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I.ME

1. Z2gd 1tsAte] 270 st oig 2 22X M7

2| Volvo jit2] gl S84 52 2] H2rhed HelE g2 FAol d=xsto], Alshe
AEEolA AES A4S A & =

S sotFE BEE HoleH|, SotAle A AAE 29 M Y 2r "RSFS 5k
bRl W7 e AR w71 E2 S WAL, ol £ il WiE Wile Eas B
Oh. 1831 3gaLe] upA|etoll= &u7E Q1 R RO 7| A AE Bl Hu o] § HiEhE =
ot 19 A Al o] WMo} ke faa AA Bolsr nprelHEnt

20159 FA0H k2R E 791 "HAACIE S AlA e g, E(l)FAE S EATH
(Carbon Neutrality) A|H7} T2l gt w} 7] 2] AA7F 42} <01

o)

il
pou)

[o
el
Kl
_9_15
N,

HA 7d07E A, I3 585 ok JAAAR] e Ad 7S HAE
dS0] &% H&@H(Eco-friendly) ol2hs YR 22 SHTIAIL, AA| =2 flol= ot ¥

TS & g IR A71AREs ARl = HA| ol 2EE Hth

AFA A Aol A IR (B F18H RhsAke] A E B £71of et E: FeE A
Ao WEH S XSHY ApsAf of 57t R, M7 AEAL, B g AE AL, shol B
2 EAEZL, A7 AHsALRE (7| A A A46x A1l w2 viE7tA 5]-87]%0
A EEl= AHsAt T AT AR E o2 Aol 7| S REote AsAl = gt
AUck3). Hrh gubd o 2 @A gl = 2] SHE 7RO R fLESHAY o F HdS
ol-gsto] 2= U el 2] ol T4 T o] P 1 B9l HEE aoto] 58S Wtk
‘A7|1A-EZHEV, Electric Vehicle)' &} QR 2RE F4AE FH6to] g W ARHA]

(Fuel-cel)& o] &L 2H $49 37| F At sholils-2 53 49 A7 €&
3k

_

&8351= ‘A7 AZXHECEV, Fuel-cell Electric Vehicle) 2 UH & 4
A 7)of e Q) viE 2] 52 oA 285t 7|1 A& /7 7]4 o | A
‘Sto] B 2JE A5 AHHybrid Vehicle)” A 343844 AsAt= &

et
ok
!
_0|L
)
m 0

el
i
)
30
i

1) V12xte] uojop7|#7] 28 ¥ 2|8, AHAEE, 2022.01.03.
2) Volkswagen: The scandal explained, BBC news, 2015.12.10.
3) MYSHAIEE, SFRSN NS L Y B ST 2ot HE: TGS, 2022.01.28.
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(23 1] 20224 SBEISE KSA MBL AE

HH % HT FQULfE 2E Ha
ZHE--H1M| 30% 2lat 6713 SHE FHEE A M
;ﬁ%‘:ﬂdg 712t 22.1.1-'22.6:30 A8 2%0| 2
ZOISHE : 1002+ (E=MR)
201 =g 7|7t 3 ot
HI|-257 FSAM : , KM S x| SHel
i UE7|BH: '22.12.31 - '24.12.31 B

ZHBHE: 1402H2

i‘::‘%z:jﬁi} 7|7k '2;1 :'22 12.31 EhRaA At
5h e HM109% H1~38

#H o zZpoiste 1000k

i - XS 2RI

HSA 72k '22.1.1~'22.12.31 e

4w o AwBE: 40012 N

Az ZMH|ER, (ERF AT ANM| ot AL 2022 EEK|= RISAE HE), 2021.12.30.

T4 [3H 1104 BExo] =AM A 8(KAMA)S] HE=At= g B sto]Hel & 2}
SRl diet Haa A9 20229 B7HA] JHEAH]A] oF 1007H3} FHSA] 407 A4S
olgYstH, o] Fofl= F7H U HEw2| FHlw AR ALz At v d7]ARE AR

Hofota ot [H718 4 BEH A 582 38 AR &, 2Folgte sHHRS A& 589
ofl et b3 iAot 3 & T4 wiEe] A3 9l 7] H e A1) B ol FEshAnt
£ A& Hel Aoz sjAHnt.

, @A AFs AL s ol HEE A2 AL AAlE et AYoUAIE 7R ez 3 5
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Z(Thermo-chemistry) B0l A-8sfo] &8 L% Q17| wjFolt},

7|4 g 7FA] A3l gojrtol & BEL2 offX]Yd(Energy source)¥ 5 Y(Power
system)°]l TRt 7HEE& FHESof Stk ot oy A2 Fafol 150l HeElgh FEj9] ofu]
A= ek o] ARE o Q= A S 7H miA| = A 9271 &5] ¢ Q= sh R, A719
Yz, 4, T8, G- oA 502 tirE & ot I8 3 5 Lol Y9] ovix LS
583t o X &2 M3 F= ‘of| | & ¥EFX](Energy Conversion System) ©|2F & 4= it}
Y A 2= YA ES HobEo] HghlE o= Qe BH, dadA], A7 H, 7HAH
o] B5F x3hd &= i

=

(1% 2] 188 E0)| Y&{=l= 7|& O/F HA7|2 hH| KEYOU iit2| =4 L7 |29

Hi7| BiE = H|w Z2t
@ 18 t truck

co, (g/kWh] 1.000 0,08
NO, [g/kWh] 0,46 0,04
PM* (g/kWh] 0,01 0,002
HC** (g/kWh] 016 0,01
co (g/kWh] 4 0,01

* Particulate Matter, description / unit / standard for fine dust

** Volatile organic substances such as hydrocarbons

Xt=: KEYOU, KEYOU-inside for Hydrogen engines and vehicles, 2018.

b A gaFE Ao A7]oy x| Ent ofy 2} o]} t-5-5HA S 8.3 A YE 7HA AL
29| &8 0101*1 21873 o q 2| ¥ 2] &o] 523 ZoJA| o] E A=A ®
F9E UATHA 581 9] 7ol AlehE FoiA = ¢t "ok Fol a5ttt [T17 21004
o] A4 (Combustion)& ]‘?_PEE 3}k o 2| & o]-8-sk= HA7IIH(ICE, Internal
Combustion Engine) $4]2 A= HF F &4 (Carbon-free) 218+ o X Qo & HAF
A 7] viEEo] §AE 23 B4 A9 Qirh ©, 4 AR AAlE §AvE gl FEE
A Y1713 (Reciprocating ICE)Y] -2 93t o-2-Foll Zghe g 57} Alske]of vi&
H 4 o HE Hj7] 5 ol4tetetAa] w7 5 ol4tetetA] FEE T A ppm £E
A3 4= Sl

)
A

%
r

kot
M oo e
r_‘a 2

k.

4) Park C. et al., “Effect of fuel injection timing on performance and emissions with dedicated direct injector in a hydrogen
engine”, SSRN-id4007970, 2022.

20 sEIIAeTH



[=2] 22 7R AlChol Loty 2| 232 nat

(23 3] I =B HT|RY/ 25t =5
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ax

X BSHH

=l
7%t 24 T

g | W ne g

g JANE, (S0 = AT MO SOF--£X 12197T), 2021.12.21. [FEX: 2EF]

S QARG A A o W (17 304 B0] SARHE H717e] 10 % ol
2012 BHI% 4 ek, } WAR 4 F149) SHbo] B BAIZE ZA5te, AmAR
719k] 422k H7|3} AYAkero] Shehl 7ol Zwhol ARG Tl F1E4-S Rk AR B2
Ak Qlitet 720 ofel g A EARc, ofefat Al A o|n] AL AAE 2 W
7o) 44 QRS WoREY 4= Q7 Flkel B} ukE Sk o] Qlxtete) 1 Shile] 7]ofat

(2% 4] 0= oAXIH0A HASH =42 7|& 2EY

NEAR-TERM LONGER-TERM

Gasification of coal, biomass, and waste with carbon capture, utilization, and storage

Production Advanced fossil and biomass reforming/conversion Advanced biclogical/microbial conversion
Electrolysis (low-temperature, high-temperature) Advanced thermo/photoelectro-chemical H,0 splitting

Distribution from on-site production
Delivery Tube trailers (gaseous H,) Widespread pipeline transmission and distribution

Cryogenic trucks (liquid H,) Chemical H, carriers

Pressurized tanks (gaseous H,) Geologic H, storage (e.g. cavemns, depleted oil/gas reservoirs)

Storage Cryogenic vessels (liquid H,) Cryo-compressed
Chemical H, carriers Materials-based H, storage

Turbine combustion

Fuel cells Reversible fuel cells

Conversion
Fuel refining Blending in natural gas pipelines
Space applications Distributed stationary power Utility systems
Applications  Portable power Transportation Distributed CHP Integrated energy systems
Industrial and chemical processes
Defense, security, and logistics applications

Xt=: U.S. Department of Energy, Hydrogen Program Plan, 2020.11.
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=2 = 7Y

chat o] S Vol/ B A Aol A% =
@718 gl Gt

SANME 4 AmAR] 2ol et B 2a vl

AL AR Aot 28y [| 4]01A4 o] ul= oY x|/ (U.S.

Energy)oﬂ/‘i 9F3 3 [Hydrogen Program Plan]o] W2 H 44 &80 I35t 337] A&
Egs] A4 (Advanced combustion)@t A7 AX]-A 4 sto]B 2= A AE|(Fuel cell/
combustion hybrid)O] 7% o] St} 5] A4 Fioll= 71&9 7HEd, YA 5ol =3
St AR} ofd At T2 Feta Amo| A4o] A8 : Xk 4= Atk TS A4 QoA
FEFA WA7|1H] 8= stte] AR AAEof QU

N
glO

N K
)

(o]

:

A

=

Department of

[11Z 5] EQE} kot OFOFSH ko] AL Z i S0 VA 87|18 =4 A

A= otaUE (OFOKSH EQEIS| HHOE 4500+ Q| V8 =4 AT JHYSICH, 2022.03.01.

o

J8qkohy gt A AF o2 7| St TH 7|FEo] 4 HATT ol JFotal o
o YR A A Eo] EEEH I Y} [17 51014 Exo] Y& EQEjito A= 450 nHE =59
éi&ﬁ@@%%ﬂ%ﬂﬂﬂ%%%ﬂﬂ%ﬂﬁO %BMW&%HH4&Km0Uﬁﬂ

5) U.S. Department of Energy, Hydrogen Program Plan, 2020.11.
6) Toyota global hompage, (Toyota Developing Hydrogen Engine Technologies Through Motorsports), 2021.04.22.
7) KEYOU, Effective range of H2 lean combustion/NOx emission control, Vienna Symposium, 2020.
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2) Hi7] &=
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wjr

FLbel HfE ] 7w

S

A% AER 5

ol

St HEE

Z|Rto 2

ot

—_—
o

:
=]
24, 3

Azt BHHTAE 7RO 53

i
=

w3 sk

]

K

o

ojo
o

8) Motor Authority, {Ford patents hydrogen combustion engine), 2022.03.18.
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F2SHS A% 5HLY M BF2 2A F 7HA7E v A Bl £ =R2olM =
O Fea 4wl £4E ouAYes 85k ZlolH, tE shte s YY olvAHe
2[5} oA B8)& Eole Aol olvA] &2 g2 A2 o2 gl o ZX]
+ @, AA| e F2 olH RS ARSI o B2 81t o U A = AT A A
oz ArE Aol adE 7H & ot 53] 4] At ol I 3 F s T

1) A WOI7|20| 58 348 L R
A

AA| Ao W 4 YATH aE 400 9HA, W17 o] 24 21 a&9

s dot& 27t At

139 61 47185, Spark Ignidion)e] Y7189 /1 £1ele] © EAjol 5] o]
A 522 G5l et ek e xolt), Unka o ol2Ael Yol He] dage

o} vl o] W] g}, (g, Alo]A Bz ATt o] Huleshs %o}»]c})xm EERRE
71 H 31 3k 2N 127 (Knocking) B4 SI3ka7} ] o] Aol o
o, oA 9~12 50] QIEH|S ) w3 FE 4B S AL Q3 das ke 3710 74
AR WA} shhol 2, HFH]E 145508 B Zlo] Egsitt. teh g A0
a4 Sl A o2 GRS 63 % B T 4 Utk

N,

9) Hermesmann M. et al., Green, Turquoise, Blue, or Grey? Environmentally friendly Hydrogen Production in
Transforming Energy Systems, Progress in Energy and Combustion Science, 90, No.100996, 2022.
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[=2] 2225 Alcholl LH17| 2o 232 nat

[y

[12 6] Y=H[0| 2 QEAIO|ZC 0|12 &8
QEAO|E2| 0| B BEE [%]
100
-QEAOIBL R B M ()
(CR: 5 H], k:H| 2H)
SESRAlE H A, M, A0 T2 0| URHERLE 7PY 510
EH| 1, o
80 Hl Y| 142 7 69.83@ CR 20
62.99@ CR 12
58.48 @ CR 9 M
60 ,/0/'/‘
40 < > LU Q1 T 7| AT Y=H] Hl(av12)
20
0
0 5 10 15 20

ASH|[]

HHH S USHA A F olUA YR ARESH= ARA|
o] 2F 83 %]l ol5= & = ATHO). o]= A7l A REEA I
SoVk= I (&, 9i712H8) Sofl 122 Hj~7] Laﬂ(Enthale)ﬂ U7 = o] 44
’\H}Qﬂ 2ol A 2 oA MR -Eoll A oFZ 7HAI AL 7] wiZoloh. Eet
AF AR 9] 270 wet th2y GHtA 0 7 £-82jeko]| ARR-E]= PEMFC (Proton Exchange
Membrane Fuel Cell)9] 4% 252 =7} ¢F 60-100 € A4 dtall, WA 7]&e] A4y 5
FHI2E+= 2,000 TE 257 Yol 2AHos Tste Rz I &4 (Heat
transfer loss)o] Z7] Q1 o|-F-= 2Agtt. whehA LT A E ARGStE e WA 77
9] o =] ¥gt Bgo] AR H|s} W& F=Hl] gl= HATF AT

0[-('1 _{o
n:
L”g
o
Ho
%
B
N
o,
ful
fu

10) Fuel Cell Handbook, 7™ edition, U.S. Department of Energy, 2004.11.
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(22 7] OILXIER X SHA & HEH1} H|OHX|ZS =AIE Ragone plot

10° 3
>
é 10° q Batteries
5 10"+
D E
c
@ 0
2 10 3 Supercapacitors
EJ_ 3
» 1075
1024

10° 10" 102 10° 10* 10° 10% 107
Specific power / Wh kg’
At=: Zhu A. et al., Zinc regeneration in rechargeable zinc—air fuel cells—A review, Journal of Energy
Storage, 8, pp.35-50, 2016.

ol24el o1 x| Hg SHoIH 9] el e AR Ao H]s] B Lk ol glont,
(19 710141 2= A3t o] Fe o] Weg ofuix) 3
A U % ot Aok oA W drxoh sl S5e 458 Holr, uel ]
Rk fed7] o] AL 109171 Aol AL Bl
] 5} 9171 9he s of vl el Hlfsﬂ £ 7o) g Kol Glou R, H]Ee ZHolA
712 o] Ik, o2 B4 ofu
A9 A 302 AR, A
st

M _4
el
i
1%
A
=
=2
>
rlu
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i)
0,
%5,
rir
k)
rlo
e
oH,
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(13 8] f51Y MZHIE 7|& §84 H|w (FCEV, BEV, ICEV)

4+ 100 )
---------------------------------------------- BEV*
FCEVEl 27, 42 55ltAM 27| 38 = X 288 4=
TE2TXA2| iF=2 S0 =e|=E Sl =8 28 /ls
Tank-to—-wheel e |
=22 (%) e ; aemmmeemana ] H2HICE
- o ; FCEV
"""""""""""""""" Diesel ICE
H2-1CE H 02 ICE=] 8L,
SoE x7}?5*0“ oet 524 57t
v 0
0 £2512F (Load) *> 100

IA.E'“ _LJ['_H %a:! (0/0)
* Load: AAEIO| RYSOZ B3R 4 9l 2 S2ASAR 8, FC AKE S22 0%
Xt2: Global Tech Korea, EIAMZHIE7|&, 424 HA AXI(H,~ICE), 2021.09.

8104l & = Ql=ol AAl 7+ Y Y Zs 2o 2 AR ]9 =
T &4 (Concentration loss)oll 71918t Ak 757 5 6kaL, vhH WA 7]
o Al A4 B8 g QY &4 AHCE Q) o #] Het g0
56 T2 oY aeS Ve 4 vk S5 S'UPHEL, %‘ﬁ-@ri‘qﬁ@
= (Laminar flame propagation speed)7} @2t W=7 (Anti-knocking)°] <
, A TR AR Q1 A7 | o] S H| E ot Aketo] -5 4= At E}E}/ﬁ o]}

T
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o 1 me oM oN
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1
o) oN o
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21w
oME w4 duridA = 28, 71E tA A vlsiA e 2 dae2 7|HE

ZA 5,

T

.

N
o
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o)

11) McKinsey & Company, How hydrogen combustion engines can contribute to zero emissions, 2021.06.
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[Z13 9] Bosch & IVTOIA HHESH =4 AT §8 M(Map) (ZH ZEZAM, 21 ZIHE2AH)
Brake thermal efficiency 1] . EBrake thermal efficiency %] i
28 — T - — 28 =
B e
24 < 124 3
420 % 120 g
a a
416 ® 416 .g
412 é 12 %
-
18 § : 18 §
£ ; g
-4 'E ; 14 i
s ~ @
B - - L 1 L 0 @ 1 “‘1 ) - _I -~ .H: 7 —r\ll fnln i
1000 2000 3000 4000 5000 6000 - 1000 2000 3000 4000 5000 6000
Speed [rpm)] Speed [rpm]

Xt=: Bosch & IVT, Hydrogen Engines for Future Passenger Cars and Light Commercial Vehicles,
Springer, 2021.02.

olof =4 Wil o] && FAHA R oh=h UA| -5 Al m&o] His] el B art EAIRE

ok [1% 91 =99 Bosch iit7F 20218 IVT it 3502 A7e =4 Y717 A7
&9 Hol 2 Aof| 2 A5 E-E&(BTE, Brake Thermal Efficiency) #< Ho{Sa1 it
X {‘< [©) _/1\_ 1:1:]

A AR E ZEO| BEASH= HHA(PF, Port Fuel Injection)& AF&35F 739 A1}o]
A

Q=L AAA Yo A1 EASk= ®4](D], Direct Injection)?] A% €88 W& HolF11

2% YA FHHH Folth. ok 7|A} AR  Q 2 AFOE s, LE BA
A 8710 $UFS oA A 58 £4'S 20T % 9082 74HGas phase)d]
ARE 0] § T 53] QYRS Aol ST 42 FY 4 Yk ol fof 7]
th2), 2 2F 2A RY|Te] AT 25}l AFFEWFLE (BMEP, Brake Mean

12) Heywood J., Internal combustion engine fundamentals 1st ed,, McGrawHill, 1988.
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Hedl 7Bt $53 SEol0, dRge
2512 PP SAolt. Z, AR 1] TS AT 7120] /1Y A= 7N e
P P g The A8 (e ding, o g0 i T 22
%%101]*15 %Oﬂ 7108 2 Sl AAAE 7149 Sl 2 Sick. Bt ohjet ol A

J Fo) BE AL YA 285t glont, 7] A

ol S Y| TO] TP Y H O YFT vt

Tp
Kl
—La
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/\}0}711 35 % Wl daee
QTH19),

22 7] LA % P42 915 T IAE AHEALA] BA ] (njecton)?] T 4
o] 24 ARE T SHES RE-X Gk R

PFI Engine Design

DI Engine Design

Atz www.aftonchemical.com

(13 10104 B%o] B9 AR RERAPAL F7|EEA A7](Fresh ain2} @7 &
£ BARIE W4 02 WYE B7IEE F2F ol AR A5jo] 37]9] %S wlok otgT

?ﬂﬂm

13) Lee J. et al., Effect of different excess air ratio values and spark advance timing on combustion and emission
characteristics of hydrogen-fueled spark ignition engine, International Journal of Hydrogen Energy, 44, pp.
25021-25030, 2019.

14) Park C. et al., Effect of the operation strategy and spark plug conditions on the torque output of a hydrogen port
fuel injection engine, International Journal of Hydrogen Energy, 46, pp. 37063-37070, 2021.
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© A4l Vol 1FOE HH ARE FFHLE,

i s g/1HES $o) BFFE 4R A4 B0l o e o] Aol A4t

o HpA e 5719} 7] B EAlo) B2l 9 (Overlap) 77¢

3719+ Akol W3} oL 4 AFhed, EE oAl A7}
o]

ko
9r
EY
‘H,
Ei
2
o
flo
N
b
=
1)
N
r
=
b
R
o,
o
)
ille
1o
4

7H BAL By
% get.
D) Y 3718 A4 B PLE A% 29 A5l 2

2) F71ZE Y 93tz AT Y+ % &9 4 Ed 24

wetA] A EA} 7Rs e QA o) et 4 o] Ad AR L 4 Uk et Lt
O %8 bar 9] 4202 BARH: RERA AT} 2e] APEAFAL A2 ) PO,
E Q% P uc 5o B4 4L A 75HEE, 2ol 30 bar o49] EAKIEo] Basct
£440) 717} - 242 5k 7] 310]) chef 4 Glo] IO e A7k o] EARBH 7]40]

HA] kot A ol A= A4t 710l FE3E Ao] Abdolnt. vt = 9] Bosch it 2} 1]=2]
Borgwarner jit, ¥22] Denso iitolAl= AHA|ZH 0.2 =4 & QIAE 7o) &S =3
T AAES Yl At gehA] 2710 @E6te 4 A& A 7aS =Yk, S
ofl= = Y 71A A RAL 7 |E A IS 719U o UEE R 71 FolA A e oF]A]
otof g Aotk &, o 7|e ke A/ FE/AH] 7]e2] 4FoE A7 SE O 40|
EA 3

2. 47| Hig= A 28N 4
Sagd Sl oA Feta A=l e4E HE5P0 a4 W78 w7 vigE S
Mg gAE Zeet w77t e AT A o] Argsitt. LU hA el <F 2,000

C Wﬂﬂ A2OA] a2t 57 %&ﬁ\ﬁl Aolehihe= 7IHEO =2 3= A|AHR] vk it}

15) Sherif S. et al., Handbook of Hydrogen Energy, CRC press, 2014.
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1) =4 A7 7| HiEE g Y &L
A2ASHEZ 7] 5 2F 80 % 7Hg= AA| St AAarE a12/719ke] g oA dsfie|d &
A9} 5} NO, NO» 59 B2 A3H4 =l ﬂr oA AR W aAeHE-L 1 AR
ol otz 4AHdH|E st AY FaetAR T 59 Ul EAEA FEA Y 257 T
AL e 4 ek MolA g8 v/ 2 ERE
[ 1] AlU2|R & SEXEC EURO-7 Hi7| A M Al ZAMSE HIE A +X| & E
80
BEuro 7 CLOVE Scenario 1(April 7, 2021)
70
mEuro 7 CLOVE Scenario 2 (April 7, 2021)
60
mTier 3 / LEV Il fleet average by 2025
50
E
£
B 40
£
30
20
0

NOx limit NMOG limit NOx + NMOG limit
(applies to Euro standard) (applies to Euro standard) (applies to US standard)

Xtz : The International Council on Clean Transportation (ICCT), ICCT's COMMENTS AND TECHNICAL
RECOMMENDATIONS ON FUTURE EURO 7/VII EMISSION STANDARDS, 2021.05.07.

HEZ Q] 5-8X7F2] vi7] A4 5 3] EURO A= EA7HA] 2 A4 AksHE 9 o
(Smoke &2 Particulate Matter)oll JF = 0] gtoL}, F+ 9 5o olisterA &
TAZE AASHA 1 let. wbA] 20259 ©] % EURO-7 HiZ|H#AIE A& Al 59 g/km
0] o] AtStetA v E HAIE = Aol Jlow, AAaAtshEo] A [C1| 1110419} o]
Hj& AUt of mEt oF 20~30 mg/km &2 AAISHIL QUTHo),

16) The International Council on Clean Transportation (ICCT), ICCT's COMMENTS AND TECHNICAL RECOMMENDATIONS
ON FUTURE EURO 7/VII EMISSION STANDARDS, 2021.05.07.
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(O3 12] 7] HAE & FAMSE HE 5 X 4 AT |22 ZAMSE M LA He HE =

H.-Lean Combustion
Effective Range

o K e 2
Operation

ry

L=
% — * EGR reduces already low NOx-values
g S * H,-SCR Catalyst reduces NOx-values
t o close to detection limit
x Q
g wy

Dles_el S

engine *  No NOx-formation

1 Y EGR
1.2 24 2.8 Air-Fuel-Ratio

Xt2: KEYOU, Effective range of Hz lean combustion/NOx emission control, Vienna Symposium, 2020.

ok AAASHE-2 o] 25| (Stoichiometric Air-fuel ratio) F-<ollA] tha 3]sk
Al o 8ok B4 7HA AL Qlk. 1-29] AAE QIgH ol v X9} 57 F Akart
A AR =2 713884 W73l ARE 7SR dIzle] 75
7] 412 Xc}‘]?_ A HE M (Three-way catalyst)®] 282 913l |25 H] 4 FAS
ARgafigk o, ofof] whef A4nofl o5t FA 2] A A HaielEo] WiE2 3 ppmoll 23T
E37REE A50 EAAY F7] 7Ho)E(Excessive air ratio) 2.0 0149 &&o] oj#]go g
A4 ApA|of| A LAY sH= H s /“_}ﬂ%«] A2 7157 ofH Pt 18y 4 dee S84
37| BYE 4.0 /A & A E UA7|8 28 Al 240] 7FsotE R, Ad ApA|of| A s
= A4S AE 7IH8 & 5= T8,

:
N
= )
!
e
ﬂ
_rg

[L¥ 12]00l4 & = 310l = f’e‘ KEYOU iit2] & dﬁ%“’ﬂ ‘1} H A o & o7
R

A LR 2§t 2704 = FA E]*é‘ ‘41%71%0115 34% U 7l w71 AI=EHEGR,

17) Sherif S. et al., Handbook of Hydrogen Energy, CRC press, 2014.
18) Oh S. etal., ion on the operable range and idle condition of hydrogen fueled spark ignition engine for unmanned
aerial vehicle (UAV), ENERGY, 237, 121645, 2021.
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Exhaust Gas Recirculation)Z} A& & 2 Z0(SCR, Selective Catalytic Reduction)
9412 M 8olo] H5 02 S vQl|ToIA] WAShs WadteRo] iz e Atk
AZRI AFE WUt

=1

[T27 13] ZEZAL YA 4 LHA7| 2O 37| UASE S SEE(E) H BAMEE HHE(R)

245k MBS 247
o ot =2 S J__l-
Brake thermal efficiency and pumping loss as various excess air ratio Composition of NOx as various lambda values
) 7,000
— —e 3417
__e- 3070 %318 —=-33.05 33.89 6000
* 82022
® 26,65 o
- 4,000
3,000
40 B-9s58

2,000
1,000 o

08 10 12 14 16 18 20 22 24 o Mo =02 =42 w2
Excess air ratio [-] 1.00 1.20 1.40 1.60 1.80 2.00 2.20

~e-Brake thermal efficiency [%] ~ -8-Pumping loss [%] =NO[ppm] ®NO2[ppm] = N20 [ppm]

Xt=: Lee J. et al., Effect of different excess air ratio values and spark advance timing on combustion
and emission characteristics of hydrogen—fueled spark ignition engine, International Journal of
Hydrogen Energy, 44, pp. 25021-25030, 2019.

AR F4E W A7l 483tk 7id2 47t ol¢- 3]Esh =
47} 7hsstohe 24004 AARE [13 13]00|4 H%o] #&52] Al
ALANSHE W& 235 2 2% 5]8F A4 (Lean combustion)& ]53@_}’\ =
AIE =5 5 A o FA AF5ERRC] RERA A Yo Bkl 37 HYE
2.2 2700 Al BEE 34 % T2 4335k, Aol o] HHEE]L AaAHE2 10 ppm
o ol BT kA A W A7 |0l 2EE A Y] FAtt Fal Bi71E Rl Aaitst
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(SOFC, Solid Oxide Fuel Cel)2} 5535t A=t & 4 9rho).
[22 14] O™ ARIQ| HY7|Z¥ & EURO-5 22 2|5t SCR &X| R2HH|IE

Engine displacement 9.0L 12.0L 15.0L
Catalyst volume (SVR = 2.5 225 | sor | st

Substrate and washcoat (vanadium: $12 x CV) $270 $360 $450
Canning ($30 x CV) $675 $900 $1125
Total PGMs + substrate + washcoat $945 $1,260 $1,575

Urea tank cost $337 $409 $474
Urea level sensor cost $48 $48 $48
Urea tank accessories cost (brackets, bolts, spacers) $33 336 $40
Urea pump cost $85 $94 $101
Urea injector cost $57 $62 $67
Stainless steel tubing cost $140 $140 $140
Urea injection pipe section cost (6 cm in diameter x 38 cm long) $12 $n2 $112
Urea injection mounting cost (brackets, bolts, gaskets, spacers, etc.) $33 $36 $40
Urea heating system cost (200 W, 12 V DC) $66 $72 $78
Temperature sensor cost (4 sensors per system) $84 $84 $84
Mixer cost $100 $15 $149
Dosing control unit cost $170 $170 $170
NO,_ sensor cost ($170 * 1 per system) $170 $170 $170
Total urea system $1,435 $1,548 $1,673

Total manufacturing $2,380 $2,808 $3,248

Vd = engine displacement; CV = catalyst volume.
Xt=: Francisco P. et al., Costs of emission reduction technologies for heavy—duty diesel vehicles, ICCT,
2016.02.

T2 A AESEARC] Fo7t W, & Arigol A2, 230 3Hf Aol ofs) At
2 Q1 AaelEe] Aol 7Rt & & 1ot Al 23004 atekE A2 o aLHls)
of & AR N AHt. HT 945 7 EAZ SCRS 2 AFE9] A4 A3t 4]
EA7E AR A olfr & diFEH Y W, HA] SCRS ARESHo] Aadtelzo] AE 7die
Fal gl oA AZ1® FA o] EAIA Ar2E e flvh 53] (119 141914 &
W0l SCREZ A2l f3iA = 845 AL H vivgS BISRt A5 SHek A7
5ol Zast7of wi7]Fo] Aol wet SCRe Al&sh= Bl-E = gHek= oF 3007+ QHHo]
WP st E8 471 AAE wi71% 9 BlE o] ti| A Vel z A

19) KEYOU, KEYOU-inside for Hydrogen engines and vehicles, 2018.
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. Intake manifold pressure [bar] Excess air ratio[-|
28 - r : r ” : 28 T v r

-

Brake mean effective pressure [bar)

Brake mean effective pressure [bar]

B..
4
[ 0 'l A Il 1
0060 2000 3000 4000 5000 6000 1000 2000 i‘{:fd":sﬁc 5000 €000
Speed [rpm)

Engine-cul NO, [ppm]

Brake mean effective pressure [bar]
to

(=T - -]

000 2000 3000 4000 5000 5000
Speed [rpm)

At=: Bosch & IVT, Hydrogen Engines for Future Passenger Cars and Light Commercial Vehicles,
Springer, 2021.02.

T2y [T19 15100412k o] B EAA(Turbocharger) 59 #(Boosting) 7|4 285
o M ggol 24 Fut ALE AP A9 AL RE DAY= 4eHE] 25 1,000
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Xt=: Candelaresi D. et al., Comparative life cycle assessment of hydrogen fuelled passenger cars,
International Journal of Hydrogen Energy, 46, pp.35961-35973, 2021.

[13 16]914+= Y= A7IA(CNG, Compressed Natural Gas) A= tH] LCA 242
53t o]AshetA v Eof| oI5t SF YT E ARHA] 7]0 A A7ReE 24 A7 T 2 Fo]
tfofl Blw St Ayto|tt, [19 F 2Fo] A /GWP: Global Warming impact Potential, CED:
Cumulative non-renewable Energy Demand, AP: Acidification impact Potential,
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Hydrogen—Fuel Cell

Hydrogen—Combustion Engine

Tank to wheel

60%—Fuel cell [49]
93%—Electric motors [53,54]

45%—Combustion engine [29,35]
90%—Transmission [72]

efficiency 97%—Rectifier [59] o
54%—Total 1%—Total
Operating hours 3000 h [50] 10,000 h (comp. Section 3.1)

Relative costs

7 € /kW—Electric Motor [73]
43 €/kW—Fuel cell [52]
14 €/kWh-Hydrogen storage [15]

30 €/kW—Engine +
Transmission [42]
14 €/kWh—Hydrogen storage [15]

2.0 kW /kg—Fuel cell [49]

1.5 kW/kg—combustion

Power/energy 5.0 kW /kg—Electric motors [60] engine [44,45]
densities 1.59 kWh/kg—Compressed 1.59 kWh/kg—compressed
hydrogen [14] hydrogen [14]
65 kg—Fuel cell 87 kg—Combustion engine
Weight of a 10 kg—Air Compressor (estimation) 40 kg—Transmission (estimation)
130 kW drive 26 kg—Electric motor 15 kg—Electric motor
train (comp. 47 kg—Hydrogen storage 47 kg—Hydrogen storage
Equation (6)) 4 kg—Supercapacitor 4 kg—Supercapacitor

152 kg—Total

193 kg—Total

Costs per hour of

5590 €—Fuel cell
910 €—Electric motor
1050 €—Hydrogen storage

3900 €é— Combustion

engine /Transmission

525 €—Electric motor
1050 €—Hydrogen storage

operation 300 €—5upercapacitor (estimation) 300 €—Supercapacitor (estimation)
7850 €—Total
262 €/h 5775 €—Total
' 0.58 €/h
¢ Use of existing manufacturing
. N
Advantages * No emissions . ;tllct1 g’é:e:missinns
e  Simple to recycle
s Lowest efficiency
e  Limited lifetime of the fuel cell e  Electric motors are only used for
e Fuel cell aging leads to recuperation
Disadvantages increase in fuel consumption e  Some Nitrogen oxide emissions

e Requires battery for warm-up
during cold periods

Highest maintenance
requirements
Lubrication Oil consumption

Xt=: Handwerker M. et al., Comparison of Hydrogen Powertrains with the Battery Powered Electric
Vehicle and Investigation of Small-Scale Local Hydrogen Production Using Renewable Energy.
Hydrogen, 2, pp.76-100, 2021.
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Analysis on the potential of hydrogen—fueled
internal combustion engine in the ‘hydrogen era’

- Needs to support development of hydrogen—fueled internal combustion
engine and classify it as ‘eco power—-train’ for H,—ICE vehicles -

Jeongwoo Lee

- Abstract -

Hydrogen energy takes the important role in the ‘carbon neutral’ era to reduce carbon-contented
emissions. As a result, fuel-cell electric vehicle (FCEV) has been widely used and many subsidy
has supported to FCEV according to national policy. However, hydrogen is not only used by
‘electro-chemical mechanism’, but also can be used through ‘thermo-chemical process’ based
on the combustion. Thus, hydrogen-fueled internal combustion engine (H2 ICE) could be consid-
ered as one of ‘environmental friendly” power system for vehicles.

For this reason, in this article, the need to support development of Hz ICE and calssify it as an ‘eco
power-train’ are discussed based on the analysis of the potential of Hy ICE.

Key words  Hydrogen, Internal Combustion Engine (ICE), Fuel-cell (FC), Efficiency, Environment
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=

94 A3l F(+)2 s 7HE AT A o= HojFH, AR 7|edTgoe] FxE
7IAREGelA 22 T3 sl tigt & 7157 AlE Al ATl sl Faet
Az 3, o]44(2007)2 71A A0 A7 leA 3 SSE9dT0

&D £ di¥ishs SslEddsol 49 932 niS 45 r HoE vt Qo

e
o

=

o|& 95l & A= F-tlZ=A(Cobb-Douglass) BARERE 7|22 I AT FAS =&
St F-H 2 s YA E o) 2 15 F8) HAZTAS
S 2H317] 4th= Aol 9lo] ARIRRE Q] AAET] LA 9o Wol ARG}, F-HF
A A= A & o|4o] BEUEY A AR, =5)T YAk IHAIS YEer 7] Ysf AAIst
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Y= AK(XLlfa (1)

ol ff Y= 34 K= AHE £, L2 5 F9, A= T 34A4J(TFP, total factor
productivity), = JAHS] AHEEHT A 1-g= AJAHS] B EHE o] Ht} o] F-HZEkA

A5 851 (Griliches & Lichtenberg, 1984) =&, =824 A (physical capital),

7144 A(technical capital) 5 JAHR 40 £Y 45 BAES Jehht §52A T3t
ol £AY 4 e,
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9 Aol A Y= A4
7|holl JFE IR = o F A XSS "}E]rﬂ . B1, B2, B34 %7]?394 E—?J 4x0]] Eﬂb‘
A AE Julsh=tl, B1+82+83» 1019 F&AIF(increasing returns), B1+82+83=1
o] $&-E(constant returns), B1+82+83 {1°]H $&A|ZH(decreasing returns)°] Htt.

9 )Ao A FHol AR R TE F 54,
InY=1nA+ G InK+ BylnLl+ Bs5lnR (3)
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(23 1] LEV1A MZEel E5E3 #HE (2000~2020)
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2 A= dE7A A2 ol &3 7199] 2001~201849 A=E S5t AFARE
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J5-5k= KISLINE AH| 25 -85t 7|4 & Aol A 2 gstal e dRt7 A Al
<= TTEZAIAEF(KSIO SEF S 718 714 & o A2A(C29)e ez
SHT. o= Al 227 T2 IR 714 A2A(C29DT S+548 7AAZY
(C292)0 & —Eril 1ol AERE 42 9784 9] AF 20l 7Hs oA & 7= 4
719 Hid 5 S29] FEIPY| A3 SEF D] C29, A7 T2 C291, C2927k
=4 &9z ’é g5to] st

[©)
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e 5 24 3,2707100T eI 39 6 3411C0T6RRk
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KISLINES| MFXHEOIM MSoh= A2EA

7 & H (=) 9 NS =
NICERIBEEIN | M |- X3 + 2tel013 + 010I00tS + A + 7Iek B2 a0l &7y

KISLINE ~
s |3 QAH| = E2IAMME| Q1| + MZREIFBMAM S| T
cop | B TILE] = S AE ] SR LE] + 0PIl Dt +
BTN + ZATNUH + M7 PHEMM | "H7H| + Z7HL]
Ef=8 | ETIEEZE2 2o =RIst E&
255! | SBSS0PIL ARSS 0| Halrt RAISD Qs 5510 &

UH 2 A= iU FassAd7 09 A IS0 = Qs 240 A
A BEAE A o) 24 o] 1 E1gt 2he FB STk, SRt 7191 el
©l0] 2] £ 717102 lef RAOIA ASlEIe BEAE A W, 2 A7) 2HL
5950 A4 3 2e0] Zefo] w]A) ol A%t 7]91e] olelo] 22| g 2 AL
== S5 9719k Zol & Aol A AL A Eohe 719 -] 8IS 8Qlo] A8t
7Fs7d0] 271 "ol dielo] 29| gh& Z= TS AE FEoHA EAJsto] 40f A7)
7] ek RAoIA ASlato] S5 F] AV L g Fejof v]AL JTFS BHEE
Jo) B gl =ole} Betsioint. HEH0 R BAjo] B Mol SEATE (I 33 2t

(§ 2) A Ha Hjo|E
we | 712% | wEA | seolel [ n=ae | selzsl |awhs| SEd | 9ass
- (1) (42l (22 (22 (22 (22 (%) (Ca))
2001 3,270 22,660 1,260| 10,740 2,834 670 1,720 2,219
2002 3,091 26,120 1,265 12,220 3,239 755 1,962 2,888
2003 3,816| 29,760 1,654 | 13,740 3,710 810 2,673 3,387
2004 3,860| 37,380 2,355| 17,280 4,135 967 2,697 4,254

2005 3,996 41,770 2,453 | 18,240 4,526 1,158 3,608 5,119

2006 4,214| 46,760 2,863| 21,020 5,281 1,432 4,513 7,997

2007 4,301 52,580 3,388| 23,440 5,257 1,667 5,423 11,223

2008 4,443 | 62,750 4,188| 31,680 5,648 2,043 5746 13,719

2009 4,258 | 58,800 3,719| 30,700 5,159 1,952 5,087| 14,680
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e | 7125 | mEel | gmole [ nmaw | suzu |awHusl SsEd | sass
= (h) (F5)) (F5)) (F5)) (F5)) (F5)) ) )
2010 4 551 74,110 5,343 35,380 5,972 2,352 5,103 16,727
2012 4947 84,550 5,287 40,220 6,768 2,633 5,675 19,898
2013 5,385 83,430 4,188 40,960 7,264 2,949 6,116 23,755
2014 5,845 82,320 4,024 41,540 7,944 3,183 6,464 28,178
2015 6,049 81,980 3,581 42,240 8,055 3,330 6,702 32,866
2016 6,302 82,020 3,b44 43,180 8,953 3,427 6,516 35,278
2017 6,341 84,450 4,434 46,360 8,982 3,659 6,555 37,523
2018 6,143 99,860 6,771 52,110 9,708 4112 6,509 39,276
(B 3) Hi40| 7[2EH
PN mz | maEx | Haz | Hny | #E4
T 2.23 0.00 22.76 86,693
SALE .
_ ] 7t
~In(1+04=04) Al 2 14.77 2.32 0.00 22.19 9,312
JHA| LY 1.41 -1.95 26.8b5 9.31
| 1.73 0.00 20.11 73,5651
PROF JHA| ZF 12.19 1.54 0.00 19.32 8,823
—in(1+&2i0[o) t ' : ' ' '
HA| LY 1.08 -1.00 18.40 8.34
S| 1.61 0.00 2217 84,579
CAP N
_ ] 7t
~In(1 +RH2E ) A 2t 14.17 1.48 5.43 21.55 9,232
HA| LY 0.86 -0.98 18.57 9.16
A 1.71 0.00 9.04 86,696
LAB N
=In(1+9171H]) WA ZE 2.07 1.32 0.00 8.75 9,312
JHA| LY 1.06 -4.41 7.37 9.31
T 6.01 0.00 20.51 86,683
RND N
] 7t
=In(1+ %7174 H]) Al 2t 7.30 4.73 0.00 19.24 9,312
JHA| LY 3.99 -7.12 21.11 9.31
| 0.59 0.00 6.76 86,696
PA-T_—A HA| ZF 0.31 0.37 0.00 5.91 9,312
SIn(1+E5{E 7S s : : ' : ’
HA| LY 0.44 -3.60 3.05 9.31
A 0.95 0.00 7.88 86,696
PAT_N WA | 0.77 0.65 0.00 646 | 9312
SIn(1+Q8E5(714 a : : - : ’
HA| LY 0.62 -3.86 3.39 9.31
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(B 4) 2M Znt (54844 SALE)

D3 | g | Y | 2
B~ 031|032 233 284|285 | 2386| 6-1 6-2 | 6-3 | 6-4
(B4) |(CH+=2H)| (C291) | (C292)
CAp 088 | 083 | 0.83 | 0.83 | 0.82 | 0.85 | 0.89 | 0.99 | 0.83 | 0.86
(0.00) | (0.01) | (0.01) | (0.01) | (0.01) | (0.01) | (0.07) | (0.03) | (0.01) | (0.01)
LAB 0.10 | 0.09 | 0.09 | 0.09 | 0.09 | 0.08 | 0.09 | 0.19 | 0.10 | 0.07
(0.00) | (0.00) | (0.00) | (0.00) | (0.00) | (0.00) | (0.00) | (0.02) | (0.01) | (0.01)
AND 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.04 | 0.03 | 0.03
(0.00) | (0.00) | (0.00) | (0.00) | (0.00) | (0.00) | (0.01) | (0.00) | (0.00)
PAT A 0.06 0.05 | 0.06 | 0.03 | 0.03 | 0.05 | 0.06
- (0.01) 0.01) | (0.07) | (0.07) | (0.03) | (0.07) | (0.07)
PAT N 0.02 | 0.02 | 0.08 | 0.08 | -0.02 | 0.09 | 0.07
- (0.01) | (0.01) | (0.01) | (0.01) | (0.03) | (0.01) | (0.01)

Year dummy
YES | YES | YES | YES | YES

(2002~2018)
X 200 | 263 | 268 | 273 | 2.76 | 2.38 | 1.70 | -0.59 | 253 | 2.26
—cons (0.07) | (0.07) | (0.07) | (0.08) | (0.08) | (0.08) | (0.07) | (0.53) | (0.11) | (0.11)
Observation | 84,576 | 84,563 | 84,563 | 84,563 | 84,563 | 84,563 81,085 | 2,578 | 41,301 | 43,262
Number of firms | 9,232 | 9,232 | 9,232 | 9,232 | 9,232 | 9,232 | 9,056 | 176 | 4,262 | 4,970
R-squared 0.56 | 0.56 | 0.56 | 0.56 | 0.56 | 0.56 | 0.53 | 0.66 | 0.57 | 0.55
Hausman statistic | 252.57 | 345.37 | 489.79 | 357.86 | 515.56 | 476.98 | 496.11 | 38.30 | 187.67 | 328.22
F1. F2 M AL EHX Qo140| T, 1 2 BE FHALE 99% AME|FZHp-value € 0.01)H|A]
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036|236 | 086|226
(L) |(t+37A)| (C291) | (C292)

rE
P
K
o
H
ogt
N
H
ogt
w
H
ogt
=N
H
ogt
o1
K
o
(o))

0.76 | 0.72 | 0.72 | 0.70 | 0.70 | 0.74 | 0.68 | 0.80 | 0.74 | 0.69

CAP 0,00 | (0.00) | (0.00 | 0.01) | (0.01) | 0.00) | (©.01) | ©0.04) | (©.01) | ©.01)
LAB 0.05 0.05 0.05 0.05 0.05 0.05 0.04 0.04 0.06 0.04
0.00) | (0.00) | (0.00) | (0.00) | (0.00) | 0.00) | (0.00) | (0.02) | (0.00) | (0.00)

RND 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
©0.00) | (0,00 | ©0.00) | ©.00) | 0.00) | ©.00) | ©.01) | (©.00) | (0.00)

PAT A 0.03 0.03 0.02 0.03 | -0.02 | 0.02 0.02
- (0.01) (0.01) | (0.01) | (0.01) | (0.03) | (0.01) | (0.01)
PAT N 0.05 0.04 0.03 0.04 | -0.00 | 0.05 0.01

(0.01) | (0.01) | (0.01) | (0.01) | (0.03) | (0.07) | (0.01)

Year dummy

(2002~2018) YES | YES | YES | YES | YES

. 124 | 164 | 167 | 186 | 188 | 118 | 211 | 093 | 122 | 1.04
—cons (0.06) | (0.07) | (0.07) | (0.07) | (0.07) | (0.06) | (0.08) | (0.56) | (0.09) | (0.11)

Observation |72,355|72,345|72,345 (72,345 72,345 (72,345 (70,168 | 2,177 |35,728|36,617

Number of firms | 8,731 | 8,731 | 8,731 | 8,731 | 8,731 | 8,731 | 8,659 | 172 | 4,027 | 4,704

R-squared 0.60 | 0.60 | 0.60 | 0.60 | 0.60 | 0.60 | 0.56 | 0.63 | 0.60 | 0.60

Hausman statistic | 196.42 | 241.05 | 243.73 | 271.34 | 270.51 | 498.24 | 459.79 | 14.91 |259.74|256.93

A2 MY FEASD SAN 20| g, 1 2 ZE FEAE 99% A 2F7Hp-value € 0.01)011A
X
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AAZ Aut7] A A2 F 9] 2018 PCT(Patent Cooperation Treaty, &6 '@"‘Q}_Ok) %Xﬂg
AASE 6,400710]1=1] 20199 6,1497, 2020 5,431 02 Al A4t (E31H,
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stol 20184 712 A7) 891e] ke $elutere] 45t 24 ot el
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A7)&L 7144go] B, HFdgolat st ete 149 Z71 1R

7
w74 ol TRl 9, 2015). 5, 3ho] £24L 7] 919 Thorat 7] 4o] 489
2910 o)) 4AS B3 47 E5129 T 4 Jche olloltt. wetd Z AL Hx
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o B A 288 A7 g 1Hlo] Wasleh. B3], AuvIA) AN &R0 1

sprh uhe ) A 9] o] 0|59 ok o B AA R AasE A
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CIAE AT A Pk Bl B
FE g R P P
S1o) 2. 9] 72 BAlo] Sil 5L a2, AT, 514 2 RELAV AR
st T8-S S WAl] ofs) wisks BAIE H4sh] 9% o) 72 B4le] shrt
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The Effects of Patent Activities on Production
and Profit

- Focused on General Machinery Manufacturing -

Hyukjoon Kim

- Abstract -

This paper analyzes the effect of patent activities in the general machinery manufacturing industry
in Korea on production and profit. For the purpose, panel data are constructed by combining financial
information and patent information of 9,312 general machinery manufacturing firms from 2001
to 2018, and the impact of patent applications and effective patents on sales and operating profit
of companies is analyzed. As a result, it was found that both patent applications and effective pat-
ents in the general machinery manufacturing industry have the effect of increasing sales and oper-
ating profit. This shows that patents are a useful tool for the growth and high value-added of the
general machinery manufacturing industry. Given the characteristics of the general machinery
manufacturing industry, which supplies production facilities to most manufacturing industries such
as automobiles, shipbuilding, steel, and semiconductors, and most of the technologies are added
to existing technologies, it is expected to become Ernst (1995)'s “ideal” industry if a wide range
of patent portfolio is established. This paper has policy and academic significance in that it presents
the necessity and direction of patent activities in the general machinery manufacturing industry,
which have not been noted in any previous studies.

Patent application, Effective patent, Production, Profit, General machinery

ey oS manufacturing
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£, Z4 5 ol71= @30l tigk 17171 A=A AL = 71 e A1 A2

Frolgt= AFHEZ AAIsHL 74, =, 42, vl= 5 B2
=7F50] Zofstal AT (1EAE R, 2020). °fofl HH= 2050 ©4FH(20.12.7); 4
2h2 WHSHL R&D &5 59 W= AAIGHALL, Tetasd 71e9 4 13- E(21.3.31),
A=A 100 A7l gk 205097HA] o] F32} SHE A= A AT (RIFA,
2021). 505 gHAsHY A4l 7[eR AF70) X 4 7|e SHE HIEE okl 9} o] gt
E2HE A5 Yol 712/9A 7|&E0te] A+ (Research and Development, ©]5}
21 4= Sli= =71 R&D A 913t B4 719k
nFASHITE T sok FREAATL7|IHOI5 EA(N)2] Aol A ol B gt st
71 A9 SEoA I dA B 71 271E A0, 2S5 E), Pl dHTs
A, 535 5 118 9 5), 719 B L R&D A (7], 71&01d 5= EA()
9813} U R(Role & Responsibility)7t S EIL Qe 37F 2A() A7719 Wl FEA
FAS et A7 Q1 AR =R A3 (ofsh, )7 7S AR N8t =53] 23
9] B3 20.12.2.)5tHA =7+t ]& A 3] (National Research Council of Science &
Technology, ©15F NST)= 24 11-5-2] J&7} JF-E ZHA =HATHI7 &A1+, 2020).
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9] AL A2A o A= A w3 APAFE Bl A+ FE(Research questions)S
AHolE(F4 _%’_Jf ‘-'—1"7]' R&Dﬂrxﬂ) g S ‘ﬂoﬂ ffsf Htﬂﬁ}‘;’i‘:}.
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1. §70] B1Z o Mo

1. 28X Q| 7IxIAE

B Aol B Brje} 3] S4 AR ABS Fo) TaS A8 Bazdol
8|2 A —3—4@6—} o @IS REAR, 2021). Z, 542 F oA YO R S
AANY 729 4474R]0] 80| F7ke] @ EA} Hopel Aok, 44 AR EREHOIA

4] TS A& A D A, =8 SHOA 24 71X A& (value chain) AR
A B3 oA 9] A E-8of olEstaL 9,11:}(Cheon and Kim, 2020). [1¥ 1]
A 9] 7¥A] A&l AAHproduction) - A% 9 & (storage & transportation) - °]-&
(utilization)2 EoF1 JHDOE, 2020).

[T23 1] =2ZHQ| 7IX|ALE

: Storage & S
e ction Transportation Utilizetion
Hydrogen
Station =
| Petrochemical | By-Product } Mability
Fossil Pipeline FCEV, Fuel cell bus,
Fuel 1 Ship, Drone
Natural Gas Deh i
— Bio Gas ehydrogenation | .
[ | | Compressed | | g0 copg Stationary Fuel Cell
Renewable Photovoltaics Hydroggn
Ene, +—  Wind Power . Electrolysis Tube trailer :
oy Hydropower =
[ .
L "
E Liquid Gas Turbine
Import Tankers
Energy Security & New growth :
| Energy Efficiency engine Ecafriendly

Atz Lee and Kim, 2021
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A7 4 A NdL B2 kA=) o8] A E o] 2rtH(Cheon and Kim, 2020; Kasi
etal., 2020; DOE, 2020). %A 4> A4S 913t ThgRt FEf 9] o4 A4t 7]s=0] /= AL
ULk 7)ol = A 2y, & A *(CCUS)Q Bl 3 S 8ot 71, H}Oliﬂﬂi
2 5= Oﬂ A A5 FE=7E, B2 Bollcte 71e0] 2ATT 49 F2 AU A

HHo g e E_EJ]&E B 71A B SA42 A= XVPEIE}. T3} 58t

=54 7|8t ZEAAE B AGE 5= ATk 47 7H7E Ao HH 49

OﬂLﬂ A 3&%*01 A7 G 22 tE PR HEkE|ojof ok, o] HEk2 A=A (Fuel Cell:
< 59 @49 4 Atk FCe A B T4 7tA E =40

E—J 38} o9 7] o 27] 9 & YA E ABARITE FC= thdet 78] A=t
H(feedstocks)E ARE = 7] WOl &5, WA, A & Al FE23 22 ohst
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2017). olu] A3 A| AE=71= Zofsly] fet a4 B/det 2ET(2019.1.16.),0014
T AAE BE low, dubAel =& v offje} Zr

o —
u‘E

e,

) R&D B9 =& — Q9A) R&D F8 A — G2A) R&D 9 52 R&D
FIEE — (42A) F2 R&D F9E 54 ATEoF =F —~ (59A) WA R&D YA
3

W Y 4 2EY 55

¢

2 A= A9 7P 71 ES AR 1gANLE QAo 28-S 9511 Qlet. o2 A
H A v o 2 =71 I HA oA B1E D/doh| 918t AR s AstA |t
() ZF RADFHFA et 9 7| FE52 40 22 =71 A 7|s7hdo) vig=
=7} R&D Al4bE B3l AHHIE A UAY BAFE B0l EoHA Ert ol =7F R&DT
&DIHA| T dlolEl & AFAoHA ==t o710l sl 7|<Rorol =t
45 R&D TE, A, A48 2 F3, A FAA, FFEA 5 =71 R&D FA o
- 93t YR E DA "Hth(Lee and Kim, 2021a). O] A2 7]&2] E3] ‘3-4 %-_——fﬂlv} old R&D

2
il
-
oL
_0|L
ns)
)
=

A JHE 7|Rko 2 BA-S 5ot HH, Al7|F o2 R&DYE & A= =5 4 E5|H
o A71H 02 7P HAAE 2HA 2 By oy e}, BFolHO: *-r‘x]"l_'(‘ 34T S U=
HABE SRS £ Q= AAHLS 72HA HkLee and Kim, 20212a).
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712 8 FEFE A5AT FRAFEA ] it 7]Hko] nidHE S St AR R
AAMBIA. T EA = Heh Ak Q= AR oS AAE T o e dsAsl Het 45
AT oS AR5 Hochtl, Parycek, Schollhammer(2016)+= 71&9] A3 17
(policy cycle)@t H=A] Hlo8 9] £33 42 53 A& SAvT FAo] ot JEE
YIS0 EE& = 7] 2ol Brh A& AAS +H-3-871 D = A= MEd
ZHJATE AT Giest (2017)9] A= o] A2 FARSHA dlol8 719 =27
I FHLE AABIAAL, AAH 0= o237t IS E-83] Adii= A7 282 HolH
£ &850 FA 2 s Hthe 98 wEolof stal, A BRE Y o A=F Rt
JEE ARGSfioF 5L, o | FEj 2 AHIAE Al 5= AL A7t Qlojof il sHlH.

2L

Pencheva, Esteve, Mikhaylov(2020)= BlH[o]E12} QIF A5 7| 0] H 7oA J<+4%
(accuracy), £x(speed), @3 (collaboration), 5/ d(legitimacy), A& (trust)2} &
W7F A HI A, W8 (cost saving), 478 F/d(productivity gains), B U2
AH| A8} A (better service and decision-making)2} 2+ §J’—}7} 2 Ao A,
npx|abo 2 gFAME B (improved policy analysis), 9<4:2]0]al AA|ZF H7Hcontinuous,
real-time evaluation)@} 22 37} A A G714 Oﬂ/ﬂ WS 4= Qo B9 ﬂ‘—l"% &9
NE3skskAtt. Suominen and Hajikhani (2021)2 AlZFEAS

B 240 et AT S BRI, 7HE B2 A A E G2 ShA] AR Hiel o
He|o g7} g 1}7gof] v 2= FFE ol o

i3t Lo FEH o QHsly QUrte AL It

Q.

li

o o
X
jalm
Yy
e
1
M
9,
o,
g
[
o
N,
=)
!
)
(1]
olN
e
-
=2,

]iﬂf’(} SHA|9] @ A of - F8 =7FARI COVID-19, ZHEH, HiolH A, 1183}, W&o
CHER = e R H]‘:ﬂ 1819} Q15415 7R B85 =7} R&D A Rt A1
—E_‘—/—ﬂ LY AT st ASAL7F AP AAHLee, Heo, Kim, 2020, Lee, Kang,
Kim, 2020, Lee, Kim, Kim, 2020, Lee and Kim, 2021a, 2021b). Alct7} o]t &
4 2 JY A7 F7IR&D AT 8 S R TEA A o] sTARFET T Aol & &Y
T UEE JYE FEote 334 271 e AL ERIEVIE AT el=d - AE,

2021). A7HAY] 9 AF-E 530, =71 R&DIHA] tlo]E 2t QIS AlE 7S E-85to] o4
A1) 71 Aok 242 S AS AT FER ARl wEkA & AtolA s 7€ A¥d
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RQ 1: F7IR&DIHA] g0} QIFA 57 HS &85 A3 A T R&D AFFH2
ofwgt7}?

RQ 2: Z7FR&DIHA] H|o|E &} Q15 A 571 & &-&-5to] =&3 448 R&D A+
Y9 R&D F-2 o3I}

RQ 3: Z7FR&DIHA] Hlo|E ¢} 1B A 571 HS E8-oto] L&3 A48 R&D A+
oy 7] A Eoko] R&D @& ojw3tr}?

II. g+t &

ol

1. REI0IE] 27

£ A= Lee and Kim (2021)9] A ollA E-83F A7 A T F7IR&DIHA] ol & <}
THES g8ot9ot —wu e IHOF of grE=9ltt. A A WA =7t R&DE o] E
£ NTISY] Ho]gj#jo]AE 7|5t 2 ASJC EREES #-83}7] 5] =7} R&DJMH 2°FE
(abstract)< g2l A %‘Prii HERSE gloly =7t 71 Hlo|HHo|AE FE5H AL,
of] HAA] R HlolE S & = = NS RHoz 7H‘?z7'6}‘2i13}. ozl HMAS
7‘“*3}04 39 golgAlo) A 201595 2020 7]7t] dF5l= HlolHE &3+

5 ZLE to|HE Ao 2 VA R0k AR7HET A A9 B Gl AL IS

xma} X TGS SYSIE. E ATNA] 2HS PRI G 7] A Bolo] thak 24

jus

P2
N

f

=

Y] o) AL TRUSE Ao TN RE T R =g

_%_
2, A7 A delElolA] 55 % 1ol 28 AAR HE FEASE 955710104, (G 1o
eJspsict.

o, _ll

stvpeRe 77



7IAH71E83 | M1 H15(2022)- H2tS

(1) 27} RRDIHH| BlO|EHY THL
47 DB 7SI ISTAFEMHIANNTIS)

((("grey” OR “blue” OR “green” OR “solid fuel” OR “pyrolysis” OR “syngas” OR “methane”
OR “natural gas”) OR (steam OR plasma OR gasification) OR (“CCS” OR “carbon dioxide”))
OR ((“artificial photosynthesis” OR “artificial photosynthesis” OR “anaerobic digestion”) OR
(photocatalyst OR photofermentative OR nuclear)) OR ((“water electrolysis” OR “PEM”
ZAA OR “MEA") OR (alkaline OR membrane OR electrode OR biogas)) AND (“hydrogen® OR
"h2")) OR (((“port logistic” OR “liquid tank” OR “carbon monoxide”) OR (cryogenic OR
deoxidate) OR (turbine AND (“natural gas” OR CNG))) OR (((refuel OR refueling) AND
charging AND station) OR (cryogenic OR deoxidate) OR (liquefaction AND (cycle OR
plant))) AND (“hydrogen” OR “h2”))

2F7|7t 20154 ~ 2020
ES SIS 193971
35 g8 d+ 9554

FAaGABE R&DIAIE LAt f130 334719 EFAAIZ € SCOPUSS] All
Science Journal Classification (ASJC) Z =& &85 R dl-S 28519t} ZF ASCJE=E XL
19H79] AR 719 =(Author keywords)E T H(feature)&, ASJC Z=2] Wg(o], 1311:
Genetic 5)< 2P¥(labels)Z 7| A85(Machine learning) 7]¥-& &-8-510f ASJC &7 dl
= 7553t =71 R&DIAI & 233} Sh=t kol =& £0)7] A8 a3 AT =7t
R&DIHA] Hlo|8 95571°f thsf =7} R&DIAEE 3712] ASJCE E(Label)E &35HA oH3
THLee and Kim, 2021 #1). AA| A1 Hlolg 537 [19 2]°] UEti ]l

[Z13 2] Z7} R&D A0l ASIC ZE 20§ 1b-y

Faaturé Labal
STEP1
: : T
Diefine the classification (ASIC codes) based on the yLeaming,,
Author keywords in Scopus papers r—— AR code
[Beapus’ papar)

. Renswabie Enegy. Sustainabilny (2109}

....-/- J . Fuosl Technology (1903)
-
Nationally funded \g (3304)

Assign ASIC codes to nationally funded research researnch project
projects Top ASIC codes and probabilitics of patianally fasded research project
= | Breeet | g Projectconterts asse | asse
o | ton | W00 | Tee codes  probabiiityl

[V —

STEP}

TSN | DTSR

Improve the relatedness between ASIC codes and
the natioial fisnded research project by selecting the
probability threshold

eng prose
A | ato0atos [eesvessy

v| 2MTE0D | 07509553
=] na

JSORIT601 | 0T AR5

FS0007 | B.5610A5)

AXt=: Lee and Kim, 2021
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N

+2ZH 3 4oy 24

TAAHA =7 R&D A9 A Fo= whofstr] Qs A= FojH ASJC 2=
7H] BAEAY T E=] A(Co-occurrence matrix)S Vantage Point®(Search Tech, Inc.,
U.S)AZELolE &8olo] F+dsy, &d ZAE 7|92 VOSViewer (Leiden
University, the Netherlands)E &85t S8 A8 Y 2 A|ZSE 351500 S2{AHY
O] o= S w7 HSR(y > 0)ll Qlof A7 =l =tll, W7l Fho] =255 B A== S8 AFH
9] 7} ottt £ Aol A= S AH 9 9= 1(r = 0.0l 9(r = 0.9)At. 4
AE7FET N FAEH FE(F, ASJC ZE)9] ot 23, 111 43 A 9 749
EHATLE Agoto] HFH o R 9719 SHAHE AASIAT

=

=
re

7 2

TAZH 23 R&D FY9o| st

—

Scopus Sh&Ad 9] IsHEF A A(All Science Journal Classification, ASJC) & 5A]
A i E gl o] ofgt S AH P2 AR EA = (119 3]0 YEHgTh 59 284
Efo] &3 ASJC ZE(E, node)= U AS 2HA] =H, 9] 57| ASJC FE9] Hlkd
£ 9mfgtth. 4418 R&D 992 3 9719 S8 AH(Clusten) 2 5= A 2= YE
Wt ZF 2 AE 0 &3 R&DIA Y] Al E(Title), W-E(abstract) H A=FH-=(Word
Cloud) #4435 $F2H = AESIY HSH 0= S AHE Aot Fgstitt.

[ 3] +=2ZH &3 97 ALY

Cluster 6

Cluster 11,

309 Y Cluster 7
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i
|o
HTJ

, TAZEol= Power to X, ' FAAF, ‘FAZHL, "ARHA 0& LI5S
A7A A At 537H2015-2020) RRDEZ-S (I 2) Y [T 419k 2} 448419
A =7t A7 ATH R&DY] 57%((384,376MRF)E A A|51AL 9loH, th3 o0& 4
9%(195,4379M7HY), $24 AA/250] 14%(99,006M L) S 2R3} it o] A
HE gh7] 93t R&DOY| A&53t Ao g HQlch ohH A g Aurd

gt =7 R&D AN E= FASHL Qe A4S Ueh AL Sl Wi, 7idE

A 41473 A o 858t =7t R&D THA 9 BlF-2 A& 02 F7keHl Qe

¢

18 %
2 A

I
ol]:% rlo

4> rlo o
P~
0%
2
N

O

S l\)

4
Fo
?;
oy
_}1_‘
Pﬂ

-

=2

2
=

N
o

N,
|

op
o

=

o
ol
9,
T

i Xﬂ 7 W—%ﬂ AlF-R&DIAE = A HH, iﬂw%ﬁ
@2 27 R&D IA7E =PH A =2
Grey/Blue #%*“*J 710l AFe FAE APske 20 UEth 4% 2 AR
oAM= 2 55 7Ie(TA) G4 =71 R&D T4 HFo] ZolAl= FAE & 5
ALt 4 %%Oé -2 Power to X 4344 £of] %7} R&D FAL A&H 0 &2 F715
As & 5 Urk 18U Power to X S E AaliA= AAES ZEsH] 93t 7& STt

T Eo] ZﬂE?ﬂ BHeb Asuietdd A g5k o] SHtEojok & Aot

(& 2) £4Z3H 7IXIAEE R&D ¥ 12 EUME

A AR 20154 ~ 20203 HH| SiZh (ckol: wnra) _
2015 2016 | 2017 2018 2019 | 2020 e

2 AMAK(3) 53,681| 66,021| 71,679 69,778| 74,139| 49,079| 384,376
Grey/Blue =AMAL | 22665| 22,147| 29,023| 29,725| 21,121 9,360 | 134,041
Green 4= AAt 25,303| 30,956| 29,108 27.564| 34,915 19,867| 167,714
AT |5/ 5,713| 12,918| 13,548| 12,489| 18,103| 19,852 82,621
2ALZ Ol A (b) 18,977 16,155| 13,501| 12,711| 20,787| 16,874| 99,006
SALL - 1,037 979 1,761 4364 5905 14,046
2 A KA 18,977| 15,118| 12,522| 10,950 16,423| 10,969| 84,959
FAEE(c) 14,438 | 34,547 35992| 24,723| 32,946 52,791| 195,437
Power to X - 488 1,073 967 9,170 12,121 23,819
SAME 5379|  7.945| 12,391 5,767 881 6,547 | 38,909
SAZSTA 1,136| 6,985| 7,658 10,946| 15,708| 17,218| 59,652
AZ XX 7,923 19,129| 14,871 7,043 7,187| 16,906| 73,058
Z7|(=a+b+c) 87,097 | 116,723 | 121,172| 107,212 | 127,872| 118,744| 678,819
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JIH7IE8H | HE M15(2022)- 2tS

[O8 4] 224K 7IRIMEE R&D £8 72 EUE A|Ztst
L =]
5 ASEHA
npAUE
= Power to X
AT
SAZS
= A 7|
u Green 4244
u Gray/Blue 54284
2015 2016 2m7 2me 2019 2020
4. £ AZH B S RED 48 72 HY
et FABAE Ao TAE R&D @IS EEEF1 YR 7192 (HE )T

. FABAE A5 A F oA A /AHA(57%, 385,251 99k} 7] A1 (14%, 96,152
OF 71%E A oh= _EL}E&M £79], oA /AL 9] FApHF-2
Holtpr} 202099 & E9] F7HAE UEFA T g 71419
o]F x|&A 0 g Zrtsitirt 2020L% of &% Faoh=s BFS Bt
s, A5} 58t Hofo] RKDE |43 02 eE|ojH & Aoz
AdsH| QI8 ol U x| /A, 71A|, A&, SFeHEoFS] R&D s =9I
Zolct.

ﬂ!

FASH= FAIE
220159
2020¢ Z 2 AFEIE
L D L R =
£ Zlo] 333 R&D FA} A=A

3] 50%the
22} 8%

(B 3) +2ZHE T45k= &HQ R&D = 12 EHE
2015'9 ~ 20204 S1H| SAZH (o) wore)
StH| 2015 2016 2017 2018 2019 2020 A
AM/uE - 200 5,154 143 1,960 1,600 9,057
5t7| &1 Q12 AL 7,761 9,856 - 3,850 - -| 21,468
71A 6,148 11,304| 17,711 16,816| 24,613| 19,561| 96,152
225t 3,729 50 67 178 17 - 4,041
Of| LA K| /AH 40,657 | 68,209| 67,894| 53,667| 68,108| 86,715| 385,251
CNE ! 4,070 2,915 160 160 160 429 7,894
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[=2] 25p7|& SAUATI|H APHLU(RAD) T 7 XIS I3t YE 24 T A0 Chet 37
20154 ~ 20203 HH| SiZh (zt9): ware)
SHH| 2015 2016 2017 2018 2019 2020 EA
2 8,213 8578| 13,635 9,905| 11,434 7.103| 58,767
7| /MKt 1,431 875 746 2,099 1,951 96 7,198
X|2tst 3,125 3,887 4,963 4,230 4,724 -1 20929
stz 4,246 2,606 3,095 1,958 3,072 1,668| 16,546
35t 7,236 7,468 6,982 7,338 7,578 939| 37,540
314 480 776 865 6,869 4,254 732| 13,976
A 87,007 | 116,723| 121,172| 107,212| 127,872| 118,744| 678,819
[18 5] +AZHE FMot= stH2l R&D 3 &2 EdE AJ2fst

n gt

ufst

L

n Kt

n H7|

0% pxjz

» P

n 0K /R

=as

=7A
u 2SI | &0 Q12 A

2015 2016

2017

208

5. 24 A 7HAAIEE A9 R&D 3 R AF}
QA o[ X /AT 71 A okl =47} R&D IHAI7F =47 A Q] 70%E A A oh= AL oetdd

A 7P ol 30l =AU,

209

IS AR

YA (85,4819 HHY) Fofof]

5%

2020

nAE/HEE

o5}

2 Q9ith. FAH o 9 SaA 7HIAEE S0 R&D 59 RS Al v 14 shoick

(F 4. oA /A ool &3 57} R&DIAIE°] Green

207 ARAX (68,6419} Grey/Blue $aAJA
(66,95599H]) oS Z}R|51aL Q11T 7] 4] Hofo]] &3 =7} R&D IHAIEL $24 7]8/FA
(37,002 ¥iu+9)) Koy} 7F4 wolom the0 & 44 24(14,067M 1Y) 2 A2H(14,6974

=7 |ASETH
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THe)) 2ok FE oL A A& Eofoll £3h= 57FR&D IAIES Grey/Blue 44t
(18,2064 ‘3}%), Green 2341 (17,5129 9H), —’Fﬁ‘—xi’é}(lé%oﬂﬂm D 995 THL

% G0 T IS sk Zow n+°w4°4ur A R e e
G90] 7| &S JBfel7] 1) igioke] AT FES ol Waro] et

(B 4) 227N 71X A& Str|e] R&D 484 1%t

TN 24 A 2423 U A 428

- GB’I‘:‘};/ sz" 7T tif/ 42 | 22 Power| $4 | $4 | 92

st st | o | 28 | R® | oX | 43 532 FX
Par=yamE= - 3,760 143 - - - - - -
457 |= 1t QIZALS] - 11,747 - -1 14,874 - - - -
71A 1,954 2,853 37,002 | 14,046 | 14,697 - 227 | 23,359 | 2,014
ECEl 3,779 50 - - 150 - - - 61
UEPNIONEE! 66,955 | 85,481 | 39,048 -133,503| 19,698 | 38,349 | 33,577 | 68,641
HAHE - 5,949| 1,945 - - - - - -
M= 18,206 | 17,512 833 -114,960| 3,069 333 2,593| 1,262
7| /MRt 646 2,154 700 -1 3,001 - - 34 664
X|arst -1 20,142 787 . - - - - -
slZ 2,016| 11,473| 1,016 - 877 704 - 44 416
Stst 31,756 3,203 1,147 -1 1,389 - - 46 -
=4 8,730 3,389 - -1 1,509 348 - - -
= 134,041 (167,714 | 82,621 | 14,046 | 84,959 | 23,819 | 38,909 | 59,652 | 73,058

6. =AZH 7IXIAEE &HI2| R&D +

oSt

Fxlo| X} 28t

= A8A 7HAIARE - SHAE R&D 3 412 4 A (& 5)0l Y It A4

O 2 5k 455,501 )M, AtaE 4 P4 HGreen $434E: 37,3764 7t
9, Grey/Blue =484k 88,6088 THY, S=47]4F/QPA: 45,7449 THe]) Fofoll A, 7] -2
FaA73(39,03397H ), FaF4(37,3529TH), ARHA(42,230H )04, 71ek
71B2 Power to X(18,7488uH)9} 2441227051 M uk)o] A A& o7 wo 2y}
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Research on information analysis framework to
support establishment of research and
development (R&D) strategy of science and
technology—funded research institutes

- Focused on machine-related R&D in the hydrogen field -

Lee Doyeon, Park Kiju, Kim Keunhwan

- Abstract -

In this study, stakeholders including the NST R&D Strategy Council, which promotes research plan-
ning and cooperative research, provide information on the key research fields (classification sys-
tem) and the status of R&D support for each field required for establishing a hydrogen-related
national R&D strategy for the realization of a carbon—neutral society. A framework for data-driven
information analysis was proposed to provide This study empirically implements conceptual re-
search by providing data—driven information for R&D strategies in the mechanical field in the hydro-
gen domain, in order to overcome the limitations of existing big data and artificial intelligence tech-
nology policy research, which is limited to conceptual research. The ASJC classification model with
machine learning was used to classify 955 hydrogen-related national R&D projects, yielding a total
of 9 clusters (2015-2020). Furthermore, the state of national R&D investment and the state of
each research organization in the machinery sector was examined using the hydrogen economy
value chain. In comparison to the existing qualitative research field, it has the advantage of being
able to provide more objective and reproducible data through a scientific methodology based on
large—scale data. As a result, this study is significant in that it has laid the groundwork for information
products that can support objective and rational decision-making among stakeholders.

R&D Strategy Council, Government-funded research institutes, Hydrogen economy,

R Vechanical technology, Analysis framework
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9) ZH3|, “BATIA 719 oM 03, o= Y3 SSX M128 125, st=yeUSet3IR|, 1995.12, 5~6H.

10) Heinrich Arnold, “The recent history of the machine tool industry and the effects of technological change”, University
of Munich, Institute for Innovation Research and Technology Management, 2001, pp.14~15.

11) Robin Mitchell, “What Is CNC Machining? A Look Into the History of This Technique”, <https://control.com/news/
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12) Roberto, Mazzoleni, “Innovation in the Machine Tool Industry: A Historical Perspective on the Dynamics of
Comparative Advantage”, in Mowery, David C. and Richard R. Nelson (eds.), Sources of Industrial Leadership:
Studies of Seven Industries, Cambridge U.P., 1999, p.412.
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13) Cardoso Llach, Daniel, “Software Comes to Matter: Toward a Material History of Computational Design”, Design
Issues 31, no.3 (July 2015), Massachusetts Institute of Technology, 2015, p.47.

14) Robert Forrant, Good Jobs and the Cutting Edge: The U.S. Machine Tool Industry and Sustainable Prosperity,
Working PaperNo. 199, 1997, p.3
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15) Noble, op. cit., pp.101-102.
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18) MIT Archives spcace, “Massachusetts Institute of Technology, Servomechanisms Laboratory records”, ¢https://ar
chivesspace.mit.edu/repositories/2/resources/125)(Last visited April 30, 2022)

19) Noble, op. cit., p.108.

20) MIT Archives spcae, “Massachusetts Institute of Technology. Project Whirlwind”, ¢https://archivesspace.mit.edu/
repositories/2/resources/125)(Last visited April 30, 2022)
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(28 2) MAILHE| 2 HA “Hydro-Tel”
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21) Roger Miranda Colorado and Gamaliel Contreras Castro, “Closed-Loop Identification Applied to a DC
Servomechanism: Controller Gains Analysis”, Hindawi Publishing Corporation Mathematical Problems in
Engineering, Vol. 2013, 2013, p.2.

22) History of CNC Machining, <https://medium.com/cnc-life/history-of-cnc-machining-part-1-2a4b290d994d)
(Last visited April 30, 2022)

23) Ibid.
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30) Bo Carlsson, Small-Scale Industry at a Crossroads: U.S. Machine Tools in Global Perspective, Small Business
EconomicsVol. 1, No. 4, 1989, p.248.
1) J. Francis Reintjes, Numerical Control: Making a New Technology, Oxford U.P., 1991, p.86
2) Noble, op. cit., p.201.
33) /bid. p.202.
4) Ibid.
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ojZ gt Tl Tt 19559 S A HHAYS A4ete] Aloof Ahs 2 1Y AZE
o1 o] Aol Rt AT A S B=tt. ZAY A EHAUE AF4oA = SO EHE 9
02 g dTE tAE By HAE 2] N A7 ALY BUZEL AL, HI A EA
(Douglas T. Ross)7} o] 1= ©o] X8¥gt &= Q= Al A 21 L3t ol what 1956

5. 245 PHE 5he AFH 3-8 A7 1F0] £AHAL, NC 3A7|AE gt =139
21019l APT(Automatically Programmed Tool system)2] 7ijgo] A|Z+Et}.37)

(O 3) APTY Al 25

5
&

XtZ: MIT Science Reporter—"“Automatically Programmed Tools” (1959), {https://www.youtube.com/
watch?v=0b9NV8mmm?20)

19564 Hol= APTY] 7| &4 %
7Rk ATAS}S] T-5 o0& A :
B ARYAYS A4 FAS P3|

35) Reintjes, op. cit., p.65.
36) AlA, 1959 annual report, 1960, pp.27~28.
37) Reintjes, op. cit., pp.82.
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19584 S APT o141 2418 A 02 T8k Aol 71551 B A ol2je] A4

BAL) £ AP AFEF AFOR BRI 59 54 U 710l BA Usich ARsAY

F AaE RS Aol Biet Auke fojulsHA BAYAT, A8 29 ok 2K

QJgket ofiz ALg A A H9] Xef ol et Sk} %9l M e ] Shaeks 2 Hto]

991tk AThE APTE 239 /2ol S8 4 ARAT, QubA9l B8 7hgols H3siA
o

- 1
BAL, FT AAEE 52 F s i ZEIHGED AZto] o] &8 F It 40

NC 71&7hde] AP JA v]=t B2 NC %ﬂﬂ A9 % %s&oﬂ 15 —;‘rE@‘ﬂ %‘c‘;}% =4
k. o= 2 R EA Y-S S,
FEoFATE. 19499 HH 1097t b= 3 Ll
HE NC I Z2A Eof X Us}iet.4D) o] ZA| HH NC 327 H *oHlﬂrL WFJ At
g5l

IV. £X[KIO{(NC) ZEE7|| JHit Ak 19604ALH 0|

1. =X[HOA(NC) SE7|A e R 2t

1950t 2] NC 527149 A-&3fof| et HAHd 14 o] %, 196082} NC 527|149
it g Sh4to] ol okt QA g Hiel Zo] NC 371419 /i 3+ FE & NP

38) /bid., pp.82-83

39) /bid., pp.84-86.

40) MIT Commission on Industrial Productivity, The US Machine Tool Industry and its Foreign Competitors, The MIT
Press, 1989, p.22.

41) Anthony DiFilippo, Military Spending and Industrial Decline: A Study of the American Machine Tool Industry,
Greenwood Press, 1986, p.57
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At o|F FF7| AdolA Hadt BRI, W 7hy 27 FEIE ALEEA o
(contouring control)2] 7ol FE35}ct. o]g gt g A 71 &F0] A9 NC B3 HAI
A gHDiMil)} 22 F8 715 536Ut

FAIY NC S271 A= 71&9] vl o] Yo mAlolu Auto]] A|og=]v ‘:E}O]E% a7
Sh= 435714 (Retrofit) ®4]0] 710 A]qE, 1958d0]= NC A& e =
EHE o, 87|42 AAIEC] 71U EH A 93] "=l At ol vdRt 7 AE
28T U= HAG AlE QA E7]-rtE (Milwaukee-Matic) Tt o] Al A7 Lol
S 502 & % Q= A5 T+ w8 A (Automatic Tool Changer: ATC)S 73, U
VA 7R 7R AR 52 v TR Al e 5l o] /\]i‘%]% F=
&5 (Hughes Aircraft)9] A4 R]of] =Y =l ow, 1960WH o= #i 5= 2Th4
g Hr9 Q17] AEo] 3Tt 43)
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H, o] Y¢7|-utE(Milwaukee-Matic) 54 4, H1 & WHFH AP Burg Tool
Manufacturing, ©]5} &2 2 ©g7|ghHo]gt= 7]Yo] NC Burgmaster 2-BHE 73t
H 1 & WA g2 19460 AE = o] 71 @l A de] AR5 =8 H4l(drilling
machine)& 7f¥stal, B2l =23 HAl(turret drilling machine)o|2h= Xﬂ O AASHY
t}. =2y HAl(drilling machine) gt #oll 17§9] 9T & <= Ath. 7HY, 5879 +H<
F= e 57/ S7Y 377F o5t Hol, 7R 57 4] A7l ¥ ”iol A QT
T1EA 1H19] =8 MAl(drilling machine)oll of2] 35 =30, 2Fd &8] Ak E°l=
5 L9t} o]of &%t Aol HEl 8| =(turret head)oll B4 375 A2 B[Sl =2
(turret drilling machine) Burgmaster 1-A°]t}. o] 7|7] 9] W& 53, LS o|F =
BAo 571 FE AXIAY A2 FE AXGAE 27 et ARSAIZ R E =2 B7F
£ A HAUh49
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23 ACE, 7|A AA o EEI Aol AR A 0}‘4‘:} T8y HEl =8 HAl(turret
drilling machine)} 7¥ekst 2210 2 tlofsl 7122 G820 7 A = =74 E H2x =2
NC2t Ao 2 A o & Aoty T2y 7hestal7]ofl, NCeF Faet vt A=

42) CNC Services Northwest, LLC, <http://www.cncsnw.com/)(Last visited April 30, 2022).

43) E. Sciberras and B. D. Payne, Machine Tool Industry: Technical Change and International Competitiveness, Longman
Group Limited, 1985, p.29

44) Max, Holland, From Industry to Alchemy: Burgmaster, A Machine Tool Company, Beard Books, 2002, pp.13.-16.
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45) Ibid., p.40.
46) American Machinist, October 26, 1964, p.NC2
47) Ibid., p.NC8.
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£ 5% olAFol L, 1959~1961d00%E 31%, 1962~1963d°] 64%2 W2 2}o] 2 4=
t}. o]&o] NC ZA7|A19] &5t 7} 1960 o] % F55taL U= o= T
837 Eaoikl At wEol Stk AR, 3,583t of| sl Alo]7] 5 HE HAH
AoG A7} 2,478HE AHAISHIL Q1T 48) 18] 3 AFGARE AW EAH, 34N
71 Wol AR O H49), T HAR = FR7|A AFdol| A o] AR-FITE50) nl= Hte] A<l
AREAL A Fazoll A= NC 3271419 =9 A4 1940 14 12y of#| 23t w7y
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19509t} u]=+9] A-5A} Ao A= B4=0] EA T M Al(transfer machine)2 94491
]/\Eé] 0 7 &Z]o]= g E&Z0|E A53HDetroit Automation)?] T {jo] )& o] FZ=3he
=9 g A4t 58 o] A Eol AL SHHO 2 AHAF A ARIS] §-A/ 9] BZo] A7
YIS o & 0], =2 40l 875= 339 Al 5ol NC 3271 A4S E-8-5HdA,
52 Automation)®] th At 5} Z2od6HA Hoibd, M= Rdo] dAZRE A%
F471A19] FE ERl(lead time)& Y 4= AUCTA XS] TARIZ Aol AT = o HR
Ao g & ou|7} itk Aol obH| 21Xt Wi7h AE (American Machinist)2] 2170]31
o}.53)

2135 104 %OLOH—E NC E}E Ak OF_% SAlsle A2 Bgslal, WhE £ 7 7]&7)do]

ZPE A 02 oA fFct59) A NC 271417 d 2] Lt

gllof & THA = QJ9iTt. &, 7ol tist EAIZA] 1950t & o] 3 XA Ao] 7| A Q] 7t
FESPE AIZE AT, 71 0] A5t a.2lol thsll NC AFx]of] ikl A2 tt.55 AR,

19643 229 Ul% 71%40
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RAFHE NC AR 25 347) S)AlA] 547] SR =it
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48) /bid., p.NC2.

49) 19645 1€ 19 X2 629THE HX[SHALY. /bid., p.NC2.

50) & 49040|C. /bid., p.NC2.

51) Jbid., p.NC3, NC8

52) Carlsson, Bo, “The Development and Use of Machine Tools in Historical Perspective”, Journal of Economic Behavior
and Organizations, 5, 1984, p.102.

53) Ibid.

54) American Machinist, /bid., p.NC10 .

55) MIT Commission on Industrial Productivity, op. ¢it., p.24.
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YA E2(GE), FZ(Hughes), B(Rheem) 5°] AM&35}1T}.57)
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571 A%l 1| gt Y127 Ao 71419 &AL 19678 BAIE F55] AASHAL,

19684 o] %o = d&E 24| of(contouring control) 7] A1 2] &3} A HojHc} o]
gt FA7F 7S @A SHA YEbtaL Q= Aol =8 HAl(drilling machine) F-82-0]91t}.59)

d WAl(drilling machine)9] A7k AJAF 4= 1961 9] oF 2000l A EA5] Z716

, 966301]1‘ oF 1,150t 9] o] 2 ] gk, o] %ofli= Wo| 74l 197040= 196193 A9
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56) 196140 H{1 £ U FH X (Burg Tool Manufacturing)2 HI0FAEH(Burgmaster)2 AlES HZASIFICE. Chicagotribune,
(https://www.chicagotribune.com/news/ct-xpm~-1989-05-28-8902040802-story.htmI)(Last visited April 30,
2022)

57) American Machinist, /bid., pp.NC26-41

58) MIT Commission on Industrial Productivity, op. cit., p.24.

59) Mazzoleni, Roberto, /bid., p.184.
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60) /bid., p.184.

61) American Machinist, May 24, 1965, pp.77-78.

62) Wei Fan, Wei Ji, Lihui Wang, Lianyu Zheng & Yahui Wang, “A review on cutting tool technology in machining of
Ni-based superalloys”, The International Journal of Advanced Manufacturing Technology, Vol. 110, 2020, p.2863.

63) Saymour, Melman, “How the Yankees Lost Their Know-How,” Technology Review, October, 1983, p.58.
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64) National Research Council, op. cit., p.56.
65) Melman, /bid., p.60.
66) Holland, op. cit., pp.59-60.
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Historical research on numerical control (NC)
machine tool development

- Focusing on the current situation in the 1950s and 1960s
in the United States —

Chang—Kyu, Lee

- Abstract -

The United States first developed and commercialized numerically controlled (NC) machine tools. Other
countries including Japan continued to accept US leadership past the 1960s. However when the econo-
mies of developed countries after the 1970s needed NC machine tools to establish a high-mix low-vol-
ume production system it was Japanese products not US products that met the large demand.

The development of NC machine tools in the United States began to solve problems at the manufacturing
site but soon under the leadership of the MIT Servo Mechanism Laboratory in collaboration with the
U.S. Air Force the goal was achieved to achieve the best function. Pursued. Since then the commerciali-
zation process has also been pursued for the US Air Force's mass supply and demand program.

Since the late 1950s, development and production have focused on products with high performance
features to relatively simple products. Since the mid-1960s, there has been a demand for specialized
users for the supply of military materials and the development of aerospace technology. Without such
development sponsors and large markets it would have been difficult to establish a process for develop-
ing and popularizing NC machine tools in the United States. Like the development of the computer and
semiconductor industries NC machine tools were advanced under the dawn of the development of the
US military industry. In these markets companies did not have to focus on meeting specific special needs
and thinking about how to reduce costs and generate profits. It can be said that the company did not
make much effort for future development.

The development of Japanese NC machine tools that influenced South Korea began several years behind
the United States. Development was based on MIT technology but there was no confidence in the gov-
ernment's support and market demand. Therefore the development of NC machine tools will have to
proceed not only with the aim of implementing a certain level of performance but also with concern
about how it can be realized as a product. It can be said that in order for a company to grow it needs
an environment for new development rather than a stable environment.

Numerical Control, Parsons Corporation, Servomechanisms Laboratory, U.S. Air

Key words Force, Army procurement, Automatically Programmed Tool system
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