SHEHYUIEIX A 27 113 pp. 63-71 November 2010 / 63
Journal of the Korean Society for Precision Engineering Vol. 27, No. 11, pp. 63-71

ROt 27|dA0IM HEAQIRH MT WHE

Methodology of Selecting FormFactor in the Early Design of Mobile Phone
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FormFactors is one of the most critical design factors in early development of mobile phone, and
proper selection of FormFactors is necessary for smoothness of product development and
customer satisfaction. Especially, emergence of mobile convergence added so various functions
besides its original call function that importance of selecting FormFactors has increased because
multiform FormFactors are needed. However there is problem such as frequent change of
decision making in existing process because established process picks out FormFactors sensibly
and arbitrarily through idea pull and so forth. We proposed FormFactors selection process by
Axiomatic Design, set approach method and block approach method for reasonable and
systematical FormFactors selection. First of all, we set the purpose of mobile phone
development, and it is examined by Axiomatic Design. FormFactors design matrix is deduced
through this process, the numbers of axes and rails are proposed using set approach method,
and then patterns of FormFactors are embodied by block approach method. Particularly process
application was tried through case study of mobile phone development, and we ensured that new
FormFactors can be presented to a designer by systematical verification if change of customer
requirements occurs through our process.
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Fig. 1 Fundamental motion of mobile phone
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Fig. 2 Various FormFactor types in mobile market
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Table 1 The cases based on the number of axis set

Basic An={P(), Pl, Pz, P3,”', Pn}, Pk:{al, , A3, }’
Definition | a, = independent axis, #(A,) = n+1(0=<n<4)

#Ag)=1 [Ag={Po}

#(Po) = 0)

#(A]) = 2 A] ={P0, Pl}

#P)=1)

H(A) =3 Ay = {Py, P, (#P)=1L#P)=1)
Py} #P) =2, #(P)=0)
#P) =1L AH(P)=L#P5)=1)
Az = {Py, Py,
#As) =4 #(P) =2, #(P) = 1, #(P3)=0)
Py, P3}
#(Py) =3, #(P2)=0,#(P3) = 0)
#(P1)=1L#P)=1#(P5)=L#(P)=1)
#(P)=2,#(Pr)=L#(P;)=1,#(P4)=0)
Ay = {Py, Py, .
#A)=5 #(P1)=2,#(Po)=2,#(P3)=0,#(P)=0)
Py, P, Py}

#(P1)=3,#(P)=1,#(P;)=0,#(P4)=0)

#(P)=4,#(P2)=0,#(P3)=0,#(P4)=0)

Table 2 The cases based on the number of rail set

Basic R {Q%QbQZ:Q% ’ Qm} Qt {rl 2,13, }9

Definition | r, = independent axis, #(Qn) = m+1(0<m=<4)

#Ro)=1 |Ry={Qo}

#Q=0)

#HRD=2 [Ri={Qo Qi}

#Q)=1)

#R2)=3 Ry = {Qo, Qi

#Q)=1L,#Q)=1)

Q} (#Q)=2,#Q)=0)
#Rs)=4 |Rs={Qo, Qi, | (#(Q)=1,#Q)=1,#(Qy)=1)
Q2, Qs}

#Q)=2,#(Q)=1,#Qy) =0)

(#Q1) =3, #(Q2) =0, #(Q:) = 0)

#Ra) =5 |Re= {Qo, Qi
Q2,Q3, Q4}

FQU=1#(Q)=1.#Q)=1#(Qq)=1)

(#(Qu=2.#(Q)=1,#(Q3)=1#(Qa)=0)

(HQ=2,#(Q2)=2,#(Qs)=0,#(Qs)=0)

(#(Q)=3.#(Q0)=1,#(Qs)=0,#(Qs)=0)

(#(Qu)=4.#(Q0)=0,#(Q5)=0,#(Qu)=0)
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Axis A_3 (Swivel) : for Game

| S

Fig. 3 Blocks with three axes

R={M,Q2 Q3
Jaxes

| a1, 1021, 2031

Rail R_1 - for Sider On/ Off
Rail R_2 ; for Game
© RallR_3:for Game

Fig. 4 Blocks with three rails
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Fig. 5 Diagram symbolizing the existing method
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Fuagdd AAsA "o ¥, 4ARE0]
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ey EHoA 2 37L Ad & Aok AE
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—f‘“{ First-level FRs: FRs Candidates

—

FR#: Should possess good call quality

FR#: Should be able to receive call when nesded

FR3¥: Should be comfortable when held to one'’s ear

FR#: Should be easy to grip the phone

FR#: Should not-emit heat on the surface

FR#: Should be easy to take a picture to oneself or others
FR#: Should be convenient to set the view of camera
FR#: Should be small

FR#: Should be lightweight

FR#: Should be convenient to play games

FR#: Should be weighty te some degree

FR#: Should contain a long life battery

FR#: Should be convenient to watch TV

FR#: Should be convenient to use menu and Ul

FR#: Should possess a normal display quality with small LCD
FR#: Should have a Qwerty keypad

FR#: ...

FR#: ...

FR#: ...

x —

Fig. 6 Candidate group for FRs in the mobile phone
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(2) Step 2: DPs determination of the case

o] dAllME Z}2te] FRs o siFEE A A
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(3) Step 3: Verification of the design matrix
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(4) Step 4: Suggest the FormFactors of modules
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12RuA=

(5) Step 5: Suggest the final FormFactors
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Fig. 7 Process selecting FormFactors
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= FR;: Should be able to receive call when needed
= FR,: Should be comfortable when held to one’s ear
* FR;: Should be easy to grip the phone
* FRy: Should be convenient to use keys for inputs
* FRs: Should be convenient to charge
* FR¢: Should be strong and robust
* FRy: Should possess good call quality
* FRg: Should not emit heat on the surface
= FRy(for Camera): Should be easy to take a picture to
oneself or others
= FRyg(for Camera): Should be convenient to set the
view of camera
* FRy(for Camera): Should have large memory
capacity
* FRyy(for Camera): Should possess good display
quality with large 1.CD

5.2Step2:FRs O M2 DPs 47
HE AA€E FRs o] W& DPs & olel|e} gol
A8
= DP;: Simple FormFactor to carry on
* DP,: Shape to be comfortable when held to one’s ear
= DP3: Small size to grip
* DP,4: Key map in consideration of usage
* DPs: Receptacle cover easy to open
* DPg: Stronger material than plastic (i.e., metal)
* DP;: Stable hardware design
* DPg: Device preventing emitting heat
* DPy(for Camera): Rotational camera part
* DPyy(for Camera): Horizontal direction of large LCD
= DPy(for Camera): About more 300~500mAh
capacity than that of only for voice call
= DPpy(for Camera): More than QVGA (Quarter
Video Graphics Atray})

53Step3:FRs & S@Y HS

M 12 709] FRs o DPs o & HAHY
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Junction)& UERATES
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Fig. 8 Design matrix of mobile phone for case study

Fig. 9 System flow diagram by design matrix

5.4 Step4: DEH YE QXIS F| o+

AA ZlsaTArgel A Fedatet #Ald 7
TRTARS EEstd FEAY 7T oA
& YEHHIL, Fig. 10 3 22 FEida HA 948
& =&AL’

#FR;: Should be able to receive call when needed

#FRy: Should be easy to grip the phone

«FR3: Should be easy to take a picture to oneself or

others

#FR4: Should be convenient to set the view of camera

gDP;: Simple FormFactor to carry on

#DPy: Small size to grip

#DP;: Rotational camera part

#DPy: Horizontal direction of large .CD

SOP1

WR1I X0 0 0O

#R2 X | X 0] 0| ,0P2
Fra %I x x| o] opa
R4 X| X O] x| ,0DP4

Flg 10 Design matrix and system flow diagram
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Table 3 BAR table of each modules
M My My M,

#(Block) 1 1 2 1 2 2

#Axis) 0 0 1 0

#Rail) 0 0 0 0 0 1
M 3 M, 8 715E FHEY) YexE g
i 22 JEAAE HAok dog 7EA
U FEL vlBanE LS & F U wEA B
=9 FE 101, =3 LY F= ¢ ot} ¥y

o gM; 2 FHdlg} i) g Ho] 7hesior smz,
E59 5 2 oH, AL A% 1 MY FHo| I
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Table 3 3} Fig. 11 & €3t A
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o
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=
rO
3o, L

e L0l A ={P }, R,={Q.}

(a) FFType = (1,0,0) : gM;, My, My
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Fig. 11 Example of the FormFactor for each modules

ORI GE A ={P,, P.}, R,={Q;, Q,}

(a) FFType = (3,1,1)

hasanaiat il A ={P;, P,, P} R,={Qq}

(b) FFType = (3,2,0)
Fig. 12 Example of driven FormFactor for product
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