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Abstract

This paper has the objective to propose the imphiatien of an advanced planning and
scheduling (APS) system in an electric equipmethtistry. This industry is part of an intensely
competitive market and manufactures a large nundbgsroducts through a production-oriented
process. It employs a high diversity of raw materihile working with tight deadlines and
maintaining quality at low costs. In turn, advangaenning and scheduling systems (APS) seek to
increase production environment efficiency. This d@ achieved by employing sophisticated
mathematical and planning methods allowing thecéffe use of production resources, and by
taking into account resources’ finite capacity, $hproviding an effective alternative for improving
industrial productivity. Results from analyzing tingplementation and operation of an APS system

in an electrical equipment industry verify the sys's feasibility for the sector.

Key words: Systems implementation; Advanced plgnaimd scheduling system (APS); Electric
equipment industry.



1. Introduction

The nature of manufacturing management problemsihdsrgone great change. From a relatively
stable demand and technology environment, todayhaee an environment where product
development cycles are reduced, product diveraityeased and a focus on meeting client needs
has become fundamental in a context where competibetween companies is global. As a
consequence, access to product diversity by paheofarket has grown significantly compared to

the recent past.

In response to the rapid changes and the new piioduscenario, manufacturing companies have
seen themselves forced to accompany industrial lojgvent and revolutionize management of
their operations, while also seeking to take adagatof the opportunities that stem from this new
context. The new challenges for manufacturers, lililecame an organizational necessity until
recently, are the reductions in production flowdsnreductions in stock, improvements in product
quality, better compliance with delivery deadlinesordination of the supply chain’s global
demand and reduction in production costs (MARTINE &AUGENI, 2005). However, obtaining
higher performance levels is not feasible withautsidering elaborate forms of management. It is
in this context that several types of support tdbd employ sophisticated methods of logical and
mathematical planning emerged aimed at providiegstipport needed to reach higher performance

levels.

Among the main advances in elaborate managemeig, tadvanced planning and scheduling
systems (APS) have assumed an important supperfaobusiness operations because they permit
a detailed generation of plans and schedules feratipns, making it possible to coordinate and
synchronize resource use. They try to optimizeue of production capacity while also trying to
satisfy restrictions involved in the production gomment. It also makes it possible to accompany
production and identify and track the entire prdauc process and lots in production, showing

planning progress and its deviations in a detalsd simultaneous manner.



The electric equipment industrial sector has souwgihiitions to improve production efficiency.
Inserted in a market with intense global competitids manufacturing process deals with a large
number of final products with process oriented pdchn, employing a great diversity of raw
materials with great delivery deadline, quality aast demands. These factors have contributed
towards electric equipment industries presentirificdities in meeting growing market demands
that involve reducing delivery and manufacturingdlanes, increasing efficiency in meeting orders
and optimizing resource use, among others. In #émgironment, the elaboration of effective
production plans could contribute towards achievimg competitive objectives desired by these
industries. Thus, the objective of this study ist@lyze the implementation process and use of an
advanced planning and scheduling system at arrielecfuipment industry, aimed at presenting a

feasible alternative to increase production effickefor the industrial sector in question.

2. Advanced planning and scheduling systems

Advanced planning and scheduling systems (APS)camputer programs aimed at associating
diverse production variables seeking an optimizatad organizational performance, and thus
assisting in decision making. These systems arkedcaldvanced systems because they use
sophisticated optimization methods and becausewoel with finite capacity. In other words, they

consider resource restrictions and have optiminabols.

According to AGUILAR (2004), APS systems “try tonsiltaneously consider all significant
restrictions for generating programs that maxintii|company’s current business objectives, while

supporting short, medium and long-term planninggds

Through APS systems, it is possible to plan thereergupply chain, from suppliers to clients,
permitting an analysis of production restrictiomaed at generating an optimized and feasible plan.
This plan permits the elimination or reduction oértain production bottlenecks, such as

unnecessary stock, excessively long lead timeg timline for products in the production process,



among others, increasing flexibility and speedperations and allowing companies to create value

(MEYR et al., 2002).

These applications allow planners to optimize tbgults of several variables that comprise the
supply chain, such as determining the best meatrargportation, assist in the accuracy of demand
projections and help buyers strategically locatepsars. Another competitive advantage brought
by these applications is the speed in processifognration, permitting quick answers to clients.

According to ECK (2003), APS systems represent \@luéion in organizational and inter-

organizational planning because they use advaneelihologies and planning and scheduling
techniques that consider a broad range of producéstraints for creating an improved plan, such

as.

* Availability of material;

» Availability of resources and production capacity;
» Consumer service level (dates established);

» Safety stock levels;

* Production costs;

* Distribution demands;

» Fine production scheduling;

According to FLEISCHMANN et al. (2002), APS systemverk with modeling, where reality
should be considered in the simplest manner p&ssiathout ignoring considerable restrictions,
and alternatives, objectives and restrictions shaal defined for several planning problems. This
process may cause some difficulties due to the highber of possible alternatives in supply chain
planning. In these cases, mathematical methodsderational research should be used to support
planning, trying to define an optimal solution, @y most combinatory problems, solutions near

optimal can be found using sophisticated logicgbathms.



According to MEYR et al, (2002), APS systems vargading to the companies that develop them,
where the number of processes attended to anditietidnalities present depend on each supplier
of APS systems. However, it is possible to iderdifgommon functional structure in APS systems,

as can be seen in Figure 1.
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Figure 1. Standard structure of advanced planning systemgcg&: MEYR et al. (2002).

According to Figure 1, the main functionalitiesttban comprise an APS system are:

 Strategic Planning: refers to long-term decisiaglated to the market of operation and it may
involve the identification of installations, prodscto be manufactured and sold, target
markets, production processes, development of mipplplans for expanding production
lines or the factory. This phase establishes the @nd capacity needed to achieve maximum
production levels and product distribution to cteerlt is a directional phase to other levels of
planning. The strategic planning horizon is norsalkeasured in years (MEYR et al., 2002).

» Master Planning: defines the quantity of each fitein to be concluded each week of the
short-term planning horizon. The objective of thlan is to schedule the final items to be
readily concluded when promised to clients and diagi production overloads or idleness, so
production capacity can be used efficiently andiltei® lower production costs (SLACK,
1997);

* Demand Planning: aims at minimizing installatioredwads or idleness, seeking a reduction
in production costs; proposes systemic changesradugtion capacity to meet peaks and

moments of low expected demand, aimed at adjugtiogluction capacity to aggregate



expected demand and obtain maximum production Herduantity of available resources,
which is of utmost importance in times of scarcedoiction resources (MARTINS &
LAUGENI, 2005);

Production Planning and Scheduling: responsiblegimerating a detailed schedule of the
shop floor. The planning interval can vary fromtjasfew hours to weeks, depending on the
complexity of the industrial sector. Planning mistcarried out for each production plant or
unit, with details of the master planning. Prodoiectscheduling, in turn, must provide the
beginning, end and production center for each prtiolu order to be executed. Furthermore,
it also provides the sequence with which productoders must be executed at a certain
production center. Production planning shall beedam a decentralized manner. In other
words, besides master plan information, other ingmrestrictions must be considered, such
as the production capacity and personnel planningagah production uni{STADLER,
2002b).

Planning Purchases and Material Ne@dd¢culates the needs and dates for material pugshas
according to the phase of secondary demand plansofaponents and other parts based on
calculations using primary demand and aimed at auing the supply function decision
process within the company (STADLER, 2002c).

Planning Distribution and Transportation: this igided into a transportation system and a
distribution system. The transportation system egtsithe entire supply chain related to the
company, from supplier to the client. This systemasppposes an integration of purchasing,
transportation, production and stock processegffective management of the supply chain.
Decisions regarding transportation orders, thadesisions about the quantity, origin and
destination of cargo are transport system tasks.distribution system encompasses the flow
of different products from different distributiorerters to a multiple and variable ratio of

clients (FLEISCHMANN, 2002).



The main difference between traditional productaamtrol and planning systems and advanced
planning and scheduling systems is in the use dhenaatical and/or logical optimization methods
and the joint consideration of material planning aesource scheduling considering finite capacity.
Traditional planning and control systems only phaaterials (MRP) or do this planning separated
from the scheduling of resource use, not considergsources as finite and not permitting an
appropriate synchronization between these two pl&ssilting in unfeasible or inefficient planning

(AGUILAR, 2004).

Seeking the synchronization of material planningl dhe detailed scheduling of production
resources, advanced planning and scheduling systempoy sophisticated computer algorithms
for elaborating production planning and sequena@sagvell as optimizing mathematical methods.
This results in more balanced resource planningsahdduling, maximizing production capacity as

a whole (STADLER, 2002b).

With the application of advanced planning and sohed systems, it is possible to obtain
significant increases in production resource aliocaefficiency, through an improved sequencing
of each resources’ activities, permitting greatéficiency in production resource allocation,

machine setup economies, reduction in in-progresskdevels and consequently time in line prior
to operations, reducing the formation of productlmsttlenecks, reducing the time the product
spends in the production environment, reducing eytine, permitting greater control of

production, reducing planning and production fakjramong other efficiencies that will have a
direct impact on production cost reductions andeases in business competitiveness (AGUILAR,

2004) (STANG and ARCURI, 2003).

Pressure for greater competitiveness has made coespavest in systems that permit greater
coordination of the supply chain in the searchsgmergy and chain optimization (PACHECO and
SANTORO, 2001). Optimization of the supply chaimakated to the following objectives (GOMES

& RIBEIRO, 2004), (STADLER, 2002a) (ECK, 2003):



» Maximize and make real potential synergies betwm@duction chain parties to satisfy the
final consumer more efficiently by reducing cosssveell as by adding more value to final
products.

* Reduce costs by decreasing information and secuatsaction volumes and transportation
and stocking;

» Diminish the variability of the demand for produetsd services, among others;

» Take the right product to the right place at thedst cost;

* Add value to products by creating customized gaas services and the joint development
of distinct competencies by the production chaid by efforts so suppliers and clients can
increase productivity;

* Reduce stocks and diminish the number of suppliers.

Despite the range of applications for APS systeims, study focuses on the study of production
planning and scheduling at electric equipment itriess limiting itself to analyzing that

functionality in this study.

3. Installation of an APS system at a manufactureof electric equipment

This study used a national advanced planning ahddsding system available on PLANNION
(2009). The analyzed APS system is specific forptealuction planning and scheduling areas and
it has all the characteristics of an APS systemtlfitg purpose, as described by TEIXEIRA JR.

(2008).

The analyzed system is capable of scheduling teugtion of production resources in short
intervals of time, considering the vast majoritypobduction restrictions that may occur in a typica
production environment, such as finite resourceacap and real work calendar. It employs
optimization methods to generate schedules thamaa the use of production resources and

minimize delays and other production costs. It aesables management of all materials and raw



materials employed in the production process armdsdeith internal and external logistics in order

to increase the efficacy of the relationship wiikrits and suppliers.

The company studied operates in the electric egepnmanufacturing sector for potentially
explosive and weatherproofed areas. The compargeotrates its operation in a single plant in the
city of Sdo Paulo, unifying the production and awistrative processes. At present, the company
has approximately 90 employees including shop fland administration areas. The electric
equipment produced by the company includes: ligttuifes, projectors, junction boxes, outlets,

plugs, push buttons, standardized panels and el&etric equipment and accessories.

The studied company’s products are manufacturesrdic to the norms of the Brazilian
Technical Norm Association (ABNT). The company’satity assurance system is certified by NBR
ISO 9001/2000, and DNV NORSKE VERITAS which is rgnzed abroad (RvA). The company is
qualified to supply most chemical, petrochemicadl ateel industries in the Brazilian industrial
park. The company has more than 30,000 productsiaening the possible variations in painting,
threads, holes and other options offered or reqdesly clients. However, the study shall

encompass only the existing models of each protlugs, disregarding the possible variations.

In face of the large number of products manufacturng the analyzed company, the decision was
made to initially run a pilot implementation praojeéc assess the performance presented by the APS
system analyzed in this pilot study. Three famitéproducts were selected for this, as described

below:

The selected families of products were:
* AR — Junction box glphaletg and derivation for industrial electrical instaidas. The body
and lid to thesalphaletesare in cast aluminum alloy with a natural rubbesilsgenerally used
in metal or plastic conduit installations. They ¢enmanufactured in eight construction formats

(E, C, T, X, LL, LB, LR and TB) with standard NPT BSP thread§Figure 2a)



* AW — Explosion proof light fixtures, recommended foveanments with flammable vapors or
gases, work with solvents, chemical and pharmazautndustries, etc. With the device’s
armored system, any explosion that may occur inntesrior will not present any risk to the
environment. It is manufactured in four models: diag, ceiling, and 45° and 90° wall light
fixtures. The AW family has two segments: AW-10A®@/-17 and AW-30 to AW-37, where
the size of the light fixture cubes is the differerbetween these segmefkigyure 2b)

e AWR-14 — Rectangular or square, explosion proof junctiorxdso manufactured in cast
aluminum alloy and copper free. NPT or BSP threadedts, reinforced fixation ears and lid
fixation using bichromatized or stainless steetas(Figure 2¢)

3] {b) el

Figure 2. Families of products considered in implementatibthe pilot

The company’s production process basically consifeur production stages, as seetigure 3
Casting, Machining, Assembly and Disassembly angdig. Regardless of the family of products
considered, they all go through these four stadesraduction in sequence. What vary are the

characteristics of the production operations irestage of the process.

Casting Machining

* Hole of screw PaCkaging
* Casting * Thread for screw Assembly and
+ Cutting of channel * Lateral thread Shipping

» Removal of burrs « Facing

Figure 3. Production process of the studied company.

Casting is the manufacturing stage where a metaheatal alloy, in liquid state, is poured into a

mold with the shape and measurements that corrdgpaihne piece to be produced. The company’s
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Casting Sector also absorbs other activities likitirg the channel, removing internal burrs and
removing external burrs. In the machining stage, pprece is machined for making dimensional
adjustments or even shaped mechanically so thedimapes and sizes are obtained. The assembly
stage consists of controlling and monitoring preessaccording to product availability and third
party delivery deadlines (suppliers or productbging to clients) as per planning meetings and
actual delivery. Finally, the Packing and Shippistage consists of the proper packing of
manufactured products in order to maintain theiysptal and functional characteristics during the

merchandise storage, shipping and transportationge

Installation of the APS system began with registprithe studied company’s production
environment. These registries involved the worlkerdar, manufactured products, components and
materials used in manufacturing, available produnctresources, production stages and times
involved with production of each product in eacagst Figure 4 shows some registry screens of

the analyzed APS system.

Kl

Figure 4. APS system registry screens, Registry of Calen@drfRegistry of Products and components (b), f8gof

Resources (c) and Registry of Operations (d).

After all the basic registries have been madegsinécessary to register the structure of the

manufactured products. This is done in the Pro8treicture screen, as seerfigure 5
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Figure 5. Registry of product structures AR (a), AW (b) a&/R (c).

Finally, it is necessary to register the productioutes for each manufactured product. This registr
is done on the Production Route scrdégure 6 shows the production route registry for a product

from the AR family.

Figure 6. Production route registry screen.

Once the registries have been completed, the AB&myis ready for operation. The production
environment registries shall only be carried outirdy the implementation process and will be
available throughout the entire period the systemn use. They shall only be reviewed when there
are changes in the company's production environnhetrder to assess implementation of the APS
system at the studied company, production ordewadsr for a two-week time horizon were

simulated. The generated production orders triednmompass all registered products and reflect
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the type of orders that normally occur at the ssddcompany. Irfigure 7 it was possible to

visualize the selection process for an order tedbeeduled.

Figure 7. Orders to be scheduled screen.

The study of system operations consisted of scireglpiroduction orders that were generated for
each simulated day of order arrivals. Productiohedaling allocates production operations to
produce each selected order to the production ressuneeded, respecting the resource use
schedule. The system has several scheduling thé¢san be applied to diverse possible situations.
The choice of the best scheduling rule for a speproduction environment shall be analyzed at the
moment of system application. Besides the availableduling rules, the studied system also has
an optimization method that seeks to achieve a netaborate schedule according to defined

production objectives by employing a calculatiandifor optimization.

The “EDD” scheduling rules was chosen for schedythre selected orders due to calculation speed
and its fitness to how the company currently coislits scheduling. Ifigure 8it is possible to
visualize the APS system scheduling screen withstieduling generated for several work days at
the company according to the "EDD" scheduling riilee scheduling screen has a "Gantt Graph"
format where, on the left, arranged in each line,have the production resources available at the
company, and on the right, the bars represent ptmou operations or hours without work,
scheduled for each corresponding resource and whardength is proportional to scheduled

duration.
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Figure 8. Scheduling screen with the system’s “Gantt Graph”
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The analyzed APS system offers a tool to assesduption scheduling performance elaborated

considering its diverse scheduling parameters hagtoduction environment. It was thus possible

to analyze that among the scheduled productionrerdeven are ahead of schedule and only one is

late. The scheduling summary indicates the timele@¢o comply with the scheduled production

orders, where the total ahead of schedule times(8dys) and the total late time (0.65 day) are

highlighted. It is also possible to analyze schedubrders individually, thus providing more

specific planning information. The production resm®mu use summary provides data on the

allocation and use of the industry’s productionamaty, showing, individually and overall, work

time, idle time and resource set up time, as caseba irfigure 9
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Figure 9: Scheduling performance analysis

As can be seen in the scheduling performance asalyge “EDD” scheduling rule generated a

schedule with a late order. This information pesntite manager to conduct proactive work in the
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production environment to reverse this delay, sagly reallocating resources or work in the form
of overtime, thus avoiding delays in order delivéoythe client. This type of advance notice of
problems is not possible without the support ofARS system since delays are only perceived

when they occur.

Despite the advantage the APS provides by givinguack notice of possible problems that occur
in the production environment, it would be eventdretf the system could solve the problem
without any need for external interference by thanager. Thus, the optimization method was
applied to the assessed APS system with the obgecotiminimizing the delay of all orders, aimed
at finding a production schedule without late pratchn orders. It is important to underscore that
the optimization method needs time for calculatiomkere the optimization performance will be
influenced by the calculation time made available:. the purposes of this study, 10 minutes were
made available for calculation. With that amounttiofe, the optimization method was able to

schedule the orders in a manner that all orders s@neduled without delays.

4. Analysis of Results

The studied company currently uses manual produgtianning and scheduling through meetings
with those in charge of production sectors andssalel purchasing managers. This manual process
frequently does not satisfy production objectivesneet signed orders causing constant wear with
clients and reduced production performance leviigplementation of an APS system shall
represent an effort for this company in the serisetegrating and improving generated production

scheduling performance as well as improve prodoctiovironment productivity.

The analyzed APS system met all characteristics garticularities of the industry's production
environment allowing the implementation to reflebe actual production environment of the
company in question. The APS system enabled tleenration related to projections of delivery

dates for scheduled orders to be available ahe#ichef This information is of utmost importance
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for the industry studied so preventive actions tentaken to anticipate possible production

problems.

Tests run demonstrate that the analyzed APS systemwed able to deal with complex production

environments and with a mix of varied products. Than benefits observed from studying the

implementation of the APS system at the compangwer

The possibility for simulation and projections afferent demand scenarios and analysis of
the production environment’s capacity to meet tha&roording to the study of generated
schedules;

Reduction of informal planning and scheduling systeand their unification into a single
system, operated by a trained and instructed iddali

Availability of an efficient and reliable systemrf@lanning involving the planning of
purchases, hiring and firing of personnel, equipnrezeds and other aspects related to the
production environment.

Improvement in production master plan accuracy étgmnining final product quantities and
items to be produced, resulting in better contropurchasing and lower raw material and
component stock;

Availability of a detailed schedule of productiasources permitting an improved attribution
of daily work activities and better control in tBeecution of these activities;

Reductions in lead times to meet orders. Theseaageowing demand among clients who
want increasingly shorter deadlines and actual d@amge with them;

Reduction of effects in the production environmsulting from changes in orders since the
system offers the possibility of making adjustmentthe defined scheduling or of generating
a new schedule in a short period of time, thus eeduthe impacts from changes in signed
orders;

Reduction in resource idleness involving machineguipment, labor, inputs and other

resources, or in taking advantage of equipmentneaie where preventive or corrective
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maintenance can be scheduled, as well as modditatiests, reallocation of labor to other

activities and of inputs that can have their constion reduced during this period;

With regard to difficulties encountered in the studf this APS system implementation, the

following stand out:

» Data accuracy in face of the multiple variableseneimt to the production process and lack of
standardization and updated information, thereccbelasymmetry of data;

« Complexity of the production environment such asdpct mix, production operations, human
and production resources, among others;

* Time spent on implementation, the multiple and clexproduction environments demand a
lot of time from managers and schedulers relatedidatabase registration, tests and pilot
programs;

e Dynamism of the production environment that demdhdscontinuous updating of registries.

It was possible to overcome the difficulties fouddring implementation and the benefits
ascertained from using the system created motivadb the studied company to expand

implementation of the pilot project for other maactiired products.

5. Conclusion

The objective of this paper was to study implemigmaof an advanced planning and scheduling
system at an electric equipment industry aimededting an understanding of the implementation
process and an initial assessment of software agiplity potential in the referred to industrial

sector, highlighting the possible benefits resgltirom the use of an advanced managerial tool to

schedule production.

The analyzed APS system made it possible to conaltiéhe characteristics and particularities of
the studied company in the system. The benefiter@sned with system implementation and

operationalization suggest the effectiveness ofyapgp the APS system in the industrial sector in
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guestion, making it possible to conduct more detaitontrol and scheduling of production
resources as well as maintain an online analysipesformance and progress of elaborated
scheduling. This permits a reduction and better itoong of order delivery times and more

efficient management of the production environmaenéa whole.
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