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Eight rules for efficient SPM

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) Implement a good information system for spare parts and
maintenance inventory management




Go for preventive maintenance
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Preventive or corrrective?

1000
800 -

600 -

Number of preventive vs corrective tasks

400 -
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10000 )
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Eliminate process problems
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SPARE PARTS PROCESS

DELIVERY,
RECEIVING

—

WAREHOUSING

—»

PROCUREMENT
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REQUEST FOR| |
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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.

Insufficient information available to procurement, poor spare parts
identification - the buyer hardly knows what should be bought,
additional communication with maintenance technician is needed.
Missing or incomplete procurement specification in the IS.




Eliminate process problems

RECEPTION

WAREHOUSING

Problems with missing (undelivered) documentation for the received
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.
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1 J' Slow spare part issues in case of sudden need.
A CONSUMPTION [ Issued spare parts are not consumed in fact. What happens then?
, @ ' Consumption of external material even in case the part is on stock.

Refurbished parts return to warehouse while new are bought.

W WAREHOUSE Accounting price of refurbished items is much higher (or lower) than
< T RETURNS AND J the non-realistic value of items on stock.
“‘*w: i REFURBISHED J 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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How do you store bearings?
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Cental warehouse

Warehouses A-Z

Spare parts inventory value [?]
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An example from a large carmaker

Pressshop
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LOGISTICS

MAINTENANCE MANAGEMENT PROCUREMENT

SPARE PARTS PROCESS

Insufficient spares
identification

DELIVERY,
La RECEIVING | WAREHOUSING

— PROCUREMENT [

Are returns to
warehouse allowed?

—p APPROVAL

Procurement

SPARE PART
NEED
IDENTIFICATION

REQUEST FOR
ORDER

BACK FLOW

g g (REFURBISHED)

specification missing

Who is responsible § Who/how often
for spares stock? approves?
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[ﬂ} Internal best practice
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Comparison of inventory turnover
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Segment your spare parts portfolio
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Service level x locked-in capital

Inventory
value

A

What items are really important?

<>

90 % 95 % 8% 9% 100 %?

Service level / availability
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What items are really important?

On-hand inventory value Dominant categories C
80 000 000
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ABC analysis — on hand inventory value

20 000 Qoo

EE BEE GET

o3 323 333

40 000 000

26 BEE BET
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Hodnota disponibilni zasoby
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ABC analysis — consumed quantity

Mnozstei
40 000 000
Quantity
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Spare parts inventories segmentation — consumption frequency

(in quantity)

Struktura zasob dle segmentu v mnozstui

0 mésic, 378 494 —~_

o 11 mésic, 314
\\ 10 mésic, 402
-8 mésic, 492
“7 mésic, 650

)—6 mésic, 14 494
-5 mésic, 19 470

~4 mésic, 11 609

‘ -3 mésic, 18 118

1 mésic, 85 035 -2 mésic, 52 381

25




Spare parts inventories segmentation — consumption frequency

(in value)

0 mésic, 33 5350 798,39 —__

Struktura zisob dle segmentu v hodnoté

WS\ 12 mésic, 237 351.
"3 midsic, 433 581.03
| -8 mésic, 81 120,00
| L7 mésic, 106 941.20
L& mésic, 414 603,83

-5 mésic, 1 270 617.67
L4 mésic, 322 916,63

-3 mésic, 839 139,36

-2 mésic, 5420 728.21

I—1 mésic, 410 632.04
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Strategic segmentation of spare parts

WHEN?
HOW MANY?

- CONSIDER CONSIDER

2 CONSIGNATION CONSIGNATION
HOW MANY? e

o CONSIDER CONSIDER

Q CONSIGNATION CONSIGNATION

o

Ll

S CONSIDER

-

AN 12 X CONSIGNATION

WHEN?

CONSIGNATION

CONSUMPTION FREQUENCY
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Example of buyback application

20 pieces were purchased for turnaround in 2010 for 41.2 M CZK, but these spare parts
were not used during the turnaround and will be stored until the next turnaround in 2014.

® Buy-back in this case can save 9 M CZK (360k EUR) on storage and locked-in capital cost

Turnaround spare-parts buy back example

Value of inventory 41 230 000 CZK
Percentage of storage fee per year 3%
_ Average cost of capital 5%

Time of storage 4 years Between shutdowns

Buy-back fee 10%
Storage cost 4 947 600 CZK In four years
Capital cost 8 246 000 CZK In four years

Total cost 13 193 600 CZK

Buy-back cost 4123 000 CZK

Savings 9070 600

Maximum suitable buy-back fee 32% Space for negotiation




FSN and VED classification

Fast-moving

Slow-moving

Non-moving

=)

Vital

Essential

Desirable
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Evaluate spare parts criticality

30




Evaluate spare parts criticality

Price
% cost of capital

Cost of
inventory
holding

Leadtime and

other

parameters

Delivery time
Repairability
Number of items in use
Maintenance planning

Part lifespan

Failure probability
Failure characteristics
Failure anticipation

Failure
probability

Impacts of
spare part
unavailability
Effects of failure
Production losses

Links to asset register,
critical assets (RCM)
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® "A 10 000 EUR x 10%

-

Criticality calculation

*LT*f
un

100 EUR / day 100 days 1 per 2 years

5 000 EUR

KEEP ON STOCK
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Criticality assessment phases

Advanced methods

Hold on stock ,
to set optimal levels

A

Criticality
assessment

Economical

Potentially
assessment

critical part

Technician Technician

Do not stock
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Application for criticality assessment
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planning wizard 2.0

m Chemopetrol

w Polymerizace

¥ Granulace

P D ABB Farrel 1

» D ABB Farrel 2

» ND elektromotory - Farrel 1

» ND elektromotory - Farrel 2

» ND elektromotory - PP2

} ND frekvenéni ménice PP

¥ ND pro E703 PP2

» ND pro sklady PP

» ND Siemens pro Farrel 2

» ND transformatory pro PP2

» PP - STROIE - 100

¥ PP - STROJE - 200

¥ PP - STROJE - 240

» PP - STROJE - 250

} PP - STROIE - 300

¥ PP - STROJE - 350

¥ PP - STROIE - 400

¥ sklady polypropylenu

» wrobni technologie-
Polypropylen

pohon odveduifiovad Kapky sil PP

pohon pfepinad Kapky pneudopravy PP

Jjednotika komunikace pasove dopravy ve stroji
Z-210

kontroler 3150 obj,200-3150-210 Willett

svarovani pytld na stroji Z-210 (2.918.2109.00 -

welding device)

servomator dévkovad vahy stroje Z-210 (kéd
9.481.1230.05)

jednotka fizeni regenerace filtru (Lammers
RM-BV4 2V)

oper.panel stroje Z-210 (Micro Innavation
MC2-

-440-10TVE-1-10 s aplikan’ SW od vjrobce

stroje)

oper.panel vahy stroje Z-210 (MEC III terminal
5.099.0772.11)

Vahy hlavniho toku pradku pro linky Farrel1a
Farrel2

Snimace radioaktivniho méfeni hladin Chmart v
reaktoru R-251

Snimade radioaktivniho méfeni hladin Berthold v

reaktoru R-201

Cerpadia oleje kompresaru PRU

Kompresor PRU

]| Hedat produkty Hiedej

sklady polypropylenu

sklady polypropylenu

sklady polypropylenu

sklady palypropylenu

sklady palypropylenu

sklady palypropylenu

sklady polypropylenu

sklady polypropylenu

sklady polypropylenu

wyrobni technologie-Polypropylen
wirobni tachnologie-Polypropylen
wirobni technologie-Polypropylen
PP - STROJE - 350

PP - STROJE - 350

20 000

45 000

7000

39000

269875

120 000

12000

240 000

60 000

1300 000

350 000

550 000

0

0

| Hodnotit kritiénost | | Nepozaduji zasobu |

| Hodnotit kritiénost | | Nepozaduji zasobu |

| Hodnotit kritiénost | | Nepozaduji zasobu |

‘ Hodnotit kritiénost ‘ ‘ Nepofaduji zésobu |

‘ Hodnotit kritinost ‘ ‘ Nepofaduji zésobu |

‘ Hodnotit kritinost ‘ ‘ Nepofaduji zésobu |

‘ Hodnotit kritignost ‘ ‘ Mepofaduji zasobu |

| Hodnotit kritiénost | | Nepozaduji zasobu |

| Hodnotit kritiénost | | Nepozaduji zasobu |

| Hodnotit kritiénost | | Nepozaduji zasobu |

| Hodntit kritiénost | | Nepogaduji zasobu |

‘ Hodnotit kritinost ‘ ‘ Nepofaduji zésobu |

‘ Hodnotit kritinost ‘ ‘ Nepofaduji zésobu |

‘ Hodnotit kritiénost ‘ ‘ Nepoiaduji zasobu |

| cesta:cn rol Pihlaseny uiivatek Admin Admin, Ochissitse |
Hodnoceni kriticnasti
Polypropylen
1239 PoloZek na strance
Nazev Kategorie - Skladova cena [K&] - Hodnoceni kriticnosti
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planning wizard 2.0

w Polymerizace

¥ Granulace

} ND ABB Farrel 1

} ND ABB Farrel

} ND elektromoto

P ND elektromotory

P ND elektromotory -

¥ ND frekvengni ménice

» D pro EF03 PP2

» ND pro sklady PP

» ND Siemens pro Farrel 2

» ND transformdtory pro PP2

P PP - STROJE - 100

P PP - STROJE - 200

P PP - STROJE - 240

} PP - STROJE - 250

P PP - STROJE - 300

P PP - STROJE - 350

P PP - STROJE - 400

» sklady polypropylenu

» wirobni technologie-
Polypropylen

[ chemopetrol 4

| Cesta: Chemopetrol

Prihlaseny uZzivatek Admin Admin, Odhlasit == |

Hodnoceni kriticnosti

Polypropylen
[ [Hedy)

Nazev -

pohon odvzduifovad klapky sil PP

fepinaci klapky pneudopravy PP

ikace pasové dopravy ve stroji

obj, 200-3150-210 Willett

welding device)
servomotor davkovad vahy stroje Z-210 (kéd
9.431.1230.05)

jednotka fizeni regenerace filtru (Lammers
RM-BV4 2V)

oper.panel stroje Z-210 (Micro Innovation
MC2-440-10TVE-1-10 s aplikaéni SW od vyrobce
stroje)

oper.panel vahy stroje Z-210 (MEC III terminal
5.099.0772.11)

vahy hlavniho toku prasku pro linky Farrell a
Farrel2

Snimade radioaktivni
reaktoru R-251
Snimade radioaktivniho
reaktoru R-201

i gvafovani pytld na stroji Z-210 (2.918.2109.00 -

[ hladin Ohmart v

Cerpadla oleje kompresoru

Kompresor PRU

ﬁ Hledat produkty

sklady polypropylenu

sklady polypropylenu

sklady polypropylenu

sklady polypropylenu

sklady polypropylenu

sklady polypropylenu

sklady polypropylenu

sklady polypropylenu

sklady polypropylenu

wyrobni technologie-Polypropylen
wyrobni technologie-Polypropylen
wyrobni technologie-Polypropylen
- STROJE - 350

- 350

Skladova cena [KE]

20 000

45 000

7000

39 000

269 875

120 000

12000

240 000

60 000

1300000

350 000

550 000

0

0

-

m

Polofek na strince 7 280 EEEE W

Hodnocani keritifnosti hd Zasoba -

|Hodnoﬁt krit'énostl |Nepoiaduji zasobu |

|Hodnoﬁt krit'énostl |Nepoiaduji zasobu |

|Hodnoﬁt krit'énostl |Nepoiaduji zasobu |

|Hodnotit kritiénostl |Nepoiaduji zasobu |

|Hodnotit krit'énostl |Nepoiaduji zasobu |

|Hodnotit krit'énostl |Nepoiaduji zasobu |

| Hodnotit kriticnost | | Mepo:

| Hodnotit kritidnost | | Nepoiad

| Hodnotit kritiénost | | Nepozadui z3

| Hodnotit kritiénost | | NepoZaduii zésob

[MepoZaduji z5sobu
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planning wizard 2.0 Hodnoceni kriti€nosti

Otazky
[} chemopetrol 4 1)
Typ nahradniho dilu

w Polymerizace

» Granulace

» MD ABB Farrel 1

» MD ABB Farrel 2

» ND elektromotory - Farrel 1

» ND elektromotory - Farrel 2

» ND elektromotory - PP2 2)

» ND frekvenéni ménice PP Popis nahradniho dilu

» D pro E703 PP2

» ND pro sklady PP Do tohoto pole milZete napsat popis diu, pozndmky 0 kvicoly komentas, pokud je podle Vas vhodny.

» ND Siemens pro Farrel 2

» ND transformdtory pro PP2

P PP - STROJE - 100

¥ PP - STROJE - 200 H

P PP - STROJE - 240

P PP - STROJE - 250

P PP - STROJE - 300

P PP - STROJE - 350

P PP - STROJE - 400 3)

b sklady polypropylenu M&rn4 jednotka

» wyrobni technologie-
Polypropylen Jednotka, ve kterd je méfena zasoba tohote div (naps. ks, kg, | mapod. ).

L 1

Cena dilu (CZK)

269875

Dodaci lhiita (dni)

Jednd se o ND béZné dostupny v prodeii nebe o specahy dil ktery je nutné objednat o u wirohce zafzeni?

7 BEIné dostupny v prodeji
= Spedilni, znackovy, doddvany vyrobcem zafizeni
©) Mewim

4)

5)

Z3 jak diouho je e af dodat? Jak diowhe trvd pofEend (nakup) novehe diu?

37
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(™) Me, dil je cdolny a neni pfilE namshan

)

Lze poruchu dilu predvidat?

Je mainé poruchu predvidst [predivovat. disgnostikovat) jesté pred tim,. nef skutecné nasiane?
() Velmi obtiEng & nemodng - nejsou viditelng nebo detekovatelng symptomy

() Stiedné obtEné - vyZaduje specidini pristup/expertizu

i) Relativné snadno - dil vykazuje ziejme symptomy opotiebeni

23)

30)

1)

Jaka je charakteristika poruchy pfi provezu dilu?

Jak nahly je priibéh poruchy dohato diu? Nasdtane porucha okamaitd, nebo dif dosshne mezniha, nepouditalného
savy postupng (napr. postupne apotrebani aiu )7

(™) Nahl2 a nepredvidatein (ndhradni dil je podadovan k okamiite vyméng)
(™) Relativné pomals ale rozeznateind (kritky £as pred wyménou dilu)
(™) Postupni a kontrolovatelné (diouhou dobu ped potiebou dilu)
V jakém casowém rozpéti musi byt oprava hotowva?
Je mainé opravu po poruse odiogit na vhodny termin, nebe je nuing cpravu provedt okamite po poruse?
() Okamité pro pokradovani wyroby
() Pfi pfigti plénované odstévee nebo generdini opravé

(™ W nejbiEEim terminu pro zjiEténi maximélni spokehlivost
V pripadé, fe neni na sklad&, je moZné tento dil opatFit v poZadovaném terminu?
Jak npchie (snadng) fe mafng dil zafisht. pokud memi' v okamiiky potraby na skizds?

Ne, dil nelze opatiit v £ase potfebném pro opravu/idribu

(™) Ang, dil ke v ase potfebném na opravu/idribu opatfit se zvySenymi naklady na expresni dodani
(™) Angc, dil ke opatiit v £ase potfebném pro opravufidribu

m
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planning wizard 2.0

ﬂ Chemopetrol

w Polymerizace
¥ Granulace
¥ ND ABE Farrel 1
¥ ND AEE Farrel 2
F ND elektromctory - Farrel 1
¥ ND elektromctory - Farrel 2
F ND elektromctory - PR2
¥ ND frekvenéni méniée PP
F ND pro E703 PP2
¥ ND pro sklady PP

¥ ND Siemens pro Farrel 2

¥ ND transformétory pro PPZ

¥ PP - STROJE - 100

¥ PP - STROJE - 200

¥ PP - STROIE - 240

¥ PP - STROIE - 250

» PP - STROIE - 300

¥ PP - STROJE - 350

¥ PP - STROJE - 400

b sklady polypropylenu

¥ vyrobni technolegie-
Pobypropylen

Cesta: Chemopetrol

Prihladeny ufivatel:

Admin Admin, Odhlésit se |

Hodnocenf kriti¢nosti

Polypropylen
[ e

Mézev -

pohon odveduSfovad klapky sil PP
pohon prepinaci klzpky prevdaprawy PP
jednotka komunikace pesove dopravy ve stroji Z-210

kontroler 3150 obj, 200-2150-210 Willett

swafovan pyth na sroji Z-210 (2.918.2109.00 - wekding
device)

servomotor davkovad vahy stroje Z-210 (kad
9,481,1230,05)

jednotka fizeni regenerace filru (Lammers RM-BYV4 2V)

oper,panel stroje Z-210 (Micro Innovation
MC2-440-10TVE-1-10 = aplikadni SW od wyrobez straje)
oper,panel vily stroje Z-210 (MEC 111 terminal
5.059.0772.11)

Wy hlzvnibo toku pragku pro linky Famell 2 Famel2
Snimade radiozktivnibo méfeni hladin Ohman v reskions
R-251

Snimade radioaktivniho méfeni hlzdin Berthold v rezktory
R-201

Cerpadla oleje kompresonu PRU

Kompresor PRU

Rotafni podavad dopravy F2

Doprawvni kompresar prasku pro F2

Rotaéni podavad dopravy F1

Rotaini podavad rukavoveho filkru

Dopravni dnmychadlo prigku pro FL

]| Hiedat produkny Hledej |

sklady pohypropyleny

sklzdy pohypropylenu

sklachy pohypropylany

sklzdy pohypropylenu

sklady pohypropyleny

sklzdy pohypropylenu

sklady pohspropylenu

sklzdy pohypropylenu

sklady pohypropylenu

wyrobni technologie-Pobypropylen
wyrobni technologie-Pohspropylen
wyrobni technologie-Pohypropylen
PP - STROJE - 350

PP - STROJE - 350

PP - STROJE - 400

PP - STROJE - 400

PP - STROJE - 300

PP - STROJE - 300

PP - STROJE - 300
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Spare parts criticality analysis result

Criticality score

90
80
70
60
50
40
30

. *

10
D : —'

0 1000 2000 3000 4000 5000 6000 7000 8000

Spare parts items




> ¢ Spare parts management starts
' with good forecasting
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Quantitative methods x Common sense

MAXIMIZE! MAKE EFFICIENT!

Quantitative Common
methods sense

42




Quantitative methods x Common sense

Unexplained / Random

Common sense Make efficient

Uncertainty
of future

consumption

Quantitative methods Maximize
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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

Selection of the best method
Best accuracy and reliability
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What forecasting method is best for spare parts?

(o)
1% 1% 2% 3%

Constant model

Regression model

Holt’s exp. smoothing

Simple exp. smoothing

Moving average

H Winters

B Forecasting impossible?
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Jse special forecasting methods
for intermittent demand items




Weekly spare part consumption (pieces)

Spare parts — intermittent demand

QUESTION: What reorder level should be set in order to ensure

required availability of a spare part?

2
| |
|
1

4

17 18 30 32
Weekly consumptlon history (weeks)
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Weekly SP consumption

Bootstrapping

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

Sample 1: Example:
Consumption in SP lead time is
6 weeks = 5 pcs 6 weeks

26 48

Weekly consumption history (weeks)




Spare part consumption (pieces)

Sample 2:
Consumption in
6 weeks = 0 pcs

G loll o

8 1 1718 25
Weekly consumption history (weeks)

26

27
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Sample 3:
4 Consumption in
6 weeks =12 pcs

Weekly SP consumption
=

Weekly consumption history (weeks)
50




Weekly SP consumpiton

Sample 4:
4 Consumption in
6 weeks = 2 pcs

1 4 8 13 1718
Weekly consumption history (weeks)
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Frequencies of consumption

(from simulation)

Example of 100 000 simulations
of SP consumption

A
Target: SP availability (Service level) = 99%
60 000 >
30 000
OPTIMUM INVENTORY =9 PCS
5 10 15

Consumption during leadtime (pcs)

100 %

Cummulative probability of consumption
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-Sales  Hornd varowne (+25)  Dolni warowne (-23) —Horni akeni (+3s) —Dolni akeni (<33)

: ,,
Original inventory: 17 000 EUR Y 1l / :

(49 pcs)

Spare part lead-time: 32 days

Intermittent demand Recommended |nvent0ry

10000 — L0
|
99.9% availaility |
go00 Bl o | ] AR I
| |
4000 H I 40
|
zo00 | ¥ N N N 1 2
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8 Detail v

planning wizard 2.0

a Schafer a Sykora

MIN. zasoba
859.76 K¢ (2 KS)

ABC  Service level pC 52458 KE o0B) 0.00 K¢ (0 KS) Blokace 0 (mj)
A(A) 100,0% (99.1%) 5C429.88 KE Na cesté 0.00 KE (0 KS)

Detail Forecast OCisténiforecastu OCisténi prodejd Ocisténi leadtime '

5 Disponibilni zasobsz
0.00 K¢ (0 KS)

» Nahradni diy ,

P Osvétlovaci technika D JZ Logistic

P Konsignace :

e ukazatele

-] @ Sporadicka poptavka

\ Sporadicka poptavka
9 000
7 500
Mini level 2
6 000
4 500
' 3 000
1 500
0 l
o - ~ ) -







PROCUREMENT

MAINTENANCE

i \ CREATES VALUE!
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Asset life cycle (Kari Komonen, EFNMS EAMC)

INVESTMENT UTILIZATION

» (Changing dernand

* (Changing competitive environment
» Modified product

* Economic obsolescence

Design of Installation
Concept Manu- : . .
. process and . and Operation and maintenance Disposal
design . facturing .
equipment commencing

Two guiding factors o 37
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RENOVATION

MAI|

=

MAINTENANCE
CREATES VALUE!
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& Efficient spare parts management
"' Conclusions
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Efficient spare parts management — 8 rules

Segment your SP portfolio Assess criticality

Good forecastin Special methods for
8 intermittent demand items
Life cycle thinking Good information system
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Quantitative methods

Input of technicians and
procurement
Criticality analysis

Forecasting
Inventory levels
Ordering

Make efficient!




Efficient Spare Parts Management

SPARE PARTS
INVENTORY

MAINTENANCE
VOLUME

MAINTENANCE
VOLUME

SPARE PARTS
INVENTORY

62




Thank you

Tomas Hladik

Logio s.r.o.

Prague, Czech Republic
www.logio.cz

hladik@logio.cz

< logio
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