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Abstract: Using of earphones has become a daily need in our life.
Started with wired headphones, then wired earphones, later then
wireless headphones and earphones, now ear buds are in trending.
In every stage people find some problems and betterment in using
that is what technology leads us upto now. Likewise, I found some
problems and betterment in wireless earphone, and came up with
new idea of concept. In order to achieve that I used “Boothroyd”
software for analysis, also “Solidworks” software for designing
and modelling. Here in this I mostly concentrated on reducing
failure of product, manufacturing process and product cost.

Keywords: DFMA, DFA, DFM, DFX, DFFMA, DFS, earphone,
wireless earphone, single cable wireless earphone, aesthetic
earphone, good quality earphone, non-wear and tear earphone.

1. Introduction

This earphone is an audio device where we can listen to the
music, videos. Also, we can attend the calls and speak to the
opposite person. This is a Bluetooth base connecting device,
where it connects to phone, laptop, android TV, etc., electronic
devices that have Bluetooth option. This has the features of
controlling the audio range and playing the wanted audio file to
listen. Also, one can attend/hang call by pressing one button in
this device. It is worn on the neck and speakers are hanged on
through the shoulders on both left and right. The band that is
used to wear on neck is so flexible and easy to carry.

2. Function

First of all, ON the device by long press of the power button.
Now connect it to any device through Bluetooth. Wear it on the
neck and put ear buds in ears. Play the audio that you want to
listen. Therefore, in this way it is used. It gives much comfort
to the ears while using because of soft rubber material ear buds.
Also, additional feature is that to not get slip from ear there is a
supporter to the ear at ear buds, were the ear buds fits into the
ear and won’t get out of the ear.

Also, the speaker will emit the sound frequency of 20 Hz to
20,000 Hz where it is the comfort range of human to hear. Also,
there is a button for taking call and hanging the call in the
earphone. It is easy to access the button and use. There are
buttons for controlling the volume range by long press of the
button in the earphone. We can also control the playing audio
file by using same button of the volume, by just pressing the
button once the audio file get change. All of the above is the
function of the earphone.

*Corresponding author: reddyhemath479@gmail.com

Table 1

Specifications

S.No.

Name

Values

01

Bluetooth version

5.0

02

Battery life

8 hrs

03

With mic

yes

04

Qualcomm chipset

yes

05

Super extra bass

yes

06

Headphone type

In the ear

07

IPXS5 water and sweatresistance | yes

08

Battery capacity

110 mAh

09

Frequency

20 Hz—20 kHz

10

Bluetooth range

10 m

11

Charging time

2.5 hrs

Earphone

—
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S —

—

Meck band

Battery case cap
Battery case

Battery

Stopper strip

Wire rubber cover 1
Motherboard case cap
Buttons

Rubber strip
Motherboard
Charging slot
Motherboard case
Wire

Wire rubber cover 2
Speaker case cover
Speaker mesh
Magnate

Speaker amplifier
Ear buds

Ear supporting rubber

Fig. 1. Product structure
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Neck band
Stopper
Strip
Spealcer case Battery
Cover
Battery
Wire rubber case cap

Cover 1

Wire rubber
Cover 2

Ear buds

Button

Mother board
Ear

supporting
rubber

Motherboard
case cap

Motherboard case L Battery case

Wire
Fig. 2. Product components

3. Guidelines of DFA Followed with Redesign and
Improvement: (Guidelines are referred by class notes)

Guideline 1: Minimizing overall component count.

Part count is reduced by deleting unwanted components like
wire rubber stopper, rubber strip and wire rubber stoppers.
Also, by merging some components like buttons, battery case
and cap, motherboard case and cap, wire, speaker case and
neckband. Therefore, the overall component count is reduced.

=

Fig. 3.

\J

This guideline is not applicable to this product because there
are no fasteners contain in this product.

Guide Line 3: For locating other components design product
with base component.

This product is already following this guideline, the
components like battery and motherboard has particular space
for them to assemble.

Fig. 4.
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Guideline 4: During assembly base should not be
repositioned.

This guideline is not applicable to this product, therefore the
product does not have specific base component also the
assembly is done in a sequential manner without any
repositioning.

Guideline 5: Efficient assembly sequence is required.

The assembly sequence of the product is efficient, no need to
consider this guideline.

Guideline 6: Component characteristics that complicate the
retrieval should be avoided.

There is no component that makes complicate in retrieval,
therefore no need to consider this guide line.

Guideline 7: For a specific type of retrieval, handling and
insertion method components has to be designed.

Here a specific design has been done to the cap of the case,
in such a way that the cap can be fitted in either of the direction.
It is fitted by press and snap fit.

Fig. 5.

Guideline 8: End to end symmetry design should be done for
components wherever possible.

Here the case cap is been with an asymmetric profile design
and by using this guideline it has been changed into symmetric
profile design.

Fig. 6.

Guideline 9: About their axes of insertion components should
be designed for symmetry, wherever possible.

Here components are already been in symmetric about their
axis, therefore no need to consider this guideline.

Fig. 7.
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Guideline 10: About their axes of insertion components
should be designed for not symmetric, to be clearly asymmetric.

The case cap component is clearly following this guideline,
i.e., the profile of the case cap is asymmetric.

Fig. 8.

Guideline 11: The components Design should be done in
such a way that all from the same direction mate through
straight line assembly.

This product components are tough to assemble in a straight
line but they will assemble in a sequential manner, therefore no
need to consider this guide line for this product.

Guideline 12: To facilitate insertion, alignment and
overcome handling difficulties make use of chamfers, leads and
compliance

The product components all are having chamfers and fillets
at required edges, so no need to consider this guideline for this
product.

_—

Fig. 9.

Guideline 13: Component accessibility has to be maximize.
All components are easy to assess in this product, so no need
to consider this guideline for this product.

4. Improvement in Product Assembly

Boothroid Analysis of Existing Product:
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Boothroid Reports of Existing Product:

Executive Summary - DFA
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6. Boothroid Analysis of Modified Product
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7. Boothroid Reports of Existing Product

e

Thursday, April 28, 2022 5:56 PM

Ear phones

Executive Summary - DFA
Boothroyd Dewhurst, Inc.

modified ear phones R.H.dfa

Product: Original
Per Product data Eniries (including Labor Time, & Labor Cost, INR
repeats)

parts 17 139.88 411
Subassembies parbally or
fulty analyzed i 0.00 0.00
Subassemblies nat o be
analyzed (excuded) a 0.0 o.oo
Standard and Brary cperations 0 0.00 0.00
Totals 7 139.88 4

The chart shows a breakdown of time per product

candidates for ehmination

50.07s

tetal assembiy
fime 130.86 8

| thecretical minimum

parts and parts B9.81
extluded subs

13088s

Executive Summary - DFMA

Demhursy, inc.
Thersdary, April 28, 2022 5:56 PM maodified ear phones B H.d%
Ear phones: Product: Crignal
Prochact s sshura I\IF
HiPetbet Of pebiey (Felludien] (st T
Mumber of diferent ankies 1
Tracewtoal Parema navde o e, 1
(=
Toknl meght. g asr
Tk iy e e 4 L]
Totsl coml for rarufactusd e {rauding iooeng |, IR 51450
Totsl susmtiy o cout, B4 ann
e e Dl e sl IR [T
Tofal manulachorning pace par cout, 4L 42000
Total past pat prohat wi tacing, A I IET
Adserty el o Rekern Coal P prouc, I am
Msruachoring toolng oou par product, INR a2
Tiokas il o Poesthacl. I X

Tha char shiows & breakdown of cost par product

[
an
Frodsl st
e
ezt
LB ]

B conln I
501 50 product. INR 4T 50

60



Hemanth et al.

International Journal of Recent Advances in Multidisciplinary Topics, VOL. 3, NO. 11, NOVEMBER 2022 61

Design for Assembly: Structure Chart
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By considering the reports and guidelines of DFA the
modifications and improvements has been done. The improved
product can be seen in the figure.

—
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A. Conclusion

By considering the values of DFA index of both original and
modified products i.e., 21.6 and 23 we can observe that
modified product index value is greater than original product
index value. Also, the component count has been reduced, time
taken for assembly has been reduced, cost per product has been
reduced and last weight has been reduced. So, we can say that
the product modification increased efficiency, quality and
durability. Also, we can observe that modified product is
solution for problem of wear and tear between wire and
speaker/battery/motherboard. In modified product the redesign
consideration that generated by boothroid software has been
taken. Also, it has followed the DFMA guidelines. Therefore, a
better modified product from original product has been
achieved.

8. Design for Manufacturing Analysis

Part name: Neck band

Part function: 1t comes at the neck part; were it hangs on the
neck and balance whole product. It also connects the two-parts
motherboard case and battery case.

Material used: Rubber

Manufacturing process:

The manufacturing process that is used for this part is
“Rubber moulding”. There are several types in this rubber
moulding process. They are,

1) Compression moulding
2) Transfer moulding
3) Injection moulding

In those three-compression moulding is used to manufacture
this part. The process is simple, initially moulds are designed
and made so that we can get required shape. The vulcanized
rubber material is allowed into the mould cavity. Immediately
mould cavity is closed and starts heating. Using hydraulic press
pressure is applied on it. As rubber is getting heat in mould it
starts filling the cavity. When it reaches certain temperature, the
rubber starts getting hard. That means the shape it formed will
not change even by cooling. At that stage the rubber is taken
out and allowed to cool. Therefore, the required shape has been
formed.
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UPPER MOVABLE
MOULD HALF

CHARGE

—_—

LOWER FIXED
MOULD HALF ===

EJECTOR PIN  se——-

Part names: Speaker case cover

Part function: Its function is to cover and carry the speaker
components. There will be an open mouth at one end were it is
covered by mesh and the audio is passed out through that mouth
of case.

Material used: ABS Plastic

Manufacturing process:

The manufacturing process used for this part is “Injection
moulding”. The process is simple, initially the small granules
of plastic is feeded into the machine through hopper. The
granules are feed forward by rotation of screw, thus it enters
into the heating chamber were it gets melt and form into liquid
state. Later it enters into the mould cavity. There it gets into the
required shape and after sometime letting to cool it get into solid
state and ejector pin ejects the plastic part out. Therefore, by
following this process the required plastic shape parts are made.

m_{}_...ﬂ B -f'-!! 20
maﬂmﬂ it |

9. Improvements in Part/Component Design

1) Here by considering the DFM guideline-3 multiple parts like
Neck band, battery/motherboard case covers, wire, wire rubber
covers 1 & 2, and speaker case has been merged together and
formed into single part. By this the material usage will be
reduced. Also, the quality of the product will be increased by
this improved product.

|

2) Here by considering DFM guideline-7 product symmetry
has been maximized. By that form of design there is no
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confusion identifying the correct side of the part.

International Journal of Recent Advances in Multidisciplinary Topics, VOL. 3, NO. 11, NOVEMBER 2022 64

Table 4
Comparison

I — P

Table 3
Comparison

\J

Neck band, battery/motherboard case
covers, wire, wire rubber covers 1&2,
S.no and speaker case Body
01 Each part has their own function. Several functions
can be performed by
this part.
02 Each part is dependent on other. This is a independent
part.
03 By considering total cost of parts, it is The cost is less.
more.
04 The machine cost is more. The machine cost is
less.
05 Material usage is more Material usage is
less.
06 By considering total weight of parts, is The weight is less.
more.

S.no | Battery/Motherboard Case Caps Control Unit Cover

01 Each part has their own function. | Reduced extra function and
performing its own.

02 By considering total cost of The cost is less.

parts, it is more.
03 The machine cost is more. The machine cost is less.
04 Material usage is more Material usage is less.
05 By considering total weight of The weight is less.

parts, is more.

10. Conclusion

By considering the DFM guidelines the parts have been
modified efficiently. Also, the component count has been
reduced, cost per product has been reduced and weight has been
reduced. So, we can say that the parts modification increased
efficiency, quality and durability. Also, we can observe that
modified parts is solution for problem of wear and tear between
wire and speaker/battery/motherboard. Therefore, a better
modified parts from original parts has been achieved.
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