creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

T3 HARS R

WAz st Aeiix] 57
% % WEQT A

D AR RAFAF 7]ES ojEA wAS=T)

The Technology Convergence of Internal Combustion Engine
Vehicle (ICEV) and New Energy Vehicles (NEVs)
. A Social Network Analysis approach

2023 8¢

Aedista et
Q594 71€A4IHARAAT

o ¥

ru



A7 dxpe} Ao q A ZsAke] 7l g3 UESA &4
CAeIIA AER 71 & ol @ wAsh=Tt
The Technology Convergence of Internal Combustion Engine
Vehicle (ICEV) and New Energy Vehicles (NEVs)
. A Social Network Analysis Approach
AETF FFY
of EEE FHNALS RO ASF

202339 74

AUt gt
HENA 7124 IAAR AT

o] + =
olF 2 FHAAANY £ES AEH
20233 74
9493 o] B & (o)
.94 % 2 4 ()

i



i e 2

A714,

A AAA dijtem we=a glow ofgk AlduyA AsA= Tle
3o AdEHQd AtdE, olgd Ve §¥e wHse= AL AER Ve
SAe WAL = T el Yy, dA dTES AdyA
At e Ve §8e 248t AEAk Aol B 550l I
AFARL a7y FE58h7] wiwel B Ao A dAtelA Al A

MERD BHS Adstgch. 4 A9 ANAOR, 7 4B A J)%
% Aol FARtelE, §F ARAAY AN % 0GR AR ow
¥ 1% Fal /1% Axgel welM AeuA

Az #ake] Ve 23 g2 eyA AsAEe] Ve

AEA 1SR Bl g

ol A A=A BEE

il



H 1 2021-21084

v

SRk

TUl



.o il
v

vil
viii

Hr

i
£l

Y

)
al7)

p—

<
B

A

ol
o}

.EH

oo
A

2.1

iz

2.1.2 7]

"

Az ol

2.2

.12

%
i

B

12

T AFE e

3.1

12

1 TIOTE] L

= =
:—_TO

3.1.1

14

BIOTE] A B o

3.1.2

.15

15

Ul ] T A e e,

3.2.1

16

U E Tl R 3 e,

3.2.2

18



4.1 AFERF A B a8 BB e 18

4.2 AFA G MEYT B e 21
4.21 UENT T2 B4 e, 21

4.2.2 WEDT AZBF e, 25

4.3 AFA A 718 AZTE e 30
4.3.1 WAZIAAE, wiE ] A7 EA4 30

4.3.2 A3 SOl M EAF A4 L, 34

4.3.3 WA7]HAF, AEZAAAE B2 e 37

4.3.4 WEA7IAE, stelHE=at, ARHAAAF A L 39

B I et 42
5.1 AT AIAFE e 42
5.2 QAT Tl oo 44

B e 45
F= 1 QA W2 UENT A e, 51
5 2:1PC AEEZY2 Z A IPC A e, 55
ADSITACT 1ot 58

vi



[&
[&
[&
[&
[&
[&
[&
[&
[&
[&
[&

11 IPC 2= ASTZE.....
) bt o1l s /\]]; ...... s 7
el Xl;i;;ﬁ;u;;%;;e;r;l QUETY e 13
11000200t o1 2t L%E;ﬂi}\_] ................................ 20
o0 0008l 2 A st 1o ;}: ............................... 23
o0 01 el 2 A 1ol 1o ;}: ............................... 24
T o1s 016 el 2t A vl 1o ;}: ............................... 24
o e e e * A 24
o1 el ot n 7]% ............................................................... 33
o] sttt o 7]% ............................................................. 34
] e e 7]% ......................................................... 37
......................................... 39
vii



[2¥
[2¥
[2¥
[2¥
[2¥
[2¥
[2¥
[2¥
[2¥
[2¥

a2y 23

11 Multiplex Ul E R Tl 3 e, 16
2] A= AA Asak A 58 Y AT o 20
3] HA7IBA 712 FF UMEN T i 26
41 mE ] A71AF 715 R UMIER T 27
5] stolBEEAt 7lE S UIEAA v 28
6] AZHAAA 712 FF UWEN T e 29
71 HAZIHA 715 §F B o, 32
81 WiEHZ A7IAF 714 8 FWE o 33
9] ol B EAL 714 G TE oo 36
10] ASAAAF 715 S HME e, 38
viii

% ey
-":lx_! it I.-- 5
| T

] ii o

F



N
Y
N
Xl
N
)2
of\
>,
Lo
By
offl
_>|,1_1‘
>
2
o,
O
—
i)
L
N
it
o
ol
o>,
o
il
ao
J
e
oy
X

WANAARE A2 Adux] 2EakE o]@eEtE o] AMSA HA R

=
to
il
k]
%0,
)

>

Mol g A 2AHgaks olux 2n#s & 7fart Agdos
A7) ool Al =2 olibstea wjE Azt 7] FRste]l A oS5t
Q3te] X8 ouAe] AA W] AHELS 7]&olar Y. (Sun, Geng,
Xu, 2018) B3 ==Y Abgat Ak olitdtea o] T4

&
22490 Wdrldatke] EHEs VA RS eta o @G ake] s iR

o
[
-3
R
B
filo
N
o
o,
=3

o,
o
=
rot
Al
o
o
=8
\]
S
(@)
o
rV
uu?
o
of\
i)
o,
i)
rir
I
=5

o2
)
Lo
1
>,
rlo
-0,
l
o
N
it
gk
r>,
2,
Y
o
i
=
%0
=
w
=8
0
Q
0
5
=
Q
=
=)
)]
&

Do
(@)
(@)
=
N
)
ao
i
=
=
ol
|00}
ko)

o

=
=

o

=

Q

=

o
=
=

0Q

@,
o
o

nl
0
(@)
(@)
=
rir
Az
RN
Lo
N
g



. 712]31 Kim, Cho

ofoll AA FH= o

=]

R

and Kim (2014)& 7)< §d&

!

el
o

dle]

n-

o]

1

0]
T

[e)
RN

=

A

2] =4k,

o
1=k

al

A

tol

°©

-
R

J

q
w9

7

Lo
=

Aoy Al Abs k= ol

o
g

=
Aoy, A

71wl <okl vl e A7

R i

o

A%=}o|t}, (Feng, An, Li, Qi, Wans, Guan,

=

A AT
Foll A
ot

Li, & Qi, 2020) wepA] Ao =A] =}
g Holth, 1,

Ho

A

Aol | A

wA skl Wl dx

(o33 MK e)
TS

7]

ol e}

T

o
N
il

L
o
_T

gl

3

S

=

Al A]

T AeuA A
9 elrt

i

O
R

{ 531,

DE

X

Ak
=

7ol &

shok. whetA,

S

H =z
=

177}
SEREEE

T

9
pl

-
bet

[e]

a1

__'Z__
=
AFE =2

o~ =
=

7

s

S

=~

R

EIPE
]_

L

Aol A]



el

Ho

A}

REEE Rt

upet A7l A

o] ol

gt

il

=3

=
=
iz

TH

EE DEE

AT ArnE B

el
.rOH

oo

o)
N

71E ok

Qe

=
—

Nw o

YEYZ a€d AEE

=] o]
AL

22

22

Z]
A

-

HEAY T2

Edz 7]
123 Az o)
A5 3ol

=
=

7

‘E]')‘:]]-

or], YA gae 269

7 2o 2 FAXAE NE F

[e)

i=1

7o) P v

O
R



B AT

S,

A A Al

o) 3 —1553]’3]-93\9‘“1, upx]e g Aol &=

4

=

KeN
=



2. ¢ &
2.1 71 &% 93 7l& g4l

2.1.17]1& && o2

i

Arthur  (2009)°l  ¢J38td, 7]&2 owg HHdd A FAH8LAES

u

e
-

Agtelal 2Hsh= Ao w2, 7|E g8 #3 FA4+= Kodama (1992)9]

o) F e FAL wehom, ThE Ag W Sy ope] s4le] e we

|

A7} o] Foj & ¢k}, (Caviggioli, 2016) Curran and Leker (2011)9] wp=wH,
e 82 V=, A A SolA oA olde] meksel AN Y

718bS T3t AssteE A o], Karvonen and Kassi (2013)0] ¢3hd

712 Al oy g ekl 7|gkste] MASkal dvt. (Martin, 2012)
71w g2 dRbew o Ule Jidoe®m ofsidd. A WA IS
Technology Convergence =, T+ 7] o]49 M=z g Foprt A3 #gS
ate] shube]l 2 =HdlS wt=s S o gttt (Curran & Leker, 2011;
Song, Elvers, & Leker, 2017) ¥, F+ WA 7@ Technology Fusion <&
o=

htel Bolrh ore Ropel mujdlom WEHE TR, AR EuAL



FA] ¢k=1t}. (Curran & Leker, 2011; Song et al., 2017) €& =2, 7| 5A

S

Technology

o]_‘g

w2

%71

A8k

Z

o

o)
e

—_

<

el
Plo

iy
e

Convergence = AWd 4

Technology Fusion 2.2 ©o]3j& <= 2t} (Curran & Leker, 2011;

-
R

3

A

7] wj&of, Technology Convergence °o.% AL += 7|&

i
nE
.alr
Ho

Y
wjr

op
i

2.1.2 7]

T k. (Lee et

shue, 7]

g o]

Hahe

S 1
= 1

okl A 7=

PN
=

= Awerh 54 7

277}

R

#t}. (Aaldering, Leker & Song, C., 2019)

il

i

[e)
RN

AR, A =

s

-
R

dle]

s

25 74

ﬁo

iz

il

o

o

]

¥

.-"\.\.I



al.,

(Aaldering et

’

GRS o ] - F 9L T
N ur S 9 Mﬁ w zn =
U s G . B
a1 CERC T oo
— X T @ o T % g 0~
S = 0y W m g =
L ¥ OE S S )
Ty O e
° = o & T o5 9
i of my M owe g m
I e 2 M L
- 2 T m - el = %I
L T Om S o ¥
Yy © | = W - T iz [
v -0 # = o o9 uE -
TP ® nF o =
T o P T i 1)
do Ak Ty X =
<0 N oy m U T g )
° T o < oy TR FF
T T M o B o T
W~ o o) o
o= ME A
w7 o 7 i I
-~ =~ © | T . v B/
N R B3 X m.r | o
b o B < ~ ] o il ~H
M o I = I == oy = Njo A
ER D R ~
@) - -
T - S
- oo Wow o Bow X ®
W ®ox O j =" Al
OA g oz =
™ ﬂg T ¥ OE 5 MO T oy A
IS S oo T
o of m ' M A i
®ox 9 x o o T 0w o Ao
oo IR Ho ® % T N %

41/20
Subgroup

IPC

41/00
Main group
A A o]

D
Aol

[¥ 1] IPC == A=F=%

Subclass

02
Class

Section

shut.

S

1

0.
H

of A%

J

F ARAA 74



2.2 A %3 o]&

ol A H]E=Et}. (Aaldering et al., 2019) o]o] 7]

=
™

Al s ALY

=]
RN

ES I

MIEEREE

o1
= o

g s

=
=

e

i

—_—

& X
=

-
s

Schumpeter (1934)

Folth, (A A%, 2014; Fleming, 2001) Arthur (2009)+ 714 23}¢]

eEE

E

A

o] 5]

Y =,

= 719 TEelA

7=

EEES

A el A

AM FAE lew, A= Ve

7174 714 el 7140 AlS:

)

M =&

F7FA 2, Fleming (2001)->

=
gt

shle. u}

b

[}
AR

AUz

o
o

O

X

A

—_
110

b £&o] = 4 9t} (Aaldering et al., 2019)

-
s

3

R&D &S A4

o

B
=
T

el
i

i
=3

oA Aol A5k

)

ToR

N



B
—_
fite)

TH

23 AEA A Tle &% AT

polm e =,

S

’

x

e 7]

KeR
T

(2019)

al.

§$kcl.  Aaldering et

XE

oL

S

o

Ho

A

el

SEERE

E 7]

Mo ME b

el

et al.

T3k Sun.

shlet.

el

4] 5}o]

i

HEHA

o

Ao} 7199

Ui

—_—

wor

719l

F3pe)

2}
AL IEEE

Aol A]

boargol

& A

=

Zarol



A A dEojof k= AAS AASATE Yuan & Li (202D =7 b
e A7A 71e ko] MsA sy TlE S A A FElae] =
7FeAel Ee Fubel didl EAsklen, H7F 3+ Ve kS W ehe
A3 ezt iy wiEE AR Vs FAE olHE F UARF
71948ttt ol# e Asak abgdel A AFE Ve Hal ol 71d9E
o, ddv|EAtel A Al A ApgatEe] AEak A Hal 5FS
uH A= Eadths o @A7F EA S

A 7 Hale Fad JH T U Ve §FPel Hed ATE

w3k o]Folx gEd, HIEAOSZ Feng et al. (2020)& A7)z} &A)
o] S8 FAHQ 7l §F= AAsSH. ol &

YEQ A F=x=E5 48t 719 e s3F ey HaAd Ve &%

et bl AEFA 7% wokel AT WeldwA vlEg)At
10



53]

3 AR

132, WA7|#ael Ao A
, 2023; Feng et al.,

3

O

ol &
E1
~1-

-

}t}. (Aaldering et al., 2019) ©]¢]

°©

0]
T

gt

AP shE] 7] Hok
T8

23 A e A

Ak A7 EA

°©

ok

i
o~

51

[

| 999 &%
2020) T3k A dbd A F o] 7|

Hele &
A5 49

A A

g

P Fa

B3

[e)
=

Sk

‘g]

2. e,

&

T

ol

oo
A

o}
if

0

o
iz
il

B

A= i

Foll A

s et

el

gl
=

T
o] 7]

i

-

=

O
=

2

5t ]

°©

1y

KeN
=

11

ol

-
R

Ko

U AR AER A B8

A
hi



3. A+ 4
3.1 9+ A&
3.1.1 53 HolH
B E yari@atet AouvA AEAEY e §8 UEYA

B4 918 2000 WFE 2019 WZF 98 SsSe] gaA BAsgich
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S35t o g F83skoh (H, Sun. et al, 2018; ¥& < <], 2020) o],
7

71%e) Faelut 71l A4 Fol el BAstuA @

Espacenet o4 <33}t Espacenet & 2 53534 dxled vl

dhH R w2 AN BE dolEHlolAE ZHAA St 53 e

.-':'; ! _'\-\.I-.:I_ 'I_-li
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A9 A%, 4ok 3TY Sl Bk A 5HE 2L + W)
W] 58 el /EA ATAGE TFHA G S5 g selst

7|1 =5 £3589 search query & T8I AL, o]

FEE U7

9170 M=,

FA AT

7he/d 0]

ATk wEbA B A=

rr

WAk, e e d71AE, stel B EAl, s A2k

EFEANEFEAS F85te] A=A multiplex network

Search Query

((ta all "internal combustion engine" OR ta all "ic engine" OR ta all "disel engine")
AND (ta all "vehicle*" OR ta all "car" OR ta all "automobile*")) AND (ipc any "FO2B"
OR ipc any "FO2D" OR ipc any "FO2F" OR ipc any "FO2M" OR ipc any "FO2N" OR

ipc any "FO2D")

Hi e 2] 4 7] 3¢

(ta all "battery" AND ta all "electric" AND (ta all "vehicle*" OR ta all "car" OR ta all

"automobilex")) AND (ipc any "B60L11" OR ipc any "B60L3" OR ipc any "B60L15"

(BEV) OR ipc any "B60K1" OR ipc any "B60W10/08" OR ipc any "B60W10/24" OR ipc any
"B60W10/26")
(ta all "hybrid" AND ta all "electric" AND (ta all "vehicle*" OR ta all "car" OR ta all
sho] H el =4}
"automobile*")) AND (ipc any "B60K6" OR ipc any "B60W20" OR ipc any
(HEV)

"B60L7/20")

(ta all "fuel cell*" AND (ta all "vehicle*" OR ta all "car" OR ta all "automobile*"))

AND (ipc any "B60W10/28" OR ipc any "B60L11/18" OR ipc any "HO1MS8")
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3.1.2 Hlole A
THY 53R ST EAE rdste]l AeAard® multiplex
network & WERHZ] flell, HolH dAE FASALE WA, 2 AT
A7 el A Ao A ABsapRe] Aeak Ak S5l mE Yle &9
MES S w48kt sb7] miiel], 2000 A48 2019 9] 713k 7b2 5
GZ ok 4 AR 2 2000 dHE 2004 d7bAE 7IRE A,

2005 @HE 2009 @7hAE 7]17F 2, 2010 WEEH 2014 d7-AE 717 3,

il
r

2015 WH-E 2019 Q7HAZ 717t 4 2 EA3. 717HEHE 5352 &
F, 0 E A 7o) AlZbE 2 Y EY A B4 AZE9oQl ‘Gephi 10.0'E
Agste] ZF 4 Al ZIzbE gidslea), wiER A7), stelHEAL

 multiplex M EYIE 187 & 4 719 ==
g2rESL 16 M AA F2EE FASIGTE FdE =8 7P AsA)
Al Ede &d3 [PC ZEER, 7|7EE ZEa AYEY wtE
=z}, olu, YEYI o] FEE [PC Z=To] Q= A9 FEIASS
AAz ] g Aol IPC Z=7F g Ao w7t HES SFAnh A= IPC

smgo] B3e] B4 FAW 4Pel FAHES Sy, AEAE WESE

»

dAste] A HAES AT

14

J’ﬁ.! _CI:I : 1_-_] |

&



3.2WHE
3.2.1 Y EYa +4
HEYA Bl Az 2 YEYT B4 AZE ol ‘Gephi 10.0’<
ARESETE 7l e dEFge UESA FERE FAS] diEol oYy
FAE o] #AE 9 & oldlEty]l i 2H UEYSA FA Axe}
MEE ol &3t A ax4olt}. (Aaldering et al., 2019) 3], <+ E3
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Z 16 MY YWEYAE BAQT. Multiplex MEYAE 7+ Znit} U3t

ol

FE7F ZRHAR AR g2 538 X E YEYIAR, 943 Ao 9=
wors I HEYAE dHud o Bo] FAHEY. E Ao Ay, B2
Aszk A W MR APES Hla BASEE R, multiplex HEYAE

AgERTh B dTe] MERAE 2 /AR AR A dEYIEY

wEsb BAS, AY )7ke] BE AER A E5le] ek [PC 2= E]

Aeae Bojo] FARFHNS A9l BALR NEs AFAE Fof 7
A g2 FHEs dgon $Us gak g T5F multiplex
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4.1 A= A B3 5%

FHESIH(EPO)NA Algst= 5374 MAXIQ Espacenet oA A A7

2

=7he Wde® 2000 W ol fol 299 535S st ol FA +H=
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2000 dH-E 2004 d7HAE 7130 1, 2005 ERE 2009 @AAE VIR 2,

2010 {9 2014 d7kA& 71%F 3, 2015 WHH 2019 A7A& 7|3 4 =

% (219 & [3]ellA] Bole wHiep o], U] dAbel Aol A AE At
el AA 53 & 7 7wkt 6316 %, 10,396 A, 14,636 A,
17,822 Aoz A 7|3t AA sl Frlskdith 53], Absak A =
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Abstract

The new energy vehicles (NEVs) are typical examples of technology
convergence, and analyzing their technology convergence is an
important factor that can lead to new automotive innovation. However,
previous studies have analyzed technology convergence only for NEVs,
so there is a lack of detailed consideration of the development flow of
the automobile industry. Therefore, this study analyzed the
characteristics of technology convergence patterns comparing the
internal combustion engine vehicle (ICEV) and NEVs, and further studied
key technologies that play a leading role in convergence. The findings
show that the overall technology convergence pattern for each
automobile industry is similar, but the core technology and its role in the
convergence are gradually changing. Through this, it explains that NEVs
adopt and recombine technologies from the existing technology
convergence of ICEV and NEVs. In conclusion, this study provides
information to stakeholders interested in the technology evaluation of
ICEV and NEVs, and suggests the technology convergence strategies in
relation to the development of more environmental and efficient

automotive technologies.
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