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ABSTRACT

This thesis deals with the study of assembly aiglysthe rear lamp of a car by using
Boothroyd Dewhurst DFA method and Hitachi AEM DFAetimod. The design for
assembly of the rear lamp is analyzed based ogresiiciency for both methods and
the options available are suggested, analyzed amgppared with the original design of
the rear lamp. The project aimed to reduce thenalslyecost of the rear lamp due to the
production cost of the rear lamp in industriesighhand the demand for the product is
increased. From the result and discussion of thesis$, option 3 is the best option for
the redesign of the rear lamp. For Boothroyd DFAhod, design efficiency for option
3 is 65.7% while the original design efficiency 48.9% and the design efficiency
increased by 16.8%. Then, for Hitachi AEM DFA meththe design efficiency for
option 3 is 83.3% while the original design effieoy is 75.7% and the design
efficiency increased by 7.6%. The option of redesigth the higher percentage value
of design efficiency is selected as the best dasigerm of its assembly efficiency.
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ABSTRAK

Tesis ini berkaitan dengan kajian analisis pemamarigmpu belakang kereta dengan
menggunakan kaedah DFA Boothroyd Dewhurst dan keettitachi AEM
DFA.Rekabentuk untuk pemasangan lampu belakangliBanberdasarkan kecekapan
rekabentuk untuk kedua-dua kaedah dan pilihan ytmgedia yang disarankan,
dianalisis dan dibandingkan dengan rekabentuk kshpu belakang. Projek ini
bertujuan untuk mengurangkan kos pemasangan lamglakdmg kerana kos
pengeluaran lampu belakang dalam industri adaladarbdan permintaan produk
meningkat. Daripada hasil dan pembahasan tesigilitian 3 adalah pilihan terbaik
untuk merekabentuk kembali lampu belakang keretakJkaedah DFA Boothroyd,
kecekapan rekabentuk untuk pilihan 3 adalah 65,@8arsggkan kecekapan rekabentuk
asalnya adalah 489% dan kecekapan rekabentuk ghkamin sebanyak
16,8%. Kemudian, untuk Hitachi kaedah DFA AEM, Kexman rekabentuk untuk
pilihan 3 adalah 83.3% sedangkan kecekapan rekadbesalnya adalah 75,7% dan
kecekapan rekabentuk meningkat sebanyak 7.6%aRiliekabentuk semula dengan
nilai peratusan lebih tinggi kecekapan rekabentiklild sebagai rekabentuk terbaik
dalam kecekapan pemasangan.
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CHAPTER 1

INTRODUCTION

1.1 INTRODUCTION

This chapter discussed about project backgroundh ssc problem statement,
objectives and scope of the project. This projedbcused on replication DFMA (Design
for Manufacture and Assembly) method to reduceraBBecost of car rear lamp. DFMA
method is the combination of DFA (Design for Ass&mband DFM (Design for
Manufacture). Design for manufacturability (DFM) ke general engineering art of
designing products in such a way that they are &asyanufacture. DFM is intended to
prevent product designs that simplify assembly ajp@ns but require more complex and
expensive components, designs that simplify compomanufacture while complicating
the manufacture process and designs that are samplenexpensive but are difficult or

expensive to service and support.( Boothreydl., 1994)

Design for Assembly is a process by which produats designed with ease of
assembly in mind. If a product contains fewer part&ill take less time to assemble,
thereby reducing assembly costs. In addition, &f parts are provided with features which
make it easier to grasp, move, orient and insennththis will also reduce assembly time
and assembly costs. The reduction of the numbgradk in an assembly has the added
benefit of generally reducing the total cost oftpan the assembly. This is usually where
the major cost benefits of the application of dedigy assembly occur. (Boothrow al,
2002)



1.2 PROJECT BACKGROUND

At night, the vehicle need to be seen at night ftbenrear and it is provided by rear
position lamps (also called tail lamps, tailligbtstail lights). These are required to produce
only red light, and to be wired such that they lgrethenever the front position lamps are
illuminated including when the headlamps are orarRmsition lamps may be combined
with the vehicle's brake lamps, or separate froemthin combined-function installations,
the lamps produce brighter red light for the brkdap function, and dimmer red light for
the rear position lamp function. The tail and brdight functions may be produced

separately and/or by a dual-intensity lamp.

The background of car rear lamp started from 1968371 with Ford Thunderbird
could be ordered with additional high-mounted brakel turn signal lights. These were
fitted in strips on either side of its small reandow. The Oldsmobile Toronado from 1971
to 1978, and the Buick Riviera from 1974 to 1976@l lomal high-mounted supplemental
brake lights or turn signals as standard, and Ves@ed just below the bottom of the rear
window, visually aligned with the conventional reail lights/brake lights/turn signals just
above the rear bumper. These innovations were #lyadopted at the time. (Taylor et
al., 1981

Automotive and lamp manufacturers in Germany expented with dual high-
mount supplemental brake lamps in the early 1980sthis effort, too, failed to gain wide
popular or regulatory support. Early studies invdvtaxicabs and other fleet vehicles
found that a third stop lamp reduced rear endsiolis by about 50%. The lamp's novelty
probably played a role, since today the lamp islited with reducing collisions by about
5%. In 1986, the United States National Highway fflctaSafety Administration and
Transport Canada mandated that all new passengerheae a CHMSL installed. A
CHMSL was required on all new light trucks and vaterting in 1994. CHMSLs are so
inexpensive to incorporate into a vehicle that eWehe lamps prevent only a few percent

of rear end collisions they remain a cost-effectatety feature. (Gaudean,1996).



To provide illumination to the rear when backing apd to warn adjacent vehicle
operators and pedestrians of a vehicle's rearwantibm each vehicle must be equipped
with at least one rear-mounted, rear-facing remgréamp (or "backup light"). These are
currently required to produce white light by U.Sidainternational ECE regulations.
However, some countries have at various times petniamber reversing lamps. In
Australia and New Zealand, for example, vehicle nfacturers were faced with the task of
localizing American cars originally equipped witbnebination red brake or turn signal

lamps and white reversing lamps.

Those countries’ regulations permitted the amkartten signals to burn steadily as
reversing lamps, so automakers and importers wialeeta combine the rear turn signal
and reversing lamp function, and so comply with thgulations without the need for
additional lighting devices. Both Australia and Ne&fealand presently require white
reversing lamps, so the combination amber turnfseviamp is no longer permitted on new
vehicles. The U.S. state of Washington presentiynfie reversing lamps to emit white or

amber light. (Hitzemeyer et al., 1997)

Design for manufacture and assembly (DFMA) is a lmioation of design for
assembly (DFA) and design for manufacture (DFM)e Térm DFMA is defined as a set of
guidelines developed to ensure that a product sgded so that it can be easily and
efficiently manufactured and assembled with a murmlabor effort, assemble time, and
cost to manufacture the product. During a prodwstetbpment, DFMA method ensures
that the transition from the design phase to thegetion phase is smooth and rapid as
possible. (Boothroyeét al, 2002)

Generally, there are three DFA methods used toceethe cost of the product. The
first method are Boothroyd-Dewhurst DFA methodcastHull DFA method, and Hitachi
Assembly Evaluation Method (AEM). These three mdthare discussed further in
Chapter 2. This project is about applying Boothr@glvhurst DFA method and Hitachi
AEM method to redesign the car tail lamp to makleeitter than the previous design in the

aspect of assembly efficiency. This case studydedwon redesigning the car tail lamp and



the aim of the analysis is to evaluate the redesigthe car tail lamp in term of the
assembly efficiency.

1.3 PROBLEM STATEMENT

The invention of car has change the world of transpions and the demand for the
car is increased especially in the millennium & tlew technologies of the car invention.
The production of the car by the factories is iasetl due to the high demand from the
customers and same case for the parts of the oduped by the factories. The cost of
making the parts is high in the aspects of manufag and assembly the parts of the cars.
In this project, the rear lamp of the car is inigeged to reduce the assembly cost of the
part. Car tail lamp consists of many componentsgarts from the bulb to the reflector of
the lamp. In industries, the components of the lamgpassembled together to produce the
final component of the car tail lamp. During assBngrocess, some intricate components
are difficult to be assembled. This intricate comgat also need more time to be assembled
and as a result, the cost to assemble the cdanad is increased. In solving the increasing
cost of car tail lamp assembly, this project iselohhe project also aims to minimize the
difficulties encountered during assembly of the ponents of the lamp. At the same time

cost of the car tail lamp also aimed to be reduced.

1.4 PROJECT OBJECTIVES

There are three objectives have been defined todesed on and to simplify the

project as stated below:

(i) To evaluate the design efficiency of the produchgBoothroyd-Dewhurst DFA
method and Hitachi AEM DFA method.
(i)  To make the suggestions to reduce assembly castr aéar lamp.
(i)  To determine assembly cost of the rear lamp befodeafter improvements.



1.5 SCOPE OF STUDY

The following scopes of the project are determinedorder to achieve the
objectives of the project. Firstly, the originaldgn and the improvements of the design are
performed by using Solidworks 2010 software. Sebgride analysis of the original design
and the improvement of the design of car tail lasmgperformed by using Boothroyd-
Dewhurst DFA method and Hitachi AEM DFA method. ioly, the suggestions to reduce
the assembly cost of the rear lamp are performet tha final scope of study is the
assembly cost of the original design and the img@moents of the design of the rear lamp is

calculated and compared with the original design.



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

This chapter discussed about the DFA and its guielprinciple. The literature
reviews gives a brief explanation about the funiand the principles of the DFA which

is subcomponent of the DFMA method.

2.2 DESIGNS FOR ASSEMBLY (DFA)

Design for Assembly (DFA) is an approach to redthee cost of the product and
time of assembly by simplifying the product and gaes. The DFA method should be
considered at all stages of the design proces<iadigen the early stages (Boothroyd
al., 1994). It should give serious consideration #see assembly of the product or
subassembly. DFA tool is needed to effectively yrmlthe ease of assembly of the
products or subassemblies it design and it shousdire consistency and completeness in
evaluation of product assemblability. It shouldoadiminate subjective judgement from
design assessment, allow free association of id@ed)le easy comparison of alternative
design, ensure that solution are evaluated logicalentify assembly problems area and
suggest alternative approaches for simplifyinggredluct thus reducing manufacturing and
assembly cost. (Boothroyt al, 2002)



By applying a DFA tool, communication between mactiiring and desig
engineering is improved, and ideas, reang, and decisions made during the de:
process become well documer for future reference. (Baizu2007

2.3 General Design Guidelines for Manual Assemb

The process of manual assembly can be divided aiptunto two separate are¢
handling (acquing, orientating and moving parts) and inserteomd fastening (mating
part to another part or group of parts). The follayvdesign form manual asseml

guidelines specifically address each of these ¢

2.3.1 Design Guidelines for Part Handling
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Figure 2.1: Geometrical features affecting part hanc
Source: (Boothroyet al., 2002)



(i)

(if)
(iii)
(iv)

v)
2.3.2

(i)
(i)
(iii)

Design parts that have end-to-end symmetry andioatd symmetry about the axis

of insertion. If this cannot be achieved, try tcside parts having the maximum
possible symmetry (see Figure 2.1)

Design parts that, in those instances where thecaanot be made symmetry, are
obviously asymmetry ( see Figure 2.1)

Provide features that will prevent jamming of pdhat tend to nest or stack when
stored in bulk. (see Figure 2.1)

Avoid features that will allow tangling of parts wi parts stored in bulk. (see
Figure 2.1)

Avoid parts that stick together or a slippery, date, flexible, very small, or very

large or that are hazardous to the handler (i.gs ghat are sharp, splinter easily,
etc.).(see Figure 2.2).

Design Guidelines for Insertion and Fastengn

Design so that there is a little or no resistacmsertion and provide chamfers
to guide insertion of two mating parts. (see FigRi®)

Standardize by using common parts, processes, atitbds across all models
and even across product lines to permit the usegbier volume processes that
normally result in lower product cost. (see FigRr4)

Design so that a part is located before it is mdda A potential source of
problems arises from a part being placed where, tdugesign constrains. It

must be released before it is positively locatedhie assembly. Under these
circumstances, reliance is placed on the trajeatbmyne part being sufficiently

repeatable to locate it consistently (see Figusg 2.
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Figure 2.2 Geometrical features affecting part handling.
Source: (Boothroyet al, 2002)
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Figure 2.3 Provision of chamfers to allow insertion.
Source: (Boothroyet al, 2002)
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The DFA guidelines are differ from the various smuand it is insufficient for a

number of reasons as stated below:

0]
(if)
(iii)

(iv)

The guidelines will not provide any means to eveduwadesign
Quantitatively for its ease of assembly.

No relative ranking of all the guidelines that ¢@used to indicate which
guidelines result in the greatest improvementsandting and assembly.
These guidelines are simply a set of rules whidvide the designer with
suitable background information to be used to dgvel design that will be

more easily assembled than a design developed wiguzh a background

If a product contains fewer parts, it will take dettme to be assembled, thereby

reducing assembly costs. In addition, if the pas easier to grasp, move, orient and

insert, the parts can reduce the assembly timeagsdmbly costs. The reduction of the

number of parts in an assembly has benefit andrgiyneeducing the total cost of parts in

the assembly. This is usually where the major beskfits of the application of design for

assembly occur.

2.4

(i)
(ii)

(iii)

24.1

DESIGNS FOR ASSEMBLY METHOD
There are three methods that can be used for disigwsembly (DFA):
The DFA method exploited by Boothroyd-Dewhurst [dSA
The Hitachi Assemblability Evaluation Method (AEMY Hitachi Ltd,
Japan.
The Lucas Design for Assembly Methodology by Luklagh UK.

Boothroyd-Dewhurst DFA Method

In 1977, Geoff Boothroyd, developed the Design Asssembly method (DFA),

which could be used to estimate the time for maagaémbly of a product and the cost of
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assembling the product on an automatic assemblhimacRecognizing that the most
important factor in reducing assembly costs wasrimmization of the number of separate
parts in a product, he introduced three simplesgatwhich could be used to determine
theoretically whether any of the parts in the pidiould be eliminated or combined with
other parts. These criteria, together with tabkdating assembly time to various design
factors influencing part grasping, orientation amsertion, could be used to estimate total
assembly time and to rat the quality of a produesigh from an assembly viewpoint.
(Baizura, 2007)

For automatic assembly, tables of factors couldubed to estimate the cost of
automatic feeding and orienting and automatic tr@erof the parts on an assembly
machine. Starting in 1981, Geoffrey Boothroyd andteP Dewhurst developed a
computerized version of the DFA method which alldwes implementation in a broad
range of companies. In many companies, DFA is gaate requirement and DFA
software is continually being adopted by compamitempting to obtain greater control
over their manufacturing costs. (Kader, 2008)

In this method, the manual assembly process cativimed into two separate areas
which are handling (acquiring, orienting and movthg parts) and insertion and fastening
(mating a part to another part or group of pargplication of the manual method is
straightforward using the subassembly worksheettaadpages of manual handling and
manual insertion chart. The worksheet will be caetead for each subassembly and for the
final assembly.

For manual handling, the information that shoulckbewn and considered is listed
down below. (Boothroyet al, 2002).

(i) Alpha («) - Itis the rotational symmetry of a part abontaxis
perpendicular to its axis of insertion.

(i) Beta (B) - It is the rotational symmetry of a part abdataxis of insertion.
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(i) Thickness-It is the length of the shortest sidéhefsmallest rectangular
prism that encloses the patrt.
(iv)  Size-lt is the length of the longest side of thalest rectangular prism that

can enclose the part.

For manual insertion, below are the some of thewkedge that have to be
known (Boothroycet al, 2002).

(i)  Holding down required - It means that the part vatjuire gripping,
realignment, or holding down before it is finallcsired.
(i)  Easy to align and position - It means that insariofacilitated by well
designed chamfers or similar features.
(i)  Obstructed access - It means that the space alesitalthe assembly
operation causes a significant increase in thenadyeime.
(iv)  Restricted vision - It means that the operatortbaely mainly on tactile

sensing during the assembly process.

The theoretical minimum number of parts is deteadiby answering to these three
questions below (Boothroyat al., 2002).

(i)  During the normal operating mode of the product,ghrt moves relative to
all other parts already assembled. (Small motiansat qualify if they can
be obtained through the use of elastic hinges).
(i)  The part must be of a different material than, astibe isolated from, all
other parts assembled (for insulation, electrisalation, vibration damping,
etc.)
(i)  The part must be separate from all other assengalgd; otherwise the assembly of

parts meeting one of the preceding criteria wo@gkevented.

If the answer to any of those questions is ‘ydgntthe part cannot be eliminated and it

called as the theoretical minimum number of parte basic assembly time is the average
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time for a part that presents no handling, insertior fastening difficulties. The basic
assembly time will be used in determining the degfficiency. The design efficiency is
calculated using the formula below (Boothratdal, 1994).

3 X Nm (2.1)
Tm

Design efficiency =

Where;
Nm = theoretical minimum number of parts.

Tm = estimated time to complete the assembly optbduct.

In general, adding a component to the assembly imiblve some or all of the

following basic functions (Boothroyet al., 2002):

()  Handling: the process of grasping, transporting, @menting components.

(i) Insertion: the process of adding components towhek fixture or partially
built-up assembly.

(i)  Securing: the process of securing components tovtir& fixture or partially
built-up assembly.

(iv)  Adjustment: the process of using judgement or adleersion- making processes
to establish the correct relationship between caorapts.

(v) Separate Operation: mechanical and non-mechaniasierfing processes
involving parts already in place but not securedchediately after insertion (eg.
bending, upsetting, screw tightening, resistancé&imwg, soldering, adhesive
bonding, etc.).

(vi) Also other assembly operations such as manipglatirparts or subassemblies,
adding liquids, etc.

(vii)  Checking: the process of determining that handlingertion, securing, and

adjustment have been carried out properly.



Examples of DFA method by Boothroyd-Dewhurst

N

2—Cover {steell —__ &

3—3pring (steei) —_—
25

0,
4—Piston stop (Mylon)—. r"_
S

e
-]

;

S—Piston {alumainiorm) ——_ _j.

15

Figure 2.6 A piston assembly design
Source: (Boothroyet al, 1991)
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The computation is done ksystematically completing the data in the follow
table. The data requires several estimates fomdggeefficiency of different componen
based on their characteristics. This data is cadpimpirically by a large number of ti-

motion studies condted over years. We will use the charts from Boaottl

Table 2.1 Table for computation of design efficien

¢l |l ¢3 |ed [ed [e6 T |8 | Name of
'] L
] ? .E E ,iS-E:Eﬂ]hi.}'
i} o ot =
= - 'f‘ ;__r, g = E
2RZIE |2 (& |8 |¢ |2 |28
ve2 |2 |BRl8 | 53R |28 [=8
U= | s B 4 - -
I IEREHERE AR
o |Z22|3 [FE|F |3E|2 2. |53
A HE N EHE T
:% ZEE|Z |23 E E: S"EJ o= E':'!E
Total: Design efficiency =
TM |CM [ NM | 3NMTM=

Source: (Boothroyet al, 1991)

One of the key features of the Boothr-Dewhurst method is estimation of t
ideal product, which translaf to the method of filling up column 9 in the charhey give

the following guideline:

Rule 1 During operation of the product, does the parven@lative to all other pa
already assembled?
Rule 2 Must the part be of a different material thanpkrts already assembled? [O

fundamental reasons associated with material ptiegeare acceptabl
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Rule 3 Must the part be separate from all parts alres$gmbled (because othen

necessary assembly/disassembly of other parts vibeuichpossible

If the answer to any of these questions is YESjsaehtered in column 9 (excep!
there are multiple parts in column 2, in which cdee minimum number of separate p:

required is entered in columr

Table 2.Z: Evaluating the design efficiency afpistol

el |e2 ¢l [ed [ef [cb [T |8 [P Name of
. ‘E E £ Assembly
“-i: ‘_;‘ 3; i E:_ ;: - E"E PNEUMATIC
A5 HHEHER R A s
Fleés|d | 28|43 |18 |8z |0ik
6 |1 30 1195 (00 |15 (345 (138 (1 MAIN BLOCK
5 |1 10 {15 [10 |40 ([350 |22 |1 PISTON
4 |1 10 {15 (00 |15 (300 |12 |1 PISTON STOP
il 05 | 184 |00 (15 334 [134 |1 SPRING
2 11 23 | 236 |08 [65 886 |354 [0 COVER
1 |2 11 [18 [39 |80 [166 |664 [0 SCREW
Total: 4075/ 163 |4 Design efficiency =
TM [CM [ NM | INMTM=029

Source: (Boothroyet al.,, 1991)

Improving the design:
The following considerations are importe

STEP 1. Is the number in column 9 < the numbeplomn 2 °

If yes, there is an opportunity for reduction immer of parts
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STEP 2. Examine columns 4 and 6.

These figures indicate potential for assembly tiediction. Based on these ideas, a

redesign of the piston assembly is presented be\mtice how the new design presents a
design efficiency of 90%.

30 .
1—-S5nap-0n Cover l | +
and stop (plastic} ——. 5
¢

2—Soring {steel) —
o5 e 40

3-Piston j@luminiumj-_____ o 1
m N i
|

4~Main biock [plastic} —__ /“

Figure 2.7. An improved piston design
Source: (Boothroyet al, 1991)
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Table 2.3:Evaluating the design efficiency of the new desthpeston

el el ¢3 [ed Jed |cb |ef |8 |0 Name of
3 '% 'E E Assembly
THHE E g le |5 [gf &V
232 |25 BE |22 |3 .
42|15 |3 il: iz 5(s |53 PNEUMATIC
o |Z28|% |3L|7 |5L|%4 % g5 |FION
t | ZEs|5 (52|58 |82 2| k4588
& |Zeo|Z |Z2|Z |82 |00 |0 |wsd
4 |1 30 {195 |00 |15 [345 |138 |1 MAIN BLOCK
3 |1 10 |15 J00 |15 130012 |1 PISTON
2 11 03 184 100 |15 [334 1341 SPRING
1|1 10 |15 |30 120 1350 |140 |1 COVER and STOP
Total: 13291532 |4 Design efficiency =|
TM |CM [NM [ 3NMTM=0.90

Source: (Boothroyet al, 1991)

2.4.2 Hitachi Assemblability Evaluation Method (ABV)

The Hitachi AEM analyses the motions and operatioalled ‘assembly operations’,
necessary to insert and secure each componeng girdidluct. A simple downward motion
is considered to be the easiest and fastest asg@pétation. Penalty points are awarded
for every motion or operation that differs from,isiin addition to, this simple motion. This
method makes use of assemblability and assembtyratis indices to identify the weak

points of a design.

The Hitachi AEM DFA method based on the penaltyegiwf the components that

need to be assembled. For example, the parts ¢hdl/rat a position to insert assigned
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penalty points to each part that are 100 pointa fmart for its existence and additio
points depend on the difficulty of the assemblygess. Then, the totaoints converted to

the assembly time followed by the assembly efficie

The additional penalty points depending on thetiredadifficulty to insert the pai

such as:

(i)
(i)
(iii)
(iv)

Direction of motiol
Needs of fixture and formin
Method of joining and processi

Multiple operation

After that, theadditional 15% penalty points per each operation goseconc

operation and beyond:

(1)
(ii)

Strong incentive for simpler assembly opere

More critical for automatic asseml

Symbol  Penalty Points Description of Operation

v 0 Straight downward

A 30 Straight upward
€« > 20 Move horizontally
r "4 30 Move diagonally up/down
oN 30 Turn like a screw

R 40 Turn or lift the whole

assembly to insert a part

Figure 2.8 Direction of motion of a pal
Source: (Hitachi AEM, 2002)



Symbol  Penalty Points

Description of Operation

f 20
F 40
G 40
P 20

Hold a part for next one
operation

Hold a part for more than
one next operations
Deform a soft/flexible
part (O-ring, gasket)
Bend or cut (wires, ..)

Figure 2.€: Fixture & forming requirement
Source: (Hitachi AEM, 2002)

Symbol Penalty Points

Description of Operation

B 20
W 20
S 30
M 60

Bond with adhesive or
heat, or lubricate a part
Weld

Solder

Machine a part to join

Figure 2.1C: Joining & processing requiremer
Source: (Hitachi AEM, 2002)

Symbol  Penalty Points

Description of Operation

— 0
| 0

Base part for assembly
Pipe to keep track of
assembly process

Figure 2.11: Other symbols without penalty poir

Source: (Hitachi AEM, 2002)

21



Table 2.4:Hitachi AEM DFA method worksheet

22

Part Number of Summation Method
Count| Operation |Operations [Total Penalty| M=100+| T=M*
Name | (n) Symbols (m) (Z Penalty) | X Penalty | (+15%addop)| T*n

T T*n=

Assembly Time = Tdown
Source: (Hitachi AEM, 2002)
. - t t
Design efficiency = 2 par ,Cou,n X 100%
Y (assembly time in T down)

21 v 100% 2.2)

s




Example of Hitachi AEM DFA methc

/J‘-\ Screw
ol

Spring washer
:‘J'E/ Washer
o mm . 1. Position a body
: Plate .
2. Bring down a plate
MW 3. Place and hold a washer
QNN T INANNNNNNY 4. Place & hold a spring washer
Bod / .
’ 5. Bring down and turn a screw

Figure 2.12 Assemble of a screw to a bo
Source: (Hitachi AEM, 2002)

Table 2.5: Assemble of a screw to a body workst

Part Number of Summation Metho
Coun{ Operatior] Operation§otal Penalf M =100+ T=M*q
Name (n) | Symbols (m) | (Z Penalty) X Penalty|(+15% add off T *n
Body 1 |base 1 0 100 100 100
Plate 1 |down 1 0 100 100 100
Washer 1 |down, f 2 20 120 138 138
Spring Washer 1 |down, f 2 20 120 138 138
Screw 1 |down, turm 2 30 130 150 150
I T*n = 626

Source: (Hitachi AEM, 2002)

From the Eq (2.2):

Design efficiency %— L part count x 100%

mbly time in T down)

=27 100%
»T7

23
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=2 x 100%
6.3

=79.37%

2.4.3 Lucas-Hull DFA Method

Lucas DFA method encompasses a functional analgsibandling or feeding
analysis and a fitting analysis. The method invsltlee assigning and summing of penalty
factors associated with potential design problemdar to the Hitachi method but with the
inclusion of handling (or feeding) as well insentioThese penalty factors are combined
with an assembly sequence flow chart (Figure 2d&) generate three assemblability

Scores.

The three scores; design efficiency, feeding/hagdliatio and fitting ratio are
generated in three stages of the analysis. All amapts of an assembly undergo
functional analysis, categorising them into an As@ntial) part or a B (honessential) part.

The design efficiency is derived from the raticegential parts to total parts (A/(A+B)).

A suggested target of 60% is to be aimed for. Teedihg or handling analysis
examines each component with respect to a knowlbege to determine a feeding index;
these are then summed for the total assembly. &beirfg index has a threshold of 1.5

indicating that any greater score be consideredeidesign for feeding.

The feeding ratio is the ratio of feeding indexatoto number of essential
components, and has its own threshold of 2.5.ngitéinalysis follows the same formula as
feeding, utilising a knowledge base, determininfgteng index, and finally a fitting ratio.
These scores can then be compared to threshol@ddums established for previous designs
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2.5 COMPARISON OF DFA METHODS

2.5.1 Boothroyd Dewhurst’s DFA Method

The advantages of this method is suitable to rgdethe product based on the
design efficiency calculation and the part thatureg high assembly time to assembly and
unnecessary parts should be redesign or elimiii&ie disadvantage is it does not show the
evaluation of the whole assembly sequence andtlaése is no support on how to redesign

the product and shows the poor results.

2.5.2 Lucas-Hull DFA Method

The advantage of the Lucas-Hull method is sim#darthe Boothroyd Dewhurst
method. It is Suitable in develop new product dedigsed on the design efficiency and
also evaluated the parts of the product based octifuinal, handling and fitting analysis.
The disadvantage is Lucas Hull DFA is classifietb iautomated assembly and manual

assembly only. The function analysis does not siby the part should exist.

2.4.3 Hitachi AEM Method

The advantage of this methasl ease or the difficulty of insertion expressed in
relative terms allowing applications to a wide raraf products. The disadvantage is this
method only focus on the insertion and fastenirug@ss only. Part handling considered not
as important or considered separately. There wapanbreduction step in the original
Hitachi AEM method.
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2.5.4 DFA Methods Comparison Table

Table 2.6 DFA methods comparison table

DFA Method Advantage Disadvantage
Boothroyd Redesign of product can be Less support on how to
Dewhurst’s evaluated based on the design redesign the product.

efficiency calculation.

Hitachi AEM Ease or the difficulty of Focus on the insertion and
insertion expressed in relative fastening process only.

terms.

Lucas-Hull Evaluated the parts of the Categorized on automated
product based on functional, and manual assembly
handling and fitting analysis andnly..
suitable in developing a new

product.

Source: (Faizal, 2007)

2.6 PREVIOUS RESEARCH OF BOOTHROYD DFA METHOD AND H ITACHI
AEM DFA METHOD

2.6.1 Concurrent Engineering Approach in Designing’ressure Vessel by A.R.
Ismail, AH.A.A. Manap, D.A. Wahab, R. Zulkifli, N.K Makhtar and K. Sopian
(2008)

A.R. Ismail, AH.A.A. Manap, D.A. Wahab, R. ZulkifliN.K Makhtar and K.
Sopian (2008) in journal titled “Concurrent Enginieg Approach in Designing Pressure
Vessel” study about the effect of implementationtioé Design for Manufacture and

Assembly (DFMA) in pressure vessel. Informationtsas design design and component
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development time was analysed and modelled to enbareffect of the implementation of
this approach to product development cycle andgdestificiencies. By using Boothroyd-

Dewhurst method, the existing design of pressusselavas modified by incorporating the
design for manufacture and assembly requiremeritss &pproach enables a shorter
product development cycle time through reductiommanufacturing and assembly time.
Besides, the overall cost of the pressure vessslre@duced. The implementation of this
method has improved manual assembly efficiency @epexisting design. This

improvement was trigger by reduction of componesmdiing time and the design was
simplified. The reduction of pressure vessel comgpbrwas improving the assembly
efficiency. Based on the manual assembly efficietioy existing efficiency is 0.02% and
after the DFMA approach implemented, there has heemased to 0.023% and this is

quite good enough to give an impact on overallragdetime.

2.6.2 Product Design Enhancement By Integration O¥irtual Design And Assembly
Analysis Tools By Choi And Prasanthi (2000)

Choi and Prasanthi (2000) in journal titled “Produtesign enhancement by
integration of virtual design and assembly analy@ds” study about the assembly process
for a computer mouse, using both the Boothroyd emthurst design for assembly (DFA)
and Tecnomatix’s Dynamo software package. A moesgyd in Unigraphics has been the
product considered and the assembly process hasdmedysed. These software systems
can help identify some of the technical problenat ttan possibly can be encountered in
the real life production and can effectively be dige guide the design process. The
Dynamo is concerned with finding the optimal seqeeaf assembly for a product while,
DFA examines the mouse to evaluate its “fitness d@ssembly, and where appropriate, to
provide high-level suggestions to redesign the ammepts so that they are easy to be
assembled (Hsu et al., 1998).
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2.6.3 Sub-Assembly Partitioning For Complex Assemigds Based On An Action-
Count-Closure Criterion By Rhee (1996)

Rhee (1996) in his master degree thesis titled “&dembly partitioning for
complex assemblies based on an action-count-clasitegion” study about how DFA may
be used successfully for such complex assembliesigh subassembly repartitioning or
minor redesign. Complex assemblies are generabyacierized by having a large parts
count with the assembly organized as a collectibsubassemblies. Apart from that, a
complex assembly may contain assembly moves inge laumber of kinematic degrees of
freedom (actions) and this must be fixed by usifigARIuring the assembly move in order
to minimize the degree of freedom. The goal of tesearch was to develop the techniques
and tools required to apply DFA to complex asseesbliThis thesis presents one such
computer-aided tool to aid in DFA of complex asskesbby allowing for rapid evaluation
of assembly option by design changes and in asgepiahning itself by suggesting

subassembly partitions schemes along with assesellyences.

2.6.4 DFMA Application On The Development Of PartsFor The White Goods
Industry By Canciglieri And Kovalchuk (2006)

Canciglieri and Kovalchuk (2006) in journal titledDFMA application on the
development of parts for the white goods indussttidy about the applicability of the
concepts of DFMA (Design for Manufacture and Asskinband the Concurrent
Engineering in the development of the product péstsWhite Goods industry (major
appliances as refrigerators, cookers, and washiamchimes). By doing this DFMA to the
product, it provided cost savings and reductionhentime to assembly the product.

2.6.5 A Product Architecture-Based Conceptual DFA &chnique By Stone,
Mcadams And Kayyalethekkel (2002)

Stone, McAdams and Kayyalethekkel (2002) in jourrdled “A Product
Architecture-Based Conceptual DFA Technique” stuhyout DFA method with the
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Boothroyd-Dewhurst DFA and the products evolutigerahe years. This study reveals the
evolution of products into designs with smallertpaounts, closely matching the modules
identified by the conceptual DFA method.

2.6.7 Automatic Assembly Line For VTR Mechanisms ByToshijiro, Seii And
Makato (1985)

Toshijiro, Seii and Makato (1985) in journal titiédutomatic Assembly Line for
VTR Mechanisms” study about VTR mechanisms whichs waviewed by using the
Hitachi Assemblability Evaluation Method. Most difet operations could be performed by
high-level robots but more preferred instead tdgeer such operation manually, both for
reasons of cost-performance and quick line-up.

2.6.8 Extended Assemblability Evaluation Method (A1) By Toshijio Ohashi,

Minoru Iwata, Shoji Arimoto And Seii Miyakawa

The journal discussed about the Hitachi AEM DFA moet to improve design
quality for better assembly efficiency. Using thisethod, in the early design stages,
assembly efficiency is highlighted. In additiongteffects of design improvements are
confirmed with respect to assembly cost. Througisehactivities, design improvements are
realized and the extended AEM has been develop@udpgmve the functionality and the
accuracy of the method to allow a wide variety sé¢.uBased on a constructed product and
process model, a new evaluation system has beefoged and part-based cost estimation
has been realized.
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Table 2.7 Previous Research Of Boothroyd DFA Method Andaehii AEM DFA Method

Author Method Product study Results

Ismail, AH.A.A. Manap, Boothroyd- Pressure Vessel Based on the manual assemblyeaffici the existing

D.A. Wahab, R. Zulkifli, Dewhurst efficiency is 0.02% and after the DFMA approach

N.K Makhtar and K. implemented, there has been increased to 0.023%h&nd

Sopian (2008) IS quite good enough to give an impact on overall
assembly time.

Choi And Prasanthi Boothroyd- Computer mouse DFA examines the mouse to evaligatitness” for

(2000) Dewhurst assembly, and where appropriate, to provide higatle
suggestions to redesign the components so thattieey
easy to be assembled

Rhee (1996) Boothroyd-  Sub-assembly DFA of complex assemblies by allowing for rapid

Dewhurst partitioning for evaluation of assembly option by design changesiand

complex

assemblies

assembly planning itself by suggesting subassembly

partitions schemes along with assembly sequences.
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Table 2.7: Continued

Author Method Product study Results
Canciglieri And Boothroyd- Development of parts By doing this DFMA to theproduct, it provided cost
Kovalchuk (2006) Dewhurst  for the white goods  savings and reduction on the time to assembly the

industry product

Stone, Mcadams And  Boothroyd-
Kayyalethekkel (2002) Dewhurst

Product Architecture  This study reveals the evoluif products into designs
with smaller part counts, closely matching the meslu
identified by the conceptual DFA method.

By Toshijiro, Seii And Hitachi AEM
Makato (1985)

VTR Mechanisms Most of the operatiormilel be performed by high-level
robots but more preferred instead to perform such
operation manually, both for reasons of cost-pentorce

and quick line-up.

Toshijio,Ohashi, Hitachi AEM
Minoru Iwata, Shoji
Arimoto And Seii

Miyakawa

The effects of design Based on a constructed product and process model, a
improvements are new evaluation system has been developed and part-
confirmed with respect based cost estimation has been realized.

to assembly cost

Source: Previous Research Of Boothroyd DFA Methnd Hitachi AEM DFA Method



32

2.7 CONCLUSION

There are three different types of DFA methodolsgiBoothroyd Dewhurst,
Hitachi and Lucas which can be applied in a prodidech method had its own approach
and function ability that refers to their principlénowledge and skills are important in
using this method in order to get a good resuis tlear that the use of DFA method has a
tremendous impact when it is properly applied iptiaving the product. The adaptation of
DFA philosophy and cost quantification tools at #erly stages of product design will
gives greater benefits. For this project, BoothrBDgvhurst's DFA and Hitachi AEM DFA

method will be used to reduce the assembly caosteotar rear lamp.



CHAPTER 3

METHODOLOGY

3.1 INTRODUCTION

This chapter discussed about the method that usdis final year project.. The
flow chart of the Final Year project started wittetproject proposal and then the second
step is the literature review. After that, the netgp is the methodology regarding this
project. The methods used including methods ingatoprogress, methods in gathering
information, methods in separating and measurintp@fproduct, method in drawing of the
product and methods of using manual calculationBaifthroyd DFA and Hitachi AEM
DFA. Then, the next steps are the results and sksous of the project which is the
analysis of the product by using Boothroyd DFA a&fithchi AEM DFA method. After
that, the next step is the conclusions and recordatems and ended with the final report
of the Final Year project.



Project proposal

Project title, objectives, scopes,
project background

v

Literature review

Types of DFA methods and
examples of each method

A 4

Methodology

Gathering information, measuring and
separating the product, drawing the————
components and manual calculations|of

Boothroyd DFA and Hitachi AEM DFA

Results and discussior

Original design analysis
and option redesign
analysis

Conclusions and future recommendations

Y
Final repor

Figure 3.1 Flow Chart of the Final Year Project

38
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3.2 METHOD IN GATHERING INFORMATION

The progress of the project is started with gatigeiinformation regarding the
project title. Before that, an appointment with thapervisor has been made and the
suggestion by the supervisor is to find the jouaral reference book about DFMA method
regarding the project title so that there will bgemeral idea on how to conduct the project.
Other than that, the information regarding the ¢xbjalso obtained from websites and
journals from the internet. Some journals are reféfrom the university’s database such as
the journals from previous project that have beenedby the senior students. Several
journals has been studied and kept as a futureerefe to be used later. Previous thesis of
final year student also referred as a source ofrmétion while doing the project. Besides
the journals from internet and reference books fidmary, the information of short
interview with Deputy Dean of FKKP also considerte important information in

understanding the method that will be used infihe year project.

3.3 METHOD IN SEPARATING AND MEASURING THE PRODUCT

Method in separating and measuring of the prodinitiwis the rear lamp of Proton
Saga BLM is the most difficult method that neecoeodone because this method need a
special expertise in separating and measuring tmeponents of the rear lamp. The
separating of the components of the lamp is edsar measuring the components. The
components of the rear lamp can be separated by hsind and a screwdriver. The bulb
socket can be removed from the main casing byingtdhe socket anticlockwise and the
cover of the main casing can be removed by usimgl.h&he main casing connected with
four screws that can be removed by using a scrgedri

The most critical part in this method is to meastine dimensions of the
components of the rear lamp. For this rear lamyeraier calliper is used to measure the
small dimensions. For dimensions that greater trenier calliper scale, a long ruler is
used to measure the height and the length of ttteopthe rear lamp. Besides that, a small

diameter rope also is used to measure intricatemsions of the components of the rear
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lamp. Overall, the measurement of the product®isl0 percent precise due to the errors

from the measurements tools and too mush intrigarteof the rear lamp.
3.4 METHODS IN DRAWING OF THE PRODUCT

After all components of the rear lamp is separatedi measured, each component is
drawing back in solidworks software. The rear lasopsists of nine components which are
three bulbs with difference size, a wire socketwvaitilb casing, a main casing and the cover
and four screws. Then, all this part is drawing kbat solidworks software with the
dimensions from the previous method. After all tbemponents are drawing back
separately, all this parts will be assembled staviéh the bulb is connected to the bulb
casing with the wire and socket. Then, the covahefmain casing is mated with the main
casing and the four screws is connected to the oasimg. The final assembly is the bulb
with the socket wire is connected to the main aasind the final product of the rear lamp
is finished.

Complete rear lamp

r
Main casing

, | |

Wire connectors SCIews casing cover

| i i

Brake bulb with socket signalbulb withsocket  reverse bulbwith socket

\
] '

Brake bulb  brake bulb socket signal bulb  signal bulb socket reverse bulb  reverse bulb socket

Figure 3.2 Product tree of the rear lamp
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3.5 METHODS IN MANUAL CALCULATIONS OF BOOTHROYD DFA
METHOD

The computation is done by systematically compietime data in the followin
table. The data requires several estimates fomdggeefficiency of different componen

based on their characteristi

Table 3.1: Table for computation of design efficien

cl |2 cd |ed Jei |e6 |7 [c8 b Name of
(7] (¥
- ¥ K E Assembly
Sole | w a )
25215 (8 (818 |2 |2 |s5
Te3 |8 |E5 |8 |G5 |28 |ZE
0= " A 8 . 48 O =
THIEREHEREHEAEEEE
a [523|7 |3E|7 |3E|8% (8|28
" B3| E | gy 5 8¢ so|§o Bk
£ |zFgE|2 |22 |2 | £2 &':-j o= |dZE
Total: Design efficiency =
TM |CM [ NM | SMMIM=

Source: (Boothroyd 91)

One of the key features of the Boothr-Dewhurst method is estimation of t
ideal product , which translates to the methodlliig up column 9 in the chart. They gi
the following guidelines
Rule 1 During operation of the product, does the parven@lative to all other pa
already assembled?

Rule 2 Must the part be of a different material thanphes already assembled? [C

fundamental reasons associated with materoperties are acceptabl
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Rule 3 Must the part be separate from all parts alres$gmbled (because otherwise
necessary assembly/disassembly of other parts vioguichpossible)?

If the answer to any of these questions is YESjsaehtered in column 9 (except if
there are multiple parts in column 2, in which cg® minimum number of separate parts
required is entered in column 9 and the desigrtieficy is calculated according to the

equation (2.1)

3.6 METHODS IN MANUAL CALCULATIONS OF HITACHIAEM D FA
METHOD

The computation is done by systematically compietine data in the following
table. The data requires several estimates fomdggeefficiency of different components

based on their characteristics.

Table 3.2 Table for computation of design efficiency

Part Number of Summation Method
Count| Operation |Operations |Total Penalty| M =100+ | T=M* g
Name | (n) Symbols (m) (Z Penalty) | T Penalty | (+15%addop)| T*n
ZT*n=
Assembly Time = Tdown

Source: (Hitachi AEM, 2002)



43

Then, the design efficiency of the Hitachi AEM DR#ethod is calculated according to the
equation (2.2)

Y. part count

x 100%

Design efficiency =

Y. (assembly time in T down)

2™ ¥100%
»T
3.7 CONCLUSION

This chapter gives the important information regagdall the methods used in the
project. Various methods have been used to geinfleemation for the project such as
methods in design for the project, methods in gatganformation, method in separating
and measuring the product, method in drawing ofptieeluct and method used when using
the Boothroyd-Dewhurst DFA manual calculation anda¢hi AEM DFA method and
steps taken in writing thesis. By referring to ftevchart in Figure 3.1, the flow of the

project can be seen and understood easily.



CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 INTRODUCTION

This chapter presents results of this project amthér the results are discussed in
detail. The results for the current design and sipheof the rear lamp are stated. In this
project, the results are obtained by using Bootthrdyewhurst DFA and Hitachi
Assemblability method for DFA analysis and using LHDNORKS software for the
redesign of the component rear lamp. The recomntemdafor this project will be

discussed in the next chapter.

4.2 PRODUCT INFORMATION

The rear lamp of Proton Saga BLM is designed andufa&tured by Automotive
Lighting Malaysia Sdn Bhd and this company is tledor for Proton to design and
manufacture the rear lamp of the latest Protonatdhat time which is the Proton Saga
BLM. The function of the rear lamp is to alert tthiever at the rear of the car especially
during the night time driving.

The rear lamp of Proton Saga BLM consists of 10 mamments and the main
component of this rear lamp is the main casing Wwiscthe most important part followed

by the bulbs, sockets, wire connector, cover amevwss: The rear lamp consists of 6 sub-
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assemblies and the operation involved during theerably process including handling,

insertion and tightening operation.

Rear lamp

Figure 4.1 Location of rear lamp

Complete rear lamp

l

Main casing

: | l

Wire connectors SCIEWS casing cover

|
i i i

Brake bulb with socket signal bulbwithsocket  teverse bulb with socket

\
L

Brake bulb  brake bulb socket signal bulb  signal bulb socket reverse bulb  reverse bulb socket

Figure 4.2 Product tree of the rear lamp
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Figure 4.1 shows the product tree for the asserphbbgess of the rear lamp of

Proton Saga BLM that consists of the main assenally sub-assemblies. The main

assembly and six other subsystems are assemblethéogduring assembly process to

make the complete rear lamp. Below is the list @mponents assembled in the main

assembly.

0]
(if)
(iii)

Wire connectors

Screws

Cover

There are six sub-assemblies for the assembly gsoakthe rear lamp and all of

that is connected to the wire connector which ésrttain assembly for the rear lamp. Below

are the sub-assemblies for the assembly proceke ofar lamp.

()
(i)
(iii)
(iv)
(v)
(vi)

4.3

Brake bulb with socket

Signal bulb with socket

Reverse bulb with socket

Brake bulb and brake bulb socket
Signal bulb and signal bulb socket

Reverse bulb and reverse bulb socket

PRODUCT DESIGN ANALYSIS FOR BOOTHROYD DFA METH OD

Table 4.1 showed the components of the rear larttptive thickness and size and

the value otx andp to analysis the design by using Boothroyd DFA rodth
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Table 4.2 The components of the rear lamp

Main casing

o =180°
p=0°
Size =372 mm

Thickness = 246 mm

Brake bulb

o =180°
p=0°
Size =47 mm

Thickness = 12.5 mm

Signal bulb

o = 180°
p=0°
Size = 47 mm

Thickness = 12.5 mm

Reverse bulb

o =180°
p=0°
Size =35 mm

Thickness = 7 mm
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Table 4.1 Continued

Wire connector

o =180°
p=0°
Size =33 mm

Thickness = 19 mm

Brake bulb socket

o =180°
p=0
Size =27 mm

Thickness = 17.5 mm

Signal bulb socket

o =180°
p=0°
Size =27 mm

Thickness = 17.5 mm

Reverse bulb socket

o =180
p=0°
Size =29 mm

Thickness = 12 mm

Reverse bulb with socket

o =180°
B =360°
Size =52 mm

Thickness = 12 mm
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Table 4.1 Continued

Signal bulb with socket a = 180°
B =360

Size = 60 mm

Thickness = 17.5 mm

Brake bulb with socket o =180°
B =360°
Size = 60 mm

Thickness = 17.5 mm

Screw o =180°
p=0°
Size =36 mm

Thickness = 7.5 mm

Cover o = 360°
B =360°
Size = 207 mm

Thickness =5 mm

The original rear lamp design analysis is startier alisassemble the entire rear
lamp product component. Below are the steps in éstimg the whole analysis for the

original design of the rear lamp:
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(i) Decision has to be made on whether the rear lamyponents can be considered as
a candidate for elimination or redesign the comptsa the assembly.
(i)  Determine the theoretical minimum number of paotsthe rear lamp components
which is the minimum number of components necessapgrform the function.
(i)  Estimation of the time taken to grasp, manipulated insert each rear lamp
component to its main assembly.
(iv)  Calculate the total product assembly time and askecost.

(v) Calculate the design efficiency for the rear lampdpict in percentage value

According to the stepIl) above, the theoretical minimum number of parts is
obtained by answering 3 questions. If the answantpof the questions is 'yes' then either
a "1" is placed in the column. Otherwise, if alethAnswer for the 3 theoretical minimum
number of parts questions is ‘n’ then put ‘0’ ire tbolumn (refer Table 4.2). Below is the 3

theoretical minimum numbers of parts questions:

(i) Does the part move relative to all other partsaalyeassembled? ( small motions
where elastic hinges are possible can be ignored)
(i)  Does the part have to be in different material eridplated from all other parts
already assembled?
(i) Does the part have to be separated from all githgs already assembled because

of possible assembly or disassembly?

4.3.1 Original Design Analysis

Original rear lamp design consists of 10 differeamponents including 4 screws
and 3 different operations. The screws used inahgnal rear lamp design will be always
a candidate for elimination. For original desigme total assembly time to assemble all the
components is 73.61 seconds. On the other harad,cimét of assemble all the components
of original rear lamp design is RM 0.10224

By observing the original design, the improvementterm of ease of assembly can

be done. There are possible components for elimm&tom the original rear lamp design.
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Other than that, certain components seem possdilecdmbination with the already
assembled components. In the redesign of the aegy,Ithose elimination and combination

will be considered.

Table 4.1 shows DFA worksheet for the original deanp design. The DFA worksheet
Is a sheet used to evaluate each components ofédinéamp in term of many aspects. The

aspects that will be evaluated are shown below:

(i)  Proper names are given for each component of drdamp.
(i) Number of times the operation is carried out conseely for each component is
determined
(i)  Handling code and handling time for each compomeetermined from Manual
Handling Chart.
(iv)  Insertion code and insertion time for each compomeetermined from Manual
Insertion Chart.
(v)  Operation time for each component obtained by agdach component’s handling
and insertion time.
(vi)  Operation cost for each component is calculatedtdsting assumption done for
each component.
(vii)  Finally the theoretical minimum number of part istained by answering three

guestions.



Table 4.2:Original design analysis by using Boothroyd DFA Inoet

Par | Number o Manua Manua Insertior | Insertior Operatiol | Operatiol | Theoretice Part Nam
ID. |times the Handling | Handling | Code Time Time Cost Minimum
No. | operation is Code Time Number of
carried out Part
consecutively (x1073)
13 |1 0C 1.1z 3C 2.C 3.1¢ 4.347 1 Main casin
12 1 30 1.9¢ 30 5.C 6.9t 9.65: 1 Main casing cove
11 1 20 1.6 01 2.t 4.z 5.97: 1 Reverse bulb witl
socket
10 1 0C 1.1 - - 1.1: 1.56¢ 1 Reverse bulb sock
9 1 0C 1.1z 3C 2.C 3.1¢ 4.347 1 Reverse bul
8 1 2C 1.8 01 2.5 4.2 5.97: 1 Brake bulb with sock
7 1 0C 1.1 - - 1.1: 1.56¢ 1 Brake bulb sock
6 1 0C 1.1z 01 2.E 3.65 5.04: 1 Brake bull
5 1 2C 1.€ 01 2.5 4.2 5.97: 1 Signal bulb with sock
4 1 0C 1.1 - - 1.15 1.56¢ 1 Signal bulb sock
3 1 0C 1.1z 01 2.E 3.65 5.04: 1 Signal bull
2 1 0C 1.1: - - 1.1¢ 1.56¢ 1 Wire connectol
1 4 01 1.45 - - 5.72 7.94¢ 0 screw:
4 - - 01 7.5 30.C 41.67 - Tightening operatic
92
73.6] 102.23( 12 Design efficiency
™ CM NM 3 NM/TM = 0.489
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4.3.2 Original Design Calculations

For the calculation part, design efficiency neealdé¢ calculated in a percentage
value. It is important to find the design efficignior the original design and for the each
redesign so that the assembly efficiency betweenrear lamp designs can be compared
and evaluated. Below are the costing assumpticaishidve been made to find the design
efficiency for the original design.

(i)  Labor cost per month for one labor to produce tioelypct is assumed RM 800.
(i)  Working day per week for one labor is assumed Sday
(i)  Working hour per day for one labor is assumed &$ou
(iv)  Working hour per month for one labor is:
(4 weeks x 5 days x 8 hours) = 160 hours
(v)  Labor cost per hour per month for one labor is:
RM 800 /160 hours = RM 5.00
(vi)  Labor cost per second for one labor is RM 0.001389

Below are steps of calculation to find the desitficiency for the original rear lamp
design by using Eq (2.1):

3XNm
Tm

_3x12

T 7361

= 0.489

Design efficiency =

From the calculation, the result of design efficigfor the original rear lamp design
has been obtained. The value of design efficiencytfe original design is 48.9%.
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4.3.3 Option 1 Analysis

From the original design analysis, the main pant# tontribute to most of the
assembly time of the rear lamp are the screws dbahected to the main casing. The
original designs of the rear lamp consist of focrew/s that connected the main casing to
the car body. From the analysis of the originaigieghe screws is the main parts that need
to be eliminated to produce a better design efimyeof the rear lamp but the overall
screws cannot be eliminated because the functidimeo$crews is important in maintenance
process. Besides that, the design of the screwsatrgatisfied the rule of the elimination of
the part. So, the option of redesign 1 will redtlee number of screws from four screws to
two screws to produce better design efficiency @atlice the operation cost. The option 1

analysis is shown in table 4.3.

Screws
Screws

(Before) (After)

Figure 4.3 Option 1 of redesign



Table 4.3:Boothroyd Dewhurst DFA worksheet for option 1 asay

Par | Number o Manua Manua Insertior | Insertior Operatiol | Operatiol | Theoretice Part Nam
ID. | timesthe Handling | Handling | Code Time Time Cost Minimum
No. | operationis | Code Time Number of

carried out Part

consecutively ( x107-3)
13 |1 0C 1.1z 30 2.C 3.1¢ 4.347 1 Main casin
12 |1 30 1.9¢ 30 5.C 6.9t 9.65: 1 Main casing cove
11 1 20 1.6 01 2.t 4.z 5.97: 1 Reversebulb with

socket

10 |1 0C 1.1 - - 1.1: 1.56¢ 1 Reverse bulb sock
9 1 0C 1.1¢ 30 2.C 3.1¢ 4.347 1 Reverse bul
8 1 20 1.€ 01 .E 4.z 5.97: 1 Brake bulb with sock
7 1 0C 1.1 - - 1.1c 1.56¢ 1 Brake bulb sock:
6 1 0C 1.1z 01 2.5 3.6 5.04:2 1 Brakebulb
5 1 2C 1.€ 01 2.5 4.2 5.97: 1 Signal bulb with sock
4 1 0C 1.1 - - 1.1¢ 1.56¢ 1 Signal bulb sock
3 1 0C 1.1z 01 2.5 3.65 5.04: 1 Signal bull
2 1 0C 1.1: - - 1.1¢ 1.56¢ 1 Wire connectol
1 2 01 1.45 - - 2.8¢€ 3.97: 0 screw:

2 - - 01 7.5 15.C 20.83¢ - Tightening operatic

92
55.7¢ 77.45 12 Design efficiency
3 NM/TM = 0.645
™ CM NM




52

Table 4.3 shows Boothroyd Dewhurst DFA worksheettie option 1 of the rear
lamp. Improvement has been done to the originagdesf the rear lamp and resulting in
option 1 of the rear lamp. By redesigning the ordirear lamp, the total assembly time
that has been reduced is 17.86 seconds and thedetanbly cost reduced is RM 0.0248.

4.3.4 Option 1 Calculations

Below are the costing assumptions that have beele naefind the design efficiency
for the redesign 1.

(i)  Labor cost per month for one labor to produce tioglypct is assumed RM 800.
(i)  Working day per week for one labor is assumed Sday
(i)  Working hour per day for one labor is assumed &$ou
(iv)  Working hour per month for one labor is:
(4 weeks x 5 days x 8 hours) = 160 hours
(v)  Labor cost per hour per month for one labor is:
RM 800 /160 hours = RM 5.00
(vi)  Labor cost per second for one labor is RM 0.001389

Below are steps of calculation to find the desificiency for the option 1 of the
rear lamp design by using Eq (2.1):

3XNm
Tm

_ 3x12
~ 55.75

= 0.645

Design efficiency =

From the calculation, the result of design efficyerfor the option 1 rear lamp
design has been obtained. The value of designieitig for the option 1 is 64.5%.
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4.3.4 Option 2 Analysis

From the original design analysis, the bulbs tha wused to assemble the
components of the rear lamp are the reverse bulikebbulb and the signal bulb. The
original design of the reverse bulb is inserted find the socket while the original design
of the brake bulb and the signal bulb are insedt mxtate the bulb to fit the socket of the
bulbs. From the original design of the reverse pthle handling time, insertion time and
the operation cost of the reverse bulb is lowen tin@ brake bulb and the reverse bulb. The
improvements that have been made to the originsigdeof the brake bulb and the signal
bulb with the socket is to redesign them accordmnthe original design of the reverse bulb

and the socket of the rear lamp. The option 2 a&mlg shown in the table 4.4.

Before

After

Figure 4.4 Option 2 of redesign



Table 4.4 Boothroyd Dewhurst DFA worksheet for option 2 lgess

Par | Number o Manua Manua Insertior | Insertior Operatiol | Operatiol | Theoretice Part Nam
ID. |times the Handling | Handling | Code Time Time Cost Minimum
No. | operationis | Code Time Number of
carried out Part
consecutively (x1073)
13 1 o]0 1.1z 3C 2.C 3.1< 4,34 1 Main casini
12 1 30 1.9t 30 5.C 6.9t 9.65: 1 Main casing cove
11 1 20 1.6 01 2.t 4.z 5.97: 1 Reverse bulb witl
socket
10 1 0C 1.1: - - 1.1: 1.56¢ 1 Reverse bulb sock
9 1 0C 1.12 3C 2.C 3.1: 4.34] 1 Reverse bul
8 1 20 1.6 01 2.t 4.z 5.97: 1 Brake bulb with sock
7 1 0C 1.1c - - 1.1c 1.56¢ 1 Brake bulb sock:
6 1 0C 1.12 30 2.C 3.1: 4.34] 1 Brake bull
5 1 2C 1.6 01 2.5 4.2 5.97: 1 Signal bulb with sock
4 1 0C 1.1¢ - - 1.1¢ 1.56¢ 1 Signal bulb sock
3 1 0C 1.12 3C 2.C 3.1: 4.34] 1 Signal bull
2 1 0C 1.1: - - 1.1: 1.56¢ 1 Wire connectol
1 4 01 1.45 - - 5.72 7.94¢ 0 screw:
4 - - 01 7.t 30.C 41.67 - Tightening operatic
92
72.61 100.848 12 Design efficiency
3 NM/TM = 0.495
™ CM NM
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Table 4.4 shows Boothroyd Dewhurst DFA worksheettie option 2 of the rear
lamp. Improvement has been done to the originagdesf the rear lamp and resulting in
option 1 of the rear lamp. By redesigning the ordirear lamp, the total assembly time
that has been reduced is 1 seconds and the tetahh$y cost reduced is RM 0.0014.

4.3.5 Option 2 Calculations

Below are the costing assumptions that have beeie taefind the design efficiency

for the redesign 2.

(i)  Labor cost per month for one labor to produce tloglypct is assumed RM 800.
(i)  Working day per week for one labor is assumed Sday
(i)  Working hour per day for one labor is assumed &$ou
(iv)  Working hour per month for one labor is:
(4 weeks x 5 days x 8 hours) = 160 hours
(v)  Labor cost per hour per month for one labor is:
RM 800 /160 hours = RM 5.00
(vi)  Labor cost per second for one labor is RM 0.001389

Below are steps of calculation to find the desiffitiency for the original rear lamp design

by using Eq (2.1):

3XNm

Design efficiency =

_3x12
T 7261

= 0.495

From the calculation, the result of design efficiefor the option 2 rear lamp

design has been obtained. The value of designieitig for the option 2 is 49.5%.
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4.3.6 Option 3 Analysis

From the option 1 and the option 2, the improvemémat performed is reduced of
the amount of the screws and redesign back thealskgrib, brake bulb and the sockets
according to the original reverse bulb with thek&cAll improvements that performed are
considered the option 3 which is the combinatiothefimprovement from the option 1 and
option 2. From the improvements that have been midxeoption 3 will have the most
efficient design efficiency due to the combinatiminthe option 1 and option 2. Table 4.5
showed the redesign analysis of the option 3 byguBbothroyd DFA method.

Screws

Screws / \

(Before) {After)

Before

After

Figure 4.5 Option 2 of redesign



Table 4.5: Boothroyd Dewhurst DFA worksheet for option 3 gsa

Part | Number of Manual Manual Insertion | Insertion Operation | Operation | Theoretical Part Name
ID. | times the Handling Handling Code Time Time Cost Minimum
No. | operation is Code Time Number of
carried out Part
consecutively (x1073)
13 1 00 1.13 30 2.0 3.13 4.347 1 Main casing
12 1 30 1.95 30 5.0 6.95 9.653 1 Main casing cover
11 1 20 1.8 01 2.5 4.3 5.972 1 Reverse bulb vathet
10 1 00 1.13 - - 1.13 1.569 1 Reverse bulb socket
9 1 00 1.13 30 2.0 3.13 4.347 1 Reverse bulb
8 1 20 1.8 01 2.5 4.3 5.972 1 Brake bulb with sbcke
7 1 00 1.13 - - 1.13 1.569 1 Brake bulb socket
6 1 00 1.13 30 2.0 3.13 4.347 1 Brake bulb
5 1 20 1.8 01 2.5 4.3 5.972 1 Signal bulb with sbck
4 1 00 1.13 - - 1.13 1.569 1 Signal bulb socket
3 1 00 1.13 30 2.0 3.13 4.347 1 Signal bulb
2 1 00 1.13 - - 1.13 1.569 1 Wire connectors
1 2 01 1.43 - - 2.86 3.972 0 screws
2 - - 01 7.5 15.0 20.835 - Tightening operation
92
54.75 76.04 12 Design efficiency
3 NM/TM = 0.657
™ CM NM
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Table 4.5 shows Boothroyd Dewhurst DFA worksheettie option 3 of the rear

lamp. Improvement has been done to the originagdesf the rear lamp and resulting in

option 3 of the rear lamp. By redesigning the aptBorear lamp, the total assembly time
that has been reduced is 18.86 seconds and thadetanbly cost reduced is RM 0.0262

4.3.6 Option 3 Calculations

Below are the costing assumptions that have beele naeefind the design efficiency

for the option 3.

(i)
(ii)
(iif)
(iv)

(v)

(vi)

Labor cost per month for one labor to produce toelpct is assumed RM 800.
Working day per week for one labor is assumed Sday

Working hour per day for one labor is assumed &$ou

Working hour per month for one labor is:

(4 weeks x 5 days x 8 hours) = 160 hours

Labor cost per hour per month for one labor is:

RM 800 /160 hours = RM 5.00

Labor cost per second for one labor is RM 0.001389

Below are steps of calculation to find the desiffitiency for the option 3 of the rear lamp

by using Eq (2.1);

3XNm
Tm

312

"~ 5475

= 0.657

Design efficiency =

From the calculation, the result of design efficiefor the option 3 rear lamp

design has been obtained. The value of designieifig for option 3 is 65.7%.
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4.4 PRODUCT DESIGN ANALYSIS FOR HITACHI AEM DFA ME THOD

The Hitachi AEM analyses the motions and operatioaled '‘assembly operations’,
necessary to insert and secure each componeng @irdlduct. A simple downward motion
is considered to be the easiest and fastest asg@pétation. Penalty points are awarded
for every motion or operation that differs from,isiin addition to, this simple motion. This
method makes use of assemblability and assembtyratis indices to identify the weak

points of a design.

The procedure begins by entering the motions aneratppns necessary for
assembly onto an AEM form. From drawings (detait@dconceptual) or samples, the
analyst completes an AEM form by entering the parhes and numbers in the same order
that assembly takes place The form is used to cmnflee assembly processes to the

optimum, and given a penalty from the synthetieagsy data.

4.4.1 Original Design Analysis

The assembly sequences of the original rear lamglaown in the table 4.6. The
total assembly time for the original design is Z9.@lown and the original design
efficiency is 75.78%.

Table 4.6 Assembly sequences of the original rear lamp

Assembly process operation

1. Brake bulb
1. Position a brake bulb socket

as a base

2. Bring down a brake bulb

3. Press and twist the brake bulb
to the bulb base

R




2. Signal bulb

Y
-,

Position a signal bulb socket
as a base

Bring down a signal bulb
Press and twist the signal bulb
to the bulb base

3. Reverse bulb

?
T

Position the reverse bulb
socket as a base

Bring down the reverse bulb
and insert the bulb to the bulb
base

4. Brake bulb with socket

.x 1.

<

Position a main casing as a
base

Bring down and turn the
brake bulb with the socket to

the main casing

60
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5. Signal bulb with socket

3

. Position a main casing as the

base

. Bring down and turn the

signal bulb with the socket to

the main casing

6. Reverse bulb with socket

i

. Position a main casing as the

base

. Bring down and turn the

reverse but with the socket to

the main casing

7. Screws

} 1

. Position the main casing as

the base

. Bring down and turn the

screws at the main casing
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8. Cover

. Position the main casing as

the base

. Bring down and insert the

cover to the main casing




Table 4.7 Hitachi AEM for original design analysis

Number of Summation Method
Total M =100
Count Operation Operations Penalty + T=M*a
S
Name (n) Symbols (m) (S Penalty)Penalty | (+15% add op) T*n

main casing 1 base 1 0 100 100 100
cover 1 down 1 0 100 100 100
main casing 1 base 1 0 100 100 100
screws 4 down, rotational 2 65 165 189.75 759
main casing 1 base 1 0 100 100 100
brake bulb with socket 1 down, clinching 2 30 130 149.5 149.5
Main casing 1 base il 0 100 100 100
Signal bulb with socket 1 down, clinching 2 30 130 149.5 149.5
Main casing 1 base il 0 100 100 100
Reverse bulb with socket 1 down, clinching 30 130 149.5 149.5
brake bulb socket 1 base 1 0 100 100 100
brake bulb 1 down, clinching 2 30 130 149.5 149.5
Signal bulb socket 1 base 1 0 100 100 100
Signal bulb 1 down, clinching P 30 130 149.5 149.5
Reverse bulb socket 1 base 0 100 100 100
Reverse bulb 1 down 2 0 100 100 100
19 ST*n = 2506.5

Assembly Time = 25.07 Tdown
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From the original design of the rear lamp, theltassembly time for the design is

25.07T down and the screws will be the best camelsd® be reduced to increase the design

efficiency of the rear lamp.

4.4.2 Original Design Calculations

For the calculation part, design efficiency need$é calculated in a percentage

value. It is important to find the design efficignior the original design and for the each

option so that the assembly efficiency betweenrd¢lae lamp designs can be compared and

evaluated. Below are the costing assumptions thae tbeen made to find the design

efficiency for the original design.

0
(ii)
(iii)
(iv)

(v)

(Vi)

Labor cost per month for one labor to produce ttoelpct is assumed RM 800.
Working day per week for one labor is assumed Sday

Working hour per day for one labor is assumed &$ou

Working hour per month for one labor is:

(4 weeks x 5 days x 8 hours) = 160 hours

Labor cost per hour per month for one labor is:

RM 800 /160 hours = RM 5.00

Labor cost per second for one labor is RM 0.001389

From Eq (2.2):

. - Y. part count
Design efficiency =
9 y Y. (assembly time in T down)

x 100%

Zn

0
ST x100%

=22 100%
25.07

= 75078
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From the calculation, the result of design efficigfor the original rear lamp design
has been obtained. The value of design efficiencytfe original rear lamp is 75.787%

4.4.3 Option 1 Analysis

From the original design analysis, the main pdré tontribute to most of the cost
of the rear lamp are the screws that connectetlgornain casing. The original designs of
the rear lamp consist of four screws that connettiednain casing to the car body. From
the analysis of the original design, the screwthiégsmain parts that need to be eliminate to
produce a better design efficiency of the rear lamp the overall screws cannot be
eliminated because the function of the screws ontant in maintenance process. So, the
option 1 will reduce the number of screws from fearews to two screws to produce better
design efficiency and reduce the operation coshlerd4.8 shown the option 1 assembly

sequences of the rear lamp by using Hitachi AEM Dke&thod

Table 4.8: Assembly sequences for redesign 1 analysis

Assembly process operation

1. Position a brake bulb socket as a
base

2. Bring down a brake bulb

3. Press and twist the brake bulb to
the bulb base

1. Brake bulb
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the bulb base

1. Position a signal bulb socket as a
base

2. Bring down a signal bulb

3. Press and twist the signal bulb to

2. Signal bulb

1. Position the reverse bulb socket
as a base

2. Bring down the reverse bulb
and insert the bulb to the bulb

?
MO

3. Reverse bulb

l 1. Position a main casing as a base
2. Bring down and turn the brake bulb

‘ with the socket to the main casing

4. brake bulb with socket
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x 1. Position a main casing as the base
2. Bring down and turn the signal bulb

with the socket to the main casing

5. signal bulb with socket

t 1. Position a main casing as the base
2. Bring down and turn the reverse but

with the socket to the main casing

6. Reverse bulb with socket

.'. * 1. Position the main casing as the base
2. Bring down and turn the screws at

the main casing

7. Screws
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e 1. Position the main casing as the base

2. Bring down and insert the cover to

the main casing

8. Cover




Table 4.8:Hitachi AEM DFA method for option 1 analysis

Part Number of Summation Method
Total M=
Count Operation Operations Penalty | 100 + T=M*a
S S
Name (n) Symbols (m) PeElalty) Penalty| (+15% add op T*n

main casing 1 base 1 0 100 100 100
cover 1 down 1 0 100 100 100
main casing 1 base 1 0 100 100 100
screws 2 down, rotational 2 65 165 189.75 379.5
main casing 1 base 1 0 100 100 100
brake bulb with socket 1 down, clinching 2 30 130 149.5 149.5
Main casing 1 base 1 0 100 100 100
Signal bulb with socket 1 down, clinching 2 30 130 149.5 149.5
Main casing 1 base 1 0 100 100 100
Reverse bulb with socket 1 down, clinching 2 30 130 149.5 149.5
brake bulb socket 1 base 1 0 100 100 100
brake bulb 1 down, clinching 2 30 130 149.5 149.5
Signal bulb socket 1 base 1 0 100 100 100
Signal bulb 1 down, clinching P 30 130 149.5 149.5
Reverse bulb socket 1 base 1 0 100 100 100
Reverse bulb 1 down 2 0 100 100 100

17 ST*n= 2127

Assembly =
Time 21.27Tdown
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From the option 1 of the rear lamp, the total addgrime for the design is 21.27T

down after the elimination of two screws and theeatbly time is reduced to 3.8 Tdown.

2.4.4 Option 1 Calculations

Below are the costing assumptions that have beele naefind the design efficiency

for the option 1 design.

(i)
(ii)
(iif)
(iv)

(V)

Labor cost per month for one labor to produce toelpct is assumed RM 800.
Working day per week for one labor is assumed Sday

Working hour per day for one labor is assumed &$ou

Working hour per month for one labor is:

(4 weeks x 5 days x 8 hours) = 160 hours

Labor cost per hour per month for one labor is:

RM 800 /160 hours = RM 5.00

Labor cost per second for one labor is RM 0.001389

From the Eq (2.2):

Design efficiency = Lpart count x 100%

Y. (assembly time in T down)

_in 9
=7 x100%

=7 % 100%
21.27

78.925%
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From the calculation, the result of design efficierfor the option 1 rear lamp
design has been obtained. The value of designegitig for the option 1 of the rear lamp is
79.925%.

4.4.4 Option 2 Analysis

From the original design analysis, the bulbs tha wsed to assemble the
components of the rear lamp are the reverse budkebbulb and the signal bulb. The
original design of the reverse bulb is insertind &hto the socket while the original design
of the brake bulb and the signal bulb are insedt mxtate the bulb to fit the socket of the
bulbs. From the original design of the reverse pthe handling time, insertion time and
the operation cost of the reverse bulb is lowen tin@ brake bulb and the reverse bulb. The
improvement that have made to the original desigthe brake bulb and the signal bulb
with the socket is to redesign them according éodhginal design of the reverse bulb and

the socket of the rear lampable 4.9 shown the assembly sequences for optaralysis.

Table 4.9: Assembly sequences for option 2 analysis

Assembly process Operation

1. Position a brake bulb socket as a
base

2. Bring down a brake bulb and insert
the brake bulb to the bulb base

1. Brake bulb
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2
.

2. Signal bulb

. Position a signal bulb socket as a

base

. Bring down a signal bulb and insert

the signal bulb to the bulb base

?
T

3. Reverse bulb

. Position the reverse bulb socket as

a base

. Bring down the reverse bulb and

insert the bulb to the bulb base

|

@

4. brake bulb with socket

1. Position a main casing as a base

. Bring down and turn the brake bulb

with the socket to the main casing




73

: 1. Position a main casing as the base
2. Bring down and turn the signal

bulb with the socket to the main

casing
5. signal bulb with socket
t 1. Position a main casing as the base
2. Bring down and turn the reverse

but with the socket to the main

casing
6. Reverse bulb with socket
.I. "' 1. Position the main casing as the
base

2. Bring down and turn the screws at

the main casing

7. Screws
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8. Cover

. Position the main casing as the

base

. Bring down and insert the cover to

the main casing




Table 4.10:Hitachi AEM DFA method for option 2 analysis

Number of Summation Method
Total M=
Count Operation Operations Penalty | 100 + T=M*a
S S
Name (n) Symbols (m) PeElalty) Penalty| (+15% add op T*n

main casing 1 base 1 0 100 100 100
cover 1 down 1 0 100 100 100
main casing 1 base 1 0 100 100 100
screws 4 down, rotational 2 65 165 189.75 759
main casing 1 base 1 0 100 100 100
brake bulb with socket 1 down, clinching 2 30 130 149.5 149.5
Main casing 1 base il 0 100 100 100
Signal bulb with socket 1 down, clinching 2 30 130 149.5 149.5
Main casing 1 base il 0 100 100 100
Reverse bulb with socket 1 down, clinching 2 30 130 149.5 149.5
brake bulb socket 1 base 1 0 100 100 100
brake bulb 1 down, D 0 100 100 100
Signal bulb socket 1 base 1 0 100 100 100
Signal bulb 1 down, 2 0 100 100 100
Reverse bulb socket 1 base 1 0 100 100 100
Reverse bulb 1 down 2 0 100 100 100

19 ST*n= 2407.5

Assembly =
Time 24.07Tdown
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From the redesign 2 of the rear lamp, the totadrabdy time for the design is 24.07

Tdown after the improvements of the brake bulb watdtket and the signal bulb with
socket and the assembly time is reduced to 1.0 mdow

4.4.5 Option 2 Calculations

Below are the costing assumptions that have beele naeefind the design efficiency

for the option 2 design.

(i)
(i)
(iii)
(iv)

(v)

Labor cost per month for one labor to produce tloelyct is assumed RM 800.
Working day per week for one labor is assumed Sday

Working hour per day for one labor is assumed &$ou

Working hour per month for one labor is:

(4 weeks x 5 days x 8 hours) = 160 hours

Labor cost per hour per month for one labor is:

RM 800 /160 hours = RM 5.00

Labor cost per second for one labor is RM 0.001389

From Eq (2.2):

. - Y. part count
Design efficiency =
9 y Y. (assembly time in T down)

x 100%

2n

0
ST x100%

=1 100%
24.07

= 78.936%
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From the calculation, the result of design efficiifor the option 2 of the rear lamp
design has been obtained. The value of designiegifig for the option 2 of the rear lamp is
78.936%

4.4.6 Option 3 Analysis

From the option 1 and the option 2, the improventeat have made is to reduce
the amount of the screws and redesign back thelskgrib, brake bulb and the sockets
according to the original reverse bulb with theka&bcAll improvements that have made are
the option 3 which is the combination of the imprment from the option 1 and option 2.
From the improvements that have been made, thero@iwill have the most efficient
design efficiency due to the combination of the@aptL and option 2. Table 4.11 shown the

assembly sequences for the option 3 analysis

Table 4.11:Assembly sequences for option 3 analysis

Assembly process Operation

1. Position a brake bulb socket as a
base

2. Bring down a brake bulb and insert
the brake bulb to the bulb base

1. Brake bulb
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2. Slgnal bulb

. Position a signal bulb socket as a

base

. Bring down a signal bulb and insert

the signal bulb to the bulb base

3. Reverse bulb

. Position the reverse bulb socket as

a base

. Bring down the reverse bulb and

insert the bulb to the bulb base

¢

4. brake bulb with socket

. Position a main casing as a base

2. Bring down and turn the brake bulb

with the socket to the main casing
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x 1. Position a main casing as the base
2. Bring down and turn the signal

bulb with the socket to the main

casing
5. signal bulb with socket
t 1. Position a main casing as the base
2. Bring down and turn the reverse

but with the socket to the main

casing
6. Reverse bulb with socket
* * 1. Position the main casing as the
base

2. Bring down and turn the screws at

the main casing

7. Screws
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8. Cover

. Position the main casing as the

base

. Bring down and insert the cover to

the main casing




Table 4.12:Hitachi AEM method for option 3 analysis

Total M =100
Count Operation Operations Penalty + T=M*a
c
Name (n) Symbols (m) PeSIalty) S Penalty (+15% add op) T*n

main casing 1 base 1 0 100 100 100
cover 1 down il 0 100 100 100
main casing 1 base 1 0 100 100 100
screws 2 down, rotational 2 65 165 189.75 379.5
main casing 1 base 1 0 100 100 100
brake bulb with socket 1 down, clinching 2 30 130 149.5 149.5
Main casing 1 base il 0 100 100 100
Signal bulb with socket 1 down, clinching 2 30 130 149.5 149.5
Main casing 1 base il 0 100 100 100
Reverse bulb with socket 1 down, clinching 2 30 130 149.5 149.5
brake bulb socket 1 base 1 0 100 100 100
brake bulb 1 down 1 0 100 100 100
Signal bulb socket 1 base 1 0 100 100 100
Signal bulb 1 down 1 0 100 100 100
Reverse bulb socket 1 base 1 0 100 100 100
Reverse bulb 1 down P 0 100 100 100

17 ST*n= 2028

Assembly =
Time 20.28Tdown
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Option 3 is the combination of redesign 1 and rephe® of the rear lamp to get the
best result of the design efficiency and to imprtwe assembly time of the rear lamp. The
assembly time is improved to 20.28 Tdown and trségaheefficiency is 83.826%.

4.4.7 Option 3 Calculations

Below are the costing assumptions that have beele neefind the design efficiency
for the option 3 design.

i.  Labor cost per month for one labor to produce ttoelpct is assumed RM 800.
ii.  Working day per week for one labor is assumed Sday
lii.  Working hour per day for one labor is assumed 8$iou
iv.  Working hour per month for one labor is:
(4 weeks x 5 days x 8 hours) = 160 hours
v. Labor cost per hour per month for one labor is:
RM 800 /160 hours = RM 5.00
Labor cost per second for one labor is RM 0.001389

From the Eq (2.2):

Design efficiency = Lpart count x 100%

Y.(assembly time in T down)

2

0
ST x100%

=" x 100%
20.28
= 83.826
From the calculation, the result of design efficiifor the option 3 of the rear lamp

design has been obtained. The value of designexifig for the option 3 of the rear lamp is
83.826%



45  SUMMARY

4.5.1 Results of Boothroyd DFA method

Table 4.13 Results of Boothroyd DFA method
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Design Total Total Design
Assembly Assembly efficiency
time cost (%)
(second) (RM)
Original design 73.61 0.1022 48.9
Option 1 55.75 0.0774 64.5
Option 2 72.61 0.1008 49.5
Option 3 54.75 0.0760 65.7
Source: Result of Boothroyd DFA method
4.5.2 Results of Hitachi AEM DFA method
Table 4.14:Results of Hitachi AEM DFA method
Design Total Assembly time Total Assembly cost Design
in T down in T down efficiency
(second) (RM) (%)
Original design 25.07 0.0348 75.78
Option 1 21.27 0.0295 79.92
Option 2 24.07 0.0334 78.93
Option 3 20.28 0.0282 83.83

Source: Result of Hitachi AEM DFA method
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46  CONCLUSION

From Boothroyd Dewhurst DFA analysis, original d@siand each option of
redesign of the rear lamp is evaluated in termseémbly efficiency. All related data to the
Boothroyd Dewhurst DFA analysis of the original idesand redesign are stated in the
Boothroyd Dewhurst DFA worksheet. All total residt all design is shown in Table 4.13.
After the full analysis of Boothroyd Dewhurst isnepleted, option of 3 of redesign is the

best design compare to option of redesign 1 aoifckize rear lamp.

Meanwhile, for Hitachi AEM DFA analysis, originaésign and each option of the
redesign of the rear lamp is evaluated in termseémbly efficiency. All related data to the
Hitachi AEM DFA analysis of the original design aretlesign are stated in the Hitachi
AEM DFA worksheet. All total result for all desiga shown in Table 4.14. After the full
analysis of Hitachi AEM DFA is completed, the opti8 of redesign of is the best design

compare to option of redesign 1 and option of riphe8 of the rear lamp.



CHAPTER 5

CONCLUSION

5.1 CONCLUSION

This chapter summarized the conclusions and recomatens for the
overall objective of the project based on Boothr@ewhurst DFA analysis and
Hitachi AEM DFA analysis. Firstly, the conclusios ihe design efficiency of the
original and option of redesign the rear lamp adtém Saga BLM is evaluated by
using Boothroyd-Dewhurst DFA method and Hitachi AHMA method. For
Boothroyd-Dewhurst DFA method, the original desgfficiency of the rear lamp is
48.9%, option of redesign 1 is 64.5%, option ofeedgn 2 is 49.5% and option of
redesign 3 is65.7%. For Hitachi AEM DFA method, thesign efficiency of the
original rear lamp is 75.78%, option of redesigis ¥9.93%, option of redesign 2 is
78.93% and option of redesign 3 is 83.83%.

Secondly, the suggestions to reduce the assembtyofdhe rear lamp are
performed by eliminated two of the screws and rigiethe brake bulb, signal bulb
and the sockets according to the original reverdb With the socket to reduce the
assembly time of the rear lamp. Thirdly, by usihg Boothroyd-Dewhurst DFA
method, the assembly cost of the original designRig 0.1022 and after
improvements, the assembly cost is RM 0.0760 wfule Hitachi AEM DFA
method, the assembly cost of the original desigRN60.0348 T down and the cost
after improvements is RM 0.0282 T down. The finmh@usion is the best option of
redesign which is option 3 is chosen to redesignréar lamp with higher design
efficiency than original design.
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5.3 RECOMMENDATIONS FOR FUTURE WORKS

For further research, the Boothroyd Dewhurts DFMalgsis can be
conducted on the rear lamp of the proton Saga BBMcombination of the DFM
and DFA analysis in the further research, it wasult to the DFMA analysis. The
DFMA analysis can give result based on assembligieficy and manufacturing
efficiency. By DFMA analysis, a fully analysis dig rear lamp from design stage
into to the manufacturing stage can be performézttyely. Besides that, software
analysis also can be used to analyze the designeeffy for the rear lamp in order

to get an accurate result for the future research.
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APPENDIX Al

GANTTCHART OF FYP 1

No | Activities week 12| 3| 4| 5 6 101 | 12| 13/ 14|15
Project progress

1 Chapter : Introduction Plannir]
Actual

2 Chapter 2: Literature review Plannipg
Actual

3 Chapter 3: Methodology Planning
Actual

4 Finalizing thesis writing as draft 1 Planning
Actual

5 Presentation Planning
Actual

—

Planning to complete work

Actual complete work
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GANTTCHART OF FYP 2

No | Activities week 12| 3| 4| 5 6| 7 101 | 12| 13/ 14|15
Project progress
1 Redesign rear lamp using Planning
solidworks software Actual
2 Fill up Boothroyd- Dewhurst DFA | Planning
worksheet for all design
Actual
3 Fill up Hitachi AEM DFA Planning
worksheet for all design
Actual
4 Obtained full results Planning
Actual
5 Finishing of final draft with logbook Planning
Actual
6 Submission of final draft with Planning
logbook Actual

Planning to complete work

Actual complete work




