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2447
o oMty $E0f 7|47k Hotol oEt ZHA 24
o QAN TEST-BEDO| 25 7|% AIZ 2 A2 oA ZE A4
o 35 P9 483 Tx HE ¥ XA I}
Q& A E M| 214 EEFY AX2Y AFIRol oI5 TEST-BED ARl 1/6052 ARY
TEST-BEDOI AIZH| 2 7IMAel 37|98t M55, M) $= TxA | B7|98 2(HMH 2
) Z Hz, AEA | A5EIK?)
31 2, NS Al |- NS AHY FE PEA AN %% =M TEST-BEDO| 7%
¥ A" 7% o TEST-BED E{Y BTAIE HEHx 75 o ®ip|g g
= AZM  TEST - | o TEST-BED SZHAIE S| A2 —53 DUEYAIA /MY 15
BED E{SolA | o E{Zoll ChEH 1A} 27|28t A S /ZIHTEST-BEDOI A A2 T8t oflu|A|E)
D[7|Qth HEA| | o I E{UL) AARO] CHEH whAt 07| QThe] FOihEA BA/EI|
5l BT o EEATEEL (FD AT 3Y ZLEZ MHE 5/ T4
o 2 TxHQ oMM BUEZ HSAAH 715
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HT e 2t oo

73

At

o o|7|ghut
(¢t ot

o TEST-BEDOIA{ 2|
A

ol A o|7|2fxt DB

o O|7Ikt oS oW

O

;10

=
o

=M TEST-BED eiFAIR Ll T2l Y ZHEIAIAH 2%

B, FH 2ot 2 2ol et A S/GIHTEST-BED HEAIR)
Bg ol7|2fotel Iy 2ivtSdol ofxl= ek got

HES % = FxA0 tiet 3¢ 2ZHEE HHolE 24/x2]

FE 7z oYY g Tlsne

TEST-BED SITAIE HIO|E| 2422 Ij|7|°‘14 CFD oM dsdS

176055 FAAIRo| ofet 2Mtf F= FxA O S7|H9eHH zHudA A 4

SE7F LH 0| E(HTAIR S| T HF"*)

FHaTol olxl= BE 07|20} of £ &3t a4 S/W
Lo B o7 5187(&2 7(|°J = JHg(eh o

DAl R et fE o7t 5{&87|F(eh X MM A2/ZE

5 ZE0M AN /HE

ﬂrHI:I

O 71&7%e] TRLS] A% ATAE SAGH - 25 43)
S 27| chold do(me|aE 9F)
M1 | O | 71=mel Dbt ela) B 2 mob chy (240/2EH)
Iz T o
M2 | O |712% 28704 = ofolcof A o
L3 | [ | A oije AN o7 S5 s Q4o 7|53 EA NE Y
A8 e
L4 | O | AEAl siold Tol/ma RU e AHES S ol Alzld B} oy
LS | W | SAEZolM mu/EA RY Es AMEe| H5TIF Y AlZlA ABEH
ARE thf
L6 | W | SAF szolM mu|/mx Zzselel ol Mt ol AzlA B} oy
L7 | W | mHEx Zosskl 2ol AN AIRIMSH B9 o
Agst ch
LS | W | mul s emEe) M ARHE AIZIKSA £ o
AlASE EF
1Re A | g | O | muymaie Ee] AR s AR KB Zsch

(7I=0|1H Ad)

¥ B2 AF7A= TRL 5 ~ TRL 89 7]<7l4
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e LU Ao

o

2. A7

4>
el

2.1 155EE(250km/ho[Sh E{E 07| XMz £ 7|
7 FE FEA L urIas Az JFHEA B HEA

D 234 daxd HE FIAIAX

b 16453 21& ARD B FYPAFZA Y d%
O 3x4d 37|93t FIAFH?

=70

- AP eE nHAAY FARAT ERAME AANA AL FES] AHIL
M g3} Azke] Bol Bt 37198 @4e A7) Astel BAG o] tistel mhs
S AAPEA S A getel FHRW Bl n&AA UA S5 FY APt
%9,

- B el A e W East B 27 175k tia A F2
g9, GRS s AE SR o] A $OBE Friulme] AU vt 7h

O dAxd9 dxx24d Ed F3 AP 7](moving model test rig)
- ARl WAPER: 2% v 2E BH Ao ®)
- Egtoly A A: 10 liter
- =gtolH 1 50 bar(Hth AH&-SHH)

H &5 540km/h (FAt2d 1018 A)
- dxrd HaE%: 1,100km/h (E2EE 55F1HA)

- 192533 1/6452 A 7hs

Max. speed: 1,100kmh (3 car 1 unit)
: Max. speed:  540km/h (6 car 1 unit)

Air-gam launcher part -

Etatuless wire
Air diffuzion tank Phuto sausar

Launch nibe - Train modei ...g
" Ty n p - g Brushime po ngl:"rrp-:
———————— | |-— — i i
i ", |. L
- Piston valve LR .. g 1P
=, N First shock absorbar
'\'\x b
F A R —" Tunnrl madel Biecond siadk st orber

Boost

"o Praiimstic diivar
{10 ifar, Maw S0 barj

i '
12400 mm ! EELST mm 12400 i \
|

AHHH} mm

<4 211a €x524d HE FIAF7] NEF=(EZIP
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0% %I}E‘*' Eg =

<19 2.12a 231% dx2d BHE FIAF7(H245E 540km/h):
dadETlsdTd 24D

BAEAS =2

WAL 25 s gy 82 SAEEIEEE)

19 213 214 IARY HY FANEYe] 4 e T

2 dxind g5y FIPAFr = GARD S gFadol ] dFHoZ AP F A=
= A/ HAS20149).

o] Mol = WAPEX| o] =efoli o] A& o] Zo}

gholH o] &7 ZF7F= 300km/hol doll A TheFHA FHAFH o] P%‘S}ﬂl El‘}i——(ila‘
2.1.3a #=).

T 7|0 g e Ao A WAL Ao mtdute] AT U] IAE
20bar ©]/Fe] HARQtE %ol

f
mL

O
i
>
in)

W
=2
_>|:,
1154
)
td
1,
o
1P
bl
2
r (
oX,
o
e
ol
ol
N
i
32
dlo
&
o
Do
—
o
&
jaic]

2.1.4a =)
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SNEE WEEN

<19 215 B4 FAAGIe AAA s} dAnd FAFS: AFAAD>

S AL Fof] AR o] AAHES 913t
£ AHgskE, o] SAFF ASEAE EAFA L] STl vt A
2 34 F8< vehx s(@d 215 F=).

P 1/6428 204 dxx2d gy 23AJAx e FA

O 9x=d BY FPNF7Y 74

234 9459 HE FYPANF7)(TE 21625 IEDe] Fao)| wat A HAL,

a9t F717F AT <k, WS H(launching tube) A& A X HojglE dxlrd S
2 HAHEFZDEHA "t 1o ® FXE = GAEE L YAFH A A 71455t
2Fe) F(air diffusion tank)olA ExE & T =E3ste] FPsA H.
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SR AT 0% S0l B FYARL 95t F2n)

1/64.2% EMU-250

- vkt & AR S A gstel, dawdel BadTlMe] FYSEE 175kmh -

300km/Mhe A4l £=8 A gstgon, dxrde] Bl £ net Bz v

A EE QH el Y A/ET AR PARE HYIIHAEY-E TR Ao
=2

A AZSI EHFRH

mR of\
11'21_4
>
o
R
5=
off
o
2
ol
=

- Air«gun launcher - (1642 reduced scals]
Air difosion 1eak
Train muodal Tii | mudal
A . uuw Sk phanrher
— . - Yy -
! T i ] S
_________ Haps————{ %
= Piadin valve ' L L
s AL T W
Lhoew Phurlo ssmwnr
pump e
~ Dirbverih I S0 bhar)
- I
11, 80H} mm 2,040 mm 14030 mim 10,737 mm
AULN) mie

<18 2.16a B 7| e “daird B FPAFAX" AA FAZOIZI)D

O 9%=d A}
- ATl @A B FAATE £ S0, WAL EMU-2503 KX

AKTXAD D&AAE AFY FUrele] FEURH WS S04 FAZ Wastel
A3t 2
- 3 APy AN

— xR
s SRFTRAEE

I8 06

-
02 B (s)
Ela SEEREPZ2 b5 EHERO E AR RAE

(1% 2172 QRAEFFATA 334d P4 GARd Z0H A4 4ol B9
Hlw ZA3H{RTRI, 20111>

ih)



- 20119 9] YEA=FIAATARTRDEY AFZAHo)] ot 331 A4 &
A A darde] gy s Hlﬂlfﬂoﬂfﬂ BHau i o ol
A 2% oyl eatE BRY(IY 2.1.7a FX). = BHY v7|¢m AL T AEAFH
E A LSIRTRI, 20111,

- EMU-250 11449}t 200km/h, 250km/hg o] A=A B2 Itz 2017d 2ol 7)
I AsERon Al AFAIFl HoldH(1E 2.1.8a FH).

-~

<

@ | . - "
B o | —— Effective Area [m’] x 10”° (EMU-250)
& 3000~ - '

.g, -

o 2000+

o 4

< 10004

[}

= i

© 0 T T T T ' T !

[}

E 0 40 80 120 160

Axial Distance [m] x10”

<1¥ 2.1.9a EMU-250 a2t A5 raguzistol i S Ald1/64.2 =32)>

40 | Radius(EMU-250)
© 304 |
x ]
E 20 -‘ ; !
ERR R
3
o 0 ? T : T Y T ?
0 40 80 120 160

Axial Distance [m] x10”

<1% 21102 EMU-250 &5 AFRe] iy v sws A2A(1/64.2 %)

- 13 2.1.9a7 723 2.1.10a9] Z+ZF EMU-250 1493t A5F5 e SagHx sl ok
SO GA A QD(1/64.2 23} AFH SO AGA v 5A 3 A D(1/64.2 S2)e

LB L=
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<19 2.11la KTX-AFHEKTX-D &= ARD

40 | Radius(
30—_

20 4

104

Radius [m] x 10°

0 ! | : , . . .
0 40 80 120 160

Axial Distance [m] x107

<1¥ 2.1.12a KTX-4Hd 3&E93 559 S0 kA& 3 AY0/61.5 F2)>

- KTX-4Fd 1144 xke] A 13 2.1.11a0] YeR S a9 2.1.12a0] KTX-4HHd
S A A R 58 A (1/615 Zz4)a YER 2.

- ¥ 211adle= Ao 1&5Ga FAAYS YER o™ KTX-4Hd 1&5dxte] B9
W& 10mPo) 1 EMU-250 T4d 3= 10.89m?e). EMU-250 1A 27} 52 Hata)
(EMU)F ol g} ©rr # o] 0.89m*+& o & EMU-250 114H 217} KTX-4Hd 1493}
B2k B w7t #A A ok ¥ B

<E 2.1.1a Z}=9] 1&5I3 FAAYD
47 57 g 1ss | ooy | OIS 23 9y
KTX 300km/h Single Level 9.87 =3 &34
KTX-AHK 300km/h Single Level 10 = &34
EMU-250 250km/h Single Level 10.89 =3 FA

MZHA 3007 270km/h Single Level 11.40 S FAA

MZHA 5004 300km/h Single Level 10.20 S5 24

AZHA N700A| 260km/h Single Level 10.97 S FAHA
=2 |CE3 330km/h Single Level 10.40 =Y 244
TZAAV 360km/h Single Level 10.50 =Y 244
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Radius(EMU-250)
e Radius(KTX-II)

30
] /
20 =

ol

T T T | T
0 40 80 120 160

Radius [m] x 10

Axial Distance [m] x10™

<% 2.1.13a KTX-4F3(1/61.5 27 EMU-250 114 F2H(1/64.2 =3)
Zdo] AR S G kX FH s} vlad

- 13 2.1.13a%= KTX-2Fd 3} EMU-250 &g 210 E90H S 2o 372 vlus)
AE WY AFR =t AAA X EWEE B w2, EMU-2500] KTX-AHd B o=
HAFHE AT 7t ¢ T-53 o] AFHE Hx]E HElo e o fAEYS o
[e)

=
=
T

<19 2.1.14a EMU-250 a2&E2F U3 A a12d (1/64.2 32>

- HzHow AzE KIX-443 EMU-250 14dae] 20444 dande 13
2.1.14a¢} 19 2.1.15a° YEFH A=

<1# 2.1.15a KTX-4Hd n&dxt S A %i}‘:"*‘ (1/615 EE))
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[unit: mm]
Train model

Tunnel model

1,200 ‘

<I¥ 2116 22D FFAFA ] BERL 32D AU

- LEAIFAL HE Sl tE AR de] FYPAY WX == T 2.1.16a0] YERA A
A A Qxprde] FA4e 58mmol . Ixprd Aol 1,200mmE 3F1HA o] 3
FE(EArd o] P # A= 652.39), EMU-250 1&E21S 7|FO 2 1/64.252 02 &
AR HdRd S A 2ol

- B oy u AF e Zr|dste] AR A “Lxo] mERi AAME” S 285y
. ol mhel g A A elgt s §

(2 €24 BHd FIANFe AFA2H" T4

b €z24d EBd FYPIAFY ASHA
O "H4a FYIANFY AZFHA
- dxred B FPAE A= (Moving model test rigoll A Extrd o] £22 A 35E1A
AZ3st7] 95t 7] d~(Keyence)AHe] EEAA(photo sensonZE #8351
- 71~ L EANA = Y E(Keyence =2 FS-V3De A A LED9] slol¥ fUYl(fiber unit,
Keyence ®@: FU-E119} FU-E40 AF8)o2 FAEO Q= === 152 =(high
speed mode)2} Q2 E(fine mode) L& FAHS o B Ao A= 250km/hg
AAEEE st TSR E(SHEE: 3us)E AL+
- 3tol¥ FY FU-E112 Zo] 11mm¢! ofojg]o] W(area beam)S W R U T, & Aol A
+ GARE JFERE Qo] X5t A EgA(triggen E A S(3E 2.1.2a FX)
- ol FY FU-E402 o] 40mm¢<! oojglo] ®W(area beam)S WX U™, H A 1of A
+ HEAdT 9 BEdE=7 9 44 Y dA s, dxtrde] T3 A 9
Qand &5 X3P FOZ Axkel=d AFESAS(E 2.1.2a FX).

4

o
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- B AFoE AdAATE H A A (Piezoresistive pressure transducen)® 13 2.1.17a
©] MEGGITT Sensing System A}F¢] ENDEVCO =4 8510B-12] Alo]A] & AA S AL&
3=

- o] tEHAIM = H 0.0362mV/Pas] Y%=
olal, A3 Y& Xt HluwA y
FoTEAdo] BEgk Ao g deA U :rL-"/l Ei%i 79 %}Eﬁ,t‘ﬂ = 74]%‘5‘}
o B2 AUES 2 S &35S 0.5Pad.

- HERd /&7 YFAAY m7|daH(aY-)= AS387] fst] 4& RION Ake
AT SUAQ 29 NL62E AH&std o, Futa 9= 1Hzol A 20kHz7H A AlS
7Hs3H 19 2.1.18a #H=x).

rlr _1

O

- AY-B(EE 208 A=S AN g3 o] FR3EE AAo 7 C-Weighting
=S NL62 54419 AC OUT @A=E et Alad gte 2 S8 EA ke, RION Alel
A AlgE Aergeld AER HAE} Pascal #oz S48 S

<F 2122 TEAMA S LED slol¥ 3 Al 2 A8 >

oto|= oflofz|of
M M2 HiH
Keyence LAY JIERE ool MRSt A
FU-E11 = E2AHZ AR
o HUYT Yoz egE? ¥l %
Keyence 7t phs dajslel, dxtedel £3f

FU_E40 amE? _
(02.2) AT =
‘-]m +50C (rn: 9|- =L 71' -

<1% 2.1.17a Endevco 8510B-1 <¢t= Al A4(Gage, 1PSI range)>
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Rion NL62 00|32 2 #=(2H 0.5 inch)

M
=3
S0 Card
[— - —— e
UEH oabile (A -mir B)
[ - Compubor
RSZ12C Sedial 1A cabin
CC-42R =
*u-&‘. i -
my o] [
= 5 34‘%‘5&- o I.tr
BN phog cable (24 il
Comparatr aupel sk L4210 Di-T1/40 A8 7
i |
Sound Level Wetar Prinder cable O-42P Primor
Balfery piich Classt P-4
BP-214 HL-62

oo|32E FF Holg ArE

<19 21.18a "]7|49 ASS £1% Rion NL62 S¢4AI(F39 H 9} 1Hz~20kHz)>

Dutt smotr Time ([ PRI T z :
T
o]
0] v 5
w
a5
20]
1 ‘ ‘ ‘
o | I y
ots o ois batat potDu2.  Spasd & Accelart
o TSt 2 i A
?
o

it s sl [
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<& 2.1.3a AZHH Y FaAd>

78 EET] A o
" CPU : 2.0GHz
= HIE
HE ATH General PC erory 1 om
<8-slot USB chassis>
Amount - 1EA
Channel D32
NI-cDAG-9172 In/out frequency - 0 to 20MHz
Timing resolution . 50ns
Max. sampling rate © 3.2MS/s (aggregate)
DAQ é:::£g| E i #
Z fo|E '
(Z_jlz :[ol 1 N19237 Module Range D 225 vV
35 ) Resolution D 2bit
Max. sampling rate - B0kS/s/ch
Amount © 3 EA
Channel D4
NI19215 Module Range o 10V
Resolution : 16bit
Max. sampling rate : 100kS/s/ch
Amount © 7 EA
Mode! - NPN ouput

Keyence FS-V31
(Amplifier)

Light source
Peak wave length
Response time

* Red 4-element LED
. 640nm (LED)
- High speed mode (33us)

ZEMA Control output ©1-5V, 24V
(Digital fiber Anoun - TEA
) Keyence FU-11 Purpose of use © Measuring trigger
Sensor (Fiber unit) Source of light . Area 11mm (LED)
detecting distance :1,300mm (High speed mode)
Amount : 6 EA
Keyence FU-40 Purpose of use . Passage detecting of train model
(Fiber unit) Source of light . Area 40mm (LED)
detecting distance : 2,500mm (High speed mode)
Amount © 6 EA
Endevco 8510B-1
2t MM Pressure Purpose of use * Meas. of pressure transients
(AHlo] x| &) Range 1 PSI (6.9 kPa)
Transducer Max. sensitivity : 250mV/psi
Amount © 5 EA
Xz} RION NL-62 Sound Purpose of use : Mgas. of micro pressure waves
Sopy Level lleter Type © Microphone(Mode!l : UC-59L)
=H Frequency range  1Hz to 20KHz
Frequency weighting A, Cand Z
Amount 1 EA
7)e 2%, Rurpose of usg E Meas. of Humidity/Barometer/Temp.
Ay Lutron MHB-382SD Humidity resolution © 0.1% R.H.
= Temp. resolution - 0.1degree

Barometer resolution

: 0.1(x1.5mmHg)
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- Z}zhol L EAA 9} QFEAlIA, Q‘”&ﬂ]b— o] H EAXDAQ A 1d AolEw 44

93, BE MAS A= 19 21199 #H(LabView) Z2 1WA A ol F.

o) o] E] 3] S (NIAFS] cDAQ-9172)+= Ho|E|H 5 o] H1E|(DAQ adapton 2 A] oJe] F&F

o] Holg HEAX RES AAste] AL F S A WA T EAA(Keyence

FU-ElD+ =& AlAEo] HolHE e 5 JAIE AlE EgfA(trigger) d&5 3hH,

HR TEAA S LED BA1E dhalRel AR slold] =2hald Y
q

a4 01 A ¥
rdo A% 2E AAEo] 1z 0.0004x 7FE S 2 25,00071(25kHz)2] E2]& A1
ge e E x7 3353598,

25,000Hz¢] Hlo]E ZE&(sampling frequency)S & Ao F7]98H7] e E o] 1
4 e ded 28 371987 ¢8wES Endeveo 8510B-1 & 4lA o] th7)¢t
FHe} dde gol FERE d4dE 7|t 7EHIE VU E A o=
AZSRS(2Y 2.1.20a Z=x). o] U7 7|2 IE Aol A=A ulZ Ao
7]8hES A& Foll WEE 2o}, 250 3 Bad tirit HesS HAE 95
AA AZAZHE 3% o U,

<18 2.1.22a @29 7Hx] L EANAKA: FU-E40, 4 3: FU-V31)»
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AX S 23 AZ AN2@ES 19 2.1.21a04 9 o] tlolE HEAX<
El(analog-digital converten)& &3l tlA 23} = a1 PColl A7d. Aol A&
AEe] AP & 2130 HEeAS. AP WFe V|, &5, F55
BHE X**](Lutron/\}ﬂ MHB-382SD)Z A& Alo| =2 ZA3t 7| F3 5.
[25[F% ASZA = SD MRYFIEE AHEShe AAIZE HolH
S F A XEAA Aol &

- 5= AR S5 SAHYHL x5 o] 5335t
o Az Az vle) JER TEAA Aolo] 33 AR SR8 ANERL.
l°ﬂ 2(Keyence) At ZEAAN &= F FAlFe} F4A57F IMER datRd S 7HA| 8k,
T THIES ZEAMAMTZL 242 AS A2 EA, HEY T JAdSE, HEW R 73 H+
E£5, HEET HEH5EE SAMAMNE & JEE S99 2.1.22a #=x)
<E 2.14a HEE? 9 dawd N FEAU>
7= LENYM chMEY Sl M etMEY HEWSEE
Xtz EMU-250 EMU-250 EMU-250
XS 1/64.2 1/64.2 1/64.2
E{gChHy H 514 50.3r° 39.97n’ 56. 69n’
£ 99.6mm x 122.5mm 88.33mm x 109.78mm 116mm x 118.57mm
E{ECtHA = 12,201mm’ = 9,697mm’ = 13, 754mm°
gﬁ 2 2 2
o RtEbB R 10.89m 10.89m 10.89m
. 2.642mm° 2 642mn° 2, 642mn?
S FCHEE ,642mm ,642mm ,642mm
Blockage ratio 0.217 0.272 0.192
AlX Ao K1 : 900m K3 : 900m K5 @ 900m
3 gH4ddo| K1 : 14,020mm K3 : 14,020mm K5 : 14,020mm
Ay AR0| 77.04m 77.04m 77.04m
& Hxo| 1,200mm 1,200mm 1,200mm
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Q) FIANFE AT B 429 AF D AFZA

b 84d 459 AF ASAAM AA FAA A

O BHEA 2" A& 2 AFAA AR FAAL

- FHA A& 73 GAEE aEHAEE HAsEH 55 3795 o H A

AASLA, FYANDS AT HIANZE S T3 o] A 11]3}3}3%%,

- B AZAS 900mE ZEo|H, B yEZawALe ¥ 214a9
56.69m?ol ), A2} dS& EMU-2500.2 Al 73‘3}99\% #* 2.1

- 16425402 A Rdy dXRdS AFegon, dxrdS 371

stof, a7F BHE WY Ao =9t F83] FAHES s =.

Aoz A%

- ¥ 215000 H@ERE Ay 16 E G, E 21620 B'9E 574474 Qo]
£ YeERiA S
(i 2.15a HEE %>
Y EHYTE E AAY g420[(m) | 1/64.2 £ D Z0[(mm)
& H 5ed K1 900 14,020
SofM, 48 S K3 900 14,020
HREYSHET K5 900 14,020
< 2.16a 524 S7137%4>
SIPET] £ A7 £ 27 £ A7
SHHE (nf) 57153 D(m) 3xD(m)
K1 50.30 8.00 24.01
K3 39.97 7.13 21.40
K5 56,69 8.50 25.49
[unrt: mmm]
Baffle plate g‘:
et v 14,020 3001 443
\\' . stesl | Dump tank
% | Baffle pf ate [

K1l tunnel model

A —

|J!H-'|' | FH-&| PHES |

e aly e 3
1600 | 1,600 | 1440

[ Prea |[ PHes | | PHe2 |

PH#1
<I¥ 21.23a x5 42 EAA 8 X Z(PH#1~PHR?) : SHED
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L4a7} 3 2.1.5a9F 2Fo] K1, K3, K5¢] 37HA] Bld & 1/64.252 02 A28} 3]
1 }ki‘:‘)ﬂ KIEg, 2abd =ol= K3 Bl d2d, 3abd =ell= Kb HE S %83t
e HA FE TS AT B FIANELS NS
- HE v7149) gAY FAEY e FHANF R 18] flste] & 21.6a% o] B2
HE e BYsiE.
- 19 212322 HERd e Aol HYZdol= 14,020mmE F A Y Z+= 900mel
ElAcE
- =3 O 21.23a= dlojgo] LEAIA S HAAE YEhl e PHAlS: AR
= AAste] AID AWME A AlS= Al Zshs E A(triggen = AHE-SHR o, BE
% o o] PH#2~PH#49] 37§9] ollojg]o] ZEAMA S M x]8te] 1440mme} 1600mm7+2
2 daeds 3 AAsta, 731 SEE 23 st BHE dTelA Y SE5
AS8H 5. BIEET 5 H#5-PH#72) 37] 9 oloje]of 2EAA S A3k 1600mm7t
Aoz Aards 3W A st 23 st B ST S8 AFEA S
- 29 2124a2 QA Al HEW dHHEs #Esr] A rHAAM(Endeveo
8510B-D¢] #1x& Ed R¥dEE % 21.7ad st HerAS.
- 1% 2125+ HEJT o7 Bd &7 9 Fell 4] RION NL-62 A3} 5-$4A o
9% w7y A S E 2.1.7a00 A sked YERAL.

£ do FL\

-

14,020
2,997 PT#6 PT#5 PT#4 PT#3 PT#2 PT#1| 3,001
|<—> (adj) (adj) (adj) (adj) (fix) (fix) Train model
direction

S

| | |
| 2010 ' 2,000 ' 2000 2000 2000 ' 2000 2010 '\ |

N 20,018 \ '
Baffle pla’ge Baffle plate
(tunnel exit) (tunnel entrance)

<19 2.1.24a 8510B-1 t=&AA viX] =(PT#1~-PT#6): HHE

MWs4 MW
| 2997 4~ Mwi 14,020 | 3001 |

I o ! e I Train model
direction

e | |

20 2010 ' 2000 ' 2000 2000 2000 ' 2000 2010 20
20,018

MW#2 |

<9 2.1.25a Rion NL62 =¢Ae] vle]A2E v X =MWHI~MWH#5): HHED>
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[unit: mm]

Rion MNLEZ OO|IE2E F=

o

L=

o
=

Ground plate

&00

30, = 374mm

Baffle plate
(tunnel ewit)

Ground plate

<% 2.1.26a Rion NL62 & ¢AIS rlo]a2Z2E X =(MW4H5): Hl & Z#|olE Wl AX]>

< 2172 G d 2 <FHAA gl wlola =& AR A Al

ey KIE|d K3E{\d K5E{\d
= (&AM R5EIY) | (SolM, BN 5 EY) | (HRUSHT EY)
PTHO1 HEUF=27H HEYTZRH HEUdT=FH
EHYUEZ 1,558mm YU EZ 1,558mm EHYUEZ 1,558mm
PTH#0 HEUF=ZRH EHET=2H EHYATZRH
HYUEZ 3,115mm EHYUWEZ 3,115mm EHYLEZ 3,115mm
PT#03 HEUFZRH EHEUF2RH EE T2 RH
Pressure E{LL 2 4,673m B EZ 10,905mn LU E 7,010mm
transducer | - g SEREERL SEREER Bl 72 e
LU EZ 10,903mm EEUWEZE 12,462mm B S = 10,905mm
PTHOS HEUF2RH EHEF2RH Y2 RH
B4 EZ 13,645mm LU F 2 13,688mm YU EE 12,462mm
PTH0G HEUF=7H HEUTFZRH HEATZREH
EHYALFZ 13,894mm EHYLfF 2 13,909mm EHYUWEZ 13,922m
EEFoM FE2
W01 312mm, 2= (y) 45°
W02 EEEF0M R 2 EHEZF0M 22 EHEZF0M 2R 2
icrophone 312m, Z=(B) 45° 312m, ZH=(B) 30° 312m, ZH=(B) 30°
(Sound W03 E{EEF0M FE2 EEZF0M FE2 _
level 312mm, Z=(a) 45 312m, ZH=(a) 30°
meter - .
) ko4 EEZF0M E2 EHEZF0M E2 )
624mm, 2t (o) 45° 624mm, Zt=(a) 30°
y EE &AM ) .

22450 2 374mn
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<19 21282 K1 B19=md 9 AZMA AR AR 2>

<Id 2.1.2% K1 BExd, AZAA, DAQ A Az
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3000 [Unit : mm]

=== =
' .

i Y emm— | 2ncher
b fond
1
i o E

| 10 |
PH#06 PH#05 PH#04 PH#03 PH#02| PH#01 Trigger sensor
Tunnel model Hood model Train model

<29 21308 IAed BHY YA A X HLEK] HEdzd)

- 1% 212629 MWE5SE Bl ST ulE Zg o] E(baffle plate)o] X% 2944 B}
olmz2Eoln HERY T/ 3D XY, B AFNAE v7Ida dAye] dHS
AmA] FHOE AFFLL.

- 4719} o] AlFE Ixmd Bd AP 7)(moving model test rig)e] B w3}
AZA 28 AR e gEdos KIgdnde] thate] 13 2.1.27a~71F 2.1.29a¢] 1+e}b
A=

- K1 88 FaA @Y ASAA e thst A% TF MeEE 19 2.1.30a HEFH S =
K3 Bld=da K5 gladndol tist AlZAA AX 9= & 2.1.7a0 FE A=

ot

==

_ll}l'

(4 ASAA e} dx2d LAY A Bl

Obh 2A=d B FYNP) ASAA B ud ol
O B =713 AZAAY B udol
- B QUET 9 5AA X oIA v719iokE AZEy] 915te] Rion NL-62 A%} &
UAE AEF. Rion NL-62 473k Aol thslA 57k 39 /A7) Bel A wpd
st B4 B3 JLCRAE A A RTAN-1-D) BHYHA BRI,
- B f3ta 9le Al H g ol &)= RionAke] PISTONPHONE NC-72A =2, 171 o
194 371508 24 AL Reo A@A)L MNAE Eo2 AAH o £ YL
250Hzo Al 114dBE LA A Z.

<218 2.1.31la vlo]Z2=ZF wA#H]: Rion Pistonphone NC-72A>
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O "4y 4HHF AZFAA S ABe ol
- BERY W 62 ALY 2130204 G BEF dEEL AZ) A3

o] Endevco 8510B-1 Alo]A] tHAA(AZHS: 1 PSDE A&F. F=xEF

Hl ek sl =71 &< A/ag 7] #olA k=Rl 5 PSI olste] mlAl%
O3 A By ol AYEs} ue ol mAdE A ek w AN S A 7
AAE. 7l =7 w7 Hol s LAl o g wAHI T B S

<3 2.1.8a HAFHAA wAZAA Y dsD

e DIAﬂg_rEMIH N IRIES 8 1
i DY WA DY YU
%4y 2ils 20 Pa 0.01 Pa o
Mot Alod Ralls 0.7 nV 0.001 mv s
7|& UMM HSH 1 PSI 1 PS| o

<9 2.1.32a v]= Additel A9 =2 901 <19 2.1.33a Omega At tjAd

Aoty E=> dEA 1A

<9 2.1.34a v AlGEAA A X (ZA A 2>
- Endevco 8510B-1 Alo]#] ¢t&El Al = 1 PSI6,895Pa)2] = QAo A 250mV ). whakA]
Ho]= 20Pad 0.7mVe HalsS 717 w6 S AAS = 3
- AA AHYS AT = = vAYE X2 uj Additel Aol =d 901 HAE FX
AASIE . £ 6 PSIQ] mAtE S AT 4= o, )5S 0.1Pa7tA| 7Hs3H 1

=
=

=

=

2.1.32a =)
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- v A E H oA EAYAIZ]
Omega Are] TiA " St A o] A=
Z31 Aol Hl= NISTollA /178 Al AT A2d
Aol EZ FAl At e 243 ASH= 1PSlola, AF FEE+ 0.08%U(TH
2.1.33a #=x).

9ol B 4 Q= EE AAYHAR v
5 _

1 dHA A=

FAl A o] At &8 AladE ¢o E017] st 24U 5 tuAd "HE R
Fed & HIOKI/\}«] =g DT42810]™ 0.00lmVe] &35S 7F4. o] ¢
1) = % PCe} AAsl ¢lo] ol 8 A4S AAITOE AT & Slo
™ 2.1.34a 2+ x).
- AZAA A Ao g 2 ex =% A=S LutronAte] =E MHB-382SDS A&
SEH oW AR i 2.1.2a0 UEUAS(TH 2.1.34a F=).
- B Ao dxrd g F3PA| Pl AFL-3F Endeveo 8510B-1 ¢t AIA o thak w4
AMe AEE AZ3H AAHABRITA(A-1-Dl HFg
- 2 AFY A FEAA AeEdgeld nAZAA lwde 2xdE AAZE A
B A (A-1-Dol] HF3}
O Ezatxd SAAX 9 HE U&= A By olAd
- a2 d HE FPAIF 7oA AT EAAX] = olojd(air gun)
Aol 11te] F71E FUskY, AW gt yA2E WHE (.2sec o]sle] 140
Mste] dAnds FPA ), A2E WHO| /i An== 4 ZA FAF
- oo} Aol A9 B 7| et ExEde HAE S
S dAgbE ol 2 dabetE o) wel dakrd o] Bd
WARREE div] AR Zo gl AgBgolds 5 ﬁfﬂoq a3t
= 9)S. 93= +1.5km/h oY

LJ*
E
-

2

O:

o
9 %

wule ALY

& Launching pressure

Launching pressure (bar)
=
T
i

M i i i n L M
100 150 200 250 300 350 400

Train model speed (kmi)

<% 2.1.35a HAYE o] e

pr

= Agudold A=)



D garu7|gds A7 Ferd JHY5 A4

b EaA2d HEFPAF7] Y AFF S42D FHE
O & d7dAs 1AdE LEAIPAA &4 ASEE, 239 E sl 2 A
He R SEE 5 339 244 °H4a
@ HEFYATIA ] AP 8

3]
=
= O 3 =]
HH Ferd =58 RXE U5

(S

zt7te] B 2AGE 2

r1r

A
w2 AYS 164207 =43l 3}
1

O dxtud HadFhAggxe 4drs e 2 F& wdo] wA 2 2¥e & F 9
=% A5l gy] o] HY @uze] e 3% mde xyd uE YR nd
TAZF 7Psd 29 211be dxEd HUFAARENY APy AesEA o
AE AL YA AS A YAE TR GHdA HEREEdH $ERdS WA
7} 7MesstEE AAIEA S E 2.1.3be 3F HEREE AFdxd HAd mE B
W FEAIA S ET vl A2 E 42 X Afolm, B3] B &7 RIo|ME 77
o HdHd %—7}2‘75‘# S/ i A MY Qb AE Ao o] 7EZ
d Aoz ANAsg. FERAE GIT FUBE ASY F AR% 294 242
AAtR e A@Fe HE T AAstd d5AE8S THHA=

[Unit : mm]
Tunnel Tunnel
exit entrance Train model
14020
CA—TMIW-03] |
kfﬁ lTua T Frog o 4 S
'If"’g\_ A __‘__I_ ___________ =L ;_ _____ _E___% “Hood 1.4¥ EELaunching:
e s i u
v 1
1_ - m s S
1600 1600 1600
PH-06 PH-05 PH-04 PH-03 PH-02 PH-01
Tunnel model Trigger sensor
<19 2.11b 234 dARd HEFIA Y HLe=>
< 2.11b 3F HEREY 7|& AL
= 1/64.2 £8
I—-| ke
ZIEETEERY G[EE E AFY E4Zol(n) el 210](om)
& H 5Hd K1 900 14,020
Sojd, d8M S K3 900 14,020
HREUSET K5 900 14,020
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<E 2.1.2b 3F EHE9 MF Ad 23D
T= LEANYEM CHMEY Sofld MM chMEld HEYEHT
HAL EMU-250 EMU-250 EMU-250
=3 1/64.2 1/64.2 1/64.2
E{dCiH A M 5814 50.3m° 39.97m° 56.69m°
L) 99.6mm x 122.5mm 88.33mm x 109.78mm 116mm x 118.57mm
E{HCHA = 12,201 mn? = 9,697mm’ = 13, 754mm°
AN AXICHHE 10.89n? 10.89m° 10.89m°
3 AotHA 2, 642mm° 2, 642mm° 2, 642mm°
Blockage ratio 0.217 0.272 0.192
AX 540 K1 : 900m K3 : 900m K5 @ 900m
=3 gHddo| K1 @ 14,020mm K3 : 14,020mm K5 @ 14,020mm
A Ao 77.04m 77.04m 77.04m
=& x| 1,200mm 1,200mm 1,200mm
ANy ERIFYEZT 180km/h ~ 275km/h 180km/h ~ 250km/h 200km/h ~ 320km/h
CE 2.1.3b B AN 2 mpo]la2E 89>
K1E( K3E < K5E{'d
= = -
CHME ) CHME )
PT#01 EHE T2 FE EHEUTZRH EHEUTZ25H
EALiE 2 1,558mm E{AL 22 1,558mm E{ALlE 2 1,558mn
PT#02 EHAUTZRH HYUTFZHEH EHATZHH
EHYLEZ 3,115mm LUl E=E 3,115mm EEUWEE 3,115mn
PT403 HYATZFH HUYAT2Z58H HYATZH2H
Prossure B2 4,673mn E{EU 2 10,905mm EAUE2 7,010m
transducer oTH04 ZEREES L B TR E ZEREES L
EHEUEZ 10,903mm YU EZ 12,462mn EELEZ 10,905mm
PT£05 EHAUTZHH HYUTFZHEH EHATZHH
YL EZ 13,645m YLl EE 13,688m YW EE 12,462mm
OTH06 ZERRER L ZERRERS ZEREEE

B 22 13,8%4mm

EYLHE 2 13,909mm

B2 2 13,922mm
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EE oM F 2
312mm, 2= (y) 45°

HEZT0M F2
312mm, ZH=(B) 45°

EHEdET0AM E2 HAET0AM F2
312mm, Z4H=(p) 30° 312m, Zt=(B) 30°

EHAZ70M =2
312m, Z=(a) 45°

E{d&ET0M 2F 2
312m, Z=(a) 30°

HAZ70M 2
624mm, Zt=(a) 45°

SZF0M 2R R
624mm, Zt=(a) 30°

MW#01

MW#02

Sound level MIV403
meter

MW#04

MW#05

E{ 9 & 710l A
ZRUFSEO 2 374mm

(Wb 245 BHEu7|4Y

%

o
o} A %a, dole me &

flo of =© mlo n:l

= S
2 A9AH Qees Tyste

MFL obE Fa) )

& &$HShark gill, Wikipedia). Aol7} f<&1H

?_szifﬂ Ho] ﬁ%‘ Aol of7tn] EAVE ElE = o] EAlE &9 %0‘ kol 7}

S ulFERE 45 g o] oo yRF3e] M. fA4E 4L 55l fUuFHE =

FZo] g olyin] EAE wEsy] wiEol Ao HF AT WA EO H
THl = ol7tr] BARS E HlEE dste A #

O & AgoAs Ea9 HEXYSZA FendEo] 8 AAES HIAA M5
7Ve et Zzbe] datrd SToA B U dE e BHE S 959 Bdr
71949 AFES nuEAste] AN S RIS e Ede(ad 2.1.3b, 28 2.1.5b).

O BARARAE 5 Ford A= $&9| do], F3HEIH 9 &3 A4S 18
3k Thokst Ao A2 GO AT £ uE 18 21.3b9 Po] Trnull AR
AAEES. AAE Ferde] F9 4572S gHAdrdy AZA3 Y] Y3 HE AAR,
FHEZTTo] AAE FHEZTH H, dojd AAo] e JAME, TEdFo] &ay



2 FAFEY e FE=E AT &R E NFEH A2 Fo] M3 5o sHsst
*Wlﬂ o QME Rols L1 L29] HE&E XH3lY &3 5%
] = g o] oprtro s Fet= 7B 5-FAF(air ducts)=
ZHo ZHZb 471 HiXE o] Qo oA HEE AR HAFoEN ME
AT £ JAEF AAYES HY d2RE BHE dudoz F4HE o 8mm F
o] glyo] ZAsle] HYE @y AZ4T 5 JA=E IS 253 9

Connect rmg In ert
Air shaft part part

gart Hood entrance part with slit

Fences Air ducts

B

-
| 1
1 |
1 1
/ 1 ' ;
= l I
e i i
" | mode mode] | | Adjusting —=1 -
i =] i
i i >
/ i i i |
|

(@ K1 ejdxd (b K3 ednd (© K5 gHexd
<19 214b 7|23 =1 99y HdRd HA A%5

(a) CASE-KI1CH107-322  (b) CASE-K3A175_4-102°  (c) CASE-K5A17S_5-2%.%
<1¥ 2.15b HE¥ HAANS scod HAXAAD
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)

Pressure [Pa)

Distance [mm]|

FERd 44597 AW A

Ch 485 Humdy AP AZ
O @xtmd HAFYA P79 4
o WAFE YHT e A

29
5z

A5

a9y 2.1.6bet 29 2.1.7bE KIHE F+F WHE ZdoA &

A 5 Hamde A4 43 99

B st AFS AR A

= 1 H
B HYe XT MRS Fael 243 2949 s A% 20| 548
B dTF=ZFE oF 3,114mm(full scale : 200m) X&) Jow, A7 H+=
AERsl B U7l £ o FRE diud Funs) HIe o A
kAl
HE JYAE 0s2 1ASAS o, AHE dgutes 9t 14 S50 = PTH02
2 49T FAY dHSL woln AR TRl AAEFH AGIA AHH
Auh w3 PTH020] AW deol oA 7. LARo]
HoldE Axwd TAn B ¥ Aole] YadAs Boz s el
Aes & F Jom dFolA ALdE g3t A7 B SFolA A HA
A B E A ET ERIT 5 e X-TAE 245 &3 @a=do] izl
A g kel BEEZ QD WAL A o] AR PF O] o]F i AIZE Wsel A&
AT F U=
3000 S 3000 ’
: || : [T[]iﬂ entry speed : 18023 km'h : i
2000 b e ¢ 2000 ' !
1000 — .-4:1 E E 1000 : ;
e 1R | 9 s il .. ]
“1000 S 1 | I i S -} i ; ‘
: \J Lo a Al
2000 | I -2000 ! '
-3000 : : ' . ~3000 : ;
1 1‘1: i E( \t —— COMPRESSION WAVE 14000 E o |
12000 L i\ - - - EXPENSION WAVE 12000} : -_‘. \:
10000 E 1000} E T e
E
8000 > 8000 i
1 Tram til |
6000 S 6000 | Tronsdn
4000 2 a0}
2000 2000}
005 u.:lm T l)_l‘ill YY) |1|f.'25 0.30 Dos w00 o5 we u.'|5‘l ET]

Time [sec]

1% 2.16b EAFUEE

7(] 01‘1,]_9]_ E«]L“l

o it 0\J
o jo o '

do b e

L HYE

2 TS APz FasiH

2 9FS A 2. B AN HE
o s dxe Bd

ol Ui FHAAAZ EAste] 2=

bl A B B e
1

Friin enuy speed - 199.03 km/h

—— COMPRESSION WAVE
- - - EXPENSION WAVE

Time [sec]

180km/h, 200km/he] =3} X-T A=
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3000 _— . 3000
' I Irain entry speed - 250 87 km/h
\

2000 2000
= = 1000
& 1m0 £
@ o e of
= =
w w
w w
o <1 E -1000
T
o [

-2000 2000

-3000 -3000

14000 — 14000

—— COMPRESSION WAVE . - ' —— COMPRESSION WAVE
E U SIEn AT o i

12000 - - EXPENSION WAVE 12000 ‘: ! | Trwm nose E.XPENSIONWAU'E -
E 10000 £ 10000
E £
& 8000 < 8000
o o
-] ]
& 6000 | Tramducer =  Ghoo|iw
= positk =
= 4000 2 4000

Al
2000 2000
0 - 4 0 . A L .
005 0.00 0.05 0.10 0.15 0.20 0.25 0.30 005 0.00 0.05 0.10 0.15 0.20 0.25 0.30
Time [sec] Time [sec|

<a¥ 2.1.7b EAIY &S5 250km/h, 275km/he] =3 X-T A%

Wb BIdEdE HFH Ferd YA
O K184 "7|¢9 3=2d A5AE F2U-E(E 2.1.4b)
- Badnr)eta A $erd HH 45 AdolAe e S 219 gty &
HA 02 NFE FPst7] 95t T8 AAE | A SHARE U H7F Serd
& AR stH e, A WA SAFE 112 S=rdo] do|& AR A7 UA
E B 2AZANFE FdstL F HA SATE 2ldA s 85T 8] AAHE Ald e
gt vA o E TEQF] FAE Mt €8 MFEH €H 5sAHE F
st HF S AFsA7E 3l
- 9423 A HAZ TEST-BED A 5E]d Ao AE ~A Yo
st HAE RS AAsty A4 = F2A9 AsAS5E
H WA Y HolHE FHal, 38 T $E T72A9 AeB7HE Tdste Y =
AT 91

%

ils 3
x50l et Hanristat Az el st
O K384 m7|ds =9 HeAd FaUl&(&F 2.1.5b)

- K35gd Ternd HAHAHAS AdiAE 1xPdE ASA|F LS nigto 2 F

o

HY ¢ - &=+ X3x4 A= L35

1ot =78 21

- 50 ol4e] AUjFCRAS TgEhe T Lol
T Ag 9o B2 BG4 A2 45 e AZHGLITE 8]



O K581 m7|ds} 2 =nd HeAd Faul&(x 2.1.6b)

- KbHE Z=rnd AH5AdL K1, K3H

et AAE =48t AldRd S A

9 FERY AA4S APt GHA Wil
2 gHe 2gste] mF HAFeR
e[7E 1, 2]
0 ANAE D &30 BAES Aol 2mF FERY 45 A
s el TE 4, 5, 6l
ERde TPstel ol A3 FERDL MY, HY I
= 15

CASE-K1CH107-4

CE 214b Kl BY Toug goas 225
g8 Hx
22 | A=y Ngz FYAE Y2 +2 534
H3)
CASE-KTATOT
CASE-KIA02 . scou Zojwsl mE n

1 CASE-K1A103 Zcoy Zo| HAFAIY Ho|7|¢tn HZAS Hm 1AHE =
CASE-K1A104 e EmMgY Zo| ZX (A-1-2)
CASE-KTA05
CASE-K1A106 . TEEEY oAHs0] M= e

2 | CASEKIAIOY |+ +HEZ SAMaAE | HPol7|2m M2ANS 8D =
CASE-K1A108 . SHEED 9 ZHX -
CASE-K1B107 ) o FEAT &9 hTE delof o (s

3 &8 J7g YA g 2 Hdo|7|¢u MAMs | ==
CASE-K1C107 i S (A-1-2)
CASE-KTA201 . .

. 3 220 o= A
CASE-K1A202 Zlo|Msl WS SCc oo :'—:—nEH:i:E%Eﬂo' o Tf%

4 [ CASE-KIA203 dolst He $S=d | EZ FSodol oWl | RS
o ME e edoplgn Mzss | (1)
CASE-K1A205 Hlad
CASE-K1S101
CASE-K1S102 ) o
CASE-K1S103 HUET on Am mg | © HEET AR WS Lo

5 7L H ol gl = t
CASEKISION | Al%d o e =0 )
CASE-K1S105 ool g =4
CASE-K1S106

CASE-KIFD107-1
CASE-KIFD107-2

5 CASE_K1FD187_3 HEeT 9% Alel . HEYT ARESl WE e | 2RdE
CASE-KIFD107-5
CASE-KICHI07-1 omam masl wy me

| [osedonore |- Fess ma wg ws | Io0E FES BT ;jﬂ oA
CASE-KICHI0T-3 | =24 iRl TR TR
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CASE-K1TG101

CASE-K3A17EX_T

CASE-K3A17EX_2

CASEKTTG102 38 & = Pz |+ 38 F 3= P Mo | 2RME
CASE-EP107 - _ -
. YN k=3 [ >
CSEEPIO-T |+ St MEE pouE || noaoo T5 RS B nue
CASE-107-PCP 4 - 4 AlE ?Al%'fﬂ Het gz S (A-1-2-1)
CASE-REF-PCP |4 Ale
<% 2.15b K3 HY F=xd HdFAd 53>
AEESIEH:
T | AEzZEd Ag= FHAE Y8 (42 HIA
HY)
CASE-K3REF
CASE-K3001 .« EHY o ETOIM MF HE
1 CASE-K3002 S|z A3 S0 Qle Clokst 7|EsEx | 2RfdE
CASE-K3003 ceTs o E HEo| thst F7|dstxol 7| | (A-1-2-2)
CASE-K3004 = Ho[e] 2 (EAMEE 5)
CASE-K3005
CASE-K3A17V_1 _
CASE—K3A17V_3 e o|7|Qnt MZMs "ot (A-1-2-2)
CASE-K3A17_1
IEANTZ 1. smael gy | 07928 HE 2 FBE )
3 | CASE-K3A17_2-2 M2 Al T Z3} ) urg Hislo| e =X (A—1:2—;)
CASE-K3A17_2-3 e E ==/ EIN L
CASE-K3A17_3
g | AsEKIR12 K3K201, KIAZOBRE S8 | | pio 2o punyy PRI E
CASE-K3A25_2 AlE HETT e (A-1-2-2)
CASE-K3A17_4
CASEAIN7.5 KE|Y BAS scoo |’ L £8l9 HA Mx 2 oRHA T
5| CAEKWTS2 | no%. | M8 % FESERojws w00
eaTea| T s @2 HEHoY s AlZ 2
CASE-K3A7_6
CASE-K3A21EX_1
CASE-K3A21EX_2
6 CASE-K3A25EX _1 KEfd ¢ - &7 TEXM |« EHY o &7 3= Mg ¢ XA T
CASE-K3A25EX_2 g HIAIY AoH|m Al (A-1-2-2)
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CASE-K3A175_4-3

CASE-K3A175_4-5

CASE-K3A175_4-7

CASE-K3A175_4-9

CASE-K3LH105

CASE-K3LH106

CASE-K3LH107

ol m omy e |t TS S50l BE/E MR Y|

7 | CASE-K3A175.4-10 ig/ E?S:I Aé 27 == ;+_|7H‘ﬂ$AEH£01I /EEI'E 3=_||75|E (ijii)

CASE-K3A17S_5 9 e AlE

CASE-K3A17S_6

CASE-K3A17S_7

CASE-K3A17S_8

CASE-K3LH101

CASE-K3LH102

CASE-K3LH103

CASE-K3LH104 KE(E ZHe=E A |« K3EHYE F2 QIXfE vz w "
B | CAEKALHMOFE | HE=2 200 2 4HE| = mscod FHEs 3| 00w

CASE-KALHIOE | =2 Mg Alg =2 g (A1-2)

<% 2.16b K5 HYE +

y

CASE-K5A18_4

T8 MY

g5 LAY

T | Agzddy g = FAAE e (£8 21X
H3)
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TYRUHY A=mle] 752 AP ASE A 474, FHd 2740 CCTVE
A3t A& CCTV 44 = 274AE 3 R AEWd Axste] gt 313
3] 19 BUHP S s, U A 2744 $E Wi 35589

Ao F= 2

=of 3 HE R AYe AN = AR s3ls. 5HE TH AT 24
CCTV 7hriehe B 979 M= Wl Ak, dxto] B T3 8 43 A&
FUEE & 5 A s

AE ==
ZLEE

. E4mH ceTV

_ =EEA

4 2.1.18c =% =
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(F 2.1.2c AZ 232 ol 27 MR88759] AdE A=A B HolHAS AYxa>
E{'Y A MR8875-Data logger, DL#01
[ ndex CH#01 CH#02 | CH#03 CH#04 CH#05 CH#06 CH#07 CH#08 CH#09
Malrking Photo Photo Pressure Pressure Pressure Pressure Hot-wire Hot-wire
Sensors signal
i tch sensor | sensor sensor sensor sensor sensor anemometer | anemometer
Sensor No. PB#01 PH#01 PH#02 PW#01 PW#02 PW#03 PT#01 TG#O1 TG#02
Sampling kil
frequency
L(f"'ivl ‘t’:fs skiz | skHz | kHz 5kiHz 5Kz 5kHz BikHz BkHz Bz
Auplif er - - 50 50 50 50 1 1
gain value
E{'Y ZX Mr8875-Data logger, DL#02
[ ndex CH#01 CH#02 CH#03 CH#04 CH#05 CH#06
Sensors . Marking Photo sensor Photo sensor Pressure sensor | Pressure sensor | Pressure sensor
signal switch
Sensor No. PBH#02 PH#03 PH#04 PT#02 PT#03 PT#04
Sampling Skl
frequency
Lovlv pass 5kHz 5kHz 5kHz 5kHz 5kHz 5kHz
filter
Ampl|f|er B B B 50 50 50
gain value
<(E 2.1.3c €94A 9 714<=A dolgZA4 RION DA-21 AA=x=A>
DA-21 Sound level meter data-logger, SDL#01
[ndex CH#01 CH#02 CH#03 CH#04
Sensors Sound level meter Sound level meter Accelerometer Accelerometer
Sensor No. MWHA1 MW#A2 PA#01 PA#02
Sampling frequency 48,000Hz
Cut off frequency No filter No filter No filter No filter
DA-21 Sound level meter data-logger, SDL#02
[ndex CH#01 CH#02 CH#03 CH#04
Sensors Sound level meter Sound level meter Sound level meter Sound level meter
Sensor No. MW#B1 MW#B2 MW#B3 MW#B4
Sampling frequency 48,000Hz
Cut off frequency No filter No filter No filter No filter
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(2) TEST-BED A581'd¢] 12 AAAIH

b F= FZA PCAE NIAH

O 3= FxA9Y HE F - Fo U HAsAES dstod &
(27 2.18c #=x] A5l g APs A3l T3+ =
180km/holl Al 200km/h= skl om, oA BE YA dAEEE Gl =S 3§t
I Aol FTRE £ HY Ui d/E 9] ZEMAES dAEL A HolE$ H

S B JJAE ZEUEHHA2H S 5519 AZ g

stail A1d vAHES B3l HolEEA Yt dHoly HolEo| FASE

=3 Sles A sl st F 203 EdskA e, F 2.1.4c0

3 AY 2RSS AYsAe.

A

<E 214c. 12 dAA P a2 AdE HE W - 2R 4% Adxd ASdelsE)

oz | 2 51 '-E*ELH —t.'—A :1)1 'égil —?A Bd | Ed
Run No. | 23 EIEI oY/ 2E/E&E o/ 2r/skE I-H:'?': ilj":— 4|
gt | | HOIY )RR | B | WYY | 22 | & | o7 | S
(km/n) | (pa) | (0) | (%) | (Pa) | (c) | (%) | (m/s) | (m/s)
Run#01 | ot8 | 44.79 | 1022.3 | 59 | 48.4 | 1021.7 | 1.6 | 49.0 | - - | dEHzew
Run#02 | A | 133.11 | 1022.3 | 6.0 | 48 | 10228 | 2.2 | 540 | 0.11 | 3.04
Run#03 | at& | 200.93 | 1022 | 6.1 | 451 | 10226 | 2.5 | 50.3 | 1.09 | 2.54
Run#04 | A8 | 143.80 | 1022.2 | 6.0 | 441 | 10225 | 3 | 495 | 226 | 2.58
Run#05 | ot8 | 202.97 | 1021.8 | 57 | 43.6 | 1022.2 | 3.8 | 478 | 575 | 2.78
Run#06 | A8 | 143.28 | 1021.8 | 5.8 | 421 | 1022.0 | 4.0 | 453 | 1.90 | 1.51
Run#07 | ot& | 203.56 | 1021.5 | 6.0 | 43.6 | 1022.0 | 4.3 | 453 | 2.74 | 2.16
Run#08 | Al | 142.85 | 1021.4 | 6.0 | 441 | 1021.7 | 42 | 444 | 065 | 2.60
Run#09 | ot& | 183.15 | 10204 | 6.0 | 42.1 | 10216 | 43 | 439 | 1.92 | 1.98
Run#10 | A8 | 140.18 | 1021.1 | 6.0 | 41.6 | 1021.2 | 4.5 | 42.3 | 2.37 | 2.06
Run#11 | 3k | 183.60 | 1020.9 | 6.2 | 41.1 | 10211 | 45 | 42.4 | 1.99 | 2.12
Run#12 | Af% | 138.18 | 1020.9 | 6.1 | 39.1 | 1021.2 | 4.2 | 30.7 | 1.60 | 1.7
Run#13 | 3k | 180.15 | 1021 | 6.2 | 381 | 1021.4 | 42 | 38 | 0.19 | 3.04
Run#14 | A | 141.72 | 10208 | 6.2 | 38.1 | 1021.1 | 42 | 379 | 0.12 | 1.82
Run#15 | ot& | 180.11 | 1020.9 | 6.3 | 37.1 | 1021.2 | 4.0 | 358 | 2.13 | 0.91
Run#16 | A8 | 138.82 | 1021.1 | 6.2 | 34.5 | 1021.4 | 3.9 | 36.2 | 2.56 | 1.45
Run#17 | ak8 | 204.58 | 1021.1 | 6.4 | 36.1 | 1021.6 | 3.7 | 39.9 | 0.16 | 1.82
Run#18 | Af3 | 145.08 | 1021.4 | 6.2 | 356 | 1021.7 | 3.4 | 37.8 | 1.88 | 3.02
Run#19 | ot8 | 204.49 | 1021.2 | 6.3 | 36.1 | 1021.8 | 3.0 | 39.8 | 2.66 | 3.56
Run#20 | A8 | 140.86 | 1021.7 | 6.2 | 34 | 1021. | 2.7 | 39.1 | 3.01 | 1.21
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(1) PCAE 7igell &7 A58

(~f

O HY W 4t AF 2aAn

AP0 WS GHT A5k SAL B W 4 AX s FHAA

Pressure [Pa]

-3000

Pressure [Pa)

Run No : Tth run (down-train)
1000 |
el \/W\

-2000

it

o AZHoIEE T3 24592,

oA HASHE A WA 2T EY AYoRNE 2K AnEE BYe Bl
4 9. PTHOIEI A M © 23E 200m 13D)ol A AAAY o g F23 <
o2 shrlo] £A o WAL PTHOAEE T ANNA L HE5te]

[e)

ASANE 2%

19 2.1.19¢9] (@) ~ (b= AR Y& = 203.56km/h

d=ukel Hugt2 Plud gastdioy HE AY9Re 48y dHE 7ASN S
PT#033 PTHO4(EI @A - o 2 R¥ 247} 705m, 805m 9 %], Bl'd =T-olA 22+ 200m,

100m 929 =3 FE= 1Y
Z 7rAastgon Wz 24 gy_}_L
e tEvte} Wgulel B

A& A Foldde AL &g &

EO

Fol A Hold o] Ao AkAL A =
Fde Y A= A 1A =5 o] F-29 ARt

TR W A5 Pl wet B i) o] gheol

o]l o
P =

3_7]1: L%g}giguq Y r)Fo R =y HA

H =
A e dARAYE= 180i5km/h°ﬂ/‘1 1,443Pa, 200+5km/hell A 1,780Pac] 3 +-.

Train entry speed, V =203.56 km/h

3000
Tunnel No : Tunnel#05
Pressure transducer No : PT#01
2000 Serial No: 36562
LPF : SkHz
Run No : 7th run (down-train)
1000 |
0
1000
-2000
3000 s L 2 " " " L
170 175 180 185 190 185 200 205 210
Time [sec]
(a) PTH01 #1#]¢] W& HolH
Train entry speed, V =203.56 km/h
3000 - —
| Tunnel No : Tunnel#05
Pressure transducer No : PT#03
2000 | Serial No: 36578

LPF : 5kHz

170 176 180 185 180 185 200 205 210
Time [sec]

(©) PT#03 1= 2} -5 tlolH
<19 2.1.19c. EH3WF

Train entry speed, V =203.56 km/h

3000
Tunnel No : Tunnel#0§
Pressure transducer No : PT#02
2000 Serial No : 40819
LPF : 5kHz
Run No : 7th run {down-train)
— 1000
=
£
o
= 0
2
]
=
-1000

-2000

.3000 L L L : L 2 L
170 175 180 185 190 195 200 205 210

Time [sec]

(b) PT#02 #13]2] 4 -F HolH

Train entry speed, V =203.56 km/h

3000
Tunnel No : Tunnel#05
Pressure transducer No : PT#04
2000 | Serial No: 36570
LPF : SkHz
Run No : Tth run {down-train)
— 1000 |
£
%
E oo
é
=000}
-2000
3000 s L 2 " " " L
170 176 180 185 180 185 200 205 210

Time [sec]
(d) PT#04 91219 485 doly
FHAAN HAAE HH A
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CE 215c. 14 @AH dHAA A8 B hRere Hoizh

oz Train entry
Run No. Hi-sk speed PT#01(Pa) PT#02(Pa) PT#03(Pa) PT#04(Pa)
°° (km/h)

Run#01 St - - - - -
Run#02 o 133.11 333.2 482.97 469.56 442.23
Run#03 ot 200.93 1748.47 1696.94 1419.44 1247.46
Run#04 o4 143.80 361.54 503.83 507.41 472 .16
Run#05 SHl 202.97 1796.49 1761.17 1471.54 1292.29
Run#06 o 143.28 368.94 526.8 502.19 455.93
Run#07 5t 203.56 1778.63 1745.81 1460.48 1290.19
Run#08 A 142.85 340.36 426.42 487.48 446.30
Run#09 ot 183.15 1453.01 1398.01 1186.68 1044.91
Run#10 o 140.18 340.91 444199 495.24 467.37
Run#11 ot 183.6 1457.63 1391.18 1199.15 1056.85
Run#12 A 138.18 290.51 381.30 425.05 388.45
Run#13 5 183.15 1424.08 1356.69 1162.54 1029.75
Run#14 =i 141.72 365.51 466.55 517.8 489.78
Run#15 ot 180.11 1436.05 1361.31 1175.88 1040.34
Run#16 o 138.82 315.19 411.34 465.66 455.93
Run#17 SHl 204.58 1787.94 1751.42 1488.2 1305.58
Run#18 o 145.08 368.09 458.82 518.11 484.16
Run#19 ot 204.49 1789.66 1755.41 1478.16 1308.9
Run#20 o 140.86 329.66 427.77 483.55 445.72

3000

| 1* field test without hood

Diraction of train operation : down-train
2500 4| m PT#01(transducer position : 200m) [l
A PT#02(transducer position : 452.5m)j
¢ PT#03(transducer position : 705m)
2000 - ® PT#04(transducer position : 805m) R

1500 —

1000 <

500 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Peak value of compression wave (Pa)

170 ‘ 1:;0 ' 190 ' 200 ' 210
Train entry speed (km/h)

<9 2.1.20c BEulF tAlM o) A, SAxIdEE=E bE sy A
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O B n7|dst A=

dolEl &4 75}

- HQ n7|¢tute] A=2 Bl-BAY A oA 2 A=S Sstgon 18 2.1.21cs o)

L=Es)k m 7|t

S EERE
wel Az} 7k
a9 21.22ce €
o upe} Z7haksle.
7=

50

Ak 4

A BELS
6(’)___

Ll

AR Y& =

Train entry speed, V = 200.93 km/h

a0t
s0f
20}
10}

Micro pressure

s

Micro pressure wave [Pa]
o

wave peak point

o e A

Tunnel No : Tunnel#05
Sou dl Imel  : MWHB1

Run No : 3rd r )
Weight : Zwegm d(P )

1(5.90Pa)

10 |
20}
30 97
ain passage
a0k at the measurement position
50 L s 1 s L L s
(] 5 10 15 20 25 30 35 40
Time [sec]
50 Train entry speed, V =200.93 km/h
Tunnel No : Tunnel#05

40 | Sout dl Imet s MWiB3
Run No : 3rd r
— 30F WghlZw ghlle)
=
=1
> 20f
= Micro pressure wave peak point(1.98Pa)
z 10} Ve
5 0 ! w\———
\r ey

H
2 10} A
= in passage
= 20} the measurement posit
2
= 30f

-40 |

50 L 1 1 L L L L

0 5 10 15 20 25 30 35 40
Time [sec]

o S dAo] eSS BE R

H2HEH oF 162 o] H
S RPomn By %%L?_TH 100m {1 X BH7HA] FAE A -
A(EEE, ASAAE B2 w7Ista) 93 2 dAdEE S0

&3k

o o2 AR vjolz

= HE m7idde ASAE STl

200+5km/he] Bl7|+=o 2 HY v|7|¢a 3= 3

Micro pressure wave [Pa]

Micro pressure wave [Pa]

50

40t
30}
20f
10}

0

10
20 b
=30
40 b
—500

50

40
30
20 |
10

0

0}
20
=30 F
40
-50u

Train entry speed, V = 200.93 km/h

L
15

L
20
Time [sec|

s 1 L
25 30 35 40

Train entry speed, V =200.93 km/h

Micro pressure

s

wave peak poin

t(1.41Pa)

( rain)|
w ght Z-wei gnt d(P)
—

5 10

15

20
Time [sec|

25 30 35 40

<19 2.1.21c §'d=7 Bl ~ B4 1A ¢ w|7|etat ASA A

B 6.23Pa A= 2 AAIE B w7yt HolHE & 2.1.6cl A+

<FE 2.16c. 13 dAFAAIH mlo]lmazZ X X BHE v|7|¢a AZSdolE)

o, | 2FEY Tra;gezg”y MV4B1 MVB2 WWB3 W4

a5k (k/h) (Pa) (Pa) (Pa) (Pa)
RUH03 BE| 200.93 5.9 3.3 1.08 1.4
RUNHO05 ot 202.97 5.1 3.56 2 118
RUHHO7 o 203.56 6.33 3.48 1.08 1.39
RUMHH09 ot 183.15 3.9 2.25 1.26 1.31
Run# 11 B 183.6 1.3 2.31 13 0.85
Run#13 o 183.15 213 2.0 1.09 0.76
Ru#15 St 18011 2,18 2.82 117 0.82
RUN7 B 204.58 6.43 3.44 1.91 1.31
RUH19 o 204.49 6.37 3.55 2.37 115
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© 1% field test without hood
o 14 .| Diraction of train operation : down-train|
g ¢ MW#B1
[ ® MW#B2
2 124 v MWEB3 e
g . MVV#B4
3 10
@ .
[
=
° B e e
S
2
=
S /
)
=l 4
g ) ./..'.
\p*——// v

ﬁ 2 e S
& vr’*—_”_ — a8 |

0 . ; . . ; .

170 180 190 200 210

Train entry speed (km/h)

<Id 2.122c HE=7 AAE, dAUEEE v7|ka Ada(T =2 g0
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(3) TEST-BED A581'd¢] 22 AAAIH

0P F& FxA PCAE HAAE

O TEST-BED Zi} AZANFPANE “FE ?Ziﬂ” of 45HEL S5t PCAR HHL
92.18c 2] Aol Wt APL FASAL. FAAR] AYE=E 242 180km/hs}
200km/h & w Ssiom, RAAY BAE 14 BATH FANGAT 20 B
ANE FHgo] It AEH/HE st PPl tF AZAAN FAY
2.1.7col 23k @Al g NA=AL FAls Aelstde.

GE 217c. 2% AN Ak AP B U - 9% 2F PRI ASEolED
az | 2R S[ENEY [T ]

anto, | 29| 3 | drlEs/ss dolo/eE/EE | HddREs | o

arst | ST [ OO | 2% | AE | O7|Y | 2 | BE (m/s)
=7 | (kn/h) | (hPa) | (¢) | (%) | (hPa) | () | (%)
Run#01 | ofadl | 185.27 | 1007.9 | 14.7 | 70.3 | 1007.4 | 24.3 | 37.3 - MEXAZH
Run#02 | st | 203.20 | 1007.9 | 15.6 | 67.2 | 1007.4 | 24.7 | 35.5 0.000
Run#03 | sial | 183.87 | 1007.7 | 15.4 | 68.6 | 1007.2 | 26.5 | 33.0 0.000
Run#04 | st | 204.13 | 1006.9 | 15.5 | 68.7 | 1006.3 | 27.0 | 35.2 0.224
Run#05 | st | 184.17 | 1006.6 | 16.0 | 70.1 | 1006.0 | 25.3 | 41.0 0.236
Run#06 | sk | 201.74 | 1006.1 | 16.0 | 69.2 | 1005.7 | 27.4 | 38.2 0.345
Run#07 | skl | 180.58 | 1005.9 | 16.4 | 68.8 | 1005.2 | 26.8 | 41.5 0.238
Run#08 | st | 199.06 | 1005.5 | 16.5 | 67.9 | 1005.1 | 25.1 | 41.6 0.499

Run#09 | stadl | 180.29 | 1005.4 | 16.9 | 66.2 | 1004.9 | 25.5 | 42.1 1.114

Run#10 | Sk | 204.68 | 1005.1 | 17.2 | 65.1 | 1004.6 | 25.0 | 43.4 0.899

Run#11 | Sk | 183.60 | 1004.6 | 17.2 | 66.7 | 1004.4 | 25.3 | 41.3 0.378

Run#12 | ot | 204.36 | 1004.9 | 17.2 | 66.1 | 1004.2 | 26.9 | 39.4 0.000

() PCAE ol o3 ASEHY F= A% AdA

O %= 724 %313 9%

- T F2A A AES HHo R date] S = FHE W gff}—b AE0 @ gl
3 FdlEx AES 339 18 2.1.23¢9 (@), (), ©= 22 T= Y3} 90
AR G e AE SERTE HolHE €83 FHEITH Alo] A A9 (a)
o FHEYF2 v ko B & HA AN E B2 ks AFES BAS
ot dlolH Y AFe date] AFHe} Fu|E Fol ot =3 WA R At
Foto g SHsH g, = F2A 9 %HXIL A Fe] A, Jagke A
U&= 2005km/h, PWH03H X el Al Z+2; 5+t 647Pas)} -517Pac] A3 2.1.8cl.



Train entry speed, V = 204.13 km/h Train entry speed, V = 204.13 km/h Train entry speed, V = 204.13 km/h
1000 = 1000 1000

soo | ansducer No': 800 - soo|
32125(1"5')
£ 200[ £ 200f £ 200f
s >
s 0 E 0
g 200f g 200
~ A~ A~
00| <00 | <o f
1000 -1000

600 [ L,,F s 600 - 600 -
2
R}
600 - 600 [ 600 -
1000 . L L A . L .
(65 To0 165 170 175 180 185 190 195 l65 o0 65 170 175 180 185 190 195 155 160 165 170 175 180 185 190 195

Time [sec] Time [sec] Time [sec]
(a) PW#01 (b) PW#02 (c) PW#03

<Id 21.23c. FEUF AAA™ I3 Fshs

<E 218c. 2a dRAAF] 43 & FEUF TS HolED

oizpgsy | 1rain entry PW£01(Pa) PI02(Pa) PW#03(Pa)
Run No. HEAE speed
g (km/h) max min max min max min

Run#01 ot 185.27 296.902 | -257.796 | 411.2575 | -328.879 | 533.262 | -439.551
Run#02 Sl 203.20 356.9003 | -321.445 | 490.9053 | -391.234 | 648.59 -501.29
Run#03 ol 183.87 306.2394 | -262.163 | 426.0085 | -347.405 | 553.1805 | -450.21
Run#04 ot 204.13 375.6498 | -386.164 | 495.9026 | -409.76 | 654.3089 | -525.44
Run#05 Sl 184.17 271.5311 | -321.476 | 423.0652 | -321.948 | 556.1032 | -441.954
Run#06 St 201.74 357.735 | -297.251 | 488.3923 | -408.377 | 649.6013 | -509.525
Run#07 St 180.58 209.4622 | -247.449 | 403.2938 | -320.777 | 527.7224 | -429.09
Run#08 Sl 199.06 345.3081 | -328.676 | 467.7488 | -383.408 | 621.0782 | -498.581
Run#09 Sl 180.29 269.7059 | -304.316 | 381.6004 | -304.316 | 503.5016 | -390.377
Run#10 Sl 204.68 344.0809 | -302.807 | 488.0308 | -418.779 | 640.1647 | -554.873
Runi#11 St 183.60 314.7857 | -253.928 | 426.1348 | -332.935 | 561.7921 | -437.687
Run#12 SHl 204.36 369.1903 | -306.352 | 505.358 | -387.395 | 668.5028 | -511.246

O Bauy deist A% 2445

- 23 AP FE T2A AN PAAE FEASY BARH R GHAM ASA
1% PTAIIGIA 32 2 45 200m, PTAUE A g2 2 08 S05mool 2421 93497 o
9 QTR BTN AE AF L AT WHE 13 APAYH LGS 1
2.1.24c9} o] PTH019] 33te] shae] 71971 14 4548 ool gl T2 By
ov] PTHMAAE REYW G4fo] $ajslo] AT o2 Yol WAz ke g+
27t oE ashe e TSl BEE 5 G P, 1Y 212504 97
AYEE, 9 ) Hrighe) Weh 4GS Jehigon, 45 BF Arighe 93t
Y4&E= 180+5km/holl Al 1,295Pa, 200+5km/hollA] 1,541.08Pae] A= 2.1.9c].
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Train entry speed, V = 204.13 km/h

Train entry speed, V = 204.13 km/h

3000 3000
Tunnel No : Tunnel#05(with hood) Tunnel No : Tunnel#05(with hood)
2000 | EPF.SNKH‘%;;” B 2000 | gézfai:ﬁi'i";‘i‘“f”"“”"“ |
- 1000 Run No : 4th run (down-train) _ 1000 | Run No : 4th run (down-train)
E-1000 E-1000 o
-2000 -2000
-3000 L L L L L L L -3000 L L L L 1
155 160 165 170 175 180 185 190 195 190 195 200 205 210 215 220
Time [sec] Time [sec]
(a) PT#01 (b) PT#04
<O® 2124c B o - =75 4899 A
CGE 219c. 2% AP A=A 918 B YR A
Run No. HAt2YWLSE | Train entry speed PT#01(Pa) PT#02(Pa)
Run#01 EI 185.27 1267.82 791.83
Run#02 Sl 203.20 1497 .15 989.16
Run#03 oF 183.87 1347 17 843.13
Run#04 Sl 204.13 1580.83 1030.61
Run#05 Skl 184.17 1329.83 830.79
Run#06 Skl 201.74 1565.40 1007.07
Run#07 I 180.58 1265.55 789.66
Run#08 ol 199.06 1473.13 952.98
Run#09 o 180.29 1203.94 742.85
Run#10 Sl 204.68 156569.52 1007.58
Runi#11 St 183.60 1360.17 838.95
Run#12 St 204.36 1570.45 1031.45
3000 -
g 2" field test with hood
E 1| piraction of train operation : down-train
~ 2500 ® PT#01(transducer position : 200m)f................ccooobii
% A PT#04(transducer position : 805m
3
.E 2000
7]
o
E- 1500 . I
8 e
E 1000 E———— AW
ﬁ 500
4
0
170 180 190 200 210
Train entry speed (km/h)
<19 2125c. HYE ¢ - 759 dAazdE=E 489 Adgt 22D

- 71 -



O ¥ w7t AS dole #4423

- 22 ARAIEL = A G o3 Eld mrIte AL A HUIAEY. $E H 89
o B w7ty 93 g BAE BHE S04 50mel/de] AgdA s AlSel oH
ol glemg mwz ZHI AGUBL B2 X oA 27zt v7tuE A S vw
A5 A5

A 2126001]/‘1% 12+ A FAA BHold A2~ 913 F4e] 8 v 7|45} sjdo]
Ao AHSE AT 4 d2. & 2.1.10co F= ol o3 Bd vy Hdgk
= S Astae Dﬂ d 2.1.27cs} o] ASAE F7tel wet GAYEEEE
B v71date] a7l Zadhe A4S 13 @G YRS Ak 27
Z 743 o2 Kol 200+£5km/he] Bl7l#o 2 B w7ty Hulgh 27)+=
B+ 1Pacl .

=

o
g

rr

rl

50 Train entry speed, V =204.13 km/h

Train entry speed, V = 204.13 km/h
T

50
a0
30|

20 -
10l Micro pressure wave peak point(0.53Pa)

ave [Pa]

H
2 -0}
£ 20f
2

nnnnnnnnnnnnnnnnnnnnnn

-40 |

50 ) , | e messurementpostion , 5 . ) . . , ) ,
0 5 10 15 20 25 30 35 40 o 5 10 15 20 25 30 35 40

Time [sec| Time [sec]

(a) MW#B1 (b) MW#B2
<19 2.1.26c. S=EAXZAL HEET v|7|dg A=A 3Bl B2)>

< 2.1.10c. 22k FEASAIZY nlo]a2E A AXE B n7|sta ASvolE)>

Run No. oIz} S3upaE Train (e;{;/rhsg speed M(W;#E I\II(VEZB;
Run#01 St 185.27 0.89 0.67
Run#02 R 203.20 1.04 0.56
Run#03 B 183.87 0.72 0.35
Run#04 Sy 20413 0.98 0.53
Run#05 e 184.17 0.7 0.38
Run#06 Sty 201.74 0.92 0.51
Run#07 5t 180.58 0.66 0.35
Run#08 5t 199.06 0.95 0.47
Run#09 St 180.29 0.59 0.34
Run#10 5 204.68 1.05 0.49
Run#1 St 183.60 0.59 0.33
Run#12 St 204.36 1.06 0.55
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<I¥g 2.1.27c.

Peak value of micro pressure wave (Pa)

%

16

2" field test with hood

14 .| Diraction of train operation : down-train{. ... .. ... ...
= MWi#B1
A MWi#B2
124
8
6 -
4
L 7Y S ST S—G———. WO———————
—pgt————— 1% ré-m
&
0 T T -
170 180 190 200 210
Train entry speed (km/h)
o}

E AAzolM e daxldEEE HE 7]
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(4) ASEEY F=E F=A HAFAE =8 E4EAF
(7h) TEST-BED BlgdoA F&= FxA 9 F71983 EA
O 1x 2z dAAY 4E e 24 A7
- % 2.1.28c= 13k} 231 AAIE 2] B AIHE AHAAPTHOD S SHE A=HAA
(PTHODOI A EAHYJEE 2 Okrn/h«l A HA A= glolHE vlu B3 AY. 1Y
2.1.28c9] ()= PT#01 9% 4HAA AZHolEHE sk o2 37} gle ZAPC
BE N 12 @A oA A A =3t vk FE )= 6.089kPa/se] $lo.H

5
T —

2 A3 2APCHE #HaD9 231 A DAY o3 Full= 1.958kPa/s= 74
stlom 13 @A ol 23 A F e Tl AES 67.8% %A= =T 4Y
AA PTH049I X1 9] b a1 2.1.28c]% TLF AFES Bon 1, 23 FRAIF

do] el o] ¢t ul 7} 6.266kPa/sell A 1.906kPa o 2 A7 A7HE< 69.6%%2. 23}
Aol ] %—JM Hogke 12 Aol givlste] Zashs 4¢SS By o3l F=
Hgo= A WA hEue Ho g TAste A 714, 12k} 22tke] A Alol
o Al wstol| o3 =7t oF 20C Afo]7} HAYEH o o] 2= A7k hE5uke] o)
#e ZaAz). 29 2.1.29ce vIHA &1 <=2l Hara 2)(T.Hara, 1960)2 283}
o 1248} 23} FAA Gl LS # 85t o2 o7 A o}Me i dARYEE
200km/hell A &% 4o 93 B 2} =] A7]= <F 86Pa 4st 5. mWEkA
1% 2.1.29¢c @A F= g0z 281.5Pag] QY ¢=vte] 7] i 29
86PaS wlH oF 1955Pa9] Y ¢t=3tel 77 7HAEtn AL

SL 2=
%Q‘T‘}\)\U

o

d =

vl
=

o

3000

3000 Measured position : PT#01(200m from tunnel entrance)
Without hood-7th run(V =203.56km/h)

—— With hood-2nd run(V =203.2km/h)

Smpling frequency : 5kHz

LPF : 5kHz

Measured position : PT#04(100m from tunnel

Without hood-7th run(V =203.56km/h)

eixt)
2500 - —— With hood-2nd run(V =203.2km/h)
|Smpling frequency : 5khz

LPF : 5kHz

2500

N
=3
=3
=3
N
=
=3
1=

Peak. P, = 1778.63Pa

? Peak. P, = 1497.15P3

Peak. P = 1290.19Pa

o

=3

=3
-
a
=3
=

Pressure [Pa]
Pressure [Pa]

_ Peak. P = 989.16Pa
s

-
=3
=3
=

1000 [apidt = 1.958KPals dP/dt = 6.266kPals

o
=3
=

500 \ — dP/dt = 1.906kPals

dP/dt = 6.089kPals

0 L (N L I 1
198 199 200 201 202 203 204 205 206

Time [sec]

0 L L L 1 s
198 199 200 201 202 203 204 205 206
Time [sec]

(2) PTH#01 91X ¢4 vin (b) PTH04 91X +&=3} Hw
<1g 2128 HE ¢ - 275 R WA Fevte] b e wm
o f==—]|Approxi data by Hara's equation(1st field test)
Py gl i dtf vaHarf;'.ssbc field test)

T.hara's equation

1-0-p¢
i -d-pE
2” U=y, /o), /c+-prl

@
s
3
8

APy =

Pressure (Pa)
8
8

s

250

1055.42Pa
355477P\a \V
B

1000
\\
\ | 969.26Pa
785.40Pa

0

T T T T
50 100 150 200 300 350

Train speed (km/h)
<9 2.1.29c B ) - 27Re] 3 WA greute

o)
I=]

EER NS
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O 84 m7ity Azte vuey 23

- 9 2.1.30ce 12k} 22 dZAIE S HE =7 oF MWHBL (2 T BECE
FH 25m)oll A dxtxlY 4% 180+5km/he} 200+5km/h 21¢] H'E w|7|¢ts} ol

£ Hlud A 22 A D B vZIsks AS A= 1A dRAFl thrl stk
Zw o A AR E 2.1.30c] xF)ollA ASEH =T oAl FE HA=E st
dEa7E AA PAPEHE Ae o F= Aol ot mr|het da @ AVe
w43 M7=l B mrIgd AS9A Bl 7IFo 2 1Pa Yol AZEHAE &
2.1.11ce= %'Pﬂ?&%E‘ﬂé % n71ka 2718 £/ Aoz A8 Bla Holy 4t

o
do
PL
b &
—
_>|L'
xS
[\
_>|L'
Az
-

FAFoNA dANPEE 2247
AEe Hrhe = ﬁ* Ed m7|y AgeS
200+5km/hell A Bl 91A] 702 Z+7t 84.8%%}F 84.0%K% o™ B2 7]
84.8% = AF=H A=

2

Train entry speed, V=180 + 5 km/h

Tunnel No : Tunnel#05

40 Sound level meter : MW#B1

1st field test : Run No. 15 (down-train)|
2nd field test : Run No. 9 (down-train)
30 | 2nd field test(MPW:0.59Pa) Weight : Z-weighted(Pa)

20 | 1st field test(MPW: 4.18Pa)

Micro pressure wave [Pa]

[ P
-30 B Train passage
B at the measurement position
40
.50 1 1 [ P TP TP NP |

0 5 10 15 20 25 30 35 40
Time [sec]

Train entry speed, V=200 + 5 km/h

L Tunnel No : Tunnel#05

40 | Sound level meter : MW#B1

1st field test : Run No. 7 (down-train)
2nd field test : Run No. 2 (down-train)|

30 2nd field test(MPW:1.04Pa) Weight : Z-weighted(Pa)

20 |- 1st field test(MPW: 6.33Pa)

i

Micro pressure wave [Pa]
o

-10
-20
30
’ o
-40 .- ::?L“e‘:i::gfemem position
.50 N 1 s 1 . 1 N 1 s 1 .
0 5 10 15 20 25 30
Time [sec]

<19 21.30c AA&E=E 14, 22 A-ZAF Y BHE v7[43 dHolE
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<% 2.1.11c 17}, 22 dA&AA e 23 g v|7|gy A

2E Xg =4 2E 0|Hg xA Reduction ratio

MW#B1 | MW#B2 MW#B1 | MWHB2 | MW#B1 MW#B2

Run No. | V(km/h) (Pa) (Pa) Run No. | V(km/h) (Pa) (Pa) (Pa) (Pa)
39 run | 183.87 0.72 0.35 9" run | 183.15 3.95 2.25 83.4 84.9
5" run | 184.17 0.7 0.38 9" run | 183.15 3.95 2.25 83.9 83.6
7" run | 180.58 0.66 0.35 | 15" run | 180.11 418 2.82 84.2 87.6
9™ run | 180.29 0.59 0.34 | 15" run | 180.11 4.18 2.82 85.9 87.9

11" run

183.60 0.59 0.33 9™ run | 183.15 3.95 2.25 86.4 87.9

average 84.8 85.9

29 run | 203.20 1.04 0.56 7" run | 203.56 6.33 3.48 83.57 83.91

4" run | 204.13 0.98 0.53 17" run | 204.58 6.43 3.44 84.76 84.60

6™ run | 201.74 0.92 0.51 3" run | 200.93 5.90 3.35 84.40 84.78

8" run | 199.06 0.95 0.47 3% run | 200.93 5.90 3.35 83.89 85.98

10" run

204.68 1.05 0.49 17" run | 204.58 6.43 3.44 83.67 85.76

12" run

204.36 1.06 0.55 17" run | 204.58 6.43 3.44 83.52 84.02

average 84.0 84.8

O EY O7|AUW MU A% A1 (Shark Hood)

SER R oy
(B-ATY SE AN WYNE 2T

EX HYSE | EE2E+ 25m | E{E2E+ 50m

180km/h 85% 86%

200km/h 84% 85%

O

“To FzA” 9 HE urdd AesHST @FAFPNA HE WYL= 180km/h,
200km/hell A Z+zt 85%2F 84%°] El'd wmZIdt AZk&o] ==HAHEE =7+ 25mol
A AZ). oldl UMM 1642 F=HEE FIPAY AANA HE AUE=
180km/h~275km/h B 712 14% F=So thste] FIANF S FPQ1Z LD AT
HAARTA A-1-2 F=ZQw), 180km/h, 200km/hollA 1A%So] Vow, 250km/hz}
275km/hA A= 50l Yoe 4aABA7 EATS A44 ARd4AR1RTA A-1-2%
oF deo] 19 2.1.11boAE &

2= °©
e 9;1]\'1?-
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(\b) TEST-BED £E= Fx2A|9] AlZtolq F2AAA AZF B7F 23
O F= FxAY 72 XY H7HE fetd F= R gAo HAME PX8te] F3)
T A om g ok Boh A, EOM B Uy 2 A S PWH03)
Ao ZEstEo] /M =A YehgS(a2¥ 2.1.310). & 2.1.12co dxAY<&E 200+ 5km/h
oA StFdelHE Ao HFgHEe wmmqumz}w¢%%WlH ZagAy
358.14Pa, 489.39Pa, 647.04Pac]g. °©] FTAEL “FT- F=XA” Z3 4 Al
ot 7l&< Asied &89

2000

2™ field test without hood

7 |Diraction of train operation : down-train
1500 4. ™ PW#01(max) O PW#01(min)
® PW#02(max) O PW#02(min)

1| A PW#03(max) A PW#03(min)

500

-500 —

Peak value of compression wave (Pa)

-1000

170 180 190 200 210

(1Y 213lc QAIASERY, dHAA A HAE F= Wi Fsts dolE)d

(E 2112c SAYEEE, FElF dHAA A2 Fsks Fd ol 8D

Trarm aifin s PW401(Pa) PI402(Pa) PI#03(Pa)

(km/h) max min max min max min
356.90 -321.45 490.91 -391.23 648.59 -501.29
375.65 -386.16 495.90 ~409.76 654.31 -525.44
2004 5kn/h 357.74 -297.25 488.39 -408.38 649.60 -509.53
data 345.31 ~328.68 467.75 ~383.41 621.08 -498.58
344.08 -302.81 488.03 -418.78 640.16 -554.87
369.19 -306.35 505.36 ~387.40 668.50 -511.25
average 358.14 -323.78 489.39 -399.83 647.04 -516.83
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O falde A5 e QAsl] FERe slade Age s ulrge B4
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A9 AAA Fois SUEA0] G feld Asde miweE FadolA ws)
b A9, olul Zaaks B)7|5toke] Folmuie] ohUgh 427 wHe] Aoz
et )slgtnte] Zolel BE SAE ANSE weo 7159 mrle] Qg ol
H BA mEe] 21Ee] 24 WA T 5 98

A ) M

O 19 2132cE F=& A8317] dol AFAP A ASu2=a deoly dd fe3e
FAlo) BEI M4 AEe} FFTEA A7dg HoFm S 19 2133k 5§
NEo A B29A] whe]l AR EA S vlolEle} 11 A5 FFTRA A#AE HoZ

O 29 2132c8 @ e 1&HI27F HE 278 dek deoly des 534 ¢ o
249 HAA &2 Aseh 2 A5 HAA S FFT 842342 BoF 19 21329 ©
gt (e Aol feElda AT AXNB2 A wo]AZE HlolE9t Hl w3
F4% m7IkarE FE el =23 Al fEFel AR JAEvtER Ase 1
7b=e] FFTEA A#E Bojzth 19 21.32c9] @9 13 2.1.33¢ce] @F ®lxsd
M1 ASEE ARl 7MEEA 257 AEHE AL AT 5 s

o Hyg nriga 93 e 24102 1%(5.86425 ~ 6.86429)F¢He] ©lo]H

o Fuhg B4 A3} 10Hzolste] Aol oz sebEl(1y 2.1.33c

& B8-S 1.25Hzolske] AFat AR} THZARI(TE 2.1.32c ).

P HIIta H2 A5 e iR 1.25Hzo] st =

2
z
Dl
%
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I

<
O % 21.34ce] (@2 (b= a7F Bldel AU weot B =75 v Adeloly A&
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e Ao 1%(7.2125s
gttt Fa B4 A3 writgteE 10Hzol sk A4

et AT wIIATIL fE el =D Aztoe] fldel AP AF
o 1 Jb&Ee] FETEY 2AvE nelzoh mrjghs) ASHE Azl 7}
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o} BYEe) nsIgs 9% DB 7E
(1) 292l AVE RenFe &3 59 =Atheld La Cabrera Tunnel A&

P z=&d¥d La Cabrera Tunnel AIZA3d F2 I

O 23 AVE RenFe 1&4E=[19 2.1.1dle] EjE © Za
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<Z 21.1d 2&3dx 9 La Cabrera HE F8 A|L>

HELR AR 21| I BEF | RANFEE E{EH
2018.09.23 La Cabrera Tunnel - AVE Talgo Frain _ chMsEEY
N East Portal - Avante Series 250km/h ~ | E{L0i% 7 000
La Cabrera Tunnel 121(ICE train) 289%m/h = °
2018.09.24 - Yy 2t ;532
West Portal - AVE TGV train 1< Sl
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u
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O F8 ASIELS A5 FUARION NL-62 E)
€ 9% AEIY € SF dIHE T LS 55 7, gt 5
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© B9 759 A= 4 53 94
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A14% 300kmh SHFFoz HY YL
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(th La Cabrera Tunnel AN A= A3}
O 3 2.1.2d= La Cabrera H'de] AAANES £4% 202 SAHANE A4uid 5Y
F<l 116dB(O)F & 71+ 50Pas s =343t
O 28 214d= 20l =43 n)7)|eta A5 2 _
=45 nr|dute] Z-BAH(Z-weighting), C-EA(C-weighting) HlolEjo]lal 18 (0=
H) 7145} glolE 2] FFTEA-S 33 ZlolH (D C-RA4 v|7|¢s) dloleE FFTEA 4
g AR O (D FFTEA2 sl v7]sks dlolel 9] 200Hz7HA] 42 skt
A BRAE A HE e s
X, 28y J3 g AdgE F= Aol T83+e sampling rateE 48kHz=
sgon, 29l n7|¢y A= JfZoM RH peak duration timeo] 0.02% W9 <.

= 2
MgE ZPol AN, o AR YRS RA T AL vy HAdighel dA R

Al AAE AL 8= 24

PO

| o ! o
308 309 31 0 20 40 60 8 100 120 140 160 180 200 0 20 4 60 8 100 120 140 160 180 200
Frequency (Hz) Frequency (Hz)

(@ Z-BA vj7jtat (b)) C-RA m7|stat (o) Z-2A FFT (d C-BA FFT
<23 2.1.4d 29¥)¢l Cabrera El'd 1st run v]7]ts} dlo) ]84 2 3(289km/h)>

<* 2.1.2d 69 "v7|¢ A= A3

3 g7k aEsiE etE 200Hz o] 8o

Fo A, m7gtutE 20Hz Wb Fuig gRo] &

-BA FAelA AAF PHUE AF9 o] AsT}

< 20Hz~60Hz 7kell A

Measurement Peak values of micro pressure wave
it sTpreZidns Opterr;tnison fFr)g;iIliJz::I Z-weighting Pa C-weighting dB
exit | (271F sope) | ZWOIONtING OB [ Cweiating Pa | iy y1gp)
1L RUN | 28%nm/h | Talgo 45 m 128.69 Pa 136.2 dB(2) 74.73 Pa 131.5 dB(C)
2" RUN | 289%m/h Talgo 30 m 145.66 Pa 137.3 dB(Z) 68.33 Pa 130.7 dB(C)
3" RUN | 250km/h ICE 30 m 90.71 Pa 133.1 dB(Z) 42.56 Pa 126.6 dB(C)
4" RUN | 28%nm/h Talgo 30 m 161.93 Pa 138.2 dB(Z) 87.68 Pa 132.8 dB(C)
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Micro pressure wave [Pa]
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Jeong-Geum Tunnel : Up-train (From Gangneung to Wonju)
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Micro pressure wave [Pa]
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(b) 7]ty H-2 St
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<X 2.1.5d o#Ed &34 €Y w7k Hdigo
Aun No. A sH Y HHIETE | e
2" run 513 236.38 11.91
4" run 513 235.14 12.47
5" run 5t 234.83 10.62
8™ run 5t 235.76 11.78
9™ run G 235.14 11.55
12" run 5t 207.27 9.3
g 233.40 11.28
<% 21.6d TFEYE <34 €I v7iskg Hdgo
A No. Y HEIETE | e
1% run ot 224 16km/h .21
2" run 5t 224.72kn/h 11.65
3 run 5t 223.88kn/h 10.64
4™ run G 226.56kn/h 11.38
5™ run 5t 220.72kn/h 10.38
6™ run 5t 205.36km/h 6.77
g 220.90 10.34
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<k 21.7d AFEE 34 5 vriqky Holgh

n o apwgy | SRR [ S chiad
1% run A 229 31km/h 12.33
3 run A 225.92km/h 10.50
5™ run A 228.37kn/h 10.93
7" run Al 226.49%m/h 9.78
9™ run A4 212.40kn/h 7.15
1" run A 226.97kn/h 9.52
13" run A8 226.87km/h 10.02
15" run A8 221.08km/h 9.04
17" run A8 228.37km/h 10.41
19" run A8 226.64km/h 8.56
21t run Al 230.06km/h 10.11

ey 225.68km/h 10.04
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" Micro pressure wave peak point(5.90Pa)
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(a) MW#B1
50 Train entry speed, V =200.93 km/h
Tunnel No : Tunnel#05
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= 30f
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Micro pressure wave [Pa]
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Train entry speed, V =200.93 km/h

Tunnel No : Tunnel#05
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(b) MW#B2

Train entry speed, V =200.93 km/h

Tunnel No : Tunnel#05

L Sound level meter : MW#B4
Run No : 3rd run (down-train)
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Micro pressure wave peak point(1.41Pa)
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<F 2.1.9d AI2ejd P v7istst ASdHelE>

Run No. A28 Wt Train entry speed (km/h) MW#B2(Pa)
Run#02 Akl 189.07 2.53
Runi#04 A 200.75 3.7
Run#06 AR 199.46 3.71
Run#08 Abl 200.17 2.93
Runi#10 Al 178.57 2.03
Runi#12 Akl 181.80 3.88
Runi#14 Al 179.86 2.37
Run#16 AR 180.54 2.38
Runi18 Al 200.48 4.16
Run#20 Ak 200.30 3.74

<& 2.1.10d A5EE &E w743} A S olED

n to. | E5ES g entiy | wwii(Pa) | WW#B2(Pa) | MAEB3(Pa) | MB4(Pa)
Run#03 | 5t 200.93 5.9 3.3 .98 .41
Runk0s | kel 202.97 6.14 3.56 2 118
Runo?7 | 5t 203.56 6.33 3.48 .98 .39
Run#09 | ot 183.15 3.95 205 126 131
Runé | 5t 183.6 4.3 2 31 13 0.85
Run#13 | oH 183.15 413 2.04 1,49 0.76
Run#ls | ot 180.11 418 2.8 117 0.82
Ruk7 | aH 204.58 6.43 3.4 1.91 131
Run#1e | el 20449 6.37 3.5 237 115
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&3} FAo uwkgl giFulHo] A

O AEAMTTN &% 250km/holst AFHE o
GHE (R 56Tm)S Ha T

HA - 39.97mH)I 300
= 2
of WIyg Fo|thHEAAF oA ATEE 71408 HA3F A,

F ARl A

b I
>
OO

CGE 212 ) nEFFE] GAHY BRAUC HY 9A Fo| 28>
. B 5C M2 O AF
—?—o“¢ = T =) o
i i yaeey | 2 g 4 szl
EEN o \
(7R ) ok 50n 50 60 24
=Hd L EA-I
°T H:; 38 17t 8 14 120
(0{F-&F)
SofM ) .
(E2bAR) 30.97n 37 59 24
250km/h SRR : \
(s Ad-olAfz]) 39.97n 19 30 24
EEWEN )
T 38.17 9 16 21
(8%-27) "
SMIEHEE ) .
(2H-4%) 38.62n 8 14 o7
300km/h HEHEM 56. 7m’ . _
- O [<)
(250km/h) (2H-HH) (40m) 5 70 24 0=
8 A 189 263 -
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(h =U9 B4 "7ds FEE
O (€8) 19758 AA AT HEe, B mrgs Fog EA 7|18t n)7|qtyt
e HAxE AYHsAS

* QB H7)ehst 8712 : HaET 20mel AelolA 50Pa(128dB) ol3h 4, W7ol A= 20Pa(l2
0dB) ©l3t ]

SER-LiE - N G e R

JLA S BN B
T
% o |(JB3
' 20m~® ‘
Non-weighted “raw” pressure Non-weighted “raw” pressure
Pripw max < 50 Pa Pripw max < 20 Pa

v E|'2 E7 Q|8 20m IR0 Me] 7|EX = 7P HESE YRIST| 1% J|EY. Yol LiF J[EX = HE

S0ILL 282 HAT XS BE FUg 2337 98 7|EY.

¥ 2.12f & #A7&

O (#¥-5) 2005 Nuremberg-Ingolstadt &414 04 E'd w]7]Qta} Za-g whAyof 7]

lsted 2012 w7k ot #eErlEs AYstaen aFsA e C-EAH(C-weighting) 7]

< 7|Hte 2 3o

* =29 n7|gta) FE&71F  HEET 9 25m Aol A LpC,peak = 115 dB(C) o]} FA(are} &
A

3 WA]), FAA+= LCE = 70 dB(C), B¥-2 85 dB(C) 18jar FAA Y2 90 dB(O) o3 A

@ 7bn2 2ot

A% 7| =X
£Z6]0}
ﬁw_l_
“i:% o (D
‘ 25m™ @
C-weighted sound exposure level C-weighted sound exposure level
LpC,peak <115 dB(C) LCE <70 dB(C)

v E{d &7 2% 25m X0 M2l C-weighted sound peak level Ly .. 2401 115 dB(C) 013} 7IEX| &= E{Y
T AES] HZ &48 WX5h] fiE 7IEY. U thiE ISR B8 8oLt 2EO| MU TE2E

HE| Foig BE6hI| 98 7|2,

<19 2.1.3f 5 #7=>

* A-R2 A (A-weighting) & o8] Fu}52] 4
B A (C-weighting)2 S5 olal ¥ Fuo A& Hrist=d ¢
71+ 3sHMPW) el ©f A g3ttt
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O (H5d) A=4A7]=KDS 47 10 70 H'E, 2016)¢] 2. AF, 2.1 HEY AY, QW3sadH
Aol a3 2ol 4de=z “n7|ute] dFe s oF dn” 2k *dodxﬁ_i 8
AEol oy e Z]EA o tiE Aol Tk
AT WG e AlS Aelle dAke] aLFd «l gkl B2 o 2 74T 2 3
719 Wskel A e, Szt 9 vriskvte] 9% & aPsor .

* Qo] 71FE §AS “71A e BRI o X o)M 20Pa(120dB) A7} A LEHH,
Vg 7Whe BEAE AEv 1EER EE Akl E90] 7 AR S @i =Y 1+
oy A el &3t ).

H

@D "4 v7|gda AA71He g 73

O EYoAE g w7ty 37 3k 7Hprediction and assessment)ol] that a4 71 F
A(regulation)S 7FAaL o, o] AL HY AEIFALIAA A ATH2011).
=d A<l DB Ril853 module 2001A01[Stand 01.03.2011]2 ZIAYEAEE AEst= &
S oig v r|dat diks A el digk Aot

O HE Zz27399 A4 e 5Y A2 DB Ril853 module 2001A019] i dx5 =<3}
o DBST(DB Systemtechnik, SdHE=FA A|2EIATL)0 ofste] FPHITh whetbA
Al B2 AA A AR AR-ZAE 7 glol, 7] AAGA A EE m7|etate] ok
AHGEFH7 e AT S AT+ & 5 JA HAT

(mh 84 w]7]ska} 42A 3471 H
O Bs2 & “H4E r7ishy 849 22377 o 485U 5 DBSTAA <3
g+ CFD zAtela (18 2.1.4DS KoFste] A2 stATHDBST, 20191,

@  Entry IQ Propagation l € Emission l @ Assessment

= Generation of i = Propagation of . = Emission of MPW : = Transmission and

compression wave : compression wave :  Assessment of MPW
:I _.:/. . e ;_:.E S thesos 2

q /] ER N

= Transient 3d-CFD i = 1d-WAVE code i u Simplified approach : = Transfer pressure
Simulations ¢ (Validated by full scale by Ozawa (J) : signals into sound
(Validated by full : measurements) i (Qcalibrated by full-  :  pressure levels
scale and model : i scale measurements)

scale measurements) £ onTg::acn:gfi::'laCh

AL = 13.5 log(s{25m)dB

iid - h " { AL =[4+ 16 5log(s/50 m)}dB
Yr-l B _ i %z: i AL =[14 + 20 log(sf200m)]ldB
=R e : 3 E: i H o

e 1 i h : = Two-stage criterion
,- DT, © Lo =115 dB(C) @25m
I : i Lge =70 dB(C) @neighborhood

<39 2.1.4f B v]7|qts Popawe) Az
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O 194 : &8s T Ao i H7PE
BHd 2% Al Hd dEF(ES Aol mE EFaDE dE3t] fI8) AHS 7HEE
Hrpgolth B XY A9 F8Ha A 3AEE ddolH, 1A A2 = A
gstA EAE 7 githk dvrd o= 3D CFD Al&dold Z2I9& &8st 43
B zg2 3o e &gtold w4 (sliding mesh)S 283t v]AA 329 CFD A 4ks) 4
° 2 3= AHSchlammer, 2008]. 18 2.1.5f= H4baf 2 Ao AElS Jeby gl

RURIN

(a) Pressure field of time step A (b) Pressure field of time step B
<19 2.1.5f Bd 7ol xYste ¥IAY 33 CED A4l A Abe)>

O 224 : 35 A% gA £4& A B7PEH

4 HE Avks BEAOR 14U @olm, YwH O 14U PHS Agsto]
BAgTh A Azkel ©E gETulsl Wad AU, o F 1w F3F & e Y
B vhEe msorte APt @AY SOE FFW 14U 2ZEG] 3]
AE Agslelcl Bk AR 1A4DH 2xE o} R AL WA B dFL o
g 5 9l Jlsel Jou AF A7) HdelA dEn Agw B 9 wet g

Z5ojof B,
Bde 53 4Eve dvks 14y A4
Aol WA T BAS 6, o E-AA VA

A o g S3EdEn 1349 Euler WA
% 12 23 &) 459 tHAdami, 20081,

of oz 2d, &

2 2 {
a(pu)_I_ d(ou” +p) Aou 16;)1/]‘ ou(t) Jr 0
0

Wi —7) or

O 324 : MPW & @A 4L 9% B/
HE E74 MPW %& 2 AF dAY E4E feiAe 1as &
o] drkA o} FAol= oAy JEAZE e MPW W& 2 HAES A4bst
AH&EE FA(Pupw - p relation) 2 (2)¢F ZtHYamamoto® s model, 19771

- 24, ap
(2cs ot

(It 2)

Prppt)

- 114 -



P_qu(t): e

- 4 Qe B2 Fao MPW BE3 27] 7t Aesi, & 22O M = 784
,?_

= W7tA s g W (Ozawa’ s model, 19978 2] )3 #o)

1 b 42 a b / a0
—plt,,)+——r o / e ! dr+ / e > —p(ndr
Btp ret 4T1 /_71— o 50T2\F 0 Lot — 8tp

gt A=, p= HIY HEHETE Ay = HEWIHHA, s = B

7]
=T %*u‘c’ﬂ/ﬁ BEANA L AL, b = t -s/6, Tr = Ldak, T>= ak, ac B2 7}
WA, QF HEEST 98 T AZBA A A dAZL, o= =5, aplote GE3e

PAZ HE S A5 AFYE S BEAbste AR AFET. dA4e del=

steradian(symbol: sr)o]™ Fztd Z<Fo|th

- H'3 74 HEH= 17
ofof 3l o]2fg A= 54 HE 7§——rL9} MPW zzqﬁx] Z=w o] 3170

¢}
Q9o @<= 245t AZEH.
gt Aol gk AAZ Qo o]&A4<) @& 1™ 2.1.6f3 Zo] 1 T 2r
o] Fe ZAT, A w7ty AS dAAPANAAE 2 BHE ST dalA

@ A7 Q = =z b WAZ Q = 27
<19 2.16f Bld 784l w2 YAl ZHFederal Railroad Administration, 20151>

agadon AL agg T Wil ANZAEZ AMoRIAZL 0k
Tooko] ¥ xA(YZE AMH £)9) HYE =
z

[e%

99 A7 AE Iyl ohiz, AT 2
Tl MPW7E B 5 e QA Amelthad 217 FEaw),

AR AEEE A8 Ao wol e Aol wE AL 19 217
glglen, B Zeaddas o d4e Bn gAZe du & JES &

RHE< DBSTe Q#k d4AIE 23t vk ghiHieke, 20111
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O 424 : MPW AY &4 4

(1
O

O

(@ Q = 157

@ Q =32 e Q =64
<9 2.17f &73J9FH7 29 AR BE 7340 ©E AAZ
(Copyright KRRI, Dong Hyeon Kim)[DBST, 20191>

& % By

MPW dZo] Bl Hnch 2 Aele] ts) Bl ATHE] A 5o vleste]
Zadeha 7hY e,

ATE FANA AU meh MPW At AL, S S
AMARE AL A B AYAOR 4FE BeR 2 B
[DBST, 2019, Gerbig, 2013]

AL =135 log(s / 25 m) dB for I0m <s <50 m
AL =[4 + 16.5 log(s / 50 m)] dB for50m < s < 200 m 4
AL = [14 + 20 log(s / 200 m)] dB for 200 m < s

Ay 22389 45HT

19A - st B A o B, Y 4539 33k vl CFD A Aks)
A Al 5d 7E HEE HEE dd F-2AY dZAYE AAE 9= Derbyol A
o] 24nd FYPAY ARy AUSA HwH}t Pk BLo] F3 AeroTRAIN =
AEES Foto A27tA] 33 i 253 oA A F AHRAE o wA AAE
Bote] ZE I AlE Aol AFEHATHAeroTRAIN report, 2012].

294 - I Ad 9 £48 9% HUhH e, =Y Euerwang tunnel] 20061 =9
AT AFAFAAY Z2-2A1Y APz ADSA HAEHAG. o] AFAAFHNA H
g ZIYE goldH} FAYE AR wFAFe Ao fMAA} vl & LA
32 R tHAdami, 2008]. ¥ T2 1o &3 BHE ZIAZE oYy ZIYE

f
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A= g mpEAFe] 24 e 59 AM HIEANAY g5 doE A8 A5
S AAZANIER AS3FHtHAdami, 2008, DBST, 20191.

O 324 : MPW WZ oA 45 93 Hrhgyge & =]}
[Hieke, 20111 w=]7]qtat Abe] JAIZ B de A A&
Alug o] Mol tiste] BEdt Ao g2 ZAEGT
O AT dAANE F3olA, 5L Erfurte} Halle/Leipzig 77+o] =< 515;‘7‘&5 AA Oﬂ/ﬂ
Blgd oz 60m’e] SAEIGECAM B A e A}AHE
20161.

(Ah Aatsfide] dH¥=
O Hdol e dg=4

O HlAd 33 Aatsddol A Bd Ui= 71A7eld 5771 gloe A A=E A&
SFYtHY 2.1.8f ~ 138 2.1.10f). HlE9wdE To] EMU250 7&AAE 243 Elde] o
HEE= 78 2.1.8fdA <18 4 9t}

O 8Ha AEL &4 Aolzo uwgt 33.7° AABET 45° AABES FL3IPony =%
2.1.3fo Aglstd Yerdith BHE =3 Aol gk HA4ksld CFD mde 19
2.1.10f ol YEF ST

<E 2.1.3f 73U & E =] dAEE 9y, AAE 4=, 321D
T& EHMEY A EMEY BY EMEY CH
E{ A ChH X 1 (nd) 39.97 50.30 56.70
ElY /&7 . , \
FAaE 4E B ® 4
2= (kn/h) 200, 250 200, 250 250, 300
A Hx} EMU250, KTXAHA EMU250, KTXAHK EMU250, KTXAHA

R2HS FCHH (n?) EMU250(10.89m%) , KTXAHK (10m%)

HAtHA 82ZH = A(148.9m) 821 %A (148.9m) 82H = A(148.9m)
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<18 21.9f 2% Hdud T ; UFodEad 50.3miF), 56.7mA(-=)>

(2) B BABE 33.7° (b) B BAAE 45°
<Y 2110f B9 ARG TS 34 WA AWAY Bl o] 5AR AANH S 9%
Sohold Qe o] 2(sHeHA] EH))
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O 8 UFol 7IA78elv &77F flen, B Zdojdde= B &g wHi} fle

AY zde, 2AE golds cen AEE A4 HdA FrGtHon S
Hop 2ol AT B ZRIRelAE st vk mdo] thshel, vy nhRAS
g, = 2.5% F-BY wtEAT A = 0.045 F &3t vHAdami, 2008, DBST, 2019]. ¥ =
2ol A B 1000m=E 15000m7H4 ElY AgwE sde F9F 5 ok
H71ghs gAEAlC] takel, HY 27 9o gzl et Az Hiekeol
3 [Hieke, 20111l whet A& =HJAHZH 2.1.71 F=).

@ a&date] i dg=4

O EMU250 244929} KTXAHd &g Atel oigh sz & 2.1.3fo AHEFo o,

B 4T A&LEo =2 FJet=SF Y THDBST, 20191 EMU250 1 &date 85 1H A ©
2 Ao 2ol AFS AT dolHelA 4 AAAE FF AQYor, KIXAH 1%
A= A= dolEolA 4 AAA FEol Brbsshel EMU2S0 L& dxte] AFau
Hg KTXA 1&dae) AFRUH O Sh WS, AT Zo|x KTXAH 2
T3 golo] BEgith EMU2503% KTXAP S AFH v wsle] 448 g4e
o Hlgstth n& AR Ao HE AYSEE E 21300 Festsinh

L

315m

3.752m

0.423m

TOR 77m

<19 2.1.11f EMU250 &< =fol] gk 3a s =dl>

2992m
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(b) KTXAHA é‘—%i}
<19 2.1.13f KTXAH n&d o] thgk 33k s 4 = (EMU 250 scaled)>

CREER-EE D ESE R R At

O Z2332 5 DBSToA 33 AlEdHold Ax=E =&H dlo]EI[DBST, 201915
712 AR5Z2 sk, x4 % 200km/h, 250km/h, 300km/h, ¥AZ ©27F 1.57, 2.3, 3.1,
3.2, 6.49 B9 WEUHA 40m? ~ 57m’e] it Eld w]7)¢kute] Non-weighting k3
C-weighting %t& RZ¥(nterpolation) & AM&3te] F3l== 39t}

O B zZ=I3e 747k datol diste], B ULEE 200km/h ~ 250km/hol A= @™
2 40.0m* ~ 50.3m*2] W9, L% 250km/holl A= EE W2 40m* ~ 50.3m* ~ 56.7m’
o] W9, AYEE 250km/h ~ 300km/hell e BERA 56.7m?*Q -0l GefAo] 75
sttt AAZel deiM s, L8 drEs A 8she oTOH—E EL ﬂlZH Hel el
A geide & g Jdon, Y AYVIEE A&t Arole
3.1, 32, 6.40 B4 7kx 9] Aol thete] Hsfe] Ths o} B
Z7e] tste] BEANAT EldEHo] ¥ 2.1.3fe] HATPEo] F

= =
= =

Z%Q E% 4
8 € =3l tg 43
'@E} : T #AYEFHr A= B dIETU AR

247 =}

JIN

i I“E

b

W2

=

o _IE
L
M o
i)
o

Oft
ol

e

1
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(2) Z29 A AWA

O B 7ty 83 9E¢H7E sk,

A=
T2 738 Windows 7 2 109
ofF sl= A= AoH,
T2 AHEA
of thgk A8
H o xzg
ATH

P

old

[e)
-

-

2=
T

EgolE Thes} 2ol MBe Y= 219

=

ng/ﬂcﬂl%} PCell A e) Zz7e) X,
TR D
guetel B vrgy #el7)

AR B w7 Az el
MPW EEE S/W).

7% webA Net FrameworkE A x|
AAEo] dojol AFo g XA
z2 g AA, z2aH] A3
ARA AHRIA” o FF3D).

GG

489

AA| 7hs st

S Byl

“3Apd =

==

=Dl gt &7 T

= EEET 0720 A% 220

= e oyjen any

ECRE] - o ESHEST olgn s 220 =

2E7 07|

HIEET|ISATY
2019. 11

@ 0|7|IHM

ASAXPE B0 YUY o ot MHs|of 3%3\

S4OF MIE. ol2f¢ Yol ALEL F

A8T N Y HFT

21etmoll chstol o3siA] stk &.

CHAEE 27 00190 2 Ee EOt
SHAE A% B0 A4 5 TADEW-0I9S ID)E BB 292 A4
¢ EY Y SR 2 A 2A
I 2% DOIE, HY DON. BAS(- 3R DU / HY D0X) 0N 205 A0 AN,
ORIZ| EICI2 HE & SHLIS (UIEHD, SANN HOIES 48 E= a2 2, Calculate> HES 5291,
LA SHES AIS02 HOEI0,  (UIC 779-112) RREos Aaw 38 8%

ey

icro-Pressure Wave)

LETTTY

28 2ol
A A22/550 HE
2 EY 2725 982 YAa=lEd o8 Dl7]°'u}(micro»pressure
wave, sonic-boom)2t3 ¥ 201, B 32| @I7jojAE ZuBo| 2

sHo = Calculate
- (39 B EASEY EE
CHED 22 w5

1. A4S} 200 ~ 20 k/h ©1 22,

2. @9 AES PSASHL. (200~ 300 km/h OIS 2S 22

275 Gyt [FHEE

TS Lol 8.

EiW SO @ 400 03m?
< 59 DBSTS| X7 ZIE MB0|, TAFF, FAEE, HERN, HYE 3, EIW% WOIE RIS (1~ 15kn ADI 28 2IE) 2 BRI} 260 km/h 91 2.
Yo|, YXZf S0f choto] Y2 X S 7|0 w2 HEEFo M2 0| T [FEEE s Z'ﬂ[:jgw 3?«“/;‘567"‘
smes 514 EES

£ cn
Start : Press <Next> button to proceed, Next Exit Step | : Press <Nex bution to proceed, | Previous Next Exit swpz: Beraldety and - pruceed, Previous Next Exit
2 TES sy S = dgsidd>
<9 2.1.14f AZEQJo] A2 YEZ
S EgET 07IgE gga 20y - o X £ HEET 07Ign gos =20y - o x

() B2 §7 AT 20m 2FE DDIYM 30| (Pa) (V2 2RDIF)
® A2 @) : Tunnel Exit Solid Angle(Ef 87 M) (2
BRI (2l 72 B0 2IH0| 2 A2 WY EW0) 3
1 steradian(AEIRICISHOIRt BHCH (G2HA SIH242) HIHY 125
0l ZZIYHAE SZB0| SUT LB 2UE BHASZ Alswn

 Omega 25 A BSGIILI ORISR JES ¥D AUHTHIREN 2= 22
s [T57] (o1~ 12,56 Aoi2l 28 2

JEE B0 49
(Copyright 2019 Korea Railroad Research Institute. Dong Hyeon Kim, Al right reserved,)

EEEERION

=

O q=32

Step d-1 :Enter or Select a value. and Press <Next> bution to proceed, Previous

<19 2.1.15f dEEHH =

X9)
=

() #E7+=

(2) €2 22 A% 25 m 2FE2| 0PI 2E (Lpcpeax H L ) (K2 22DIIF)

5 ® A2 (@) : Tunnel Exit Solid Angle(ElS £ LHZ) (91: steradians) /
) BRI 121 32 0] B0 12 HI0 A FAO| U= TS, WHY VES ARS A5F flg
- 1 steradian(AEIZICI 2012} BICH [U2HN RIS HZE 4n(=12.566) OICK
e | Ol Z2IHHAME AT H0| ST S UB YHASE ASUCL
o0 Omega & OHN %2l JEE 05101, 1.57, 2.3. 3.1, 3.2 2 SHLHE M98HTE
(OF2 Hi28 J8S RO0L I8 0% 202 HES N8i8HL)
a=- [ 15

BLERET

. Zol0l N ¢
(Copyright 2013 Korea Railroad Research Institute. Dong Hyeon Kim, All ight reserved.)

O =31

O n=64

Previous

25T AL AF >

Next Exit Next

AaHe Mdlo) E B

Step 4-2 ¢ Select 3 value or click a picture, and Press <Next> button to proceed,

= pEE 07| U S 22 a = e 0|9 oss ZEas - O
SHMEY ST 00T B @S B} SIMEE 7 00| BH Y B}
E’dEiLé 273 230 A2 GE FABS(E-0IRA RIS HES A2 A4 K SRS &0 A2 Bk FAMZ(A-NI2L HE)E HESH H22 a4
+ CH2 2ol YatRSUc @2 doleS #215tD 040l $1o™ <view Data and Graph> HES F=4d 8. & CISDH 20l 256U 22 G0IE2 2215t 040 82T <View Data and Graph> HES $2H2.
212t o1z
23 xt= (Input data) Information 23 X2 (Input data) Information
7 %5 (Train speed) 218] (kmy/h) About ., B &5 (Train speed) 215 ( km/h
oz ; - 2 2% i
2R BRI (Train cross-sectional area) 10,00 (m* g BasiE 27} EMH S (Train cross-sectional area) 10,00] ¢
B4 B (Tunnel cross-sectional area) 45,00 () Ei'd £ (Tunnel cross-sectional area) [ 4500 (2 )
L S0 ma|gE L=
A48 (Blockage ratio, &7 BBE /B Boy [ 0202 SREERIE HAE (Blockage ratl, 27 BB /g SRS [ 0207
Ef2 20| (Tunnel length) 5] (km) Ef2 20 (Tunnel length) 5] (kmy
B 23 2H 2 (Tunnel exit solid angle), o 1.57) (steradians) E{g 23 2432 (Tunnel exit solid anale), 0 1.57] (steradians)
DI S 2R (Measuring Position) 20 (m) OIS 2% (Measuring Position) 25| (m:
o Y= BEJIES HEH0 HE 57 UL A m SLH 07T 3718 s AL, * =9 EEIIEE MBI EHY 22 UL Bm 2SHY DYT 2ES o6 SR
Step 5 : Press ¢View Data and Graph> button to proceed, View Data and Graph Exit Step 5 Press <View Data and Graph> buttan to proceed, View Data and Graph Exit

<19 2.1.16f dE(EFHFH ZA(P)

w7l A Agd mE it d3ysia)
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25 Simplied Assessment of MPW - Data and Graph
CHAEY 32 00|20 2SS EOF
SR B0 B0 2% 6E TAASM-1ISA 2SS Y 322 A4
() €2 37 A% 20 m 01K DI 27 (22 #PIE)
© Z-welght (Non-weight peak value) [

© Z-welght (Non-weight pesk value) @4 d
« Distance range : from [ 20 (m) to [ 3000] (m) | Defaull @0 m ~ 3 k)
L(m) PMPW (Fa)  PMPW (dB) 3 .
g T MPW Amplitude and Sound Level
’ . .
2.8 P P along the Distance from Tunnel Exit
211 1857 155 i
=
252 e X % 2000
K]
244 i 1587 -
%69 1632 1582 2 | S
1000 - S &
240 [ 154 £ s00
26 1w 159 H h
£ o
EX 133 1565 < ° 1000 2000 3000
= 0l ™ | Distance from Tunnel Exit, «(m)
S J T R s e s s el oo bton Recalculate || Save Data and Graph Close

2 Simplified Assessment of MPW - Data and Graph

cdEY 3 0D S#2 I8 gt
GEIS 870 870 2% 55 2SE-D52 288 HET aesl
(2 HE 237 Y% 25m HIAS DY 2 (S
® Lp_C Peak (C-weight value) [l
o LCE Cveighvalue) 79 680

« Distance range : from B m) 1o 3.000] (m) [ Default (26 m ~ 3km)
L(m) [ Coeak (dB(C) _ LCE @BCH | ~ N
R T w7 C-weighted Sound Level along the
i e Distance from Tunnel Exit
281 127 074 140
2885 1284 1.1 g k
S 100
0z Y] 168 3
S — =
EE 128 185
T o —L_cpeak (@B(c)
EE 1216 1063 i — rertien
] 1213 160 H
L
£ 120 1057 .
B4 %7 154 ° 1000 2000 3000
= il = Distance from Tunnel Exit, « (m)
S0 81 15.72an 55 Dask ot ok pags i <Cloos bton 1P oL Recalculate || Save Data and Graoh Close

(a) Non-weighting Pa 2}
2.1.17f dEEHF () #g7]

N

Rus

]
)

A

=

(b) C-weighting dB A3}

g deo] g2 Ads A AREa>

< testxls - Microsoft Excel = B % test.gaddsx - Microsoft Excel
= °E
% = -m
Gav o or - of A
P &2 %-
A 8 c D E F G H 1 ] = A B c D £ £ G H 1 T~
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O 1km @A BE(IREE) tid BAAL &4 23 8%
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< 2.13g HE W& duxydE ddvg &3> (F1: %)
& 39 43 46 50 55
39 Reference 8.75 14.44 20.97 27.83
43 Reference 6.20 13.33 20.82
46 Reference 7.59 15.66
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61 6.06 14.02 27.35
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MG11 7t B-550X240X9X9 2.17 Built Up Member
MG12 7t B-400X200X6 2.13 SPSR400
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MG14 243 B-200X200X6 6.10 SPSR400
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(@ 7= HAE HiA

65 %7 WSl (WLS1)

91

(d A H(WLSD

65 ¥7 ¥(EX)

91

Cd*x/le = 30°007/10 = 021 cm < 852 cm (0.020hsx) OK

O FA HLAEX)

21% : max=129cm < Ballow=1.70cm (H/250) OK
5 ; max=3.70cm < Ballow=524cm (L/300) OK

6.5 FX HLI(WLY+)

[

1% : Bmax=066cm < Sallow=2.63cm (H/250) OK
2 : Smax=037cm < Sallow=524cm (L/300) OX

(b) FA I (WLY+)

65 F7 HAWLY-)

1% : 6max=066cm < Sallow=2.63cm (H/250) OK
2 - smax=037cm < Ballow=524cm (L/300) OK

© FA HAWLY-)

6.5 %3 HIWLS2)

1% : Smax=1.31cm < Sallow=1.70cm (H/250) OK
% : smax=369cm < Sallow=>524cm (L/300) OK

(e) A H|(WLS2)

6.5 F3 HR(EY)

Cd*6x/le = 30°0.33/10 = 099 cm < 16.34 cm (0.020hsx) OK .

(@ A4 HEAEY)

<19 2.2]1la = FxA AZFE PRI A3 18z
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- B AFNAE 2F FERE AFHAQ] 9T v XA g3 AT Q= FTE FE2A|
A Hog 7 HYE Ao, ud JHE T Fx2A| 9 A & FRIME
AATH F2H IS ST

- WEAE S FRA e Fx AAd vYgE BAE A7 % U] AR HE
Ade 7 2229 ZoH, 2875 tiv] 115% o] AAZA =Y drESs FAgt

(F 222 FNE Tt 2x AA 9 AE A3
22T rfH|
MAZE HE
21715 S{E| 74 MAZE o H| 1
AQUE 7|=

MG11 2ty B-500X250%12X12 1.69 Built up Member

MG12 PALe B-500X250X12X12 1.94 SPSR400

MG15 2134 B-500X250%12X12 1.20 Built up Member

MG16 PALs B-500X250%12X12 1.73 SPSR400

MG17 PALe B-500%X250X12X12 1.22 Built up Member

MTT1 2ty B-500X250X12X12 1.54 Built up Member

1.15

MTD1 PALe B-500X250%12X12 3.34 SPSR400

MTB1 2ty B-500X250%12X12 3.03 Built up Member

MB12 2ty B-500X250%12X12 2.87 SPSR400

MB13 2}34 B-500%X250X12X12 1.58 SPSR400

SB1 2ty B-500X250%12X12 2.53 SPSR400

VBR1 H2 L-75X75X9 2.95 $5400
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(@ 7= HAE HiA

6.5 SRHL - wis1

Smax=3256cm (L/433) < Sallow=14.1cm (L/100) OK

(&) FA W (WLSD

6.5 FAEL - EX

Cd*Bx/le = 3.0'0.083/1.0 = 025 cm < 0.02hsk = 122 cm OK

(@ A HEAEX)

<1¥ 2.22a uZFgH = F

oot

=
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6.5 RS - WLY+

Smax=3.012cm (H/202) < Sallow=3.05cm (H/200) O

20010

(b) FA I (WLY+)

6.5 FXEL - WLY-

Smax=3.011cm (H/202) < Sallow=3.05cm (H/200) OX

(@ FA HAWLY-)

6.5 £RHL - wis2

Smax=3245cm (L/434) < Sallow=14.1cm (L/100) OK

) FA HLA(WLS2)

6.5 FXEL - EY

Cd*Bx/le = 30*0.358/1.0 = 1.074 cm < 0.02hsx = 122 cm OK

(h) FA "LEY)

A Tz Ay e =D
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71 . B 270l 223 = 4= 22 Y] nY)skaE WAbeka,
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Development of Aerodynamic Hood System to Reduce the
Micro-Pressure Waves at the Exit of High-Speed Railway Tunnel (Under 250km/h)

Development f standard specification foroptimized ood
® (3017-2018) i g

@ Excellence and practicality of the Korean style hood

i designed to the driving
testing system of high-speed train mode! (Comparison of major hood mode! only)

Index Lengh o hod roce )| Vorn e ron-mn a4 | icre s e e X
=3 % 1
e = e = e
e = e ior o
cewor = i o e
oo | s = s

® Distinction between prior.and present technologies
(Reduction Performance)

 Developed new hood structure of which length is approximately
1/3 of the conventional hood structure with the same performance
= Cost savings by 1/3 10 1/2 for the manulacturing and instalsion of the hood

@ Excellence and!practicality of steel structure hood!

Fediton ool o
mao-psie vae
e ‘_'m-- >
25 Developed hood model
n 2018 (KRR

%
Deveioped hood model
2014 (KRR
=5 —

I 777 D

Corparisonof 27 mength ood nreducion perfmance of mo-pressue vve |l

pected Effectiveness

™ For the next 10 years in Korea, $947 milion cost savings in raiway tunnel construction
by downsizing tunnel cross—section if the micro—pressure wave reduction

‘hood adopted

" (et operes axcacdng e xpensed)
and reducton of

2%

ater decsleraing the ran specd

' Secur explosi
‘and vioration for the residential area nearby the tunnel portals.

= Steel structure hood can be installed even in winter, thus, reducing
the total construction period of a new railway
™ Fabrication and installation are possible while in operation
(Constructions on existing operational railways are possible)
= Increased construction costs by five to six times, e.g. build an approach road for cranes:
u Easy to change the structure of the hood for changes in railway
operating environment

Dong Hyeon Kim, Ph.D. (E-mail: dhkim@krri.re.kr)
Execulive Researcher

Hyper Tube Express (HTX) Research Team

Korea Railtoad Research Insttute:

hitp://wwwe Kerire ke

K{z J KoreaRaiiond | s e, 1 ks, s,
ftute | G-, 61 a0

Development of Aerodynamic Hood System
to Reduce the Micro—-Pressure Waves at
the Exit of High-Speed Railway Tunnel
(Under 250km/h)

Korea Railroad
Research Institute

K2

orea Railroad
esearch Institute

@

Waves at the Exit of High-Speed Rail

Tunnel (Under 250km/h)

® Background of the develurmer\t of hoods to reduce the micro=pressure
‘waves at the tunnel portals

@ Biomimetic design inspired by shark gill’

® Measuresito reduce explosive noise caused by micro=pressure
‘wave at tunnel portals

sound

= Some of the pressure waves radiate outward from the tunnel portals as the form

nearby the tunnel,

° Formation of pressure wave when a high speed train enters a tunnel
‘and radiation of micro-pressure wave at the other end of tunnel portal

= Decrease target operaling speed - Jes Fesue e et demes
= Design the tunnef with much larger cross—secion - Ten ansasion os seses sy
- s

- High consucton cot and i nd rogar s
Oty et for vk ver 3 km g

# Installaion of the micro-pressure reducing hood structures at tunnel porials

® Field test results of the measures to reduce micro-pressure:
‘wave from tunnel portals

=1 [Nl Y

3 " !!*‘ b

—— - o
Faelon o pessue woeal | |

ol p Radiaton of micro-pressure wave a the i ofa el

icro=pressure wave reduction measures sed in the other countries

' Biomimetic hood inspired by shark's body

@ High speed moving model test rig:

= or ing hood at
(400 km/h section): Installed in December 2014 (KRRY)
= 170~ 430 ki,
disance o 20m o the el poral.

28? _uzfl)fg%is:aled high efficiency:

° Manufacturing and field. lfs

‘steel structure prototype

Nicro-pressirs wave redcing hood in France

s wae edcinghood 1 gance e [l Vicro-gressure warereckng hood n Geman CE

Micro-pressure wave reducing hood n China

o el

—

Paress

\e

= The moving model test rig at KRR (ex. speed: 530 knh, 1:60 scaled rig)

= A birds—eye view of the hood installed at the 5th tunnel in Osong Complex
Test Track (Dec. 2018)

Planned to verify the reduction of micro—pressure waves by field

performance
test at the test-bed (Jun. 2018 ~ Jun. 2020)

Train 25m 50m
entry speed | fom el et | from tumel ext

B Reducton o of the micro pressure waves.
G (fiold-test resits of full scale prototype)

- 234 -




D£312 £ (250km/ho|5}) E{Y
0|7|¢0t 22 ZE 7|7

’bevelopment of Aerodynamic Hood
System to Reduce the Micro-Pressure
Waves at the Exit of High-Speed
Railway Tunnel(Under 250 km/h),

22 Korea Railroad
Research Institute

C @& youtubecom/watchiv=euFnBeOsnD

= [D3Premium sonic beom tunnel

o) 0:00/3.08

icooom #tunnelboom Fson

Shocking Sonic-booms in Tunnels(Shark Hood) - tunnel boom - tunnelknall

E3}%= 1648 - 2020.7.11
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