SIMPLE QUESTIONS, THEN SUBMIT

e e

() Me, dil je cdoiny a neni pfilE namahan
2E)

Lze poruchu dilu predvidat?

Je maine poruchy predvidst (predikoval diagnostikovat) jesté pred tim, nef skutecné nastane?

() Velmi obténg & nemofné - nejsou viditelné nebo detekovatelng symptomy
() Stfedné cbtiEné - vyiaduje speciini plistup/expertizu
() Relativné snadno - dil wykazuje ziejmé symptomy opotiebeni
5)

Jaka je charakteristika poruchy pFi provozu dilu?
Jak nshly je pribéh poruchy tohotfo dilu? Nastane poruchs okamsits, nebo aif dosshne meznihc, nepouditalngho
stavi postupné (napr. posfupne opotrebeni aiu)?

() Mahli a2 nepfedvidateins (nahradni dil je pofadovén k okam#ité vyméng)
() Relativné pomald ale rozeznateind (kritky £ pled vyménou dilu)
() Postupni 2 kontrolovatend (diouhou dobu pred potfebou dilu)
30)
V jakém Easovém rozpéti musi byt oprava hotova?
Je moine opravu po poruse odicgt na vhodny fermin, nebo je nutné apravu provest okamiite po poruse?
(7)) Okamiité pro pokrafovani vyroby
() Pfi préti plinované odstavee nebo generdini opravé
() V negbiiSim terminu pro zajiténi maximéini spolehiivost
1)
V pFipadé, #e neni na skladé, je moZné tento dil opatfit v poZadovaném terminu?
Jak rychie (snadng) je maine dil zajistit. pokud neni'v okaméiky potreby nz skizdeé?
() Me, dil nelze opatiit v fase potiebném pro opravuyddribu
() Ana, dil e v Sase potfebném na opravu/idribu opatfit se zwySenymi néklady na expresni dodani

() Ano, dil e opatit v £ase potfebném pro opravufidrzbu

m



»>»> DONE - ITEMS EVALUATED

IEQ\ Planning Wizard: Hodnoceni kritiénosti I + ” — J
| (' > Lobd [I@\ http://brno.logio.cz/chemotest/framework/vs113658126/ content c] ['.:" Google pl \‘ij \‘EJ
| Casta: Chemopetrol PiihlaSeny ufivatel: Admin Admin, Ochigst s=
(&) planning wizard 2.0 x
Hodnoceni kritiénosti
3 chemopetrol
Polypropylen
 Polymerizace
R L ldes w1239 Poiatek na strénce
) N cibrametory - Fare 1 = s - Hodeoceniinast
g L e—— v o =
R TR et poban epinesKapky preuionravy PP sady polypropn 45000 hlooiaipoct] \pspiaditsioctn
R fednotks komunikace pesové doprevy ve s 2210 |skisdy pelymromyens 7000
G oy e konwroler 150 o6}, 200-1150-210 Wil sklady polypropylens 35,000
: ;';: §:g;: : ﬁ x?_:)éni pyth na st 2210 (LF1BTUR.00 - wakding | oo e f— =
b 55 Srhci 32 Tt e sty by =—vr=y
b o ShooE U P e R FrEy——
b | oo |ty i
opes.panel vihy stroje 2210 (MEC 111 terminal oty polypropyiens [ Hodnett kitiénost | | Nepodaduji zésobu |

5.099.0772.11)

Wity hlavniha ok préku pro linky Famsll = Farsl2

wjrabni technalogie-Pohypropyien

Snimade radioaktivniho méfeni hladin Chmart v reakton
R-251

wjrabni technalogie-Pohypropyien

Snimade radioaktivniho méfend hladin Berthold v reskeory
R-201

wjrabni technalogie-Pohypropyien

(Garpadlz oleje kompresoru PRU PP - STROIE - 350 )
Kampresar PRU PP - STROIE- 350 0
Rotaéni podavad dopravy F2 PP - STROJE - 400 0
Dopravni kompresor prédku pro F2 PP - STROIE - 400 )
Renzéni podavat dopravy Fi PP - STROIE - 300 )
Renzini podavat nekévoviho firu PP - STROIE - 300 )
Dapravni dmychzdl préfiu pro F1 PP - STROJE - 300 0

i iy |

S S




»»> SPARE PARTS CRITICALITY ANALYSIS RESULT

Criticality score

90
80 1

t
70
60
50
40

30
20

:
L ¥

0 -_

0 1000 2000 3000 4000 5000 6000 7000 8000

Spare parts items
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»» QUANTITATIVE METHODS X COMMON SENSE

MAXIMIZE! MAKE
EFFICIENT!

Quantitative Common
methods sense




»» FORECASTING STEP BY STEP

Visualisation of time series

For better understanding of the time series

Calculation of forecasts using all available methods

Calculation of accuracy
Absolute and relative errors, evaluation on testing season

2
B
J




»»> WHICH FORECASTING METHOD IS BEST FOR SPARE PARTS?

m Constant model
7 Regression model
O Holt’s exp smoothing

B Simple exp. smoothing
[l Moving average

m Winters

O FORECASTING IMPOSSIBLE?
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SPARE PARTS — INTERMITTENT DEMAND

4 |
QUESTION: What reorder level should be set in order to ensure
required availability of a spare part?

Monthly spare parts consumption

(pieces)

2
| T L I T I I N T N N I [ A e I N N N I O I o I T Ty |
1

4 1718 30 32
Monthly consumptlon history (months)
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BOOTSTRAPPING

Bootstrapping = random sampling from history of consumptions.
SP consumption for lead-time period is sampled from history

A Sample 1: Example:
4 Consumption in SP lead time is
6 months = 5 pcs 9 [ET A
c
.0
2 3
&
>
<
38
2 2
3
]
2
&
z_ 1
S 9
5 9
ss
O | |

Monthly consumption history (months)
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»» BOOTSTRAPPING

A Sample 2:
4 Consumption in
6 months = 0 pcs

c 3
°
8
€
2
s 2
g
o
5 1
=
<%
5§ o
=2 LTI

1 4 8 13 1718 25 2627 30 32

Monthly consumption history (months)
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»» BOOTSTRAPPING

N Sample 3:
4 Consumption in
6 months = 12 pcs

Monthly spare parts consumption

(pieces)

g
1 4 8 13 1718 25 2627 30 32

Monthly consumption history (months)
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»» BOOTSTRAPPING

N Sample 4:
4 Consumption in
6 months = 2 pcs

c 3

2

=

S

>

=

o 2

o

b

<

o

g

S 1

(%]

= —

£7%

s 2

E&O G'Q' L] — 1y
30 32

[ [ [
1 4 8 13 1718 25 27
26

Monthly consumption history (months)
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»» EXAMPLE OF 100 000 SIMULATIONS OF SP CONSUMPTION

Target: SP availability (Service level) = 99%

60 000 I p| 100%

c
Rel
a
1S
=}
(%]
c
c (@]
0 >
g 2
§ 30 000 =
§ ’g OPTIMUM INVENTORY =9 PCS S
G = o
o3 >
(%]
4 II %
S EERD E
s 4= e
- - B e L — 3
—
5 10

15

Consumption during leadtime (pcs)
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»» BOOTSTRAPPING APPLICATION — A REAL CASE STUDIES

Original inventory: 17 000 EUR
(49 pcs)

Spare part lead-time: 32 days

Intermittent demand Recommended inventory:

ey 29 pcs =10 000 EUR

99.9% avail

Savings: 7 000 EUR

R N« [—
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(&) planning wizard 2.0

Cesta: Schifer a Sykora > Nahradni dily > 590 - Centralni sklad Rumburk > Tuzemské dily > Tésnéni,Kalina > T&snéni,Kalina > 3517-0001
Produkt: Papir tésnici 0,5 mmms Reinz AFM 38
(3 schafer a Sykora 0% Dspombinl zasoba [MIN. zasoba Service level pc52458KE oB)  0.00 KE(0KS) Blokace 0 (mj)
: ” 000K¢‘.(0KS) 859.76 K¢ (2 KS) A(A) 100,0% (99.1%) SC429.88 KE Na cesté 0.00 KE (0 KS)
: g:cgg\‘lla?:i'zechnka Logistick ukazatele Detail Forecast OCisténiforecastu Ogisténi prodejd Ocisténi leadtime '
P Konsignace

g Sporadicka poptavka \

\ Sporadicka poptavka

9 000

7 500

Minimum level 2 pcs

6 000
4 500
3 000

1 500

: [ —

o - ~ ~” -

B Dostupnost
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>> EFFECTIVE SPARE PARTS MANAGEMENT - 8 RULES

Preventive maintenance Smooth SP processes

Segment your SP portfolio Assess criticality

Special methods for

Good forecastin . . .
& intermittent demand items

Purpose-driven data

Life cycle thinkin
y & and smart tools to automate



CULTU R%ECH NOLOGY

Culture Eats Strategy
For Breakfast,
Innovation For Lunch,
And Transformation For
Dinner



»»> FORECASTING OF SPARE PARTS CONSUMPTION WITH NEURAL NETWORKS
Al and advanced statistics work for us.

Forecast Length: ‘ ; " | + [_Optimize | [ ShowXML | [ Save XML
Desciption:
Visualsation
Muti Layer Perceptron
Input Window Size Season Length: N
3 3= z Remove Layer
Hidden Layers
15
Output Layer Activation Function: Apha Range
Sigmoid v o B B
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~ DATA REVOLUTION

We have so much data today
that we are not able to use it

90%

of data is not

DATA DATA
TODAY TOMORROW
De-we-have-enough-data? Will we be able to

Do we have right data?
Are we able to use it?

utilize new data?



