Using Service Level Approach to Achieve Lean Production

Using Service Level Approach to
Achieve Lean Production

Assoc. Prof. Ognyan Andreev, PhD
Faculty of Management, Technical University of Sofia,
e-mail: oandre@tu-sofia.bg

Natalia Koleva, Assist. Prof.
Faculty of Management, Technical University of Sofia,
e-mail: nkoleva@tu-sofia.bg

M3nonsBaHe noaxoaa Ha ,,HMBO Ha
o6cny)xBaHe” 3a nocTturaHe Ha Lean-
npousBoACTBO

aou. A-p nHX. OrHaH AHapeeB
CronaHcku PakynteT, TexHnyeckn YHusepcutet — Codus,
e-mail: oandre@tu-sofia.bg

ac. nHx. Hatanna Konesa
CronaHcku PakynteT, TexHnyeckn YHusepcutet — Codus,
e-mail: nkoleva@tu-sofia.bg

Abstract: In the present article, based on the postulates of Customer Service
Level, an approach is presented for deciding on "Service Level of Workstations” that will
enable the process of defining such a costly beneficial level of Work-In-Process Inventory
through the entire operations which, in turn, would enable an easy adoption of Lean
Principles in a low-size batch production environment - the domain of Theory Of
Constraints.
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Pe3rome: B Hacrosiwara cratusi, Ha OCHOBAra Ha [10CTAHOBKUTE 3a HuBO Ha
obcy)xBaHe rpu B3aWMOOTHOLUEHUSITA C K/AWEHTa, € [MpeacTaBeH eAunH ogxos4 3a
onpegensHe ,HuBoTto Ha o06cnyxBaHe Ha paboTHuUTe MmecTa”, KOUTO e rnogrnoMOrHe
rNpecMsiTaHETO Ha TakuBa MWKOHOMUYECKW U3roAgHM paBHULE Ha HE3aBbpLUIEHO
rnpou3BoACTBO (3adenn/3arnacu) no rpoTeEXeEHNE Ha LEsins OrnepalumnoHeEH poLec, KOUTO
OT CBOSI CTpaHa Lie rno3BoJIsAT Mo-/IECHOTO BbBEXAaHE Ha Lean-npuHUnNnuTe v B yC/10BUATa
Ha MaJsiIkocepuiiHO nMpou3BoACTBOTO — , TeputTopusita” Ha Teopusi Ha OrpaHNYeHnsTa.

Knroyosn pymmn: Lean-ripou3BoacTBO, HUBO Ha 06C/yXBaHe, HE3aBbpLUEHO
rpoun3BoACTBO, rapaHLUMOHEH 3arnac/3ages, Teopusi Ha OrpaHNYeHnsITa.

I. Introduction

In the conditions of an intensive
competition and difficult market
environment the organisations are forced
to function in, the ones with the highest
degree of customer satisfaction in respect
to product diversity, quick and efficient
delivery, appropriate quality, and price of
the product/service will have a leading
position.

I. BbBeaeHue

Mpn MHTEH3MBHaTa KOHKYPEHUUS U Tpya-
HUTE Mas3apHW YCJI0OBUSA, B KOUTO ca Mpu-
HyAeHW Aa dYHKUMOHMpAT opraHusauum-
Te, BOAELLO MACTO Le 3aeMaT Te3n, KoOUTo
B Hal-BMCOKA CTENeH YAOBMETBOPAT
OYaKBaHUATA Ha K/IMEHTUTE MO OTHOolle-
HMEe Ha NpoAyKTOBO pa3Hoobpa3ue, 6bp3a
M edeKTMBHA AOCTaBKa, KauyecTBO U LieHa
Ha XXefaHus NpoayKT U/unn ycnyra.
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That is why the main requirements to the
producers are: achieving a high level of
flexibility, reducing production costs, and
assuring quick fulfillment of customer
orders, without any problems.

One approach to doing this is to provide
the appropriate Service Level (SL)
needed for separate workstations - the
one that will guarantee the timely
execution of the operations, as well as
the achievement of steady and maximally
“thin”  (i.e. Lean) material flow
throughout the entire operational process
(Andreev, 2000; Andreev, 2009; Wincel,
2004; Womack & Jones, 2003).

To achieve this, a safety stock should be
kept at certain points, in order to
eliminate accidentally appearing break-
downs.

The aim of the present article is to offer
an approach to defining such cost
beneficial levels of safety stock
throughout the operations that would
form a favorable SL for workstations, and
as a result - the highest possible
continuity of the process up to the end
item fabrication.

I1. Presentation

The Service Level is defined as (1-k)
where “k” is the probability of failing to
deliver the quantity ordered by a
customer, before this quantity,
manufactured by the supplier, has
become available (Andreev, 2000;
Andreev, 2005; Andreev, 2009;
Krajewski et al., 2009; Owens, 1983).

Therefore, the numerical value of SL
shows the probability of immediately
(from stock) delivering a random quantity
of end items at any certain point of time.
That is why, in order a given SL to be
provided, it is necessary a corresponding
quantity of safety stock of end items to
be kept on hand.

MpenBug TOBa, OCHOBHUTE W3UCKBAHUA
KbM Mpon3BOAUTENNTE Ca:. MNOCTUIraHE Ha

BNCOKO HWUBO Ha npomn3BoAacCTBEHaA
MBKABOCT, HaMangdBaHe Ha
npomn3BoaCTBeEHUTE pa3xoau n

ocurypsieaHe Ha 6bp30 n 6e3 cbTpeceHus
M3Mb/IHEHME Ha KJIMEHTCKUTE 3asBKMU.
EovH noaxon 3a yAoBMETBOpSIBAHE Ha
TE3M W3NUCKBAHUSA € OCUrypsiBAHETO Ha
HeobxoanumoTto ,HuBO Ha obcnyxBaHe”
(HO) Ha otgenHute paboTHuM Mecta -
TakoBa, KOETO Lle rapaHTMpa HaBpEeMEH-
HOTO  WM3MbJIHEHWE Ha  CbOTBETHUTE
TEXHOMOIMYHU oOnepaumn M MOCTUraHETO
Ha paBHOMEpeH M MaKCMMasnHo ,U3TbHeH”
(Lean) w™MaTepuaneH nNOTOK NO usjaTa
TexHonormdHa Bepura (Andreev, 2000;
Andreev, 2009; Wincel, 2004; Womack &
Jones, 2003).

3a NoCTUraHeTo Ha TOBa Ha AaAeHW MecTa
e HeobxoauMo pa 6bae noaabpXKaHO
onpeneneHo rapaHuMOHHO KOJIMYeCTBO
nonycgabpukatn (rapaHumoHeH 3agen) C
uen nokanusnpaHe Ha cnydanHo
Bb3HUKHaIM HepernaMmeHTupaHm
npekbCBaHMs Ha paboTaTa.

Llenta Ha HacTosiwaTa ctatua e ga 6bae
NpeanoXeH noaxon 3a onpeaensiHe
paBHULLETO Ha TO3M rapaHuMoHeH 3agen,
C rnoMoLiTa, Ha KOWTO Aa ce ocurypu
MKOHOMWNYECKM NM3rogHo HO Ha
CBbp3aHUTe paboTHM MecTa M Bb3MOXHO
Hal-BMCOKA CTemneH Ha HenpeKbCHAaToCT
Ha noToka nonydabpukatn A0 KPaMHOTO
nsgenve.

I1. N3noxxeHune

Mo onpeaeneHune ~HUBOTO Ha
ob6cnyxxBaHe” ce nedunHmnpa C
,BennunHata (1-k), «kbgeto “k” e

BEPOSAITHOCTTa JAa He 6bae [oCTaBeHOo
3as51BEHOTO OT AaAeH KJIMEHT KONM4ecTBo,
npean To ga 6bae rotoBO B TEKYLOTO
npoussoacteo” (Andreev, 2000; Andreev,
2005; Andreev, 2009; Krajewski et al.,
2009; Owens, 1983).

CnepoBaTeNHO 4YuC/eHaTa CTOMHOCT Ha
HO nokasBa BepoATHOCTTa, C KOATO
BegHara (oT cknag) ™Moxe pa 6bae
YAOBNETBOPEHO MOMEHTHO TbpCeHe Ha
AafeHoTo KpaHo usgenuve. ETo 3awo, 3a
pa 6baoe nopgabpxkaHo pageHo HO, e
Heobxoagnumo  aa 6bae noaabpXaH
onpeneneH rapaHUMOHEH CKNagoB 3anac
OT roTOBW n3genusl.
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A way for quantitative defining the
economically favorable value of safety
stock, as well as «calculating its
corresponding SL, is presented in
(Andreev, 2000; Andreev, 2009;0wens,
1983). Its basic idea lies in keeping the
level of maintaining costs, associated
with the required SL, not bigger than the
benefits expected with a sufficient degree
of certainty (probability).

The above-mentioned approach is
associated with the relationship between
the firm and its clients, but it could also
be applied to the job coordination among
workstations inside the production units.

However, at this level it is important to
stress that the safety stock of Work-In-
Process (WIP) is concerned, instead of
the one of end items.

1. The traditional approach

In the Bulgarian literature, a necessity for
a safety stock of WIP inventory is
considered only in the production units,
where the operations are synchronized,
as well as only after the most unreliable
workstations inside them (BDS 30.183,
1985; Dakov & Enimanev, 2006;
Tsvetkov, 2006). In this way, the logic of
using safety stock of WIP inventory is
constrained to planning and managing
production units/ departments that are
product focused - those with mass
production and flow lines.

According to (BDS 30.183, 1985; Dakov
& Enimanev, 2006; Makedonska &
Panayotova, 2008; Tsvetkov, 2006), the
safety stock (zrap;) is calculated by the
formula:

z

where:

T3ar;is the duration of the accidental
breakdowns of the j-th work-
station’s work (min.);

ton;.; - the cycle time of (j+1)-st
workstation operation (min.);

Mjis - the number of machines

performing the (j+1)-st operation;

a coefficient characterising the

authenticity of T3ar; .

®» -

eap;

B (Andreevy, 2000; Andreev,
2009;0wens, 1983) e npensioXeH HauuH
3a KO/MYEeCTBEHOTO onpegensHe Ha
WKOHOMMYECKN W3roAHMS pasMep Ha
rapaHUMOHHMSA 3anac M CbOTBETCTBALWOTO
My HO, ocHoBHaTa wnaes Ha KOMUTO e
pasxoguTe 3a MoAApPbXKa Ha XeaHoTo
HO npa ©6baatr He no-roneMn OT
OYakBaHWTE C p[oOCTaTb4HaA CTeNeH Ha
CUIYPHOCT (BEPOSATHOCT) MOM3U.

fopHMAT noaxona, OTHacsAWw, ce  3a
B3aMMOOTHOLUEHNATA Ha NPeaAnpUATMETO C
KIIMEHTUTE, MOXe Aa 6bae MpUIOXeH W
npu cbrnacyBaHeTo Ha pabotata mexay
paboTHMTE MecTa W NPOM3BOACTBEHO-
onepauuoHHUTE 3BEHA.

Kakto 6ewwe noco4yeHO, Ha TOBa paBHMLLE
TEPMUHDBT, CbOTBETCTBaLY Ha
,FapaHUMOHEH 3anac”, e ,rapaHUVOHEH
3apen”.

1. TpaaMumMOHHMAT Noaxon

B HawaTa nutepaTypa 3a HeobxoamMMocCT
OT rapaHuUVOHEeH 3azen ce roBopu camo
npu nNpou3BOACTBEHW 3BEHa, B KOWUTO
onepauMmTe Ca CUHXPOHU3MPAHU U TO -
camo cneg Halh-HeHagexaHute paboTHu
mecta (BDS 30.183, 1985; Dakov &
Enimanev, 2006; Tsvetkov, 2006). Taka
forykata 3a HeroBoTO M3Mon3BaHe ce
orpaHu4yaBa no npoekTmMpaHe "
ynpaBneHne paboTtata Ha npegMeTHOo
cneuvanusnpaHun 3BeHa, npeobnazasallo
C NoTo4YHa opMa Ha opraHusaums.

CbrnacHo (BDS 30.183, 1985; Dakov &

Enimaneyv, 2006; Makedonska &
Panayotova, 2008; Tsvetkov, 2006),
rapaHUMOHHUAT 3agen (zrapyj) ce
onpeaens no 3aBUCUMOCTTA:
Teap/ W
(1)
0"j+1
j+1
KbAeTo:
T3arj e NPOABL/MKUTENHOCTTA Ha

cnyvyanHmTte (HepernameHTupaHu)
NpeKbCBaHMSA Ha j-To paboTHO
mMacTto (min.);

tonj+1 - onepaTMBHOTO BpeMe Ha (j+1)-
Ta onepauus (min.);

Mj+1 - 6posTt Ha MalnHUTe,
nanbvaHgaBawm (j+1)-ta onepauus;
w - KoedMUMEHT Ha  CUFYpPHOCT,

XapakTepmsumpall [AOCTOBEPHOCTTA
Ha cny4danHuTe 3arybum Ha Bpeme.
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It is important to note that T3arj should
include all additional consumptions of
time caused by the breakdowns
themselves (Dakov & Enimanev, 2006;
Makedonska & Panayotova, 2008;
Panayotova, 2008) - for instance: the
time period with reduced productivity of
the workstation under consideration,
taking also into account the degree of the
productivity reduced, as well as the time
spent for additional “waste producing”
due to the breakdowns etc.

Finally, it is assumed by default that an
expert assessment for the breakdown
duration is to be made and to be used for
the calculations.

2. Approach for safety stock defining
according to the SL of workstations
required

Having in mind the above goal, the task
of this paper is a model to be elaborated
for using safety stocks of WIP inventory
inside the production departments that
are working in a batch and/or small-batch
environment (following the contemporary
trends), with a final target - satisfying
the customer SL needed.

Following the logic for customer SL
calculation described in (Andreev, 2000;
Andreev, 2009; Owens, 1983), the pairs
of “feeding-receiving” workstations are
considered as “producer-consumer” ones.
So when the quantity of safety stock of
WIP inventory proper for a given situation
is to be defined, the following values
have to be calculated:

e Mean value of interruptions’ duration
of the feeding workstation pair;

e Amplitude of the deviations from the
value of mean duration;

e SL desired for the
workstation.

receiving

BaxHO e TyK pa ce noayeprtae, ye T3arj

Tp;|6|3a Aa BK/1KO4UBa n BCUYKUA
AONB/THUTENHN pa3xoan Ha BpemMe,
nopoaeHun oT camuTte npeKkbCBaHUA

(Dakov & Enimanev, 2006; Makedonska
& Panayotova, 2008; Panayotova, 2008)
- Hanpumep: BpeMeTo C HaMmaneHa
Npon3BOAUTENHOCT Ha PaboTHOTO MSACTO,
KaTo Cce B3eMe npea BUA A0 KakBa CcTeneH
TS e HaManeHa, KakKTo U BpeMeTo,
3arybeHo 3a ,Npon3BoACTBO” Ha
AonbnHuTeneH 6pak, nMpuUYMHEH  OT
NPEKbCBAHETO U T.H.

B «kpaHa cMmeTka obaye TyKk Mo
noapasbupaHe ce npuema efHa
,EeKcnepTHa” npeueHka 3a BeposTHaTa
NPOABL/IKMTENHOCT Ha CaMOTO CJly4alHO
npekbCBaHe, KOSTO e onpegenswa 3a
npecMsaTaHusaTa.

2. MNoaxoa 3a onpeaensiHe Ha

rapaHuMoHHUA 3aaen B 3aBUCUMOCT

oT Heo6xopumoro HO Ha paboTHuTe

MecTa

Mmalku npen Buh nocraBeHaTa no-rope

uen, 3apavara Ha HacToswaTa

nybnnkaums e pa 6bae paspaboTeH

MoZesl 3a M3MNO0A3BaHeTO Ha rapaHuMOHHMU

3agenm wn npu  3BeHa, paboTtewm B

yC/iOBMSITa Ha Majnka CEPUMNHOCT (KaKBUTO

Cca CbBpPEMEHHUTE TeHAeHuUuWn), C ornepg

nosyyaBaHeTo B KpaWHa CMeTKa Ha

HeobxogmnmoTo HO 3a knineHTa.

CnegBalikn norvkaTta 3a onpegensiHe Ha

HO 3a knumeHTuUTe, onucaHa B (Andreevy,

2000; Andreev, 2009; Owens, 1983),

ABONKUTE »,nogaBallo-noTpebasawo”

paboTHM MecTa ce pa3rnexgaTr KaTto

ABoMKa  ,npoussoguTen-knmeHt”. Tpu

onpegensiHe KOSINYeCTBOTO Ha

rapaHUMoOHHUS 3agen, KOETOo e

noaxoasilo 3a JAafeHaTa cuTyauus,

TpsabBa 6baat npecmeTHaTU cnegHuTe

BEJIMYNHU:

e CpegHaTa CTOMHOCT 3a
NPOAB/IKUTENHOCTTa HA MpeKbCBaHe
Ha noAdaBalloTO OT pa3rnexgaHaTta
ABOlKa paboTHU MecTa/3BeHa;

e AMMAMTYZaTa Ha OTK/IOHEHMATa OT
cpeaHaTa npoAb/IKUTENHOCT;

e JXXenaHoto HO 3a noTpebsBawoTo OT
pasrnexgaHara ABOMKa paboTHMu
MecTa/ 3BeHa.
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For this purpose, an analysis of the
feeding workstation’s history of
breakdowns - their nature and durations
should be performed. Usually, the normal
distribution law is assumed to be in
action. Therefore, the following values
could be used in the present case:

breakdowns
(feeding)

e Mean duration of
expected for the j-th
workstation

3a Tasu uen e HeobxoaMmMo pa ce
HanpaBu aHaAM3 Ha UCTOpUATa Ha
HepernaMeHTUpaHnTe MpeKbCBaHUSA MNpU
pa3srnexaaHoTo noaasallo paboTHO
MSICTO/3BEHO — TEXHUAT XapakTep MU
npoab/kmTenHoct. OBNMKHOBEHO MOXe Aa
ce npueme, 4Ye e B CuIa 3aKOHbT 3a
HOpManHoTO pa3snpegeneHne. [lo TO3M
Ha4YMH 3a pasrfnexaaHusa caydyan Moxe aa
ce paboTn CbC CneaHnTe BENYNHMA
e CpepHa ou4yakBaHa MpPOABIHKUTENHOCT
Ha npekbCcBaHUATa Ha j-TO
(nogasalloTo) paboTHO MACTO

Tj :ZTyf(TU) (2)
i=1

where:
Tj is the mean duration of breakdowns of
the j-th workstation (min.);

Tij - the duration of i-th breakdown of j-
th workstation (i = 1 + n);

n - the number of breakdowns in
consideration / in the
representative extract of their
values;

f(Tij) - relative quota of breakdowns with
duration Tij min.:

f(Ty) =

where:
ki is the number of breakdowns with
duration of Tij min.

e Standard Deviation

KbAeTo:

Tj e cpegHaTta npoAb/IKUTENIHOCT Ha

npekbCBaHe 3a j-To paboTHO MACTO

(min.);

Tij — nopeAHOTO i-TO NMpeKbCcBaHe Ha j-To
pab. msacto (i = 1 + n);

n — obw 6po Ha HepernameHTUpaHuTe

npeKbCBaHMS nnu Ha
npeacTtaBuTesiHa nU3BaakKa oT
3aMepBaHus 3a TAXHaTa
NPOABLIKUTENHOCT;

f(Tij) - OTHOCUTEneH nan Ha
npekbCBaHMATA C
NpoOAb/IXUTENHOCT Tij min.:

kT,«,-

" (3)

KbAeTo:

ki e 6poaT Ha npekbcBaHMATaA C

NPOABL/KUTENHOCT Tij min.

e CTaHpapTHO OTKJ/IOHEeHMe

0, = |2 (T, ~ T/ (7)) (4)

In the present case, the normal
distribution law postulates could be
presented in the way it is made on Figure
1.

Depending on the decision made for the
quantity of safety stock, it will be possible
the corresponding duration of
workstations’ breakdowns to be covered.
The amount of the surface “covered”
under the normal distribution curve that
corresponds to this duration, is in turn
the SL for the receiving/consuming
workstation.

B cnyyas rpadumkata Ha KpuBaTa Ha
3aKOHa 3@ HOpMaJIHOTO pa3npegeneHue
e wm3rnexga No HaymMHa, MnokKasaH Ha
dwur.1

B 3aBMCMMOCT OT  peweHueTo 3a
roneMmHaTa Ha rapaHuMOHHUS 3agen e
6baoe Bb3MOXHO pga 6baoe nokpuTa
CbOTBETHA MO TrOJIEMMHA MNPOABLIIKNTES-
HOCT Ha MPOM3BOJSIHO HepersiaMeHTUpPaHo
NpeKkbCcBaHe, Ha KOETO CbOTBETCTBA
onpegeneHa CTOMHOCT Ha ,MNokpuTtaTta”
noA KpuBaTa MJioW, a TS OT CBOS CTpaHa
no gedbuHnumsa npeacraensasa camoto HO
Ha noTpebsaBawoTo paboTHO MSACTO.

85



Ognyan Andreev, Natalia Koleva

Breakdown duration covered by safety stock

lMpekbcBaHe, NOKPUTO OT rapaHUMOHHUSA 3a4en

SL;+1 / HOj44

| |

T Tito; Tyt20; Ty+3;

Figure 1. The value of SL according to the decision for safety stock value
our. 1. BennmunHa Ha HO B 3aBUCUMMOCT OT rosieMmHaTa Ha rapaHUMOHHUSA 3a4en

According to the approach presented
here, the above decision could be made
while solving the reverse problem:

e Define SL desired for the particular
item in production and for (j+1)-st
workstation/production unit under
consideration;

e Calculate Tj and agj through equations
(2) + (4);

e Define the (unforeseen) breakdown'’s
duration to be covered according to
the SL chosen;

e Calculate the safety stock required to
cover this duration.

3. Defining the desired SL for the
workstations

Obviously, after the analysis of
breakdowns history, and the calculation
of their parameters according to section
2, the most important phase of the
procedure is the one that enables
decision making for the SL value through
the workstations.

In Table 1, data are cited for the values
of the most common types of costs
associated with inventory handling, given
in terms of shares of the end item price
(Andreev, 2005).

Naturally, they are approximate values
depending on, and reflecting the firm’'s
inventory policy.

CbrnacHo npeanoxeHus TyK noaxoa, ToBa
pelweHne Moxe Aa 6bae B3eTO, KaTto ce
pewwn obpaTHaTa 3ajaya:

o OnpegensHe Ha xenaHoto HO 3a
KOHKPETHOTO nsgenuve n
pasrnexgaHoto (j+1)-eo paboTHO
MSICTO NMPOM3BOACTBEHO 3BEHO;

e [lpecmMaTaHe Ha Tj wu 0] no
3aBucmmocTu (2) + (4);

e OnpepensiHe nNpoOAb/HKUTENHOCTTA Ha

€BEeHTYya/IHO TpeKbCBaHe, KOATO €
»xenaTtesiHo Aaa 6bae nokpuTa
cbrnacHo msbpaHoto HO;

o [IpecMsiTaHe Ha Heobxoanmms

rapaHUMOHEH 3aAes, KOWTO Aa nokpue
Ta3un NPOABL/IKUTENHOCT.

3. OnpepnensiHe Ha esnaHoto HO Ha
paboTHuTe MecTa

OueBnpgHO, cnea aHanmM3a Ha XapakTtepa
Ha HeperiaMeHTMpPaHUTE MNPEKbCBAHUS U
npecMsaTaHeTo Ha TEXHUTE
XapakTepuctTmkm OT pasgen 2, Han-
Ba)HaTa 4acT OT ropHaTa npoueaypa e
B3€MaHeTOo Ha pelleHMe 3a rojsieMmHaTa Ha
HO no paboTHuTe MecTa.

B 1abn. 1 ca uuMTMpaHM JaHHK 3a Han-
yecTo CpelwaHuTe BWUAOBE  pasxoawu,
CBbp3aHu C n3gpbXxKaTta Ha
MaTepuasiHUTe 3anacu, M3pa3eHn KaTo
AAn OT UeHaTa Ha KpalHoTo u3genue
(Andreev, 2005).

Paszbupa ce TexHUTe CTOMHOCTM Ca
OPWEHTMPOBBYHM, 3aBUCAT OT M Ca
OTpa)eHWe Ha KOHKpeTHaTa MNoauTuMKa Ha
npeanpusaTMETO No 3agenuTte/3anacuTe.
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Table 1. Basic types of costs associated with inventory handling
Tabnnua 1. OCHOBHM BUAOBE pa3XxoAn 3a CbXPaHEHME Ha MaTepuanHUTE 3anacu

Type of expenditure/cost Percentage of product price
Bua pasxopn % OT LLeHaTa Ha usgenveTo
Cost of working capital (interests) .
A\Y ” 10720
LleHa"” Ha 06opoTHMSA KanuTtan (INXBn)
Warehouse usage 25
3aeMaHe Ha cKnagoBu nNaowm )
Ullage allowances }
4+6
3arybun, nospeau, dvpu n T.H.
Storage conditioning 122
Cb3paBaHe Ha yCnoBUS 3a CbXpaHeHue )
Administration }
12
ALMUHUCTPUpaHe
Insurance, security etc. 125
3acTpaxoBKK, oxpaHa un ap. )
Total/O6wo 19+40
However, these data can serve as a Te3n paHHM obaye MoraTt ga mocnyXaTt 3a

reference point during the workstations’
SL decision making process. It is clear
that, while raising SL these costs would
rise too, and therefore - the total costs of
the firm would rise as well.

Apart from this, due to the nature of the
normal distribution curve, the “SL price”
will rise dramatically when SL approaches
100% (Figure 2).

50

OpPWEHTMpP MNpu B3eMaHETO Ha pelleHue 3a
HO Ha paboTHuTe MecTa. SAcCHO e, ye C
HapacTtBaHe Ha HO 3a Bcsiko paboTHo
MSCTO M Te LWe HapacTBaT, a OT TaM — U
obwnte pasxogum 3a nNpeanpusTUETO.
OcBeH TOBa, nNoOpagM XapakTepa Ha
3aKOoHa 3a HOpMasJHOTO pasnpeaeneHune
,ueHaTta Ha HO” HapacTBa HEMMOBEPHO,
Korato 1o ce gobnumxaea go 100% (dwr.
2)

Total Costs /
CymapHu pas3xoam

100

SL / HO (%)

Figure 2. The price of SL
Qour. 2. LUeHaTta Ha HO

That is why, it is necessary to extract
only these workstations/production
departments that, with their outage,
would affect directly customer SL. It is
widely known that these
workstations/production departments are
the "“Bottleneck” ones, as well as the
“Constraints” (the ones, having
production capacity close to the
bottlenecks, and therefore - they could
easily become bottlenecks) (Andreev,
2000; Andreev, 2009;

ETo 3awo e Heobxoammo ga ce obbpHe
BHMMaHWE caMo Ha oHe3n paboTHM MecTa,
KOUTO CbC CBOSI MpecTtor buxa okaszanu
OVPEKTHO  BAusHMe Bbpxy HO Ha
K/IMEeHTa, a KaKTO e M3BECTHO, ToBa ca T.
Hap. TEeCHM MecTa M Te3n, KOUTO ca C
NpoOuM3BOAUTENHOCT, 6nM3Ka [0 TAXHaTa
(T.Hap. ,orpaHnyeHna”) (Andreev, 2000;
Andreev, 2009;
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Makedonska & Panayotova, 2008;
Panayotova, 2008; Tsvetkov, 2006;
Goldratt, 1990; Goldratt & Cox, 1992).
Hence, a high value of SL is only
necessary to be kept for the bottlenecks
and constraints. Regarding the rest of the
workstations/departments, a safety stock
should be build, according to their
capacity, only to cover their expected
breakdown duration.

Eventually, the economically favorable SL
could be defined by comparing total costs
needed for keeping the SL required
through the whole operations route to the
client with the benefits missed due to
sales of end items that did not take place
(Andreev, 2000; Andreev, 2009; Owens,
1983). The missed sales line has an
opposite slope, equal to the profit of one
piece of end item (Figure 3).

The cross-point of both lines (the ones of
total costs and missed profit due to lost
sales of end items) will define such a SL
that equals them, and, therefore, raising
SL above this value will be unreasonable
- the certain costs will exceed the
possible benefits.

€

/

Missing profits
through lost sales /
MponycHaTtn nedyanbu

CyMapHu pasxoam

Makedonska & Panayotova, 2008;
Panayotova, 2008; Tsvetkov, 2006;
Goldratt, 1990; Goldratt & Cox, 1992).
CnepoBaTenHo Heobxogmmo e Bmcoko HO
na 6bae noaabpXaHO CaMO Ha TecHuTe
MecTa M OorpaHu4YeHusiTa, a NMpu OCTaHa-
vTe, B 3aBMCMMOCT OT TeXHUs Kanauu-
TeT, rapaHUWOHEH 3aJen Aa ce Cb3aaBa,
caMoO 3a [MOKpMBaHe Ha pasaunkata oT
BpeMe, HeobxoAMMO 3a HaBaKCBaHe Ha
o4yakBaHaTa MpoABbIXUTENHOCT Ha
HeperfaMeHTUpaHNTE NpPeKbCBaHMS.

B KpanHa CMeTKa, CpaBHsBalKu
CcyMapHuTe pasxoau, HeobxoaMMKM 3a
noagbpXxaHeto Ha xenaHoto HO no
usi/saTa Bepura Ha npoueca A0 K/MEHTa, C
eBeHTyasIHUTe nponycHatu nedyanbu ot
npoaaxoém Ha KpanHOoTO nsgenune
(n306paszeHn kaTto npaBa C obpaTeH
HaK/I0H, paBeH Ha nevyanbaTta oT eanHuUuUa
KpalHO u3penune), Moxe ga b6bae
onpeaeneH  WNKOHOMUYECKU  U3FOAHUNAT
pa3mep Ha HO (dwur. 3) (Andreev, 2000;
Andreev, 2009; Owens, 1983).
MpeceyHaTa TOYKa Ha ABeTe rpaduku e
onpegenn TakoBa HO, npum koeTo
CyMapHUTe pas3xoau Ce Uu3paBHSABAT C
nponycHatute ne4danbu. HO Hag Tasm
CTOMHOCT ce obe3cMucnga, Tbi  KaTo
CUrypHUTE  pas3xoau We  npesuwar
€BEHTYaJIHUTE MOM3MN.

Total Costs /

SL / HO (%)

Figure 3. “Break-Even Point” of missed profit and total costs
®ur. 3. PaBHOBeCHa To4ka Ha nponycHaTuTe nedanbu n obwmTe pasxoam

4. Defining the duration of a possible
breakdown that is desirable to be
covered according to the SL chosen

In the present section, according to the
decision made in the previous one
concerning the SL for the consuming
workstation/department (SLj+1), it is
necessary to do the following:

e Calculating SLj+1extra-

4. OnpepensiHe NpPoOAbL/HKUTENIHOCTTA
Ha eBeHTyaJIHO NpeKbCBaHe, KOATO e
>enaTesiHoO Aa 6bae noKpuTa
cbrnacHo msbpaHoro HO

B Taswm crbnka, BCNeacTBME Ha B3E€TOTO B
pazgen 3 peweHnme 3a HO Ha
notpebssawoTo pabotHo msacto (HOj+1),
e HeobxoauMo pga 6baoe HanpaBeHO
cnegHoTo:

o OnpegensHe Ha HOj+ 1eytra.
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Ly,

If the value of SlLj+1extra is positive,
than the safety stock should cover
duration of breakdown, bigger than the
mean value Tj and vice-versa (Figure 1
and Figure 4).

:‘SL]‘H _0’5

(5)
Mpn nonoxwutenHo HOj+1extra cnegsa,
ye rapaHuMoHHMAT 3agen Tpsabea fAa
NoKpuBa npeKkbCBaHe, CbOTBETHO MO-
rons Mo OT cpeaHata CTOMHOCT Tj wm
obpatHo (dur. 1 n cur. 4).

SI-extra I Hoextra

-30 -20

e Calculating xj. The value of xj counts
how many standard deviations ¢j are
covered by SLj+1ewa (Figure 4). It is
defined by widely wused tables
presenting the area under the normal
distribution curve (Andreev, 2009;
Krajewski et al., 2009).

e Calculating the time interval Trapj,
that is going to provide the HOj+1
desired:

T;apj

5. Calculating the value of the safety

stock providing the chosen SL

The value of the safety stock is calculated
through the following equation:

III1. Conclusion

One of the basic characteristics and
advantages of Lean Production is the
steady and continuous operations
performed throughout the entire process,
as well as the fact that the material flow
is at a maximum degree “thin” (i.e. -
Lean).

0

+30

]
|
|
]
]
: +20

"
Figure 4. Area under the normal distribution curve in the interval [0 + X]
dur. 4. Mnow, Noa KpMBaTa Ha 3aKoHa 3a HOpManHo pasnpegeneHune B nHTepsana [0 + x]

=T, +x,.0

eap ; -

e OnpegensiHe Ha xj. CTOMHOCTTa Ha Xj
OTYMUTA KOJIKO CTAaHAAPTHM OTKIOHEHMUS
0j ca 3aknwdeHn nog HOj+1lextra
(dur.4). Onpenens ce ¢ noMmouwiTa Ha
WKNPOKO pasnpocTpaHeHnTe Tabnuum
3a OT4YMTaHe njowTa NoA KpuBaTa Ha
3aKOHa 3a HOpMasHo pasnpeaeneHue
(Andreev, 2009; Krajewski et al,,
2009).

e [IpecMsiTaHe Ha MHTepBasa OT BpeMe
Trapj, KOWTO LIe OCUTYpU XKENaHOoTo
HOj+1:

(6)

5. OnpepensHe pa3sMepa Ha rapaH-
UMOHHMSA 3aAen, KOWTO Le ocurypm
nocTuraHeTo Ha msbpaHoro HO

PazMepbT Ha rapaHUMOHHUSA 3ajen ce

npecMdaTa no cnegHata  3aBUCUMMOCT!
Tzap/-
7
(7)
M,

II1. 3aknouyeHue

EAHA OT OCHOBHUTE XapaKTEPUCTUKU U
npeammctea Ha Lean npou3BOACTBOTO €
paBHOMEPHOTO 7 HenpeKbCHaTo
npoTu4yaHe Ha onepauumTe nNo uenus
npouec, Kato nMpu TOBa MOTOKbT OT
nonydgabpukatu no paboTHUTE MecTa e
MaKCUMaJsTHO U3TbHEH.
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One has to keep in mind that, according
to the modern potential of industrial
technologies, Lean is applicable mostly in

the mass production and large-batch
production environments, where the
operations synchronization is
economically effective.

In the small-batch production

environments, this is not so preferable
and the Theory of Constraints is “in
power”.

In the present publication, an approach is
applied that supplements TOC basics
offering a model of economically
beneficial performing of the steps Two
and Three of its procedure, namely:
“Decide how to exploit the system’s
constraints!” and “Subordinate everything
else to the above decision!”

Thus, achieving the advantages of Lean
principles becomes easy, even away from
their traditional territory.

ToBa, Kkato ce
TEXHOMOrNYHUTE
CbBpEMEHHUTE
MPUIOXNMO

B3eMaT npea  BuA
Bb3MOXHOCTU Ha
npeanpusTus, e
Hai-Beye nNpu  ronsiMo-
CEepUMHOTO M  MacoBO MPOW3BOACTBO,
KbAETO €  WKOHOMMYECKU  WU3rogHo
CMHXPOHM3MPAHETO Ha onepauuunTe.

MNpu MankaTta CEpPUMNHOCT, KbAETO TOBa €
HEBB3MOXHO, € ,TeputopusaTa” Ha Teopus
Ha orpaHuyeHunaTa.

B HacTtoswaTta nybnukaums e npeanoxeH
noaxoa, KOMTO AOMbJ/iBA HEMHUTE OCHOBHM
NOSIOXKEHUsA, KaTo npegnara Mozen 3a
WKOHOMUYECKN M3rogHO M3MbJIHEHWE Ha
BTOpaTa W TpeTaTa CTbMKW OT HeWHaTa
npoueaypa (,Onpegenn HaumHa 3a Han-
NbJHOLEHHO W3MNOS3BaHE Ha TSACHOTO
macTto!” n ,MogynHn BCUYKKN peLlleHns 3a
paboTtaTa Ha ocTaHanuTe paboTHM MecTa
Ha ropHoTo!”.

Taka cTaBa Bb3MOXHO MOCTMIAHETO Ha
Lean-npuHUMnNmMTE N3BbLH ,TPaANUNOHHATA
um Teputopus”.
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