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1.Introduction

The manufacturing industry has grown up very quickiring the 28 century;

it was born with the industrialization era illuggd for instance by the car
manufacturer Ford with its T-model and it has gedluimproved to become
more integrated as regard its suppliers, its custenthe environment, etc. Over
the 5 last decades the companies took a slight daritheir focus and their
strategy and they decided to be market orientatestead of being simply
product-orientated of which the primary focus waes firms’ products, its useful
skills, knowledge and systems that support thesdyamts. Until the eighties, the
product orientation had still dominated and manympanies failed to
understand the change of the clients’ needs innaneasingly competitive
marketplace. Hence, a major swing towards markettation has led to
intensified market research and product rangesfulbredesigned to fit
customer preferences.

To fulfil customer satisfaction, companies do natlyoleverage their new
products freshly designed according to the markpeetations because this is
not a sufficient condition of success, contrarywioat Henri Ford had stated
earlier “A market is never saturated with a gooddpict but it is very quickly
saturated with a bad on&” However, orientation toward the product remains
important in keeping an emphasis on quality, safetg investment in new
technology. Successful firms admit the relevanceuifing both approaches in
phase. Products must start with the needs and vedrdastomers. These last
points rely on the operations and beyond, on theymtion system competence
because the production response to the demandstfimmmarketplace is prone
to provide the customers’ satisfaction.

Therefore the underlying issue would be the pradifgtof the manufacturing
line, in other words its ability to efficiently tnaform raw materials into sellable
outputs, what lays stress on the “five F\rﬂ”(men, machines, methods, materials
and money) that must be mastered to process gooldsi@et the clients' will.

When viewed as a process, a production system mdyrther characterized by
its flows and/or its paces in the process. None#sl“flows” cannot be reduced
to the meaning of the physical throughput on trseadbling line, work in stage
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of manufactures and finished goods but the infoignaflow (paperwork)
running during, before and after has to be takém awcount as well. The first
limit expressed by the production is its physicapacity; the channel of the
production system strangles the company's desireeiet an expected level of
outputs. The resources (men, machines, money) edffiis critical level that
constrains the whole production system. The managemf the information
flows (driving the physical one) is so-called plamghand it controls the system
to achieve an acceptable output quantity. Evenghdlue capacity of the system
is the main factor in determining whether outpupextations are met, the
evaluation of the planning viability also depends the qualitative factors.
Quality here has the meaning of quality of the paidmeasured against some
objective standard, includes the appearance, mesioce characteristics,
durability, timeliness of delivery, cost, etc. Iddition the production system
evolves in a non-deterministic ambit and so, thanping cope with the
disturbances inherent to the daily routine of tiperations: lack of materials,
defects, absenteeism, machine break-down, etc.

These events lead to discrepancies between thecphflew and the planned
one, later on this could drive to an incorrect $yoaization between its inputs
and its output which could generate significant dges on production system
performances; for instance an excessive inventemel] a non-optimized
purchase policy, non-controlled work-in-progressele and above all, the
probable clients’ dissatisfaction. The productie@mpetence is set and ruled by
the planning system, so it is a core element oficcessful business since it
interacts with the products and the customers. l@nother hand, its decision
guided the purchasing, the inventory level, andefoee it has a significant
impact on the operating working capital.

Therefore, the opportunity to think to a planningstem adapted to the
production of a company which has a profile famiran academic case study
sounded as an interesting and exciting experiencetlae following sections
attempt to summarize what was done at RPV-PASSOMILEA during these
last 8 months. The internship is entitlddEsign of a MPS planning process to
plan order per order and implemented with the Lean organization
approach. Definition of a dashboard depicting the dily performances of
the Operations’, and the thesis follows this topic as guidelime the various
sections. The first two sections are devoted toetstdnd the company profile
through its presentation and a brief introductidnite product mix and its
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manufacturing process. Then, the State of therAenids to give an overview of
the topics dealt during the internship; to do sajivides the literature review
into two parts to describe how evolved the planngygtems and how to
evaluate the performance indicators. The core es/the existing planning tools
and then, it details the work done over the inteimperiod. In a third time, the
key performance indicators used today to assesdugtion competence are

discussed.
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2.The Company
2.1 AREVA

AREVA is a French industrial group operating worldevin the energy sector.
Its activity can be divided into two main partse throduction of nuclear power
and the distribution of electricity. The focus oREVA is to both develop of
nuclear activities and settle over the world itdusons in transmission and
distribution of electric energy. Nowadays, AREVA able to suggest to its
customers a broad offer including each step ohtindear combustible, from to
design to construction of the nuclear plant in addito related services.

These strategic choices and its complete portfolicoffers have led it to
nowadays lead the market of nuclear energy. In doguees, AREVA is settled
in 43 different countries involving 75000 peopledandeals with a commercial
network of more than 100 countries.

AREVA T&D proposes
solutions of transporting
electricity through the
grids:

. Fabrication of
High and Medium
Voltage sub-stations

Ll Widespread of
solutions helping to
manage the electric grids
worldwide

AREVA NP is the

number one in the world
in designing and building
nuclear plants, and in
addition to supply the

combustible, and
maintenance services andg
to sustain the
infrastructure

AREVA NC is involved
in the process of the
nuclear combustible from
the excavation in the
mine, the conversion and
enrichment of Uranium
to the recycling of used
combustible

AREVA TA work on

the commitment of the

policy in which

AREVA stands up:

= Nuclear security

= Job safety

= Quality

= Respect of the
environment

Figure 1: Representation of the different AREVA bugness unit
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Therefore, the company’s operations are classifietlvo principle activities
that are the Nuclear and the T&D (Transmission Ristribution of electricity).
The Nuclear can be split itself into three subipartAREVA NC, AREVA NP
and AREVA TA. The T&D is more independent since w®rk is quite
different. The scheme beneath summarize this qesri

~
T >
N

o)

Substation eguipment: Turnkey substations: = Network management : Network consulting :
such as high and medium bringing together the  protection and control asset management,

voltage transformers, right mix of products, solutions. refurbishment and
circuit breakers, expert engineering and spare-part solutions to
disconnectors and complete project manage electrical
instrument transformers. Management. installations in a
secure and efficient 1
way throughout their /
lifecycle.

Figure 2: Representation of the various activitie®f AREVA T&D

2.2 AREVAT&D

After the brief presentation of the overall grouRERVA, one will detail more
about the sub-division in which PASSONI E VILLA dmsms on. However,
AREVA T&D is currently being transferred by AREVALhis sub-division
dedicated to the transmission and distributionlecteicity holds today the third
rank on its market behind ABB and SIEMENS Powerentploys 31,000. It
aims at proposing to its customers reliable, edfitiand environmentally-
friendly solutions so as to improve the networlbsity and offer the electricity
availability wherever. Therefore AREVA T&D developsoducts, equipments
and utilities for its partners. It offers a broaartfolio of products and services
and owns more 91 industrial sites over the wotklattivities are separated in
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four different business units, which are: Produgystems, Automation and
Services.

RPV-PASSONI E VILLA, the company in which the imehip was done

depends on the Business Unit Product. It aims atlyming all the required

equipment to build and exploit the electric grills.products are organized in 8
different Product Line (PL), and particularly, them RPV belongs to the one
so-called “Instrument Transformers”.

The international activity of Instrument Transfomhiananages all the High
Voltage Instrument Transformers and it groups 3-fanfilies in charge of the
design, development and production the followingigapents:

- Conventional and unconventional Instrument tramsés
- Medium and high Voltage Bushings

- Circuit Breakers and disconnectors

2.3 RPV-PASSONI

In ltaly AREVA T&D, through its Business Unit "Pradt" (Substation
Equipment), is well-settled since it counts 5 indaksites on this territory.

Initially PASSONI E VILLA was a family-running congmy founded in 20th
century in Milan. It was specialized in the prodost of medium and high
voltage equipments (condenser bushings, transis)m When in 2007
AREVA T&D wanted to widen the product portfolio @& product line (PL)
“Bushing”, they bought PASSONI E VILLA and it deed to make the
production of bushing the core activity of what d@e RPV-PASSONI. By this
acquisition, the PL “Bushing” made a huge step &dyit has become capable
to offer condenser bushing until 1700kV while prsipg a broad product mix to
its clients that cover all the applications. By natg operations capacity is
around 8000 bushing per year and its turnover \R&4€3n 2009.
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3. The Process

As a part of the study is dedicated to the debnitof a Master Production
Schedule (MPS), it is necessary to present the faetwing process and give
an accurate description of the assembly lines deroto well-understand how
should be carried out the planning process. Asilithve presented below, the
process is stressed by the product features asawa#chnical as dimensional.
So in a first part we will present the product, fdenser bushing”, explaining
what a transformer bushing is, how it works, andatnhe RPV products offer
is.

3.1 The product

After PASSONI E VILLA was bought by the sub-divisilAREVA T&D, the
company focused only on transformer bushings. Khid of items is used to
insulate a wire under high tension (from one kil@atthousand of kilovolt (kV)),
high current while they must pass through a wabwitch from one medium to
another. So they insure that the electricity wit spread over the medium that
it crosses. It is located at the interface of twediom, so we can have different
patterns: Air to Air, Air to QOil, Qil to QOil, Oil¢ Gas, etc.

Based on the given configuration and on the chariatics on electrical grid on
which the bushings are connected, one uses diffetechnologies. The
condenser bushings can be classified by desigollasvé:

- Oil-Impregnated paper insulation, with interspersednducting (or
condenser) layers of oil-impregnated paper insutaticontinuously
wounded with interleaved lined paper layers. They avork under
tension up to 1700 kV for power transformers (©#Air, Oil-to-Oil, and
Oil-to-SF6) and as through-wall insulators.

- Epoxy Resin-bonded paper insulation, with interspeérconducting. They
work up to 170kV for high current step-up transfers) power
transformers (in case Oil-to-Oil and Oil-to-Air)nd AC generators and
finally they are also used in case of through-wedllator.
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- Resin-Impregnated paper insulation, those have ntlagor insulation
insured by impregnated with Epoxy resin. They camused up to 170 kV
in case of power transformers and for through-apfllications.

- SF6 Insulated condenser bushings, they are chasenirtuit breaker
such as GIL and GIS and dead tanks where the mediani\ir-to-SF6
and be executed till 550 kV.

The product mix and applications are presentednneX 1 and 2.

In a nutshell, the interspersed foils of aluminiwso;called screens behave as
voltage equalizer and they enable to get an etestress control. The screens
are placed coaxially inside the wounded part suming the conductor and they
provide the optimal balance in the field gradielhtabong the bushing between
external flashover and internal puncture strengBee( Figure 3.). The
performance offered by the final product will mgidepend on the quality of
manufacturing and the cleanup of the wounded paoural the central
conductor.

Bushings must respect some standards giving theresgents of which should
be its mechanical and its electrical performanttesainly stresses the quality
of the core of the bushing: the wounded part araimedcore of conductor. It
could be roughly described as below:
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Porcelain or b Paper
composite cover ()
= Voltage
== Equalizers
=

|
i

Voltage
‘ [ Tap Stud

Flange

EEEEATOOAS

Araldite

I

Figure 3: Traditional aspect of wounded core conductor of amwil-impregnated paper
insulation condenser bushing

3.2 Assembly lines

Three different assembly lines which are the Lowtsfge Line (ISBT), the
High-Voltage line (ISAT) and the Gas one (ISGA)esat the workload.

On the first one is managed two general familiest ttorrespond to the two
main insulating solutions produced in RPV and idtrced above which are Oil
Impregnated Paper, name8rall Carta Olio” and Epoxy Resin Bonded Paper
named Small Carta Resind. This latter will be, indeed, progressively
substituted (within the first semester 2011) byeavrtechnical solution, so-
called Resin Impregnated Paper (RIP), also groupdtiis general family of
Small Carta Resina.
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The assembly line ISAT only deals with Oil Impretgdh Paper insulator but
two subdivisions are distinguished. On one sidetladd bushings having a
tension lower than 800kV are clustered and oneaaillthem Big Carta Olio”
while the bigger ones (> 800kV) calledUltra High Voltage”. They were
separated because the Ultra High Voltage famillismiched on production in
batch and impact significantly the capacity of tBAT line, this issue will be
developed further.

Finally, the ISGA line only producesPABS’ referring to gas-S§insulated
bushings.

These three lines run independently one to eackrgtlonly the winding

workcenter is common for the “Small Carta Resiri&mall Carta Olio” and

“Big Carta Olio” but they have a the usufruct ogsjflic winding machine, then
the lines merge again at the moment of the testlig, electrical, etc). RPV
has three tests rooms:

- SPI dedicated to bushing with operating tensiorelo®v OkV
- SP245 operating until 245 kV
- SPE able to perform tests up to 1700 kV

In addition, the distribution of the bushings otlee three tests rooms is based
on their availability and the technical criteriatbé bushing: size, tension.

The following map the layout helps on understandirggflow of the parts over
the Low Voltage and High Voltage lines.
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Gluing/Cementing (HV)

Tests room SPE (HV)

6 Y

Assembling (High
Voltage)

Treatment (oven,
autoclaves) (HV)

Pre-assembling (LV)

Tests room SPI (LV)

Treatment (ovens)

Assembling (LV)

Winding (LV)

Winding (HV)

Figure 4: Representation of the shop floor and marfacturing flows
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3.3 Manufacturing and assembling processes

RPV offers a broad choice of condenser bushingsadays, it counts hundreds
of different references and with the view to sgtigj as many customers as
possible (this is an absolute necessity of the atarBut on the other hand, it
prompts several issues on operations managemeht agicthe challenge of
implementing standards, the high variability of tpeocessing times and
components (consequently a large number of BiMaterials), and the skill-
level of the operators, etc. In the following sentithe process features will be
discussed in three points; firstly the common cti@rgstics of the assembly
lines shared between the products, then theirrdifiges and finally the induced
impact on their scheduling.

1. The assembling process, shared by every prachless they are not fixed up,
can be roughly described in five stages: windingpelave, assembling, testing
in lab, finishing.

- The winding consists in wrapping around an aluminium or coppée a
particular paper and creeping aluminium foils itmeen layers. As it will be
discussed further on, the paper is used as anatosulso the contained
moisture must be removed as much as possible. 8éfas wounded, the
paper roll is preliminary unrolled over dryers ($ablowing warm air), and
after the winding process, the parts go to aut@daw ovens if they run on
the “High Voltage” line or they go to the assemylimhis element is the
core of the condenser bushing so its quality as agits cleanup must be
executed perfectly.
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Figure 5: Winding machine in phase of paper drying

- Theautoclave or ovenaim is to get rid off the water contained in theuvded
paper so as to insure to the high insulation céypadticore part. To do so, the
wounded part with the conductors, so-called PCRYRare put together inside
a large hole so-called autoclave or in individuigles gathered in an oven, and
they are enclosed from one week to 6 weeks acaptdithe thickness of paper
layers.
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Figure 6: Autoclave

- Theassemblingconsists in enclosing the PC in a “package” mdg®uocelain
or resin epoxy or composite and a flange by meé&m@spoess. Later they filled
them up with oil or gas SF

- Theelectrical testsare performed in test rooms where one executesaev
tests on the bushing in order to verify their confiy with the norms and other

customers’ requirements. The performed tests ardhafe types: sealing,

electrical and Megger one. This stage is the watghaf the process since here,
in accordance with the required norms one decidiénmeibushing can be sent to
the customer or must be fixed up in order to fulié requirements later on.
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Figure 7: Test room SPE (in background device simating wet test)

- Thefinishing performs the customization of the bushing and “&$0st once
the tests have been executed.

The stage of assembling and autoclave/oven is gweafor the Small Carta
Olio. The Big Carta Olio bushings enter in the algwe or ovens once they are
wounded, then exiting it they are assembled to famally filled up this oil
whereas the Small Carta Olio bushing are firstrab$ed and then they are dried
and filled in the ovens with their cover around.

2. It can be easily understood that the process difégr from one product
typology to another owing to their inner featuresd acustomers’ requests.
Indeed this latter has the possibility to custoniigdsushing on some references,
for example it can select a composite surroundistead of brown porcelain.

Three main differences are identified:



Pagel

- Technical solutions, means the families: OIP, RBAS, ERPB. The
technical solution involves applying different pesses, made of different
parts and raw materials. For what concerns the ISBT

- The size of the bushing has a huge incidence simcbushing height can
vary from half meter to about ten meters. The waycarrying and
managing all along the process will be really ddfd.

- Norms and customers’ request or origin imply ladigféerences in terms
of throughput time in the test rooms.

3. These differences from either a technical oza standpoint will impact the
smoothness of the flow along the production linBserefore the pace of the
lines is rather difficult to assess and it impli@scorrect understanding the
processes and a precise and careful load/capacqtigase of planning as it will
be explained in a further section.

On ISBT, the main issue is the mix between theresiges and families (OIP,
ERBP and soon the RIP) at the assembling workstaticee observe large
differences in the tack times from one referencariother. The size will not
have such a significant impact even if some itemsler than the average,
prompt a reduction of the capacity of the autoclsimee they occupy it more.

Even though ISAT works only with OIP, the interacis on ISAT are more
complex to manage. First, owing to the absence t#shroom associated to
ISGA, the PABS assembled there, merge toward tB@ I& ISAT test rooms
according to their characteristics (tension andetisions). Second, the bushings
grouped in UHV family are launched in batch. Thamily has a longer
throughput time. In addition, during some critipaths they significantly lower
the average pace of the production flow. For insgaa complete batch of UHV
(16 800kV bushings or 9 1100kV bushings) totallisfone autoclave and so
nearly cut by half the total autoclaves capacitgrdua period of 40 days. When
a complete batch is assembled and tested, thesbitggt room (SPE) available
capacity is nearly equal to zero. It can be acguadticed that the tricky point of
ISAT planning is the shift of the bottleneck alotige line related with the
presence of the UHV batches. These interactionsdegt the batches of UHV
and the other Big Carta Olio on ISAT will be funthgiscussed in the section
dedicated to the planning (cf. 5.3.c High voltage).
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4. State-of-the-art

The introduction presented the aims of the intaméhat are the design of a
Master Production Scheduling (MPS) and the deénitiof a dashboard

depicting the daily situation of the productionR#®V. The MPS is a planning

tool dedicated mainly to the operations team t@sssvhich orders are to deal
with, during a period of few months while the dasddl is used as a tool

offering an insight of the overall activities footnonly the operations managers
but also for the other entities of the company.oligh a literature review, one

will attempt to propose a State-of-the-art of therkg already done in these
fields. In a first section the issues regardingplaning will be developed with

further details about Master Production Scheduéa tla second section will be
devoted to the performance indices and the meagmtsnm order to respect the
guideline of the internship topics.

The first section will start from a general destdp of the operations

management so as to have a general sight of theeets interacting with the

Operations activities. Next, it will gradually drapto the details of planning,

unfolding the various milestones of this processnfrstrategic planning to the
tactic one and at last the production schedulingssing each of them to well-
understand how they communicate and interfere e#todr. Progressively the

state-of-the-art orients the analysis toward the o the thesis: the planning of
production at the MPS level. One will describe hib planning committed on

the MPS level influences with the material procueeiplanning and they are
synchronized, and finally it will see in a nutshélbw MPS can be put in phase
with the Just-in-Time system set up on the shoprflo

Furthermore, the second section will focus on #égomance of the operations.
This part attempts to show how important it is¢ar the bottom line throughput
and the current value of the ongoing productioredamn the actual companies
needs to compete nowadays. That enables to defingetaof relevant
measurements and indices to provide a clear stawesview of the daily
operations activities.
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4.1 Operations management and planning over the
different horizons

a. General assumptions

Whatever the market and the activities of a compatlyoperations produce
goods or services creating a process which comveuts (for instance a set of
raw materials or information) to produce output$he nature of operations
implies this transformation process model whiclyéts to satisfy the needs of
the company’s customers. All the activities shampartant implications for how
the operations need to be managed. Their funcaoado be effective; it must
use its resources efficiently to produce goodseorise filling the satisfaction of
their customers. The quality, the creativity, tHality of putting the market
innovative solutions are the keys of the competiadvantages, but an effective
operation gives to fulfil the organization’s longiin strategic goals. That is why
the operations management has to be fully chasgédandled. Obviously, this
definition remains to general and must be detadledording to the types of
production, the activities, and the size of the pames... The proposed
guideline is mainly inspired from the Operationsnagement insight introduced
by Slack, Chambers, & JohnsBn.The scheme beneath provides a rough idea
of the operations management in its overall coniextuding the links between
the company, its shareholders and its stakeholders.
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Figure 8: Operations interactions, adapted from “Operations I\/anagement”[35]

Before analyzing the focus of interest which is tRéanning and Control of
Operations”, one will quickly describe its surrourglielements that stress it and
present its possibilities, according to the envinent limits.

b. Operations strategy

The unpredictability of the market and the interaeiivities of a company lead
to get just a blurred idea of how should be cardgetlthe current and the future
actions whereas in the meanwhile it needs someegicadirections. As the
operations play a role in the business, it mudirseunderstood and it gives its
contribution to the strategy, challenging the perfance objectives. Some
general principles must be assessed and latemtiidyelp to guide the decision
making. Each decision aims at continuing the cament of the company to
the main strategic direction, it is usually widessgdt over the group, provides a
clear orientation enterprise within its environmamid attempts to achieve its
long term goals.
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The strategy, in the recent years, aims no mostaading the fluctuations and
coping with disturbances affecting the companyt®environment but instead it
attempts to understand the root causes and maks fitans with. One of the
main concerns of the strategy will be the perforoceaabjectives which will be
strongly influenced by the customers. Operationstesgy should try to satisfy
their expectations through the 5 performance olwestwhich are:

- Quality

- Speed

- Dependability
- Flexibility

- Cost

But they must cope with other factors such as tpecific needs of the
organization’s customers group and the activitids tloe organization’s
competitors. All these requirements go directly inluence the operations
strategy decisions making. Whether it is clear that preferred strategy will
come down to the workshop later, it is necessarynderstand how it is
transformed from a goal to a set of tangible deasiinfluencing for example
the operations

c. Design in Operations management

The product design and the process design areratgtyd because even the
smallest changes on the product design could ea@dep change in the way to
produce the item. Reciprocally, the design of thecess stresses the products
design and bounds the freedom of its designersetJsmime conditions it would
be really convenient to overlap these two actisjtibne product and its process
design. As every decisions taken during the desfgiine product (or service)
and the process could impact on the part. The padarrying Product and
Process Desigr*! puts in evidence the relevance of associatingetjuiss:
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Developing manufacturing processes early in thedyctdefinition phase
ensures that product designers benefit from matwiag knowledge to
produce high-quality products quickly and at lovstcdVorking concurrently in
this manner prevents the problems that usuallyldpwehen product design and
manufacturing processes are developed in isolation.

For instance the standardization and the modulasizeof the products are
carried out by designers in order to improve thecess. The standardization
will attempt to reduce the complexity and thereftite costs sharing parts or
sub-parts between different items.

The design of the process is imposed by the volum@soduce, the variety of
the products, but some other considerations cataken into account such as
the strategy implies by the company. In manufactud different types exist:

- Project process

- Jobbing process

- Batch process

- Mass process

- Continuous process

From the top to the bottom, one deals with largdumes and higher varieties
of items and obvious the flows, the layout will komtally different.

d. Planning systems

The planning is the key point of the production,pibvides the pace and
monitors the bottom line throughput as well agteérapts to grant the company's
decisions with its clients' desires. Nowadays itaissoftware-assisted job
however its fundamental approach comes off mukgiged method that
implies a perfect understanding of the productivecess. E.M Goldratt has
written a successful novel “The God® in which he expanded his theory of
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constraints (bottlenecks) and from the positiveirtgsies of the production
managers who had read it, he has concluded bytosing comment:

By now the letters, and even more so the visitsseid me face an unpleasant
fact. Reality showed that the software, my cheddbaby that | was so proud of,
was an impediment to achieving results. The pl#ms were exposed only to
the Goaland succeeded to put it to work achieved betgrlt®and in a shorter
time than our clients who had spent so much moneyoar software and
education. How come? It took me some time to figuue but at last | couldn’t
escape a simple explanation: the efforts to ingtedl software distracted the
plant people from concentrating on the requiredngea in fundamental
concepts, measurements and procediit¢p.342)

After one has been seen the strategy plan, itsntatien, and the set of
associated decisions, one enters in the tacticepfd® operations management
duty is to plan and control the production with Bew to matching the
customers’ demand in accordance with the compaogsability and its
production capacity.

It must find the adequate balance between capaaiydemand to satisfy the
customers but without breaking this unstable elguilm; being in over or under
capacity could drive to disastrous situations. tBet production planning can be
also seen from an economical point of view as tiedlenge to fulfil customers

demand at a minimum total cost. In early twenti¢si-ord nicely illustrated this

issue telling “I am looking for a lot of men whoueaan infinite capacity to not

know what can't be doné.

The decisions taken by the planning and contrdl imiolve various functional
managers for several reasons:

- The capacity decisions have a significant and wimndgact on the whole
company.

- As it was explained previously and illustrated (5égure 8.), the generic
functions provide inputs to the planning process.
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- Each business has to make fit its planning andrabtite capacity of its
own “micro-operations” in order to work accordirggthe main operations
function.

The goal of the capacity planning is to supplyappropriate capacity to a given
level of demands at a general and aggregated $evek to satisfy them. This
stage is the cornerstone of operations manageneeaube afterward, one will
deal with the inventories. Once again a good balanidl have to be found
between the lowest acceptable levels (mainly tdt lihe increase of the amount
of working capital, preventing the inventories frai@ing obsolete, etc) and the
sufficient level of stock (to supply the items, tome, to be produced). Here we
observe the overall chain between the suppliersthadcustomers, where the
planning will attempt to match the supply with dlemand while the inventories
will enable to smooth the production flow behavagbuffers.

Therefore the operations planning progressiveljtsifiom a tactical planning
to an operational, in addition making analysis frlamg term data to medium-
short term ones, gradually reducing the level ajragation of the families.
After the definition of a clear strategy one goesvd from one level to deal
with tactic issues based on the market data andabie resources. The
following sections will be dedicated to the intration of the two main
planning tools which are the Sales and Operatidasnihg (so-called S&OP)
and the Master Production Schedule (MPS) includethe tactic stage. The
tactic planning insures the joints between the ltargh policy, the will of the
management teams and the activities performed daitile plant. The overall
outline of the planning process is illustrated belo
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Figure 9: Planning system interactions, adapted frm “Operations Management for
Competitive Advantage” *?

e. The Sales and Operations Planning

While opening the Sales and Operations Plannindiose®f “Operations
Management for Competitive Advantag€?, the authors has introduced as
followed:

“Back orders, dissatisfied customers, high invaegrlate shipments, finger-
pointing, cash-flow problems, demand and supply afupalance, missing the
business plan. This is the norm of many compaitieies not, however, have
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to be that way. Today many companies are usingeéss process called Sales
and Operations Planning (S&OP) to help avoid sucblpms.”

The S&OP could be also defined as the “Mean tauwglly accomplish the
Annual Operations Plans (AOP) targets by linkingnthty sales and marketing
planning directly to the operations side of a bessi in “Orchestrating Success:
Improve Control of the Business with Sales & Operat Planning*®. The
name itself shows that it is more than a produciiemning but instead, a
function to coordinate all the critical activities the supply chain. S&OP
provides an efficient mean to coordinate all keyctions in a Unit and therefore
enables to manage risks on uncertainty on the teng. In other words, the
S&OP must:

Establish the objectives of the different operagimctions

- Develop a better balance for the whole supply chain

- Challenge the Sales/Marketing, the costs, the mtomu plans and the
financial objectives of the inventories

- Develop the strategic objectives

This work is performed thanks to the known resosiianed features of the micro-
operations such as financial resources, capaditgugtion rate, procurements,
working costs and those latter are conditioned I tvarious plans
(procurements, suppliers, inventory and distribugpdanning...). The sales are
unpredictable data; they can fluctuate randomly suddenly especially while
the time horizon is 12 or 18 months that is alseason why S&OP works at a
high level of aggregation, it is much easier to Wnlow larger families of
similar product should be sold. Ideally, one attesrip forecast the sales in a
long term it provides an idea of could be the woakl and the resources
requirements over the analyzed period. Unfortugat8hles scope fluctuates
while the operations systems is rather stiff, @ix@pacity of the machine, fixed
labour, etc) and it may wonder how the productigstesm capacity could cope
with the sales variations.

S&OP is a process that rules commitments from jpally the Sales and the
Operations management, with a view to proposingalskd and relevant
decisions, S&OP has three key stages:
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- Definition of the S&OP tool
- S&OP Pre-meeting

- Executive S&OP meeting

Definition of the S&OP tool

In their article, Genin, Lamouri, & Thomd¥' have described two different
tools to process the S&OP. Usually S&OP is donesmmeadsheets to realize a
graphical analysis that is simple and easily reledabBefore the decision
meeting, the S&OP protagonists of the firm withdraliferent potential
scenarios for each family of product or for the Wehoompany by means of
iterations. In this case the S&OP plans are byplanb steps:

1. Evaluation the monthly demand (usually 18 monthajhering the
orders, the forecast, and the pending offers.

2. Evaluation the monthly capacity referred to thendead working time,
overtime and subcontracting.

3. Estimation of the labour costs and overhead costs...
4. Strategic assessment of changing labour forceventiories level
5. Development of alternatives and balancing totatscos

The graphical method cannot generate the diffesteategies but instead it helps
to illustrate the ideas to figure out the feasipiind impacts. This approach got
an overwhelming acceptance within the companiessidecmakers until now
even if it seems a raw one.

Another approach consists in using linear programgmirirst it must be decided
the parameters taken into account. Then, the aito iminimize the function
making the sum of the assumed costs factors. Irexaenple developed in the
paper, case study of the company “Vallourec Prewcidttirage” (Steel tube
supplier for automotive industry), they considetbd costs of production in
overtime and for non production, subcontractingemtories, backlogs. Then
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each factor is ruled by an equation or an inequdfor instance the stock level
cannot be higher than the stock capacity.

This method does not require so powerful solveriarduld be executed under
the Excel solver.

The main advantage of using the Linear Programmigmgto generate
automatically an optimum solution taking into aacbmultiple factors, such
approach cannot be done by the graphical methodielder in the case study
they showed that if an event occurs on productibe,optimal solution given
the day the next day might diverge a lot regardmghe one given the day
before. In case of S&OP, this kind of drawbackeiallly critical and it cannot be
used without being aware of its limits since thkugon provided at first glance
led to long or mid-term decisions and actions.

By definition the S&OP is the decision tool oriewgfithe choice in actions of the
firm; it assesses the capacity levels and the esthat must be applied on the
MPS. Thus, the suggested scenario must be robusthenges since
modifications could be expensive later on. Consetiyethe mathematical
optimum will not be selected by the decision-makerey will prefer an
“average” plan stable under variability. Nonethe)akey offer the possibility to
better-simulate the opportunities offered by thanpkers’ levers what is nearly
impossible under a simple graphical method.

S&OP Pre-meeting

During this meeting, only the Sales and Operatioest, together they will first
check the data. Then, they will check, validate ptens suggested by the first
step of the process, or eventually they assessames. Sales and Operations
managers discuss each other to agree in orderlte discrepancies on plans
before defining recommendations for future decision

Executive S&OP meeting

This monthly process ends with a high-level meetnigere the medium-long
term key decisions are made, and it involves theeggd management, sales,
operations, finance and product development. Theddithis closing meeting
will be to make agree to all the parties of theos areas of the company “On
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the best course of action to achieve the optim&dnoa between supply and
demand” as suggested by Chase and Jdé@bBuring it, the operational plan
must put in line with the business plan, and mestdnsistent with the budget.
Then everybody must validate the new S&OP and gtlagit commitments.
Finally, a minute-of-meeting formalizes and summesi all the actions and
decisions previously shared.

Once Sales and Operations are coordinated arowaananon guideline, from
operations point of view, the production plan gdegher down to MPS.
Nevertheless, the assumptions taken into accous&®@®P (time bucket of a
month, aggregate level of the families, rolling ikon...) impose to check
several parameters before dropping down the pradugilan into the MPS
level. This task would be perform by an aggregaterations plan and in the
same time a clear knowledge of the internal andreat factors, related to the
production activities, will be required and will lseipplied by the production
planning environment. These links are illustratech dhe following
representation:
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Figure 10: adapted from a sketch presented in “Plaming Process Presentation in AREVA
T&D” (F. Gsell, 2010)
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The aggregate operations plan targets the optiomabmation of the production
rate with the current and future work force levietidhe available inventory in
house. To do so, it relies on the demand forecast the rolling horizon a bit
shorter than the one considered in the S&OP. dingits to determine how best
to meet the requirement though a minimum cost &edrésources on hand.
Then, the work load and capacity on the lines aay by effects of internal and
external factors. As for the outer one, they do depend usually on the
production managers unless sales and operatiomsahgally close relationship.
In this case, they can find a strategy to fill bp tholes” within the workload by
promotional offers or to smooth out the productsystem over the year in case
of seasonally demand. Regarding the internal factbe levers are different and
they are no more commercial. Indeed, in a sham tee capacity is nearly fixed
nevertheless, the production planner can get omesfexibility in managing
these factors by choosing to make sub-contractspéot of the production
activities somewhere else or by implementing préidacplanning strategies;
three main models exist:

- Chase Strategyis based on hiring and laying off workers to maltudwd
and capacity. Obviously there are some issues stfddaptation of the
operators and in the management of motivationabhehp

- Stable workforce — Variable hours proposes to vary the capacityaby
flexible number of scheduled worked hours or oweeti It provides
workforce stability and avoids tangible costs ofifg and firing as it
could be in chase strategy.

- Level strategy, the output remains steady (same number of waaker
worked hours) and when a discrepancy between dgpaicd produced
orders is expected, inventories are used to alisorb

From these data the feasibility can be check bynsi@h Rough Cut Capacity
Planning. Beyond the need of having a good corogldtetween the load and
the capacity, the aggregate operations plan s@essethe relative costs of
production. It would be wrong to imagine that theduction costs are fixed,
and beside the basic production cost, other feattwald vary such as the costs
associated with the level of production (cost afing and firing people for
instance), the inventory holding costs (in it arelude for example the cost of
storing, the obsolescence, the insurance...) anchanotlevant one, but less
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tangible, is the back ordering costs (penalty té¢ Ehipment, loss of credibility
among the customers...).

So this preliminary task would be as a levellingl antranslating process to
convert from the S&OP decisions in what is to bedpced weekly at the level
of MPS, in finished goods and no more in aggredateilies, in terms of
production plan, workforce availability, producticete, targeted invoiced order,
etc.

f. Master Production Schedule

Below the S&OP, the MPS follows. S&OP targeted tavdthe foreseen of the
Sales plan and the production one in order to somgbhallenge these entities
of a company. However the MPS would have logic oftract aiming at
“freezing” the production and the quality of seeviwith which will be delivered
the final product to the customers. As it actshatihterface of the Sales Service
and the production management it offers the basighe discussion between
these protagonists. It is the tool to realize themercials’ objectives. That will
be through the MPS we will measure the feasibihtya planning because the
MPS, established in advance, gives the detailgdéch item, in which quantity
to produce it and where place it, in the time btskim the E.M Goldratt’s novel
8 describes a traditional situation happening indpotion about a tough
customer’s request, at first glance impossiblattaith the planning through the
following chat:

“But look at the chain of the events. Johnny [adah called you with an
impossible client wish. He didn’t believe it coub@ done, and neither did the
client. And on the surface, it was impossible. But looked into it. We
considered the bottleneck availability, we consdethe vendor limitations, and
we came back with something pretty unusual.

We didn’t say a flat no, or flat yes, and then nitss due date by a mile, as we
used to do. We re-engineered the deal; we came Widlska counter-offer that
was feasible and the client likes even more tharohiginal request®®!

In few words Bob Donovan, the production managetggonist in the novel
described the final purpose of the MPS. In otherdsp“The MPS is the time
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phased plan specifying how many and when the filmngto build end item”
B2l It has to be realistic and indeed, its role isatapt the production to the
needs:

- Translating the will of the company targeted thtouge S&OP in an
operational response, it means in terms of quamitytem either to
produce or to buy

- Insuring the service rate expected by the customeseraging the stock
and/or the production plan.

- Assigning the raw materials resources, laboure®rand equipments at
the adequate locations

- Respecting a low level of work-in-progress.

The Master Production Schedule takes part in ttigctplan since it assesses the
volume to produce to purchase and tries to fit witle resources of the
operations to satisfy its customers. Neverthelgss, strongly linked with the
production activities and so it makes the transibetween tactic and executing
plan. The communication the S&OP and the MPS isdmnthe Backlog (the
portfolio of the firm orders) and the productiorap) the main job of MPS
would be further on to grant the consistence of B&@ecisions at a more
detailed and so more realistic level. Whether thggested production plan
cannot be realistically executed a feedback is $enthe S&OP to apply
corrections. Therefore they should work in clossapl feedback control.

Owing to that, many changes could occur duringaisstruction: cancellation of
an order by a customer, break down of a machinmlsus unreliability, higher
scrap rate than expected, etc. These troubles deattito an increase of the
cost, a lowering of the service rate or a lossretlibility of the planning tools.
That is why it is to be defined with correct timeckets and moreover, most of
its users decided to create three zones insideerfronegotiable and free. The
horizon of time covered by MPS has different tinemdes (there are three)
within which the MPS decisions depend on severatofa allowing or not
flexibility in the change of the planning, thesegraeters are:

- Production lead time

- Relationship between customers/vendors
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- Willingness to change choices from production managnt

- Amount of available capacity
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Figure 11: Description of the MPS time fences adoptl from “Freezinég the Master
Production Schedule Under a Rolling Planning Horizas” (8]

The closest to the date to launch on productiohesfrozen zone, it can vary
from one day to some days according to the marnuiagt typology and it
represents the period of time within which addi@iboost of changing would be
too high. In the second one that runs till the ehdassembling process, the
orders could be modified after negotiations. Baghtiosns manage firm orders
whereas the free zone enables any kind of modificatas it concerns only
suggested orders. The following sketch describes different time fences
composing the time horizon of MPS. In any casernadepth analysis must be
addressed toward the frozen zone as Sridharany,Berdayabhand®® have
discussed:

“One method of achieving stability is to freeze soportion or all of the MPS.
While freezing the MPS can limit the number of sille changes, it can also
produce and increase in production and inventosyscb
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Another relevant point of concern is the level gfiigegation that must be chosen
in the MPS. At first glance the level of the fineghproduct seems be the best to
be in accordance with the Sales Service and theamtrdate. But, practically
the nature of the production, the quantity of te materials with respect to the
final products can push to draw the MPS in an otlay, different MPS
structures exist : pyramidal, divergent, linearstiuctured and with two stages.
The rule is to drive the MPS where the number tdremces over the process is
the narrowest.

In conclusion, both MPS and S&OP are performandented, so the actual
results are compared with the objectives definddrbea root cause analysis is
triggered in case of gap and can drive correctot®as.

Further down the disaggregation process is the fidateequirement Planning
(MRP) program that calculates and schedules all naaterials, parts and
supplies needed to make the finished specified Hey MPS. The process
planning and scheduling are the two most imporsaibtsystems in the process
control of the operations. As seen before the planprocess assessed when the
order is to be launched on production to satisty tastomer. The planning
creates the link between the product design andn#sufacturing phase, for
example to a design of a given reference can laehat a throughput time,
going backward from the due date to deliver todhstomer we can assess the
latest date to start it on production. The scheduliask is to define the
operations of all the jobs on each machine whigedbnstraints imposed by the
process plans are satisfied. Scheduling links W groduction steps: prepare
processes and put them in action. Even though ¢hedsiling phase is not
included in this study, it has to be presented b&egplanning and scheduling
share a strong relationship (input/output and ddeep feedback control) and
their integration is an important matter of concamd a challenge in both
research and applications.

g. Scheduling systems

Scheduling, downstream the planning, at the opmratilevel must be carried
out the issues of allocations of the labour, thetrab of the physical flow in the
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short term (from hour to one day). Here one mustiedihe operations and most
of all, supply the right quantity, at the right gnto fulfil the objectives imposed
by the production plan guided by the S&OP and fnolag the MPS. This level
of control enables the flexibility to react on-timmecording the assigned targets
upstream. Under these general assumptions everydipdy thereby they admit
the need of having:

- The workload crossing each work station
- The planning of the shifts
- The capacity of each work station

It must always respect the decisions committechentlanning process and the
service rate required for the customers. Eithessthegegic level or the tactic one
receives an overwhelming acceptance of the compamierations management,
however the operational level has mutated a lot twe years and evolves still
now, it divides the people as well in terms of phdphy as in terms of used
tools. That is what we will try to discuss beneath.

Until the 60s, most of the researches focused am thooptimize problems on
several functional areas, working on algorithmsgragate capacity planning,
inventory control, etc. But these studies remaifedhal and never linked to
practical cases. In the early 60s while the computgpeared, it quickly
provided a relevant answer to operational probleansnstance the problem of
the production contrdf® unfolded in J. Orlicky. Then one was developed the
MRP and step by step the computers had taken erlptgce to treat databases
bigger and bigger and to solve problems more ance momplex. Nowadays,
the increase of computer power affords a higherede@f integration of the
production problems.

h. Production Planning and integration to producti on scheduling

MRP system is the most spread in the industrigts History is considered over
the decades, one figure out that it grew up to mmeca “Fully integrated,
interactive, real time system capable of multigitebal application®. This
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growth was guided by two main reasons. The firsthis change of doing
business in Manufacturing from the early 80’'s te tlate 90's companies
switched smoothly from a build-to-stock to builddgader, with significant

consequences. Within their book Chase, Aquilanda&obs pointed out some
underlying issues of the build-to-stok:

“The weak links in the model of build-to-stockimsventory management and
this can be traced to even weaker link, reliananugales forecast.”

In other word there is a breakage between thesSald the Operations, a lack
of communication between them. Obviously, the issokoperations such as
procurements of parts, production and shippinghef groducts are inherent to
MRP approach and therefore they remain true indeiodorder. The second
reason that can be seen as a consequence ofsthentris the change in the way
of managing the operations that shifted progressivem a push method, to a
pull approach. It gave birth to hybrid system, dowgp MRP with JIT Kanban
system where the MRP and its planning capabiligyfad by the response of the
Kanban system. It was so-called flow managemerit svitiew to illustrating the
improvement in terms of smoothness of the prodactiace, and shrinkage of
the buffers (work-in-progress).

In traditional approaches, the planning and theedgling are conducted

successively; once the planning process is genktiadescheduling phase can be
performed. However, those two steps methods haveope with several

obstacles which lead not the optimal solution bwutone of the realistic

solutions, with the results of lowering the improments on productivity,

responsiveness of the operations system and célusddllowing that could be

called structures synchronization weaknesses aslajm@d for instance by

Kumar & Rajotia®® or Génin, Lamouri, & Thomd&”:

- Capacity Requirements synchronization: In many sapeoduction
planning with integrated scheduling such as the MRMplanning.
Assuming the example of the MRP II, it reachedimbsts while it plans at
infinite capacity going further on the jobs scheagl assuming their
limited capacity. The weaknesses frequently poirdetion MRP Il are
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the assumption of having an unlimited capacity.tTlbads to make the
system iterate many times until it reaches a féagtan. The proposed
solution will not be the optimal one but only areeutable one.

Vertical integration and plans synchronization: TM&P Il opponents
criticized its time precision and its frequencyrémenerate a plan that is
not in accordance with the reactivity of the actneéds. Because of the
time delay between the planning phase and the &wacwne, the
constraints assumed during the first stage (planhavel) may have
greatly changed and moreover make the plan no feaseble. The non-
synchronization could occur at each level; foranse between the S&OP
and the MPS due to the disaggregation of the voltmeroduce (in
S&OP) converted to objectives by references (in Mnerally a lack
of coordination in planning processes or betweenpglanning and the
scheduling can drive to opposite decisions. Theictazould suggest
reducing the manufacturing processes costs, whike production
increases the capacity at high costs to insuregh $ervice rate for the
customers.

Horizontal integration and plans coordination: Thpeint becomes
nowadays significant because the company dealsamttmplex network
of suppliers. Actually in the MRP Il the computatsoare performed from
downstream to upstream they provide a realistio fiia each entities but
often not optimized or even unfeasible consideting overall supply
chain due to the lack of coherence between thesplan

Rigidity of the computing algorithm: One of the rhascurrent critics
pronounced against the system MRP Il is to assuma¢ dperations
processes have fixed features and is stable ovengaperiod of time.
Then, the system designers have defined a sequealgarithm based on
specific criteria such as the order value, the dwey whatever the market
or the clients (these rules of priority may diffebherefore the MRP I
operates like a black box, providing a solution mauf choices not
expressively expected from operations plannersaddition, the real
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production environment is best represented by densig more than one
criterion simultaneously.

Obviously the constant improvement of the comptgeds to overcome these
problems improving the manufacturing efficiency tducing the horizontal

and vertical conflicts with the results of reducithg throughput time, the work-
in-progress and in the same time improving thezatilon of the machines and
enhancing the flexibility to the disturbances. But the other hand the recent
trend is a high level of customization and divacsifion of the products; this

imposes to the companies to share on the samedewesal references and led
them to manage multi-product facilities with a cdexp process networks,

setting and changeover times and costs, etc. Tdrerdfiese iterative methods
have to cope with a broader flexibility which agar multi degree of freedom

system. Thus they must iterate an important nundfetimes to seek out

possible (and not optimized) planning and schedypians.

I. Integrated Process of Planning and Scheduling

The recent researches related to Computer Intebfdi@nufacturing System
attempted to carry out both the planning and tiedgling process in a tighter
way and no more sequentially to supply better smigt and it is so called
Integrated Process of Planning and Scheduling (IPA®Illowing this
philosophy 3 different sorts of models were addrdss

- The Non Linear Process Planning NLPP), its methodology consists in
providing many alternative plans for each job vdthank according to the
process planning optimization criterion. The firahked is the optimal
one and its associated scheduling is ready bieifcurrent status of the
job floor does not match its conditions it is laftd, the second one (that
must be submitted to the scheduling) is provided so one... Many
researches are involved in this methodology andeldpvmethods to
generate many possible and feasible plans. Howeverecent study
showed that even if a large number of plans aredatany to provide a
robust solution over to eventual status of the dtay, in the meanwhile
after a given level of alternative plans, the baseff this strategy lower.
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- The Closed loop Process Plannin@CLPP) is strongly related to the shop
floor activities because it leans it dynamically imgans of a feedback
mechanism. So, every plan is realistic and resgbetsurrent availability
of production facilities. This dynamic simulatiopstgem can enhance the
real-time, intuition and manipulability of proceglnning system and it
also can enhance the utilization of alternativecpss plans. The main
drawback is to have first production lines fully nitored.

- The Distributed Process Planning[DPP), its methodology is to perform
simultaneously both the planning and the schedukit a hierarchical
approach. It divides the process planning and timeduling tasks into
two phases. The first one is the planning phasenvitne features and the
links of the different parts of the final item d@eken account. The process
resources are evaluated in the same time. The dgdwse is the detailed
one when the plans must fit with the current stdtéhe shop floor. One
finally gets simultaneously both the planning am@ tscheduling in
accordance between them and most of all with tbdymtion line.

Nowadays, one of the most promising ways of gemgydeasible plans is to
work with genetic algorithms. This mathematicalltsanspired from the nature
where only the most adapted and strongest elemrenmiain and the others
disappear.

J. Just-in-Time

Just-in-Time (JIT) is the Toyota Production systamd it was founded to

provide the right parts needed by the assemblydine time it is needed and
in a limited quantity to achieve the absolute etiation of all forms of waste,

the whole theory is expanded by T. OhHd. JIT stand up for the “zero
concept” which means the achievements of the gotlgero defects, zero
gueues, zero inventories, zero breakdowns, etc. Wwhele management
philosophy of JIT will not be developed in detadrl, but the focus of interest
will be the Kanban system which gives a controtieechanism to the shop floor
activities by means of pull logic. This choice isinly because nowadays few
companies used the JIT philosophy but instead thesk with an integrated
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MRP/JIT system trying to fruit the benefits of baystems as one will present
later. The main reasons of not implementing it alaould be:

- The cultural differences between Japanese and Wesiepanies
- The geographical dispersion of the suppliers
- The differences in management approaches

Kanban description

In a pull system, the product moves from one watksh to another one only if
the job is pulled, and no more pushed, by the sstee workstation. The
Kanban controlled production system aims at mitigathe waste and tackles
the Work in Progress and Work ion Progress isstiedave the control of the
flow of the parts throughout the production lineg so-called Kanban cards are
used. The Kanban Card system can be executed imiffepent ways; with a
“single-card” system or a “two-card” system. Actyakanban is a plastic card
on which all the information needed to produceph# is available. Kanban is
related to a given storable quantity of parts, whies buffer capacity at the
workstation is filled, no further storage is po$siblhus the workstation cannot
release any more pieces and stops processinghaivee as if each workstation
has its own suppliers (the job upstream) and custem(the station
downstream). This system clearly controls and 8mihe WIP and the
inventories. In order to process in proper and toot risky way, an adapted
number of Kanban must be estimated, a too smaktguacf Kanban lead to
store out while a too large one drives to exceséiVé, inventories, etc.

KZD[LBH?G

Where:
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K: number of Kanban

D: Demand per unit time

L: Lead time

C: container capacity

a. Safety coefficient (usually between 5-10%)

The Kanban card also permits to lean the produatiothe components and it
has the relevant advantage to provide accuraternnaoon in terms of
performance of the process for the pieces assdc{atmtrolled) to the Kanban
card.

Many testimonials of companies showed that lowerthg WIP quantities

contributed to improve production efficiency andabty, and therefore to

reduce the overall costs of production. Practicallyenables to smooth the
production process, push the designers to starmatbth their items as their
jobs, etc. Its biggest challenge remains to adophidosophy of continuous

improvements and Total Quality ManagemEHtwhere either the managers or
the operators must collaborate to together find #uequate solutions of
improvements. However it proved its limits two véhid pull-type system is

applied on a case of medium large demand variaioce the storage level of
the semi-finished is short, actually Kanban copthvai demand variation until

10%.

k. Integrated MRP/JIT systems

Actually this is a relatively new trend to combiWeRP with JIT since during a
long period of time; people thought that MRP wdatesl to push method while
JIT was linked with the Pull method. As JIT and MRRn their singular
advantages and drawbacks, using a hybrid apprdeisaaking advantages of
both to achieve better performance. Moreover mamgiass confirmed that those
latter are effectively compatible in a global systevhere MRP must be
considered a framework that can upgrade the Jli@dymtton more efficiently.
Several factors drove the companies to choosesttigion:
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- The accumulated operating problems of adopting dilynanagement

- The better understanding of the researchers andpaoies of the
compatibility of these two approaches

- The MRP flexibility on the long term capacity plang and the JIT agility
in daily production control

On the early literature dedicated to this topic,cklan & Kim *? have
distinguished two different types of hybrid pusiHtdiMRP-JIT) systems and
they categorized them into vertically and horizigtemtegrated systems.

The first one is based on two levels system, aneumgme working from a
pushed production ordering system and a lower leviech is a pull-type
production system. The MRP is applied for productmd operations planning
while the JIT is used at the level of the shop ffltmocontrol the execution. Some
features and disturbances, such as the effectab,seariation in the processing
time, the breakdowns of a machine, and their inpactist be known to set
under what condition it is appropriate to phasa iHT into an MRP. Thanks to
this approach the stocks keep a low level and ehetivity of the production to
the customer demands remain fast enough.

The horizontally push-type hybrid method proposeitegrate push elements
at the beginning of the assembly line while the ehthe line would be led by
pull-type approach. In the shop floor this approestld be translated in a series
of pure push-type workstations upstream and, dawast a set of pull-type
stations. The work orders (based on forecast) @eased at fixed frequencies
(monthly) and the first workstations work in congegce, they would feed a
safety stock at level of semi-finished products itilwould fill at maximum
level. The push-type workstation would not proceskess the stock level goes
below a threshold. From the other side, a custsnerder triggers the
processing at the pull-type workstations. After gt workstation, the items are
stored. Once a finished product fulfils the customdemand, it frees a Kanban
generating a replenishment order of the finisheddpet storage at the last
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workstation, and so one. Its advantages are a tieducf the inventory costs
and late costs and it enables to keep offeringyh level of customer service.

4.2 Key performance indicators and follow-up

The wordperformancehas a broad sense, however it could be brieflijnddfas
“The act of performing; the carrying into executioor action; execution;
achievement; accomplishment; representation bymcts, the performance of
an undertaking of a duty?!. The definition points out that the performance is
articulated around an “execution” and an “underigki in other words the
performance shows how an action contributes to digy initially targeted.
Then, the underlying issue is the definition of ttecept of “goal” that will
provide the objective while the way to reach itlwitaw the guideline of the
performance. The previous statements help on stingt the first part of this
section dedicated to performance key parametevdll Itleal with the definition
of company’s goal, the relationship between the gamy’s goal and its features
to finally pull out a selection of relevant perfance indicators. Afterward the
second section will focus on the performance follggv and how to use
performances.

a. Performance key parameters

Once M. Porter has purported “The thing is, contynaf strategic direction and
continuous improvement in how you do things areohltely consistent with
each other. In fact, they're mutually reinforcinffowadays with the modern
measurement systems and software, everything cacdugred and monitored
so as to track performed actions. Despite thiseeadata measurement, an
excessive quantity of data leads to supply meaegsgdata and therefore, a
blurred insight. That is why it is important to pest a guideline, the strategy,
headed by the goal and developed in a set of camenis tracked by
performance indicators.

Definition of the goal
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The goal will be defined from a business standpdhm profit is targeted and
the business strategy will state decisions to oridifferentiation of the
company. “A strategy delineates a territory in whi@& company seeks to be
unique.” 1 This milestone is necessary to set the key pedaooa indicators
later, their definition will derive from it and tiewill be oriented toward this
target. Eliyahu M. Goldratt has illustrated the orance of this point while at
the beginning the protagonists argued about thimiteh of the productivity in
the following dialogue:

«Just tell me, what does it mean to be productjvePTo you personally what
does it mean? »

[...] On the far side, | am telling: «Well | guess fheans that | am
accomplishing something. »

«Accomplishing in terms of what? »

«In terms of goals» | say

[...] «My compliments», he says «When you are prodactyou are
accomplishing something in terms of your gdafh(p: 31-32, 2004)

The goal and its related strategy are the key pointhe enterprise would
perform and “In the absence of good performanceagament we can expect
confusion, wasted effort and resources, and offelarperformance. In the
extreme, poor performance management leads to iaejeomal failure.”Y As
for most of the company, their respective goal raerpward how to get money
(in a financial or non-financial way). Even thoughey share a common
purpose, they individuate one from another, inrtbefinition of the strategy.

The strategy

As the core of this thesis deals with a particklad of organizations, the focus
will be put on the firm having manufacturing actigs. In the section dedicated
to Operations management and planning over therdift horizons, the second
paragraph entitled “Operations strategy” argued ‘thhe operations play a role
in the business; it first must be understood angiits contribution to the
strategy, challenging the performance objectivéiiwever its purpose is not
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only limited to operations concerns and businesfopaance evokes 3 key
points to evaluate business performance:

- the profitability
- the growth
- the production competence

These later are developed beneath, to well-uraleistvhat the relationship
between the various strategic aspects is and hewei performance indicators
enable a proper monitoring of the firm’s abilities.

General assumptions

The paper K. Choe & al reminded the two fundametypés of competitive
advantageéls] that a manufacturing company could and ought tsymi the
cost leadership and the innovative differentiatibhese concepts developed by
Porter, are presented because they encompasscalote and choices made
later on, and especially the production competefdes so-called Porter’s
generic strategies matrix is presented here befmwall be commented further
on:
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Figure 12: Porter's Generic Strategies (adopted frm www.mindtools.com)

The business strategy can be oriented toward twdskpf strategy, when it
pursues the cost leadership, the company will saovemphasis to mitigating
significantly the cost, focusing on having an eéit production, using the scale
effect so as to achieve a sustainable advantagediag the costs whereas it
will put aside the innovation. At the opposite, Wwier the company leans on
Differentiation, it would strive for product innotrans, to manufacture a unique
item respecting the customer’s desires howeveb#uklash of this singularity
would be a higher price. Then there are two hybatkgories, the first one here
named “cost focus” corresponds much more to th@sdn in which does cope
with the decision making and has no strategy or few. The last
“differentiation” also called “Integration” desceb a company strategy prone to
differentiate its products while maintaining aceadpeé prices.

Profitability

C. Hills and G. Jones have stated the profitabivgs the key measure of the
company'’s financial performané?] as it captures the return that the company
gets on its investments. Applying a strategy leem®pany to do investments
and its profitability puts in evidence its ability take benefits of them.
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Growth

One talks about growth when the economy of the @mpexpands, in other
words the firm generates a significant positivehclisw, it corresponds to the
situation in which the amount of the intake ordisrsarger than the delivered
ones.

Production competence

Cleveland, Schroeder, & Anderson suggested theefiveen the manufacturing
structure and the business strategy of the it Although the survey was
mainly empirical, it has introduced the influendetlte production competence
on the business performance. The authors of “Ptamu€ompetence and Its
Impact on Business Performanc&® strove to highlight the degree of
consistence between the manufacturing structuraisides and business
strategy. The adequate choices of production pspgeeduct design enable to
mesh easily the business plan and reciprocallyggests a range of structural
manufacturing priorities. It matched the typolodytlee manufacturing structure
with the Porter’s generic strategies and showedtitiegent correlation between
them.



Pag82

High
Process )
Innovative Integrative
Process
Complexity
Non-Innovative Produgt
Innovative
Low
High
Low Product Complexity g
High
Cost Leadership Integration
Process Proc;s\-(lirlfolvative | TtYPEt!”
Complexity / ntegrative
Cost Innovative
Leadership No Strategy Differentiation
TYPE IV
L Non | i TYPE Il
ow on innovativt Produc-Innovative
Low High
Product Complexity/Innovative differentiation

Figure 13 Typology of Manufacturing Structure and Types ofFit Between Manufacturing
Structure and Business Strategy adopted from “ProductiorCompetence and Its Impact ot

. J13
Business Performance[ 1

Therefore the objectives of the business stratagybe converted in a set of key
performance indicators that monitor the performamicéhe production and they

allow to track the alignment between the manufactuoutput performance of

the company and its strategic expectations.

Sustainability

Until now the business performance were evaluaterding to its economy, the
concept of sustainability has popped up duringléise decade, and it has partly
changed the business performance prospects. Whaistsinability? At first
glance, one may limit the sustainability scope umlg to an environmental
concern born with the awareness of the global wagmActually, the concept of
sustainable development goes further; many peaple bxtended its definition
among which Geoff Lye has assessed how new forns®@él, environmental
and economic liability, they demand a new approdoh strategic risk
management. A system can be stated sustainablénhevhitte environmental,
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social and economic capitals are balanced witlaipldi project over a long term
(see Figure 14.)

Social-Environmental
Environmental Justice /
Natural Resources Stewardship
Locally & Globally

Environmental-Economic
Energy Efficiency
Subsidies / Incentives for
use of Natural Resources

Environmental
Matural Resource Use
Envirenmental Managemet
Poliution Prevention
(air. water, land, waste}

Sustainability

Economic-Social
Business Ethics
Fair Trade
Worker's Rights

Figure 14: the three spheres of Sustainability addpd from the 2002 University of
Michigan Sustainability Assessment

D. A. Koehler has pretended that the inclusion afadon ethical, social,
environmental and economic information into decisioaking processes is a
significant progression for an organisatiofl. Recently the companies figured
out that society acceptance pops up if they malstamable decisions, their
organisations would serve the interest of the emwrent and the society.
Throughout the two subsequent points one intendsdaix the social and
environmental dimensions and most of all they puévidence how nowadays
the strategy takes these issues into account.

Sustainability and environmental capital

During this decade, the issue of global warmingdrésen and the sustainability
has been booming. Therefore it is nowadays a 8burg competitive advantage
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for the companies. The environmentalist Paul Hawkbkas written
"Sustainability is about stabilizing the currentdligruptive relationship between
earth’s two most complex systems, human culture taedliving world.” [30]
(p.172). Being environmental-oriented is a stratedgcision that most of the
companies promotes, through a green policy, theetof norms such the 1ISO
14001, scrubbers, etc. The body of knowledge bheat#aling with the
relationship between environmental management amglnéss performance
proves the growing interests from both researchard the entrepreneurs
concerning this issue. The paper of S.X Zeng &tdnded to show the trade off
between the firms’ efforts on a cleaner productiand the competitive
advantages by means the structure equation méﬂblsThey assumed two
different types of involvement, the low-cost andgicost cleaner production
activities and the authors analysed the impactusiniess performance as well
as financial as non-financial. As Porter and Vam Dede, Molina-Azorin & al.
did previously, they concluded that the low-costpectively high-cost cleaner
production enable to provide business advantageoorfinancial performance
respectively on financial performandé”. Today the firms, shareholders,
investors are willing to make efforts to be greeniee following extract witness
this trend:

“Investors are also putting forward ideas of thewwn. On September T6a
group of 181 institutional investors, together esamting $13 trillion in assets
under management and including national, state@ag@ipension funds, called
on world leaders to agree stringent carbon cuttargets at the Copenhagen
meeting.”*" (p.76)

Sustainability and the social capital

The social system is the third pillar of the susahility and it comes in balance
with the environmental and the economic systems E8gure 14, here above).
Until now, this dimension has not been so much @eal but the pressure rises
from the governments, authorities and customers, domore significant

attention on social impact of corporations’ polgielhe social sustainability
also called corporate social responsibility is sbave a policy dictated by a
kind of auto-regulation whereby the firm providegs supports to law; it
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enhances its ethical approach and accepts to leel hy some internal and
external norms. It can be viewed as a business Imibd¢ encourages the
community growth, and voluntarily eliminating praets that harm the public
sphere, regardless of legality. According to thdureg the market of the
company the benefits can be different. Even if atiog to M.J Hutchins and
J.W Sutherland concluded that the linkages betvibesimess and the society are
not yet well-understand, they acknowledged that tmrporate social
responsibility (CSR) outlines the consistency tawtdre morals and the values
of the society””. Moreover they agreed in accordance with Carait tSocietal
expectations are in fact social responsibilitiesg @#hat the corporations must
assume a wide range of economic and social redubinss”. A duty tempered
by Maté Kriza (Director of the Hungarian Businessu@cil for Sustainable
Development) who has noticed that the companiesh maotivation was the
profits and the sustainable company stand up fersibcial investments as a
business opportunity”. The correlation between business performancetand
CSR is difficult to establish even though two béisetan be cited; regarding the
risk management where an enhanced culture of “diiagight-thing” helps on
mitigating the fatality number, incidents that abdlrive to a conspicuous event
widely reported. Then in the companies where ethagproach and social
vision, are considered the CSR plays a relevaset irodifferentiating the brand
of a firm. In any case, the corporation investirgtpf its strategy on the social
sustainability does not look for short-run finaaieturns® as remarked C.A
Adams and G.R Frost. The following example providbe evidence of
sustainable approach on business strategy basedocal and ecological-
oriented.

In 2005, two youths, Francois-Ghislain MorillioncaSébastien Kopp, decided
to create their own brand, on the really competitivarket of the trendy basket-
shoes, however they based their strategy on anvative approach
encompassing social and ecological initiatives es df differentiation. Beyond
the worthy objectives, this choice revealed to bddeaer business opportunity
too. The two young entrepreneurs advocated theviatlg philosophy while
introducing the Veja project:

“Action,
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And despite this green-fronted economy, let's tryoffer a different vision
which combines fair trade and ecology and linksetbgr economy, social
initiatives and the environment.

A vision that proposes cultural change.”

In fact, their action strives for mitigate the oanb footprint of their
manufacturing activities and they attempt to useldgical and ecological
materials, at maximum, coming from fair trade anteve the social rights are
respected. Actually, they have met an overwhelmsugcess that proves
sustainability could be a liable pathway to a sastid business.

b. Key performance indicators

M.M Ahmad and N. Dhafr have defined the key perfante indicators (KPI)
as a “Number or value that can be compared witbrmatl or external target
Benchmarking to give an indication of performan@é”Obviously this range of
indicators must be selected according to the mrafilthe company, the targeted
strategy but it matters that these acquirementsmipeto evaluate the
performance of the company relatively to its oppaaecompeting on its area
(market). Then, the chosen indicators must be gp@@ and one makes sure
that there is a balance between each of them g0 psevent one dimension
performance from being stressed to the detrimethte@bthers. Another concern
would be the objectivity of the selection of KPIchese a biased choice would
distort the reality and could finally lead to notiapted decisions to the
situation. This part explores the 4 dimensions e strategy (profitability,
growth, production competence and sustainability)introduce the different
possible KPI that are advised to respect a givextegy. Moreover, a particular
attention is put on the manufacturing performanue its related KPI, as it is the
core of the thesis.

Production competence

The cornerstone of the production competence isothiput because the value
provided by a manufacturing company are the pradgomming out from the
bottom line. In addition the goods are considersdoatputs while they are
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invoiced, thus when they “Generate money throughes3d*® (p.60). The
objective is to remain consistent regarding togbal and also for the following
reasons, explained by G. Azzione and U. Beféte

The firm works mainly in function of its outputs,

- The competitiveness of the company can be onlyrgbdethroughout its
outputs,

- The economic analysis of financial flow of the canp and the
construction of the budget come from its outputs,

- The categorization of the company'’s activities #relidentification of the
market in which it competes are articulated byiifputs.

Then management team may take into account maramaders linked to the
output, one can randomly cite the productivity, theoughput, the inventory
levels, the work-in-progress, the flexibility, theilization, etc. Some of them
are general and fit with all strategies whereasesathers can be useful and
meaningful on specific purposes.

Thethroughputillustrates the pace of the bottom line from tipemtional point
of view while from the business standpoint it i ttate at which the system
delivers outputs through sales.

Theproductivityrepresents the overall efficiency of the produtsoce it is the
ratio between the output and the input, but the@ggh may vary according to
the meaning attached to the woildput and output So the definition of the
input could be “All the money that the system hagested in purchasing things
which it intends to sell**® (p.60) and the output would be the money through
invoiced sales. The main problem of the produgctias defined above, this is a
too general parameter that hides plenty of factach as the inventory level, the
WIP, the degree of utilization, etc.
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Consequently, it is recommended to limit its usehat bottleneck, because the
critical resource must be optimised, and it is albed Overall Equipment
EffectivenesgOEE). It describes how an asset is reliable &edability of this
latter to deliver the expected performance:

OEE = Product Rate x Quality rate x Availability
Assuming:

- Theproduct rateis ratio between the average rate at which thehinac
operates and a reference rate (usually the besveaideen achieved).

- The quality rate corresponds to the division between the amounts of
first-pass-yield products and the total amountsrofiuced items.

z First Pass Yield Piece
ZFirst Pass Yield Pieelez Non Conform Pi

Quality Rate =

- The availability is defined as the ratio between the effective wdrk
hours and the total available hours.

8760 - Total number of lost hou
8760

Availability =

Afterward one distinguishes the KPI useful for thecess innovative-Cost
leadership strategy and the ones advised to usedase of the product
innovative — Differentiation strategy. Their measuents are different because
the performance expectations vary and operatiogslesn works in totally
different way and thus their KPI have to be adapf@te process innovators
intend to produce in an optimized and efficient Wpasocess-focused), to do so;
these corporations are likely to have high capitsnsive process technologies.
According to K. Choe and at? this company profile must evaluate:
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- The standardization rate

- The number of different references for key parts

- The throughput

- The Work-in-Progress level

- The inventory level

- The OEE

Because all of these are key sources of cost neduand they intend to mitigate
the required operating working capital.

Instead, the product innovators cope with an irtgydr breadth of their

production line, nevertheless requiring less expensachines, its flow is often
non-linear, and the level of WIP inventory is rathegh. They focus on quality,

flexibility of the production and service rate, tefre the KPIs ought to

illustrate the complexity of the mix of product ning over the lines on one
side, and assess the customer satisfaction. Thdgmiors give a pattern of the
ongoing performances and can often be publishely. claweekly.

The service rateindicates the ability to response on-time and ablyeto the
customer and it is defined as:

_Quantity of right orders delivered onrte
Total quantity of due orders

Service Rate

The overall quality can be checked at the bottara (thequality rate defined
above) but also over the life cycle of the gootignks to thdeedback of the
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customers(by opinion-polls, product returns, etc). Going rmaon details, the

scrap rateon the machines depicts the critical machines feogualitative point

of view. To respect the highest clients’ standapisyiding a reliable product
can generate high expenses if the quality is ndepethe first time, therefore
the product innovators must monitor thest Pass Yieldit means that the piece
must be good the first time.

The flexibility is difficult a feature to evaluatnd the way of performing may
vary from one company to another. Two were mentioseveral in the body of
knowledge; thenumber of ongoing Bill-Of-Materialsand the lead time
variability. The first helps on having an idea of the breaaftithe production
line whereas the second indicates the level oflmearity of the production.

Besides, another group of KPIs updated at a loveguency intends to measure
the emphasis of the production competence on tseéss strategy. K. Choe
and al.™® have underlined some less dynamic key indicatoch ss the firm's
R&D performance, product-market innovation, produstovation frequency,
innovation orientation and competitive aggressigsndhese parameters cannot
be estimated easily and they mainly come undertbeadk of the opponents
and the markets.
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5.Planning section

5.1 The situation

a. External issues

As it was described before the portfolio of produotfered by RPV is rather
broad and it tends to be still enlarged. This m&policy aims at fitting with
the market needs and mutations in this period epd#anges and it has to cope
with new less stable environment.

In general the globalization and the recent finan¢and industrial) crisis
slashed the customer’s investment, most of allh#nged or accelerated the
client’'s way of purchasing and investing. They twantil the last moment to
confirm their orders so as to enhance the competitdesides, the market can
be split into two distinct entities the western ctoies where the demand is
mainly to renew or upgrade old bushings and thergimg economy that invest
a lot on brand new power plant infrastructure. Til& one requires a custom-
made product fitting with former technical and gerical features where the
ordered amount of pieces is limited while the secogpresents larger orders
gathering a complete set of bushing for the difiespplications.

Nowadays, RPV is competing with many competitomning even from low

cost countries since the know-how formerly owns feyw companies now

spreads. Actually, the smallest condenser bushimgsvhich standardization
can be done and where the engineering phase tedirare no more produced in
large quantity in Europe. Instead this productioerges toward low cost
countries such as India and China.

In parallel the RPV products mix is about to beesiied. The ERBP products
will be partially substituted by the RIP soon witio deals:
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- The level sales plan for the “Small Carta Olio” glib shrink
progressively

- The RIP products will be introduced gradually

From an operations point of view these 4 eventsachignificantly on the
backlog, the deterministic horizon for most of faenilies is mitigated by the
late decisions of the customers. Then, the forepeehmade of forecast and
pending offers is blurred by the absence of simsliémations in background.
Thus the formulated objectives cannot be very «best and operations
decisions cannot base its analysis only on this.d@ne imposes to the
operations to be reactive and really flexible.

So in short term this leads to a shrink of marketestments but beyond the
customers has changbdhaviours.

b. Internal issues

A further analysis will not be detailed in this dyubut this brief description of
the present situation allows for well-understandihg position of RPV in its
context. The company focus is to propose a techproaluct with a high degree
of customization and therefore where the enginepeetihas a relevant role in
terms of added value. RPV does not work in masdymtion but Engineer-to-
order production where the products are processed hybrid way between
mass and batch process. However until now, a quigortant part of its
activities (in terms of quantity) is provided byede small bushings. Only the
UHV bushings are indeed processed in batches. angcylar design of the
operations leads to several issues:

- Broad portfolio of products
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- Higher variability of the customer demands

- Operations process includes engineering phase

- Engineering capacity must be considered as it tpesof the process

- High variability of the overall lead time within éhitems running on the
production lines

Typically, the first and second points drive toddane issues, to more complex
procurement management and further to critical Bupghain one. RPV
production has to manage a high variability of tdwverall lead time within the
items running on the production lines. On the othemd more specific bill-of-
materials, operator skills, accuracy, availabibiyd reliability of the resources
will be critical points that have to be handledftter high quality of services to
the customers (reliability of the products, serviag and so on).

c. A complex planning strategy

One of the first challenges the operations managéemél have to face with
should be the planning phase. The choices andidesisre constrained by
many factors. As it was described in the sectiditled “planning systems”, the
challenge of the planning managers will be to seebkptimal solution, to find a
balance between the various requirements and wnfely, it is often
impossible to totally satisfy each “customers”loé bperations planning.
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Figure 15: Input and output of the operations plaming and the production activities

d. Tactic planning “assets”

Before further development about the aim of therimship, one will briefly
describe what has already been done on both taletins: Sales and Operations
Planning (S&OP) and Master Production Schedule (MPS

Sales & Operations planning

It was developed more than a year ago by J. Pigdisthe approach was global
and aimed at proposing both a tool and a cleamdbrprocess. Practically,
S&OP llustrates for each aggregate family (Smadirt€ Olio, Small Carta
Resina, PABS, and Big Carta Olio) the graphics matr load and capacity
over a period of one year (13 months). The loadia (ot and foreseen) are fed
by the Marketing and Sales Department and are isplit4 categories: the firm
orders (backlog) and the forthcoming ones in wihiare are the Pending Offers
A (Probability higher than 50%), the Pending Off&rgProbability lower than
50%), and the Rolling Forecast (corresponding ttes with verbal agreements
and not yet contractual). The capacities were asseafter the identification
and the clear understanding of the bottleneckthdfbottleneck to process the
Small Carta Olio, Small Carta Resina were clearigwin and given by the oven
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that impose a production level at 108 equivalerdcg@s a week. Instead,
regarding to the bottleneck identification for tBg Carta Olio, this requires a
more accurate analysis. As it is discussed onebgah entitled “Process”, it is
a “dynamic” one, according to the position of thel\Ubatches and the mix of
high voltage PABS, the capacity levels of the werker may change along
high voltage line and therefore make shift thelbotck from one workcenter to
another level with a change of lowest capacity.idiEs the capacity can be
modified monthly and takes into account the avditgbof the resources

(machines, test rooms, etc), the number of workitss etc.

As for the S&OP process, it occurs in two steppreemeeting S&OP and the
meeting it-self. During the first one E. Falcorn® Marketing & Sales manager
meets Charles Lanthier, the Operations managertagether, they share their
insights about the situations depicted on the shand they lay down some
hypothesis based on market and shop floor stataesder to correctly manage
(and coordinate) the activities, in accordancenwdales and the operations for
the running year. This meeting finishes with acfdtypothesis to submit during
the S&OP meeting. Few after, the general S&OP mgeis carried out, it
gathers the management team (Human Resources,ySGppin, Production,
Operations, Marketing and Sales, Quality and Fiearazound the UMD, Z.
Benhammou. This meeting starts with a brief revedwthe previous decisions
and commitments and their achievements. Then, therations manager
presents every chart of the S&OP families, the Hypiic actions suggested at
the time of the pre-meeting and all together thgyea for the most adapted
decisions to take. A "Minute-of-Meeting"” is lateritien so as to provide a
contractual form; it outlines the decisions and natments of each protagonist
and it will be further used as a checked list dyrthe meeting of the next
month.

From this existing tool, one can highlight many adtages among which it
enables to:

- Well-understand which the bottlenecks are.

- Figure out how the mixes of products impact ongreeluction capacities.
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- Provide a clear medium-long term prospects of tR&¥ Rctivities.

Then in the meeting the focus was on the long téamd not on the first
incoming months, MPS window) that testifies itsggpuse. In spite of the good
and reliable base of work built, some drawbackstrhasinderlined such as:

The lack of Production Plan

- The lack of Sales Plan

- A lack of consistency in the forthcoming orders €dio the previous
point)

- The Engineering capacity is not taken into account

- No agglomerated vision linked the foreseen turndeeconsolidate the
budget plan (so-called flexibility plan)

In a nutshell, S&OP was correctly executed andételp take decisions but the
planning purpose had to be enhanced and createnexrgyy amid the tactic

planning (S&OP and MPS). Until now the S&OP was teamles-oriented

whereas it must drive the production planning sihceits first milestone.

Mater Production Schedule

It was designed independently from S&OP by F. Vigas tool takes into
account only the backlog over a time window of 18eks for low voltage line
and 25 weeks for the high voltage one. The appramclifferent; whether the
S&OP thinks with the contractual dates; even thocgventionally the MPS to
match it with the S&OP one is expressed as theodymteduction date, it had
been decided for tool MPS to consider the assemidguction date. Actually
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the planning was done directly reading the backigl implementing an
assembling date manually.

As for Small Carta Olio produced on low voltageelintheir bottleneck is
treatment workcenter composed of 2 ovens (F1 andh& together offer an
overall weekly capacity of 108 equivalent piecés (©IP bushings stay inside 5
days), eventually if it is really necessary thipaeity can increase by the use of
the autoclaves. Therefore the capacities of thehmas composing the other
workcenters are set at the same level to avoia digh work-in-progress. The
Small Carta Resina family suffers from a high scrafe, so it was decided to
pass through the bottlenecks constraints what lysuapose the maximum
capacity (here it is around 100 equivalent), toirdefa lower level of 70
equivalent pieces in order not to put into jeopafatywhole the production line.

On MPS the aggregation rate of the product famiiesst be lower in order to
be more precise comparing with S&OP, here are asdubd® families on the
high voltage line, 20 on low voltage one in whickegs items have a
comparable lead time and close procurement needs.gdt a reliable

comparison between the different aggregate MPSlilssrand a common unit of
measurement, the takt-time assesses by a refeitentevas 20 minutes. Then
all references are expressed regarding to thismecmalizing by the takt-time
(hence one gets the time of any item as a percemfgur reference one).

Conventionally the MPS is expressed by the endrofipction date, in the
studied case the MPS decision is made at the asisgmorkcenters for several
reasons. Even though the Small Carta Olio and S@mita Resina items are
processed both on low voltage line, their varioteyes and used resources
belong to the same workcenters but they often uereht machines (for
instance on the winding and in the ovens) and tbexe they merged in
assembling (details presented further in the “Ciypanalysis and bottleneck
identification” part in the section dedicated tae tHow voltage line”), then
further in the test rooms and downstream (finishamgl packing). The main
reason why they phased the MPS with the beginnfrassembling dates is
because at the level of the assembling workcehterlgével of differentiation
from one item to another is lower (with respectte other workcenters where
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merge the different products). Then, from an acoumoint of view, it is more

relevant and precise to commit on ongoing productdate such as the
assembling date instead of estimating it “matheradlyi” from the end-of-

production date. In the meanwhile many disturbarcmegd occur and enlarge
the throughput time between these two stages.

As it can be read, the planning tools exists ydtbdmih S&OP and MPS, tool
and process must be enhanced, and updated in aoceravith the mutations
inside and outside the company as described hereealRegarding the MPS,
the main concerns would be to improve its “commatan” with S&OP, to

consolidate the role of SIGIP as only informatioourse. Then, one will
introduce the changes made on S&OP and will inttedthe tool MPS
suggested. With a view to justifying the selectdmwices and the followed
orientation on S&OP and then MPS this part willristevith a paragraph
dedicated to a load/capacity analysis since thisas<ore of the deal.

Several advantages can be extracted from this tool

A clear identification of the bottleneck and iteitéering capacity level

A precise estimation of the actual capacity on pkenned workcenter
(assembling)

A manual monitoring of the planned dates

A planning by order

However some drawbacks impose to update this tool:

- An absence of link between S&OP and MPS

- An absence of high voltage line
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- Alack of information supplied by SIGIP
- Allow accuracy of the estimated workload
- Alack of a clear MPS process

The disadvantages spelt here above and espe@glyding the S&OP and the
MPS process impose to renew the MPS tool basedhenpobsitive points
presented to enhance the reliability of the plagrnamd the reasoning of the
production planners.

5.2 Sales and Operations planning

Only few changes were applied on the Sales anddfipes Planning, and this
iIS more an upgrade to correct the weaknesses peesérere above than a
redefinition of the tool. The first objective was ¢learly separate the sales part
to the production in their representations in orgewell-understand if they are
aligned one to the other or not. Actually they hawgebe split so as to be
confronted on the S&OP, its aim is not to proposewsgh cut capacity planning
(RCCP) but much more to put in phase the salestlamaperations toward a
common outline. The sales’ vision is expressedointractual date whereas the
operations think in terms of the end-of-productotate, in the best case these
later are related to the number of days defined thg INCOTERM.
Unfortunately, both are not often synchronizeddi@nty of reasons:

- The overdue of the production generates the brealafgthis link
because the end-of-production date exceeds theactur! date.

- The production works at finite capacity (even imay fluctuate) while
the intake orders level depend on the market ddmarhich may lead
to an excessive demand compared with the firm’sciéyp In this case,
the operations need to anticipate part of the veardklto get a smoother
workflow.
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Rolling horizons of 13 months + 3 past months
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Figure 16: Representation of an S&OP chart for the Small Carta Olio” family

The chart provides an insight of the next 12 momts the ongoing on. The
histograms represent the actual and foreseen ordemtractual date while the
red and the green lines suggest respectively tles sad the production plans.
The core of the discussion was to introduce thecepnof production plan to
give some more information and to have a followthp performance of the
production at the MPS level. Nevertheless, thenittedn of a production plan

depends on the sales plan that was missing.

a. Definition of the sales and production plans

The sales plan drives the operations; the salesagearprovides an idea of the
level of the workload month by month to the product then he formulates and
commits on objectives. For each S&OP family, a lewd pieces is

communicated; it is important to precise “level méces” and not “level of
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equivalent pieces” because in high tension theeehgy difference between the
smallest bushing (245 kV) and the biggest (550 EM3hings of the “Big Carta
Olio” family. As introduced in header with the S&Of@amily the depicted
workload is meaningless. To do so, a mere tool dessgned to help the sales
persons on monitoring how they fill up the backédgrders in accordance with
their objectives.

C S&OP Family selection Product and quantity selection _L
Small Carta Olo [ 3MALL CARTA OLIO ‘|PC)BCI3-245I;V -smal G o [=] %‘

LEquivalent workload /- Sales Plan (frozen) o 137002013 i - _ _
v, Conversion in equivalerntieces|—
—>

7‘/7'?\ /’ Targeted Sales Plan fr 0]
/ \‘. b n ) ) \]::) rarirn eivaleatbe :

t t t
_/ 18 paz eq.

End of production month

EE® Invoiced orders Pending Offers Prob. > 50%=—=Production Plan
Bl Backlog I Pending Offers Prob. < 50%=—— Sales Plan
[ Rolling Forecast

Figure 17: Expected workload for the “Small Carta Qio” family adopted from the
S&OP for the sales persons

In short, this tool represented the workload “ttates” in equivalent pieces (of
S&OP) and converts into the equivalent quantity thaveighs in function of the
type of bushing, the range of tensions and the tifjyaidhe grey histograms
illustrate the frozen zone in which no order canabded, shifted or cancelled
unless the changes are agreed with UPR. This frarem has to be respected
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since in this short horizon corresponding to therall lead time of critical items

(purchasing plus manufacturing lead time) groupedhie represented family.
The obtained results were a more homogeneous ltagklh a steadier level.

Thanks to it, RPV starts to define production pland the steadier level of the
backlog enables to set some products mix rules.

The production plan will show how the operationanpto manage the backlog
all over the horizon. Actually it can be dividedarthree sections; the first one
regards the short term from the current monthttid second or the third one,
according to the manufacturing lead time of the $&f@amily, then the second
where the backlog is not totally filled up and newders could pop up, the last
contains foreseen orders in general. The produgilan on the short term is
built from the MPS, instead, for the second andthirel sections, the operations
manager defines it in agreement with the expectataf the sales a production
plan by which he attempts to respond to two diffier@nstraints, the capacity
and the workload supplied by the sales personshiatlevel of aggregation the
purpose is not to schedule accurately but to chethis workload could be
absorbed by the production respecting, in the medewa fair service rate. This
objective is to define a production level that tateust be respected by UPR
while its planning managers will define when thepect to produce the orders.
If it is not feasible they must give a feedback\ahaat S&OP level in order to
re-process the hypothesis. This job is the coroeest of the good
communication between the S&OP and the MPS andsitth be fulfilled either
by the operation manager and UPR.

Both plans are inserted manually, for each famhgreover, as for the “Big
Carta Olio” one, it is split into 3 sub-familiesrAb-Oil bushings with a tension
of 245kV, Air-to-Oil bushings greater than 245kMdamedium and high voltage
bushings Oil-to-Oil and Oil-to-SF6 technologies.eBvf it may be difficult for
the sales to assess how many bushings of theseasedpries they are going to
sell, it is necessary information to draw a reaiproduction plan. For instance
assuming a PNO 245kV equivalent to 45% of PNO 55@k\he level of the
autoclave (this ratio is obtained from their respecdiameter) but also they
have significant difference on their manufacturiegd times. On the MPS tools,
a spreadsheet called "Riepologo” provides the gabfethe production plans
based on the scheduled orders (See Figure 22.).
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b. Introduction of the past performance

S&OP supports the decision makings, providing usefiormation about the
viability and the needs of an investment. Noneteelthe future is depicted
throughout outlooks with a poor consistency. Itlddee hazardous to only focus
on the potential future performances to committ thavhy a feedback from the
3 last months could be helpful. It ought to suppbditional information to
define more realistic hypothesis for the futuresntations.

These past performances come from the list ofrtkeiced orders. This choice
is actually the only way found to represent thedpied quantity however an
analysis of the obtained results has revealed Bl@mos:

- In the database of the invoicing, the orders argressed in terms of
invoiced date. Therefore there is a breakage of lthke with the
contractual unless the orders were delivered oe-ttion-time” here
means not earlier, not later).

- The relationship between the invoiced date anctitkof-production date
is tricky since theoretically the invoiced date responds to the end-of-
production one on which is added the worked dayatee to the
INCOTERM. In case of cut-off the invoiced date &hio the next month
and graphically it seems that the order was exdooe month later.

Actually these drawbacks have a limited impact gwvihe time bucket of a
month as long as the cut-off is mastered. ThenSBOP targets a further
horizon and the short should not be considered.

c. Improvement of the Big Carta Olio charts

The monitoring of the capacity on the “High Voléddine is difficult when the
ongoing batch of UHV is processed outside the danes it creates a situation
of dynamic bottleneck explained in detailed furtloar (cf. 5.3.c High Voltage
Line). An analysis split into three charts was megd by J. Piediscalzi so as to
observe the capacity and the workload in windingautoclave and in test room
SPE. This kind of representation eases the peapiesrstanding but it prevents
the Sales and Operations managers to build a pdesand thus, production
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plan because they do not have a view in end-ofymtioh. In addition the sub-
family S&OP of the Oil-to-Oil bushing 245kV appeasd “weights” only in
winding and in the autoclaves because it has acdtstl test room, the
SP245kV. The idea was to introduce a fourth chamrearizing the situation
and to express it in end-of-production date whewth [5ales and Operations
could discuss, however the three charts remaitetrlg explain the decisions.

5.3 Master Production Schedule: tool and Process

a. general concerns

The MPS tool must help to make decisions in plagrand also to favour the

communication between the production and the s&egarding the planning,

the aim is to offer a picture of the load imposgdie planners matching it with

the actual capacity and answer to the question fAlvle to produce what | plan

to put on production that week?” As for the linkseen Operations and Sales
the late planned orders must be highlighted andsties should be informed of
the delay early enough to communicate in correcditmns to the customers

and provide a reliable rescheduled date to them.

MPS can be split into two parts where the first amaild be the MPS tool that
allows building a suggestion of possible planningiccordance to the technical
and operative constraints. But the commitment efglanners and more widely
of the production comes later after the second @haken the suggested
planning is submitted to the protagonists relatedhte process such as: the
department in charge of the procurements, the amwiging the bill-of-
materials, the sales department, etc. The promeds with the agreement and
the commitment of everybody around a common plapnin

Another goal, introduced previously, is to enhartbe role of the SIGIP
database, it means that the information have toectsom it and once they are
processed they turn back into the system, nevelPlS$Bould be by-passed. It is
the necessary condition of an updated and therefeliable database system.

So as to perform the planning suggestion, sevemalts must feed MPS. The
decision making cannot be done just only on engrofluction-date applying
systematically a first-in-first-out strategy and #ee planners must have an
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access to various other data such as the custah®eralue of the order, the
item, the key components composing it, etc.

- The backlog listing all the items due to producehwheir related data
(supplied by SIGIP),

- The manufacturing lead time so called throughpuitdéid by work orders
(given by SIGIP)

- The RPV calendar (providing the worked days) (SIGIP

- The planning of presence of the operators

- The production plan for the each S&OP family

- The availability of the BOM

- The key component of the BOM necessary to assetnblbushing

The main output formulated by the MPS will be ard-efi-production date
associated to each item composing the total otter;information drops down
in SIGIP by means of work orders. These data cannmpemented in two
different ways according to the situation. If thamfacturing of the bushings is
not already launched on production that means iffiereht work orders related
to it are not already frozen; in this case, it idyanecessary to modify the final
work order linked with the finished products, are tWO upstream will be
changed in consequence. If it is anticipated, proents must be checked to
avoid potential problem of stock out whereas pastponed the conflict will be
between the delivery date and the contract date. duerall structure of how
MPS interacts with SIGIP is represented beneath.
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Figure 18: MPS inputs and outputs

In the next parts of this sections would be pre=ghor the low tension line and
high tension one approach proposed by the tooh Bt have the same outline
in which will be explained the selected rolling tzon (the time bucket
remaining the week), a short charge capacity arsalgshighlight and assess the
criticality of the main workcenters then. Then haya clearer knowledge of the
interactions, and bottlenecks one can decide wisidlare) the criterion (a) to
build the planning to finally present how the MR®Itworks for both low and
high tension line work.

b- Low Voltage Line

Rolling horizon selection
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The rolling-horizon framework corresponds to thadiwindow in which the

planners must sequence the orders based on then giwatractual and

operational constraints. Its length must be cahefaklected and two main
criteria help in choosing it: the manufacturingdetame and the procurement
lead time. The longest overall lead time provideoagh idea of how wide

should be the rolling horizon at least.

- The longest manufacturing lead time regards thdoedil (POBO) and
oil-to-SF6 (PCTO) bushings: 4 weeks

- Among its parts, the longest procurement lead torecerns its porcelain:
8 weeks

The rolling horizon must cover a minimum periodiafe of 12 weeks; based on
this data the length of the rolling-horizon wasided at 13 weeks.

Capacity Analysis and bottleneck identification

This paragraph will not be an attempt of Rough capacity planning at the
various workcenters composing the shop floor butimmore a way to figure
out the point of concerns that led to the decisimasle on MPS and S&OP on
ISBT.

The Small Carta Resina and the Small Carta Oligesttze line ISBT where
along it even if the process steps are close, tleye in common only two
resources: the assembling and the SPI test roonthérest, they run along
separated resources, either for machines or forabps. The sketch tries to
represent the actual situation. On the other hdre{hroughput times vary not
only from one family to another but also from witlthe Small Carta Olio.
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Figure 19: Detail of the machines used to process products thfe 2 S&OP families
running on the low voltage line
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% Utilization
Winding 50 %
Assembling 100 %
Oven 100 %
100 %
Test room 70 %

Table 1: Detail of the capacity of the various workcentersxsting on the low voltage line
(Test room utilization assumes both SPI and SP245)

Why MPS is build in beginning of assembling date?

At first glance it appears curious to have chodem dssembling date as the
reference to build the MPS, and the following paagd will attempt to justify
this choice. To plan and further to level in anwaate and simple way it is
mandatory to consider a workstation that clustértha products-in-process on
the line. Another matter of concerns is the ratagdregation over the process
because the more the product will be differentiated harder the levelling will
be.

As described before, the low tension line gathers tamilies (technologies),
ERBP and OIP that have manufacturing processeitlslidifferent. Therefore
they use several resources as well as the workfmsabe machine, where they
do not meet, and they only merge during the prerabing, assembling and at
the end while the bushings are tested in SPI. Nahets the differentiation
level is much higher at the end of the process gjptes customization in
finishing), consequently the assembling (the pmeawling is included into)
seemed the most relevant choice to build the MP&id#gs, the assembling
requires to be executed while the two core compisnemmposing the bushings
are available: the wounded tube (insulating core) the cover (porcelain or
composite). Imposing when the planner decidesderable; he knows precisely
when these components will be required without &agk-scheduling (real
advantage to optimize the purchase of these elenent
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How it works?

UPR works with an extraction of the backlog thapides the current situation of
the items on production associated to their ordans, so these data must be
considered to eventually correct the planning sdate orders. While the
production is running, UPR chases all the itemprmcess and they update with
the useful information such as the problems of nel&e the validation of the
assembling, and some other notifications.

When the planner wants to work on the MPS plannivg proceeds in eight
stages:

1- Importation of the backlog with the updated ficditions
2- Control of the consistency of the data
3- Update of the planning of presence of the opesat

4- Re-scheduling of the tricky orders and confiioratof the others in the
frozen zone (5 weeks) from the assembling date.

5- Planning of the assembling dates of during et 8 weeks (from week 6 to
week 13)

6- Validation
7- Control of load/capacity in the table of synisegouped by MPS family

8- Control of the consistency between the plannettrs and the production
plan provided by the aggregate families S&OP

The importation is nearly fully automated duringe tbpening phase of the
spreadsheet, the BOM, throughput times are updéted between the winding

and the assembling, time between the assemblingtla@adest room, time

between the test room and the end-of-productioncgoté times of the winding

and assembling) whereas the importation is execomee the user clicks on a
push button entitled “Import”.
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Figure 20: Representation of the low voltage planning windowspreadsheet “Backlog”)

The control of the consistency of the data is cosgny in order to insure the
reliability of the outputs. The availability of thmain components of the BOM
(cover and wounded tubes) must be checked cardiattpuse whether they are
missing, the cycle times and the throughput timesnot be known and when

the planner wants to schedule their related itehes; induced load is null!

The presence, absence of the operators on hisnadsimgachine is a compulsory
task that must be fulfilled with the view to havitige correct estimation of the
capacity especially nowadays while UPR copes witthotighs. Moreover, to

fairly improve the flexibility on the winding worlknter most of the operator

switches from one machine to another.
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Figure 21: Representation of the planned workloadn assembling

Before planning the incoming pieces to produce plaeners must preliminarily

re-schedule the late articles having a delay becafigjuality problem, break
down of a machine, etc. Placing the former und&tes is important because if
they are not planned, one has overlaps and in fobrdsome workcenter the
pieces to process will unnecessarily stack. Mowvimgse orders could make
displace some others present in the horizon thabisa big deal till they are

inside the 10 weeks of the frozen zone. It prongptzroblem because in this
time window the production manager has not anydive® except to postpone,
and according to the shortness of the period theydeill not be catch up. All

the raw materials to manufacture the bushing asmadl available or on the way
to be, so it will induce unnecessary stocks. Thém, rolling horizon of 10

frozen weeks “wraps” every Friday another week (g/tihne pre MRP and the
MRP are triggered), the orders foreseen to be peatkin this period have to be
scheduled. In this section is only introduced thecpdure related to the tool but
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a set of meeting grants the consistency of thesdmstiand communicate the
situation of each order to the sales department.

The planning of the 8 other weeks is really impatt&irst the engineering will
check the availability and the thoroughness of B@M and the workcenter
where should be processed the parts (for examplentdchine to wind the tube
for the OIP, D2 or D5/D6). Then the procurement kgoon preventing any
stock out and so it insures the availability of gvearts and raw materials at the
needed moment.

Clicking on the button “Control”, the tool sends tioe summarized insight
where orders are aggregated and sorted by MPSyfawtilile the load matches
the capacity (See Figure 21.). On the left, a col@vidences the late assembled
pieces; in phase of validation it must be emptyghRibelow the table, a row
represents the planned to be assembled late iEmastable under the main one
depicts how the theoretical load at the varioushimas performing the winding
is. The winding works by Kanban system; so thidetathould be only used to
check the thoroughness between the needs in woutudbes induced by the
planning of the assembling, the quantity of Kanbards and the stock in RAV.

The target of this tool is to progressively untibe link between the backlog
and the production, and enhance the role of stpadguction plan, so after a
first iteration the planner has to check how caesisis the load of the items
planned to be produced with the production planresged by S&OP. The

S&OP family “Small Carta Olio” production plan ail20 equivalent pieces a
month, and assuming for instance 22 worked daylyy dne gets the run rate of
9 equivalent pieces per day. This figure must agvek the load of the OIP

planned to be produced on the low voltage line. Bpeeadsheet untitled
“Riassunto” offers this vision depicting the MPSeand-of-production matching

the load and the S&OP production plan, spreadstdRBP, RIP and OIP are

separated since each of them has its own produptaon (See Figure 22.). The
planned late orders are also represented; it méabshe production team has a
foreseen of the service rate that can be challerm®dl it completes the

information given by the current service rate ($formance section). This
picture can be relevant tool of discussion with¢bemmercial.
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Figure 22: End of production representation analyzig the late orders and the alignment
S&OP/MPS

c- High voltage line

The bushings manufactured on this line are techpickbse one to each other
but they suffer from a huge disparity in their letaghe. In addition another
family runs onto, the batches of Ultra High Voltagkich effects will be shown
in the second paragraph of this part. These elsndnve to manage the
planning on this line in a different way with resp# the low tension line.

Rolling horizon selection

Similarly to the low voltage line, the overall leiche, summing up the longest
procurement lead time and the longest manufactuead time, one estimates
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how large should be the time window covered by MP& references coming
from really specific customers’ requests were a@eh into account in order to
have a reasonable width on the analyzed horizore e UHV bushings are
put aside because they are managed as project.mbsé critical (longest)

overall lead time of the bushings processed orhigle voltage line is the PNO
550kV.

- The porcelain needs 14 weeks to be stored in RP\éwhs ordered and
purchased.

- The longest manufacturing lasts 10 weeks

These two lead times must not be summed directhbepause there is an
overlap between them. Actually the porcelain mustckeaned and cemented
some days before the assembling (occurring 31 cdiexr the launch on

production) that means the effective manufactutead time to assume is 6
weeks. The MPS horizon of time should be more @@&nveeks and it actually

covers 25 weeks. The length of the period credteptoblem of the density of
the backlog and the foreseen orders should be atliisdshould be followed in

the future to enhance the reliability of the MPS.

Capacity Analysis and bottleneck identification

Both UHV and Big Carta Olio share the high voltdige, and the UHV batches
prompts significant variation of the workload. Fomsly the purpose of the
load/capacity analysis was to put in evidence thétldneck and therefore the
throughput of the line while here, it will to attptto highlight and quantify the
impacts of the UHV over the process. This situati@arly depicted will enable
a better understanding of the bottleneck.

The graphic beneath tries to show what the shassdurces between the two
families are:

- the plotter cutting the aluminium screens
- the operators and machine to cement the porcelain
- the operators and machine to glue

- the operators and machine to check the glue quality
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- the operators in charge of assembling
- the test room SPE

Then, owing to the size of an UHV bushing, it iserabled by the operators
usually performing this job but in the test roomESFhe autoclave dedicated to
dry the core of the bushing is located in SPE d Wius, during the period of
loading, unloading of the autoclave, the assembling finishing and packing
the test activities are all stopped for safety eaagno one can be on the testing
while tests are performed) but it can run normahge the autoclave is filled.

As for the winding of an UHV bushing, even if itperformed on M9 that have
its own team, it affects the activities on D5 and.Ots winding needs

simultaneously two rolls of paper that must be ipriarily warmed up on D5

or D6 (according to the model 800 kV and 1100 ké¥r® set of rolls of paper

must be used). Moreover an 1100 kV insulator rexgua “filler” so as to reduce
the amount of oil in the bushing, it is made on @5D6 and the used roll of
paper is heated on D5/D6. Finally once a condensez is ended, operators
from the other machines (again D5/D6) help to biingut. The loads induced
by all these activities are summarized on the thble below.
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Big OIP UHV OIP

Alu cutting

Winding: D5/D6

Winding: M9

Autoclave/Oven
(I < 8000mm)

Autoclave SPE
(I>8000mm)

Cementing

Gluing

Glue testing

Assembling

Impregnation

Tests K 245kV

Tests - 245kV

Finishing

Packing

! | !

Figure 23: Detail of the machines used to process products thfe 2 S&OP families
running on the high voltage line
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Workcenter| %Utilization
Winding D5/D6 43%
Assembling| ISBT 100%
Oven F3 100%
A7 100%
A8 100%
Autoclave | A12 100%
A5 100%
A6 100%
SP245 variable
Test room | SPE 40 %

Table 2: Detail of the capacity in the different wokcenters of the high voltage line

Regarding the UHV batches, the most critical reseuthe bottleneck, would be
the autoclave located in the SPE for two reasoinst # can only host a limited
guantity (9x1100 kV or 800 kV DC, 16x800 kV or axpithen the treatment
duration is 40 (solar) days to which must be adihedloading and unloading
times. That means about 8 batches can be manwddabwer a year. The rest of
the required jobs to manufacture the UHV insulatghings must be put in
phase around. Therefore the available capacity theeline to produce the “Big
Carta Olio” family corresponds to the residual aafyaremaining after the
batches were planned on the various workcentersoing to the position of
the current batch on production the capacity waltyin saw teeth and so, some
changes must be done to shrink the negative impaots to improve the
throughput. The protagonist of Eliyahu M. Goldratiates “Every time a
bottleneck finishes a part, you are making it gassio ship a finished product”
(8 this statement can be directly applied to the RP¥SSONI E VILLA case,
barely a batch goes outside the autoclave it mesp kunning until it will be
shipped; the bottom line throughput has to be edoalhe bottleneck one.
Consequently the effect on SPE cannot be buffetédh® one in winding can
be drastically limited anticipating and so spregdinis job over a longer period
(almost 8 worked weeks) instead of running in asperiod the whole batch.

Hypothesis: winding all the batch pieces in row
- Assuming a batch of 9x 1100kV
- Worked shifts: 8.5 shifts per piece

- Available shifts on winding: 100 shifts per month
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- Total workload: 76.5 shifts

=>» The winding of a batch in once can load 75% ofrttanthly capacity of the
workcenter.

Pursuing this logic the bottleneck switches from tieatment to the winding. In
addition the demand is pulled by the oven and titedcaves, therefore the
winding must be anticipated.

Workcenter| %Utilization
Winding D5/D6 100%
Assembling| ISBT 60%

A7

A8

A5

A6

SP245 variable
Test room

SPE 27%

Table 3: Detail of the capacities with the windingsaturated

In addition, the batch must be wounded within 4gsdthat corresponds to the
duration between two launch of big autoclave. Ttoeeethe workload induced
by the batch can be spread out or given amounBa Carta Olio” has to be
anticipated to supply the demand. The two hypothase developed here below
and the excess inventory cost is computed to détermhat the best solution is.
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Winding production: Hypo. 1 & 2
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Figure 24: Representation of the 2 hypothesis
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Even though, this brief explanation simplifies {w®blem, the benefits of the
second hypothesis are important. First, the agtioih the winding machine

D5/D6 is smoother and the anticipation of the UHWYwvded tube production

enables to align the winding capacity with the tireent one. Then the second
interrogation is about the cost induced by thiscgpdtion, because of a similar
holding cost, the planners should get advantagesamgplying the second

hypothesis (spread of the UHV winding over thetiresnt duration)

The electrical tests are performed in the test mothey are two; SP245
checking all the insulators until 245kV, they regget 42% of the mix of
products running on the high voltage line and SBEtrolling every bushing
above 245kV. As it was described here above, tpaaty in SPE depends on
the presence of a processed batch and its actiwitiest be carefully planned.

Why MPS is built in the entrance day of treatment?

Contrary to the low voltage line, the pieces enigiin the autoclave/oven has
not already been assembled and the differentiatoms appear further on when
the porcelain, the flange are coupled around thre ead during the finishing
(ultimate step of the process). So the plannersdeih a high aggregation rate
(few codes of products) and the main matter of eome would be the length
and the diameter of the wounded tubes to seleatighé autoclave. The current
data allows stating that to 1200 finished goodsesochn be associated to 646
codes on winding therefore the level of aggregai®rmigher and it will be
easier to plan and to level with the date while toes are put into the
autoclave.

Before going further on detailing how to controt thverage pace and the mix of
processed pieces, more explanation about the avexcland the oven ought to
be delivered.

The treatment time is actually conditioned by thantkter of the wounded
tubes, the thicker is and the longer it takes tp tie overall. On the high
voltage line this time may vary in a range fromtdé®4 days and to do so an
autoclave or an oven can be used.

One puts into the autoclave the “bared” cores (ed&tis its diameter) and they
remain a given period of time, it is important tcemion that ideally the
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elements enter and exit together but it can be eéghdater on, in order to add in
or take out pieces. The planner will attempt to maed tubes requiring the
length in treatment. RPV owns 5 autoclaves dedictte big OIP bushing with
the following characteristics:

Autoclave Eg. Capacity| Eq. diametgr Length Contro
A8 50 Eq. Pieces 138 mm <4000mnm  Imposed
A7 42 Eq. Pieces 138 mm <5000mm  Free

Al2 10 Eq. Pieces 254 mm <6590 mm Free

A5 10 Eq. Pieceg 254 mm <8000 mm  Imposed
A6 10 Eq. Pieces 254 mm <8000 mm  Imposed
ASPE 9 Eq. Pieces| 550 mm < 13500 Imposed

Table 4: Features of the autoclave performing the treatmenof the bushings on the high
voltage line

The oven offers much more flexibility since a woaddube can be put into and
come off over whenever. It is still limited in lethg(6800mm) and moreover in
diameter because the core is crept in a hollowdbtube and two sizes are
available (258 mm and 318 mm).

The target of the planning is to provide a pacéht production flow, in this
case as the goods are stuck in treatment workctntarlong time regarding to
the rest of the process, the current flow is fdlltests and therefore it is better
to deal with an average throughput. Nonetheless,voould attempt to create a
flow as smooth as possible that can be performed tyse scheduling of the
launches of the autoclaves and in the meanwhilausscof their restrictions it
will impose a mix of products to the whole prodoatiine.

An analysis gathering all the invoiced orders fr8eptember 2009 to July 2010
and the backlog from August to December (periodmihés consolidated) gives
some information about the mix requested by theketadt highlights that in
average around 50% of the demand (an amount ofbi@hings) concerns
bushing requiring a treatment duration of 10 dajianeter less than 160mm)
and their lengths are less than 5000 mm as reporté¢de table beneath:
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Period % category 1
Sep-2009| 51%
Oct-2009 77%
Nov-2009 50% "
Dec-2009 69% <
Jan-2010 62% =
Feb-2010 64% 5
Mar-2010 57% -g
Apr-2010 29% 2
May-2010 35% -
Jun-2010 59%
Jul-2010 59%
Aug-2010 57%
Sep-2010 16% S
Oct-2010 54% 5
Nov-2010  25% @
Dec-2010 9%

Total 53%

Table 5: Analysis of the demand entering in the autoclave A

Therefore the demand on this kind of bushings ¢gh lenough to dedicate the
short autoclaves A7 and make it work once a monfixed date.

How does it work?

Similarly to the tool of the low voltage line, thime is fed by the same sources,
the backlog and the data coming from SIGIP. Thecgss followed by the
planner must respect the equivalent 8 stages debeéore with in addition the
constraints introduced by UHV batches:

1- Importation of the backlog with the updated ficaitions
2- Control of the consistency of the data
3- Update of the planning of presence of the opesat

4- Definition or Control of the foreseen schedulofghe UVH
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5- Re-scheduling of the tricky orders and confirimatof the others in the
frozen zone (10 weeks) from the assembling date.

6- Planning of the assembling dates of during et 8 weeks (from week 6 to
week 13)

7- Validation
8- Control of load/capacity in the table of synisegouped by MPS family
9- Check of the load/capacity in winding and SPides

10- Control of the consistency between the planmeldrs and the production
plan provided by the aggregate families S&OP

Here it is meaningless to expand again the 8 consteps shared with the other
line. Instead the focus will be put on the pointarl 9. As repeated above a
UHV batch influences a lot the overall productiorogess and theth4point
suggests to know and impose in anticipation exagtign, where, and how will
be stricken the capacity on the line by scheduling

Al E I C [ O ] E I F AB | AC | AD | AE | AF | AG | AH | Al | AJ | AE | AL | AmM |
1
| 2 | Anno 20M 2011 20M 2011 20m 2011 20m 2011 20m 2011 20m 20m ||
| 3 | Chiave AnnosSettimana 20108 [ 20t0 | 200t | 20112 201113 201114 20115 20118 20117 20118 20113 ENE N
[ 4 | Mumero Settimana El 0 il 2 14 15 18 i 12 iE] 20
| & | Capaciti Af i [tr) L] 5 1) 5 15 1) 15 18 15 18 18
| & | vvolgimento [pz eq) 32 2 32 2 0 ] 0 ] i ] i
[ 7 | ASPE [u) E 1 H 1 1 21 H 21 Fl 21 Fl 21
| 5 | SPE [pz eq) F] ] [ ] 3 ] 3 ] ] 1] [ F]
| 9 | Capacita M. io [tr) 1 10 10 0 10 0 10 10
10| Carico jio ISAT [pz eq) [1] [i [0 5 2 [i [0 [i [i [1] 5 2
[ 11 Trattamento [tr) 2 2 ) 1 1 21 ) 21 2 21 1 il
| 12| Capacitd SPE [tr) i) 15 =] 5 5 15 =] 15 15 15 5 5
Carico totale SPE [pz eq) [i] n a 4 12 13 13 [i] n [i] 4 2
| #8 - Carico UHV del 19/03/11
(39| odsookv. [0
| 40| oeamooky: [ 3]
|4 | Data lanci__Sett  Durata (tr] __ Effetto
| 42 | = Auvvolgimento ZU024201|  20H03 72,00 turni 72,00 turni 15,0 15,0 15.0 15,0 12,0
| 43 | Autoclave 1a0zzon| 2oz 120,00 turni 120,00 turni 21 21 21 21 21 15
| 44 | » Montagaico oziosizon| 209 18,00 turni 18,00 turni 0 8
| 45 |» Frove 1806201 | 2021 26,00 turni 22,80 turni
1]
[ 47 |
| #9 - Carico UHV del 07/05/11
(29| ook, [0 )
[ 50| on fhooky
| 51 | Data lanci__Sett Durata Effetto
B2 | » Avvolgimento 120,00 turni 0,00 turni
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Figure 25: Gantt chart of the UHV batches assessirtfpeir impacts on the capacity

Practically for each batch the main steps of thecgss are detailed, once the
planner has inserted the mix quantity, the varidates associated to each step, a
Gantt chart is automatically built in accordancke bottleneck is the autoclave,
thus to optimize its utilization and have a goo@rayl efficiency it is easier to
plan from it. The first date, to be logged in, webble the one on which the UHV
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bushings are put into their dedicated autoclaveenThy back and fore-
scheduling the other dates can be assessed, lartyirtase the implemented
dates must be defined from its linked loads andavelable capacity on the
workcenter at the concerned time buckets. It isipds to spread out the gross
load by winding over a longer period than suggedtedhe gross load. This
aims at preventing the winding from being a newtlboeck later for big OIP
passing through this workcenter too.

Afterward, the big OIP can be planned by their @mtes of autoclave or oven
starting from the late orders (not already treatedje-schedule. The tool will
find the winding code with its diameter and itsgémassociated to the finished
good code. These data supply information to suggestutoclave whose has a
trigger date. Actually A7, A8, A12 are ruled to ate an average pace to run
throughout the line with a mix of products. One campare it with the wagon
of a train, leaving and arriving at fixed datefdf some reasons, good misses it,
according to its status (will be late or not) ihdae put into the oven where each
piece runs independently to each other (like talantaxi cab) or wait for its
recommended autoclave. So the autoclaves, basdteauwles, will be filled in
priority and both particular and late products wd to the oven F3 or A5 and
A6. Under “particular” all the products having aotpoor yearly demand or
having particular features (large diameter andtdeagth...) are clustered.

Actual treatment date — Autoclave or oven suggestign
and resource selection
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Figure 26: Representation of the planning window (readsheet “Backlog”)
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This job done, the planner has to click on “Comtrolo trigger the computation
and it shows the actual sight of the autoclavasasin. Although it could be
acceptable here, an accurate checking of the otmkcenters will be
mandatory for the reasons mentioned in the prevparagraph. These Rough
cut capacity planning are depicted below the mam as represent here below.

|Settimana | [Ritardo] | 33 40 41 42 43 44 45 46
Capacita Eq. - ] 35 35 3 35 35 35 ]
Carico Eqg 18 18 0 1] 31 1] 9 1]
Delta 17 17 3 ES 4 ES 26 35
Ritarda pianificata 0 0 H 0 0 0

Diettaglio
Capacita Eq. - 50 50 50 50 50 50 50 50
| } Carico Eg 45 17 0 0 0 0 0 0
Autoclave: Delta 5 | 33 | &0 | &1 | &0 | &0 | &0 | @D
Ritardo pianificato 0 1] 0 1] 0 1]

Dettaglio
4 Capacita Eq. - 10 10 10 10 10 10 10 10
: o |Carico Egy 1] 1] 0 1] 0 1] 0 1]
E Delta 10 10 10 10 10 10 10 10
Ritardo pianificato i} i} 0 i} 0 i} 0 i}

Dettaglio

Over

: Capacita Eq. - 46 46 46 46 46 46 46 46
\ | m [Carico Eg 0 0 0 0 0 0 0 0
o " [Delta 48 46 46 45 46 46 46 48
Ritarda pianificata 0 0 i 0 i 0 i 0

Dettaglio
Capacita Eq. | E | 10 0 ] 10 ] 10 10 1 [ 10 ] 10
Carico Eqg 0 ’ 0 0 22 0 0 0 12 0
2 Delta 10 10 10 10 10 10

Ritardo Pianificato i} i} 0 i} 0 i} 0 i}
Dettaglio /Y A ] | |

Equivalent capaci

| Equivalent pieces in treatment|

| Equivalent capacity |

| Planned late orders |

Figure 27: RCCP of the various resources performinghe treatment

In case of trouble downstream the treatment, scewerdges allow an easy
correction. When a bushing comes off the autoctaxed, it will not be
necessary assembled right ahead and it could veaitbétter time. This
correction can be set on the spreadsheet “Bacldbiting the Assembling date
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forward and consequently its tests one, the dicectsequence would be to
postpone the end-of-production date (See Figurg @6 a contrary, upstream
the treatment the only possibility would be antatipg; this possibility from a
planning standpoint does not make sense becausmbaK system drives the
wounded tubes production to match the treatmentadedmA too stiff planning
on winding would lead to by-pass the effect of iteban system. The prospect
that the winding table illustrates, ought to be sidared as the amount of cores
stored or in progress to pursue treatment demanthinNits novel Eliyahu M.
Goldratt has highlighted the main mistake to avom trying planning and
optimizing the utilization of a production line.

“Utilizing’ a resource means making use of theaerce in a way that moves
the system toward the goal. ‘Activating’ a resourselike pressing the ON

switch of a machine; it runs whether or not thexamy benefit to be derived
from the work it's doing. So, really, activatinghan-bottleneck to its maximum
is an act of maximum stupidity. [...] we must not lsde optimize every

resource of a system, [...] A system of local optinsuima not an optimum

system at all; it is a very inefficient systerft®

The auxiliary views must be used to verify the fieidity (the load remains
below the available capacity) but the planner sthawdver attempt to optimise
the utilization of the non-bottleneck because il wmnly create excess work-in-
progress.

Finally, the spreadsheet so-called “Riassunto” Bssab common base of work
around which the Sales and the Operations cansfisaioout the short and mid-
term contracts on process or planned to be prodefidet presented but

equivalent to Figure 22.). Once an order goes thto frozen zone of the 8

weeks it cannot be moved unless it is to postpboetside the frozen zone. In
this case, this shift would release space thatrturfately the planner would not
be willing to catch up (mainly for procurement reas) with the consequence of
a loss in the overall efficiency.

The information turns back into SIGIP implementitlg production plan; the
next section tackling about the MPS process wilNeligp among other this
point.
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d- MPS Process

It was introduced that the Master Production Scheduwan be divided into two
different entities: a tool and a process. Actuathge tool helps the production
planner to build suggestions that have to be veddieor invalidated after
meetings with all the involved protagonists. Byea af meetings the planning is
updated and consolidated with a view to being @éffecright back. AREVA
T&D advises to proceed in three meetings coverhlmg most probable issues
met in production:

- Detailed demand
- Supply and Resource Planning
- MPS reconciliation meeting

The next parts will present the theoretical cordaafteach meeting and how it
will be adapted in RPV based on its inner constsaifithese appointments are
like milestone of the MPS and they expect to enbathe decision and the
planning.

Meeting 1: Detailed Demand

Through this appointment between the sales/costnaenager, the production
manager and the operations manager will have a doothe backlog, they pay
particularly attention to the forthcoming orders tme produced. The
sales/contract manager should put in evidencerther® with special customer’s
request, and aside he must formulate his list miripy. This discussion occurs
every Monday and it is done around the backlog #rel planning of the
previous week then the managers browse a cheokliee planned orders to see
those finished and those late. Therefore a dratheffuture planning including
the new frozen week of the rolling horizon can ketshed.

Once the foreseen end-of-production date will abisze, in a medium/long
term production and sales should try to improveahalysis of the orders from
their Inco term to avoid, or least to reduce, taeadff, this job would be the next
stage after the planning process will be handletitaa overdue eliminated from
the backlog.
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Nonetheless some rules must be respected; no omhars be hurriedly
incorporated to the frozen horizon since it coddd to significant problem of
availability such as materials, capacity, resourcets. In the meanwhile
operations and production ought to assure a gaadistess of the planning over
the weeks (especially in the frozen zone) in otdegive a reliable visibility to
the sales/contracts manager and so to the customers

The goal of this meeting does not expect any comenit from one of the sides
but it attempts to phase the demand plan with guated production plan under
construction and thus to enhance the tight linkwken the demand and the
production (be more customer oriented).

Meeting 2: Supply and Resource Planning

This meeting is the main one because it enabletate for each planned orders
if the production would be able to manufacturerinot at the expected planned
date. This appointment will be carried out everyiBday and it can be seen like
a production meeting because it gathers all theradf the production life:

- Safety

- Quality

- Time and method

- Technical office

- Maintenance manager
- Supervisors

- Production manager

- Procurement managers
- Operations manager

The outline of the meeting targets to cover twoeatp of the operations: the
production performances and the feasibility of phenned orders. The first part
should be a review of what has happened in the lasit week, with the

efficiency of the workcenters, the current scrap end the explanation for each
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MPS family... The service rate of RPV (named Al) witle late orders detail
and the service rate of its suppliers (so-called iABlicate the input and output
performances. This section of the appointment gsrioiimprove the accuracy
of the MPS tool, modifying some input parametershsas the efficiency, the
planning of the presences so as to build the megstesentative model and to
consolidate it.

The second part aims at checking the likelihoodhef planned orders at two
levels, the scheduling of the incoming week anthierron the rolling horizon. It
may wonder why the next week is observed; fromaamihg point of view there
is not any leverage. Actually the purpose of thostml is to prepare the
beginning of the week to reduce the delay riskthair maximum and to start
smoothly producing on Monday. A late order in thezén period could indeed
spoil the planning and the least is to ensure thbilgy of this short term
horizon. To do so, the production proposes a shewiew of the delays on
orders that popped up on production till now. Tlmenrefers to the concerned
workcenter to understand why they are stuck in ggedere (lack of materials,
lack of capacity regarding with the load...) with tlpeirchase department
(replenishment), the quality (scrap), the mainteeafibreak down, maintenance
activities). This part of the meeting will end wighset of decisions and actions
around which everybody grant and commit so as évent these events from
happening again in a long term.

Afterward, the focus will be on the production plaot already wrapped in the
frozen period (5 weeks or 8 weeks according tgtioeluct line). This section of
the appointment prepares the planning of the ortefere they enter in the
frozen zone. Actually many conditions put into jaogy the viability of the
sketched production plan, the earlier (so the &rrfrom the current day) these
troubles are highlighted and treated, the moreagusble will be the production
plan will be in a short/medium term (the frozen d&ne moderately firm zones).
The chart as follow represents the dependencyefénious entities acting in
executing the orders:
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Engineering
Release of the BO
y \ 4 \ 4
Quality . Procurement Time and Method
Scrap rate, A2 " Purchase of materi: Cycle time/code features
Y
jr A 4
Storage Maintenance
Shortage and availability Resource availability
]
y
Production
Production plan

|

Figure 28: Entities interactions around the producton and the planning

Having the order planned in a reliable way oncey theter in the frozen zone
means upstream these departments have checkéthié @lements necessary to
process the requested items are available or ready.

Firstly the Engineering department in charge oéasing the bill-of-materials
must control all the forthcoming order in the wedikX13 for the low tension
line and weeks 21/22 for the high voltage one mrtiling horizon. The sooner
they are available, the more the others can aateips well. It does not matter
whether the final customization is stated or notremBOM whereas the critical
elements requiring long procurement lead times nbasknown rapidly to be
stored on-time. Actually most of the articles (§ineéd product codes) have ever
been engineered and they do not need checkingoagg!.

At that time from the bill-of-materials and theiatd (scrap rate, suppliers’
service rate) the quality can warn the folks inrgeaof purchasing or the
production of potential issues or they need of dampo carry out statistical
analysis.

The time and method controls the thoroughnesseotyile time, the length and
the diameter of the wounded tubes, the differemauthput times so as to be
sure that the induced load of the orders woulddezjaate and send to the right
machine among the workcenters. They also need ¢eelbbck from the
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maintenance to eventually find a parallel way isecaf foreseen breakdown of
a machine. All these considerations must applie®aP since the MPS tool
works with, a mistaken data on SIGIP is likely istdrt the planning (changing
the workload or the assigned machine) and to btinglompt trouble on
production later on.

The procurement does need the BOM to start itsBeliore buying the required
parts, the procurement makes sure that the compormgnraw materials are
stored neither totally nor partially, taking intacaunt the consumption that it
will have before manufacturing the order. The pdn plan built from the

MPS tool works and sorts no more by order (eveahefwork orders match the
demand) but by finished good code; this helps tteeyrement to cluster the
demand on material to define some lots. Anothel dmoSIGIP (PCB) enables
to manage in that way but they compel the impleat@n of the whole

production plan and not only the frozen zone teefligiently used. Commonly
the availability of the material is the main prablen planning and the MPS
does not phase the planner’s decisions with anglgygtanning that is why they
must work closely one to each other to draft a nmgdul planning.

The protagonist of the supply and resource muspgree before the meeting
from the sketch designed between the Monday andlthesday to come up

with changes suggestions, idea. The appointmentganized not to discover

the planning and to bear it but to finalize and¢aonmit the planning choice and
a set of actions/decisions. The supply and resoplaening meeting is the

cornerstone of the MPS process since all the estitivolved in the operations
agree, from a technical (physical) point of vieve tbrder can be done at the
decided date and therefore one gets a robust pignni

Meeting 3: Reconciliation meeting

The state-of-the-art addresses the problem of ooatidg sales and
manufacturing during the critical planning activity the Master Production
Scheduling and it goes on granting, the agreentenind the built planning has
a contractual value between the sales/contracttl@doroduction, the article
written by Hahn, Edward Duplaya, & Kim has descdlibis relevant need of
synergy between them. The purpose of the recotioitianeeting is to conclude
the MPS process and match what the theory advidad.short appointment is
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carried out Thursday afternoon or Friday morninghwhe sales/marketing, the
operations, the supply chain and the productionagers.

It opens with a follow-up of the performance indicegarding the operations:

Actual customers’ service rate

- Foreseen customers’ service rate
- Suppliers’ service rate
- Overdue rate in the backlog

- Invoiced amount in cut-off

Inventory

Afterward the viable planning resulting from the fevious meetings is
submitted to be validated. An action plan synthesithe actions and decisions
defined throughout the MPS process; it minimizes dlacurrences of the key
issues put into evidence at the supply and resoplaening meeting. The
agreements about the planning of the orders onugtmh and the actions will
regard the whole rolling horizon of both lines (lamd high voltage lines), the
persons should not only stare at the frozen hor&zece they are supposed to be
stabilized upstream.

The reconciliation meeting will finally be forma#d through a minute-of-
meeting contracting the commitments of each protegpthey can be updated
and checked the next week.

Milestone of the Master Production Scheduling

The goal of the MPS procedure is to structure tharpng approach with a clear
guideline: the phasing of the resources, the nadterihe entities, and the people
around a common target. Nonetheless the informationld smoothly flow
only if it dropped down the system SIGIP and dis&unces did not pop up. To
do so, the planning must be sequence accordingetoneeting and the running
date of the MRP.
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From the review of the priorities, the detailed @ech meeting enables to shift
forward or backward the orders that have not alrdsebn entered in the frozen
zone. The concerned period of time is quite long smthe number of orders to
deal with. The planner can work on until the Tharsdthe day when he meets
the other entities of the operations; a tight dmlation with the supply chain

(procurements) is expected. In parallel, the peaplgtrol the orders and their
data (equivalent coefficients, assigned machineThg objective is to define

the planning over the whole horizon taking intoaott the new rolling week;

the planning will be confirmed or modified on Thday.

Next, the two meetings on Thursday supply a predisa of how to manage the
production in a short term based on the eventsroadwon production until this
day. Subsequently the planner can modify the ptegnm the short and medium
term as followed:

- Re-scheduling of the late orders
- Daily scheduling of the week n and n+1 (assemlding test rooms)
- Consolidated planning over the frozen zone

The jobs of re-scheduling and consolidation mustibee by Friday afternoon
in order to be implemented the production plan I&IB and to make run the
MRP later on. Instead the daily scheduling will grevided Monday morning
for the first shift. For reason of convenience théormation dropping into
SIGIP will only the one inside the frozen zone.

The chart below summarizes the milestones of th& di®cedure:
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Figure 29: Gantt chart of the MPS planning process

Implementation on SIGIP

All along this section one repeated, one of the keynts of a successful
planning would be the anticipation and the steasirad the workflow; it means
that once an order is within the time window of deks including the current
one, only few disturbances could appear. The MR&gss made of 3 three
meetings guarantees, partly, a mitigation of tegie but a correct insertion of
the data in SIGIP is compulsory. At the end of week the planning managers
conclude when, where and how many pieces of eguh df items are going to
be launched on production; somehow they define @dymtion plan. This
relevant information must be implemented into SIGIP

Insertion of the production plan

The use of SIGIP evolves with the new MPS definitiecause the commitment
of the planning managers with respect to the otdeproduce is translated
according to a production plan. Until now the protton plan had been guided
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by the contractual date, and the UPR decision weteisible on SIGIP as long
as the work orders were not released (it meansviéeks before the launch on
production). Despite the simplicity of this techugg this was harmful from an
MRP standpoint. In purchasing, the real needs ldeen synchronized with
the planning but with the chronology of the backiapat had imposed a
continuous control of the purchase orders to chiécthey were to UPR
expectations. Now UPR takes the “control” of theetla¢ orders entering in the
time window of the 10 incoming weeks by imposirg) eénd-of-production date
computed from the assembling date that they s@lset the schedule and level
the workload); it is a step forward as well as tfog work orders generation, as
for a future possible optimisation of the purchasdicy since everything is
synchronized with the production plan. Once thedpobion manager, G.
Ritondale, approved the methodology, he suggestedzihg 10 weeks of
production plan for all the codes of finished gamther Low or High Voltage.
Weeks are frozen because in the opposite case iénd-of-production date is
not put in phase with the contractual date (owim@r anticipation or a delay),
the pre-MRP erases the former data every timeng mhile it remains from one
MRP to another if the quantity is within the frozeone.

Practically, once UPR is sure of its decisionssytbolically validates its
planning clicking on button “Verso Tabella Dati” the spreadsheet “Backlog”
of the MPS tools. It generates a pivot table whereach code of finished good
will be detailed the quantity sorted by orders &tchumbers and when this lot
will be reached the bottom line (end-of-productiete). Then the Friday, the
planner triggers the pre-MRP to include the newemsdand the next frozen
week. At last he can start implementing the changeshe newly planned
orders.

At last he can start implementing the changes ensitheduling and the newly
planned orders.

One must pay attention that this production plapre@ch manages only the
orders for which the work orders have not alreaggrblaunched.

The lack of a necessary component is likely to lkeapfpor example a supplier
has sent on-time the raw material but during theine quality control a non-
conformity pops up, therefore the part will not dafale on-time to be processed
as expected (due to the procurement lead time) thrdorder has to be
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postponed however its work orders were generatethi$ case it does not make
any sense to modify the production plan but itisommended to synchronized
the work orders dates with the new dates definetherool MPS.

e- Conclusion

The planning conditions the smoothness and theiefity of the workflow on
production and its purpose could be roughly defiaedhe organization of the
ongoing pieces and the bushings to process. Nelesth this short assumption
hides some difficulties; the planning must resgletproduction reality whereas
it must monitor the customers’ demands as well.s€hgvo elements are put in
phase through a two-staged planning process (tgd#doning): Sales and
Operations Planning and Master Production Scheglulin

S&OP works in medium/long term, it attempts on léng the market demands
(customers’ orders) and in the second hand tohét groduction capacity to
sustain competiveness and profitability of the camp Somehow the S&OP
targets to build a viable backlog of orders butatgyregation level does not
allow an accurate planning (moreover this is rogial).

Instead MPS has to be rooted in the operationaliaes of the production and
it must depict a precise sight of the actual cagaéior every order, it has to
state when the items will start being processedveineh they will be available
on shipment, subsequently Sales/Contracts and Ggpeaagree around the
MPS decisions. The MPS ought to grant the parttbsrefore it has a
contractual meaning (whatever the customers anglisug conditions) and the
underlying conditions would be the definition ofseble planning that is not
likely to change over the manufacturing lead tiffiee production reality proves
that delivery dates may change, the modificatiorstintbe anticipated as much as
possible to warn on-time the customers and protiide a new reliable delivery
date (those should not change any longer).

To design a reliable planning system on MPS, twements must be
distinguished: the tool and the process. The teolsed to build suggested
planning and monitor the changes whereas the poessls to an accepted
production plan (validated planning).
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Practically the tool is a spreadsheet that helgsplanner on having a clear
overview of the pieces to process on the line wthin potential problem related
to them. On MPS, the planning of the items to poadis always linked with
their orders (and not by codes as it could be orPMRhis link should not be
untied owing to the loss of relation between iteamsl customers. The MPS
monitors the decisions without by-passing the pdsisndemands it must be
carried out manually; SIGIP leveller was dismisbedause it works on first-in-
first-out method. Besides, the role of SIGIP is @amted since all the data
available into come down the MPS tool via automafidates (with AS400), the
purpose of this approach is to share common dath amoid the sporadic
development of personal files with different ddtaaddition, the tool provides a
(detailed and global vision by aggregate famili@s)bility by means of a set of
tables (winding, assembly and end-of-production low and high voltage
production line) that could be eventually complebydsome charts later. That
supplies a common base of work for the involvedpteoa handiness and
understandable representation around which evewylwoadild discuss with a
view to favouring the decision making. As for theadission with the Sales and
Contracts, the production manager will favour tlablé representing the
planning made of end-of-production dates (closéhefcontract dates). Instead,
to tackle about operational issues the tablestiitiag the planning on the
different workcenters is preferable. It is impottémprecise that at any moment
the protagonists can switch from the summarizedhtstg the detailed one
(backlog) to check a specific order.

Furthermore the tool, itself, imposes to drive plenning respecting some rules.
This stiffness has been voluntarily chosen becausempels the planners to
select within a limited number of solutions tha¢ #ikely to work. Beyond the

rules to plan, on the beginning of assembling aespectively entrance of
treatment for the low voltage line and respectividlg high voltage one, the
monthly launch of the autoclave A7 and the overaffixed dates obligates the
planner to delay or anticipate treating bushingsashe orders. It targets to untie
the operations activities and the contents of theklog of the orders so as to
favour the smoothness of the workflow. Whether gosdition is respected, a
base mix of product ought to steadily run overtitgh voltage line and it should
result a more constant throughput at the bottom IRegarding the low tension
line, the production attempts to manage a mix afdpct between ERBP

(around 30% in equivalent quantity) and OIP (arouf@ in equivalent
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guantity) bushings. The main difficulty on thisdins the service rate that is
really different between each of families, leadiag unbalanced throughput
according to the mix of the ongoing products. Hertbe purpose remains a
more stable throughput over the weeks.

Regarding the process of the Master Production @&dbaeit addresses to all the
entities related to the operational activities dnel sales, it is updated weekly
and, the process deploys a set of three meetirggsatle the detailed demand
meeting, the supply and resource planning andebenciliation meeting. Their
respective roles will not be expanded here aghmcommon aim is to involve
everybody around a unique planning to favour thactieity, the decision
making and further on, the commitment of everybapund a common
production plan. Through the process all the istize® to be dealt early enough
to build a stable planning, according to their ritle people must check more or
less far within the MPS horizon. For example thgieeering office must supply
the BOM rapidly to allow the purchasing of the ravaterials. The closer from
the frozen zone an order is, the more likely it i ddobe manufactured as
expected.

The planner starts working on the medium and l@rg$ (outside the frozen
zone) during the first days of the week while he heet someone in charge of
the contracts and the sales so as to receive awedi the priority. Then the
sequencing job must be done in collaboration withgrocurements to establish
the requirement planning and to prevent the pradndtom having stocks out
later on. The short term scheduling can be spid iwo, the incoming orders in
the frozen zone to be validated and the ones szhedule due to troubles. The
priority is done to the late orders because thegtrba re-placed in a short term;
their list is clearly identified thanks to SIGIPhd ongoing items must be chased
and controlled, a particular attention is to be puatthe scheduling of the two
forthcoming weeks; a change in this time fenceteean excessive extra costs
and could have significant consequence on the whoteduling beyond the
disappointment of the client. Once the completendgee of the planned orders
is achieved, the MPS can be finally presented enrdgtonciliation meeting to
the operations managers, the supply chain mantgegales/contracts manager
to be validated and perhaps it undergoes few lastie changes. At the level of
MPS, the decisions related to the orders must denaesd like internal contracts
linking the entities (Particularly the productiondathe contracts) and through
which everybody is submitted.
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Therefore, a detailed production plan is constitudad it is implemented on
SIGIP the Friday afternoon to impact on the MRP paotations.

To enhance the procedure, a tight follow-up ofdkeisions and of the planning
must be carried out, especially the planning datessto be weekly tracked for
two reasons:

- Check the reliability of the data, to assess tlpac#ies, implemented into
SIGIP and into the MPS tool.

- Ensure the viability of the process in the longrter

The throughput at the bottom line ought to be nwed both in terms of

guantity and in terms of invoicing (with the view improving the balance of
the cash flow), the focus on throughput is to gest@ady flow in output

testifying of a smoother overall activities andedtér control of the related jobs
(procurements, quality, etc.). Then, the servicte rallows to estimate the
production ability to correctly respond to the amers to deliver on-time, but
to notice the improvements; a clean up of the averdrders in the backlog is
needed. From the standpoint of the storage valweultd be interesting to apply
a follow-up of the assembling and entrance-in-tresatt dates, actually the
porcelain and flange that are expensive, are eggeat this moment or a week
before. A good control of these dates enables tmaté or optimize the storage
of these parts.

Nonetheless, several drawbacks deserve to be uretednd give a roadmap of
future possible improvements on the MPS tool. Tlaénndisadvantage concerns
the aggregate families choices because withinntesdems are “classical” and
some others “specific’, subsequently the bills-citamials differ, the

procurements change, the lead times may vary, @hce the standardized
bushings will be ready, the MPS aggregate familesuld be in accordance
with them so as to define production plans for eaththem and to have an
easier procurement management and most of all eethec overall lead times
(owing to the better forecast of the demand) amdesse the competitiveness.
Another big deal is the lack of reliable data sashthe equivalent coefficient of
winding in SIGIP but the use of the tool will imgoa clean up (although a large
update of the data has been done), that couldtbeasguality of the estimated
workloads. Similarly, using the tool it will be ressary to modify some lead
times on some items to fit better with the realithe introduction puts in
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evidence the lack of depth of the backlog of ordkrs to the clients’ behaviour
changes, if it does not impact so much the planoingpe low voltage line that
covers 13 weeks, it does on the high voltage oheréfore, the foreseen orders
should be added with a view to providing additiomaflormation about the
market demand.
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6.Business Performance

This section purports to depict the backdrop of Blsiness strategy of the
company so as to better-understand what should hee adequate key
performance indicators to monitor the firm's pariances and get a proper
follow-up. A brief presentation introduces theastgy outlined by the group
AREVA whom decisions impact the orientation in tbever level of RPV and
then, the one specific to the company RPV — PASSBNILLA. The financial
issues are not regarded in the topic of the thésisce, its related issues of the
performance are barely browsed. Instead, one fecasethe key performance
indicators of the production competence and theaggested to evaluating the
ability of the MPS planning presented above.

The second part of the internship topic was tordef dashboard to depict the
daily status of the operations’ activities throutlpie follow-up of a group of
relevant key performance indicators. Unfortunatitlg time was too short to
implement this tool but this section describes ékisting KPIs already set and
monitored, the ones that according to the profilé the strategy planned out by
the company ought to be considered. The end ofhibpter links the production
competence and more generally the strategy with itiduced planning
system.

6.1 Business Strategy

a. AREVA strategy

Even though the nuclear energy market guides matlgi the Areva business
strategy, it pursues a goal that concerns its uarareas defined by the group’s
sustainability throughout a profitable growth ovke years. The awareness of
the sustainability is visible in their definitiorf objectives for mid and long
term, around their commitments, they aims at emwlthe whole supply chain
in their sustainable ongoing improvement as weftas an ecologic standpoint
as a social one. For instance they target to:
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- Deploy a sustainable development declaration idhelr new suppliers

- Audit suppliers to ensure the compliance with th8ustainable
Development Declaration”

- Integrate the opinion and feedback from externakettolders to a keep
involving them in sustainable development.

In the meanwhile AREVA does not put aside its ecoicodevelopment and it
leverages it by a strong commitment on profitapiiy expecting:

- A double-digit operating margin

- A positive level of operational cash flow

A capital investment program is supporting the tetgec objectives described
above in order to uphold a long-term profitable vgilm That includes wise

acquisitions but also a major capital investmentdewelop, replace or upgrade
part of the AREVA production capacity, besides, &gquire strategic

technologies and production methods; these invedsnefavour the

improvement the production competence. This imaest program wants to
guarantee the performance of production assetaistgaibackdrop of growth in
all businesses.

The definition of AREVA business strategy revealfigh integration of the
sustainability issue and it summarizes this witbtigh the following schematic
representation:
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Figure 30: Details of threefold aim of profitable growth, socal responsibility and respect
for the environment (adopted from www.areva.com)

Within the different milestones represented onrdaimap of AREVA business
strategy (here above), some are integrated by RRRVdaive its decisions in
terms of investments, production methods, way ohagag the folks, etc.
According to the manufacturing activities of RPYs profiles, some points
receive the attention:

- Economic performance

- Innovation
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- Customer satisfaction
- Continuous Improvement
- Prevention and technological risk management

- Social Involvement

b. RPV — PASSONI E VILLA strategy

The business strategy planned out by the groupnepasses the one of RPV,
thus it has to "translate" it in accordance withotvn activity and its singular
business profile. The six points put in evidence &tated in a more accurate set
of objectives and adapted decisions. The innovdtesps up an important role;
a large budget is allocated to:

- The design of the new bushing technology, Resinégpated Paper,

- The projects activities of projects (in particulaushings running under
DC current).

- The continuous improvement of the existing product

The customer satisfactiorbecomes an important matter of concern, many
decisions and actions testify this commitment sagh

- The general and strict control of the quality

- The tight follow-up of critical suppliers delivegmon-conformities
- The tight monitoring of the suppliers’ service rate

- The tight monitoring of the service rate

- The reduction of the late orders

- The possibility of customizing its products

The continuous improvemergermits to be more competitive by bettering the
reactivity and the flexibility of the production,ybreducing the operational
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expenses and by clarifying the production flow. RRMdertakes many
initiatives toward this objective of ongoing impeaent for example:

The implementation of the Lean manufactory orgaiona

The standardization of the references of transfotmshings

The upgrade of the machines and monitoring of thegss

The follow-up and optimization of the operating Wiog capital

In spite of the focus on economic development whinincrease of productivity
and profitability, RPV does not put aside the slodevelopment in its strategy
and it strives for thgrevention and technological risk managemastwell as
thesocial involvementoo.

- The mitigation of the injuries
- The risk analysis before implementing any new ea&pt or process

According to the objectives defined by the strafegyclear profile of the
company is identified.

Company profile

As discussed previously, RPV strives for differatitin and to enhance its
profile of product innovator. This identity is pt&d out by the threefold

evidence. Many bushings has to be re-engineeredrébdfeing processed as
could be a custom-made production, this kind of uf@cturing organization is

close of an engineer-to-order (however many bushdwmnot need this phase of
engineering). Then, specific bushings dedicatedoadicular customers are
designed and built in a project organization. At lan important effort is put on
R&D to propose a new product family (RIP) in a néature. The literature

review has extended the issues around the key rpeaface indicators and
especially it developed the idea that some KPIsbétter with the product

innovator profile where the firm leans on cliergatisfaction to succeed.

Being a product innovator means that the breadtth@fiine, the variability of
the goods running onto, does not allow an optinoradf process, therefore the
overall efficiency would be rather poor. In the opje, the cornerstone of this
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business success is the satisfaction provided & dbstomer through a
customized product, responding to his highest guatandard and delivered on
time. To secure its manufacturing system, RPV ttedave a very flexible
system to keep responding to the particular demaittout putting into
jeopardy its production.

Nonetheless RPV tries to challenge its competitutside the niche markets
where the products are more standard and therecisstcompetition, with
optimized processes, better efficiency, etc. Sattémpts to improve its process
as well making it more stable and monitored; soréskhelp on following these
characteristics. Therefore the manufacturing syssettied in RPV could be
illustrated as here bellow.

) A

High

Process Integrative — RPV
Innovative
Process
complexity
Non Innovative Product
Innovative
Low >
Low Product complexity High

Figure 31 : RPV manufacturing definition on the Porter matrix

6.2 Key performance indicators

An internal procedure of AREVA suggests a followafthe performances and
issues with a three-stage method so-called QR1, R2QR3. The monitoring
of the key performance indicators is carried outrgvmorning in QR3 and it
gathers the management team around the directbrotwse and analyze the
considered KPI.
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The central part of the appointment is to assesgtlonomic performance of the
company by checking its declination in three poimfitability, growth and
production.

RPV grades the profitability of its activity in fation of the amount of intake
orders but also, it evaluates it by its reversee,sidcquiring parameters
generating extra-costs such as:

- the number of flights unplanned
- the productivity (ratio between the booked hourd e available one)
- The number of BOM delivered on-time

During this performance review, no indicator dilgaefers to the growth but
the difference between intake orders and the imvgiprovides a rough idea of
the increase or the decrease of the backlog ameftine of the growth.

A particular attention is put on the production gatence in order to chase each
disturbance, to understand it and treat it. Thepgse would be to grant the
clients’ satisfaction in lining up the on-time dedlry, the quality, therefore they
take into account the following KPIs:

The on-time delivery is estimated throughout foargmeters.

The total number of late pieces on productidimen split per S&OP family
(Small Carta Olio, Small Carta Resina, Big Cartaa@hd PABS). Even though
they are not customer-oriented (no link with thdess), the interest of this first
couple of indicators lies in the clue that the prcitbn can respect the contracts
deadline and in the identification of the probleimatems (to solve it more
efficiently). In addition these indicators can éabe updated daily.

On the other hand, theervice rateensures the link to the clients because it
monitors the on-time delivery of the orders (no terathe quantity of pieces,
and product mix), RPV has decided to follow it dpoughout the month to
represent its trend and to publish a monthly ohe,draph, beneath, starts by
giving a foreseen value of the service rate thgtaslually consolidated to reach
its actual the last worked day of the month.
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Figure 32 : Trends current service rate vs. foreseeone

The quality supplied to the customers is evaludigdneans of two relevant
indicators.

The quality rate is obtained by checking the sga#ind electrical performances
of the bushings in the testing rooms what makesessince there, they control
the quality at the bottom of the line; in othemtsrthe quality delivered to the
clients. The quality rate can be tracked daily Ksathe register of the testing
rooms or monthly. The second element brings relewaonrmation about the

long term quality of RPV products, indeed the costo service analyzes the
complaints of the clients (positive feedbacks igomd vector for RPV brand

image). Moreover, within the KPIs related to thalijy some of them evaluate
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the reliability of the input throughout a follow-ugf the suppliers, computing
their service rate and summarizing their delivared-conformities.

The flexibility of a line is a difficult feature tdirectly assess and till now no
parameters estimates this feature. The numbergding Bill-of-materials even

if this indicator is not clearly oriented towardetltustomers (it is actually
because of the make-to-order or engineer-to-orgiem applied in RPV). The
number of processed BOM informs about the varigbdn the product mix on

production however once it is associated to theicerrate it becomes to a
measurement of the flexibility customer oriented.

The KPI related to the sustainability are not psida even if they are not
numerous. The security, especially of the workergn important commitment
of the direction and this will is followed by meaofthe number of injuries and
the so-called green cross that corresponds touhwar of worked days without
any accidents.

Follow-up of the production performance relatedhe planning

The MPS planning decides and freezes the decisibméien an order is to be
produced; downstream it links the production witle ttontracts’ persons and
through them the clients. On the other hand, if shep floor respects the
decision committed during the planning phase; dctaral expected results
should be similar or at least close. Therefore ahalysis of the performance
observed through MPS provides a foreseen of théystmn competence in the
business performances.

The operations and production managers must puhsuability to effectively

produce; “effectively produce” means that one maaotufres pieces to sell them
right back and not to store them, unless it isqauirement to anticipate (imposed
by the S&OP). Practically it means that the bushisigould be produced just-in-
time, and in the case of a multi-items order, th@nper should attempt to
synchronize their end-of-production dates to prévene of the lots from

waiting for the others. This case often happens iatehds to finished goods
stuck in shipment area. In this prospect, it maerse to follow the throughput
of the bottom line with invoicing and eventually ¢heck their alignment by
comparing the invoiced orders with those palletizedliscrepancy in between
suggests that the assembling line does not prodiffimeently. The throughput
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must not be evaluated in number of pieces but mber of orders; for example
assuming a 10-pieces order if 9 bushings are rehdyorder is not sold.

Knowing the MPS time bucket, the indicator shoulel dpdated weekly to
provide a representative picture of the plannimgdpction performance. At the
moment, a non-balanced workload prevents from applthis method but in

the future it could be a way to refine the plannmgnagement (a solution is
already implemented to flag the multi-items order).

Doroguction o ciiens= 2, Palletized orders->"  invoiced ordel
One expects from the production line releasingpileees at a constant pace, for
the same reason explained above this flow has &stmated not by summing
up the value of the pieces exiting from the bottlme but by summing up
weekly the value of invoiced orders. The goal ishave a balance from one
week to another.

o Zinvoiced order value
% Foreseen invoiced = —
Total foreseen invoiced orde

Zinvoiced order value
Total actual invoiced orders

% Invoiced =
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Figure 33: weekly invoicing share, actual/foreseen matching

This chart with gauges is really meaningful sintellustrates the efficient
production flow and by associating the two colun@gntually three) it allows
to check the alignment between the foreseen momindget and the actual one
obtained at the end of the month. The discrepahows the helplessness of the
planning on providing relevant invoicing objectives short/mid term. Many
problems can explain the gap between the actuaf@edeen amount of cash,
but in general it shows the lack of reliabilitytbe production to hold the targets
(because of quality problems, missing parts, €kbe share of the histogram
between the weeks represents the balance (or htteonvoiced amount from
one week to another.

The two key performance indicators introduced abgaetially help on
understanding the non-linearity of the cash ger@rdtom a production point
of view. Consequently, if the planning of the oslex built so as to optimize the
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generation of cash and he could help on reduciegeaquired operating working
capital at least by treating the finished goodslsin shipment area.
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7.Conclusion

The management of the planning has to integratee rmod more constraints.
Beyond the simple definition of assigning a productidate in a time bucket, in
accordance with the production system capacitgust respect a service rate,
flexibility and responsiveness owing to the ori¢iota of the company toward

the customers’ expectations, while optimizing tipermting working capital to

ensure the firm's profitability. In addition thengular mix of products,

processed on the assembly lines, puts togethendatd” and “custom-made”

items, this leads to a high non-linearity on prdaug blurred forecasts (no
detailed sales plan). Hence, the control comes feomulti-stage planning

system. The Sales and Operations planning enablekiin the orders and to
level roughly the backlog so as to meet the denwdrile marketplace with the
production system capacity whereas the Master Rtadu Schedule aims at
defining when and where an order is going to becggsed analyzing more
precisely, order per order and in a narrower timekit.

The MPS planning system does not purport to fullfilfthese requirements but
it intends to orientate the management of the prapat RPV-PASSONI toward
this insight. The main purpose is to plan in a cleay to provide a proper
visibility to the planner of the actual capacitydaworkload. The underlying
goal was to translate this decision into an inmutthe production plan of the
SIGIP. Until now the weakness was the misalignneénbhe UPR decisions and
the content inserted in the SIGIP, actually thitsefawas synchronized only at
the generation of the work orders (so too late)eréfore the job done puts
special emphasis on the role of the MRP. On therdtiland, the tool helps on
looking ahead to plan early enough to anticipate plossible problem and
mitigate the occurrence of disturbances in thetdleom.

The benefits of the planning can be observed by nseaf some key
performance indicators even if other features efgghoduction system influence
their results. Among them, one will put in evidenbe service rate and weekly
rate of invoicing. The first one controls the ayilof the production to satisfy
the customers and this, whatever the quantitymheand the typology of the
delivered bushings; even though the result is nay attributable to the
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planning performance, the service rate in Septersibews a positive trend. The
second indicator is directly related to the plagnamd it highlights the balance
of the throughput at the bottom line from one wéekanother, unfortunately
after promising values during the three first week$oo important amount was
invoiced the last week that has distorted the ebggecoverall result.
Nevertheless the real benefits of a proper planought to be observed with
this indicator that shows the efficiency of thegwotion system throughput.

From a personal standpoint, this 8-month experienae extremely interesting
and | keep in minds several benefits of this irgarp. The practical context
reveals many aspects of the production far from lihear and smooth
descriptions presented during my education thatemtillynamic and exciting.
The topic of the planning required to understarehid} the process and its
constraints (not only limited to the bottleneck} hlso the planners’ habits with
a view to suggesting an adapted solution laterlomas mesmerized by the
existing interactions between the planning and nufsthe entities of the
company (finance, engineering, supply chain, guahtuman resources, etc),
this made me figure out that the tool should cohrteem as well. This
experience was very professionalizing because | tmed chance to better
understand how the MRP computations work and tonléae use of database
resources to extract data and make statistics ristamce. Moreover this
experience taught me a lot about the interpersskiié and | do appreciate the
involvement of some people around this project ab as the positive exchange
of points of view and ideas to propose a commornhegis.

Finally 1 have realised that the planning will neviee something totally
deterministic and at best we can leverage theipation in order to "damp" the
disturbances and avoid big troubles but the plaprsrexciting only because of
its dynamism and its unpredictability.
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10. Annex

Annex 1: Product Mix

Representation of main products.
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Annex 2: Bushings applications

Power Transformers (OIP, RBP, RIP)
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Annex 3. MPS Low Voltage details

General aspects on the detailed demand (backlog):

- The backlog and the comments (daily updated) astsatio the orders are uploaded
before planning.

- The planner works on this spreadsheet to plan drgerder from the assembling
dates.

- The synthesized tables (see next slides) illusthetéeasibility of the planning.

- The information turns back toward “Tabella dati'tle®IGIP at the end.

Latest theoretical assembling date to deliver on-
Actual assembling date decided by the planner

Flag highlighting the overdue or the on-time
departure

Value of the currently planned orders Actual end-of-production date based on the
Workload of the currently planned order imposed assembling one

Import/Export/Computation options
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72 B|R| 19547 1|AHN3G615012073 1S PTFE 36KV 150004 KO BE2H13-5348 A 3| |PTFE 36] 14769 | OGMBROIOJISET | 18072010 | S0MEE010 ok mat_- pro 814258G0341 da flangiare B1425AG0341 612518710 200852010

73 |al0| 19618] 1|BD2450031 2205 |15PHO 245KH B00A K200 562102-3273 AR
29466 poo B1471BC2121 L 5587 car. In P31 3-8 - attne

5E2102-3273 AR 0 06082010 ISAT | 16072010 | OBMSE010 spedizions tassativa 30-8 comm. Urgerte F3 -] BT471BC2121 | 615518350-643100050
P 3 pz. In spedizione +1 pz. Pe 51425460271 nc
seanzazrzan] 1| [PiFE | 36 06082010[iSBT | 19072010 | 30082010 | Mont [REFda avy. - spedizione tassat. 30- 8 81425460271 612118810 2010972010

pco 1461BC1531 L 3573 coom, Urgente ok

219 | peospmosar | 2anzemn | ssmspo & |mst le gia preparato A8 oo B14B1BC1531 E44502650

74 20| 19714 1|BD42002011923 |1SPHO 420KY 20004 K300

75 E|R) 19715 1|AHO3E19010019|1SPTFE 36KV 130004 KO
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Planning on assembling:

Week number (time bucket)
Rolling horizon: 13 weeks
Equivalent capacity in the specified week

Ritardol | INET] 3 L B ] ] B
Capacita E q " 103 105 /— Equivalent workload in the specified week
Caricog I 1] | 0 0 0
A = 108 im4— Delta Capacity/workload
/ PGFE [n] n] [n]} n] \
Total of the equivalent i : : : :
workload non-re-scheduled pCTE 0 0 0 0 Net workload in the specified week and
PTFE . .
pracr : : c : for a given aggregate family
FTHE 0 n] 0 n] K
PGFER 0 i 0 i
- PRER 1] 0 [u] 0
PHER 0 0 1] 1} HH
@l swen 5 5 5 5 > Aggregate MPS families
- FHO [x] 0 u] 0
. PE0 0 a 0 a
Line features: PeTO 0 0 0 0
PCTOM 1] 1] 0 0
eworked hours P 5 i f i
*Absenteeism rate CETEE i 0 i 0
.. PAD 0 i 0 i i
*Efficiency . = . 2 . Equivalent workload planned to be
ALTRO 0 ] 0 il overdue
| Ritardo cumulato (81) | | 0 [0 ] 0 é\
Carstteristiche [SBT 3137 : 01036
Ore gd law 7.2 a4 (3 N H
Aevortetemo o = = — Break_down (or maintenance) on the
Efficienza - 70% 0 a (D machine
Takt Time (mr) | 40 3 3 3 _<«—Worked days in the specified week
103 105 103 w
72 o] 0 .
54 62 \F Total worked hours on the machine

Total non-worked hours on the
Gross capacity on the machine  machine
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Pulled planning on winding:

Represent the situation on the winding work ce(R&CP)

Split into 3 machines according to:
o0 the length of the wounded tube
o0 the bushing typology (ERBP, OIP)

Aim at monitoring the workload on winding pulled the

planning on assembling

Winding production driven by a Kanban system

» Effetto Avvolgimento

Settimana 11 |1 34 35 36 37 38 39
Capacitd Eq. | 21 2 2 o2 2 ]
™ Carico Eq I 0 I 1] 1] a 1] a a
O [Detta ] [ = 22 2 22 2 22
Dettaglio Auu. |
Caratteristiche D2 Arino: + S [
Ore gy lav 55 ;
Azzenteizmo o%
Efficienza BO%
Takt-Time (mn) a0

Settimana 11 11 34 35 36 7 3 39
Capatcita Eq. | 131 100 100 100 100 10
- Carico Eq I 0 I 1] 1] a 1] a a
A [oetta | |IEE] 100 100 100 100 100

|Dettaglio Carico| |

Caratteristiche D4

Ore gy law 72
Azzenteizmo 3%
Efficienza 3%
Takt-Time (mn) 40

|Settimana 11 11 E 35 36 7 E 30
Capacita Eq. | 233 233 233 233 233 232
& |carico Eq o ] i 0 i i i i
a
= |Detta | [ 233 233 233 233 233 23:
|Dettaglio Carico| |
Caratteristiche DSIDE o
Ore gy law 72
Azzenteizmo 2%
Efficienza : 9%
Takt-Time (mn) 40




