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1. Master schedule
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SHOP OR MANUFACTUR\NG SCHEDULE

After preparing master schedule, shop schedules are
prepared. it assigns 2@ definite period of time to @ part'rcu\ar shop for
manufacturing products in the required quantity. it shows how much

products aré to be prepared and on what day or week etc.
PERFORMANCE CRITERIA

There are three primary objectives Of vgoa\s that apply t0
scheduling problems.

o The first goal is concerned with due dates where one wants 0 avoid
late job completion leading to unsatisfied customers.

. The second goal is concerned with flow times (make gpan) where
one aims to minimise the time that a job spends on the system from
creation of opening of a shop order until itis closed.

o The third goal is concerned with work centre utilisation wheré one

wants 1o fully utilise the capacity of expensive equ'rpment and

personne\.

These three objectives aré often conflicting in nature. One can
do a better job of meeting due dates if moré capacity is provided and fif
the work centre capacities are less intensively utilised. Similarly more
capacity will  typically reduce flow time but at reduced capacity
utitisation. f extra jobs aré released 1o the shop they will tend to have
tonger flow times bui capacity can pbe better utilised and perhaps due date

performance can be improved {41
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' 31 |NTRODUCT|ON
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TABLE 2 LIsT OF MACHINES AVAILABLE IN CUBICAL CELL

HEAVY MACHINE SHOP.

i Machine name
r
:-w
_@ NG ZAYER MACHINING CENTER
mw CNGC ZAYER MOVING COLUMN MACHINE
_w L ANCHARD SURFACE GRINDING MACHINE
_@ REFORM SURFACE GRINDING MACHINE
m@ T RADIAL DRILLING WACHINE
_m T DUPLEX MILLING MACHINE
mw ~UDON PLANO MILLING MACHINE

TTAN PLANO MILLING MACHINE

ﬂlm- T
m 10810 ZAYER PROGRAM VILLING MACHINE
mm MW SURFACE GRINDING MACHINE

mm ~AXOS SURFAGE GRINDIN® MACHINE
mw T RADIAL DRILLING MACHINE
_\M D TYPE MILLING MACHINE |
ﬂm NNV VERTICAL MILLING MACHINE
mm ~AYER 6 BM PROGRAM MILLING MACHINE
ﬂw “ELLER PROGRAM MILLING MACHINE
mm =I5 SURFACE GRINDING MACHINE

—CE GRINDING MACHINE

E GRINDING MACHINE







3.2 EXISTING SYSTEM

The company uses MRP system and the forecasted demand
terials

ut to the MRP software.
sfy the forecast sales O

It calculates ma

is provided as Inp
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given below.
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on machine availability

Work order
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The present syste
g of jobs takes plac
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ges.

m of scheduling i pased on the daily
ements and schedulin e on their urgency.

ade
following disadvanta
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Sometimes machines aré lo

This system is marked by the

. Queues in front of certain machines.

to delay in manufacturing.

o Delayin material flow leading

o Increasein lead-time.
g the assembly stores on time.

Components not reachin

®
Normal production becomes a problem in cases of breakdown

®
d labour absenteeism.

of machines an



3.3 ANALYS\S OF THE EX\ST\NG sYSTEM
d as follows.

peration time peru
X number of machines.

nine is calculate
nit( Npmr + 0.3 Npme)

mac!
ne = setup time + O
= |oad per machine

Load on each
Load per machi

Load per month
r denotes number per machine regular ie. the number of regular

ed fora product.
mber per machiné
d fora specific custom

Npm
com

Npme denotes nu
uire

mber of optional

eventua\"\.e. the nu
iy found to be

er. This 1S genera

ponents requir

components req
30 %.
rticular operation. This is

Allotted tim
y expressed as time

me allotted for a pa

e is the operation ti
hundred numbers.
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e for prepar'\ng the machine for product'\on. This is

ng time is the tim
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d as

Setti
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ulated.

ach machine is calc
the formula

ve formula load on €

Using the abo
Utilisation of each group of machines is calculated using
o, Utilisation = sum of load of all machines in that group
sum of available machine hours for each group-
ACH GROUP OF MACHINES.

: UT\L\SAT\ON OF E
o, Utilisation

achine Group

M
Radial drilling machines W
80.08

Milling machines
g machines 82.08
70.45

surface Grindin

CNC machines
-

nine is dep’\cted in Fig 2, 3, 4,5.

Load on each mac
ch group is depicted in Fig 6.

Utilisation of ea
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3.4 PROBLEM 1D
| of heavy machine shop consisting of 23
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3.5 GOAL OF THE PROJECT

Scheduling helps in effective and advance planning and
allocating jobs and their respective operations on spec‘rﬂed machines at the

p\anned time periods.

Based on the above, this project on “OPT\M\Z\NG MACHINE
SHOP SCHEDUL\NG 7O MEET ASSEMBLY REQU\REMENTS BY
APPLYING JUSTIN TIME PRODUCT\ON CONCEPTS’ has been planned.

The main goals of this project are as follows,
To enhance the shop floor capability to meet assembly requirements.

Fulfillind assembly requ'\rements demands that the
components required for assembly in the next month are 10 pbe made
available by the end of this month. This requires advance planning and
product'\on of such components within this month. This will help assembly

shop to carry out their duties smoothly without delays in any form.
To improve shop floor performance.

Shop floor performance can be measured DY its ability t0
produce the required components and supply them to the next stage on

time. This can be achieved by improving uti\ization of machines.
To improve assembly shop performance.

Assembly shop performance is affected py delays due 1o
timely arrival of components from machines shop, rework in machined

components etc.

In this regard proper scheduling methodology has to be
developed 10 achieve the apove. It is proposed to develop 2 software for
monthly scheduling 10 ensure that operations are scheduled well in advance

. harizon in order to meet the assembly requirements and

e i F machineS-



A1 lNCORPORATlON OF JUST IN TIME PRODUCT\ON

JusT IN TIME (JIT) is a manufacturing phi\osophy, which
focuses on simplifying shop floor control systems and purchas'mg while
trying to eliminate waste and improving efficiency, quality, worker attitudes,

and vendor relations.

JIT attacks wastes in production process that come from over-
production, waiting time, transport, process, inventory, movements and
defect goods. The wastes aré identified and removed for the purpose of
reducing lead-time and reducing costs at the same time maintaining quality

of the end products. The crux of JIT is timely supply of materials.

JT is designed for production environment where production
of each part is repetitive. A schedule is set for a week or @ month after which
it is reformulated 10 accommodate changes in demand. The fluctuations in
demand prove to be a constraint for JIT adaptations. However JIT can

function effectively with fluctuations of upto 10%.

Devising 2 system in which goods and components move by
pull mechanism rather than push mechanism can lead to substantial savings
on account of a lean inventory situation. This requires initiation of a pull
system on the shopfloor where each stage produces only as much as next
stage needs. This debuffering of production process will establish 2 lean

supply chain leading to considerable savings.

JT PRODUCTlON SCHEDUL\NG is a system of production
scheduling which employs 2 strategy by which production is scheduled as
late as possible in order to minimize Work In Process (WIP) at the same
time ensuring against packlogs. Here given the demand and due dates, the
objective is to minimize the cumulative |ead-time of the production schedule

and hence deliver products at the right ime.
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Utilization 18 mainly affected by the delays due 1o machines
waiting for components: Of components waiting for machines. This can be
solved by, segregating functionally identical machines (a\ternate machines)
and using them for product'\on of a part'\cu\ar component when the p\anned

machine is engaged in the spec'\ﬂed time period.

This helps in minimizing the delays in product'\on process and
reducing make span thereby enhancing utilization of machines and

improving shop floor performance.
Achieving the above two objectives ensures improved
assembly shop performance as delays in the form of components arrival

may be eliminated.

SOFTWARE FOR SCHEDUL\NG:

For achieving the goals, @ software has been developed. itis

pased on an algorithm that has been designed taking into consideration the

following,
. Backward scheduling.
. Checking for functionally identical machines incase p\anned

machines aré engaged at the spec'\ﬂed time periods.
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STEP BY STEP PROCEDURE
The step bY step procedure is enumerated below.

1. \nput Manufactur'\ng System Data

- Product data

Due dates
Rrunning time
processing tim
Routing inform

. e, Setting time.
) ation

2. Generate operations network from routing data of products.
est finish times of all

liest start and earli

operat'rons.

4. Forma list of all operations (say F)
5. \While feasible list of operations is nonempty (ie. F# @)
5.1 Select operation from list having \argest value of earliest finish

time
say Oj

5.2 Set tentative finish time equal to
i bue date if operation is the last operation for a job (or)
uccessive operation, if successive

(it Latest starting time ofs

operation exists.



5.3 (i) Set tentative |atest starting time for operation as g;=Fi— t;.
(i) 1f machine is available quring [Si. Fil: Si and F; are the ideal
respect'we\y.

starting and finishing times
Goto 54

Else checK for identical machine availability

(i) f identical machine is available during {Si, Fik sj, Fjare

starting and finishing times.

Go to 5.4
r and set Fi =Sj+1

e whose Sj+1is large
= Sj+1 — tj as

d set Sj
available during

in
able finishing time an
that the machine is

(i) Else select mach
as the latest avail
the starting time, such

sj, Fil
Goto 5.4
5.4 Schedule operation 0Oj during the time gduration of (S, Filon the

corresponding machine.

5.5 Delete respective operation Oj from the list.

6. Display load charton request
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FLOW CHART
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UCTION

| 5 4 SOFTWARE INTROD

lNTRODUCTlON
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5.2 DATABASE DESIGN

A database is a collection of data or related facts. It arranges
the datain @ specific structured format. Databases are genera\\y viewed in
the form of tables consisting of rows and columns. The collection of related

data in one table is genera\ly referred to @s @ file or table. Each row in @

table represents a record set while each column represents a field.

A record consists of @ set of data for each database entry
made manually in the table. Similarly a field groups each piecé of data

among the records into specific category of data.

in this software data are stored in MS Access o7 used as @
pack end tool. MS Access stores volume of records and query designing is
very user friendly. Further it also costs very 1ess as it comes along with MS

Office software or along with windows.

Five tables were created namely,

4. Orders table.
2. Machining details table.

»

Intermediate table 1.
4. Intermediate table 2.
5. intermediate table 3.
6. Machine status table.
7. Final table.

ORDERS TABLE:

in orders table the forecasted quantity with assembly due dates aré

listed corresponding to the month of schedule.
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DATABASE STRUCTURE:
The databases are genera\\y classified into five types,
1. Flatfile database.
2. Relational database.
3. Hierarchical database.
4. Network database.
5. Object oriented database.

Relational database s mostly used due 1o its flexibility in accessing
related data. The relational structure represents a data made up of set of

related tables.

in this project 2 relational database 1S used. Various fields are
created In the tables along with their data type- This would pe helpful in

retrieving the details regarding the process.
Database structures of the tables are shown below.

TABLE No: 5 DATABASE STRUCTURE - ORDERS TABLE.

TABLE No: 6 DATABASE STRUCTURE - MACHINING DETAILS TABLE

Allotted fime
Machine number



TABLE No:7 DATABASE STRUCTURE - INTERMEDlATE TABLE1

DATA TYPE DESCRlPTlON

Pdtcode W Product code
Drgno m_ Drawing number
_-_aﬁo—n urber

T

Processing time

TABLE No: 8 DATABASE STRUCTURE - lNTERMED|ATE TABLE 2

mﬂmmm_ DATA TYPE DESCRIPTION
l-nmﬁ_ Product code
E-mm_m_ Drawing number
E-Em_m_ peration number
5| nmm_

TABLE No: 9 DATABASE STRUCTURE ~- |NTERMED|ATE TABLE 3

EIE’W
l—nmsa—
e Tt oo number

5 1op TeX——— Gperation number
] nmz—mw
_mm_mza—
_mgn—m;a—

TABLE No: 10 DATABASE STRUCTURE - MACHINE STATUS TABLE

ﬂ;‘.{_
_eration number
Tentative finish time
Tentative start time




TABLE No: 11 DATABASE STRUCTURE ~ FINAL TABLE

DESCR\PT\ON
W Product code
‘Drawin _umber
mgm_@— ’ eration nuMber

wentaﬁve start
wem’aﬁve machine code
GW@— Tentative machine number
“wmea fiish
Mchedu\ed start
/Schedu\ed machine code

w Scheduled machine
number




5.3 MODE OF ACCESS\ON

g as shown in figure.
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number, operation number, setting
otted time, machine number

processing time, total time
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Inter 2 table
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identical Machine status
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table
. sche uled Final table
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LTS AND D\SCUSS\ON

- 6. RESU
d that due o

sis of the existing system it was foun
are not p\anned

By analy
e shop

ased scheduling th floor activities

improper urgency b

effectively.
or performance in

ck of ime leads to PO
e 10

d subassemb\ies not on tim

scheduling atthe ni

ineffective
ents an

« Delivery of compon
assembly
« Poor utilization of

. Over looking the qua
g in rewor

resources.
lity of comp ufacturing

K at the ime of assembly-

onents at the man

stage resultin
To counter the

ove were identified.
pased algorithm was developed.

duction strategy in scheduling
d well in advance at

asons pehind the ab

The re
ce

ve operation sequen
the just in time pro
onents being produce
ogging is avoided.

re package has b
order

causes an effecti
utilizes

prevent the comp
e that packl

The algorithm

operations to

me o ensur
een

the same ti
algorithm @ softwa
rations as
time ensuring that
duced make span

Based on the
hedules ope
ts at the same
chieving ré

\ate as possible in

ed. The package sC
delays in

emen
mized thereby a

develop
to satisfy assembly requir
the form of queues are mini

and improved utilization of resources.

pe seen from the loa

d charts that the production can be

It can
thereby satisfying the assembly

completed within the specified periods
i chines then extra

n case
d for suchm

there is exces

requ'\rements. |
achines.

shifts may be planné
chines ensures that the

nctionally identical ma
hancing the machine

The usage of fu
delays aré minimized to the possib\e extent there by en

shop performance.



met in the nNO

pares orders can be
be determined

incorporation of trial and s
ling trial and spares can

The exact time for schedu
lable in the final schedule table.

load time.
mes avai

by proper examination of free ti

ADVANTAGES OF THE SO

n be identified.

FTWARE:

4. Current job status ca
g the current job status

located. They can be
table.

software helps in identifyin
here they aré
e displayed as MS Access

The scheduling
of what jobs are running and W

identified from the final schedule tabl

2. Future operations can be planned.
The schedule generated helps in guiding future operations i.e.
rations should be processed next and in what

determining what ope

work centers.
3. Ensures availability of materials and capacities for later

requirements.
can plan adequacy of materials and
d fixtures required for ensuing

form of waiting for

The shop supervisor
tools, jigs an

availability of machines,
preventing delays in the

operations. This helps in

raw materials, toolings etc.

4. Maximizes operational efficiency.
sures 10 maximize utilisation of

The schedule generated en

y and related costs.

machines and minimize inventor

5. Maintains operational control.
Monitoring job status and lead-times, measuring progress at
ry stage helps the shop to signal corrective action

ach and eve
lanned production arise.

whenever deviations from the p



wmz=..0<_z oNITRId -viavd yod 1YVHO avol’l old
sinoy ui peol
0gl 00} 09 0

00 00C

souryoen Puliid J0} peyo peo’l



gaNIHOVIN 2

NOX

s4ano

o4 1dVHO aqvo1 -8 oid

y ut Pe°

05

LLEVL

o6tit

rAAAAC

An arnged

A8



00¢




00¢

S3NIHOVIN oONITIN ¥O04

hE<IOD<OJdrOE

sinoy ut peol

002 oSt 00l

soupyoew BulllliN 103 peyd peol

05

144442

41544

ovect

R 4%A%

oLec)

oLeet

VL2

[AXAAS

ou auiyodeu

50



7. CONCLUSION

Proper scheduling practices enable the end user to ensuré the
availability of finished goods on time, track the jobs in the system at any

time and make proper utilization of machines.

The software package has been developed keeping in mind the
above requirements. The algorithm has been designed giving due
considerations to operation sequence, machines availability and assembly

shops requirements.

The output of the software is @ machine-loading chart for the various
machines available and a schedule of operations for the available machines

within the planning horizon.

The load chart displayed by interfacing with MS Excel gives the shop
floor supervisor an idea of the load available on the individual machines. He

can use it effectively for planning trial and spares order production.

DIRECTIONS FOR FUTURE RESEARCH:

Optimization of the schedule in order to achieve minimum make span
for a specified set of operations can be carried out. Establishing an
objective function using the quantity of each component and processing
time of each operation, framing constraints for the machine capacity,
alternate machines availability etc. and solving by operations research

techniques will help performing optimization.

This will enhance the shop floor's capability to adapt to fluctuations in

demand and the production of trial and spares orders effectively.
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SOURCE CODE

Dim db As Database
Dim rs As Recordset
Dim rs2 As Recordset
Dim rs3 As Recordset
Dim rs4 As Recordset
Dim rs5 As Recordset

Dim rs6 As Recordset

Private Sub cmdCalculate_Click()
Dim od As Date
Dim cdd As Date
path = App.path + "\db2"
Setdb = OpenDatabase(path)
rs.Close
Setrs2 = db.OpenRecordset("orders", dbOpenDynaset, dbReadOnly)
Setrs3 = db.OpenRecordset(“inter1 " dbOpenDynaset)
Setrs4 = db.OpenRecordset("interZ", dbOpenDynaset)
Setrsb = db.OpenRecordset("inter3", dbOpenDynaset)
Setrs6 = db.OpenRecordset(“tent“, dbOpenDynaset)
cdd = Day(rsZ.Fields(“date")) - Day(DATE)
dd = cdd * 14
Text4 = dd
rs3.MoveFirst
rs4.MoveFirst

Do While Not rs4.EOF
rs5.AddNew
rs5.Fields("pdtcode”) = rs4.Fields("pdtcode”)
rs5.Fields('drgno") = rs4.Fields("drgno")

53



rs5.Fields(“opno") = rs4.Fields("opno")
rsS.Fields(“erlyﬂﬂtime") = CVar(rs4.Fields(“erlyfhtime"))
rsS.Fields("ttime") = CVar(rs3.Fields(“ttime"))
rs5.Fields(“tentfnsh") =dd
rsS.Fields(“tentstrt") =dd- rs3.Fie|ds("ttime")
dd = rs5.Fields("tentstrt’) |
rs5.Update
rs4.MoveNext
rs3.MoveNext

Loop

rs2.Close

rs3.Close

rs4.Close

rs5.Close

db.Close

End Sub

Private Sub Form_Load()
Dim path As Variant
Dim prsstime As Variant
Dim erlyStTime, erlyFhTime As Variant
Dim schdiStTime, schdiFhTime As Variant
Dim pcont, dcont As Variant
Dim drawno, opno As Variant
Dim oprdcode As Variant
Dim Olderiyfhtime
path = App.path + "\db2"
Setdb = OpenDatabase(path)
Setrs = db.OpenRecordset(“machiningdetails", dbOpenDynaset)
Setrs2 = db.OpenRecordset("orders", dbOpenDynaset, dbReadOnly)
Setrs3 = db.OpenRecordset("inter1", dbOpenDynaset)
Setrs4 = db.OpenRecordset(“inter2", dbOpenDynaset)

54



Setrsd = db.OpenRecordset("inter3", dbOpenDynaset)
rs2.MoveFirst
Do While Not rs2.EOF
pcont = 0
prdcode = rsz.FieIds("pdtcode")
rs.MoveFirst
Do While Not rs.EOF
if (prdcode = rs.Fields(“pdtcode“)) Then
pcont = pcont + 1
drawno = rs.Fie\ds(“drgno")
opno = rs.Fields("opnno")
rs3.AddNew
rs4.AddNew
rsS.FieIds(“pdtcode") = prdcode
rs4.Fie|ds("pdtcode“) = prdcode
rs3.Fields("drgno") = drawno
rs4.Fields(“drgno") = drawno
rs3.Fields("opno") = opno
rs4.Fields("opno") = opno
prsstime = (rs.Fields("attdtime") /100) * (rsZ.Fields("qty")) +
rs.Fields("stgtime”)
Text1 = prsstime
Text2 = prsstime + 3
rs3.Fields("ttime") = Val(Text2)
rs3.Fields("ptime") = prsstime
If opno = 10 Then
erlyStTime =0
Else
erlyStTime = Olderlyfhtime
End If
erlyFhTime = erlyStTime + Val(Text2)
rs4.Fie|ds("erlysttime") = erlyStTime
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rs4.Fields("erlyfhtime") = erlyFhTime
Olderlyfhtime = rs4.Fields("erlyfhtime")
rs4.Update
rs3.Update
If rs.EOF Then
rs.MovePrevious
End If
End If
rs.MoveNext
Loop
rs2.MoveNext
Loop
Text5 = DATE
frmModule1.Show
rs4.Close
rs3.Close
db.Close
End Sub
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TABLE 12: LIST OF ALTERNATE MACHINES

MACHINE

MACHINE NUMBERS
TYPE
RADIAL 13216

13220

DRILLING e
MACHINE 1o
MILLING 10710 10311
MILLING | 10770 | 10510 | 10170 | 10270 | 40349 10810
MACHINING 11371
CENTER 11372 11471
SURFACE 12270 12370
GRINDING 131‘1‘1 12271 12340 12412
MACHINE 12272
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