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ABSTRACT

he present study was conducted on a logal transformer manufacturing
company. This is a fabrication/assembly organization where raw matenzls arc

procured and processed. The scenario observed mn the study is not very different from

ather local indusines. Loecal firms in many cases are very rcluctant or pay less

attenlion in incorporating and utilizing operations management techniques such as
invemtory control, scheduling, material requircmenis ptanning (MRP) etc. The main
rcason of the organization’s unenthusiastic aftitude is identified as unawareness of
the benefils from technology uwiilization, The lack of knowledgze about the henefits of
using MRP in various aspects hindered its wide spread diffusion,

A peneral perception that the procurement of raw materials either in huge
uantity at a time or in small quanuty from penod to period without adopting any
mathcmatical approach would not have any sigmficant cffect on the total cost sull
prevails in the local firms. Practically the sitvation 15 different. It has been found that
the procurement of malenals applying an established algorithm (ie Wagner-Whitin
approach) instead of current practice (inlwitive approach) could reduce the inventory
costs remarkably. In this respect (lot sizing} an educational versien production and
operation management solware named POM was used. The study revealed that the
company could save as high as 70% inventory cost such as silicon steel. Similar is
the situation for other materials also.

Besides this, the incorporation of MRF facilitates the company in many ways
especially in better management such as avodance reordering, shortfalis of
materials, idle time minimization, timely delivery of products cte. It is required for
the company to bring in change in many aspects to adapt the MRP system, the
imporlant of which are the relationship with vendor, consistent quality of the raw
materials, the documentation process, the reliable lead time etc. Situation could be
improved further if mathematical model for multiple items lot size and variable lot
size could be developed considering the constraint of stores, fund, transport facility

slc.
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CHAPTER 1
INTRODUCTION

L0 BACKGROUND

Maicrial Requirements Planning (MRP) is a very famitiar name in the text of
Industrial Engineering, Munufachuring requircs various resources- one of which is
raw materiats, It also réquireq products to be tracked through entire production
process to shipment, Thete are many ways o organize and monitor a production Ime.
Henee there are many ways to build information system 1o support production. One
of the oldest production management methods focuses on inventory management,
The objective was to mamtain sufficicnl taw material 1o keep the line running yet
hold cost down by keeping inventories as small as possible,

Many manufacturing companies base their information svsicm on the
manufacturing line. A popular system was based on the operation management
vomcepts of matenial requirement plinning (MRP). In most MRP systems, the
production drives the information sysiems. At each smge of production MRP
cvaluates the usage ratc of raw material and determines the necessary inventory
level 1f managers or designers want to alier the production line, they can use existing
data and simulations to determine approximate inventory levels for the new
production [1]. Production management has to rely on mathematical models of
queuing theory, econvmic invenlory theory, and simulation to determine the best
flow of production and the requited supply of materials and tabor. By adaptation all
these models many companies achieved remarkable gains in terms of improved

customer service, reduced inventories, and lower manufacturing cost.

1.1 HISTORY AND TREND IN PRODUCTION FIELD

There s no well document of production history but #l is believed that 1t
started from very ancicnl ime when man sarted cultivation. In course of time man
leamt about his nceds, surroundings nature and environment and stared formal
production. Production at that time was domestic production, handicraft praduction,
or cottage industry. Domestic production was within the home and was consumed by
home members. Handicraft production was in or cutside the home, and the product

was sold (o local consumers. [n cottage industry, a middleman provided the materials




to the handicralts workers, bought their output, and marketed it. The indusirial
revolution occurred in between 1770 and the early 1800s and soon sprcad from
central Lurope to America and later to East Asia. Production was organized in
factorics where many men & machines were Iemplnycd and production was in larger
volumes than that was possible with previous manual system,

Later, factories expanded in size, utilized more machinery, increased
production rate and became moere complex in operation. Observing the conditions
and wanting to improve upon them, Frederick W Taylor cmbarked upon a series of
experiments in the Midvate steel corpomation in Philadelphia in the years 1878 —
1890. The rcsults of these experiments formed the basis of the “sciontific
management” which revelutionized factory management. In 1915, Ford W, Hards,
an engimeer at Westinghousce Corporation, developed a formula for economic order
quantity {EQQ), the quantity to produce per order that would minimize the sum of
ordering and holding costs. BOQ was the first analytical method to solve inventory
management. From then until about 1936, the traditional view provailed, and many
teehniques we still use today were developed [2].

The 19405 saw the commg of World War II and the massive changsover of
American industry from the production of civilian goods to war matenal. Rather than
eflicency meeting the delivery rschedu]es was of prime importance. Companies
started to use tahulating machines and punch cards for such functions as exploding
bill of malcrials and preparing shop orders. During the war there was emarkable
suceess in selving the problem of military operations using scientific method called
operations research. The approach invelved analysis of a particular problem,
formulation of mathematical medel and solving that optimize the measure of
sllectiveness. After the war, opcrations researchers turned their aitention o business
problems and got success in forccasting demand, controlling inventory, and
scheduling produetion.

In the late 19505 postwar, customers demanded more rapid delivery. Many
companies then were foreed from ‘make to order’ to ‘makc te stock’. Exponential
smoothing technique was then used to forccast demand. Master schedole was not yet
[casible since it had to be continuously adjusted and maneal method could no longer

keep up. In these circumstances the concept of arder point arouscd. As soon as the

P



inventory level fell to the order point an order was issued, In the late 19505 the
concept of CPM and in 1957 the concept of PERT was developed. The first was by
Catalytic Construction Company and the second was by U.S Navy. Both the
concepts are virually same and determine Lhe longest iime for the completion of a
project [3].

The first commercially available computer appeared in 1951, IRM introduced
the I2M 701 in 1953 and IBM 650 in 1954, The eatly application of computer was
mainly to keep accounting, But laler ¢omputer started to dominate both in
Awtomarion and in CIM. Throeghout the successive involvement of computer

technology i industry the MRP concept came to the frontline,

1.2. COMPUTER AND THE EVOLUTION OF COMMERCIAL MRP

Computer in ifs early days was limited on the use of bill of material (BOM)
processors and matcnal requirements planning {MRP},. MRP uses BOM to explode
the masier schedule for products to determine when & what quantity to be ordered.
Leading American companies developed their own programs & successfully
implemented Lhe program. The first company that implemenied MRP was American
Rosch, i Springfield, Massachuetls m 1959, Other such companies are J. 1. Casc,
Black & Decker, and Twin Disc. During the 1960s, many companies mniroduced
commerclal computer soltware of MRP; the best known was PICS by 13M.
subsequently many comnpames mntroduced MRP and it becomes obwvious lhat it is a
little of the total system. Therefore, in 1980s to meet the clients” demand MRP IT was
developed which in addition to MRP provides production planning, master
scheduling, capacity ptanning, and shop (leor controlling [3].

The intense intemational competition in manufacturing has provided a strong
meentive 10 management to seek new, more cffective ways of managing production.
As a result thousands of companies have mplemented computer-based production
and inventory control. The most widely adopted systems are called material
requirements planning & manufacturing resource planning. Many companics, having
achicved success with MRI' I, continued their effor in research & development of

flexible automation and computer integrated manufactunng.




L3 TYPICAL MANUFACTURING SYSTEM

To operate properly, MRP contains several data files. The files serve as
inpets 1o MRP processor. They are master production schedule, bill of materials file,
and inventory record file. Figure 1.1 depicts the flow of MRD processor and i
conversion infto useful output reporis. The masser production schedule tells what,
when and how many to be produced. What means, what 1 the end product when
means, the time horizon when it will be teady for shipment and how many means,
the quantity that will be produced. The master production schedule must be based on
an accurate estimaie of demand and a realistic of il production capacity. The
inventory record file is referred to as item master file in a computirized mventory

system. The file is divided into three segments. The first segment provides jlem’s

Sales
Forecasts

Customer Service paris
Orders equipment

Master

Engneering Froduction Inventary
Chanscs Schedule transackions
] 1 ]
Bill of '
Inventory
Matenals |— | MRP |o—
[ile Processor record file

r

Outpurt
Reparts

Figure 1.1 Structure of a material requirement plamming system

wdentification (part number): the second gives a time phasc record of iInventory statug,
In MRP it is not only recorded the current inventory states bot alse the future
changes that will cccur against the inventory, Therefore the inventory status segment
lists the gross requirements for the itemn, schedule receipts, on hand sltatus, and
planned order rteleases. The third hile scgment provides subsidiary data such as

purchase orders, scraps or rejects, and cngineering changes |4].




The bill of material provides the MRP system with the pant numt::cr and
quantity of all parts required to build and 10 assemble the product, The i11“~.nt:ntm'yr
control systems supplies the MRP system with the projected on hand balande of all
paris and matcnals listed on the BOM. The inputs frem BOM and inventory control
system must be timely and accurate for the formal MRP system to work. Updates of
the inventory control sysiem for changes in inventory due to part movement in
manufacruning or purchasing must be continuotes.

In most MRP mstallation a BOM accuracy of 95 percent or better is required,
and a location and coun! accuracy of 98 percent is nceessary for specific parts in the
inventory system. The MPS must suppor! the production strategics such as engincer
to order (ETO), make to order (MTO}, assembly to order (ATO} and make to stock
{(MTO). The ETO and MTOQ strategies use similar process in the MDPS
implementation and the ATO and MTS processes arc quite different. The primary
impact on the MFS for all ol these production approaches is in the choice of units for
the MPS.

Product demand may be of three types: [irst, the customer orders for specific
producls usually promised by sales depariment to fthe clients. ‘The second is the
forecasted demand based on statistical technique applied to previous demand. The
forecast may constimte the major poriion of the master schedule, The thir& is the
demands for individual component pars usually repair paris. This category usluailg,r is
excluded from master production schedule since it does aol represent the ond
product, It is evident from (he Figure 1.1 above and dircetly added to ﬂ"l.li: MEF

processor, {

In general local manufacturing industries do not pay adequate atlention in the

1.4. MRP IN LOCAL INDUSTRIES

context of statc-ol-lhe art operations management techniques such as inventory,
scheduling, matenal requirement planning (MRP) etc. The identifiable reasons arc
fack of exposure to the concumrent techniques and facilities, exorbitantly high price of
commercial soltware, inadequatc indigencus support system, scarcity of qualified

manpoweer cie, |



On the other hand, mamfacturing industries in the developed nations are
laking the advanlage by applying rclevant software and techmiques and thus
dominating lhe world frade & business. Computer hardware and seftware are now
cheap enough, so it is an opportunity for Iocal manufacturing industrics (o take the
advantage of computer integrated manufacturing (CIM). The main identifiable
problem m mmplementing MRP in local indusiries is lhe lack of skilled manpower.
Some compantes purchascd the soflware iIn exchange of high price but could not run
it due to above-mentioned problem. Again some companies hircd people from
abroad to implement the software and they took fime even more than two years, It
miy be mentioned that though the concept is straightforward but complicity arises in
lhe application of the technique because a package may not be applicable w all
industrigs.

The implementation of MRP can lead o disasier when it is wsed without
careful analysis of the specific requirements of the concemed company [5].
Therefore, its appropnaleness and effcctiveness depend upen the extent of its
custorization. Apain every manufacturing [irm wants to maximize profit by
reducing inventory. Once inventory management was treat as a clerical job and not
proper atention was paid on it But in course of time when management found that
inventory claims almaost one-third of tolal investment then they became conscious io
curh the cost in taventory, As local manufachuring industries have to face extreme
competition due to globalization and in many cases their production cost is
extensively high so they are in required to take the advantape of utilization the

concept of MILP and its implementation,

L5 OBJECTIVES OF THE PRESENT STUDY

The present study was aumed at identifving the present status of MEP
application in local indusirics. In this regard a typical local fabrication/asscmbly
organization was selected as a model. It was undersood Lhat there were problems
and prospects n implementation of MRF in local industrics and that's why with the
following aims and objectives the present study was conducted:
(1) To study and investigate lhe bottlenecks in applying the MRP concept in a

local transformer manufaciunng mdustry



(i)
(iti)

{iv)

To cstimale the holding and set up cost of individual materials

To mplement the MRF software including MPS and MRP lot sizing for
certain products

To recommend appropriate measures for local mdusities n applying MRP

and lo 1dentify the action plans for {uture work.



CHAPTER 2
BACKGROUND STUDY

2.0 COMMON TERMS IN MItP

Material Requirements Planning is based on several concepls. Concept of
dependent & independent demand is fundamenial in MRP. Jndependent demand
means the demand for a product is not dircetly related to the demand for olher ilems.
End products and spare parts are examples of items whose demand is indepondent.
For an automobile car, the car itself is an cxample of independent demand.
Dependent demand means the demand for the item is related directly to the demand
for some other products. Not only component part but also raw materials and
subassemblies are examples of dependent demand. Four doors and four tires are
examples of dependent demand.

The Icad time is the time needed to complete a job from start to finish. There
are three lead times: assemDbly lead time, ordering lead time and manufac turing icad
time. Assembly lcad time is the time required to assemble a product or part. The
ordering lead time is the time required from initiation of purchase requisition to the
teceipt of the item from the vendor. Manufacturing lead time is Lhe time required to
fabricate a part. Usvally assembly lead time is relatively short and may be mater of
even 2 day only, ordering lead tume depends upon the source and tpes of the raw
material. In case of purchasing it from forejgn countries the ordering lead fime is
much larger compared to purchasing it from local market.

Common use items are raw materials and components that are used on more
than one product. MRP collects these commen items and calculate it in its lot sizing,
MRP is a powerful technique in the planning and control of manufacturng
inveniorics. The quantitics of dependent demand items can be determined very
efficiently by MIZP. The 1lems constitule raw material, work in proccss, component

paris, and subasscmblies.

2.1 DEBATES ON MEP/MRPF 11
There are many reasons advanced for the poor performance of MRP system

in practice [6 & 7). Some of thesc relate to the nced for widespread education in



MEP thinking and to the necessity for top management commitment to ensure
success. Now let it be discussed the shorcomings in different area of MRP,

Lead times: MEP assumes produchion lead times to be known and fixed. Each
product is given a2 pre defined production lead time. These times are estimates and
unforunately MRP users often treat lhese lead times as being very precise. Dut in
practice lead time is not oo precise.

Design’ Quality: he areas of production environment design and atiention to
quality issues are not addressed, MRP systems tend 1o assume that the cnvironment
cxists a8 1s and 1s not subject to chanpe. This gives Tise to the need for production
environment design clement in the factory coordination subsystem.

fnfinite Capacity: MRP assumes infinite capacity, iec. when a master
production schedule 1s denved, all resources being uscd 1n the plant can be assumed
to offer at least sufficient capacity to [ulfill that schedule. This 1s based on the
premise that the plan has already been passed through cut capacity plapning and
therefore must be *achievable’. Both JIT and OPT schedule production assuming a
limited capacity. In JIT the Kanban card iz used to control the capacity and in OPT
borlenceck is nacd.

Batch sizing' Many implemented MRT systems tend to use the ideas of
ceenomic batch quantities after calculating the planned order guantitics, Batches are
larger Lhan is necessary in order to offset the supposed cost of set up and inventory.
JIT and OPT have oveteoms the batch size problem,

METD"s 1ncreased status however has not been realized lhrough a simple
steacdy advance in its scope and application. Indeed the more ambitious MRP has
become the more uncermain oulcome. Large complex systems have sometimes
achicved wonders for companies and at other Umes have proved disastrous.
Paradoxically, 101s the suspect nature of the outcome, which has created its notonicty.
The smatus of MRP has been enriched as much through its failurc as through its
success. [t's appropriate and ¢ ffectivenecss is a matter of contention [8].

MREP implies that managers have to treat everything fc-rmally. Once the MRP
system has been taken on, all sorts of (lexibility in the busincss appear to have been
lost if they are to be recovered in the same formal idiom as the MRP system itsclf.

Safizadeh and Raafat {1986) examined s question as the fundamental precondilion



10

which managers must accept for MRP o work. Mehto (1980) examines how safety
stock must be formally asscssed within the MRP system. Civerslo {1980) studied
ways of handlimg the overtime question to cope with an overload master schedule
and suggested a fonmal rule where overtime also could be structured in relation to the
MREP scheme Tumer and Hurst (1986) cxamined that the masier schedule had to

assume within the procedures of an organization to be efTective,

Business Planning
F 3
Strategic
v 155u8
Mluzter Production
Scheduling —X
P ShTTTmETTTTA
r Requirements d Tactical
' Planning | .
1 . 1580
Factary
l . L
Coordination Y
¥ ¥ !
PAC PAC  |... PAL Operational
l l l issue
CELL | CBLL 2 |--- | CBLLN !

Figure 2.1 Architecture for PMS in hybrd envirgnments.

2.1 MRP WITH MODIFICATION! ADAPTATION

The shorcomings discussed in section 2.1 hewever tried many one fo reduce
ot climinate. A solution was proposed by Faul Higgins in 1992 depicied in Figure 2.1
above natned as Architeclure for PMS in hybnd environment |9)]. The achitcoture
rellects a situation where a factory has been decomposcd in so far as possible into a

series of group technology based production cells, where cach cell is responsible for



a family of its product, componenls or process and is controlled by a production
activity control (PAC} system. Another possibility is that each group is actually
geographically dispersed, that s there are a number of differcnt Focused factories.
The factory coordination module ensutes that the individual cells/ factories interact
w mecel an overall production plan [10, 11 & 12]. Stategic issues mean to the
determination of the products to b manufacmired, the matching of producls to
markets and customer’s expectations and to design the manulaciuring system.
Tactical issues relale 1o the gencraton of delgiled plans to meet the demands
imposed by the longrange production plan. And operalional issues essentially
involve taking the output from the lactical planning phase and managing the
manufactiring sysiem in quasi real-time to meet these requirement,

The implementation of MRP can lead to disaster when # is used without
careful analyses of the specific requirements of the company concermed. This dogs
not mean, however, that a good control system is not necessary. The control system
for office furniture mdustry in this case has 1o conmin clements of MR, OPT and
JIT. For medium term planning and contrel the MR logic is useful and computer
supponl for automated malerial requirements caleulations is absolutely necessary. For
shorl-term control JIT elements (pull system} should be uscd, as well as bottle neck
calculations. Besides this, the classical MR idea of restrucruring the bill of material
has to be added to the control concept. Because of all this, a classical MRP package
could be used in this industry with some adaptations. In some of the modern MRE

packages several of these adaptations are foreseen however | 13].

2.3 LANGUGE BASE DEVOLOPEMENT OF MRP

During the last 30years, manufactuning companies all over the world have
spent large amounts of time, effort and money on the implementation  of
manufaciuring eonuol system Typically such systems are based on Lhe application
of material requirements planning (MRPYmanufacturing resource planming (MRPII}
approaches Yet survey after survey continues to revel that omly a siall proportion of
such systems can be regarded as really effective [14, 15 & 16]. As a result, during the
1980s there has been some decline of interest in MRPF MRP ] svsiem In the face of

the mcreasing popularity of just in time (JIT) manufactaring philosophy. However,

k.



there is an mmercasing realizatton that ME1* and JIT philosophies are complementary,
and no competing alternatives as was assumed wrongly. MRD based systems are here
o stay, particularly for planning related task, as indicatcd by the fact that many
Japanese companies, which pioneered the implementation of JIT manufacturing and
kanban control system are now creasingly implementing MRP systems [17].

While the future of MRP system 15 assurcd for the foreseeable future, it is
also clear that the system configuration takes account of the real requirements of the
organization concernad This indicates the need tor flexible sollware, which can be
adapted, at relatively low cost, to suit fhe requirement of individual manulaciunng
environment {18].

Fourh generation lanpuages represcnt one very altractive method for the
development of software, which can be adapted to suit the requirements ol individual
manulacturing environmenlts [19, 20, 21, 22 & 23]. The term fourth generation
language {4GL) 1s often wsed {0 mean a number of different things, In general term
4.5 are easier to use than third generation languages such as Fortran or Cobol. Asa
result, system can be developed by less expenenced users over a shorter time period.
Oftent with the use of such languages, it is not necessary to employ specialist data

processing stalf,

2.4 LOT SIZE STUDY

With the emergence of MEP a need arose for new method to delermine lot
size under conditions quitc different that assumed independent demand tnventories
{3] Specially the conditions areas fallows:

V.o Peterminstie demgnd — Hems controlled by MBP are matenials or
components used n making higher level items. Whereas the final
products may have uncerlain customer demand, once the production
sehedule has been decided. So, with some exception such as componcnt
with service demand is considered deterministic.

2. Discrete demand — mther than demand occurs continuously, demand
occurs at discrele intervals at the beginning of planmng pened.

3. Farwahle demand — due w fluctuations 1 ¢ustomer demand the size of

demand can vary from period to poriod.



4. No shortage — as shorlages would cause delay tn production of hj gher
level items and ultimately of tinat prodects, no shortages are aliowed.

3. Carrping cost based on end af inventory — the objective 15 to minim ize the
sum of ordering and carmying costs with the constraint that all net
requirements must be satisfied, The carrying cost is bascd on Lhe available

inventory at end of each planning peried,

Economic Order Cuantity (EOQ)

EQQ 1s preferable when rélatively constant independent demand exists, not
when we know the demand, EON) is a statistical technique using typically average
demand for a year whereas MREP assumes known demand. Operations managers
should take advantage of demand information that is known, Howcver LEOQ 1s still
used in many organizations,

In EOQ calculation,

q =2k ik

Whete, q = economic order quantity
k = ordening cost
= average rate of demand

h = hoiding cost

Period Ovder Quantity (POO
The POQ uses the same tvpe of cconomic reasoning as the BEOQ, but
defermines the no of periods 1o be covered by each order rather than no of ynits 1o
order.
C{ty =Xk +h ()2

) Just
[t can be proved (hat, t {t -1) £ 2k/hr

Where, C (1) = to1al cost
k = ordering cost
h = holding cost

= average rate of demand



t= the cycle time. The largest value of ( such that t (-1 is less

than or equal to 2k/lir

Lot for Lot

The simplest Iot sizing technique is lot for lot. A lot is scheduled in each
penod in which a demand occurs for a quantity equal to the net rcquirement.

An MRP system sheuld produce units only needed, with no safety stock and
no anticipation of further order. When frequent orders are economical and Just in
time inventory tcchnique implemented, lot for Jot is very efficient. However when
ordering cost is significant or management is unable to mplement JIT lot for lot

would be expensive,

Part Period Balancing (PPB}

FPI3 is a more dynamic approach to halance ordering and holding cost. PPB uses
additional information by changing the lot size in the foture. PPB attempts to balance
ordening and holding cost for known demands. Part period balancing develops an

economic parl period (EPP), which is the ratio of set up cost to holdmg cost,

Wagner - Whitin

The Wagner — Whitin procedure is a dynamic programming mode] that adds
somce complexity to the lot size computation. It assumes a finite ime horizon bevand
which there are no additional net requirements. The Wagner — Whitin algorithm,
however, employs a mathematical optimization technique  called  dymamic
programming and find almost optimum solution.

The algorithm first determine an optimal plan for period 1, then for | and 2,
then for 1, 2 and 3 and so forth, until an optimal plan is obtained thmough the
planning horzon. At each stage, the cost of previous optimal plans are used in
determining the current optimal plan

Let  Ei ) = the cost of satisfying demands for periods i+1 through j  using

one order to be received at the beginning of period i+1
fy = the mintmum costs over periods 1 through j whetc the

inventory at the end of period § is zero



=min {f,+eu1,;} where j=1,..n; 1 = Lot =1 &t =0

The ¢quation depicted above te delermine Jy + the minimum ordering and
carrying cost through period j, we should select a regenerafion point, 1, such that the
sum of minimum cost through i plus the cost for one order after i will be 2 minimum.
In searching for the proper value for i, ils need look back no farther than i, _j, the

regeneration point selected in determining f =



CHAPTER 3
COMPANY PROFILE AND ITS PRODUCTION LINE

FIOINTRODUCTION

The data used 1 this study were collecled from a local transformer
manufacturing company. Tt is located at approximately 50-km norih from Dhaka City.
Initially the company was involved in imporming and distributing the Sicmens brand
transformer, control and protection equipment. Later in 1986 il starled production of
disinbution hransformer and supplied it to BPDE and REB. In 1992, 1t made 11KV
Switchgear [itsl time for domestic market. Tt continued its effort to manufacture electric
utilitics locally and in 1996, it manufactured Resin cast 11 kV Current’and Potential
transformer. The company was striving to go for challenging jobs and making ol lgger
transformer In 1997, it manufactured power transformer of 10 MV A, 33KV class
voltage transformer and current transformer. In 1999, it first time in Banegladesh
manulactured [0/15 MV A transformer with on load tap changer [24]. 1

The company has two divisions: Transformer division and switchgear division.
In transformer division power transformer & distribution transformer are manufactured.
In swithchgear division different ratings of switchgear arc manufactured. Switcheear
division is actually an assembly section as all the component parts are imporied whereas

transformer division comprises of both manufacturing and assembling.

3.1 TRANSFORMER DIVISION

Transformer division is one of the largest divisions contributing the bulk of its
turnover. It cmbodies the knowledge, expericnee and state of the art of technology in
transformer engineering and practice. The company’s highly trained engincering and
manufactunng team have been successiitlly manufacturing transformers for the last one-
decade.

Keeping pace with Jatest c¢hanges in technology, the company is making

considerahle investmenis 1n manufacturing and allied facilities for modemnization and



technological upgradation, It enhanced its product range to higher rating ol power,
fumace and converler lransformer.

I'ower transformer factory can bhandle power transformer of 50 MV A, 132 kV,
which ig one of the Jargest lransformer manufacturing unit in Bungladesh. At present it
manufactures power transformer of B4 M‘v':A, 33 KV class and shorlly slam
manufacturing fumace transformer. converter transformer and power transfonmer of 132

KV class with on load Tapchanger.

1
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32 CURRENT PROFILE
Distribution transformer ranges from 25 KVA to 3000 KVA. having system

voltage ¢ither 11 KV or 33 KV, Pole type transformers are mainly designed for Rural

— .
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Blectrificaton  Board., These trangformers  comply  with  ANSI, BSS or TEC
speeilications. ,
Instrument transformers arc bﬂth dry and oil immersed Iﬂr indoor / outdoor type.
Power trunslormers ftom 3 M‘UA 1 25 MVA of 33 K\f’ applications are cither
with off load tap changer. ‘Lranzfonner may have aulomatic mixed cooling system hke
ONAN/ONAY by the coohing fan, which runs antomatically by sensing the winding

temperalure,
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Inzizht of a transformer
Showing eore ol
assembly,
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23 MVA and above 132733 kY transformer are star/star connected with on load
tap changer. Furmace {ransformer are cither with ONAN cooling (heat dissipation

through pressed steel radiator) or ONAT cooling with two heat exchanger, keeping one
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of 100% stand by [25}. The tow voltage winding of fumnace transformers arc made from
scrics of parallel discs, connected to the [V [lat riser. Special oil sealing arrangements
are made for fumace transformer.

Converter transformers arc specially designed for steel rolling mills, eonsidering
the harmonic voltage of the thytistor and also rigid overload condition. Auto transfonmer
for miotor starter or industnal use are air cooled or o1} cooled types, with or without
control pane!l.

3.3 TRANSFORMER FEATURE
The tranglormers are designed according to the eequircment ol individus]

custotner, conforming to one or more intemationally recognized standard including 1EC

70, BES 171, ANST 57.12, VDE 0532 [25]

| B R T IITIiiTARAr T TTITIALE P
TT e e mmis s ol i M
e T o R i B+ B B et - B ama - -
o e a m o —— "
< T H

i
PHOTOGRAFH:

Showing the desten

of a core coil :

assembly

Patign

The company boasts of modern desipn and production technique supported by
Computer Aided Desian and required solbware, Locat and {oreign technology und
cxpericneed consultants and experts are cuntinﬁnusly behind the development of quality

of production.
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Construction

The core is built of grain oricnted cold rolled silicon stecl to give low no-lpad
losses and to reduce noise levels as well. Yoke laminations are clamped between stecl
frames with core clamping bolt and the frame also support the windings through end
blocks and ngs. The construction ensure low 1ron loses and magnetizing currents.
Windings

High voltage coil up to 33 kV class 1s continuous dise wound or cross over type
using paper insulated copper conductor. Low voltage coils are normally larger layver
wounds using paper msulated copper conductor. High voltage coils of 132 kV class are
intericaved or intertuded disc wound with paper msulated copper conductor The

intertcaved or interhided dises nnprove the nihal surge voltage distribution

PIIOTOFRAPID
Showing the
Aszembly
operation

ol silicon siecl
ciore

Core-Coil Assembiy

Being the only active part of the transformier, it has 1o withstand all the ranges of
short cirewil siresses aparl from the impulse voltage and thennal stresscs. The design of
the clamping structure takes the care of the axial shont circuit forces. Careful design of
the winding supports and spacer enable the winding to withstand the radial as well as

loop stress in the outer winding and compressive stress in the inner winding,

Tupping
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Tapping is normally provided in the high voltage windings to cater either for
high woltage or low voltage vanation. Tapping are adjusled by off circuil tap changer in
cage of distribution teansformer of 11 kV class assembled from top cover, and power
transformer of 33 kY class, assembled on the top of core-coil assembly, On load tap
changer are for power transformer to cater for voltage variation when the translormer 1s

on load condibion.

Processing & Oif filling

To improve the dicleetric characteristics of the insulation between the coil and
core, coil assembly of transformers is dehydrated in the vacuum autoclaves or air-dying
oven, The transfommer oil 18 processed by high vacuum o1] centrifugal plant Before
pourng the wml under vacuum, when the translormer 18 perfeetly doed up, the oil 18

tested [or dicteetric breakdown at their laboratory.

FHCOTOGEAPH:
Showing three coils of a
power transformer

Tank and Cover

Mild steel sheel made tanks and covers are [abricated by welding. Each lank 15
tested under pressure for delecting any leakuage, Tanks employed for housing the core-

co1l assembly are mechanically sirong. Tanks for power trans{ommer are sustable 1o




withstand full vacuum. The steel parts belore being pmntcd arc shot or sand blasted o
remnove w eid splatters, mill seales ote. -
sz.s-erm tor Tomk

Transformer is provided with an overhead conservatlor tank. Il 15 defachable by
providing a flange at its poml of connection to the tank cover. The connection to the
main tank cover will be at the hghesl poinl o prevent trapping of air in conscrvator

tank, which shall be detachable 1o faalitate eleamng
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Radiators

Pressed steel radiators are specially made from “D™ grade CROCA sheets with

profile formed and the elements are resistance welded with scam welding machine. Fach

mdividual clement and radiator under assembled condition 1s lested wath air pressure ol

approximately 3 kgf em’,

i
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Insulating oil

Transfonmers are delivered with initial ofl filling. Transformer ol is so that ne further
drying will bc required before putting into operation. The charactenstics of the
insulating oil are as {ollows:

Speetlie gravity at 15°C 087

Viscosity at 75°C : 5.5 Centistokes (Max)

Viscosity at 30°C : 19.0 Centistokes (Max)

Flash point . 145°C (Min)

Reaction : Neuiralily

Dielectne Strength L SOKY (Min), 12.5mm diameler spare elcctrode gap length
2.5 mm

Tests

Tests are carmed out rigorously at every stage of assembly. Transformers are
qualificd for dispatch on successful completion of rontine test as per BS 171/1970 or
ILC 70.

¢ Insulation resistance measurement

¢ Measuremeni of voltage ratio and checking voltage vector relationship

¢ Measurement of winding registance

e No load cumrent and Toad loss measurement at 90%, 100 % and 150 % of

rafed voltage.

s Measurcment of impedance voltage and measurement of load loss.

s Separale sourcc voltages withstand test.

e Induced voltape withstand test

¢ Di-elecine strength of oil

s (nl leakage test for transfonner tank
Quality

The company 1s commilled to achieve excellence in the products and the
services. The gualily policy not only adoms the walls of the company but also genumely
followed al every stage of manufacturing. From procurement to processing the eflor 1s

always to build and constantly adapt upgrading technology to maintain the quality.
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Accessories

The following accessories are furnished with the transformers. Drain valve, Filter
valve, Thermomcter pocket, Farthling tenminal, Lifing lugs, Radiator valve, four
jacking lugs, pressure relief device, winding temperature indicator, HY and LV bushing,

oil temperature indicalor and oil level gauge.

3.4 PRODUCT LIST

The company boosts its design section by Computer Aided Design (CAD) and
production section by Computer Aided Manufacturing (CAM). It manufactures single
phasc and three phase transformers, core type or shell type. Oil immersed or dry type,

naturally sel-cooled or forced air / oil cooled, suitable for outdoor or indoor installation.

Produets:

1Y 5kVA 1 phasc, 50 Hz 12) 200 kVA 3 phase, 30 Hz
2} 10kVA 1 phase, 50 Hz 13) 250 kVA 3 phase, 30 Hz.
3y 20KV A 1 phase, 50 Hz 143 315 kVA 3 phase, 30 Hr.
4y S0 kVA | phase, 50 Hz 15y 400 kWA 3 phase, 50 Hz
5) 75 kVA 1 phase, 30 Hz 16y 500 kVA 3 phase, 50 Hz
6} 100 kVA 1 phase, 30 Hz 17630 kVA 3 phase, 30 Hz
7} 150 kWA 1 phase, 50 Hz 18} 750 kVA 3 phase, 50 Hz.
2} S0kVA 3 phase, 50 He 19) 1000 kWA 3 phase, 50 Hz
9y 75 kVA 3 phasc, 30 Hz. 200 2 MV A 3 phase, 50 Hez.
103100 kV A 3 phase, 50 Hz. Z1Y3 MV A 3 phazge, 50 Mz
113150 kV A 3 phase, 50 Hz. 22) 5 MVA 3 phase, 30 Hr.

3.5 LAYOUT OF THE PLANT

The company’s layout is the typc of process layout where preduction machincs
arc arranged into groups according to general types of manufactuning processes. Every
department 1.2, lathes are 1n one department, culting machines {both Manual and NC
types) are in another, fabrication in another department. Chemical depariment does the

function of chemical treatment of Nui, Bolt, Bushing Rings and Rods. Fabrication



depariment does the function of fabricating tanks and radiators mamnty There are also
switchgear and current transformer scetions but they are independent and not related to

transfonner departineni.
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FIGURE 3.1 Plant Layout of the company.

3.6 PROCESS FLOW CHART
T'he company has salcs Engineer all over the country. From the basis on previous

salcs, clients direct order at sales office & demand collected by sales engineers the sales

.
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department give a future forecast of transformer requirement of production. The
planming depariment detennines master production schedule, material requirement

consuiting with stores and design seciion.

Sales
Forecast
Design Planning ' Store
¥
Core Coil . . Fabrication | N Lathe
Section | Scction v " Qectian
¥
Assembly
¥
Tanking - Testing

FIGURE 3.2 Process [low chart showing the activites wn a bansformer

manufaclunng company.

For every type and specification of transformer there 15 distinet design, designing
department designs with CAD. Store gives the information of {inished transtormer in

mventory and the raw material on hand. Silicon stec! is cot by both NC machine and

hand operated machine. Normally NC is used in case of power transformer where large
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& huge amount of Silicen sheet is required and NC cuts at higher speed. Silicon steel
sheets required for distribution transformers are cut manually. Col imported from
abroad is winded in winding section with insulation raping the bared cu wire. Tank &
radiaiors of the transformer are fabricated in fabrication section where a large number of
mechanical machines are uscd. Tank sheets are normally cut by gas cutter where as
radiator sheets arc cut by hydraulic press bar. All cutting is done according to design.
Radiators are scam welded and then fuid test is done. Tn lathe section all rods, bolts,
channels, flanges ete arc manufactured. In a medium size transformer 11 long size rods,
4 channels are required to manufactured. The items delivered [rom these three sections
are then assembled to make a final product. After the improvisation of diclectric
characteristics of transformer the tank is filled up with cil and then core coil assembly is

descended in tank where it is immersed. The tank is then tested and delvered to

cuslomet.



CHAPTER 4
METHODOLOGY

4.0 INTRODUCTION

Since there are scveral categories of transformers are being fabricated in the
company, it is necessary to construct BOM for each category to make the [inal MRD
for the whole production, In this chapter the steps followed in MRP have been
discussed with a simple example. Moreover, the method of constructing the bill of

materials, cstimating the lead time, holding cost, setup or ordering cost are also

briefly discussed,

4.1 WORKING PFRRINCIPLE OF MRP

The master production schedule 1ells what, when and how many to be
produced. What means, what is the ¢nd product; whent means, the time horizon when
L will be rcady for shipment and how many means, the quantity that will be
produced. A general format of MPS is like Figure 4.1, The master schedule must be
based on an accurate estimate of demand and a realistic assessment of it production
capacity. In MRP it is not only recorded the current inventory status but alse the
fuure changes that will accur against the {nvenlory. ‘Therefore, the inventory starus

segment lists the gross requirements for the item, schedule reccipts, on hand stalus,

and planned order relcases.

Week number } 2 6 7|8 |9 |10
Product 11 // 20 30
Product P2 } 30| A0 | 40

Eic J &
| S I A B e

Figure 4.1: Master production schedule for products P1 and P2
showing weekly delivery quantitics.
The structure of an assembled product can be pictuted as shown in Figure 4.2.
This i3 & simple structure of a product comprises of two subassemblics The product
structure 1s in the form of pyramid, with lower lovels fecding into the levels above

The dashed linc shows the nerwork is up to the raw materials. The itcms at each
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successively higher lovel are called the parents of the items in the level divecthy
below. Suppose 81 is the parent of components C1, €2 and C3. Product P1 15 the
parent of subassemblies $1and 82, The product structure also specifics how many of

cach 1tem is to be included n its parent

Il

()] | ()

s1 52
(I)| B3 |(1) {21 (2 |(1)
a |l o2 |l o | ca || o5 || s

Figure 4.2 Product strucmere for product ']

The mastct production schedule specifies the period by period list of cnd
product requitement. ‘The BOM dehines what material and component required for
each producl. The MRP programs computes how many of each component and raw
materials needed by exploding the product structure. Now referring the product
structure of Figure 4.2, twenty units of P1 cxplode into twenty units of subassembly

31 and ferty units of S2 and the following numbers of units for the components: C1:

Pz
(1) {1)
83 $4
N —
| Ve IV L1y
4 ] ' 7 c2 | 1
Figurc 4.3: Product structure of product P2 0|

20 umuts, C2: 80 units, C3: 20umits. C4: 80 units, C5: &0 units and C6: 49 ynils. The
guantitics of raw material can be determined in a sioular mammer Similarly for
product P2 in Figure 4.3, the quantitics of subasscmblies and components can be . l

determined.
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Net requirement

Moat inventory systems also note the number of unils in inventory that has
becn assigned to specific future production but not yet used or issued from the
stockmom  Such 1tems are often referred o as allocated item. Allocated items
ncreased requirements and then should be included 1n an MRP planning sheet. The
altocated quantity has the cffcet of increasing the requircment (or, alternatively
reducing the quantity on hand) [26]. The net requirement MRP is:
Net Requirements
= [(¢ross requirement) + {allocatien}] — {{on hand) + (scheduled receipts)]

= [Total requirements] — [available inventory]

Sample Problem;

Let P1: assembly lead time = 1 week
P2: assembly icad time = | week
52 agsembly lcad Lme = 1 week
53: aszembly Iead Lme = 1 week
4: manufacturing lead time = 2 wecks
M4 ordering Icad time = 3 weeks
From Fipure 4.4 (MR solution} it would be clear to find matenal
requirement and its timung (backward caleulation). At last table, on hand material is
35 and schedule receipt 18 30 total 65 items is available at pemod 3 butl pross
requirement is only 50 Lherefore 15 1lems are access. Om period 4 thiz 15 ftems would
act as on hand item and gross requiremnent is 140 therefme s need 125 items only.
Thesc 125 1tems will be needed to order at period 1and 50 on,

Now MRP solrtion 15 as Jike this:



A1

Period

1o Prooduet P11

CGross Hequirement

20

Schedule Receipts,

On Hand

Met Reguwirtements

20

Planned arder Release

g

Beriod

1

10

Ttern: Product P2

(Gross Requirement

Gl

40

Schedule Receipts.

On Hand

Met Requirements

alk

40

Planned order Belease

50

40

Pomiod

14

Ttem: Subassembly 52

Gross Requircment

B0

Schedule Receipts.

Cn Hand

Wet Requirements

A0

60

Planned order Release

40

&0

Period

10

Ttem: Suhassembly 53

Gross Requirement

30

)

Schedule Recaipts.

O Hand

st Requirements

30

4l

40

! Planned order Reloase

&

44

Perod

10

Lien: Component G4

Gross Regquitement

140

40

120}

Suhedule Recaipts

Cin Hand

Netl Reguirements

44

120

Planned order Release

50 1140

Perod

3 4

if

flern Haw Math, M4

Gross Requirement

50 [ 140

120

Schedule Receipts.

i

On Hund | 35

65 |15

Net Requirements

-15 1125

40

130

Plamned arder Release

115

40

1201

Figure 4.4: MRP Sclution of the Sample Problem
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4.2 CONSTRUCTION OF BILL OF MATERIAL {BOM)

The construction of bill of material in compledc form for a practical product 15
undoubtedly a tedious work  In a ransformer there are large number of components
or parts. To construct the BOM it is necessary to be familiar with all the stages of
fabrication and steps adopted 1n assembly or sub-assembly. Considering the practical
limitations, ooly the major items were taken inio account in constructing the BOM.

A typical BOM for 250 KV A transformer is presented n Figure 4.5.

Transformer
| ]I |
Tank Active Part il
Box  Drain Valve Radwator
Core & Coil Assembly TopCover
| | [ | |

Suspension | Scparalor | ‘lie Rod Silican Copper
Rod  Steel Sheot

CoreBoit  HT Coil  Channet LT Coil Key Block
|
I ! | I | |
Wire Sleeping Oil Wirc Coflon Insulation
tubae duct smip Tape  Paper

B | 1 | | |

Top Bushing| Tap Nut HT Cap LT Cap
Cover Ring Changer | (Bushing Ring
Conservator ~ Bushing Nut III'ked LT Rod LT Flange
| | | {Top Cover)
Conservator Oil Level
Tank Indicator

Figure 4.5: The Bill of Material (BOM) of 250 kWA Transformer
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4.3 FSTIMATION OF LEAD TIME.

:Thc lead time for a job is the time that must be allowed o0 complete the job
from start to finish, There are {wo types of lead times m MRP: ordenng lead time and
manufacturing lead times. An ordering lead time for an item is the time Tequired
from matialien of purchase requisition to (he eceipt of the itemn from the vendor. [T
the 1em 15 the raw material that 1s slecked by the sendor, the ordering lead time
should be relabively short, perhaps a few week, I the item s fubncated, the lead time
may be substambal, perhaps scveral months [4].

In this case, daw on manufactoring lead times were collected from the
concerned operalors whereas ordering lead times were based on the recorded dam in
the store. In either case lead time is taken on the basis of ‘time nccded most
frequently’. Here il was [eund manufacturing lead time and assembly lead time is
matler of days and ordering lead time is matler of 1 week or 2 weeks for item

purchased locally and 120 days for imported items

4.4 SET UP COST AND HOLDING COST
Set up cost is the cost that increases with the no of onders and holding cost is
the cost that increascs with order quantity. Total cost is therefore, summation of

holdmg cost ordering cost and purchase cost. Fipure 4.6 depicts the total cost with

—— Total cosl

Cost *+— Carrying cost
Ordering cost
o Purchase cost

Order quantity

Figure 4.6 Cost element showing total cost

order quantity. The cost elements relating set up and beldmyg cost being enormeus

therefore its determination became quite difficult. The difficulty arose due to non-
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availabilirty of dala as formatied in text. Tierefore data were collected o the basis of

procurement officer's buying expenence. The data will not be exact due too guise and

rough cstimation. However, holding cost elements [26] and its percentage vatue of

invenlory is shown in Table 4.1 and ordering cost elements [3] 15 in Table 4 2

Tablc 4.1 Holding cost element

L

2,

3.
4.

5.

Housmg costs such as building rent, depreciation,
operating cost. laxes, insurance. .

Mat. TTandling costs including eqummml lcase or
depreciation, power, operating cost...

Labor cost from exira handling

Investment costs such as borrowing costs, taxes and
MEUFARCE D iINVeniory

Pilferage, scrap and obsolescence........

Table 4.2 Ordennyg cost ¢clement

\DOC'*-JG\.'LH-I&'!JJMH-‘

Preparation of purchase reguisition
Preparation of purchase order

Manl

Expediting, (telephone & telegraph)
Transporialion

Receiving

Ihspection

TPut away

Updatmg inventory tccords

]D Paying invoice
11. LC
12, Customs

4.5 FINAL TTEMS FOR CALCULATION

(3-10%)

(1-3.5%)
(3-57%)

{6-24%%)
{2-5%)

Therc are as many as 31 end items for transformers according to BOM chart,

But all these itemns are neither costly nor frequently ordering items, Thercfore anly

11 items were taken into account for ot sizing determinations that are used m bulk

guantity. The items are as follows:

1} Tank RM S)HT wire 9} press board

2y Radiator RM 6} Transformer o1l 10) copper rod
1) Silicon steel 7} channel RM 11) Nut boit

41 LT wirg B) comscrvator Ry



CHAPTER 5
DATA COLLECTION AND ANALYSIS

5.0 INTRODUCTIONM

The data and information collected were translated into vsable formats and
then analyzed. The analysis was carried out by an educational version of production
and operations management {POM) software. This software is of very limited
capacity with which it is not possible to handle a real lite indusirial problem having a
large number of products over a wide horizon of time period. In the present study
only the main items of products (transformers} were considered for a time-period of

twelve months to calculate the demand for the subsequent periods.

5.1 POM SOFTWARE

The POM software, developed by Howard Wews, 15 an educational version
used to solve problems rclated to operations management. 1t has 20 modules such as
Agpregate Planning, Assignment, Balancing Assemhly Line, Forecasting, Inventory,
Tob Shop Scheduling, Lincar Programming, Location, Let Sizing, Material
Requirements Flamming, Project Management {(PERT/CPM). Waiting Lines etc.

The module of material requircments planning (MRP) contains the columns
named as [tem name, Level, Lead time, Per parent, On hand inventory, Lot s1ze and
Minimum quantity. The term ‘level’ indicates the level based on BOM product
strectare. This implies that the number ingerled into this column will represent the
leve!l of the item in the BOM structure. *Lead time” is the time elapsed [rom placing
an order and the receipt. Thete are three tvpes of lead times: assembly lead times,
manufachiring lead times and ordering lead times respecuvely applied to assembly,
manufacture a part and raw materials. ‘Per parent’ - tells the number or goantity
required to make one unit of the product. It may be a piece, kilogram or liter. For
example, per parent 195 is written against ransformer oil for 250 KVA trans[omer
implies that each transformer requires 195 liters oil.

The sample calculation presenled 1n this section is for 250 KV A transformer
whose product structure compnses of five levels. Smce the available POM software

iz of educational versien, it does not accommeodate more than 40 periods. But the
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transformer composes of components or raw malerials, which may require lead times
ag long as 120 days. So the lime-phased material requirements were evaluated by
adopting manual approach. The data obtained have been amanged m a tabular form
from the low level (0} iem o high level {5) item slarling wilh total requirement
(FOT. REQ); on hand mventory (ON JIAND); scheduled receipt (SCHL. REC ); nel
requitement {(NET REQ.); plammed receipt (PLAN REC.) and order rclease {ORD
REL) agamst the penod.

5.2 DATA COLLECTION

In manufacturing transformer raw matenials or parts are eilher procured from
Incal markels or mmporied from foreign countries. Some of Lhese items are used
directly whereas others pass through some operalions and then used. Fer the laHer
case, lhe lead-time for a job is the time required completing a job hy performing the
necessary opcrations. For Lhe former case, the lead-hme for an ilem 18 the time
required from initiation of purchase requisition to Lhe receipt of the ilem from the
vendor,

Data on lead times were collecled from the concerned operators whereas
ordering lead times were based on the recorded data in the store. In either case lead-
time has been chosen on the basis of ‘time needed most frequently’. It was noticed
that manufacturing lead time and assembly lead tme arc maters of days and
ordering lead 1ime is a matter of 1-2 weeks for item purchased locally and about 3-4

meornths for items imported fTom foreipn countrics.

5.3 MRI' OF 250 KVA TRANSFORMER

MRP as it iz already mentioned can be determined by POM. But POM does
not facilitate the ageregation of same componcnt'partd used an differcnt produects
Again if it {aggregation} is done from manually done spreadsheet it would be time
consuming and also there would be chanee of enormous errors. Therefore to avoid a
lot of data handling and errors and also to lessen the tedious effort, it 15 better to
caleulate the quantity of raw material requirement by Excel. It may be noted here that
the resulls determined by Excel will he exactly same as the data determined by

manually denc spreadsheet, It will be discussed laler in detail. The reselt of material



requirement planning (done manually) for 230-K VA transformer is shown from next
page and that done by POM 15 enclosed in Appendix I A sample calenjation for
determining 5, 250 kva transformer 15 given from Table 5.1 to Table 5.2, Figure 5.1,
and Table 5.3
Table 5.1 Material Requirernents Planming for 250 KV A Transformer
(sampie)
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Table 5.2: Indented Bill of Material of 250 kVA Transformer

Trgr 013 Leud Wurber (mhand | LotSize | Beromu
: Time pos Tuwentory m
Marent [Juantity
| cunsfuzney l 0 4]
AT 120 Ay th
T. Tank ] 1 o
Tunk Rox ! 1 4]
[ Ta Ltox ki 15 0 4
| Dran Valve 7 1 1]
[ Eadisrer 1 4 i
| Radiulur B [ n it
Acling Par 4 [ [
Core Cail 4t 4 1 4]
Son Rl i q {
| Sux, Rod Tihs 7 (03 1] 1
Core Bol | 4 0
| Core Tull BM T a4 [{]
Neparator L 2 5
[ Sep, R 7 017 0
Channel 1 L] 7]
| Chunnel R 7 15 1]
Tie rod 1 4 I
[ e Jad T il |68 0
51 bl | ! 1]
[ % Sicel RM Ln 430 3 0
Few Black P 156 g
| K Black BM 7 0.0333 il
Copp Sheet 1 4 1
[ % R 3 0.4 1
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Coton Tap i 1 1]
Inz Paper 1H) 1 I
Iep Cover 5% | L T
iop Cov | | &
[T Rt L5 15 [
|_Beshm 7 7 1]
B Eing 7 3 I
Tup Clanger 120 1 0
Mt T Cow 7 iz i}
Mut & Ring 7 112 it
1.1 Flangs T 4 3
HI" Ked 1 3 ¥
[ HI Hed BM L2 047 4
HT Cap 7 1 il
[.T Rad 1 d ]
[ LT Rod RM 120 it 75 i
LT Cap 7 4 ]
(o OnsCrealor 1 | 0
Con, Tank | [ 1]
[ Can lank M B 113 i
Thi1ev Lnd {120 [1 s

] 1 pJ 3 4 3
[eve] —m




39

The indented bill of matensl shown above hag five levels excluding rero level,
Demand for level @ items i.¢. 250 KVA transformer is assumed (o be as follows:

Period Demand

1 0

2 0

3 0

4 {0

5 0

136 0

137 0

| K 0

139 0

140 5
Transforme
Period 131 | 132 | §33 | 134 | 135 136 | k37 t 138 139 | 140
Tot Reg, | 5
i Hand
Sehd Rec.
Mt Feg 3
Flan Recg, )
Cied Rel, 5
Transformer il
Penod 13 14 17 18 19 20 —e—ne | 135 L0
Tat Reg 1 500
On Hund
Sehd Rec.
Met Reg 1500
Plan Reeo. 1500 |
Qrel el 1300 |

Figure 5.1: Sample MR calculation of 250 kva transformer for number of
5 mansformors
And so on But to arrange all this tables create unnecessary cocupation of space

Theretore, in a congise form it is given in the Table 5.3 shown helow,
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54 EVALUATION OF MATERIAS REQUIREMRNTS BY EXCEL

The monthly master production schedule for eight categories of ransformers,
ranging from 200 KVA to 1000 KVA 15 presented in Talle 5.1 {Appendix 1) for
twelve monlhs staring [rom January 2001 to December 2001, Data on demand [or
the various ransfonmers during January to December 2001 were available from the
record ol the fuciory.

It may be noted that Lhe fcad tmes for different raw materials or compenents
are different.  To [aciltate (he determination of Hme-phased requirements of
materials having shorter lead times, the monthly MPS is broken down into fortnight
and weekly basis As so many tables were used for raw material determination the
complete list of the lables were provided in Appendix I Table 5.2 {Appendix 17)
provides the requircments on forinight basis while Table 5.3 {Appendix II} provides
the fgures om weckly basis, Table 5.4 (Appendix IT) provides the information of raw
matenit] tegquirements on lransfommer basis,  [1 18 necsssary 1o mention that the
prosert analysis has been restricted for the raw materials procured from outside of
the factory and does not include the items [abricsled within the premises of lhe
factory. Out of 53 items, eleven items (raw materials) are procured from internal or
forcirn market, which do not need any processing in the factory, According to the
record the lead fimes for procuring these materials cannot be less than a weck.

The total reguiremenls of the individual raw materals over the time hodzon
were caleulated. Thus the cumulative amount of raw maledals requitements
determined on the basiz of month, formight or week as applicable aie presented
against Lhe various calepories of transformers 1o the Tables 5.5- 5,15 {Appendix 1)

For example to determine periodic demand of Silicon Steel, it would require
to mulliply the Silicon Steel column of Table 5.4 in Appendix IT with the columns of
Tabie 5.1 in Appendix 11, the results of which is presented in the Table 5.4 (Table 5.7
in Appendix 1)
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5.5 MRP LOT SIZING

To meet all requirements, an order has to be scheduied for completion at the
beginning of the first period in which there is a positive net requirement, FHowever,
the s1z¢ of the ender may be cither just equal w the net requircment in the period 1n
which 1t iz duc or it may be larger. The larger lot-size may take lhe advaniapge of
econgmies of scale covering the net requirements in some subsequent perinds. The

decision process on the order quantity is called Jot sizing.

5.5.1 ESTIMATION OF RELEVANT INVENTORY COSTS

There are three main costs of operating inventory systems- ondering, carrying
(holding} and shortage cosls. Some clements of thess cosls may be difficult 1o
cetimate and. therefore, do not appear in the accounting records. HMowever, the total
cosls resulting from inventory decisions are relatively insensitive to reasonable errors
in the estimates of costs So great precision s not necessary.

In the present study shorage cost was not considered. The cosis that were
cstimated are holding and ordering costs Flelding coses are the cost associaled with
holding or “carrving” inventory -ovcr lwme. Therefore, holding costs nchude
obsolescence and costs referred 1o storape, such as insurance. extra slaffing and
inlerest payment. Considering the local conditions and consulting with the involved
persons in the company the predicted holding cost clements are presented in Table
5.5

Table 5.5 Estimated holding cost element

Category (Cost as a percent of
Inveniory value

1. Housing costs such as buwlding rent, depreeiation, 1%
operating cost, taxes, insurance... ... ...

2. Mat. Handling costs including equipment, lease or 2%
depreciation, power, operating cost |

3. Labor cost from extra handling (5%

4, Investment costs such as honowing costs, taxes and 15%
insurance on invenlory

5. Pilferage, scrap and obsolescence... ... L.3%

Tatal 2244

Thus the overall carmying costs can be evaluated by summing up all the cost
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elements Any inventory holding cost of less Lhan 15% 18 susceptible {26], but annual

holding cost oflen approaches 40% of the value of inventory.

Ordering cost 15 the cost hat inereases wilh the no of orders placed. The cost

include cost of supplies. forms, order processing, ¢lenical support and so forth,

Ordenng cost lement can be pledicted az Table 5.6,

Table 5.6 Ordering cost element

M D ] G LA L pd e

=]

11.
12,

P'reparation of purchase requisilion |
Preparation of purchase order

Mail

Fxpediting, (telephone & tclograph)

Transportation
Receiving
Inspection

I'ut away

Updating inventory records
. Paving invoice

LC
Customs

Imnporied

Tk. 250
Tk 404
Tk 200
Tk 400
Tk 16000
Tk 2000
Tk 400
Tk O

Tk 200
Tk 1500
Tk 4000
Tk 5000
Total Tk 30350

Table 5.7 Cost of Raw material

S

GO ]

9.
i0.
.

Tank RM
Radiator RiM
51 Steel RM
LT Wire RM
HT Wire RM
XFR Ol
Channel EM
Conservalor B
Tr Board 1M
Cu Reod R
Nut Bolt

Tk2:per Kg

T 28 per Ko

Tk 215 per Kg
Tk 210 per Kg
Tk 200 per Kz
Tk 50 per hiter
Tk I per kg

Tk 27 per Kg

Tk 220 Tk per Board
Tk286 por Kg
Tk 3.50 per piece

Local

Th. 250
Tk 400
Tk
Tk O

Tk 1000
Tk 300
Tk 400
Tk D

Tk 200
Tk 200
Tk O
Tk0
Tk 2750
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Czleulation of Holding and Ordering Costs

Holding {or carrying) costs are those costs that increase with the size of
inventory. Usually most of lhus cost is a function of e value of inventory. Since in
this study only the purchased items were considered, the holding cost would be
valued at the purchase cost of the item. The umi holding cost is, therefore. desipnated
i1 Taka pet unit per unit time as h. Thus

h=1fb
where = holding cost fraction and

b = unit cest (The valuc of b are assigned in Table 5.7)

Sample calcularian.

The holding cost for invenlory of silicon steel for which = 0.22 per year, b =
Taka 215 por Kz 15 evaluated as h = (0.22*215)/12 = Taka 3 94 per Kg -Month. In
Table 3.8, the holding and crdenng costs for the different raw materials consumed in

trans{onmer are presented.

Tahle 5.8 Holding cost and ordening cosls for differend materials

Item Hotding Cost. Ordering Cost,

Tk per unit-month) {Tk per crder)
Tank Raw Material 023 2730
Radiator R\ 026 2750
Silicon Steel 3.94 30350
LT wire 3 BS 30350
IIT wire 366 30350
HIR Ol 0.%1a 30350
Chanme] R 0.04 2750
Conservator B .24 2730
{ Press Board RM 4.03 2750
Cu Rl RM 5.24 303350
Nut Bolt 0.01 2750
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5.5.2 MRP LOT SIZING BY POM SOFTWARE

With the emergence of MRP systems, a need arose for Lhe melhods of
determining lot sizes under conditions quite different from Lhose assumed in the
models used for independent demand inventories. The relevant conditions are (i)
deterministic demand (i) discrete demand (1ii} variable demand {iv) no shorages and
(v} holding (or carrying) cost based an end-of-perod inventory. Different methods
including a number of heuristic lot-sizing techniques arc available which aim at
providing near optimal lol sizes, Wagner-Whitin is an algonthm which employs a
malhematical optimwation technique known as dynamic programming and
guarantees an optimal solution.

In POM soltware there arc five options findin g total cost: Wagner—Whitin,
EOQ, Lot for lot, POQ and Part Perod Balancing. In every method period basis
demand data are provided along with holding cost, ordering cost. lead time and initial
myentory. The result sheet provides the total incrementat inventory cost as the
simmation of the holding and ordering cost. In lhe subsequent Tables 5.9, the
requircd data for silicon stcel were provided followed by the results oblained through
application of the methods such Wagner-Whitin, EOQ, Lot-for-Lot. POQ and Part-

period Balancing respectively

Table 5.9 Sample Problem: Lot size determination of Silicon Sleei Raw

tiatcnal
Pariod Demand [(Kg) | Parameter Value
1 g,.523 Holding cosr [ 3.3¢ Tk
2 1.1723 Setup coat 30,350 Tk
3 9,149 Tnitial 13813
inventory
T & 9.,.0%d Lead time 4
5 9,258 T
& 5,727 T
7 B,B20
g 7,000
] 10,280
13 1z2,5a]
11 9,472
1z 4,317
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Results:
Unly one sample result sheel for Wagner-Whitin method is provided in Lthe Table

5.10. the remainimg are m Appendix III.

Table 5.10 Lot sizing of Silicon Steel by Wagner — Whilin Method {Jan 01 1o

Do 01
Period Demand Produze | znvente | Holdaing | Set up
ry Cost Tk | Cost Tk
Inirial Inv. 359519
1 9523 25985 118184 2
2 720 182687 T71971.08
3 9183 673 3576732
4 078 0
3 8259 925% 0 30350
| & o727 9¥2v 0 20350
7 geza 15820 7000 27580 30350
2 FO00 ]
] 10204 10204 0 30330
10 12581 12581 30330
1z Y47z 14252 184951 4 30350
12 4810
Totale 1113582 F1873 272454 © 182100
Ave demand 5232667
Tobal Cost 4543554 9 |
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The complete lot sizing 1esults of atl eleven raw materials are provided in
APPENDIX ITT A summarizes result of all the raw material 1s shown in Lhe Table
5.11 miven below,

Table 5.11 Total cost of lhe individual 1lems for the stipulated perind
{not annual)

Malerial W, Whitin | Lot forlot | EOQ POG FFB user
defined
Tank RM 8419 32,255 16,441 12,275 10,270
Radiatar R 11,902 33,670 18,988 15,323 13,950
Zi stes] 454 544| 1,601,442 1,905.730| 1.501,442| 481,748 1755581
LT wire 160,014 4B3.VBL| 427867 382,852 160,014 417287
HT wire 24,341 52750 63,834 47 491 25,253 57048
Translormer Ol 162,779 471,268 439475 383,435 162779 519402
channal Rh4 3.227 30,372 4 841 3,340 2,227
Conservator R 4 534 A0 636 5,562 4,930 4 594
Press Board 3551 20,458 5115 3.761 3,551
Curod R 43 8531 258,803 201 57,199 43,852
Mut Baolt 2911 30,280 4,170 2052 2,811




CHAPTER 6
RESULTS AND DISCUSSION

6.0 INTRODUCTION

Application of MRP requires a master production schedule (MPS} slating the
end items a company plans to produce by quanuty and time period. The MPS, thus,
schedules production plans and purchascs orders, acts as principal input to the MRP
gystemn, forms the foundation for delermining the resource requirements and provides
\he basis for making delivery promises to cuslomers. The company usually follows
make-to-order policy and curcently it receives enough orders to utilize its capacity of
resources. The company generally prioritzes the orders depending on the deadlmes.
The MPS is not strictly based on production plan, demand data arismg out of sales
forecast. safery stocks, anticipation inventorics etc. This chapler incorpotaies the
discussion on estimation of the clemenis of the inventory costs. cifects of lot-sizing
method on inventory costs, summary of MRP results, comparison of lot-sizing
performed by various methods. present scenario of the company, application of MRP

and the rclated issues and benefits.

6.1 ESTIMATION OF THE ELEMENTS OF INVENTORY COSTS

Different inventory costs are estimated depending on varipus available facts
and figures. Docamenlation and reeording of the relevant data and mformation in
detailed form are very impurlant. Precise determination of the various cost elements
of inventory needs accurate and reliable data. Bul the tecording system of many local
companies is nol wned accordingly. For example, in case of telephone bill, like many
other organizations the company does not record which of the calls are made exactly
for ordering or expediung an order. In fact it is not possible also o keep track o that
extent unless the organization deliberately adopls such requisitc measures. Similarly,
records like expenses for lighting, maintenance, security ctc., shares of which should
be appertened coreetly in inventary holding cost caleulation, But absence of precise
recards of such data and information lead to some sort of guess, To minimize the
crror in such guesses organization should adopt necessary changes and modifications

in its pperations system.
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6.2 INFLUENCE OF LOT-SIZING METHODS ON INVENTORY COSTS

The total incremental inventory cost is dependent on how much the lot-size is
and how frequently the order is being placed. The five methods available with the
POM software woere tried and the meremental mventory costs for different maiterials
were evaluated. In Table 6 1 the inventory costs against cach of the eleven malenals
are presemted in the corresponding column of the five methods adopted. Tortal annual
mventory cost as shown at the boilom of each column helps to compare the methods
in terms of cost savings. Irrespective of the method used, 1t is evident that the
imported materials are responsible for major share of the lotal Inventory costs, This
may be atirtbuted 1o the large amount of material per order and to mainlain storage

for a Jonger period resulting in huge amount of holding cost.

Table 6.1: Annul mventory costs {Tska) of different materials using different
technuigues

Annual inventory cost

Material W Whitin | Let for Lot | EOG POG PFE User
defined

Tank RM 18,838 B4.510 32,882 24,350 20,540 -
Radiatar RM 23804  B7.340| 37,972 206458| 27,500 -

S steel 434,344) 1,601 442| 1,908,730( 1,601,442| 4B81,748] 1,795,641
LT wire 160,014 469,766 427 B67| 362,852 160014 417 287
HT wire 48,682) 105500 127.668| 94,882 50S06{ 174,096
Transfarmer Oil 162,779 471268 435476 363,436 162779 519402
channel Rid 12,908 121,488 19364F  13,3896; 12,508 -
Canservator RM 8,185 861272 11,124 5,950 9,188 -
Fress Board 14,204 121,836 20460] 15044] 14,204

Cu rod RM 43,8953 253603 3,201 47,194 43,953

Hut Bolt 11,544 121,180 16 680 11,808 11,044

iotal 960,558 3,464,184| 3,120,424 2 585,315] 945 354

In the study the five methods such as Wagner — Whitin, EOQ, Lot for Lot,
POQ and Part Period Balancing (PPB)} were applied to determune MRT lot-size,
Presently the intuitive approach adopted in the company appears to be an attempt of
EOQ technique. It has been observed duning this investigation that the factors
relating to the estimation of holding and ordering costs are not properly considered.
Moreover, the values of the components of inventory costs such as the ordering and

holding costs are assumed without following the standard procedure, So it is apparent
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that the practice made by the company may have considerable deviations from the
rosults obtained by applving EOQ 1n tue sense,

For cxample, in case of transformer oil Lthe company places orders of 288
drums {equivalent 60480 liters) of o1l al a time. Censidering the helding, ordening
costs and the demand over the periods, the annual inventory cost is calculated and the
amount appears 10 be more than Taka 519000, which is higher than (he amount
determined by BOQ method.

Simitar trend may be obscrved for some other raw materials. From cross-
examination of T'able 6.1 11 15 apparent that the company’s intitive approach is some
times better than EGQ approach and some t1mes worse than EOQ approach.

It i5 also apparent from Table 6.1 Wagner—Whitin method appears to be the
most attractive 1n determining the size of order. Part Pericd Balancing 15 the next
choice whereas the position of EOQ would be in the 4™ place among the five
standard lot-s1zing approaches. Therefore, it can be very easily understand how much
the company would gain should they shift from present intitive appreach 1o
Wagner-Whilin appreach to determing the order quantity.

Table 6 2 indicates the percentage of cost saving should the Wagner-Whitin
method was used instead of lot for lot, EOQ), POQ and PPE. Compared o EQQ,
Wagner-Whitin method can ensure significant amount of savings in case of silicon
steel (saving of 76%), H'T wire {saving of 62%), LT wire or {ransformer o1l (saving
of 63%).

Table 6.2 Pereentage of cost saving compared to Wagner-Whitin method

Material W. Whitin | Lot for ot | EQQ FOQ FFE User

definad

Tank FM ¥ o7 0,43 023 0.08 -

Radiator RM 8] Q&b Q3ar 022 015 -

Silicon stes! 0 Q.72 0.76 0.72 0.08 0.74

LT wire 0 (.85 G.63 Q.56 - 0 &1

HT wire 0 0,54 0.62 0.45 094 072

Transfarmer Qil ] 0.55 0,63 0.55% - 0 88

channel RM 0 .89 .33 Q.04 - -

Canservator R a 01.85 047 .08 -

Fress Board ] .88 .31 0.08 -

<urod BM 0 ;.83 C.44 0.23

Mut Bokt 0 0,90 0,30 0of - -

Taotal K 07e 0.63 0.563 0,03 -
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It is noliceable that proper lot sizing of the bold materials can be highly
advantageous in the context of cost savings. While for the other items the scenario is
guite different and the percentages of cost savings (for example local tems tank,
radiator, channel raw matenials etc. and forcign 1tem Cu rod only) are relatively low

compared 1o the bold materials,

6.3 COMPREHENSIVE SUMMARY OF MRP RESULTS

Ordering lot-sizes calculated usmg the Wagner-Whitin method for the four
imported items such as silicon steel, low tension wire, transformer oil and Copper
rod are presented in Table 6.3, These arc actually the most expensive items used in
transformer manufacuring. Silicon stee] being the most expensive item s required
to be ordered in small quantities. This 1§ atlributed to the fact that costly items if

ordered in large quanliies lead hgher holding costs.

Table 6.3: Lot-size of major imported materials determmed by Wagner-

Whitin method
Period Sileon steel LT wire Teansfarmer | Copper
ail rod
initial 39519 BE36 249753 330
T,
1
2
K]
4
5 9255 5043 243235 632
& 9727
7 15820
g
) 10204 B408 27355
14 12581
11 14282
12
Totals 1873 12351 S1580 €32
Ave demand 9282 1582 G778 80 58
Total Inv. Tk, 454554 TE. 160014 Tk 162779 Tk. 43953
Cost

It is apparent from the Table 6.3 above, that sihicon steel, bemng the most
expensive item, should be ordered frequently. Similarly the less costly items should

be ordered m large quantitics leading to infrequent orders. The LT wire, transformer
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oil ete, are thercfore, ordered in cvery three to four mﬂnﬂl? Low-cost items such as
raw malcrials for the lank, radiator, channel, conservator, pressboard and nut-bolts
arc ordered in bulk, and therefore the frequency of order 15 less as depicied in Table
6.4. Agam HT wire {in the same table) a locally purchased but (wo much costly {lem
is Tequired {o order [Tequently since it is costly at the same time it is consumed in

bulk ameunt.

Table 6.4 Lot size of local, raw materials determined by Wagner-Whitin method.

Period | Tank Radia | HT Chann | Conge | Brezs | dus
EM tor wire el BM | rvato |bkoard | belt
EM r

Initia 540 TEQ 7T 260 110 4 352
1 Iav.

1

2 2650 3974 2387 2056 1610 52 4054

3

g 1400

=

& BATI} £330 1Ty

7 1558

a 2213 |

G

10 2852 1867

1:

12 823 .
Totals 8720 13156 12205 3056 16149 a2 4054
Avre 77 1156 1033 278 143 5 367
demand
Total Tk 9419 Tk Tk | Tk 3227 | Tk. 4593 | Tk, 3551 | Tk 2911
Cost 11902 24341

6.4 COMPARING LOT-SIZES DETERMINED BY YARIOUS MITHODS

A number of methods have been devcloped for determining the lot-size for
MRF systems. But in the smdy five standard methods were applicd in calculating the
lot-size as the POM software supports these methods. The user defined for rmajor
items was also evaluated hy POM software but remind it that 11 is not standard lot
sizing approach rather it is intuitive approach,

There arc scveral problems in using the economic lot size. The requiremens
are not equai from penod to period, as is often the case of MRP, fixed EOQ Iot S1ZES

result in a mismatch between the order quantities and the requitcments values. This
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mean excess inventory must be carried forward from week to week. As an example,
{Appendix C, material 1: Tank raw materia}, method: EOQ) 1646 units are carded
over mto 67 period when a new order is received. Moreover, the use of average
weekly requirement ignores a considerable amount of other information conined in
the requirement schedule.

Ome way of reducing high inventory carrymg cost assoctated with fixed lot
§ize is to use lhe EOQ formula to compute an cconomic lime interval between
replenishment orders. POQ compared w EQQ (Appendix C, material 7. HT WIre,
method: EOG & POQ) reduce inventory carrying cost 30%, therchy improving total
cost 25%. Although the pededic order quantity {POQY procedure mprove the
mventory cost performance by allowing the Iot size (o vary, it also ipnores much of
the information conlained in the rTequirements schedule. The replenishment orders are
constrained to occur at fixed time intervals, thercby mling out the possibility of
combining orders dunng petiods of light product demand.

Despite Part Period Balancing (PPB) utilizes all of the infonmation availahle,
1t will not aiways yield the minimum cost-ordering plan. Although his procedure can
produce low cost ordering plan, it may miss the minimum cost plan, since it does not
evaluate all of the possibilities for ordering material to satisfy the demand in each
week of the requirements schedule.

In terms of inventory cosls, PP and Wagner-Whitin methods arc very close.
But since the later calculate lot size by dynamic programming it gives near ahout
oplimum lot size The total inventory cost determined by Wapner-Whitin method is
teduced by Taka 2048, in comparison with the ordenng plan produced by the pari
period balancing procedure (Appendix C, material 2: Radjator raw material, method:
FPE & Wagner-Whitin),

Lot for lot ordering results in a zero inventory but mvolves many orders Lot
for Int provides a steadier flow of work than olher Iot sizing technique, It 1s
applicable in such cases where ordening cost is 1oo low and holding cost is too high.
As ordering cost for raw materials consumed in the company is high, lhere s no

scope to adopt lot for lot method to determine lot size.

6.5 PRESENT SCENARI0) OF THE COMPANY
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The company is a well-known company for ransformer manufacturing in the
privatc scctor, The company has recently obained ISC 9001 certification. As a
requirement of this certification it has become mmperative for the company 1o have
proper documentation Necessary measures are being adopted to improve the current
situation Three principal elements of MRP such as MPS, BOM and inventory
records are petting adequate attention During the present study it has been noticed
that the company is exerting much 1o have defined product structures and indented
bill of materials [or duflerent transformers,

Cerrently instead of having a complete BOM, there is a chanl for material
requirement maintamed in individual sections of fabrication and assembly The chart
contains the information concerning the specific requirements of 2 particular material
in terms of units (kilogram ar number of picces or meler) for manufacturing a
particular transformer. The in-charge of the section dircetly evaluates the quantity
requited for a new order and [ills the requisition form and sends it to the store. As
presently there is no product slructure or BOM, it is nol uncommon to make mistakes
in calculating the requirement of malerials. In such cases they have to teerder the
item(s} which were short or to susmain with excess matcrials. Both the shortape and
the excess in materials are undesirable n the context of inventory.

« The company can make its ball of material to a high level of accuracy by
laking necessary measures so that the following three conditions are satisfied:

1. Responsibility for mamtenance of the bill is assigned to a single

depanmend.

2. A formal process for approval of engineceing change s eslablished and

rcligously followed.

3. A single image of all product data and BOM information is maintained in

a central CIM database,

Regarding master production schedule, the approach of the company is like
an MTOQ company. They prioritize on the basis of deadline i.e. the closer the
dcadline the higher the level of attention. Tt is teue that (MTO) company where no
timished goods inveniories generally exist, all products ate built on the basis of
customer order. In this case development of MPS is dilficult Recent statistics show

that the company receives reasonable number of order for transformers. In general
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the company remans busy with production over & period of a number of months 1o
meet the arders placed. It may be mentioned here that the production volume for
vanious categories of wansformers is not same. Orders for the transformers with ihe
rating of 200 and 250 KVA arc quite consistent, In addition to this, there are orders
for other categories of transformers. As a result the company remains occupied with
fabrication/assembly work for a significant period of time with which it can adapt the
process of MPS making frequent adjustments.

The benefit of accurate inventory ensures reliable manufacturing schedule
and on-time shipment. From financial vicwpoint, inventory accuracy means correctly
stated invenlory cost reports, less costly material expediting, and reduced losses due
1o vbsolete and excessive imventory in stockreoms. IF the inventory values are not
accurale enough, the MRP and other manufacturing plamming and contial software
meodules fajl o function. The importance given in the company in updating the
inventory records appeared to be inadequate. Presently the company keeps the
records of only the quantity of incomting raw material and outgoing finished product,
They do not take necessary steps to check the iype and amount of materials
consumed and to keep their records. As a resull there is little scope to evaluate the
balance of matenals for future material requirement caleulation. Thus the present
practice of the company 1o proceed with gross and rough estimation leaves enough

room to result in unnccessary delays in shipment.

6.6 APPLICATION OF MRP

Usually MRF can be adopted in an enterprise in thrce approaches mainly
depending on its sizc. These are the Manual MRP, Computer-assisted MR and
Manual to Computer assisted MRP. Manual MRP can be applied usually in case of a
small-scale industry and for a Jarge—scale industry usually Computer-assisted MRP is
preferred whetcas small to medium industries Manual io Computer assisted MRP

appriach can be adopted.

Dilferent Phases of MRP Implementation
A product structure may be large or small depending on the number of levels,

subassembly or paris. Tn case of riding lawn mower, automobile, videocassette
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recaeder, of compulter the product structures are quite large These kinds of product
oflen have over 30 levels in the bill, hundreds of different parts and subassemblies,
each requiring an MRP record and thousands of individual items. In addition there
are usvally multiple models of the final assembly, which share commen parts and
subassemblies. As a result the MRP 1ecords for these comimon items have gross
requitements conung from different sources that must he combined before Lhe final
production plan is completed. As an added burden, the MEP plan is never static:
gross requirements. lead time and on hand balance change frequently. It is chvious
that MRP calculations on finat asserublics of this size are enormous and manual
handling becomes extremely duficeit As a result, compuier software is used.

However, there are exceptions for some few companies [27] like Dataram and
Ethan Allen Furniture Company which have been able 10 achicve many of the
benelits by using MRP approaches in manu-al syslem. It has been proven by these
companies that after manual system MRP adaplation computerization of the system
became easier and morc cost-effective. In fact, the significant cost in this repard, 12
that of converling company eperations aver to an MRD based appmach, not the cost
of computer.

The company 15 dealing with pmoducts having smuctures of only aboul [ive
levels. As the number of level is less, attempt can be made to implement (he manual
MRP. However, in practicc. a single item may vary extensively in its thickness,
lengths, grades elc If this factor is taken into account the number of items,
depending om specifications, become very large. In such case manual MRF approach
considering the variation in specification will not be easily cxecutable. Thercfore. it
would be advisable for the company 1o treat the manual MEP as an intermediate stap
in the conversion process from the current stage to & computer assisted MRP system.

It can be safely said that local industries, in general, are not very aware about
the benefits of MRP application. However, fow companies are now gradually paying
afiention on inventory management by wsing MRF. Initiatives arc being taken o
locally develop some inventory management software of limited capacily.
Commereial version of MRP software is very expensive and may not be readily
available m the local market. Procuring of such sofrware is not emough in

implementing the MRP concept in the company, rather it nceds human resonrces
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with adequate knowledge and experience. Moreover, significant changes in
organization structure and aftitudes of employcecs are necessary towards snccessful

implementation of MRP.

Necessary Preparation for applying MRP

The 1implementation process of MRP requires a highly structured approach

that involves every emploves, with a minimum of 90 percent of the work forced
trained, including management. The process used in successfu! implementation
ilostrated [28] i Figure 6.1 is called the proven path.
Fducation is the hrst step in the process and continues throughout the
implementation. Top management commitment and involvement in the MRP
program is critical. Management must understand the MRP process and comprehend
the cost and effon required {o install and 1o operate the process [ully. Tn addition
management must know how MEFP will affect every department and the benefits that
will result from successful implementation.

The installation process is divided into four phases: initial, preparation,
implementation and operation. Alter the initial phase, the project team is in place
with full time project dircetor, and work on problem analysis begins. It is not
uncormmen for the project team 1o identify berween 50 (o 500 problems that must be
addressed before the system is installed, Problems are divided into functional area
and prioritized, then team of employees from the areas start working on solution. For
example, the inventory group conld be assigned to work on invenlory count accuracy
and damaged poods problem Full MRP implementation can take 18 months in a
medium sized company, with first 8 to ]2 months used to get the current
martufacturing system in proper order for the implementation of hardware and
software.

The cost of implementation is directly proportional to sizc and type of
company. The costs are usually divided into [our categories: (1) consulting (10 %),
{2} education and problem analysis (40%5), (3) hardware (20%) and (4) software
(30%). The cost of the soltware is a function of computer hardware, For example.

costing base and scheduling software [28] for a job shop operation that runs on a
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microcomputer is in the range of § 20,000 to § 30,000. MRP softwarc for a
microcomputer based system would be less than § 50,000 while soltware for a mini

or main frame compulter is usually over $100,000.

Critical Aspecés in using MRP sysicm
in this section the critical aspects of using the MRTP system are discussed {o
ensure that MRY system records are exactly synchronized with the physical [low of

the material.

The MRF Planner

The persons most directly involved with the MRP system outputs are
planners. The planmers have the responsibility for making the detailed decision that
keep the material moving through the plant 1o achieve the shipment of final products.
Their range ef discretion is carefully limiled (1.e. without higher auihonzation, they
cannot change plans for end items that are destined for customers). It 18, however
their actions that are reflected in the MRP records. Therefore high quality well-
treined MRP planners are essential to effective use of the MRP systems. In the
company the Chief of purchase, being an experienced person, may act as a planner
after he/she is provided with relevant background and training,

Computerized MRP sysiem produces a set of coordinated MRP time-phascd
tecords for each part number. As a consequence, planners are generally organized
around logical grouping of parts such as metal pars, clectronic parts eie.

The primary actions taken by an MRF planner should be:

1. Release orders {1e, launch purchase or ship order when indicated by the
gystem)

2. Reschedule the due dates of existing opren orders when desitable.

3. Analyze and update system-planning factors for the part numbers under his
conlrol. This would invalve such lhings as changing lot size, lead times, scrap
aflowances or salsty stock

4. Reconeile errots or inconsistencies and iry 1o eliminate root causes of these

CITOLS

5. Find key problem areas that require action now to prevent fumre crises.
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6. Use the system to solve critical matenial shorlage so that the action can be
caprured in the records for the next processing. This means the planner works
within the formal MRP rules. not by informal method

7. Indicate where further system enhancements (outputs, diagnostics, ¢le.) that

would make the planner’s job easicr,

Order Launching

The orders indicated by MRP as ready for launching are a function of ot
sizing procedures and safery stock, as well as timing, When an order is launched, itis
some times necessary 10 include a shrmkage allowance for scrap and olher process
vield siluations. The typical approach is to allow some percentage for yield losses
that will increase the shop order quantity above the net amount required. To effect
gaod control over open orders, the total amount, and the schedule receipt should be

reduced as aciual yicld losses occur during production.

Allgeation and Availability Checking

Availabilicy checking is te check whether sufficient components are available
for the final product T the order is created, then the system allocates the necessary
quantities to Lhe padicular shop order {the computer assigns Shop orders, in
rumerical sequence). The allocation means that this amount is morgaged {o the
particular shop order and 1s Lherefore, not available for any other shop orders. Thus
availability and allocation checking are a type of double ¢ntry bookkeeping, The
result is (hat the quantity physically on hand should match what (he records indicate
is available plus what 15 allocated. If not, comreclive action must be taken. The
resulting accuracy facilitates inventory counting and other procedures for

maintaining data intcgnty,

Exception Codes

Exception codes in MRP syslems are used “ to separate the vital few from the
trivial many”. In most systern manufacturing process is under control and the MRT
system arc functioning correctly, exception coding typically means 10 to 20 percent

of the part numbers will require planner review that is to check data aceuracy at each
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processing cycle. It includes the checking of dates beyond planning horizon,
quantifying larger or smaller than check hpure and identifying non valid par

numhbers.

Lottom Up Replanting
Bottom up replanning 15 the process of using the pegging dala to solve
material shortage problems. However pegging and bottom up replanmng will provide

advance warning of shortage problem so Lhal customers can take appropriate actions.

Nervousness

Some of the lot sizing proccdures can contribute to the problem of
“nervousness” (i.e. instability) in the MRD plans, There arc a number of ways that
relatively minor changes in MRI system can ¢reate nervousness and istability in the
MRP plans. These include planned orders that are released in an unplanned quantity

or which are prematurely released, unplanned demands and shifts in MRP parameter
values such as safety stock, safety lead time or planncd lead time vahies. The
nervousness created by such changes is most damaging in MRP systoms with many
levels in the product structure. Following steps may be taken to reduce nervousness.
1. Reduce the cause of changes in MRP system. Tt is important to introduce
stability.
2. Reduce the incidence of unplanmed demand
3. Follow the MRI' plan with regard to the timing and the quantity of
planned order releases
4, Control lhe introduction of parameter change in safeiy stock levels or
planned lead limes.

5. If still nervousness exists then use different ot sizing procedure.

6.7. HENEFITS FROM MRP

The primary benefits of MRP is that solutions to problems in manufacturing
due to disturbances in the production system are solved carly when a greater number
ol alternatives are available to Lhe planner. The secondary substantial bencfits from

implementation of MRP results from the preparation for the installation Preparation
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of accurate bill of maienal (BOM} and a cycle count process guarantee reliable

inventory. The self-study used to improve the BOM and inventory racking uncovers

other operaticns that do not add value to the product, The correclion of this problem

and the improvement m BOM and inventory adds substantially to the profitability

and quality of the produet. The following list of improvements in the operation of

enterprise is frequently attributed Lo implementing MRP.

Improved customer service

Improved vendor relationship

Reduction in past duc orders

Better understanding of capacily constraint

Significant incrcase in productivity

Reduction m lead time

Reduction in the inventory of finished goods, raw matcrial, component
parts, and safery stock

Reduction in work in process [WIP)

Elimination of annual inventory

procise cost igures

Sygnificant drops in anneal accounting adjustment for inventory problerms

Usually, a doubling of inventory turns
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CHAPTER 7
CONCLUSION AND RECOMMENDATION

7.1 CONCLUSION

The study was undertaken to make an overview of the present status ol MRP
application m local fabrication/assemhly orpanizations and to discuss the relevant issues
and suggest the action plans in the successful implementation of MRP concept. In this
regard a local transformer manufacturing company was scleeted as a representative
prganization. The analysis, comments, suggestions, action plans cte. arc, thercfore, hased
on data and information gathered from this company The aims and objectives of the
study included the investigation of bottlenccks in applving MRP concept, estimation of
relevant inventory costs required for minning an academic version MRP soltware for
limited items and recommendation of appropriate measures to pave the ways of applymng
MEP in complete fonn in future. On careful analysie of the findings, the following
conclusions and recommendations can be made in the context of present scemano,
henefits of MRP, suggested future action plan for the company, current bottlenecks.

future scope of work.

Present scenario in the context of MRP application

¢ In the context of applying the concepl of MRP, 1t can be said that the position
of the company under investigation is in a primary stage. They do not
maintam any formal production plan, MPS, BOM and MRP. Recording of
data and information regarding on-hand inventory, WIP inventory, lead
times, varous Ventory costs is not properly classilicd and stored.

# In addition to the unfavorable external factors for MRP, most of the locat
compames are not aware aboul the advantages of MRP application in
marnufacturing organizations. As a conscquenee, the scenario regarding MRP

application is not expected to be encouraging in most of the local companies.
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¢ Since the company 15 m the primary stage in respect of MRP application,
there is a wide scope of improving the current situalion ihrough
implementation of MRP. At this stage, even an approach with manual MRP
can be of remarkable advantage.

¢ The study reveals that the company currently procurcs raw malerials on the
basis of ntwtive approach instcad of following any formal methods
commanly used for lot sizing.

¢+ Compared 10 prescnt practice of determining the quantity in a lot i.e. the lot-
size, MRP approach by using optimum lot-size {Wagner-Whitin) method can

signi (icantly reduce the total incremental cost of inventory.

Future action plan of the company

In manufaciuring transformer, the company under study is close to both an ETO
(engineer to ordet) and MTO (make to order) type enterprise. The company can he
viewed as ETO since according o some order it has to design a transformer with special
features. But the company meostly operales like an MTO type cnterprise. It is normaily
difficult for an MTO company to develop formal MPS. However, since there is enough
order and the company remains busy in every month with preduction, it would not he,
thercfore, difficult for it to bunld a formal MPS,

Duting the present study it has been learnt that there is no sel up to follow
defined product structure or BOM. Due to the absence of product structure, it is quile
common to make mistakes in calculating the requirement of different materials. in such
cases they have to reorder the item(s) which werc short or lo sustain with excess
materials, A proper inventory record based on BOM is also essential for accurate
ruaierial requircment caleulation. Therefore, the following measures are advised for the

company 1o ensure hetler planning,

Action plans for accurate data recording
+ Defined product structure diagram of each product has to be constructed, In a

typical firm there may be many products and a particular product may have
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diffcrent grades or ralings. Therefore, construction of product structures 1s
required to gel a clear picture of product’s manufacturing and assembling
order.

Indenied bill of matenals for different transformers needs to be constructed.
Though the product structure diagram and the mdented bill of material
contains the same information, the representation of the laler is much casier
to capture in manufacturing planning and control {MPC) software,

A formal MPS (end product) can be determined by combining the number of
orders already placed and predicted future demand by using suitable
forecasting methods.

Responsibility should be assigned to a single department for the maintenance
ol the bull

Engingering change should also be assigned to an expert group and the
change should be infrequent and accurate.

A single image of all product data and BOM information are requircd to
mantain in ccntral database. Tt would (acilitate in editing inaccurate data if
necessary.

To ensure accurate inventory, physical counting of ail of the parts 15 required.
To know the accuracy of the inventory, therc is another option evaluating the
monetary value of the inventory with the monetary value stated in the
[inancial record. But it has two serious shoricomings lherefore, physical

count is a betler approach.

Action plans for changes in management

To implement a successful MRP systemn, top managerment can take the following

actions

+ At (he initial stage manual MRP should be adopted, keeping in mind long-

term plan for computer assisted MRP implementation. Through manual MRP
the invelved persons will learn to perform necessary works especially

material planning in a formal and structured.

-
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ABC analysis is nccessary to find lhe most important items. All tems do not
need to pay same attention. Gome itemns arc intrinsic tems and they are in
need to pay sufficicnt attention. In the company qilicon stecl, oil, wire ete, are
the examplc ol intrinsic items.

Tn ordering quantity of most inventory value 1lems, carcful alicniion is
necessary to determine the lot size by some formai methods. Accuracy in lot
size delermination of least inventory value ilems such as nuts, bolls and
washers ctc, 18 not very urgent.

The practice of ordenng materials with ihumb rule or intuitive approach
should be aveided. There are standard methods for lot size determination,
some of which are POQ, PPB. Wagner-Whitin methods €tc.

1t is necessary to recognize that MRF is a disciplined way of conducting
business of the company, and to {earn the concept and technology firsthand.
Top management must have sufficiently patient and firm detcrmination to
jmplement a long-term project such as MRP. However, Patience and
firmness Jargely depend on kecn sight /deep knowledge of forthcoming
profit/ benefit.

A task Torce led by an executive should be appointed so that analysis of the
problems can be started. It is nol uncommen (o [ace as many as 30 to 500
problems.

Neecssary tesources are to be provided by assigning full ime people to MRFP
and making MRP a top priorily for all managers. Cooperation 18 essential in
such environment and the directive from top management 1o all managers
will oxcel the overall implementation process.

A formal implementation plan is tequired 10 develop covering about two
years” time Into the future before actual work starts. The time will cover
edacation, justification, enterprise analysis, sofiware and system selection
and ymplementation. and {inally evaluation.

1t is necessary to make sutc that all mvolved receive an education on what

MRP can do and their role in it In practice, it was found that if someone or
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somebody wanled to make a change, impedance developed from hisfher co-
workers or his/her subordinate. Lack of recognition of his invelvement or
unawarencss of his role may impede the implementation work, Thercfore,
education on MRP and respective one’s role on it may excel the work.

« Marketing, finance, manufacturing and persormel alt divisions should jointly
engage in the implementation process. For closed loop MRP implementation,
intceration of all the depariments 18 necessary.

¢ MRP implementation needs considerabic patience. Sowme results may be

cxpected dunng the initial ime before the system 15 completely implemented.

Action plan for MRP sofbware

¢ [n procuring MR software, price and compatibility are exiremely important.
The software must match the company's requircment and be reasonable in
price.

o In case of unavailability of compatible software within affordable price
atternpls may be made to develop software locally. At present there is a good
number of skilled software developers. [f they were provided with proper
feedback on MRP it is anlicipated that they will be able to develop relevant
software. Local development of software will benefit the organizations in

technical supporting of MRP implementation.

Contribution of MRP for the company

There are direct and indirect ar spin-off benefits in using MRP which may be
categorized in the context of superior management and cost reduction. Through ihe
application of MRP, the company can benefit from better management ang reduction 1
cost.
Contribution in Operations and Management

+ Quick decision-making is possible because of availability of the siruetured

infonmation about products and production {aciliues,
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¢ Accurate dccision can be taken with rcliable and up-to-date information.
Proper MRT application demands reliable and up-to-date  data and
information. Availability of cuch data allows analyzing the decigion-making
parameters Using mathematical models.

+ There s better understanding of capacity constraints. Through the application
of MRP F/A company operates with siores, machines, equipment and human
resources having limited capacitics. Whils applying MRP, the figures
regarding capacities of these resources become crucial and act as constraints
or limitations.

o As MRP maintains tight schedule from procurement of raw matenial to
delivery of final produet, it is nccessary to monitor the work in process and
take nocessary steps if needed. Tins certainly helps in redueing past due
orders.

¢ There is a scope of improved customct service, as MRP cnsures timely
delivery of products. In addition, a company Mmay receive some urgent orders
of a product. and in such cases, companies using MRF can belter manage 1o
meet the customer’s urgent need by adjusting with the situation and taking
Necessary measures.

s Significant increase in productivity is possible as MRP formulates the work
in a very scientific and structured way. Thus material shortage or prolonged
idle time of machine and labor are very unlikely in MRP oricnted
manufacturing,

+ A product delivery fead-time is (he summation of raw material ordering lead-
Gme, manufacturing lead-ime and assembly lead-time. MRP optimizes all
thesc lead-limes and can deliver product in a sherter period.

¢+ MRP estimates material on capacity basis and orders raw materals after
economic analysis of the future dermand. As a result there 18 reduced level of
work-n-process (WIP) and overall mventory.

Contribution in cost saving
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Ordering cosl is a significant cost, which can be curved only through
nxthematical determination of lot size and number of order(s) for a certain
period. MRP lot sizing is based on reduced set-up or ordering and product
changeover cost

MRP always updates the holding cost and ordering cost elements and
determines total inventory cost which would facilitate annual accounting
adjustment, Thus therc is a possibility of significant drops 1p annual
accounting adjustment for inventory problem.

MRP excels customer satisfaction by satisfying demand in time which opens
the opportumity for sales imcrement, generate Wigher productivity and
optimize man-machine-material. As a result in MRYP application, there 18
increased sales and reduction in sales price.

With the same inventory level the throughput can be double if MRP is

implemented properly.

Limitations of the present study

In estimating various cost parameters, some assumplions were made. In reality

the assumplions are not strclly valid, which may be considered as limilations of the

study. The following have been identified as major limitations:

*

In reality a number of items arc usually ordered at a ime for procurement.
This is true Tor local as well as foreign material. So analysis on the basis of
sinple item may lead to some deviation {rom reality.

Fixed lead times were considered. which is not strictly true.

Same ordering cost was assumed for all the mmported iterns, This may not be
the case for all the items in practice.

Ordering cost was considered to be independent of the lot-size. In real life
there may be some deviations,

Uncertainty was not taken into account. Probabilistic methods could be better

option to handle this kind of situation.
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¢ During purchase the fund available may act as constraint. Limitation in hquid

money was not treated as a faclor.

7.2 RECOMMENDATION OF FUTURE WORK

There is a good opportunily to work on MRP specially considenng in the

country Soltware development can be a major area of working,. If any body is interested

1o work on it he may start by lcaming a computer language related database. There are

many problem faced during the work he can eliminate the problems. First he can handle

the problem of lcad-time and also its units. n the POM soltware there was no scope 1o

summarize the same raw material used m different transformers.

L

*

»

*

Can develop model for erdering cost considering variable lot size

Can devclop forecasting model for MTO company

Can work on the area of multiple lot sizing.

Can develop a soltware on MIRP

In the next phase, can develop software on MRP (L It is an integrated
information system that steps beyond [irst generation MRP to
synchronize all aspects of the business. The MRP II syslem
coordinate sales, purchasing, manufacturing, finance and engineenng
by adapling a [ocal production plan and by using one data base Lo
plan and update the activities 1n all the systems.

Can work on the area of incomoration of JIT and MRP. A lot of work
is now bemng carry out on this approach. The ‘marriage’ of MRP &
JIT has opened the possibility of excellent outcome.

MRP in its present form work as a continuous cham. If at any place
there occurs disruplion than the cntire system 1s disrupted. Therefore,
a Nexible model can be approached so that the svstem can withstand
unavoidable situation.

There 15 a scope of work on uncertainty and ihe effect of uncertainty

on MEP,
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¢ Thete 15 no consideration for safely stock in the model. Safety stock
should be not too large or not too small. Therefore, it may be work
arca to determine optimuin salcty stock.

The seenario of local companies in respect of MRP application 15 not expected o
be very diffcrent from what has been observed in the study. So thers 1s a tremendous
scope of applying (his technique and thus help improve the productivity of profit margin
of the focal companies.

Since MRP softwarc is very much case oriented; attempt can, therefore, be made
to develop this kind of software using indigenous resources.

In order to carry out more realistic analysis, following steps may be adopted

¢ Dcvelop the mathematical model for delermining lot-size considenmg

multiple items {0 be ordered at a time

¢ Develop mode! for variable lot-size incomorating the constraints of fund,

stores, transport [acilities ete.
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HATERIAL 1:
Frozlom Tatie.

APPENDIX IHI
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Period Dringna | og Pa:aneLér [ valie
'_ 1 LAl Eold-ng cost ig.23 Tk
2 SHL Setup coak 2,750 Tx
3 546 Iniczal L HE
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i i [£:04] a7 570 1311 2TE
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Tamk M, Methad. Economic Order Quantity
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Caub Th Cask Tx
Initinl B40
nv,
1 0 4256 4255 988 08 278
2 580 3316 TEZ.68
| ] &40 263 G603 93
4 530 2085 482 08
5 45 1 1646 37858
[ 1250 4255 1 4652 1059.896 27
7 130 3302 TEDAG
8 63 2342 538 65
] 57D 1772 407 55
13 1120 652 143,05
11 200 4296 AT48 1092 0« 2780
1z 580 4168 958 Bd
Tokale 260 12BA5 I5E1E 31 B84 2230
nwe derana TT16ERT T0g 4296
~omal Loet | 16441 B8
Tank RM, Mathod Period Crder Quanbty
July 01 o Cecernber 01}
Pexiod Cemand Froduce InVeMTCYY Boloing Sac up
Coot Th Ceat Tk
Init1ax 540
v,
1 S 290 5240 1216 7 27a0
2 aEQ 4310a 991 3
E] 690 3620 a2z &
4 50 308 7107
5 450 2547 RAT.2
g 1280 1350 3105
7 1350 343 | 430 THE 9 2750
B il 2470 558 1
] S0 1900 437
1. 152 TED 1704
1L ) 560 7304
12 280 0
Tokals J260 ar20 PRAAD 772 8 R0
Bve demnand T71.6EEY ECQ 406
Tobal Coat 122758 FoQ £
Tank AM, Method, Pan Penod Balansing
Lfuly 01 to December Q1}
Serioo Teriand Prooics l Invontooy Holding Eat ug
Tosk Tk Toat Tk
Init=al I 540
Inv.
1 ] ¥
2 1] 5290 4310 98131 2750
k] E& 3620 8126 1
4 530 3090 16T
) 450 2640 EOT.2
a 125040 1350 305
7 1250 ]
g Q60 430 2470 o681 275
o 70 1804 437
10 1120 rag 1794
11 2400 [=E:0] 133 4
iz SHQ k [ ]
Taotals 5260 6720 | 20740 47702 5500 |
A ariand 7T1.6E6T |
Total Tosk 10270 2 {




MATERIAL: 2

Frablem 11le

Ler aizse decermaination of Eadiator kaw Materiol

[-F g als] Damand (kg Farsmeker Waliuge
1 TED Holdiny oost 0.36 Ta
2 1494 Setup cogt 2750
3 1030 Inibial E
invenkory
4 LED Lead Laime 1
b RO
2 1337
7 2014
a Zand
k| Rz
1t 1/32
11 280
13 | H53
Rasulls
Fadlator &k, Methad, Wagner Whitin
Gty 1 o Decamber Q1)
Pericd Derand Produce Inennbory Aolding Se oup
Coab Tk Coatb Tk
initlal Tad
LLV .
1 760 {
2 1494 ) <dBl 44 8 2750
3 1030 1450 377
4 250 B0 156
5 B0a 1]
n 1850 6330 4340 11254 2780
7 2014 2326 6047500
q 1454 A7 Z 226 72
4 572 0
13 1732 | 2052 1120 281.2 2750
11 260 850 2228
12 50 a
Tocals 13916 12188 14048 3652.48 3280
Bye denand 1155 G687
Total Cosk | 11902458
Fadiatar Rh Melhod: Led for bt
[July 01 to December 31)
Period Damand Fraduce Ivertory Holdling g2t up
Cot Tx Casl, Ty
Inilizl TaEQ
T
1 TEL 1494 1404 558 44 2750
z 1454 1030 1030 267 B 2750
k| 1030 a50 ] 221 27ED
4 85D} 697 500 156 2T
El GOG 1880 1500 Si7 4 FEEN]
[ 1990 2014 2014 533 B4 2750
I 2014 1454 1454 Jr8 04 2754 |
B 1454 ava Az 23672 2750
k] Brz 1732 1732 450 32 2750
10 1732 ZE0 2BC a7 B 2THR
il 2640 G EBED 2B 2150
17 AE0 0
Tokals 13916 13156 121156 5420 55 2250
nwe demand 1159 BGY
Total Cost 33670 56

92




Radiator EM, Methed Economic Order Quarstity
[July 01t Decermbar 013

ferioo Lemand Prediece Inventory Bolding Sek up
Coat Te CoBl TA
lnibzal T
Iov.
1 7EQ 4554 ABE3 1287 7B 2700
? 1494 3459 EEEEN

3 1930 2429 E31 54

4 840 1579 410 54

5 600 4863 5832 1842.32 Zrab

5 19490 3042 1024 52

7 2014 1528 o7 28

& 1454 4553 437 1411 02 27T

k] 872 4555 1154.3

10 1732 2823 T332 98

11 260 2563 BEA.35

12 [l 1703 442 7B
Taotais 13516 14854 41283 10735 18 B2R
Ave demand 1189 B&T EQ{ 4953
Tobal Cost 184926 18

Radiator RM, Method: Penaod Order Juantity
[July 01 to Dacembear 01)
Perigd Senand P e Ineentooy Eolding Zat up
Coak Tk Loak Th
Initaal VB
Inw,
1 TED 3974 3474 i033.24 2750
z 1454 2430 | Edd B |

3 1030 1430 3T

L] 550 G600 156

£l E00 G330 G330 1643 8 27an

[ 1890 4340 15264

T 20 2376 04,7699

a 1454 | BTz 226,72

El 572 1 2852 Za52 744,52 2750

10 1732 1120 291 2

11 260 850 22346

B 5E0 0
Torcale 13936 12136 27204 TO73 D4 B2ED
fore derand 150,667 EQQ 4953
Total Coek 15323 04 [x81%] 4

Fadiatar R, Matkad® Part Period Balancing
{July 01 b December 91}
Beriod Tirjmp g Produce Inwenktory Hold:z ng Set Lp
Tosk Tk Tost Tk
Initzal Tl
Iow .-
T I TEQ {

2 1494 SEE4 4470 11622 2750

3 1050 EELT] B934 4

4 BEQ 2384 6734

5 GaJ 1959 H17 4

1 1940 1]

i 24 6332 4218 1122 68 2750

| B 1454 2EE4 Ta4.64
] 9 Brz 16952 217.92

M| 1732 250 &7 B

1l 264 ]

12 360 8RB0 [H 2750
1ctals 13318 13156 218924 709,24 H240 |
o= demand 1159 667 |
Total Cost 13850.24 i
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HATERIAL 3

Problem title:

Lot s1ze determinazion of Si1lioccn Stesl Raw dabterial

bericd cenand 1Kg. parameker Falua
1 9,523 Acldibg cost .54 Ty
2 l,1723 Setup coet a0, 350 Tk
3 0.138 Inlktial inventory 39513
4 9, 0Tk Lead timz 4 enk.s
< 3,269
1 ) u,r3s
7 A,220
E T7.0a00
] 10,240
11y 1,581
-1 o, 472
12 4,810 |
Fesults
Silican Steel, Method, Wagner — Wwhitin
{Jan 91 ke Qe 01)
Pariad nemand broouce Inventory Halding LEL Up
Cazk Tk Cask Tk
Inikzial 38518
Iov.
1 BE23 299345 118184 .2
s 11729 1B2GB7 71971495
k] 9183 4073 Sa76T. 37
q a078 +]
E) 92355 | 5258 [ INaae
& orar EIF 4] M350
T BR20 15820 700 2758} 2350
E Q0 0
9 10204 10204 Ji] 2050
10 12551 12681 { 30367
il oar? 14262 4210 18451 ¢ 3030
i3 4819 i}
Totols 111392 71573 59151 FETE 1A2100
Bore gemand Q2EZ2 BAT
Tokal Cost 484554 O
Slllcon Steel, Method: Lol far lot
fJan 01 la Ges 01
Pericd DEmAnc rreduce Lnventory Aoldirg ekt up
Coet T« Cosk Tk
Ioitial 38519
Iov.
2 5523 RS 39255 1548684 7 30350
¥ 117289 ErF ar253 t4E77R.8 30350
3 =189 8520 I6BE4 145323 EEE]
L) BLTR TO 34805 1171356 302640
) g2 10204 | 35T 140858.9 303540
[ w7 ay 12581 | JRE05 182103 7 0350
7 Eax 9472 39257 154673 G 30350
Ll FOR 4810 ATOET 146044 30350
5 10204 26863 1058440 2
12 12581 14282 5677F1.08
1L 0472 4810 189514
L2 4810 [¥]
Totalis 111392 TIET3 344833 1358642 242500
Ave demand 9282 667
{ ToLal Coez 1601442
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Slicon Skeel, Methad Econcmic Order Quanity

{fan 01 ta Dec 1)

Pericsl Lerand Producs Inventory Holding Sabt up
Coar Tk Coat T
Tmitial 38519
Thv.
L 5% 11959 41855 1653027 S0350
2 11729 11954 42785 1862089 S0350
3 EILE] 11958 44955 FPP122.7 3035
4 unvYA 3aary 141355 4
B 9258 11959 38577 15155834 20350
3 arat 11959 HE0S 1E07AT.G 30360
7 JE20 11955 43548 1731651 30550
n TO0G 11922 B30T 192653 4§ M350
9 10204 KLY 152439.8
10 12581 26172 1029207
11 Q472 1663 ga60Y
12 4310 11840 66456
Totals 111392 Bi713 430528 1RGBE280 212450
ave demand B2 EEY ECQ | 11559
Togal Cost 1508730 ]
Srlicgrm Stedl, Method Period Crder Quanilty
[Jan 01 to Dec O]
Ter:aod Dermand Produce Ipwenkory Halding zet up
Coak Tk cost Th
Initial 31518
Inv
1 9523 5238 5255 154664 ¥ J03E0
4 11725 Or2vy 37285 1467762 30350
3 H188 2840 ABEH4 145323 An3ad
4 SO78 ThO0 34805 1371356 30350
] 2254 10204 JA7E1 140858.9 S0350
£ aray 12531 AG6H0E 152103 7 30360
7 320 9472 39257 154672 B 30350
A TOC0 4510 JTQET 146044 3Q35E
El 10204 2EEG3 105840 2
19 12331 14262 8271 08
1li 3472 4310 184951 4
12 4810 1]
f Totals 111392 T1273 344835 1388642 242800
| Ave denard 252 a7 EQQ 11955
[ ToLal Coatr 1601442 (R 1
Sileon Steel, Methad Part Penod Balancing
Lan 01 to Ceg 013
Paricd Terand rotlyee Invenbary fiolding Ser up
Coet Tk o5l Tk
lpitial 395149
ilnv.
1 5523 29953 113154.2
2 11729 18267 71971498
E) G185y a078 Iargr. a2
4 anTs i}
£ 928 16935 q727 A5d24 18 39350
[ arar 0
7 BAZ 1EHED Q0 27580 30330
a Ta00 4]
El 10204 22785 12581 40569.14 30450
1i 12651 J
11 472 14282 4810 18951.4 30350
12 421Q [
Takals 111352 71873 F1458 IE0348 5 121400
Ave demaid 9LH2 667
ToTal Cosb 4517485 |
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LT wira, Mathed' Economic Qrdar Cuarity
{Jan 01 1o Das 01}

pericd nemand Froduce Tomentory Holdioo Fatb Lp
Crsll Th Coet Th
Irallal 536
Iow.-
1 1616 4955 10015 JRIS7.7S AGAE0
7 1957 S014 7865 3
i 1518 G500 25025
4 1806 4095 oeab AB451 5 J03E
5 1578 312 32385 2
I 1651 B 31 254914 35
7 1502 4355 10224 J9362 4 30350
B 182 o042 346417
El 1733 Ta0g 28439.65
12 2187 B122 87197
1L 1634 485 134288
12 [EE] 2E34 10140 &
Totals 185857 14505 B74BY AJEH1T.D Q1050
pora cemand 1582 25 1 EQD 49495
Total Cosk 42TBEF. 3 |
LT wirg, Mathod Ferid Qrdar Quantity
[Jan &1 to Dec 91}
Period oemand Froduce Inventcry Holding Set up _|
Coat Th Coat Tk
“mitial BE3G
Inv.
1 1616 4751 aral J7EHG &3 30354
& 1857 7754 25068 4
3 1532 G266 24124 1
4 1805 5102 Ba3 37972 BB M350
5 1578 #2A5 31897 25
[ 1681 B0 20425 4
7 1502 2438 THYD 252215 303540
3 1182 G408 2A670 8
El 1733 HFE 1789 T3
Lo 2187 2484 Q578 B
L1 163d BA4 32587 &
13 ast 1
Texkala 18587 123581 7598 2702 3 21050
hve demad 1582 25 ECO ] 4395 !
Iotal Cost 352552 3 PO [ 11
LT wire, Methad' Pan Fancd Balancing
Jan &1 to Dec 1}
Periad Demand, Produce Iawsnnory Eelsing Sl uz
Couse Th Conr Th
[ Tr.tfal EBIG
Inv,
1 1816 ab20 109327
& 1857 1 3023 1i1630.55
3 1516 1505 5704 25
4 1505 [
5 1578 5043 4365 16605 28 350
& 1681 2684 103334
7 1502 1182 4530,7
] 1182 *
El 1733 6408 4675 17958.75 IS0
L3 2187 2488 OGh7H A
11 1634 B J2RT B
i 854 1
1okals 13587 12351 25758 25314 59 BO7 00
Aore damand 1582 25 |
Total oot {ECO14 B |
aT




MATERIAL 5

Problem Tible:

Lok si7e dererminacion

of HT Wiro Raw Material

| reriod Dewacid (gl parame=er Value
L il Holding Coat 1.83
3 1429 Set up Cozl 275G
a o568 Initlal Znventory 171
4 726 Lead time L
5 574
E 1747
7 1R58
B 1362
E A51
Al 1586
11 2949
12 323
Rasults
HT wira, Methad: Wagner = hitin
[Jan M to Dec O1)
Parioo [emard Produce Lnyentory Holdinyg Bell up
Cask Tk Cosl, Th
Inilcial ¥
Inw,
T 2 77 o
& 14249 2387 458 1753 14 2780
k| a5d [¥]
4 726 1400 674 1233 42 2750
[ = A74 0
E 1747 1747 1] 2750
1 1858 1858 { 275
] 1362 2213 #51 155723 27EA
| 2 i}
1o 1568 1867 280 =77 2750
11 200 K
12 523 823 o] 2730
Tatal 1A0EE 12285 2782 e {8 19290
Ave demand 1085 B33
Toral Coset 2434106 |
KT Wire, Methed Lot for ot
[Jar 01 to Dee 07)
D g Demand Broducs Irovoneocy Haldang Set Lp
o=k Th Copk Tk
Indtaal T
Inw.
1 i 1428 1429 2615 07 2780
2 1424 058 958 175314 2750
3 R T2E 726 1328.58 250
4 b 674 674 123342 Zra0
| B74 1747 1747 2187 11 2750
3 1747 1853 1B5% 3400,14 2760
7 1853 1352 1362 2482 45 2790
H 1362 B51 A5 1957.33 2750
k] ] 851 1558 1558 ABEGD A4 Z750
ir 1563 FEE] 289 24717 27E)
11 293 [N 323 150600 27ED
1z 23 {
Trrala 12066 12285 12285 22599.85 30250
Ave demand 1088 233
lotal Cask 52745 A5

HT wirs, Method: Econamic erdar Cuantiby

(Jan 01 to Dec 01]

o8




Parioo Diearjag] Prodice Inveotory Aoldirg aET Up
Coak Tk Cosk Th
Imitial il
Iov.
1 i 1809 1508 310 47 2750
2 1479 1508 2189 A5 &7 2750
1 HEH 1231 2252 T3
4 76 1805 2314 4234 g2 2780
4 &4 1505 3445 E311 67 | 2730
g 1747 180% 351 B425 15 | 2750
K 1858 1633 3024 0%
B 1362 1803 2140 3843 2ran
a 551 1803 3058 o596 14 2750
1 1568 14%) 27287
11 295 1151 217853
1 B2% 368 67344
Tohale 13066 12653 24383 44 5843 19250 |
e cemand 1088 833 EQC 16804 |
Toktal Cosl 35343 1 |
HT wire, Mathod, Parnod Crder Quantiby
{Jan 91 t3 Deg 01)
Pericd Demand rroduce lnventory Holding Zet up
Comt T Cask Tk
Initial rl
Io .
1 (il 2337 2387 4365 21 2750
b 1429 953 1753 14
3 856 1400 1400 2552 270
B 7 674 1233.47
5 574 3505 3505 EHOT. 15 2750
3 1747 1838 3400, 14
T 1852 2213 2213 404878 2754
£ 1362 an 1557.33
] 85 1257 1867 3416 B 2750
1n 1568 254 EATAT
11 294 823 223 1506 09 2THR
12 23 1
Totals 13066 12255 16935 30051.405 16500
Awg femand 1088 B33 | ECQG 18409
Telal Coat 47481 03 | PO Fl
HT wirs, Methmd: Fart Feriod Balancing
fJan 01 to Dec 1)
Paricd Denand Produce Invrentory Aoldiry Hem up
_Cost Tk Cast Tk
Zritial 7
Inv.
1 1 i Y
2 1 1429 2387 H58 175514 2TEHD
3 i a8 i}
1 | 726 140 E7d 1233 42 27Th0
b 5T4 o
G 1747 IR0 | 1553 3400 14 ATHD
7 1358 [}
] 1362 2234 851 1557.33 27
4 281 [
10 1568 2550 1122 2053 25 2750
11 299 H23 1505 BG
1z 823 [4]
Torala 13068 12295 G2BG 1150338 13730
Ave derand 1088 B33 |
otal Cosk 25254 358 |

9%



MATERIAL &

Problen bicle:
Lot shize determination <f Tranaformer O1l

Fericd Demand  [Hg) parameter Yalue
1 e Eolding Cest D 4Ll6
2 BoTD Sel L Dosb 3C360
3 Th40 Inlbial [nvonkory ?STRE
4 GETQ Lezgi Cime 4
5 6310
fi Jsiaf= i
7 5740
4 havl
E] 730
10 75
11 7360
12 3180
Tranglarmar i, Method: Wagnar — Whitin
tJan 0% k¥ Cec 1)
Pericd Demand Pre<duce Inventory Aolding et up
Coat T Cost Tk
Iniltal 28755
v,
1 TOTS 226840 Z07T4d BR
z 837 13710 12558 36
3 70440 GETD B0 72
] 6670 [¥]
B G110 24235 iB125 166025 30350
a5 6995 11130 119508
7 5740 235 4495724
[ 5350 1
9 T 27355 20015 15333 74 F0350
10 FEH 10540 T
1L 7aB] 3180 2312.88
12 5180 o
| Torals 81245 51380 111440 102075 BOTA0
Ave demnand BPTETE |
Taral Coet 152775 |
Transformer O, hethod  Lat for ot
[Jar 01 1o Dec 1}
Pt fod Deratid Lrrodute InVENTOTY Eolding Sok g
Coet Tk CoET 7%
Initial 28755
Inw, —
1 TO7S B110 28790 26371.64 30330
¥ 5a70 BEOS 2EE15 24562.54 30350
2 7040 5740 25515 23371.74 A0350
4 6670 5350 24235 2219926 303
5 110 T340 25455 23132594 3035
3 B500 4475 278G 25557 62 30350
7 5740 T3ED 23565 27081.54 I35
3 5350 3180 AT355 25057 18 3035D_|
E) EEER] 2005 18323,74
12 9475 105340 GE54 64
11 7360 Han 291284
1z 3180 [¥]
Taale B1343 51590 243420 228468, 7 242800
e dlemand BiTE 7R
[TEtal coec 471268 7

140



Transfarmer G4, Method: Econarale order Juartity

{Jan 01 g Bec 01}

Yeriog i Lerand Proluce Tmvent ey tolding get up
Coet Tk Zaat Tk
Inttial 29755
Tow.
1 i 21194 43874 401188 55 30350
2 gard 34904 21972 06
3 Fo40 ZTEGA 25523 42
i G570 241194 42358 JREET 41 30350
c 5110 ZR2TH F1230.65
& E095 29233 ZBE23 23
7 5740 21194 44737 ADET5.09 RERELL
] FEE] 39047 3604185
el 7aad J2007 20315 414
10 9475 F2h32 20835831
11 7360 15172 1389756
17 2180 11952 10GE4 67
Tatale B1345 BA382 380378 343426 3 1050
Ave demand ] GFTHTS EQQ 21154
'\T:-L al Jost | 4394763
Transformer G, Mathod: Period Crder Cuantity
(Jan 21 o Dec 01}
Fr 1ad | DErans produce [werTory Holding Bakb up
Conlh Th Conah T%
Inilial 7UTES
L.
1 TOTS 13345 41525 38036.% L350
7 aorn 32605 2HE20.38
3 7040 25515 2337174
4 G570 22205 44050 ATEO1.B 0350
5 £110 348410 22005 04
A FEE 27945 25357 62
7 AT40 0540 32745 29994 42 20350
B FEEN] 27383 2505718
El T340 20015 18333 T4
13 Q475 10540 AR5 54
11 7360 3184 2912 BB
12 3180 1]
Totals B1345 FREED) 287365 272386 3 H1050
Ave demand BYTH TS EOQ PR
[ Total Co=t 362436 5 | FOQ !
Transfoemar Cnl, Bothad Parl Pered Bialancing
[Jan 01 to Dec O1]
rarigdl Despand Produce IOVELLOrY Holding Bek ap
CosT T Cask Tk
1oikial 28755
Inv.
1 7075 22580 20774 BB
? Ravh 13719 12558.36
K} 7040 BE7 {10972
4 BETO 1]
5 51140 24235 18125 156025 30350
5 HO495 11134 119508
0 2740 5390 ALIT 24
2 430 [¥]
o T340 2'ra5h 20015 18333 74 30350
1 BaT5 10540 055464
11 TIED 3180 2912 85
1z 3180 [i]
Totals E1345 51550 111440 102073 AO7I0
Bwe demand G778 o t‘
Toral Coab 162775 1
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Channel RM, Mathod, Scanomic ordar Quantity
{ct 01 to Dec 01)

reriod Dremard Pro<liice 1L LoEy Folding Soeloup
Cosk Tk Coet Tk
Tnitial 260
T,
L 2E0 BE164 G161 245 06 275
2 56 5508 220 32
3 a4 o138 20752
E] 303 4580 1495 2
5 258 4592 183 68
[ 128 4454 178,56
7 AR 04 159 38
E 260 3T 14856
B 48 576 147 04
1a 120 ABES 14224
11 124 3435 15744
12 323 3108 124 32
Tatata 3316 E164 S2280 20012 2750
Ave demand 278 3333 B0 BB
Tocal Cost 4541.2
Channal BM, Method  Perind Onder Cuantity
{0t 01 to Dac 0]
ereod Leracd Predice Inwentory Heleng Het up
Conl TL Cost T
Inatial 260
10V -
1 2610 056 AREG 122,24 2750
g BEG 240 L
3 F20 2080 B3 2
[] 308 1772 70 BB
) 288 1484 59 36
3 128 13356 B4 24
7 450 E7E 3504 |
E 280 516 24 64
E] 45 et 22.7¢
10 120 EL]:] 17.92
11 120 228 1312
L 12 323 Q
Tarate 3116 3055 14984 HE0 35499 2750
Iorg namand 276 3333 [l B164
Total Coat 3345,38 =] 22 ]
Channal BM, Mathod Part Pengd Balanciog
(et 01 to Doc 01)
variod Demarnd Produces Tvenkor y Haolding Hes up
roet Tk Cogk Tk
In-tim} 260
I,
1 260 Q
2 56 I0ER 24K 36 2750 |
k] 320 2080 537
4 0B 1772 T+ BE
B 260 1484 58 35
5 128 1358 o4 2d
7 484 2rE 35 04
E] 260 1) 24 64
El 4B 268 2T
10 120 448 17 52
il 120 328 1312
1z g i
Tozals 3316 AN56 128 47717 2730
fve demacd 276 3333
Tokal Tost J227 12
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MATERIALL H

Probiem Elbie:

Lot si1ze decerminoiion of Conaeryatar

Row Material

{ Period nermand ;kal Dar&riETer Wl e )
1 110 Hzlding cosk O 24
? 180 Secup cost 77an
3 125 lnibiRl 10
ATVeTLrY
1 R Laad Lime i
= 105
3 225
7 2340
g 160
El 150
10 1B
31 45
[ 1% 115
Rreaulcs:
Conservator RM, Mothod: Wagner —Whitin
tJuly 1 to Dacember U1]
| meriod Demard Freduca Iavenzor Foldins Cel up
Coss Tk Cogt Tk
Initial 114
Iow -
1 110 0
L 7 180 1611 1434 3432 2750
1 125 1305 1132
4 a5 1210 200 4
B 10vE 1105 ?E5.2
| E 225 2B 2117
7 230 G50 156
B 164 490 1176
E 150 4 816
ia 180 160 35,4
1L 45 115 27 B
12 115 ]
~otale 1720 1610 TEEG 1844 .4 2780
Ave demand 143 3333
Tokal CTosb 4504 .4
ronservator RM, Method Lot for i1
July 01 10 December 01)
rberlod remand Prodace Towventcry | Holdaog Set Lp
Ccocak Th Coak Tk
Initial 110
Ll
1 110 180 180 43 2 27T
K 1580 125 125 30 2740
E] 123 5] 15 zZ2 B ]
1 G5 105 ¥ 25.2 2750
¥ & 105 223 276 54 2750
[3 225 230 230 552 2750
7 LT 160 164 g4 2750
E 160 150 150 36 27Ed
q 150 180 180 432 2750
14 1B 45 45 10.8 ava0
1 45 115 115 P 275
12 118 [¥]
Totale 4720 1614 1614 366 4 30250
gre derand 143 3233
Tebal Coat ArE36.4 |
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Conservaior RM, Methed Ecanomic Order Quentily
July 41t December 413

Fricvd Demend Produce Inventory Bolding Sct up
Lost Tx Tnetk Tx
Initial ik
L,
1 110 1812 1812 434 38 ZTRD
2 184 1832 391,68
3 125 1507 351 68
q L) 1412 338 B
5 105 1307 313 BB
[ 225 1032 25958
7 230 852 2414 48
] 160 BL2 1646.08
b 150 Gt 120 08
10 164 35 Bg 38
11 45 317 7608
1z 115 202 45 48
Totals 1720 1812 11719 21256 2750
bwe damatid 143 3333 ECQQ 1812
Tamal Cost LEa2.56
Conservalar RM, Mathed Peried Grder Cuantity
July 01 b Decembar 11
I_Pcrian Dmand Produce Inventory doldirg &t up
Cost Tk cnst Tk
Intztial 140
I AL
i 110 1610 1614 3864 2780
2 184 1430 32
3 125 1305 2132
a 956 1214 290.4
5 105 1t05 2652
[ 225 a0 2112
L 7 230 G50 155
3 160 490 137 B
3 150 A 516
10 1830 160 3.4
11 45 115 278
12 115 a |
Toelals 1720 1610 9295 22308 275
bowe demaoel 143 3333 Eoi 1 1312
Tabal Cosl 4780 & PO [ 13 |
Cangervator R, Mathod Part Paricd Balancing
tuty 01 10 Decarnber 01)
R Demand Producs Inventory Holdeng Set up
rost Th Cogk Tk
Tnz-1al 110
Inv.
1 110 1]
2 150 1E10 1434 3432 25
3 123 1305 3152
(T 5 1210 794
5 P0G 1145 7652
£ 225 1] 211 Z
7 230 B[} 156
A 164 490 117 6
El 150 340 81,8
1n 180 160 384
11 45 115 2TE
1% 1% a |
Tortals 1720 1610 7TBRE 1544 .4 2750
Ave cerand 143 3333
Tatal Cost 4594 4 1 .
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Prazsboord, Methed, Ecoramic Order Suantity

[Deiobar 1 to December 971}

Poriod Demand Prodse invenktocry Eolding et up
Ccoat Tk Coat Th
loikaal 4
Inwr
1 4 ED g0 322 4 27ED
2 11 69 27507
i f 63 25355
q o 5l 23374
5 5 B3 H359
[ H 51 HiG 53
7 ] 42 165 26
B 4 3a 153 14
9 1 37 14811
L1 2 35 141 05
11 2 a5 132 09
1 5 28 112,854
Tokals ) [ B 365 Gt 2750
B temand 1 FEEEET EQQ &0
Total Coak 511561
Pressboars, Method Penod Order Quandily
[Dctaber 01 e December 01)
Feriad Demand Produes Inventory Holdity Ser o up
Coet Tk Cost Th
fnitial 4
Inv.
1 4 52 5 208 56 2780
2 11 4 16523
k) & 25 141 05
4 & an 120 5
= 5 25 | 100 75
& 2 k] 92 B3
7 o 14 A 42
[ 4 14 403
E 1 g as§ 27
1a F 7 FI g
11 g 5 2015
12 ] &)
Totais 5 S 251 1011 53 2ren
Ava danand 4 GEERET EDD B
Trabal Cosrn a761 B3 PO 17
Presshoard, Melhad. Part Penod Balansing
(Omteher 01 1o December 01)
Pericd Deerand ProdLce Invenkory Haldaing Sob ug
cask Th Coab Tk
Initzal 4
Iov.
- 4 [
7 11 G2 41 165 24 275
3 [ 35 141,06
4 5 30 120 5
4y 5 25 100 75
3 2 23 R
7 E] 14 56 42
i 4 14 40.3
B 1 E] 6.7
10 ¥ I 28.21
12 2 5 2015
12 a [H
Tatals i o 199 8019701 27
Ave Semand 4 GEEBET
Total Cost 3551.97

107




MATERIAL 10

Frablem E1tle:

Lol size Jerennination of Cu Red Raw Matenal

Perzad Demand  [¥g) parameter Valuc
1 &l Holding Cost
F EE] SeL up Cnsk
3 TG lnatial Insencory
El & tead Timn
5 &5
[ [l
7 a1
A =]
£l =
10 108
li 73
12 45
£u Bod BM, Mathod: Wagrar - Whilin
[dan 61 10 Dec 91}
Pariod oemand [ roniuce Toventory Holding Set up
Coatk Lk Chaak Tk
Inricial 3335
iov.
1 a1 254 1320 BS
= a9 185 Fi2 2
3 i 79 413.96
L 4 i) Q
] 35 632 54T 2365,.28 30350
& 17 461 241554
7 &1 B0 §991.2
A a8 321 1682, [
] a0 241 1210 44
10 106 123 6dd4 52
11 78 43 2358
12 45 1
otals E:N §32 2505 12603 Q4 INISD
Ave dempnd AN.BA334
| Tocal ©ost | 430953.04 1
Cu Rad RM, Metnad; Lot far Iot
{fan 01 to Cec 1)
Period Temand Prouuce ILVENTOLY Folding Zek up
Cone Tk Cost Tx
Initial 325
Inw,
1 81 a5 339 1TTE.36 F03E]
z L] HE g 1705.24 3350
E] 7B iyl 331 1734 44 30350
q 78 i) 311 1629 64 30350
5 85 2d e 1555 A4 3360
G EE 108 S38 1771 12 30350
! g1 7d 328 17554 30350
A EE] 45 321 1652 T4 0350
] 3 221 121044
132 108 123 il 52
11 i L 2358
12 45 1]
Tcbals 2E7 E32 3mE 158037 B4 242500
ue Zerand B0 58334 |
| Tekal Cost Z5A803 8 [
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"y Rod FW, bethad- Economic oer Cuankity

[Jan 01 to Dec 1)

— e ———

Poplow perand Prolfuce LT renkory olding et Lo I
Copt Uk cost Tk
‘I 1pibael 336 ‘I \ l
I
1 1 £1 G64 | 1220 E322 8 | 0350
E EE) 11 SRT4 04 | _—]
g T | . 1945 5475 8 J
% 75 | Bh6 561 54
T - BS | BE1 AE1E.A4 | 1
B B | 735 47658 |
[ a1 | 714 374136 | |
A 54 | G55 5432 2 | _1
] \ EEE| [ 555 29605 | I
17 103 [ 457 2394 68 1
11 T8 ! ETE) 4GRS 96
Iz 45 334 175016
lolLals oG T 9EG g3z 47851 68 30350
Ave demand &0.50334 [EoQ aBG
Tetal cwstb | 7E201 6B | 1
ru Eod EM, MoLliod: Poricd nrder Quanllty
[fan DL 16 Dev N1y
periad | Damand l PLooMCE IOVENLOXY Holding Sakt up
1 coet T< Cost Tk
ITucm]. l l l 335 ]
ov.
T | B | FaZ HEG | 454254 | 20350
2 { EE) 787 | 4123 B8 | _I
3 [ 76 711 725 B4
[ [ 79 GA2 3311 64
B [ B8 57 Z866 2B
'j f | BE | 461 241564
7 a0 [ 360 1991 2
B & | [ 324 165204
g a0 | | Z31 121044
19 0B | 123 644.52
“1 78 45 2358
B 1z 45 ]
Tarals 67 532 5124 TERAD 18| 3350
Fore demaird B0 55334 | e gaE |
Etal Tosl. GT155.78 | T Pog 12 | :I
Cu Fod RM, Methgd: Part Perid Balancing
(Jan 01 to Dec o4
{Terzod Demand Pronuce TOventoLY Folding gt up ‘]
cost Tk Cost Tk
1nitaal 336
ins
: A1 254 1320 5
g | oo 155 | B12.2 1
3 1 76 =R A1% o |
E] [ TG [
s | [B Y GAT ZHEB 26 3u3£‘
B | ab | a61 2415 G4
l_ i | 81 | I SE0 19912
b ] [ =H| | 3 1ERZ 4
E) I ] [ & 131044
10 104 ! 123 544 52
1. _| 7B | 45 2358
12 a5 | | 0
Totals g67 | 632 | 250 1360 04 360
e demand | B0 5had | [
TTotal Cost | 43953 04 | i ] ]
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MATERIAL 11

Problen title:
Lot n1sf decermination of Nub Bolt

Perood i Demand 1Kgi parameker Value
A52 Eoldipg coskt Ll
BdE6 Zet vp Tost 2750
Jag Initia: Invoenkocy 332
434 Leazs bame 1

345
185
SR
352
] 52
132 164
11 154
12 455

ijur|e il =

| -

RESILT:
#ut holt, Kiethod- Wagnar — wWhitin
{Jan 1 to Das 91}

Poziad Femand rroduce Inveolary Holdanog Sat ug
Cosk Th Cogt Tk
Iririal 352
Tner.
i d582 ]
2 Hakh 4054 3208 32.08 2750
5 age 2320 28.2
4 434 Z3BR 23 86
E 303 1028 19 8%
£ 188 1800 18 t
7 a80 1220 122
1 a5z BER f 579500
9 g2 TEB 785
1] 164 G522 6.2z
FE 164 456 _ 4.58
P 4560 [i]
Tolals 4406 4054 16154 151.56 2780
hve demand 3BT 1667
Tobal Tost 2011 56

Mul Eal?, Methad' Lot for ot
{3t 01 10 Dec 013

[ Ferioa Derancd Produce Lnrenbory Aoldliy Set up
Coet "Lk ok Th

Inikaial 352

Inw,
1 352 24 B s I7E0
? BAR 3EA 3aa 328 2750
3 388 454 434 q M4 2¢ 50
4 454 358 398 T 2750
5 KEL] 183 158 158 275
5 1646 a0 880 53 27el
7 L] 352 52 j 2750
E ey /2 B2 092 2780
E B2 164 154 164 2750
10 164 164 164 164 2750
11 164 458 458 458 27h0
12 458 [

Tocale 4406 4054 4054 40 54 20250

ave domand | 3671657 1

TuLal Cean | 30280 54 [
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Mut Balt, Mathod' Economile ardar Cuantity

(et 31 to Dec O1)

Peripd Lemanz eroduce Inventory Holding ket up
Cost TR Cost Tk
Imicial 352
Iy
1 352 14211 4211 142 11 275
g 846 13365 133 BS
k| 3ER 12977 125 77
] 434 12543 125 43
5 330 12145 121,45
[ 188 11957 115 &7
L] 1 11377 NEEH
g 352 i 11025 110 25
L] b2 1 10943 100,43
ic 164 | 10778 107 73
11 164 10615 106,15
12 AER 1057 101,57
Tl ula 4406 14211 142094 1420, 54 2750
Ave demand WTAERT ECL 14211
Toctal Cost 41705
Mut Bolt, Matted, Perind Srder Quanbity
(el 04 to Dec 01)
Period Cemand rroduce Tnventory Bolzing F=0 up
focak Tk Cogsh Tk
Inikial 352
Inw,
1 g2 40154 4154 A0 Bdd 2750
v dg 3205 32,08
i 2EB 2H20 28,2
4 434 2386 23 BE
5 258 1885 15,83
r 1EH 1840 18
7 5B0 1220 22
g 152 hilet] B 579855
El [ TE6 7 BE
10 164 622 B 22
11 164 458 4,53
12 150 [i]
Tolals A (5 4054 20210 2021 2750
Jora dematid J67 1B6T EQQ 14211
lotal Coat 29521 PO g
Mut Bolt, Method, Part Penod Balancrng
(i 01 to Ceec 018
Deriod M raed broduce InvenTosy Folaing Bak up
Losk Th LoET Tk
Imikcaml IR
Iy .
: g2 1]
* B46 4054 3208 32 08 2750
] J88 2820 2873
4 434 2280 23 BB
5 | 398 1988 14 B8
5 158 1500 18
7 HEQ 1220 12 2
5 352 [T B ET9999
2 B2 hilits) 7 a6
10 16Gd 622 622
11 164 458 4.58
17 453 a
Totale 44086 4054 16156 16156 278
S derans | 367 16867
Toral Cont 1 281156
r“ v
o
o AT e e

e L
y &t ‘7?{)‘4'5 W‘&
‘ FF.';‘ 30/2/02_ ¢

\:'H- - -
Tera sve *
H-'- -

%
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