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Abstract

While the volume of smartphone production has kept increasing due to increase in the
number of smartphone users and shortening in cycle times of new model release and
replacement, the volume of discarded smartphone has dramatically increased due to low
rates of recycle and reuse. The present study developed design guidelines for ease of
smartphone disassembly and a checklist for assessment of ease of smartphone
disassembly. A set of 24 design guidelines of smartphone disassembly for material,
fastener & connection, and structure was established based on literature review of
disassembly guidelines of home appliances and cellular phones and were applied to 11
smartphone parts, resulting in 155 check items for assessment of ease of smartphone
disassembly. An assessment of 15 smartphone models using the disassembly checklist in
the study found Dell Streak mini 5 most preferred and HTC One least preferred. The
design guidelines and a checklist for ease of disassembly developed in the study are
expected to apply to improve the design of smartphones for efficient and safe
disassembly for reuse of parts with high values.
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Table 1. List of literature reviewed for disassembly guideline review
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. . Evaluation of disassemblability to enable design for International Journal of| .
4 |Desai & Mital | 2003 disassembly in mass production Industrial Ergonomics °©
The Development of the Design Guideline and the B )
5 |Kim & Yi 2004 | Comparative Evaluation For the Remanufacturing of a Korean Society fr 2
Cellular Phone Precision Engineering
Design for
6 |Crowther 2005 |Design for disassembly-themes and principles disassembly—-themes A+
and principles
. - Development of the Design Guideline to Increase the Korean Society for 1
7 |Kim & Yi 2006 Reusing Rate of Cellular Phone Parts Precision Engineering ®
. . . . - The Romanian Society
Design for Disassembly as an essential step in fulfilling . : L
8 |Barsan et al. | 2007 the ecodesign goals: reuse, repair, remanufacture, recycle ?éfﬁﬁézeggﬁawa E
Guidelines and Design Strategies for Improved Product Chalmers university of L
9 |Hultgren 2012 Recyclability technology 2
10 | Mule 2012 Design for Disassembly Approaches on Product ‘éﬁf@;ﬁ?ﬁo}g] Journal of| A}
Development Engineering Research
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Table 2. Design guidelines for smartphone disassembly
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Table 3. Checklist of ease of disassembly for smartphone parts

2

i,

4
drg

e

L 4

{7

e |

o
- Ul&sensor _
Category Guideline Memory Printed (ear-jack, | Mechanical EIGCtr(.)
WLAN L Power Front & mechanical
. CPU (NAND circuit MIC, parts .
Display /GPS manage-— Battery rear p connection
processor /BT/FM flash, board ment camera antenna, (plastic, (wire
SDRAM) (PCB) speaker metal) ¢
cable)
etc.)
Ml. Zut2E FEo 3554 A4y Has O
M2. F4 =4 A HAas(EE =4 £3) J O O
Materials | M3. &3 &3 #2438 0 O O 0 O 0 O O 0 O O
(M) M4. A& Brlse B4 AHE Has) O O O O O O O O O O
M5, QA FF Hash O O O O O O O O O O O
M6. AAA FF A nka EA ] O O O] O ] O O O] O O
FCl. ®& & A& ] O O ] O J O O ] O O
FC2. FCol FZe] &olgk A7 O O O
FC3. Fastening points7} @A A== 7 O] O O
Fasterners | FC4. FCol AA /MA& Ea W74 23t O] O O O] O O
& FC5. =¥ 914 d1 3} O O O
Connections | FC6. 2 A A& 43} U = =
(FCO |FC7. zgwarel waat A O O O
FC8. FC % #H &3} O O O
FCO. &+ 7i H A3 O O O
FC10. FC #7] - A - 92 &3} ] | [
SCL. ¥4 F+x A7 OJ O O O O OJ O OJ O
SC2. TAF-F A7), ¥, B4, 253 J O O J O O O O ] O O
SC3. FH: & ®3l Aol HA AdHESE A7 OJ O O O O OJ O O OJ O O
Structure | SC4. TAFF F&Eo] dojubx] s U4 Zsh O O O ] O J O ] O
(8C) SC5. A& 7bs/E7ts TARRES LA A O O O O O O O
SC6. 7IsH oz e FAFF A ] O O O] O ] O O O] O O
SC7. +A3FF Me 2 T/ A3 O
SC8. Snap-fits &4 & 5 ¥ A4 @3t O O O O O O O O O O

_32_



3.4 AUIEE $3] gol= B} A

AUIEE B5) golx H7He sl 15719 AUtEES thyoz AFA oA B77t 7hsst Ul

71X] ¥& front & rear camera, Ul & sensor(ear-jack, MIC, antenna, speaker), mechanical

parts (plastic, metal), electro-mechanical connection (wire, cable)o]] thet 597§9] A IYAEES
A& 2 Dell Streak mini 5 20| &3]

AHgsto] grteh 2t Fig. 49 2ol 7P &2 46
S @2 HTC Oneof] mah 28 o4 &7 87t =9t HTC one 222 E

8ol E7} by e 228 W
AntEEO] uls) HAAS ol ARSIAY AT A/ BAG HoR mAE|IC

) Dell
Streak mini 5
HTC
32 32 2 One
27
22

60
34 32

37
34

46
37 37

50
41 41
40 37

30
Dell Venue HTC HTC Samsung LG Motolora Samsung HTC One
incredible wildfie S Galaxy S Optimus Droid Razr Galaxy
Big Neo

S

20

10
Dell Streak LG LG Samsung Samsung Pantech LG
Optimus  Optimus  Omnia2 Galaxy A Sky Vega Optimus
LTEM EX

0
mini 5
One 3D
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Table 4. Comparison of parts of cellular phone and smartphone

No. Kim & Yi (2006) Present study

1 Housing Mechanical parts (plastic, metal)

2 Battery Battery

3 | Printed circuit board (PCB) Printed circuit board (PCB)

4 | Interconnector Electro-mechanical connection

5 Ear-phone socket & antenna UI & sensor

6 Charger

7 Data pin & Charger connector

8 Front & rear camera

9 Display & touch screen

10 CPU Processor

11 WLAN/GPS/BT/FM

12 Memory (NAND flash + SDRAM)

13 Power management
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Figure 5. Comparison of disassembly time for smartphone parts
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