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ABSTRACT:

Fertlizer sector is one of the imporlant sectors in the indusirial belt in our country. A number
ol equipment of mechanical, elecincal instrumental etc are being used to produce urea
and ammonia in fertizer faclories. Among the aquipments, turbine plays a vital rote to drive
diffierent pumps, compressors, altemators etc. To mairain them in a well balanced
condition il is necessary to provide with praper maintenance works for the prime maovers i e,
turbines. To facililate maintenance job smoothly and sustain the maximum output of the
tuttines, it hes mebculously been tried in this work to pracure same of the spare parls of
the alternator drive turbine locally thereby replacing the imported spare pars of those kinds
These items have been proposed to be manufactured at the loca! workshop of Zia Ferlilizer
Co. Ltd. (ZFCL). This is the best way for procurement of spare parts although there are
saverat other ways for procuring them. There are a lot of aclwties involved in
manufacturing them. Studying the spare parts, selecting their lat sizes, identifying non-
crilical and non-precision items, suggaesting about the materal; ther funclions, preparing
process sheets elc. have been done in this work. Moreover, a computerized process
Planning has been adopled to determine the minimum manufacturing tme or the best

possible mea for their manufacturing as well as criticality of the jobs with the aid of a
computer software of critical path method
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INTRODUCTION

1.1 General Introduction:

The wodd is advancing 1o get the touch of developed {echnology. For recewving this, the role of

manufacturing technology and the sophisticated machines and equipments is prominent.

If the views are exiended towards world's economic policy, it is observed the important
aclivities of NAFTA, EC eic. and in the south Asia region the treaty SAFTA. Commensurating
with 1his treaty an economic concept has been promuigated in the wortd and o bring into
harmony, Bangladesh has also accepled this which is free trade econamy. To survive at this
competiive market the best quality products ai minimum cosl should have to be ensured.
Several input factors such as technology, man, machine and equpment etc. are the deciding

factors for attaining good quality produets with minimum production costs.

Modern manufacturing / produciion technology is solely related to computer technotogy. In the
first world and other developed countries like Japan, they have been using computerized
design and manufacturing technology for many years, CAD ! CAM, MIS {Management
Information Systemn), MRP-, MRP-I{, Robotics etc. are the efficient toals for eflicient production
and management funclion which ensure less cost of production and the best quality producls

But Bangladesh lags behind the madern technolegy in some of the fields. Manufacturing
concerns of this country have been following the converhonal melhod of marnufaciunng
processes. But a very few no. of these concerns have adopled computerized manufaclunng
processes for producing garments accessores, but in the government sectors it is almast nil.
Rether, they are gradually sinking down. The manufacluring concems in the government
seclors bke BITAC, BISCIC and other private workshops etc. are seldom capabie of suppiying
highiy precision as well as gocd quality products.

There are several problems inveived in manufacluring spare parls locally. AMang them
unavailability of skiled and experienced man power as well as modern machine {ools, very
namow size of the merket, scarcity of fund flow, poor industrial growth rate and unfamiiarity
with the modern manuwfacluning fechnology come ahead. Observations reveal that due io the

above mentioned factors quality products could not be attained as well as cost of produclion
could not be brought under control,



Zia Ferdilizer Co. Lid. (ZFCL) is a state owned factory. About 8-10 crore taka has been
expending per annum for the procurement of spare pars from abroad. So if it would be
possible to manufaciyre a portion of imporled Hems locally, then a ol of foreign cumrency coutd

be saved. Even if it is possible to manufacture them in the workshop of Zia Ferlilizer Co Ltd,
{ZFCL), then the cost would be unimaginably low.

There are many aciivities involved in manufacluing processes of the spare pars. If the
pracess such as scheduling, calcutating machining tme or distributon of the jobs amang the
machining facilities, could be done using computer program or computer software and i witl

still lower the cast, ensure maxdmum utilization of valueble machines and manpower,

tn the present work a computer sofware named ‘Management Scientist, version 2.0" has been
introduced to determine the minimum or best possible time for manufacturing a few number of
spare parls using existing machining facilities of the factory.

1.2 Present Situation of Zia Fertilizer Co. Ltd. {ZFCL}

Zia Ferilizer Co. Ltd. established in 1981, is a state owned fertilizer producing factery having
capacity of 1600 MT of urea and 930 MT of ammonia per day. Earier it was named as
‘Ashugenj Ferlilizer and Chemical Co. {AFCCY. Eventually it was handed over to the state
owned Bangladesh chemical industnes corporation {BCIC) in the year 1983 as per decision of
the Govemnment. It is localed at Ashuganj under Brahmanbaria distnct - approximataly 100 km
norh-east of Dhaka. The site stands by the east bank of river Meghna, about 2 km south of
Ashugan rail station and Dhaka-Sylhet ghway.

From the beginning, ZFCL has been contributing to budd the national economy by depositing
revenue to the govemment treasury as well as removing unemployed problem of the country
through creating employment opporunites for a huge number of people of this country But
gradually its contribution to the development of the national economy and providing
employment opportuniies are reducing. This is due {o the fact that the cost of produclion of
urea and ammonia and other allied expenses have increased tremendously. Moreaver, the
govemment has imposed restrictions on raising the seling prce of fertiizer for potitical and
social reasons, Nevertheless due to ageing mnét of the machines and equipment, experience

frequent break down and thereby to overcome this situation proper maintenance works with



proper spare pars and equipment are rendered. For pracunng these spare pars from
abroad ZFCL has to spend a lot of foreign currency. In these circumstances, the
management has decided to reduce impon of spare parts and varous unnecessary

expenses which will inturn result less preducion cost and ultimately maximise the profit.

1.3 Background of the study:

There are six divisions in Zia Ferlilizer Co Ltd. Among them maintenance and technica!
services (MTS) division is responsible for carying out various engineering activilties like
maintenance program, fabncating and manufacturing spare parts, installation of different
machines and equipment etc. Machinery maintenance (MM) is one of the departments of
MTS dwvision where maintenance and olher associated works of alt the rotary equipment
are generally executed Among the rotary equipment, lurbine is the one of the vital ftems. it
Is a capital item Sa for smooth operaton of turbine it is essential to provide belter
maintenance facility for it and thereby recovenng its outpul. Since there is no standby unit

for the turbine, i is essential to camy out the mamtenance works properly.

Among the turbines the afternator turbines' spare parts manufactiing program has been
taken in the present work. This is because there are wo no. of alternator drive turbines.
Both the turbines are running at under foad condition This is due to the fact that the power
grid of ZFCL is connecled with PDB's {Power development board) national grid and ZFCL
has to pay a fixed amaunt of charge for a fixed amount of (MW} power grawmng fram
national grid whether consuming the maximum permissible valie or less. So mast of the
demand for power is met from PDB's power. Therefore it would be possible to shut
completely one turbine and operate the other with intreducing the locally manufactured
spare parls at shul down turbine and their perlormance could be easily obzerved. If thesa
spare parls matfunction, the turbine could be shut all at once and for this it woulgd not
hamper the produclion process of the factory. As a part of the marnufacturing process of
spare parts, it is essential to aflocate the jobs properly to the machines as well as to
determine minimum or the best possible manufaciusing time. This can be achieved hy
using CPM and a compuier soflware of CPM wouid give the besl sajuton



Above all, there are a numerous valuable as well as sophisticated machine and equipment
and skiled men power available at the warkshop of ZFCL, s0o by combining the

perdormance of man and machine it would be possible to manufactute some of the
selected spare parts.

1.4 Aims and objectives;

A ot of foreign currency 1s required fo import the valuable and essential lems required for
maintenance of alternators drive turbines A gredler tead tme is also involved for their
pracurement. Although ZFCL is a state owned factory, it could not qet relief from the
vanous formalities and difficuies of adminisirative complexties Vendors also raise the
price of the spara parts every year With a view to avoiding the difficullies mentionad above

the following aims and objectives have been set for the present work:

I} To study the spare parts commonly used for maimtenance of atemator drive turhine

i) To identify the non-crilical and non-precision items and study their functional properties.
h) To select the materials for the spare parts and develop their manufacturing process.

Iv) To determine operalion time for manufactunng them individuathy

v} Determining minimum lime for manufacturng the seiected spare pars by CTPM using
the computer software.

1.5 Organization of the thesis:

in chapter - two, selection of spare parts have heen made as well as their functional
properlies, using area have also been discussed Various machines and their specihcations
which are required o manufeciurs the selected spare paris alongwith a brief deschption of
ZFCL workshop have also been presented it chapler - three in chapter - four, different
steps for manufaclunng process such as caleuiation of manufacluring tme, process sheets
have been shown. An introductory discussion on critica path method (CPM} hag also bean

included in this chapter. A discussion on results and recommandatian and conclusion have
been made in chapter - five.



CHAPTER - TWO

SELECTION OF SPARE PARTS COMMONLY USED
FOR ALTERNATOR DRIVE TURBINE
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Lot sizes of the selecled spare parts

Funclions of the selected spare parls

Causes for changing / replacing spare parls

Recommended malerial for the spare parls



2.1 Introduction:

Earfier it was mentioned tha! the alternator drive turbine consists of about 358 no. of spare parts
[fig. no. 2.1]. Among them ratar is a very compiex and complicated one. Blades, halance piston
elc. are the integral part of the roter [part no_180]. Trip balt for the spged governor system [Ry. no.
2.7] is embedded to the non driving end of the rotor separately in arder not io reduce the shaft
section [fig no. 2.1, par na. 266 (bold line)). The portion of shaft of that part has been inlegrated
wilh the main shalt Controllers have different parts and with these parts it is a complete ane [fig.
no. 23 1 Emergency stop valves, high pressure (HP} valves and low pressure {LP) valves have
ceértain shape and special matenal to wilhstand high temperature and pressure [fig no. 2.4] Top
casing and bottorn casing have alsa specific shape and matesia] ffig. no. 2.1, par na. 062 and 03]
For steam sealing tabysinlh seals are used which ate fitted to turbine casing [fig no. 2.1, part no.

125]. Qil retaining rings, casing boils and nuts etc are also the impeorant components of a
furbine.

Among the spare pans some of them can not be manufactured locatty due Lo their complicated
shape and high degree of accuracy as weli as speciality in materials. In the present wark only
those pars that have simple shapes, don't require high accuracy and matenats required for them

are available in the local market have been selected to be manufaciured using exisling faciilies

of the workshop

' 2.2 ldentifying the non-critical and non-precision items:

The spare parls which have high degree of dimensional accuracy, then they can be lermed as
precision ftems and whenever their failure would detriment the failure of the systern, then the
spare paris can grouped as critical items Neverlheless there are some minar characteristics
which are liable for making an tem as critical these ame high unil price. complex manufaciuring

technology, crlical using area elc

In the present work, only non-prectsion and non-critical spare pars have been selecied for
manufaciuring them focally as because slight dimensionat varialion would not subslartially affed
the function of the turbine. Moreover, failure of such iterms would alect temporarily but would not
result in complete shut down of the turbine. To aver risk of fature of the spere parts which would
be manufactured locally, only non-crilical tems have been selecled  There are some imitations
of facilties available at the workshop of ZFCL, so only non-precision items have been selected.

Therefore it is justified to select non-precision and non-crilical items for manufacturing them
[ocally.
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Figure : 2.2 Trip bolt far the speed governor system
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SPERRDAMPFREGLER SEAL STEAN COMTROLLZR

1 Steuergehduse Canirel casing’

g Federhalterung superstructure

3 Seagnent Soqment

4 Geckel Cover

5 Hilse Sleeve

6 0-Ring O-ring

7. Iyl. Druckfeder Compression snring

5 Hembrane Diaphragm
.9 Schraube Scraw

10 Ring R1ag
‘11  Sechskantmutter ME Hexagon nird,
"12 sechskantschraube MIZ2275 dewaysn screw

13 Flansch : Flange

14 G-Ring O-ring
- 15 3-Ring O-rinag

17 iyi. Druckfeder Comoression spring

13 Ring Ring

19 Steuerstift 12x66 fisiton valve

20 Sicherungsring Lock washer

21 Gewindestift MEx40 Grub screow

27 Sechskantmutter ME Hexagqon nut

23 Ring Ring

24 Hutmutter Cap nut

25 Kalben Fiston

26 Gehduse Casing

27 Hadialdicntring aval ring

] Sechskantschraube M12x25 Faxzaon screw
29 Yentilspindal Yalwe stom

ig Sachskanimutter Ml2 Heazgon rius

31 Ring Ring

J2Y  Iyl. Druckfeder Comorsassion s ing

13 Sechskantschrauvbke M12x25 Hexagon scorew

34 Buchse Juide hush

3k sechshanimutter J0x45 Hexeron nut

35 Dichtring fealing washar

37 Sechskant-Bundschraube Medacgn callar sopey
39 Flansch Flance

3%  Sechskantschraube HiQ«30 Hedadon screw
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However, the spare parts for the alternator drive turbine which have been identfied as non-

precision and non-critical considenng the faclors which have shown in a brief i the folowing:

i} dwnensional accuracy
i) manufactunng technology.
W} Using area.

v} umnit price etc.

The spare parts of the turbine have been analyzed and compared to the above mentioned

charactenstics of cntical and precision items. the following spare parls have been grouped as

non-colical and non-precision gems:

Turbine ¢asing balls and nuts and coupling bolts and nuts

These items could easily be manufaciured locally allowing a tolerabie range of vanation of
dmensions Therefore, they can be considerad to be a non-precision part. Their unit price
would not be high Because far imporling items from abroad in some cases the auxilary
expenses might also increase two to three times than the actual price of the tems But this
question is absent for locally produced products. Mareover, their using area 1s very simple

and their falume would not make any considerable problem. So they can easily be
calagonzed as non-crilical items [fig. no. 2.5 and 2.6]

Axial disptacement disc and rolor locating nng

The simple shapes and wide tolerance have fallen them in the group of non-precision tems
Their manufactuning process ts very simple and could be manufactured locailly at low cost

Their failure would not influence in operating turbine. For this they can be considered as non-
critical items [frg. no. 2.7 and 2.8).

Gear coupling

By allowing a minor amount of backlash as well as dimensional deviation, it can easily be
manufaclured. So this is a non-precision tem Moreover, cerain minor failure of its

components would not delriment the function of the turbine. Therefare it could be termed as
non-crlical item [fig. no 2.9].

13



(‘pyuoD} siu pue sjjoq Buydnon

PUE S)nu pue sjjoq Buises sulqing gz pue ' - ainbiq

noq Suisea suigan]

'81nG1) BU] Ul UMOYS JOU §1 DUE /(" T JOAO SI 83UEJS|I0 |

S —

0tt

8l

= L7~




i

”TWEE—_—_—_‘—.E

S o
@ ol g S w0
o - =1 - w @
s Ve s g
| e

_J_ - - =H

|‘ \\

__.1[:]_.__53___\_ M52
—i 28 96

1. Internal tolerance is over + 0.08 and is not shown in the figure.

2. External tolerance is over + 0 1 and is not shown In the figura.

Socket type nut for turbine casing bait

M3

= ([
|

Tolerance is over - 0.08 and is not shown in the figure.

Caupling bolt

Figure - 2 5 and 2.6 Turbine casing bolts and nuts and
Coupling boits and nuts
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Tolerance is over + 0.03 and is not shown in the figure

Axial displacement disc

o
Lot
-

|
L

5

Tolerance is over + 0.03 and is not shown in the figure,

Figure : 2.7 and 2.8 Axial displacement disc and rotor locating ring
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1. imternal toleration is over + 0.04 and is not shown in the figure.

2 External toleration is over + 0.1 and is not shown in the figure.

Figure 2.10 O retaining ring
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Figure : 2.11 Arrangement of turbine casing bolis
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Figure . 2.13 Lube oit sealing system
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Chl retaining ring

It can easily be manufactured although with cerlain deviation of clearances hetween shaft
and ring as well as beanng housing and outside of the ring. If it experiences looss fitling, then
it can be minmmised by providing with shims. So due to this dimensional inaccuracy it can be
identified as non-precision tem If falure in cerain part of the tem occur, it might increase
lube cil leakage. This can be easily checked by providing exira high pressure jet of air or
sleam from outside of the ring and therehy ol leakage will be stopped For this, it can be
classified as non-cnticat item [fig. no. 2.10]

2.3 Lot sizes of the selected spare parts:

The alternater dnive turbines are not generally shut as they are very costly in line process
equipment. f any valuable machine or equipment remains idle, it would be simply a loss to
the owner. But ff the turbines malfunction, excessive steam leakage or lube ol or control il
inss accur they are braught under shut inslantanecusly Otherwise for every two years
alternalely one turbine has to undergo overhauling and the other to servicing work and vice
versa. Dunng these overhaul ar emergency shut penod, the spare parts which would lass
thewr properties due to wear and tear wauld be changed and their average consumplion rate
are recorded for future reference From thrs analysis the fot sizes of the selecled spare

parts per anum have been delermined on the basis of ihis consuemption record and are

shown below in a tabutar form

S|_MNo. | Description of the spare parts Average annual consumption rale {approx.}

Turbine casing balts 28
Turbine casing nuts 25
Coupling bolis 48
Coupling nuis 48

Gear caupling

Rotor lacating ring
Axial displacement disc
Qil retaining ring

@NOGa LN
0 kY kS RS

Table: 2.1 Lot sizes for the selected spare parts
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2.4 Functions of selected spare parts:

According 1o the location of use and purposes served, the selected tems have diferent

functions A brief description of their funchions is given belaw.

i) Turbine casing bolts and nuts,

The bollom casing of the turbine rests on the struclure which inturn fixed to the foundation of
the turbine. Turbine bolts and nuts firmly hold the top casing with the bottom one, thereby resist
thermal expansion of the casing as well as steam leakage [fig. no, 2.11].

1) Coupling bolts and nuts:

Couplng bolts and nuts are being used 1o hold the coupling spacer and 1o couple turbine to
gear box for transterring mechanical power fig no 21, part no 185 (bold line)}

1) Gear coupling:

its man function is to transmit the mechanical paower of turbine to the gear box. There are some
limiting vaue for backlash and ceran axial play [fig. no 2.1, parl no 185].

v) Rolor focating ring,

Rotor locating ring is placed after the Journal kearing of governor end, the main funclion of it to

locate the rotor al its proper position. This can be ensured by resting the rotor collar to the side
tace of the roter locating nng ffig. no 2.12]

v} Axial displacement disc,

The axiat displacement disc is fitted at the extrame end of the rotor at governor end. Control ol
which is issuing from a fixed nozzle strikes on the flat surface (lapped surface) of the disc, If the
rolor moves away from the nozzle the oil pressure decreases and if the rotor moves ioward the
nozzle then the ol pressure ncreases By sensing the pressure by an mstrumental device the
rotor axial play can easily be detected [fig. no. 2.1, partno 267 (bold line)).

vi) i retaining ring.

The interior parl of bearing housing of governor end and coupling end are provided with 2 no of
oil retaining nngs. One of the rings 1s fitted at the inside part of coupling side bearing housing

end the otheris at the inside of the bearing housing of goverror side. Each one 13 divided as fop

2



half and that of botlom half. The both halves are dentical and make a complete circular one
Since pressunzed lube il enlers the bearing housings which have large area, the pressure drops
inside the bearing housings. The reduced pressurized lube ail still trys to come out from the
housing through small clearance between the shaft and nngs strips [ig. no 2.1, parl no 55 and
56]. Then again the pressure drops Due to eddy inside the slots of the ring, the pressure again

be reduced at a level from which # can not get out thereby sealing beanng housing from leaking
out the jube oil {fig. no. 2 13].

2.5 Causes for changing /replacing the spare parts :

The spare pars have cerlain design value for clearances, dimensions etc. Afler prolong
use the dimensions may be changed from their design value . At this stage if they are nol
replaced then there may anse sleam or oil leakage, vibrations, malfunchion of insfrument

devices etc. and hereby reducing turbine's output.

Foroil retaining ring the radial clearance {design mit }is €.17-0 22 mim for balh the sides
If it exceeds the design imft oif leekage will be apparent,

There are two sizes of bolts for furbine casing .They have specific dimensions. if under
prolong tension it elongates more than the design limit then naturally the top haif of turbine

casing will get space and steam will escape.,

The coupling bolls and nuts shaould have specilic threads and concentricity. If it differs from

the suggested value thenit must be repiaced. Clherwise due to presence of unbalance
mass, vibration will occur

The gear couphng should have perect shape and designed dimension, olherwise due to
backlash, noise and tear would deteriole the pericrmance of ihe turhine.

The axial displacement disc should have a super pelished suface as well as the dimension
within design imit. Due to prolong use the surface may run out As a result the instrument

device can not funclion properdy due to running out ol the surlace.

The rotor loeating ring should have the dimension within design mit. Otherwise rotor can

not be fixed te its proper position
2.6 Recommended material for the spare parts:

Considering the working environment of the selecled spare pars of the turbine, materials have

been selected for them according 10 ASME / ASTM standards which have been shown in the
table [table no, 2.2}

g
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CHAPTER - THREE

PROCEDURE / METHODOLOGY FOR MANUFACTURING
PROCESS PLANNING FOR THE SELEGTED SPARE PARTS

Introduction

Facikties available at the workshop of ZFCL
Calculation of manufacturing lime
Preparation of process sheets

Formutating the process planning
Computerized process planning

Leveloping computer algorithm and ouiput of the work



3.1 Introduction:

Process planning has several elements. Material requirement planning, master produclion
scheduling, bitt of materials etc are the main elements of process planning In the industrially
developed countnes they have been using computenzed process planning. But in Bangladesh
most of the spare pers manufaclurng firms have heen following traditional system If a few
no. of components of process planning could be used in Bangtadesh, it would not incur much
money but good quality producls at low cost could be manufactured,

The manufacturing process of idenlified spare parts indludes calculation of operation time of
the spare pans, preparation of process sheets followad by determining the best possibie time /
mitimum fime for their manufacturing with the help of computer scoftware of critical path
melhed (CPM} and a netwark has been drawn manuatly as well as the seleclion of materials
for the spare parts have also been made.

The procedure / methodology for manufacturing the spare parls can be briefed as follows:
1. Seleclion of spare parls for atternator drive turbine using existing workshop facilities,
2. Study the working condition of the spare pars and seleclion of matenals for them.

3. Caleulating the aperation time for each of the spare parls.

4. Developing master operation sheets for manufacturing of selecled spare parls.

5. Formulaiing the process planning 1o determine best possible time / minimum time of
manufacluring the spare parts and devetoping a computer algorithm.

3.2 An introduction to facilities available at the workshop of ZFCL:

Difterent machines would be used for manutacluring the selected spare parls. These are
available at the faclory's workshap except gear shaper machine, The selecied spare pars can
easily be manufactired by the machines available at the workshaop, But for the gear coupting,
the teeth might be machined by a shapor of by a miling machine But machining time might
increase as well as dimensional accuracy might nol be attsined. Rather it would be easy 1o

machine the teeth by gear shaper machine from BITAC or any other workshops on contracl
basis.
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3.1 Overall condition of the workshop at Zia Fertilizer Co. Ltd.

The workshaop s situated at the rear parl of MTS (Mainfenance and technical Services}
buiding. Generally backup services for mantenance works are heing provided by the
workshop However, annual production { contribution of this warkshop is about taka 13 - 14

lacs. Moreover, some dfficult jobs of other sister organizations are also carfied out at this
workshop.

Lathes, milling, dnffing, grinding, fapping machines etc. exist al the workshop. Moreaver olher
machines such as shaper, slotung, key-way cufting machines, shearing, bending, roiling
machines etc. are also available at the workshop Welding as well as non - deslmchva testing
{NOT) facities are also available.

About 33 no. of general techmucians and 7 no. of engineers have been employed at the
workshop. Under the planning ang supervision of the engineers the workshop is munning

smoathiy
3.4 Main characleristics of the machines:

3.4.1 Lathe;

There are 11 no. of lathe machines at the workshop. Ameng them 10 are henizontal and 1 15

vericat one. The vertical lathe has maximum capacity for machining ihe job of 1% m diameter
and % m height.

The maximum diameter of job and bed length of the horizontal lathes are 40" and 18
respeciively,

3.4.2 Milling;

There is only one miling machine at the workshop wrth the foliowing paramedters:

Maximum longitudinat feed of the table - 1 m,
Maximum cross feed of the table - 400 mm.
Maximum verlical feed of the table - S00 mm.

26



3.4.3 Grinding:

There are two gnnding machines al the workshop. One is surface grinding machine and the

ather is cylindncal grinding machine which is capable of grinding both extemal and internal
surfaces.

For surface grinding machine, maximum stroks tength is 1% ' and maximum width of the job is
8",

The maximum diameter and length of a job that can be machined on the cylndncal grinding
machine are 250 mm and 600 mm respeclively,

3.4.4 Drilling:

There are 6 no. of dnilling machines - cne radiat drifl, one driling and boring, cne column dll
and three no of bench drill are availatie at the workshop.

For radiat dnll machine -

Maximum drilled hole size is 70 mm.

Swinging diameter of the machine 1s 1 m.
3.4.5 Lapping and Tapping:

Lapping can be done either manually or by a machine. Only flal surface can be lapped by the
machine but cylindrical surfaces are machined manually

Tapping operation is done manuatly.

3.5 Calcutation of manufacturing time:

Manufactunng time of any produd is the sum of cutting time and handling time. Depending on
the lot sizes, cutling time is maximum 20% of tolal time / manufacturing time for job-shop
production, 20-40% for balch production and 90-95%, for mass production. In the present

work, the cutling time is 40% of tota! time and it has been calculaled using varaus usual
formiikae.

Handling time can be determined from the following formula:

Handling #me = transfer and changing position time + foading and unigading time + canlering

time + ingpeclion time + preparation time + tool change time.

7



The elements of the handiing tme (nght hand side of the equation} can be found aut using
various charls and tahles A training manual on manufaclunng fechnology of Mitsubishi Co, of
Japan has been used for finding out the elements of handling time, In the present work the
handling time for il retaining ring has been determined using chafs and tables of ahove
mentioned training manual. This has been done to sel an example. For rest of the items,
manufaciuring time has been determined considenng as culling time is 40% of manufaciuring

time. Machining time for different operations for manufacturing of selected spam pars are as
follows:

EL ]



i) Drilling iinze, 7,

/.
find =—
nf
Here. L =total length - [+ 5. |
I =SnLpm 5
) = teedirey, A
i} Turing time, 7.,
£ .
T = —x1
nf
Here, [ =tedal lenglth =1+3+4 . |
n =1 B
f = {eedrey.
i =no. ol o A
i
i} Parting and facing time, 7',
L
g =—
nt
lere, 1. =towl length =l1+s5+A . |
n =1.p.01
f = feedrey. 5
A

L

= tength of the job

= length due to wool geomen v

= approach and over travel lengtly

— L -~

——

!- Pols)

= leugth of the job

- length due (o {ool geomerry
“—toulyp

= approach and over travel length

= principal cutting angle.

- ‘I
|
I
n(
5 T i

1
[ 4]

= length ol'the jub [hall of the dizmcter
of Job]
= length due o 1001 genmetn,

= apmoach and over travel length



iv) Grooving and bering tiroie, 7,

?}ugzim'

it
Here, 1. =lotalicugth  =1+54+ 4, |
I =LA 5
f = leed/rev, A
i = no.of cut
v) Chreading ¢ime, Ly

[\_-__h.
[ __I.___ =

e —

R

= lengll ofthe job |length of ihe 2ro
= length due 10 100! geonety

= appoach aud over iravel lensih

(From machining time ol thread cutling table of tiaining manual, page 13740

¥i) Milling time by end mill cutter, T

L

i
Time=—x,

Hee | L = total length = ]+As, I
n =1 pm A
I = feed! rev. of the cutler. d
] = no. of pagwes

vii) Milling time fur surface cutting, 1,

] L.
Tt ="
fif

Here . L =total length = 1+ A+s,

[ = job length A
s = length due to tool geonietry i
[ =Teed: rev. of the cutter, n =rpm

=

ove |

IR

= jub length
= approach and over travel lon ol

= drnmneter of the cutler

|

_'ﬁ,|f_...—

T

= approach awd over tavel lengih

= no. ol paszes



vili) Gear shaping time, T

iz !

Ty =—— 4~

Iy 5

Here, m = miodule

z =no ofteeth

n = no. of double stioke of cutter
t = depth of teeth

s = circular feed fdouble stroke

5, = radial feed /double stroke

I~

:74—__J.

~ entting length

= appioach and over travel length

= {ength duc to ool geomcliy

Y

ix) Angle cuting lime, 7,
. L
Dind=—
f
L = total fength =1+ A+
] = I
f = feedirov,
x} Grinding lime, i
. W
T =—xix K
m,
Here,
W = width of the job
I = stioke/nun
L = cross feed
i = no. of pagses

f

s

M



4}

Adi)

r = ¢lepth of cul

I = co-clfichent due to clasticity ol malerial.

Lappine gpervalian Linw

Anestamated value as lapping operalion has been performed owmuably

Kemoving bars, sharp corners, vdoes e,

Aor estimated tawe
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3.6 Preparation of process sheets:

There are 8 no, of spare parts which have been selecled for manufacturing Lhem locally, As a

par of their manufaclwing process. therr process sheels have been prepared which are
shown bedow:
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Operation sequence for rotor locating nng

Operations Sketch Machine Tools, jigs, Cutting condition Machining
tools nsed | [ixtures etc. | Speed, ¥ Feed Depth of cut time
(ft'min) | {(mm/Tev.} (mm} {min)
Cutting stock center iathe
from shaft 7T
-z ::':"t;l's s
rrj
2. Facing and center lathe 1} turing tool 220 0.1 . 0.3 5
nrning side A. —& e ti} 4-jaw chuck
and side B. = 13
B iy CELNCY
- -_— - — T |
R T
Parting o centre lathe | i) 4-jaw chuck. 220 0.1 0.5 5
ii) parting tool
i
Blank slitting metal slitiing 70 0.3 0.3 10
by crcular saw SAW
clamps

Table 3.1 Operation sequence for rotor locating ring




51. | Operations Sketch ¥Machine T ools, jigs, Cutting condition Machining
No. tools used fixtures etc. Speed, V Feed Depth of cut lime
(ft/min) (mm/rev.) {mmn) {min)
5. Surface - © Do 30 stroke 0.001 0.1 8.25
inding by — in.
grmding b ——— 1~ pet min
fining [
machine vise. M
&. Turning o centre lathe | 1) magnetic chuck 220 0.1 0.5 7.5
outside and {i) tuning tool 0.05
mnaide 1ii yelamps.
7. Grinding grinding ¢lamping 30 stroke | cross feed = 0.1 150
machine per min. - 10 mm.
{eed = 002
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QOperation sequence for bolts (coupling)

5L | Operations Sketch Machine Tools, jigs, Cutting condition Machining
No. tools used | fixturesete. | Speed,V Feed Depth of cut time
used (ft/min) | (mm/rev.} (mm) (min)
L. Hexagonal
Bar/Blank
2. Turning }3-jaw chuck 220 0.1 and 0.05 0.3 375
_-]E—‘.__.__ - lathe il jurning tool
; i
7 A
3. | Threading . lathe 3 jaw chuck 12 54 |
— .
]
i ﬁ -~
4, Parting _'.E...l lathe paring tool 75 G.06 0.5 1.1
) I )
bl ]

Tabie : 3.2 Operation sequence for bolts {coupiing)




Operation scquence for o1l retaining ring

Operations Sketch Machine Tools, jigs, | Cutting Conditicn Machining
tools used fixtures ete. Speed, V Feed Depth of cut time
! (fi/min) | {(mm/rev.) (mm) (min)
Dhe casting die
vith +— 35—
aluminim L
= U
Milhng — | machine vise 200 08 1ino. of cut =13 | 23 .84 min

== L
& rachine ,|

Milling and milling and | 1) fixture 220 0.1 l{no.ofcut = | 24.23 min.
dniling drilling 1) end-mill cutter 1)
machine {13 mm)
i i1y dr1ll-5.5 mm
Clamping two - - - 10 min.
halves -,
//*:F A
= =
|

Table : 3.3 Operation sequence for oil retaining ring

.




SL | Operations Sketch Machine | Tools, jigs, Cutting Condition | Machining
No. tools used | fixtures used | Speed, V Feed Depth of cut time
{fiimin) | (mm/rev.} (mm)} (Tv1iny)
5. | Facng , centre Iathe | i) facing tool | 200 .05 i 1{no.ofcut =1) | 6574 min.
— ! " ) 4-jaw chuck
: ~ e
{= o E 4N
= &
f. Tuming — | I cenire lathe | Turning too] 200 0.05 1 {no.of cut =1) | 7.34
- A
=
(% | =
i 2T
e
7. Facing centre lathe | 1) facing 100l 200 005 i+1+1 53.12
< E—ZL 1t) 4-jaw chuck 3 no. of cut
 fm——_
,
- L
8. Turmning centre lathe 200 0.05 1+1+1 36.65
.Tu_@ | l f wr:’_qr 3 no. of cut
]
gy




Sl. | Operations Sketch Machine T oels, jies, Cutting Condition Machining
No, tools used | fixtores used | Speed, V Feed Depth of cut time
(ft/min) (min/rev.} {mm) {min) |
9. External - | —~ centre lathe | grooving ool | 200 .05 1+1+1 14.45
ETOOVIng i -'LE_-{ 3 no. of cut
e — = —
—hﬁ I T
o g (T
10. | Internal -—EI ¢t | centre lathe boning tool 180 0.1 and .05 | 1-] 3079
Tuming I i 2 no. of cut
: L:.-l-__"_-_‘-_l_—l
s
g |
11. | Internal — centre lathe | igrooving tool | 180 0.1 and (.03 | 1+1+1+1 74
grooving E —t——f | i yform ool 3 no of rough
o ~ Ii cut and 1 no of
oy i finish cut
=S
4
[12. | Internal N centre lathe | grooving tool | 180 00.05 0.5+0.5+0.5+0. | 23.23
grooving Ji_'-'l? ! "E ,t 5 tolal 4 no. of
e ]




S, | Operations | Sketch Machine | Tools. jigs, Cutting Condition " | Machining |
No. tools used | Mxturesused | Speed, ¥ Feed Depth of cut time
(f/min) | (mm/rev.} (Int) (min)
13, | Making Strip - 200+ . centre lathe | form tocl 180 0.1 and G.O5 |1 2493
by form too! Hiﬁ s £ . 7 = E[ 1 no.of cut
T
——
HiE
14. | Angle cuttling _ centre lathe | form tool ;sharp | 180 BDland 305 |1 35.53
o ~]_ tool {rough total 7 no of
m s ,a% wark) cut
- T .I : | |
— b —r
=T
15. | Angle cothing - | r centre lathe Lo Do Do 1 15.73
- i p tolal 4 no. of
i cul (3 rough
| . | i
v s S +1fmish cut)
- ™ »
16. | Removing all 20
bars. sharp
gdees and
chamfsring
17. | Drilling milling 35
machine
18, | Tapping by hand i) 120

R L




Operation sequence for gear coupling (toothed coupling)

Sl | Operations Sketch Machine Toals, jigs, | Cutting Condition | Machining
No. tools used fixtures used Speed, V Feed | Depthof time
{ft/min) (mum/rev.) | cut (Tum) (Tin)
L. Torging blank
2. Forged blank die forging
— - - = ' -
-7
L= =7
pe— e —
3. | Facingand | _ cente lathe | i) facmgteol 220 0.1and 0.05 | 0.3 138.2
outside ming ’EL—_*—' ry ii} muming tool 1+1+1+1=4
e I 5 i1y drill bit no. of cut
r'j L---lx iv) 4-jaw chuck
— Iy
LA~
i |Borrg Do () boring tool 180 0.1 and 0.75 175.6
L, _ if) 4-jaw chuck 0.05 1+1=12
ST e ot
o - S
- G |

Table : 3.4 Operation sequence for gear couphng

1



SL Operations Sketch Machine Tools, jigs, Cutting Condition Machinin
F
No. tools used fixtures used | Speed. ¥ Fecd | Depth of cut time
(f/min} | (mm/rev.) {mm) (min) |
5. Grooving Do iy grooving tool 120 .08 0.75 23
- i} 4-jaw chuck 1+1=2
lﬁ]_r-l- R no, of cut
r[zﬂ'_"-_':%b:r::
| 6. Facing & Do 1} facing tool 220 0.1 0.5 77.85
furming outsids — T T 11) 4-jaw chuck 0.05 1+1+1+1=4
;;F— - no. of cut
Et - "__ﬁ' I
1 I
£L
7. Teeth cutting, 1 gzar shaper milling cutter stroke = 003 R34
b 20/mum. mmsiroke
P
el
| 3. Drling a drill. iy milling divider | 38 0.08 4
= ,:'_:',*_. head.
g T ii) 3-jaw chuck
= O i) twst drill bit
s §- mm dia.
—T" |
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SL | Operations Sketch Machine Tools, jigs, | Cutting Condition MMachining
No. tools used | LOxtures used | Speed, V Feed Depth of cut time
(ft/min) | {(mm/rev.) {mmt) {min)
9. Drilling Lo T drill. machine | 1)3-jaw chuck | 3% 0.08 3].1
‘Hi.TI_. ii)dnll bit wist '
e drill bit 8
O ol mm.dia.
EoaTs = ni)eotary lable.
A rpar dtae
10. | Remove all 1 40
bars, shamp
edges and
necessary
chamfering
I, | Case 2.
hardesning
{carbonsing /
niiFiding}
hardness 58-
&0 HRC. _
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Operation sequence for turbine casing nuts

SL. | Operations ! Sketch Machine | Tools, jigs, Cutting condition |  Machining
No. | tools used | fixtures used v Feed Depth of Time
! (ft/min) | (mm/rey.) cut (mm} (rmin)
1. | Forging blank !
j 2. Foreed blank |
I e
I _E"’"'_’ -
i 5 Lo—-—
| |
3. i Siress relieving |
|
4, | Facing. turping | centre lathe, i) facing tool 220 0) 0.5 17.55 (facing and
| &drlling | drilling 11} turmmg .05 3 po. of cul | maming tune)
' ' machine 0ol 75 0.2 0.5 5 {drilling time)
| ! iii} drill bit
! 'I.\‘) 4 - _'_Im
| chuck
5. | Facing and Do 1) facing 100l 220 0.1 0.5 362
Wming i) turmng tool 003 (2XN2F4
i) 4-jan chuck ne. of cut
i
6. Boring Do 1) boring tool 220 0.1 0.5, 15
iiy 4-jaw chuck .05 0.1, 0.1,0.05
and 0.1,0.05

44

Table : 3.5 Operation sequence for turbine casing nuts
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__Operation sequence for turbine casmng bolts

SL Dper:t_ii}ns Sketch Machine | Tools, jigs, Cutting condition Machining
NoO. tools used | fixtares eic. | Speed, V Feed Depth of cut fime
(ft/min) {mmirev.) _ (mm)} {min)
L. Blank cutting
for forging ;
I ——
L
s AT T, ——d
2. Forging i
3. Facing znd , centre lathe | i) 4-jaw chuck | 220 0.1 and 0.03 .3 13
sentzring - R i1) facmng tool
side A, _ T, iijeentre doll
C s — - iy
---- ET"\_._/E
, i
4. Facing and centre lathe | i) 4-jaw chuck | 220 0.1 and 0.05 {1 O.3 3.3
centering Ll 7. i) facing tool
gide B. —_— = — - g il Jeentre drill
o i A ’
T
7
5. | Turing side T . centre lathe | 1) 4-jaw chuck | 220 0.1and 0.05 | 0.5 67.5
B. _ g ‘i';-\i_‘ 1) urming tocl
M e e o ek
- P o~
4
il

Table : 3.6 Operation seguence for turbine casing bolts



8L | Operati Sketch Machine Tools, jiEs_L, Cutting Condition Machining
oS
No. tools nsed | Ffixtures nsed Speed, V Feed Depth of cut time
{ft/min) (mnyTev.) (mim) (Trin)
6. | Turing . centre fathe | i) facing tool 220 0.1 0.3 20
side A, ;/L T i) 4-jaw chock 0.05
Ey
SN
i
7. Milling | milling milling cutier &0 r.p.m {i.1 10
side B. machine
Y
o —3& |
R 10
T 7 e
8. | Grinding | grinding 1) milling 60 tpm 0.002 0.1 4375
external e I at machine divider head.
TR i) 3- jaw chuzk
B s — e, iii} twist drill bit
‘\'—‘;_\——f_}g g-mm diameter.
9, Thread centre lathe | id-jaw chuck 18 3 0.5, 0.3,0.2, 112.5
cuming ) : 0.15, 0.1
side A Q_\{%ﬁ tijthreading toel
A el
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Operation sequence of Axial displacement disc

SL | Operations Sketch Machine | Tools, Jigs, cutting condition Machining |
No. tools used | fixtures used | Speed, V Feed Depth of cut Hme
{(ft‘min) | (mm/rev.) {mm) {min)
L. Sawing from l
shaft
: 1%
*r_
[
b —!
3. | Turning and == i} mming facing | 200 0.1 05 13
facing [l canlre lathe | tool
. -—ﬂ!&- 11} 3-jaw chuck
- |
3. Turning and ) centre lathe | Do 220 0.1 0.3 13
facing | (;-]1—-
I H
—
b |
4. | Boring Tz ~|_ | centre lathe | §) bering tool 220 0.1 0.5 27.5
_ ,'*'T | iy 3-jaw chuck
S [ L N
- |
2

Table : 3.7 Operation sequence of axial displacement disc



Operation sequence for nuts (coupling)

Operations Sketch | Machine Tools, jigs, Cutting condition ] Machining
| tools used | fixtures elc. Speed, V Feed Depth of time
used (ft/min) {mnyvrev.) | cut (mm) (rnin)

Hexagonal :

Bar/Blank :

1 :
|

Facing and —1 - ! i) facing tool 200 0.1 0.3 1 {facing)

dnlling ik - __I lathe 1} drilling bit 1{drilling)

P_ o7 : i1} 3-jaw chuck
e e ——
- fr
3 Threading N  athe i) tapping head 1z 1
i | i iij tapping head
[ == --_r_—_-'ll |
[ e T i

Parting : Lathe paring tool 75 0.06 0.5 1
!
|
|
i
]

i
!

Table . 3.8 Operation sequence for nuts {coupling)
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3.7 Formulating the process planning:

Crilicality of an activity depends on the tolal float i e, the excess of avaitable time over required
time for completing an activity. If the total float 15 zem, the job is crlical and no delay is
attowabla to start /.

if there is any floal in the job, it will indicate thal there can be some lattude in schaduling in
start of a nen-colical job.

The operatian time and chucking condilions etc. for manufacturing the sedecled spare parls
are grven below along with their job code and operation code.

[ fob code | Operation code | Operation time (minute} | Chucking condition |

Ji 1k} 23 84 SPM
: 03 24.23 "

- 04 2.98 SFD
“ 01 1000 SFL
B 01 65.74 *

* 01 7.34 *

" 01 5a.14 !

“ 0 JE.65 “

- 0 14.45 B

" 01 30.78 “

“ 01 7400 B

“ 01 23.23 “

" 01 2993 “

- 01 3553 !

" 01 1573 DFL
" 01 20.00 *

" D4 A5.00 DPD
B o5 120.00 DPT
J2 01 3.40 =FL
“ 01 100 *

B o1 293 “

“ o1 $.00 “

* 01 &67.50 B

“ a1 2000 B

“ 03 10.00 DPM
Y 04 43.75 DPG
" 01 112,50 SPL
" o1 111,50 DPL
“ 1 25 B0 "
Ja 01 970 SPL
“ o1 7.90 !

Y 04 5.00 3PD
B o1 583 DPL
" 1 3060 "

" 01 15.00 "

B 01 112.00 .

“ 03 70.75 sPM

51



| Job code | Operation code | Operation time {minute) | Chucking condiion |

J4 o1 21.38 SPL
“ o1 2660 *

* o1 17570 :

" o1 2500 *

* o1 50,80 DPL
* o1 17 10 *

* 10 834.00 SPT
! 04 4 00 SPD
* 04 3110 *

* o1 40 Q0 SPL
J5 06 2.00 SPS
! a1 .73 sFL
: at 323 "

- ot 773 "

* Ot 3.23 OPL
* 01 27.50 aPL
* 01 8.40 !

- 08 100.00 SPG
! 09 100 00 SPLP
J6 a1 2.00 SPL
: a1 5.00 “

: 1 500 *

* o7 10.00 5P5
* 08 8.25 5PG
* 01 7.50 SPL
" 08 140.00 SPG
J7 01 375 SPL
: o1 540 "

* o1 115 *
J8 01 1.00 SPL
" 04 1.00 SPD
: 01 1.00 SPL

Table : 3.9 Operation time for the selected spare parts

L]



Maintaining the operation sequence and combining the succeeding operations of same
machine, the following table can be prepared :

LJob code | Operation code | Operation time (minule) | Operation ime (wholé no mintute) |

J1 03 48.07 48
. 04 2.98 3
. a1 416.53 417
* 04 35.00 35
“ 05 120.00 120
J2 o1 95.83 96
“ 03 10.00 10
* 08 43.75 44
! 01 249.00 249
J3 o1 17 .60 18
" 04 500 5
“ 01 163.73 164
“ 03 7B.75 79
J4 01 326.58 327
- 10 834 .00 834
- 04 3510 35
“ 01 40.00 40
J5 06 2.00 2
- 01 57.82 58
- 08 100.00 100
- 09 100.00 100
JG 01 1200 12
" o7 10.00 10
“ 08 B 25 . 8
* a1 7 50 8
- 08 140.00 140
J7 01 1000 10
J8 01 1.00 1
“ 04 1.00 1
“ 01 2.00 2
Legend: SPM - Same posdion for milling SPLP - Same position for lapping.
DFM - Different posttion for milling SPT - Same position for teeth cutting.
OPD - Different position for drifling SPG - Same position far grinding.

DPL - Different position for lathe operation SPS - Same position for saming
DPG - Diferent posiion for grinding SPD - Same position for drilling.
DPT - Different position for teeth culling SPL - Same position for lathe operation
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tegend: J1 - Od retaining ring 01 - Lathe operation

J2 - Turbine casing bolt 03 - Mitling !
43 - Turhine casing nut 04 - Dnlling !
J4 - Gear coupling 05 - Tapping

B2 - Axial displacement disc 06 - Sawing *
J6 - Rotor locating fing 07 - Shitting

JT - Coupling bolt 08 - Gnnding

J8 - Coupling nut 09 - Lapping )

10 - Teeth cutding

Now to fit the problem with CPM the job operation time can be termed as aclivity. From the
preceding table it is observed thal the total number of activities is 30, The software used to
solve the problem can deal with maximum 25 no of aclivities. Cansidering this imitation only

jebne. 1,42, 43, J4, and J5 have been selecled and the total no. of their activilies stand 21.

It is observed from the table for ebove mentioned selected jobs, that the first operation
{activity} for job no. J1 is milling, for job no. J2, J3 and J4 is iathe operation and for job no J5,
it is sawing operation. Cther activities such as drilling, lapping, teeth cutting elc. are at some
intermediate positions of respeclive job. As the sequence of operations (aclivities) should
have to be maintained striclly so only 3 na. of machines out of 8 no could be assigned
simultaneously i.e. lathe machine, milling and sawing machines would be operated parafiely.
But job no J2, J3 and J4 each has begun with lathe operation. But job no. J4 occupies
maximum time with lathe machine. So to get best possible assignment job no. J4 has been
selecled to be machined first along with job no J1 and J5.

3.8 Computerized process planning:

381 Introduction:

computer technology has been introduced nol only in manufacturing field but also in business
function. From material procurement to finished products as well as marketing of the products

and managenal aclivities - everylhing are being carried out with the help of the computer
softwara
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3.8.2 A brief introduction on CPM:

Crilical path method (CPM) techniques was developed in the late 1550's to answer the basie

need of project management. It was originally conceived as computer ariented planning
technique.

A projecl is defined as a series of related jobs usually directed toward some major output and
requiring a period of ime to perform. The total project tme is lhe shortest time in which the
projecl can be completed and this is determined by caiculating the duration of the fongest

chain of aclivities form the first event to the iast event This ongest chain of activties or path is
known as criticat path,

The basic objective of network analysis is to find out the critical path. The network is 2 model
of the project as a whole created by linking together by armows representing specific jobs, The
time required to perform each job is used to find the critical path, which 15 the longest chain

from a project beginning to its completion. In alherwise the cntical path in a projec signifies the
total time (duration} requires for its completian,

Criical path analysis (C P. A} 1s the organized application of systematic reasoning for
planning, schedubng and controlling praclical situation wheie maryy separate jobs, which make
up the whole project, can happen smultanecusly or in sequence such that it is difficult

intuitively to establish the relationship between separate jobs

C. P A.identifies three separale phases,

a. plarning phase This phase concentrates on getting logic of the individual jobs inlo correct
parallel and senes sequence.

b scheduling phase' This develops from the planmng phase and converls the plan into a
feasible and \mplementable schedule having analysis the plan with reference to optimum

use of avallable resources e.g. time, man-power and equipment.

¢. contml phase: This develops from the scheduling phase and allows actual progress to be

manitored and correclons made to ensure sdherence to the schedule or modified
schedule,
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CPM 15 a powedul diagnostic weapon which pinpoints the important sub-sections of a project
for careful attention so that the projecl is completed in scheduled time. Crtical path dentifies

that important small sub-seclion of a plan and focuses most of its atiention on it and conver,

need pay less attention to the rest of the plan.

The rest of the plan must receive some atiention which have different amount of surplus time
(known as floats or slacks) as it 15 the whole plan that matters in the long run. The activities
lying along the critical path are critical in the sense that their accurrence can’i be delayed if the

scheduled completion time is to be met. That 13, the crilical activites have na surplus time ar
floal available,

Ultimate aim of the projed is to find out the criticality of any job and the critical path which is

the connected chain of critical jobs, There may be mare than one critical path in g project.

The following characteristics of the network diagram are evident:

iy The project duration is the sum of the duration along the critical path from project star to
project finish.

i} A delay in the starl or finish of a crilical Jjob will delay the project completion by an equat
amount,

iii) If mare resources are applied (crashing) to reduce the projecl duration, then jobs must be
selecled among those that are critical.

iv) Prionty of resource allocation must be given to Jobs, If resources i.e. money, machine,

man-power eic. are unlimited, then the crticat jobs are ngidly scheduled by their eariest
possible starl.

Above are the characteristics of CPM and by following this, it is easy to reach the objectives of
the present work,
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3.9 Developing computer algorithm and cutput of the work :

As a computer software has been used in this work, the data have been arranged in such a
way that they {data) could be used in accordance with the requirement of the software. A
table has been prepared showing activities, no of predecessors, immediate predecessors
and with opreration time as well as with the help of the table, a network has been

developed. The whole process of manufacturing the spare parts has been presented by a
thock diagram (fig. no 3.1)

Aclivity List
Activity No. Of Predecessors Predecessors Duration {in min}

A 0 - 45
B 0 - az7
C 1 A 3

D 0 - 2

E 2 B.C 834
F 2 B,C 417
G 1 E 35
H 1 F 35
I 1 F 96
J 1 H 120
K 1 I 10
L 1 | 18
M 2 l..D 58
N 2 L.D 5

0 1 K 44
P 2 N.M 164
Q 2 N,.M 100
R 2 OP 79
S 1 Q 100
T 2 QP 244
U 2 G, T 40



Figure : 3.1 A block diagram shawing the sequence of operation to find out the minimum

manufaciuring time for the spare pars and the critical Spare pars during manufaciuring
process.,
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CHAPTER - FOUR

CONCLUSION AND RECOMMENDATION
FOR FUTURE WORK

B Results and discussion

B Conclusion and recommendation for future work



2L 2

4.1 Results and discussion:

The present work, minimization of through-put time of spare partis manufacluring for
alternator drive turbine of a ferilizer faclory involves 10 selecting non-critical and non-

precision spare parts commonly used for alternator drive turbine considenng the factors
discussed in chapter-2,

To calculate machining time and lhereby manufacturing time various charls, tables and

tormulae have been employed. The master operation sheets have been prepared which
are shawn in chapter-3,

The software used to determine the minimum time to manufactuie the selected spare parls
has some limitations. it can not draw rnetwork as well as can not deal more than 25 no, of
activities. Therefore, as a model only 5 no. of jobs have been selected confined with 21 no.

of aclivilies and a network been drawn manually abiding by the rules of constructing
hetwork,

With a view o adopting the work with the software the manufectuiing process planning has
been formulaled and an algorthm been developed and used for calculating best possibie
or mmimum manufaciusing ime. This can not be attained without using computer software

particulardy when the number of operations .e. aclivities are large.

it has atso been endeavoured to recommend about the matenz! of the spare pards. No
where ether in the operation or mainienance manual, it was mentioned regarding the
material of those items. Moreover, metallurgical test has not been carried oui. But
considering their working environment and functions, a table has been prepared suggesting
the material according to ASME and ASTM code which is incfuded with materia

Compositions as well as some engineeqing properties.

Though it is a mere task to estimate the cost involvement for manufacturing the spare parls
locally but it has not been done. However this can easily and efficiently be pedformed by
using compuier software,
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4.2 Conclusion and recommendation for future work:

From the present work the following conclusion can be drawn.

i)

ii)

iv}

v)

Spare parls which are commanly used for alternator drive turbine have been studied

precisely. Their engineering properlies, working condition, geometnc shape etg, have also
been observed

The spare parts have been classified as ciitical and non-aiitical as well as precision and

nan-precision tems considerng several factors mentioned in chapter-2. Their functonal

propenies also bean carefully studied.

For manufacluring the selected spare pars, various calculation associsled with

manufacturing pracesses as well as master operation sheets and other drawings of them
have been prepared

At different stages of manufacturing processes. the operation time for each of the jobs has
been caloulated.

By using computer saRware of CPM, mirnimization of manufactuning lime for the selected
spare parts has been delermmed

In a conventional way, the jobs are assigned to the machines arbilrarly i.e notin a systematic

way This is panicutardy evident in case of a large group of machines with vanous jobs with

numerous operations. Some machines or jobs might remain idle for 2 fong time due to

improper job assignment to the machines which would increase machine down time as well as

number of tardy fobs. Which in turm would increase produchion cost but computerized

manufacluring process ptanning will eiminate these drawbacks,

Moreover, if other computer packages and computer apphcations could be implemented for

manufacturing field it would be a mile sione mn manufaciunng technology in Bangladesh. If

technology develops further, trained and experienced personnel would engage themselves

with this area and the country would be able to produce precision and precious items locally

saving a lot of foreign currency thereby serving the nation as a whole.
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