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Development of the Design Guideline to Increase the Reusing Rate of
Cellular Phone Parts

Chan Seok Kim" and Hwa-Cho Yi*

ABSTRACT

Reusing is one of the most environmentally friendly recycling methods. For the economical remanufacturing of used
cellular phone, the cellular phones should be design for easy disassembly. In this paper, we analyzed the components
and connecting elements of cellular phones and developed a guideline for the design of the cellular phones. A software
for the disassembly assessment was also developed. Redesigned cellular phone by the developed guideline and its
original phone was analyzed by the disassembly assessment software. Disassembly time could be reduced about 40%
and reusing rate could be improved about 37%.
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Fig. 1 Environmental friendliness of recycling

Table 1 Differences of processes and product charac-
teristics of remanufacturing and repairing "'

Remanufacturing | Repairing
Processes

F Defective Products
I Failure detection

+ Disassembly of defective

- Used products
- Complete disassembly
+ Cleaning of all parts

-~ Reconditioning of parts/ | part
Replenishment by new  + Restoration or
parts replacement of defective
- Product reassembly part
- Remanufactured products - Reassembly of part
+ Repaired product
Characteristics

- Mechanic’s work
- Individual repair of defect
- Customer keeps his own

+ Industrialized process
 Overall restoration to like
new conditions

I Customer receives product
anonymous product - warranty covers repair
~ Like-new or lifetime work only
warranty - Product keeps its earlier
 Upgrading/Upcycling to standard
state-of-the-art
technologies
AE ANLE dANE 8 B AAZ
(Remanufacturing) FA40] daslt AAzE AF
o] gArlolEE WHF Folzle AEBFAHY A

yPezd ALgE AFE FE, A, FAE F
st} Az AFD} TLE 21& FAGH A4

i
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Table 2 Basic components of a cellular phone

No Parts Description
. Microprocessor, Digital signal processor,
I Elgctrgmc Flash memory, Connector, PCB includin
Circuitry .
small mic. & specaker gl
5 | Antenna [Normal Antenna & Antenna including|
circuit
3 Screen  [LCD technology and Glass
Enclosed by plastic case, using 3
4 Battery ftechnologies of Batteries(Ni-Cd, Ni-Mh,
Li-ion Polymer)
5 Case Plastic cover made of 1,234 parts)
sometimes coated by metal
6 Charge base [For using Rechargeable battery small low
or Connectorjvoltage D.C. current transformer
7 | Accessories [Ear-phone or Data cable

22 RUES HE 24 24
221 27 HE 22
N &3 4A 4
(1) =35 (Screw)

23F%E F¢A LS M2 AAsted AlgEHE
H2Eoz A 6 /oA H 10 7§71 290k 23
F9o dolgt AA AR} 71F E2 g2

(2) F=(Hook)
¢3S Yt AMFaLrz 237 AF A
of o]FojZtt. FHE YAl wet £33 FH,
a7, A, #7r A5 g2g. 5g 2 8oy
AA8Ao)7] W& &8 Al B Aol ~8FH

o, & 3 st HE g&e AFol ot

(3) 2= 3 ¥ X|(Spring Hinge)

taFdlol e ZFF ko] AF AlgErh
FalEY Edldl dAM 3 g2 AIE AES}
E FF T AUEA, 29 Ade 41 wEA =
ddd £ gloy, EdrldE 53 IFE L=
ok =G 4 3] wESt 28 =YsiA HE ”
Aot AAHE Ao FHo] A
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(4) %@ vlo] X (Bond & Both-side attached Tape)

FoEY daEgelfe gle 59 E2H
frejet 894 o AZAd AHgEc =¥ Al
e dA 29 F Jou, B Al HE 8 F
Ak,

2) <Hel Ui (Antenna)

GelvE FUE e 2dol M} fAle ¥
EF 3 oz EFstan AMELLe V%
Zol, ¢telvte) Zol, Y Fol tEr,

3) Hi ¥ 2] (Battery)

FOoE weig], e FA7] Alold &
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Ao ) 4 o O - = e 32 s 1

=

1
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4) 37 7](Rechargeable Unit)
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# PCB 71®2 3193 Alojo] 449] s gl
aFer 29 4A &g

T
g
ES

5) 214 32 71¥(PCB)

A7) HPCB)Y] AFL A AU
e, 592 @A 2372 AZHIE= FH,
A Aol BAlo olFoA= HFeHE AZAH

R=3
Lo

o

222 W& HE 24

LCB =% PCB EETY A2 W& P
A Z(Interconnecting) ©]2tx ok, £rU|q wre), &
 AYE W, & AF B T g ¥
o] AL FAY REL EFE3 @
o] glo] ZfAdol HH it

223 7(EF HAE HA

1) Hoje] #)o]E(Data pin & Rechargeable Connector)
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2) fl=4 A 7l(Headset Socket)

oo} E & Y JHE AAs: €F2
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< YUY (Radial) HAolY HZ 2HHLLE AHs}
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Disassembly Assessment Algorithm

input
{ 6EA Modules )}

Algorithms
f 3EA Modujes }

Output
{ 3EA Modules }

.......

................

Basic Tool

. Tool name

. Preparing time of tool

. Excganging time of tool

WNI—‘P

M

. Maporial Informmation

. Material code

. Material name

. Harmfulness .

, Possibility of recycling

A, Disascembly Time

1. Total connecting time

2. Total disassembly time
3. Part disassembly time

. Possibility of sorting
. Possibility of incineration
. Caloric value

RIS AT

Cr Comp
. C. Component code
. C. Component name
. Categories

s

N

: Disassembly Time
i | Assessment Algorithm

. Connecting Characteristic
. Connecting Index

1t Disascembly Score
. Recognition Score '

. Weight
. Material

. Pare Informmatios

. Part code

. Part nams

. Weight

. Material

. Function

. Pogsibility of reuse

OIS DD

(@

&

OOUB W

Disassembly Score || |
Assessment Algorithm | |

. Accessible Score
. Separative Score
. Treatable Score
. Total Score

O W W

(o}

Covzrecting Information

. Connecting code

. Part code A B

. Connecting component
. Connecting Index

. Connecting amount

. Tocl name

. Prepari index of tool
. Tool exchanging time

. Proceding Work

Lo o RN Lo 1o AT

k'

Recycling Rate
Assessment Algorithm

i {[ 2 Recxting Rase
1| 1. Total Weight
12. Recvglable Weight
3. Recycling Rate
4, Weight rate of restricts

. Preceding worhk code
Preceding step

. Description .
Connecting information
. Parts after disassembly
. Connecting time

. Upper preceding code
. Preceding work time

WO ~ID U DN

Fig. 3 Structure of the disassemblability assessment algorithm

111



PN, olgtz ;. FIFALFIRHA A 23 W AE

g oz EortE JE ARE JEFTE, AR

B OAdeAT Jda AF ARE REAHHE A
ZAH, A8 Y AL 5 AA 6 /1A BEo ¢
gog Eojzitt o] FHEE o83ty EdA
Hyrt enE, A AS %7} dndE, A
48 ¢xnFE9 3 7}21 =R
o714 HLH AREL FHoz BaA g},

2o 4% WL ALEER 3 4R B 23 ®
B¢ o AAHY A4 Bk B @Fol
299 2o,

32 &8 AlZt "oF 2agfE
1) A2 7&1% 8 A9 At

iﬂé F3 €S st Aolth st
AE 0431 Mo MARZ o]FoAH, 7t AL
6}4‘4 2@ wwich dele Ao Uk 74 7

E3 $ES AZY W 2a: AQe do= @
Ashe Bel AZHe A2Y 4 gow, ARe F
Fol @al, AZ oy Ea gol=o] W 13

A gHe) Ag AEdtel FU AHF B4

S 42% 4 Uk gy A2 Fud B A
JdAe @Y »EL 271 dd 2asted 29
£ Ag gulB

2) & BHAIE

7t 9 F54E £ HAAANY F For
ol X Algtoln, &A six Eajste=d A
AlZHE Tt
A3 FPAzH
Ll e o
E 23 Eal(Logic tree)
5ot 59 RES Baists] UM vsA A
i I -‘?—%3 Aol A F o #
HAILE GEAII= EHE Act webA ZF £ E
o] RaATE A FES Laisted Ay A
YAPAIHE e

3)
49 2EAN AR AR
Yoz FAF 4 U=
3

3.3 2of M got 22| E

) 7HEA AE

THEAE o] R3], o7 MAUg AFH F3
ol 2258 FEY F U ol FEFE B
&*4 Fox7l B3R ¢y WFojt

2 =TdA 7HFAE 0 oA 1 Alo]9] FE Z
et BE B JEEESY dAdMe 2R

r‘lﬂ et

—

\_

gnelFel Hgdch

112

E2xE)0l /HE 7R FEE 1 o] HA F
LEH, S FEFEEC 4 z}Xlakt AL g
£ ¢ F A4

Fig. 4 © ¥4 HIE AF &4 2459 &
¥ F¥E=EY. B} #Ha ¢A1°ﬂ el E5E
2F ¥ @AZ Urn AFEANE R8s 3

e 19 B4 wA@IIAN 4 234
WA, B4 552 £M02 dadr 94

2 @A a9 TAF, 72, FAF, o Hid
FEEA, o mxe

aEo Z4zt 1 g4 849
AEE FIY. o] =AM TAZA, 7=, F
1 o dded ®4€ AF:AEe 47 02, 0.7, 0.1
olt}. Tk 2 BA 849 BASA 3 BAY 7
840 HFEXE R4 F9 82 TAF, 9
sl TAZL8A, HIFAY, o] A AdAH JHF
2 ztz} 07,03 &2 AJoh

Aq714 F83 AL o= dAGME s1EF3
o] %L 1 olojof g} o] oz tE &
EE YsiAE 2L Aoz Mo

34 MEEE Yot YEF

WEEE dAe AEELES AF F % 5 A
24 Jhed 1E9 %%Ml H-&2 Aot} uf
gA e ALE M5 FEFY FHE AEY
% ZZoz Yo H"—‘#%i vEtfo] AEEE

& YErdch
1) 5%

BEx zao £33 AFALL: T2 £
t 3 ge=z Jerdc

2) AEE 7t% REF 5%

AAE Asd REF FFH As dF b
BE %, 281 AANE M5 AZsL: 5%
o Fgo= ErCH
3) AELE

ANEE 715 BE 5% F FHoE Uy
Bl B

NEE2Z HEbd gold.

4 A A 5% v &
WEEE A &% AF T/E AN AL
4 FA¥EL W DB E FEst Jehdch



A4, gz FIALFHAA A3 A A%

Shape
0.5/0.08

Working
space by tool
0.8/0.168

Working
direction
0.5/0.035

Sepalability
1/1

Direction
number
0.5/0.08

Removal
direction
0.5/0.03

Connection’
component
0.7/0.14

Connection
index
0.5/0.07

Fig. 4 Objectives tree of disassemblability assessment
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Fig. 5 Main window of the disassembly assessment
software

4. FUE Tatd 4A X1y W

FUE 74 ¥E L A

m
fo
b
H
1
o o
ofn
k=)
T 2

2hd FAHE EUE I8 HA A& A
st 18R 2A PN FHES 44 @
AdM msof & FEF ZES, T3, AA

MR 2& AA AT ol Table 3 & BT H
z 2*%EJ°1°F g 8% *2741 2 3& BojFEo}
2 =RdAE 7€ FUE 24 "t 2
7 % Vg Aot HUdst A BEEO g A4
Mg dA 2 e} Fig 6 & 2 BED A2A
BE Uetdch Fig. 6 o4 A3 E A Upper, Lower,
Front, Rear 3h¢-Azke] AZABQ C_0003 ~
C_0007 F&o] B34 WA 7HF Hopg FEo
Z YeEgt. € 0003 ~ C_0007 Age A AR
ol AYF ol AT §44 ol AZ

2 F39 2¥ 2379 o Algez
& 71‘&%@

AFe 2AAE FAAN7E FH F s
A4 51;3 ol WA AE PFg u=z
TYste WS AL gdwtxos FyEe
8- ol Front 9 Rear, Upper ¢} Lower o Z+7} 4
A4 £¥ 23F/7 AZF 222 AA4HT, 9
23{%E BF Jﬂlﬂﬂ F uA Ha 6 FxE9

114

Table 3 Design guidelines for a cellular phone

remanufacturing
Parts The design guideline for remanufacturing
1 reduce variety
S 2. minimize the number of screw
crew . L
¥ 3. standardize the assembly direction of screws
H 4. easy access 1o screw
o} 1. minimize the number of hook
u Hook 2. mirroring the assembly positions
00 . o . .
S 3. improve the durability by changing the design of
I product
N 1. consider the disassembly
G - 2. improve the durability by changing the design of
€ .
ng connecting part
3. change the design to use general-purpose tools
Bond 1. ensure the space for the departing
7% 112, consider the area of the bonding
1. standardization of connecting element
Antenna S .
2. standardization of all parts except housing
1.separate battery and battery housing
2. standardization of size of battery
Battery L Lo
3. standardize size of electric circuit
4. standardization of recharge connector
1. use the same standard as battery
Charger .
2.minimize volume of charger
1. standardize formation of pcb
PCB 2.reduce number of connecting element
3. standardize position of connector
1. standardize connections between modules by using
It nect socket
ercon Oof] . . .
ector] . standardize assembly direction of socket connectors
3. use the same standard socket connectors
Data pi . ] .
ata pin & 1. standardize with 24 pins (already done)
Charger . .
2, standardize computer interface
connector
Ear-ph .
arpione 1. standardize the socket
Socket
I EEEES HZEEA Ha=Es 1 #zes ]
B[ 1C.0001 ‘Rear 2 :
& L U0UG 2
3C.0003 Rear . . .. .|
| 4C.0004 ‘Rear
| 5C.0005 lower =
| 1..8.C.0006  Upper
+C.0007 Upper
L _UCUG PLD :
9C-0003 LCD panel Speaker
<17igC.0010" LCO panel B,C Battery
“ 4 11C.001) | iGuide Housing Upper
-] 12€.0012 :Camera Front
*| %)

Fig. 6 Assembly information of the connectors
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Flg 8§ & 133 2 23F we AAX ]
{88 FuEolt 4 /e 237 ¢ 59 U¥ Fig. 9 Disassembly time assessment results
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A9oz AEAINE BF 2} 2HT F 3T gz ey FUTe Ba A A go)
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o 71E FUlEdl wld MBaLS ATt EN
o2 24 F e Aotk 7] 2o HajAlz A7 &FHL LA

&l Fig. 10 XA 71E& B3| do] 772
Agd Aol 5522 222 HAHA

SR AIZE 2] B2
4 55

Fig. 10 Total disassembly time
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Fig. 11 & AA = o] HEd FHES] R4
Fig. 7 Hook and screw hole design of a conventional 07k A D & Ree By A% He Uerdch
AAR o] Hgoz uHEHUY C_0003 ~ C_0007
Age B4 HA4rh F4d A& & F Atk
w3 AA & Fgg FA 7€ 714 A 844

A5 gol F718 RE& E 5 Utk RaAol
aE AEE 4A T3] fisted of#e) o
zTg Fugct

phone

M| HEEE | HEES
M 137500013

I

" 76,000000535
35,000001583
499997884

Fig. 8 Hook and screw hole design changed by the design []C-00t6
guideline — |Mem

. '76,0000005

5. e HAXIES HE 53 ot

51 28 A2k "It 23
Fig. 11 Disassembly assessment score of each
component and total average
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Fig. 12 Disassembly assessment score of each connec-
tions, structure, and treatments
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Fig. 13 Total disassembly assessment score
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Fig. 14 Calculation of total weight
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Fig. 15 Weight of recyclable materials

Fig. 16 & 2AIX o] AEd FuHEQ AArLE

§ 23 @g vEdth 33 sl AxLgEol)
WEol 71& FAEANA 7bg A Bol ke
229 WHARES AAE AssA dozA



AEN, olgz  FFALFHYA AW Ask

AAL-EE o) 92.01%7A] AEFH ).

3. AALB E(%)

Fig. 16 Recycling rate
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Table 4 Comparison of disassemblability score

C S T Total Total
Connecting Connecting
Score Score Score Score | Improve-
Number } C Name
Old | New | O1d|New | O1d | New |10 {New| Ment Rate
€_0003 Hook 573 76.0 144.5(87.9]100.0{100.0}52.6/86.8] 65.0%
C_0004 Small Screw 557 | 75.0 (55.5)97.5}100.0{100.0(59.9{93.2| 55.6%
C_0006 Small Screw 557 75.0 {55.5)97.5|100.0{100.0{59.9{93.2| 55.6%
C_0007 Hook 547 76.0 [44.5(82.0 100.0[100.0|52.1{82.6} 58.5%
X H = =2 1
4700 AE dlolee] £84 MY =8 H7t

37 At Z & HAeEz s FuEd )
A FoZo gk ¥+ vlusin F AHEES
Z&39nh ZolA Yehd AAY ztzhe JjAE
L 65%, 55.6%, 55.6%, 58.8%EA 50%°)4e] H&
AXE&e Bk

55 23l Azt Bl Hot

Table 5 & 7I& FUAEF NHE FOE 19
BEAIHE vnd Folth Ztzte] ANBQLE
ol HA MMM HANAAE 44 oA 22 =
2 40% MAEAD, M3y AP AL dA] AFA
Zrol MR wat 32 2ol A 20 22 37.5%7F A
A5}
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Table 5 Comparison of disassembly time

. |Connecting| Connectio-{ Preceding [Disassembly|
Connecti- )
on Component] n Time(s)| Time(s) Time(s)
-s
Number Old | New | Old | New | Old |New
Name
C_0003 | Hook 6 1 16 | 10 | 22 |11
Small
C_0004 16| 10 ] 0 0 16 | 10
Screw
Small
C_0006 16 | 1 0 10 16 | 11
Screw
C_0007 | Hook 6 | 10 [ 16 0 22 | 10
Total 44 1 22 | 32 | 20
Improve-
40% 37.5%
Iment Rate|

56 X% 2o vlm HIt

Table 6 & 71& FUE AXE FAHE 9
AAHA MMHLEL =23 Holt} & FUHEL
B4 gk 29 vgoz o) g H
oFg BB M NMRtozE F Baja|gle] 77
Zo A 5522 28.6%7F AU

Table 6 Comparison of analysis results

Old |[Improved| Improvement
Assessment Type
Phone | Phone Rate
Total Disassembly Time] 77s 55s 28.6%
Total Disassembly
71.4 84.8 18.8%
Score
Recycling rate 67.04%| 92.01% 37.2%
3 284 Hee 714 HolA 48 Be=

18.8%7F MAEA Bl HF7 Eobide
AL AAHES 9% B v Lo APHULE A
£ 9ot}

T3 @A FAAM FL FEHoz FHLIE=
% 712 ArEEL 67.04%0 A 9201%E T
37.2%7F WA= A
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