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ABSTRACT: Companies with high reworks rate have a real prolbéflow management. Despite methods
in place leading to minimize the number of rewortkey often must implement palliative solutionsntan-
age disturbed flows. We propose in this paper griistic approach based on reworks and flow dishaba
indicators to enable them to view the disturbiregugt of their workshop. This work is a part of arenglobal
work which aim is to develop a flow management mngystem based on product driven control concept
and real-time indicators chosen from those preslentéhis paper.
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1 I ntroduction

Some companies present an unavoidable high rewatksas shown with the lot of works pursued toudel
reworks in methods such as Economic Production @ygEPQ) optimization [2], production run time tirpi-
zation [3] or replenishment policy [4]. Even if tkeare a lot of methods trying to decrease rewmtes compa-
nies have to dealing with. Quality remains a ptjoriumber one, especially when there is an inceba$eus-
tomer demands in a context of difficult masterynanufacturing process (unstable over time as ex@mphe
flow disturbances due to reworks have been analgiezk a long time by many authors [6]. But thiskpem
was often studied only on simple or particular eg8g 11]. Moreover, indicators for analyzing tessituations
are often arbitrarily chosen without taking intacaent the different points of view. However in aueaning,
simulation can help to understand each point of\aé each indicator token into account. The mastgective
of this work is to bring to this type of compan#slecision support based on several indicatoradble them to
better understand the impact of their reworks catehe complexity of their physical flows on theophfloor.
That leads them to be able to anticipate the impgquality drifts on flow control problems andreact quickly
and well to decrease it thanks to cartography efréal-time state of their workshop. After presegmtin more
detail the purpose of this paper, possible indisaémd their characteristics to handle reworks aatk flow dis-
turbance are listed. Then, the simulation modelthndselected test scenarios to compare their imhaate are
explained.

2 Background and issues

The most relevant approaches to understand andotd@uality [7] is based on manufacturing approaith.
combines conformance to customer requirementstantright the first time" concept to reduce costd ansure
quality. Non-quality products can be the resultadfigher than usual customer requirement, which awayr
during the conquest of new markets (export ...)thia case, processes are well mastered but arhigladity
level is required to reach new customer requiremexdévertheless, non-quality may also result framstable
manufacturing process or process drift. Many congsaworking for the luxury market face with thisoptem
because quality requirements lead to be closectintdogical limitations of the manufacturing proeeBecause
products are expensive, only two reactions areilples fix the non-quality product detected at #& work-
station on the existing X workstations:

+ Case 1 (Repair) : Sending it to a dedicated wotikst#l’;,, leading to:
— Two new flows createdd, - W, etWy,, » Wy
— Maximum number of additional flow$/,,,; = 2. Ngpe. X
with N, the number of workstations dedicated to repairs



+ Case 2 (Rework): Sending it to a previous workstat, _, leading to:
— Only one new flow createdt, — W,_,

— Maximum number of additional flow$1, ., = X(i—1)= E(X —-1).

In practice, both cases have sometimes to be cenesicht the same time but this paper focus onZ.adée call

reworks all products repaired by sending it to evimus workstation. If reworks rate is fluctuatirsgising dis-
turbances will also be fluctuant and unpredictallbich complicates production control. It is recizgul that
reworks affect the performance of system produgtifi]. COQ (Cost of Quality) method is appearedthia 50s
thanks to the concept of the ghost factory which vgorkshop parallel to the official workshop witte mission
is to repair the defects of the official factory.[B represents 40% of the production capacityhef official fac-

tory. The first standard on the subject appeafamce in 1986 (X 50-126) to evaluate the costsoof-quality

[1]. A statistical analysis relative to one workgia problem points out the oscillatory phenomefibt] that is

also mentioned in other works where the aim isvi@ate performance on a workshop with multiprodype

[12]. The production flow disturbance by reworkegpecially important if reworks emerged downstréarnne

production process [8]. So, for the production colptve have to follow and maintain a low reworksél to be
sure to simplify the initial piloting problem [9However, even reducing and stabilizing the rewaeks, the
resultant disturbance on the flow remains consisiad makes scheduling difficult. To evaluate theaks rate
in a company, an indicator that counts the numlbetetects is often used. Nevertheless, when rewatesis
growing, the probability to repair several times #ame product is growing, too. So how to courgdtproducts
becomes a critical issue and it is difficult to raak direct link between reworks rate and flow disamce. As
previously said, this paper is a part of a globatkmwvhich aim is to analyze, compare and identevant indi-
cators to measure the reworks impact on workflestudbance. These indicators are presented in part 3

3 I ndicator s deter mination

3.1 Selection of possibleindicators

Two kinds of indicators allow to measure reworkgerand product flow disturbance. For reworks, them
global (at the company scale) and local (relatetth¢omost stringent workstation, generally thelbo#ck) indi-
cators defined bellow:

* Nconsig is the number of reconfigured rooting sheets inadab normal ones. It is independent of the number

of disturbed products if we don’t work in unit leize.

* Ngerece is the number of products which have had at leastdefect relative to expected products to make. |
takes into account the exact number of disturbexdiymts. There is no consideration of products repai
more than once time. There is a weakness due ttath¢hat some defects may not cause disturbahtteeo
sequence of the manufacturing program but jushgdo production time. In the case of a model wdthsize
unit, Ngegece = Neonrig DeCause the number of lines reconfigured is dir@djual to the number of products
on which we have detected at least one defectctiftdy, detection of a defect involves repetitioihone or
more operations. Whatever the situatitip, roc; < P.

* Nyork IS the number of products actually processed entbrkstation relative to expected products to make
It is very simple to measure but we have to nott thcannot differentiate if added operations haeen
made on several products or on the same produgtedwer,N,, ., is always exceeding 100%.

* RO, and/orRO,y, is the Operation Ratio that corresponds to the mwrobreal operations compared to what
was expected in the routing sheet. As RO is radativa specific product/lot, it is recommendedatketinto
account the average/mean (AV) and/or standard tiewiéSD). RO represents both the rooting sheetidis
ance and the level of this disturbance. If any cleéxists for one product, its RO is equal to dhés more
difficult to measure than previous indicators.

Similarly, there are possible indicators to meashieaworkflow disturbance:

* Ny,p is the work in process (average or max). It isorgnt to note that a well distributed work in pges is
not necessarily penalizing, even if it is heavyié\that it is not useful on one workstation becatiséll be
equal toNg;pck -

* Ngock 1S the stock level upstream an important workstaaverage or max).

* Cnax IS the time to complete all the production. Comiyiarsed in scheduling problems, it is equivalent to
the end production date of the last product. Tweedales can give the sarfig,, but with a very different
customer service rate.



* T, is the waiting time.

* R,..x is the maximum delay. Depending on the case, bleoan late is sometimes equivalent to be a week
late, and sometimes, late penalties are too heavy.

* Nyt is the number of late products.

* Turear iS the out of supply time on the bottleneck waakisin. It can be measured only on models with sdver
workstations.

3.2 Model presentation

The Petri net presented on Fig. 1 has been implerden ARENA to analyze the impact of an increaSeazh
reworks indicator on a manufacturing process. Despie apparent simplicity of this model, modeluetibn
often leads to summarize the problem with a oneworworkstations model [10]. The two machines hthwe
same production rates. There are others similaksvior literature that performs a scheduling on a-tmachine
problem [7]. The lot size is unitary and each piids directly transferred to the next workstationt involving
additional time corresponding to the pending enBaith before transfer. It avoids the problem dittspy lots

to remake only a part of product [11].
T L - N
N B

Fig. 1. Petri net representing our problem and implememexRENA

« P1: Wait in queue before workstation 1« T1: Workstation 1 available

« P2: Process on workstation 1 e T2: Operation end on workstation 1
« P3: Wait in queue before workstation 2« T3: Workstation 2 available
« P4: Process on workstation 2  T4: Operation end on workstation 2

 P5: Finished state

Usually, different scenarios are established togeseral types of workshops. In our
simple case of one or two workstations, combinatiare limited. Being able to apply

several different piloting rules will allow to tedifferent scenarios without having to

complicate the workshop. Priority rules most commarsed are FIFO (First In First

Out), EDD (Earliest Due Date) or the critical rati®DD is chosen in order to allow

permutations between reworks and normal productgpi@éues. The due date required
for the implementation of the priority rule EDD wdstermined for each product to
represent a “normal” situation with low reworksedtading to no delay. Probability

of reworks occurrence are explained on (Fig. 2hwhie following particularity:

{Treworks (M1 - M1) = Tyeporks(M2 = M1) + Treporis (M2 = M2)
Treworks(M2 = M1) = Tyoporks (M2 > M2)

100% 100%

+ Tenorks (m1su:) % + Treworks (M25v1) %
+ Treworks (m2su) %

+ Treworks (v2om2) %

M1 M2
4 Defect probability: "= o Defect probability:
Tyemoali1o31) T w2 W] 4T,y (w25012)

Treworks (1w Treiworks (uzw2)

Tecworks (wrsw)

Fig. 2. Probability of reworks occurrence

To have different vision of reworks with unitardponly Nyerecrs Nywork» ROy and
ROy, are tested. If there is no variability in the mioaeir indicators are dependents
and it is possible to express them with a mathexabtormula. But, in reality, varia-
bility involves disturbances (ex. Forester Effedthis variability is included in the
model by using normal distribution for the prodaetiving in the first queue, the
processing time on workstations and the probahilitgefect occurrences.



4  Analysisand results

41  Analysisof reworksindicators.

Two scenarios are tested: one and two workstatidhggraphs are relatives to the
reworks rateR, applied on workstation(s)N, products are send through the model.

o + 1 workstation with variability 5 + 1 workstation with variability L]
901 a5 workstations with variabilit - 4 .
80 . L 5 = 2 workstations with variability
70 1 workstation by maths & 35 = T = A
£ 60 L —2 workstations by maths w2 < 5 Workstaton by maths .
¥ so0 € —— Poly. (2 workstations with variability)
E 28
30 Z‘g’ 24 .
20 1%
10
0 1 » . ; .
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
R (%) Re (%)
Fig. 3. Ngefeer and its dispersion based on Fig.4. Ny, On both workstation based
reworks rate for 1 and 2 workstations on reworks rate for 1 and 2 workstations

By mathematical definitionNgerece (1W) = Rg @nd Ngegece (2W) = Rg X (2 — RR)
(Fig. 3). The dispersion observed with model vadligbseems to be different be-
tween one (only increasing) and two workstationsr@ase then decrease). This indi-
cator offer a view of the capacity to make prodight the first time.

By definition, Ny, (IW) = X5 R*¥ =1+ . Dispersion is also due to varia-
R

bility in the model. With two workstations, the foula is already difficult to deter-
mine but the same dispersion exist, too. With omeksatation as with two work-
stations,R0,, is directly equal tdV,,,,« (Fig. 5). These indicators offer a view of the
volume of load on the workshop. As the number afrafions increase in a non-linear
mode with the reworks rate, it is important to woldecrease the reworks rate.

RR
1-R

+ 1 workstation with variability
35 w
= 2 workstations with variability

0 10 20 30 40 50 60
Rg (%)

Fig.5.R0s, based on reworks rate for 1 and 2 workstations

ROy, offers a view on the predictability on the respetteadlines. Higher the re-
works rate is, more difficult is to predict the nioen of necessary operations and so
the product completion time.

There are many ways for representing the reworkherworkshop. The most appro-
priate choice to use the indicator may depend entype of workshop but also the
desired view. A combination of several of them e#so give a more comprehensive



understanding from different perspectives (capatitymake product right the first
time, volume of charge on the workshop and prefilita on the deadlines respect).

4.2  Analysisof workflow disturbanceindicators

The same model is used with two workstations buhwio other scenarios: EDD
and FIFO. The stock upstream the bottleneck machivg,., (Fig. 6) seems to be a
good indicator of the disturbance flow as well agkvn procesV,,,» (Fig. 7). How-
ever, these two indicators are not able to difféate EDD from FIFO. The similarity
between these two indicators is also explained Hey dne machine model where
Ntock IS €quivalent taN,,,. Theoretically,Ry increasing tend to get some kind of
system saturation. In practice, this still représenore pieces to handle, store, man-
age simultaneously, which negatively influencepabduction indicatorsC,,,, indi-
cator, commonly used in scheduling, has the sarhavi@ thatTy,. Cpq, andTy,,,
are also unable to differentiate our scenariosTiyt =~ can. It seems that, in relation
to Ty, EDD rules application appears more effective thHO rules.

0 100 Tw max (EDD)
. . .
% w > .""’ T %0 Tw av (FIFO and EDD) Y
s 70 v (] L 2 jg © Tw max (FIFO) o %%
;é:z . !'# 'ﬁ:ﬂ E= g | Cmax(FIF0 and £0D) : p..’:::::
240 * L2 % 50 *, -1
"330 g -,' ¢ BE » .“'."" "’"‘ﬁ
2 o Jo ¥ ey o + Nstock (EDD and FIFO) . 30 " X .":g‘:;'
[ b ] 8 20 R 2 °
AT = Nwip (EDD and FIFO) £ boniad FT 3 ol C
10 5 07 © 10 Sty =
0 o | SRRl
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Rg (%) Re (%)
Fig.6. Ny, andNy,p based on reworks Fig.7.Cpnqx andTy, based on reworks
rate for 2 workstations rate for 2 workstations

Niate @ndR,,,, are able to differentiate our scenarios (Fig. @ @n The FIFO priori-
ty rule generates delays even with a very Rywvhile the EDD rule generates delays
when Ry increases. So it seems to be better to apply EDDva reworks levels.
However, when exceeding a certain reworks levdddaletermined according to the
workshop modeled, either seeking to minimize thimam delay and keeping the
EDD rule, or seeking to minimize the number of laitel applying the FIFO. This rule
change may be an example of the functions of oppatt system workflow manage-
ment. These two indicators seem particularly ustfutontrolling the system by the
rules.



90 100
80 - L 90 .
35 + Rmax EDD e 80
60 = Rmax FIFO .f . * 70
g 50 " g ;’g
% ..-"-. -’ 30 Nlate EDD
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i6 LY .i'".."“ s ig = Nlate FIFO
0 S S aeones® 5% 0 bas .
0 10 20 30 40 50 60 70 5 15 25 35 45 55 65
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Fig.8.R,,,, based on Fig.9.Ny,.. based on reworks rate for 2
reworks rate for 2 workstations workstations

Flow disturbance is also a concept difficult toresgent because it exists a lot of point
of view. Depending on management objectives, sontlicators alone are not

appropriate. For example, it is impossible to défgiate the EDD and FIFO rules if

we consider onlyNy;p, Ngtocks Cmax OF Tw. The best solution seems to be a
combination of indicators. The latter figure shativat the same rule for controlling

the workshop is not necessarily effective in aflesof running of the workshop. This
therefore shows the usefulness of our support sysEow management will be able

to offer the user the best rule to use based atteel indicators for monitoring the

workshop.

5 Conclusion and outlook

Flows repairs due to reworks disturb productionsistently. This is largely con-
firmed by the literature but rarely studied in depfo develop a system for assisting
the production piloting for companies with high mks rates, we propose a thorough
study on reworks and flow disturbance indicatorsefg are several ways to control
reworks for companies. We must be aware of thedifft possible points of view and
their advantages and drawbacks. In this paper weose a new indicator, the Opera-
tion Ratio that has the advantage of combiningntamufacturing program disturb-
ance with the level of disturbance and appearsctyrreflect the reworks rate in the
workshop. Flow disturbance is also a difficult ceptto measure. The usual indica-
tors offer only a single view of the flow disturlz@n If we want to have a global view,
we need to work on a combination of these diffefadicators. As perspectives, we
have to validate our analysis on a real scale nidlisase, which will bring our work
to a realistic level. We hope to develop a behaViorapping of the workshop in or-
der to locate it in real time and make the rightisiens on the piloting rules.
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