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ABSTRACT

Disc Brake is a commonly used component in vehidtes used as a braking
device to stop a moving vehicle. According to reseaMalaysia being a car
manufacturing country does not have any major bliake manufacturing plant.
Therefore, Malaysia is still depending on China &advan to cater the spare part
market demand for disc brakes. This project aintheoretically apply the concepts of
forecasting, process selection, modelling machicmgfigurations, designing plant
operations and modelling a quality control insp@tiplan to build a manufacturing
system that is capable of producing certain amofidisc brakes. The manufacturing
system is designed in a best possible way to tagedlemand of market where a few
cases of implementation have been considered. péating systems proposed in the
report can be used on a long term provided thaassamptions made are still
applicable. The results of this project shows thatmanufacturing systems design will
be able to handle huge demands of disc brake eithfew improvements. This has
been proven by using the WITNESS Simulation. Tihegget is a theoretical application

and there are a lot of room for a more robust grtothmum upgrades.
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CHAPTER 1
INTRODUCTION

This chapter is dedicated for the introduction erplanations of the project entitled
“Manufacturing Systems Design for Mass ProductibBigc Brakes”. Also included
are the background study, problem statement, obgsctand finally the scope of study

for the project.

1.1Background of Study

A disc brake is a device for slowing or stopping thtation of a wheel. It is usually
made of cast iron or ceramic composite. Disc brakesfirst developed and used in
England in 1890’s. Since then it has gone throughyyimodifications and development
to fulfill the need of consumers. This FYP topidiged “Manufacturing Systems
Design for Mass Production of Disc Brakes” wasiatéd by Ir. Dr. Amin B Abd Majid
and it will be carried out under the supervisiorbof Satyamartana Parman from the
Mechanical Engineering Department and is to beddray UTP. This project will be
fully concentrating on the manufacturing systensglefor mass production of disc

brakes to cater the Malaysia’s spare market demand.

1.2 Problem Statement

Disc brakes were only used in racing cars like da@iType and Citreon DS when it
was initially developed. But later on, disc brake=e also used on passenger vehicles.
At the current market, almost all the cars in therkat are fitted with disc brakes
because it ensures a reliable and efficient bragystem. Therefore, the demand for
disc brakes as spare parts has increased treméydoasthe years. Research shows
that Malaysia is depending on China & Taiwan tdilfuhore than 50% of its disc

1



brake spare part demapd This is because Malaysia does not have any niss®ke
producer. Therefore, putting up a disc brake prodpplant in Malaysia could help to
cater all the local disc brake demand thus reduttiagneed to import disc brakes from
china and Taiwan. This could also indirectly redtlecurrency outflow and develop

our country’s economy.

1.30bjectives
The objectives of this project are:
* To do research and forecast on the disc brake dkfoaMalaysia’s spare part
market for the next 12 years.

* To model a reliable and efficient manufacturingtegsto produce disc brakes.

1.4 Scope of Study
The project will only focus on manufacturing 12liddype disc brakes and the
scope of study will be as follow:
» Forecasting the demand for disc brakes in Malaygsithe next 12 years.
» Selecting the manufacturing process to be usdakeiplant.
» Configuring the machining process for the disc bgak
» Designing of operation systems for the manufactuprrocess.

* Modeling a quality control mechanism for the fireshproducts.



CHAPTER 2
LITERATURE REVIEW

This section reviews the critical points and thesigovered in this project

2.1 Disc Brake

Disc brakes are now widely been used on vehidés used not only on cars
but also on motorcycles, and also bicycles. Th&ibgaperformance of disc brakes is
proven to be more efficient and reliable than tbemon drum brakes. Cars nowadays
are using disc brakes on all the four wheels. pPhatides a more confident driving.

The picture of a common disc brake is used in melicle is shown below.

B2000 Hciw BTul Wori

Figure 1 Common disc brake



The main components of a disc brake are as belosververy part can be replaced
individually.
i. Brake pads

ii.  Brake caliper

iii.  Disc (rotor)
2.2 Mechanism of Disc Brake

The working mechanism of a disc brake is a lot the breaks on a

bicycle.Bicycle brakes have a caliper,which squeeze brake pads against the wheels.
In a disc brake,the brake pads squeezes the nstieaid of the wheels and the force is
transmitted hydraulically instead of through a edbtiction between pads and the disc
slows the disc down . A moving car has a certainamof kinetic energy and the
brakes remove this energy from the car in ordetdp it. Each time you stop the car,
the brakes convert the kinetic energy of the cédneiat generated by the friction between
the pads and the disc.Some brakes are ventedabléd¢o dissipate the heat faster. The

diagram below shows the mechanism of a commontuladce.

How a Disc Brake Works

Piston

Caliper

wheel
attaches —
here

Brake Pads

Rotor

EFHHI0 Hone Bnee 'orks

Figure 2 Mechanism of disc brake (single piston flating calliper)



The disc brake also has a self-adjusting /selfezerg capability where caliper
is able to slide from side to side so it will mawethe center each time the brakes are
applied. Also, since there is no spring to pull geels away from the disc, the pads
always stay in light contact with the rotor (thélber piston seal and any wobble in the
rotor may actually pull the pads a small distan@ayafrom the rotor). This is important
because the pistons in the brakes are much largbaimeter than the ones in the master
cylinder. If the brake pistons retracted into theylinders, it might take several
applications of the brake pedal to pump enougld fiaio the brake cylinder to engage
the brake pads. Older cars had dual or four-pisitaad-caliper designs. A piston (or
two) on each side of the rotor pushes the pad &b dlde[1]. This design has been

largely eliminated because single-piston desigasheaper and more reliable.

There are a few types of disc brakes in the maifkes.types of disc brakes are shown

below.

[T brake04.pdf (SECURED) - Adobe Reader M@ﬂ
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Disc Rotor Types

The type of rotor is
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Figure 3 Types of disc brakes [2]



Most Malaysian cars use the solid type disc brakesording to the Malaysian
Automotive Association, the number of cars in Malayis increasing tremendously.
The increase in the number of cars manufacturddgilaysia is growing very fast over
the years. Therefore, the needs for disc brakepa® parts are almost increasing. The

table below shows the figure on the total vehiaesufactured in Malaysia

2.3 Historical Data on Number of Cars Assembled IMalaysia

There are many car assembling plants operatipiaysia. There are both
continental car and local car assembling plant aldysia. Continental car assembling
plant includes Mercedes Benz and Honda while loaed assembling plant is Proton
and Perodua. The table below shows the numbershbeen assembled in Malaysia
from year 1981 to 2008.

Year Passenger Vehicles
1981 87,822
1982 85,321
1983 100,226
1984 96,357
1985 69,769
1986 41,896
1987 33,878
1988 74,144
1989 86,148
1990 116,526
1991 135,479
1992 116,965
1993 120,864
1994 147,351
1995 231,280
1996 280,222
1997 337,717
1998 143,756
1999 257,607
2000 295,318
2001 355,863
2002 350,050
2003 355,450
2004 364,852
2005 372,225




2006 377,952

2007 403,245

2008 484,512

Figure 4 Summary of total vehicles assembled in Maysia (1981 -2009) [4]

Research shows that 70% of the total passengeassesnbled in Malaysia are
Malaysian carg4]. The life time for a disc brake is approximatedéomaximum of 5

years under standard operating conditions (welhtaaied).

2.4 Forecasting

Forecasting is a process of predicting a futureneveorecasting is the
underlying basis of all business decisions. Fongda, production forecasting,
Inventory forecasting, personnel forecasting asd &cilities forecasting. In the case
of modelling a manufacturing system to manufactlise brakes, the disc brake
demand for the future must be forecasted to determhie production volume of the
plant. The forecasting can be done by using therdsl data of the number of
passenger vehicles assembled in Malagsia

Before forecasting is done, we have to be awatellese are a few types of
forecasting models available. Forecasting can bkebin to 2 major groups,
Quantitative and Qualitative method. Qualitativetmod is a method which uses
expertise’s intuition to predict the future. Theshtamous method is the Delphi
method. A group of expertise will discuss the fest@and all related methods before
concluding their predictions. Usually no calculagor analysis is involvgsl.

Meanwhile, Quantitative method is more analytid&lis method has 2 sub
groups, Time Series Model and Associative Modekoksative Model includes Trend
Projection .It takes into account the variablegagators that might influence the quantity
being forecasted. However, the Time Series Modedipts on the assumption that the
future is a function of the past. In other wordieyt look at what has happened over a
period of time and use a series of past data teradkrecast. Time Series Model can
be expanded into few other models like, Naive Apphgp Moving Averages and

Exponential Smoothing.



Naive approach is assumecthedemand in the next period will be equal to
demand in the most recent period. This model isnbst cos-effective and efficien
objective forecastinmodels].

Moving Averages model uses a number of historieh dalues to generate
forecast. Moving averages are useful if we canrasshat market demands will st
fairly steady over time. When a detectable trendattern is present, weights cee
used to place emphasis recent values. This makes the forecasting techmuure
responsive to changes because more recent persdbarmore heavily weighte

Below is a example of the moving average and wetfjhntioving average calculatio

Y demand in previous n periods
n

Moving average =

> (weight for period n)

Weighted x (demand in period n)

moving average =

> weights

New forecast = Last period’s forecast+ o (Last period’s actual demand
— Last period’s forecast)

Trend projection fits a tred line to a series of historical data points and 1
projects the line into the future for medium todaiangeforecasts. Lea-square
method can be used to develop a linear trencby a precise statisticmethod. This
approach results in a straight line that minimibessum of the squares of the verti
differences from the line to each of the acobservations. Aeas-square line is
described in terms of its-intercept. If yintercept and slope can be corted, the line
can be expressed with equat

y=a-+ bx
The slope b is found b b=(Xxy—nyy)/Ex2—ny2)



There are seven important steps that need to ke fakaccount before a forecast is
done. The steps are shown belew
1. Determine the use of the forecast
Select the items to be forecasted
Determine the time horizon of the forecast
Select forecasting models
Gather data
Make the forecast

N o o bk~ 0D

Validate & implement results

2.5 Design Selection

Product design is a crucial matter in manufactumuiystry. Every product that
is to be manufactured must have a design. Desigibeareated by using software like
AutoCAD or Solid Works. Product design specifies theasurement and shape of the
actual product to be manufactured. It is a guideltfe operators on how a completed
product will look like after going through the mamaing process. Below is the design of
the disc brake that will be manufactured. The foiadlensions and shape is shown in

detail.

SHT1 [DWG] WORK [OUT-OF DATE]

Figure 5 AUTOCAD design for the disc brake




2.6 Machining Process

Common machining process used in producing rouageshis turning. Turning
is defined as the part is being rotated while bagng machined. The starting material is
generally a work piece that has been made by ptioeess such as casting, forging,
extrusion or drawing. Turning process is typicallyried out on a lathe machine. A
lathe machine can be manual handled or automaticpéirated. A lathe machine can be
used to produce a wide variety of shapges
Turning : produce straight, conical, curved, grooved wadce.
Facing: produce flat surface at the end of the part aarggndicular to its axis.

Drilling : produce a hole

Chuck

Toal

"1’-.___\-

Feed, f

Figure 6 Schematic illustration of the basic turnirg operation

The material removal rate (MRR) in turning is ttedume of material removed
per unit time .For each revolution of the work @ea ring-shaped layer of material is
removed, which has a cross-sectional area thatetheproduct of the distance the
tool travels in one revolution (feed,f) and the tthepf cut,(d). The volume of this ring is
the product of e cross sectional area (f)(d) aedatrerage circumference of the ring
,given below as,

* Davg = (do+df)/2

* MRR=dfV where V= cutting speed
e V=mlN where |=distance travelled
« t=1l/(fN)
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TABLE 1314

Gonveral Re-comm endations for Tuming Oper ations

Giereral

Fp———— Fanpe for roughing and faishing
Wor kpicos Cornng el Dizpeh Feed, Curing, Deprh Fencl, Curring,
rma renal of cur, mimrey pocd of zur, mmley pocd,
] m man mm mman
Lownr 47 mred Uhricconsad 1.5-£.23 [ER) =0 O5-Ta 1511 &0 35
free machining carkide
wmch Corare - 245275 130425
ccarad carbiks
Trip ke e 185200 S-245
carbid
Til<coarcd 105150 230
carbide
Al coermmic - nxs FA5440 FE5=550
Camet = 030 215350 - = 105455
Mediun and Unncoanied 1.24.0 030 T5 157E oIs507Ts 45-120
high-C srccls carkick
Ceorar ic- 185330 130410
courcd carbide
Tripk<med 13150 TEZ1S
carbide
Tilcomeed corbide = -0 45215
Hil 0 cermmic = nzs EER] 245455
Camer = 025 10245 = = 105205
o iroa, groy LUhricconsad L25<23 0322 A0 (A0 o127 (= B i) TE-125
carbick
Ceran - 200 130255
coarad carbids
Til<coarcd AL]E5 Lred
carbide
AhOy cormmic - nxs 455490 FE5-E55
SN crmmic = 03 Tio 200550
| e e |

Figure 7 General recommendations for turning proces{7]

Drilling is also an important procein making disdorakes. Drillin¢ can be done

on a lathe machine but the parameters and tootkaredifferent. Drills typically have

high length-todiameterratios. The material-removal-ratelRR) is the volume of

material removed by drill per unit time. For a bwith a diameter D, the cross sectio

area of the drilled hole "%2 . The velocity of the drill perpendicular to the nkgiece

is the product of the feed, f and the rotationalezpis N, whel

11



TABLE 23.11

General Recommendations for Speeds and Feeds in Drilling

Drill diameter

Work piece material Surface speed Feed, mmrev rpm
mfmin 1.5 mm 12.5 mm 1.5 mm 12.5 mm

Aluminum alloys 30-120 0.025 0.30 6400-25,000 F00-3000
Magnesium alloys 45-120 0.025 .30 2600-25,000 1100-3000
Copper alloys 15-60 0.025 0.25 3200-12,000 400-1500
Sreels 20-30 0.025 0.30 4300—6400 S00-800
Stainless steels 10-20 0.025 018 21004300 250-500
Titanium alloys 620 0.010 .15 13004300 150500
Cast irons 20-60 0.025 0.30 4300-12,000 S00-1500
Thermoplastics 3060 0.025 0.13 640012000 F00-1500
Thermosets 20-60 0.025 0.10 4300-12,000 S00-1500

Note: As hole depth increases, speeds and feeds should be reduced. Selection of specds and feeds also depends on the specific
surface finish required

Figure 8 General recommendations for drilling proceas [7]

Tapping is a process to make internal threadsamor& piece. A tap is a chip-
producing threading tool with multiple cutting teakith multiple cutting teeth. Taps
generally are available with two, three or foutdlsl The most common production tap
is the two-flute spiral-point tap. Tappered taps @éesigned to reduce the torque
required for the tapping of through holes. Tappmay be done by hand or a lathe
machine.

Honingis an abrasive machining process that producesaspn surface on a
metal work piece by scrubbing an abrasive stonaag# along a controlled path.
Honing is primarily used to improve the geometami of a surface, but may also
improve the surface texturg.Typical applications are the finishing of cylinddor
internal combustion engines, air bearing spindiesgears. Types of hone are many
and various but all consist of one or more abrasivaes that are held under pressure
against the surface they are working on. Sincerfgpisi a high precision process, it is
also relatively expensive. Therefore it is onlydige components that demand the
highest level of precision. It is typically the tasanufacturing operation before the part
is shipped to a customer. The dimensional sizeebbject is established by preceding
operations, the last of which is usually grindifigen the part is honed to improve a

form characteristic such as roundness and flatigsse honing is a relatively

12



expensive manufacturing process, it can only be@wacally justified for applications
that require very good form accuracy. The improsiedpe after honing may result in a

quieter running or higher precision component

Quiality control is a compulsory procedure in evegnufacturing industry.
Quality control is a process by which entities esvithe quality of all factors involved
in productionf10]. Quality control inspection is a compulsory proaedin
manufacturing plants. Products produced by a ptargt be inspected to ensure that the
product fulfills the design specifications. Pooatjty control system can cause great
losses to the company. Consumers are liable tolégled actions against the company if

the marketed products are proven to be not withenspecifications.

In the case of ensuring the quality of the dis&énaanufactured, many types of
equipments can be used. Specific gadgets are nseddsuring and quantifying the
specifications of the disc brake. The parametedstla@ suitable measuring device are

shown in the table below.

Parameters Devices
Lengths Vernier Caliper
Thickness Micrometer
Inside/outside dimensions Micrometer
Diameters Vernier Caliper, Micrometer
Angle Bevel Protractor, Sine Bar, Surface Plate
Straightness Autocollimator
Flatness Dial Indicator,Surface Plate, Optical
Flat(Interferometry Method)
Roundness V-Block

Figure 9 Measurement parameters and suitable measing devices for quality

control inspection [7].
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CHAPTER 3
METHODOLOGY

This chapter discusses the project’s proceidentification as well as the tools a
equipments utilized throughout the course of cotimmethis projec

3.1 Procedure |dentification

Procedures of a project i very important to guidas through the projec

Below are thgorocedure in sequence in der to complete the proje.

Research & Forecasting
Process Selection

Configuration of Machining Parameters

Designing of Operation Systems
Modelling A Quality Control Inspection
System

Figure 10 Flow chart of projectmethodology




3.2 Tools and Equipments
The equipments and tools which are expected tebé in the project are bulleted
below.

1. AUTOCAD/SOLID WORKS

2. WITNESS Software

15



CHAPTER 4

RESULTS AND DISCUSSION

This chapter discusses the outcomes of every stagyphase of the project.

4.1 Forecasting

Trend projection method is used to calculate tse drake demand forecast for
the year 2009 to 2022.This method is used becheseiture demand of the disc brakes

can be determined based on the historical dat@gathThe maximum capacity of the

plant will be £20% of the maximum forecasted valuResearch shows that 70% of

total cars assembled in Malaysia are local Malaysas. The assumption that we make

during forecasting is as below.

Assumption:

50% of total Malaysian cars assembled in a yeathessolid type disc brake.

Uy

Year Total assembled | No. of Malaysian No. of cars using
cars ,A cars, B(70% of A) | Solid type disc brake
(50% of B)
2005 372 225 260 558 130 279
2006 377 952 264 566 132 283
2007 403 245 282 272 141 136
2008 484 512 339 158 169 579

Figure 11 Historical data to be used in forecasting
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Year Time period , X Disc Brake X XY
Demand, Y
2005 1 130 279 130 279
2006 2 132 283 4 264 566
2007 3 141 136 9 423 408
2008 4 169 579 16 678 316
YX =10 YY=573277] ¥ x*=30 Y XY=1 496 569

Figure 12 Analysis of the historical data into treml projection forecasting

x = YX/n
=10/4

x=25

YV =YY/n
=573277/4

y =143319

b=GCXY-nx V) X2-nxd)

= [1 496 569— (4) (2.5) (143 319)] / [30 — (2)F]

= (1496 569-1433190)/5

b=12676

a=V-bx

=143 319 -12 676 (2.5)

a=111629

17




Therefore, the least square trend equatiohasl1l 629 + 12 676XT0 project
demand for the following years, we replace the tethgears into the equation thus

generating the future forecasted values.

Forecast for year 2009

Y =111 629 + 12 676X
=111 629 + 12 676 (5)
=175 009 units

Forecast year Time()l;’)eriod Forecasted Value
2009 5 175 009
2010 6 187 685
2011 7 200 361
2012 8 213 037
2013 9 225713
2014 10 238 389
2015 11 251065
2016 12 263741
2017 13 276417
2018 14 289093
2019 15 301769
2020 16 315998
2021 17 315998
2022 18 315998

Figure 13 Forecasted values for the year 2009-2022
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Figure 14 Demand projection graph

4.2 Process Selection

The processes identified to machine the disc baag&e¢urning and facing
processes. Drilling and tapping will be done ateéhd of the machining process. CNC
lathe machine will be used to carry out the turnifiaging, drilling and tapping process.
The drilling and tapping process will be incorpertn a single process called Draping.
During this process, the drilling process and taggrocess will be done
simultaneously. The Draping tool has a drillingdtithe tip and followed by a tapping
section. Therefore, when the drill moves downwaadsole will be drilled followed by
a tapping process. These can increase the produeti® of the system. After the
machining process, a finishing process will beiedrout. Superfinishing method has
been identified to be used in this system. Supietfing, also known as micromachining
and short-stroke honing, is a metalworking pro¢kasimproves surface finish and
work piece geometry. This is achieved by removirgj the thin amorphous surface
layer left by the last process with an abrasiveaestehis layer is usually aboutuin in
magnitude and it creates a cross-hatch patterhework piecei].

The disc brake must be machined in few differentesses. The machining

process distribution of the top layer and bottoyefaof the disc brake is shown below.
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Thedisc brake must go through a set of process béfachieves its fina
desired shape and dimensions. The process flothéadisc brake machining and 1

equipments involved are shown bel

Station 1 Station 2
Casting product *Facing *Facing
e Turning

eChamfering

Station 5 Station 4 Station 3
eDrilling eFacing eFacing
*Drapping e Turning eTurning

eChamfering

Station 6 Station 7

e Superfinishing *QC inspection Finished product

Figure 17 Process involved in disc brake machining operatiol

4.3 Configurations of Machining Parameter:

In this section, te machining parameters for the turning, facing @nlting
process are calculated. Machining parametech as, cutting speed, feed and drill
spindle speed are chosen from the general reconatiendjiven in the book. Tr
parameters are chosen while considering the watepmaterial and the desi
requirements. Design requirement includes the serdaility and dimensiong
accuracy. While, other parameters such as, latinelepspeed and cutting time ¢
calculated with the selected parame The formulas that are used in the calculati
have been elaborated in the chapte

Below are the calculions involved in the process of calculating theingttime
for eachfacing and turningprocess and followed bysummarise table which contains
all the parameters.
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Process 1

Cut 1 (DOC =2.5mm) V = nlN

T=L/FN 300*10Amm/min= (1) (36mm)(N)
= [86mm/ (0.32mm/rev) (2653RPM)] *60sec N =2653NR
=2.4sec

Cut2 (DOC =1.0mm) V = miIN

T=L/FN 185*10™mm/min = {I) (36mm)(N)
= [36mm/ (0.25mm/rev) (1636RPM)] *60sec N =1638M
=5.28sec

Cut 3 (DOC =0.6mm) V =mnIN

T=L/FN 75*10"mm/min = (1) (36 mm)(N)
= [36mm/ (0.10mm/rev) (663.15RPM)] *60sec N 36 RPM

= 32.57sec

Total time for process 1 = 40.25sec
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Length Variables: Total
of Depth of Feed,F=mm/rev, Spindle Cutting Cutting
Cut | Cut(L)/ | Cut(DOC)/ | Cutting Speed(N)/ | Time(T)/ | Time(T)/
Process | No. mm mm Speed,CS=mm/min RPM sec sec
1 1 36 25 F=0.32,CS=3063 2653 2.4
2 1 F=0.25, CS=1853 1636 5.28
3 0.6 F=0.25,CS=7583 663.15 32.57 40.25
2 1 26.64 3 F=0.25, CS=285% 3405.3 1.87
2 2 F=0.25 ,CS=1853 22105 2.89
3 1.21 F=0.10 ,CS=7583 896.1 17.84 22.13
3 1 5.46 25 F=0.10, CS=7& 4372.4 0.7492
2 2 F=0.10, CS=75%8 4372.4 0.7492 1.5
4 1 47 3 F=0.10, CS=1883 1252.9 22,51
2 2 F=0.10, CS=7%8 1252.9 2251
3 0.36 F=0.10, CS=753 507.9 55.5 100.52
5 1 13 25 F=0.10 ,CS=7&3 4897.1 1.593
2 2 F=0.10, CS=7%8 4529.8 1.722
3 1.08 F=0.10 CS=753 1836.4 4.247 7.562
6 1 47 1.5 F=0.25 ,CS=1883 1252.9 9
2 5 F=0.10 ,CS=7%8 507.9 55.5 40.25
7 1 32 2 F=0.25,CS=1883 1840.9 4.17
2 2 F=0.25 ,CS=18%8 1840.9 4.17
3 1 F=0.25 ,CS=18%8 746.04 25.7 34.04
8 1 7.02 15 F=0.1 ,CS=753 3400.7 1.24
2 0.5 F=0.1 ,CS=7%8 3400.7 1.24 2.48
9 1 36 1 F=0.1 ,CS=753 663.15 32.57
2 1 F=0.1,CS=758 663.15 32.57 65.14

Figure 18 Summary of calculation on the facing andurning operations
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Below are the calculations involved in the prooafssalculating the cutting time

for each drilling process and followed by a sums®ditable which contains all the

parameters.

Drilling ( #12.5mm)

MRR drilling = (T[DA2/4)f N
70(12.5)*2/4(0.3)(800)
= 29452.4mmM/min

Volume of the hole

=mj™2t
= 1(6.252)7.74
=9.49 mmA

Time required to remove the amount of materiallftwole is:
= (9.49 mm) / (29452.4 mn¥min) *60sec

= 1.93sec

For 4 holes, 1.93 * 4 = 7.72sec

Process | Diameter(D) | Feed(f)=mm/rev Rotational Drilling T*4/sec T*2/sec
/mm Speed(N)/rpm | Time(T)/sec
1 12.5 0.30 800 1.93 7.72
2 6.64 0.0225 700 29.5 59.0

Figure 19 Summary of calculation on drilling
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4.4 Designing of Operation Systems

4.4.1 Theoretical Model

In the previous section, the machining time foirigcturning and drilling was
configured. The cutting time is now used to designprocessing line in the plant. A
set of machines must be arranged in a sequencadbine every part of the disc brake.
The arrangement must be done in the best possidé¢machieve the optimum
production output. Analysis of the assembly linestrhe made before the modelling is
done. There are a few formulas used in this aralysi

The assembly line must be designed to achieveduption rate Rp, sufficient
to satisfy demand for the product. Product demaradten expressed as an annual
guantity which can be reduced to an hourly ratendgg@ment must decide on the
number of shifts per week that the line will operatnd the number of hours per shift.

Required hourly production rate is given by:

Rp = D/WSH Where: Rp= Hourly production rate
D= Annual demand for the product
S=Number of shifts/week
H=Number of hours/shift

Production rate must be converted to a cycle fiimevhich is the time interval
at which the line will be operated. The cycle timast take into consideration the
reality that some production time will be lost doeoccasional equipment failures,
power outages and labour problems. As a consegsi@ftieese losses, the line will be
up and operating only a certain portion of time @uthe total shift time available. This

uptime proportion is referred as line efficiench€elcycle time is determined as:

Tc = (60E)/Rp Where: E=line efficiency
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A machined product requires a certain total amoditime to complete its
process. It is called Work Content Time, Twc. Tikithe total time of all the work
elements that must be performed on the line to makeunit of the product. The

formula is:

Twc = process1 + process2 + process3+,,,,,,,,, +process9

Repositioning losses, Tr is the amount of timé &seach station for
repositioning of the work unit. The repositionimgé must be subtracted from the cycle
time, Tc to obtain the available time remainingé&sform the actual machining task at

each station.

Owing to the difference in minimum rational woillkement and the precedence
constraints among the elements, it is virtually @sgible to obtain a perfect line
balance. Measures must be defined to indicate foma g given line balancing solution
is. One possible measure is balance efficiencylwisithe work content time divided

by the total available service time in the lineldB&e efficiency is given by:

Eb = Twc/wTs Where: Eb=balance efficiency
Twc= Work content time
Ts=Maximum available service time

W=number of workers
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4.4.2 Analytical Model

No. Work Element Description Tek (sec)
1 Process 1 40.25
2 Process 2 22.13
3 Process 3 15
4 Process 4 100.52
5 Process 5 7.562
6 Process 6 40.25
7 Process 7 34.04
8 Process 8 2.48
9 Process 9 65.14
10 Drilling (12.5mm) 7.72

Draping(Drilling+Tapping)

11 (6.64mm) 59
12 Superfinishing 100
13 Quiality Control 100

Figure 20 Time distribution for each work element h seconds
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4.4.2.1 Case 1 (Assuming 50 weeks/vear, 21 shifts/week, 7.5 hours/shift)

Assumptions

1. Production running for 50 weeks, 21 shifts per wegth 7.5 hours per shift.
Applying semi-automated processing system.1 madisel operator
Assuming annual demand 178 692 units
Uptime efficiency is 95%

Repositioning time lost per cycle is 0.5 min

o gk w N

Defect rate is 5%

Total Work Content time

Twce =
(40.25 +22.13+1.5+100.52+7.56+40.25+34.04+2.48+65(172+59.0+100+100) sec
= 580.6sec
= 9.68 min

Required hourly production rate
Rp = 178692/ [(50) (21) (7.5)]
= 22.69 units /hour

Corresponding cycle time
Tc =60(.95) / 22.69
=2.51 min

Available service time with which the line mustisanced
Ts=2.51-05
= 2.01 min

Line balance Efficiency
Eb =9.68/ 7(2.01)
= 0.6880- 68.8 %
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Annual Rp Line Balancing
demand | Twec(sec) Twc(min) (units/hr)| Tc(min)| Ts(min) Efficiency,Eb
178692 580.6 9.68 22.69 2.5]1 2.0] 68.80%
187056 580.6 9.68 23.75 2.4 1.9 72.78%
195421 580.6 9.68 24.82 2.29 1.7¢ 77.25%
203785 580.6 9.68 25.87 2.203 1.70 81.20%
212150 580.6 9.68 26.94 2.11 1.62 85.00%
238770 580.6 9.68 30.32 1.88 1.38 100.00%
250000 580.6 9.68 31.75 1.79 1.29 107%
Figure 21 Summary of the analysis for case 1
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4.4.2.2 Case 2 (Assuming 50 weeks/vear, 15 shifts/week, 7.5 hours/shift)

Assumptions

1. Production running for 50 weeks, 15 shifts per wegth 7.5 hours per shift.
Applying semi-automated processing system.1 madisel operator
Assuming annual demand 120 000 units
Uptime efficiency is 95%
Repositioning time lost per cycle is 0.5 min

Defect rate is 5%

N o o~ DN

Using two similar processing lines

Total Work Content time

Twce =
(40.25 +22.13+1.5+100.52+7.56+40.25+34.04+2.48+65(172+59.0+100+100) sec
= 580.6sec
= 9.68 min

Required hourly production rate
Rp = 120000/ [(50) (15) (7.5)]
= 21.33 units /hour

Corresponding cycle time
Tc =60(.95)/21.33
= 2.67 min

Available service time with which the line mustisanced
Ts=2.67-05
=2.17 min

Line balance Efficiency
Eb =9.68/7(2.17)
=0.637263.72 %
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Annual Rp Line Balancing
demand| Twc(sec) Twc(min) (units/hr) | Tc(min) | Ts(min)| Efficiency,Eb
120000 580.6 9.68 21.33 2.67 2.17 63.72%
140000 580.6 9.68 24.89 2.318 1.818 76.06%
160000 580.6 9.68 28.44 2 15 92.00%
170550 580.6 9.68 30.32 1.88 1.38 100.00%
180000 580.6 9.68 32 1.78 1.28 108.00%
Figure 25 Summary of the analysis for case 2
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Analysing Figure 21 to Figure 24, it can be seet the Production Rate, Cycle
Time and Service Time and Line Balancing Efficieneyies depending on the Annual
Demand. In Case 1, it is assumed that the plast 30rweeks/year, 21 shifts/week and
7.5 hours/shift. As the Annual Demand increasesPttoduction Rate and the Line
Balancing Efficiency increases. However, the Cyidlee and Service Time decrease.
The Line Balancing Efficiency’s value is the créigparameter that decides the design
of the processing line. Analyzing Figure 21, shokat a processing plant that operates
as the parameter of Case 1 can produce up to ZB8ni/year. This is the maximum

annual output that can be gained with the givetirmuparameters and available time.

Referring to Figure25 to Figure 28, it can be ipteted that the Production
Rate, Cycle Time, Service Time and Line BalanciffgcEency varies against the
Annual Demand. In the analysis of Case 2, it isiaesl that the plant runs 50
weeks/year, 15 shifts/week and 7.5 hours/shift. Fiteeluction Rate and the Line
Balancing Efficiency increases while Cycle Time &wtvice Time decreases as the
Annual Demand increases. The Line Balancing Efficjereaches 100% at a lower
Annual Demand compared to Case 1. This is becdubke timitations on the available
time. The operating time available for Case 2 $sée than in Casel as there are only 15
operating shifts in Case 2 but 21 shifts in Cadenplementing Case 2 as the

operations system can only produce a maximum of5bD0units/year.

Based on the analysis above, there are two tyjpgstential operating systems
that can be adapted to the processing line ofideelatake manufacturing systems.
Taking into account the forecasted values in tle®ipus sections, both the operating
systems can be adopted at a different time linéerReg to Figure 13, the forecast on
the annual demand up to year 2014 is only 238 383 which is lesser than the
maximum output capability of Case 1.While the fasdill year 2022 which is also the
ultimate maximum value of the disc brake annual aleins 315 998 units.
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Therefore, iis proposed that a single processing line is upet year 201-
while adapting the parameters of Case 1 and focahsequence years, anot
processing line is added and both the processiieg kkdopt the parameters of Case
to year 2022.This ibecause up to year 2014, one processing line caiddt all the
annual demands and after year 2014, each of tee ¢ian produce 170 550 ur
amounting td41 100 units of disc brakeThis can certainly cater the ultime
maximum value preset by thiroject which is 315 998nits. Applyin¢ Case 1 will
require the plant to operate 7 days a week. Buehewwhen anothe¢ processing line
is added angarameters of Case 2 implemented, the operating hours can be red
from seven to fivelays. Even tough the initial investments are high, but it car
justified as themaximun market demand can be satisfied as well as the gain

utilities and salary.

4.4.2.3 Process Flow of the Disc Brake Processing Line

The parameters of the processing linee been determined in the previc
section. Applying the parameters into the real casmario is another task. T
processes are arranged in groups in which the miachwill be done. The proce

chart below shows the processes that are allocatbér respective station

Station 2

Station 1
eProcess1,2,3,5

Casting

*Process 4
product

Station 5
*Drilling,Drapping

Station 6 . Station7 _ N
* Superfinishing «Quality Control inished
Inspection product

Figure 29 Specific Process Flow Chart for processing disc bka

Station 4

*Process 8,9

Station 3

*Process 6,7
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4.4.2.4 WITNESS Simulation for Case 1

WITNESS Simulation is used to check the feasibibtyhe processing parameters in

real time scenario. Below is the simulation for glecessing line per shift when Case 1
parameters are used.

LI WITNESS (new model... : Base Model.)

File Edi Yiew Model Elements Reports Run Window Help
a=Eg £:7 [Unknown | @ifNoseiection ~| & F A | hEDE (e Bl Wy > [CHCH ST R ]

B A-A-D -S| h i B [Sulaton Laye -] B 25 4 7T

Ed Layout Window (95%) : Units - (36.44,26.63) 5
i (] (] (] B (] (]
V/J— " T e e [Meed | fE ||BEEHELEBAER S =
%ﬁ_@ rvp repart new-ticr. [ | L studies m [.;? 9:20PM
Figure 30 WITNESS Simulation using Case 1 parameter
Name Station_1| Station_2 Station_3 | Station_4 | Station_5| Station_6 | Station 7
% Idle 7.5¢ 8.0¢ 8.5: 9.0C 9.4 9.97 18.5¢
% Busy 80.4¢ 80.0¢ 79.6¢ 79.2:¢ 78.8: 78.4( 77.5%
% Setup 11.97 11.9C 11.8: 11.77 11.7¢ 11.6: 3.8¢

Name | No. Entered | No. Shipped| No. Scrapped| W.I.P.
Units 181 17C 8 3

Figure 31 WITNESS Analysis for Case 1 parameters
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4.4.2.5 WITNESS Simulation for Case 2

Below is the simulation of the processing line wiparameters of Case 2 are
used. The processing line must have 2 similar liSexe the WITNESS simulation is
unable to cater more elements, the simulation ieam one processing line and
multiplied into two.

T WIS e sh Pt L | -
S T [ T — Sy ——r—

o e el £ i =] e b o L " T BED B R R
o 4.4.‘,;‘-. o e e,
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i = -k _Mwwx | e 2o | S -l e |
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,_" ; ;, A :',., ,_" ,_"__ ,_n,
I = E & | e R | T __ |
f o o = = (= = )
L CERE BN N » m &£ ] il e Ve 0 Sl
e p—— -

Figure 32 WITNESS Simulation using Case 2 parametsr

Name Station_1 Station_Z Station_z Station_4 Station_& Station_¢€
% Idle 2.90 3.44 3.9¢ 4.52 5.0¢ 5.62
% Busy 78.9¢ 78.5¢ 78.17 77.6¢ 77.2% 76.71

% Setup 18.11 18.0C 17.€0 17.7¢ 17.6¢ 17.€0

Name | No. Entered | No. Shipped| No. Scrapped| W.I.P.
Units 174 16C 11 3

Name | No. Enterec*2 | No. Shippec*2 | No. Scrappec2 | W.1.P.*2
Units 34¢ 32C 22 6

Figure 33 WITNESS Analysis for Case 2 parameters
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Figure 30 shows the WITNESS Simulation model fer phocessing line if Case
1 parameters are used. Inputting the Cycle TimeSamndice Time calculated earlier in
to the model shows that the line is capable of pcody the required output volume.
Figure 31 shows the analysis of the processingTihe stations are well balanced as
the idle time and busy time does not vary much betwthem even though the line
balancing efficiency is only 68.80%.

According to the calculations in the previous s®ctthe line should be able to
produce 22.69units/hour for the given parametenerdfore for a shift of 7.5 hours, the
line should be able to produce 170.75units/shekifig in to account the 5% defect
rate, the line must produce a total of 178unitf/shhis is proven feasible by the
analysis done on the WITNESS model. Based on taklysis, applying the model can
produce 170 good units, 8 defect units while 3 niotée ‘Work In Progress” mode.

When the production rate need to be increaseds&hice time and cycle time
need to be reduced according to Figure 21.Thiseahone by doing continuous
improvement on the machining process. By doingttiesLine Balancing Efficiency
can also be increased which results in a moreiefiiprocessing line. Therefore, Case
1 parameters are proven to be able to cater tabdetand of the disc brake plant until
year 2014.

Figure 32 shows the WITNESS Simulation Model fa processing line when
Case 2 parameters are used .The model has bedrubungy the cycle Time and Service
Time from the previous calculations .The proces$imguses Case 2 parameters and
therefore it should have 2 sets of processing.inge to some limitations on the
WITNESS Software, the second line could not be riledeHowever, since both the
lines are similar and the parameters are identicalyolume could be multiplied into 2
to gain the final volume.

According to the calculations in previous sectit, lines should be able to
produce 21.33units/hour for the given parametareethe plant operates for 7.5hours

/shift and there are 2 processing lines, it canlpece a total of 320units/shift.
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Considering the 5% defect rate, the line shouldhie to produce at least
336units/shift. By observing Figure 33, it can beven that Case 2 parameters are
capable of meeting the annual demand as 320 uritshipped, 22 are scrapped and 6
still in progress. When the annual demand increfates the Cycle time and Service
Time must be reduced according to Figure 25 tor¢aéeannual demand. As the annual
demand increases, the line balancing Efficiencyimdrease thus making both the lines
more efficient. Therefore, Case 2 parameters aregprto be able to cater the annual
demand of the disc brake plant from year 2014 20#2.
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4.5 Modeling a Quality Control Inspection Plan

Operations Machine Production Control Measurement
Methods Equipment
Cast discs Inspection by third Properties —hardness, | Tensile testing,

person

strength, surface defec

[ hardness testing,
visual magnetic

particle inspection

Turning, Facing,

Lathe (CNC)

Dimensions- length,

Digital Vernier

Chamfering diameter, roundness, | calliper, Dial
flatness Indicator, V-Block
Drilling Drilling machine (CNC) | Dimensions — holé&s, | Depth calliper,
hole depth Digital Vernier
calliper
Tapping Drilling Machine (CNC) Dimensions- tap size | Digital Vernier
calliper
Superfinishing Aluminium Oxide, Surface Quality- Dial indicator,

Silicon Carbide

Abrasives

flatness, straightness,

surface hatching

Surface Plate

Figure 34 Quality Control Plan for disc brake manufacturing.

Quality Control Inspection is crucial in every nudecturing plant. The

manufactured products must be regularly inspeceshsure the products are meeting

the specifications. Above is the table on the mesamant equipments that are used to

inspect the specific dimensions.
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CHAPTER 5
CONCLUSION AND RECOMMENDATIONS

This chapter concludes the entire project and epgeveral recommendations which
could improve the outcomes of the project.

5.1 Recommendations

Despite achieving the objectives, there are sévecammendations, which

would be considered in order to improve the outcame

» Use lower cutting speed and feed for configurationf machining system.
This can improve the surface quality of the macthidisc brakes .However the

time required to machine the surface will increase.

* Reduce the number of machine usedReducing the number of machine and
trying to incorporate all the processes into thelmrges available can reduce the

capital cost. The number of machines has been famdi@ed in this project.

» Use a complete version of WITNESS Software to simatie the model.The
WITNESS Software used to simulate the model iscarcational version.

Therefore it is has some limitations and some etsneould not be modeled.

» Use better technology for Quality Control Inspectim Plan. The equipments
used in quality control inspection must be upgratdea better technology to
enhance the quality of the products produced. ghnology equipments can

produce higher tolerance in measuring the spetibics.
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5.2 Conclusion

A disc brake manufacturing system was succesgfutigielled. The historical data on
car manufacturing has been used to predict the gt market. The disc brake
machining configuration was modelled thus usedesigh the operational system.
Finally before completing the manufacturing proc#éiss completed disc brakes will go
through a simple quality control inspection to eredhat it meets the design
specifications. Simulation of the model using WITSEproves that the design can be

successfully used to produce disc brakes at thefsubrates.

In conclusion, with the proposed model, it carshigl that this project is a

Success.
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