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Abstract Recently, IoT technology has great attention and plays a key role in 4 industrial revolution
in order to design customized products and services. Additive Manufacturing (AM) is applied to fabricate
IoT sensor directly or IoT sensor embedded structure. Also, design methods for AM are developing to
consolidate various parts of IoT devices. Part consolidation leads to assembly time and cost reduction,
reliability improvement, and lightweight. Therefore, a design method was proposed to guide designers
to consolidate parts. The design method helps designers to define product architecture that consists of
functions and function-part relations. The product architecture is converted to a network graph and
then Girvan Newman algorithm is applied to cluster the graph network. Parts in clusters are candidates
for part consolidation. To demonstrate the usefulness of the proposed design method, a case study was

performed with e-bike fabricated by additive manufacturing.

Key Words : IoT device, Additive Manufacturing, Part Consolidation, Graph Clustering, Design method

b amyeon.kim@jj.ac.kr)
T4 20221 38 5Y  £HY 20224 48 1Y AMARY 20224 48 14



b6 AIEQEUIE=EE=EX H8H X25, 2022

1. M2

421 AAE PO 7 Ql5lo], [oT AIAE 7|REo 2 tef
g 717150] A=A 9lom, olEet 7I7le2 A &
Y=L Q= FAleIH [1-3]. o5 S8 IS5 H°F
gt Hlo[EE R IATEY A H AHAE A
WSEI ik EZE F7HA] [oT AAZ Bhgdt HiolEE
3E57] Yol AR (EE 3D ZYy) 7]&o] A&
Htﬂ =3 gHel AIAE Theo E8FH 971E ot

J iVﬂ% 4%t F2=0l A3 Eol Ho,
2890 TEhA, ToT AlA7E
5 ﬁ& % lﬂ°ﬂ HSAxX7T gol

£ wjorsly) A A7

Detailed

_. H Manufacturing [>
design

Courtesy of EOS

QO

Courtesy of Renishaw

O s Y

Conceptual Embodiment
design design

Opportunistic DEAM
- Part consclidation
- Creative cesign

Opportunistic DEAM

- Latt:ce structure

- Topology optimized
structure

Restrictive DFAM
- Marufacturing
constraints
- Design rules

[Fig. 1] Scope of DfAM

olgdt 7l&g ZEsh| 8, AZARILHAEA
(Design for Additive Manufacturing (DfAM))o] tj
St 2 A7 Y=L Q. Fig. 191444 "E H3A=
IHAAE A 27 E FEE=, 71214 DIAM #%
A DIAM ©] itk [7]. 71214 DIAM thH-E-2 Al
& A4 dA0NA G gl ARtz 9 1A
3t 2 & H8ok= AS F HHOE okl i, BE
Wl Zo] AA 27| GACIA thEo| Ao T A5A
Z A Aol tigt A= vvlsieh Al DIAM 2
AzArxA molZ Qo AE4 WHES o A=-
g9 2o g WAYsk= FAE Fetel=t] HSstL
Art.

2 Ate AER7] DA FEEEE o =N
ASAZY] AL et E”‘Q‘EH’—Z} st} 2
(Part COHSOhdathH)—“ AqH7Y REES dYEEEL
2 Jgotes o8, g 7ofeky L2t B35k
HARE, BE A0}, A9 59 A 5RE 94T

0.
o rel)

2 97 ek [13). Fig. 2 & & W] tjg g &
% k. oAl ofo] HER U AF (TS
579) 258 9l 24700 29§ BES VER F4E]
AT, FEo] Wol B ¥ (22%) 149 REow
R P ey
SEYTA A TeToRd FEL HE FHIe
£ Zolch, B8 SRIE ASAE gulolA] 22 s
g Ao|z, BE Aol =, AR A F5A, fARS F
7ol we BB BA 5 Tste] Mgl (8.
SpAlRE 5 o] Bk stolsekel 9 44 o] %

et
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(left) and after consolidation (right) [5]
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[Fig. 4] Product architecture of a motorcycle [10]
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[Fig. 6] Graph network of a motorcycle based on
structural connections
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(Table 1) Result of part consolidation

Consolidated and

No. Candidates redesigned part

Tire_F, Wheel_F, Suspension_F Airless tire

©-
2 Cs
Steering, Chassis, Spoke

@

FORKLESS STEERING

Forkless steering

Parts related

@e combustion engine are

replaced by battery and
motor.

Fv@:k

Exhaust, Engine, Fuel tank

Motor-embedded
wheel

Chain, Wheel_R, Tire_R, Transmission,
Suspension_R
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