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ABSTRACT

Design for Assembly (DFA) is one of method in thesembly
systems to ease the assembly during simultaneamcess from

assembling process in order to obtain the effectiost and to
reduce the number of component. Prior to designagsembly
process, it is needed to propose a model, drawinyatotype of
the assembly.

20 THEORY

2.1 Assembling
Assembling is a process to join a component orcarponent to
form the product. Types of Assembling divided into:

1. Manual Assembly
Manual assembly is an assembly process by using man
power to assemble a component or sub-component
conventionally.

2. Automated Assembly
Automated assembly refers to the use of programmed
machines and automated devices to carry out thieusar
assembly tasks in an assembly process. The vastitpajf
automated assembly systems are designed to permdiorm
fixed sequence of assembly steps on a specifiauptod

the beginning until become new products of the whol
components. However, the obstacles in assemblyepsocould
be occurred in waste separation machine. Thereforerder to
obtain the optimization of assembly process, itneeded to
conduct an analysis of component design beforegtbduction.
DFA analysis will obtain the value of assembly @#hcy. The
efficiency value of prototype machine will achiegeway to
separate the waste, both ferromagnetic and noorfemnetic
materials. Furthermore, efficiency value theordiiycaon
assembly of waste separation machine is 14.22%
548.47seconds. The efficiency value of waste séparanachine
after assembly process in actual condition is 1%.83t
658.88seconds. The distinction efficiency valueca@ised by
difficulties in assembly of the belt roller and sagsembly of base
support on motor. As consequences, the time tagggmbly will
take more time on actual condition rather than titéaally.

at

2.2 Design for Assembly (DFA)

Design for Assembly (DFA) is a method to assembl@monent
and sub-component to form a product in order tdndpe the
cost efficiency. The manual assembly process cbealdlassified
into:

2.2.1 Manual Handling

KEY WORDS: Design for Assembly (DFA), Efficiency of In a manufacture, the manual handling is an opmraif moving

Assembly part by using hand, arms or some other forms oflypafort.
There are some effects in the process of manuallihgrsuch as:
1. Effect of Part Symmetry On Handling Time

1.0 INTRODUCTION Symmetry g

Figure 2.1 shows rotational symmetry of part congmrwhich is

erpendicular to the axig)and parallel to the insertion ax
Design for Assembly (DFA) is a method to optimiziee t perp X P B
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Figure 2.1: Rotational Symetry of several parts

2. Effect Of Part Thickness and Size On Handling Time.
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Figure 2.2: Thickness effect
In the figure 2.2 shows the thickness effect to uadn
handling time in cylindrical and non-cylindrical @eetry in
assembling process.

3. Effect of Part Sze
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Figure 2.3: Effect of size in manual handling

In the figure 2.3 shows the difficulties of smablirpin manual
handling which can take much time in assemblinggss.

2.2.2 Manual Insertion
The factors which could affect the time of manuaseition
consist of:

1. Effect of Chantfer Design on Insertion Operations.
{a) Geometry of Peg 82 D w2
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d (b) Geometry of Hole
Figure 2.4: Peg and Hole geometry

Figure 2.4 shows the assembly process of two gemsein
different chamfer position as shown in figure 223 the chamfer
in the peg and figure 2.4 (b) the chamfer on edggometry.

2. Effect Of Holding Down

This condition can be defined as holding in certaime in order
to wait the sequence process of assembly.

2.2.3 Boothroyd-Dewhusrt Table M atrices
Boothroyd-Dewhusrt performed some experiments ¢atifly the
resistances and difficulties of assembly procebgs. ombination
of them was tabulated which refers to Table 3.2 Eatule 3.3.

2.2.4 Assembling Efficiency
The assembling efficiency of product could be calmd as
follow:

By = NTmf; ».
Where,
Noiw = Theoretical minimum number of parts
tg = Basic assembly time for one part (3s)

tmz: = Estimated time to complete
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3.0 METHOD 3.1.1 Theoretical Time estimation
The estimation of Assembling Time theoretically ¢anseen in
31 Flowchart the flowchart below:
Star Start
/ Literature Review / \l/ \l/
\l/ Part Specification Minimum of Part
Design Prototype \l/ | \l/
N | v Estimation of Estimation of
Handling Time Insertion Time
Assembling Production
Time Process of | \l/ |
@ % Total of Assembly
Time
Assembly Efficiency Prototype |
(Theoretical)
Assembly Time
(Practical) -
Assembly Efficiency
V/ (Theoretical)
Assembly Efficiency \l/
(Practical)
Finish
\l’ Figure 3.2: Estimation of Assembly Time in theoretical

Analysis of Comparison
between Theoretical and
Practical

V.

Conclusion

2

Finist

Table 3.1 explains how to determine the estimatioassembling
time per part of unit. Afterward, the assemblingeiof each part
will be inserted to the worksheet analysis table.

Figure 3.1: Flowchart of research
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Table 3.1: Worksheet Analysis
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The items of worksheet analysis can be explainddliasv:

a.
b.

Number of items (RP) is the number of same pait uni
Handling code consists of two-digit of number whiish
used to determine the handling time according tolg'8.2
Estimation of handling time.

Handling Time (HT) is the required time to handie part.
Insertion Code is two-digit number to determine the
handling time of insertion according to the Table3 3
estimation of handling time.

Insertion Time is the required time to joint eadtpart that
needed to be assembled.

Total Time is number of item (RP) which is multgdi by
increment of handling time and insertion time.

Minimum Part is one of the important parameter to
determine assembly efficiency.

3.1.2 Estimation of Assembly Timein Practice

After the prototype of products was complete, tlextrstep is
preparing the assembly process in order to takeetpaired time
to establish the product. The assembly processhiesofive
operators to assemble the machine. Each of opessigned
three times of assembly process in rotation, act edassembly
process run along with stopwatch to count the ttalen. The
process of required time in assembling can be iestrby
flowchart below:

Star

v

Vi

Prototype Par

Minimum Par

v

Manual

\/

Time Counter
of Assemting

v

Total Time of
Assemting

v

Efficiency of
Assemhing Time

v

Efficiency of
Assembly in Practic

v

Finist

Figure 3.3: Flowchart of Assembly Time in Practice

3.2 Material of Research

In this research, the design of waste separatiahime is showed
in Figure 3.4 (a) and the prototype showed in Fegaid (b).

Figure 3.4: (a) Design of waste separation machine.
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15.Front 2 0 | 113| 7| 65 1526
bearing
16.Bushing 2 0 1.13 0f 15 5.26
L7.Front 2 | 30 | 195| 6| 55 149
roller arm
ﬁﬁé’zrom shaft 3 | 169 0| 15 638 | o
19.Front shaf o | 113| 38| 6| 1426 o©
20.Belt
tensioner
shaft 2 3 1.69 0 1.5 6.38 0
ring
21.Belt
tensioner 2 30 1.95 0 1.5 6.9 2
Figure 3.4 (b): Prototype of waste separation nreehi Zrz]-';'to”OW 1 o | 1131 6| 55 663
shal
iﬁéﬁdjuswr 1 0 | 1.13| 6| 55 663 1
40 THE RESULT OF ESTIMATION TIME AND 24 Aduster
EFFICIENCY shaft nut 1 0 1.13 38 6 7.13 0
25.Front Sub-
Table 4.1 shows the result of estimation timg,) and efficiency assembly 1 95 4 98| 7 11 0
either in theoretical or practical. Based on theotly, the total roller
time of assembly to all components is 548.47seemtithe value 26.Belt 1 20 18 1| 25 43 1
of assembly efficiency is 14.22 %. Whereas in peattthe total g;agk?t T i oA 32 51 I
time of assembly to all of component is 658.88sdcand the 28'let rofler : d
value of assembly efficiency is 11.83 %. sto.pper 2 30 195| 6| 55 149 2
. . . . 29.Belt
Table 4.1: The Result of assembling time estimation stopper nut 4 10 | 15| 38/ 6 30 4
30.DC moto 1 10 1.5 0 1.5 3 1
(] —~
o & 8 |8 |88 | ®F 31 Bracket 2 | 20| 18| 6| 55 146
2 S 8 | S | E i = motor
2 S| o 'a’f 1z 4 Ex g 32.Motor
@ s = % E| 2 |2E % = c bracket nut 4 10 151 38 6 30
5 E 2|5 3|8 | s3 | = 33.Motor belt | 1 0 | 113 0] 15 263 1
- T = ==
oy z T i‘;h"ﬂfﬁé 1 | 30 | 195| 7| 64 845 | 1
Mounting il 3 0 3 0 35.Motor 4 | 10| 15| 7| 65 32 0
2. Body 1 93 3 7 5 95 0 mounting bolt
4.Body Nut 4 1 1.8 38 6 31.2 0 mounting nut
% Rear 37.Inlet arn 2 30 | 195 6 | 55| 149 2
Bearing 2 0 1.13| 7| 6.5 15.26 2 38.Underneat
Roller h inlet 2 10 15| 38| 6 15 0
6.Rear Roller 1 10 1.5 6 55 7 1 arm nut
7.Rear Roller 39.Inlet 1 20 1.8 6 5.5 7.3 1
Arm 1 30 | 195 6| 55 745 1 40.Inlet bolt 2 10| 15| 0| 15 6 2
41.Inlet nut 2 10 15 39 6 15 0
8Rear bolt| 5 | 15 | 15| 6| 55 21 0 T
arm 42 .Adjusting 1 ) ) 08 9 9 0
belt roll
9Rear  nut 5 o | 15| 38| 6| 225| o IO e
arm 43.Adjusting 1 ) ) 08 9 9 0
10.Pulley 4.5” 1 10 1.5 6] 55 7 1 belt motor
- TOTAL 548.47 26
11.Magnet 1 15 | 225| 2| 25 475 1
steel
12.Front
roller cover 1| 10| 18| 8| 65 83 1 5.0 DISCUSSION
left hand
side The assembly process obtained the difference batthemretical
13;|-Fr0ﬂt 20 | 18 > | 25l a3 1 20 assembly efficiency and in practical. In theordfida resulted
roller 14.22% and in practical, it resulted 11.83%. Sodifference is
14”-Fr°”t 2.39%. This condition indicates the assembly podepractical
ro erri Cr?tve:]an 1 10 1.8 8| 6.5 83 1 is faster than estimation time in theoretical beeaof some part
side 9 can be assembled in the same time during the ass@miress
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which can save the time in the same result. Thenalsly process
is showed in Figure 5.1 and 5.2.

Figure 5.2: Assembly of Motor Mounting

6.0 CONCLUSION

The assembly efficiency in practical is less thaeotetical.
Based on Design for Assembly (DFA), it indicatestthihe
assembly time can be short and also reduce thetassembly.
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