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< SUMMARY >

Purpose &
Contents

O Localizing turnout production and developing performance improvement
technologies to enhance operational safety of the high speed railway turnout

Results

O Develop a tool kit and draw out optimized design factor for interpreting high
speed railway (HSR) turnout including turnout and vehicle I/F consideration
— Develop a tool kit that interprets vehicle dynamics of the HSR turnout
Develop a tool kit that interprets geometry of the HSR turnout's vehicle dynamics
Develop a tool kit that interprets section of the HSR turnout’'s vehicle dynamics
Develop a tool kit that interprets lower stiffness of the HSR turnout's vehicle dynamics
— Draw out the optimized design factor for the HSR turnout
Verify the usefulness of the FAKOP
Draw out the optimized FAKOP for the Korean HSR rolling stock
Derive the tongue rail section that is suitable for the Korean HSR rolling stock
O Develop a tool kit that interprets turnout/point machine I/F considered point machine
— Performance requirement for the electrified point machine
— Develop a tool kit that interprets power transmission mechanism for the
electrified point machine
O Develop technology to Koreanize the HSR turnout
— Design and analyze form section of the tongue rail
— Establish tongue rail production facility and manufacture the prototype
O Develop technology to improve the performance of the HSR turnout
— Improve the point part
— Improve the crossing part
— Improve others
O Performance test for the HSR turnout prototype (indoor/outdoor)
Manufacture the HSR turnout prototype (F18.5)
— Performance analysis of the HSR turnout (indoor)
Installation inspection of the HSR turnout at the site
— Performance analysis of the HSR turnout at the site
O Develop technology to Koreanize hydraulic—type locking cylinder for the HSR
turnout
O Manufacture and conduct a performance test for the prototype of the
hydraulic—type locking cylinder for the HSR turnout
— Manufacture the prototype of the hydraulic—type locking cylinder for the HSR turnout
— Conduct indoor performance test for the hydraulic—type locking cylinder for
the HSR turnout

Expected
Contribution

O Establish a base for the commercialization
— Obtain “Performance certification for the railway structures® from the Korea Rail
Network Authority to establish a base for the commercialization (May 2018)
- Register developed tongue rail (60E1A1 K) to the “Standard® of the Korea
Rail Network Authority (June 2018)
O Carry forward a technology transfer
— Area @ Turnout design technology & tongue ralil
— Transfer to : Sampyo Railway Co., Ltd.
O Applicable plan
— Maintenance replacement for the HSR (238 EA) and conventional railway,
turnouts for the MRT (approx. 12,000 EA) : 19,428 billion won
— Construct new HSR (3rd National Railway Establishment Plan) @ 2,720 billion won
— Expand to the overseas market through develop its own branded HSR turnout
. approx. 2.8 trillion won

Keywords

High Speed ) Switching Performance
. Turnout Tongue Rail ) .
Railway Machine Evaluation
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o T IEFEE 2EFo] A ¥JAER HF FAKOP =&

- 3 Wi 27171 : F18.5(F 3<% 350km/h, &£7]1<45 100km/h)
2

Straight Running

LGS I

e e

L 2 UNCED {7871 BEO HE

RH - B3R + UaCeD (THET]) 2480 0|8

Curved Running
LH: BHE « U0E0 (FIET]) 240 )=

BH : LRCED (FIET) KGO M8

18! 3-1-26 FAKOP 3sli&i(2h)

o H/\-] 73_,,]_ =i ﬂ?ﬁ FAKOP ==

FW : Front Wheel, RW : Rear Wheel
LF : Lateral Force, CA : Contact Angle, LV : lateral Velocity, Af : Attack Angle, RA: Rolling Angle
250.00 LD : Lateral Displacement

200.00

150.00

100000

N | | R | ™ R 1 | B | P

]
(=]
3

SP1, Lw SP1, RW 5P2, LW 5P2, BW SP3, LW SP3, RW

mFWLFkN) mRWLFKN) mFW CAldeg) mRWCA(deg) mFWLVim/s mFWAA[deg) mFWRA[deg) mFW LD{mm)

2l 3-1-27 FAKOPO|| E S3tM sHA{Z41H(350km/h)
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50000

W : Front Wheel, RW : Rear Wheel
LF : Lateral Force, CA : Contact Angle, LV : lateral Velocity, AA : AtBack Angle, RA : Rolling Angle
15000 LD : Lateral Displacement

_____

il P P

SPL, LW SP1, BwW 5P2, LW 5P2, BW 5P3, LW 5P3, RW

mFWLF(kN) mRWLFkN) mFWCA(deg) mRWCA[deg) mFWLV(m/s mFWAA[deg) mFWRA[deg) mFW LD{mm)

2l 3-1-28 FAKOPO|| HE &7|M sHA{Z43H(100km/h)

- FAKOP 10mmE #§% SP2 o] B34 8 2714 F94 713 AAAA FP5HL Hol/]
W 2 n&AE Fo] HPP TAER H FAKOPE 10mme 43

o 2 FAKOPe| tjgt KTX 9 ICE & E4 ®lx : KTXS| Flange Gauge”} ICE®] w3 4mm~} &
7] W&o BWG £7]7] FAKOP 15mmolA] 10mm= 74" FAKOP HA (DL AA3$H

track width

—
-

| I
sl =
1,435 1CK
1,421 KTX
flange gauge

inclination
1:20 (1:40)

track gauge
1,435

8 3-1-29 KTX%} ICE il §4 H|u»

o FAKOP HZ(¢D) 10mm #&o] M &3} : §Ed F4 571 7hsol w2t gad Wrt=sd F3
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86

I 3.7

16 = 26mm

3.2 2 8.6mm
10mm increased

5.4mm increased

Comparing the cross-section at a distance of Comparing the cross-section at a distance of
2m from the tongue rail tip 5.03m from the tongue rail tip

8l 3-1-30 FAKOP Z[Z{(2h) 10mm HZ0j| WE S}
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Y
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>

4 g A
A i 7171 ¢ F18.5(F 344 %= 350km/h, #7714 % 100km/h)

. 7]12#Y B 60EL

- FAKOP : 10mm

Had 55 od s %74 - SP1 - 60E1AL, SP2 - 60E1A4, SP3 - 60E2A2

{Unit: mmy}

-25

——E0E1Al ——GDEIAS BOE2A2

J7 3-1-31 HAY S5 B SR
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120 ey

FW : Front Wheel, RW : Rear Wheel
LF : Lateral Force, CA : Contact Angle, LV : lateral Velocity, AA : Attack Angle, RA : Rolling Angle
100.00 LD : Lateral Displacement

B0 O

60,00

4000

h. ... ... .

SP1, LW SP1, AW SPZ, LW SP2, FW 5P3, LW SP3, AW

=
[}

=]

mFWLF(kN) mRWLF(kN) mFWCA(deg) mRWCA(deg) mFWLV(m/s mFWAA(egs) mFWRA(deg) mFWLD{mm)

JB 3-1-32 Y S5 DEHO| GE SHM SMZINE50km/h, BHZ 0.015° < JIFF 1°)

12000
FW : Front Wheel, B\W : Rear Wheel

LF : Lateral Force, CA : Contact Angle, LV : lateral Velocity, AA : Attack Angle, RA: Rolling Angle
100.00 LD : Lateral Displacement

BD.0D

60.00

4000

=]
=]

[=1

SP1, LW SP1, AW 5P2, LW 5P2, RW 5P3, LW 5P3, RW
mFWLFkN) mRWLF(kN) mFWCAldeg) mRWCA(deg) mFWLVim/s mFWAA[des) mFWRA(deg) m FW LD{mm)

J8 3-1-33 HAY S5 CHEHO| OHE 271 SMZT100km/h, BHZ 014 < JEZ 1°)

60ELA4E &3 SP2 7o E3hd L E71H FYA 713 FAA FAEHE Boly] R
T LEYE AF] AT HeY FH HH 9Ue 60EIAR A
4 9 H3 GAGEIAL K) =2
H : 60E1A4
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248, 1777 748 Ve A

L 282 @4 33 44 2 &4

7h "Eld TR
o T AMREHE HHld2> -8 7059 1&HE =8 60EIALUIC60B), 60EIA4UIC60D)E Lol =

s BRFC] F2 AEHD gon, 9o ASE AT AR D= YA AL

of ARESEAL A+
E Lo 3 FHAo 2= “EN 13674-2 Railway applications —Track — Part 2: Switch and

o =T
crossing rails used in conjunction with Vignole railway rails 46 kg/m and above “°l & AM|A|Z <

Z AMEEE 9F 65F2 "HEde dHzel Axfd tis] g Ho A= AL A S =il
= A~ Py =
A Agsie BUgst slelelq AeHE Fa el G443 54 2 £% gu2duuE, 27)
14 ) © 3T 3T
719 dole} 34 "HHEld & Il ARREE 1EE7]7] 29 ofg o %7
# 3-2-1 CiE "yl chH
] W
2
70S B60E1A4(UIC60D) 60E1A1(UIC60B)
65.3 72
63.8 74.4 74.5
FL,‘ l 08 56 719
11 52
ﬂ\{ 120 4
§ rc?) 13%; ,,8, ofR13) g R13) 13)
o S| 7 2 e T E Bleiglg |2
7 S o = Q'_L ., =} 8 2 @ b
& “ 2 = 12 551 4215 & 1255 212
7> /P’e 2 .
2312 2 . 3 5\{ . # 75 3
4 o :g X | X NEUTRAL AXIS 2 I
|_—_|_|_|:|l_;| . EEMI % [ 2 |
a1 AL % & 454'79 219032 5, @\mg * > 1117
e o o =t 117 a 017 4 RL
Eg 917«22 V%EIR g Q‘,/)/ @‘8[ gl Lo 1y
55 85
58 82 65 85 140
140 150
WEIGHT PER LINER METER | M = 69.5 kg/m WEIGHT PER LINER METER | M = 68.82 kg/m WEIGHT PER LINER METER | M = 73 Kg/m
SECTION AREA S = 88535 mm? SECTION AREA S = 8895 mm?2 SECTION AREA S = 9300 mm?2
Xg = 53 mm CENTER OF MASS Xg = 34 mm CENTER OF MASS Xg = 275 mm
CENTER OF MASS Yg = 62.2 mm Yqg = 61.10 mm Yg = 58.81 mm
Ix = 2120 cm#* Ix = 2025.6 cm# Ix = 1728 cm#
MOMENT OF INERTIA MOMENT OF INERTIA MOMENT OF INERTIA
ly = 637.5 cm* ly = 764.3 cm* ly = 743.5 cm*
SECTION MODULUS Ix = 254 cm? SECTION MODULUS Zx = 250.4 om? SECTION MODULUS Zx = 1287 om?
Zy = 340.8 cm? Zy = 93.6 cm? Zy = 90.4 cm3
a2l At
T8
54E1A1(UIC54) 60E2F1 60E2A2
ﬁx—: "*—‘\\l : i
5 gt .|
ko, e
e\ A o '
(=,
clod o
—_ g 8 . /; \\ .
S AL B oyras ik
R " |
E M = -
= o W
Section Area : 87.8cm? Section Area @ 141.45cm? Section Area : 92.71cm?
Weight per meter : 68.95kg/m Weight per meter : 111kg/m Weight per meter : 73.8kg/m
Moment of Inertia(l,) : 767.6cm* Moment of Inertia(ly) : 990.0cm* Moment of Inertia(ly) : 739.6cm*
Moment of Inertia(l,) : 1,540cm* Moment of Inertia(ly,) : 3,717cm* Moment of Inertia(ly) @ 1,715cm*
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WEIGHT PER LINER METER| M = 69.82 kg/m WEIGHT PER LINER METER| M = 75 kg/m WEIGHT PER LINER METER | M = 77.47 kg/m
SECTION AREA S = 8895 mm?2 SECTION AREA S = 9300 mm? SECTION AREA S = 9869 mm?
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* BDM : Break Down Mill, RTM:Reverse Tandem Mill
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¥ 3-6-7 IA=RYF YA MEMETI| 7|2 Al

=M Sdat
ME R 5 o 470
MMy 53 120 mm ofst
nAgE % 134 mm o|s}
MEERG Met 5,000 N ~ 10,000 N
A2 100,000 N O] 4}
Mak A7} g 5.4 =
=X Ot Z|tf 100 bar
M oz 1 ~ 3 bar(20 CollA 2 bar)
R Al2gel 7|8 8% 3 ~ 10 2l
T=E pElo RE XNOL 34+ 380 VAC

MEHET|EHPB) 22| I/F H|S7|A 28 &3-wire, M0 3| 2&4-wire

AC15(230V/3A), DC13(110V/1A)

/g = IP65, EN60529
HAF S Al prEN50125-3 2%, &5, 540 s

sS4
mnAE 2E Y 2/4d(70 mm), & (40 mm)
MERE A 40 mm
nAE =49 134 mm 0|3t

120 mm 0|3}

Hetz=A4(16 mm), HHE=A(20 mm)

=z =255 zltf 2,000 N

_90_



3]4 Tool Kit 7§

=
=]

3. A=A 9 AL wWAY

7 AE

N

2 WAYS =8 Tool Kit

il

I(MSC.ADAMS)

=2 Y(multiple beam forces)

o
=

Q)
=

(#H, LAE F=, [AF F4, VCC Al=HD)

=
=]

2 A% w7y

D5

D3

= 1

Friction Force

Beam F
=
||

12

| Raild2 ||

mﬁwﬁmﬁmﬁmiwtwﬁw

Rail 2 ||

ved 2

DY

v¢c

Lvcca

2 HILIE 2 7Y

ol

2! 3-6-8 M7|4Al

VCC Al2=8le] 42)9) %) 9}

g g

EREICR)EE

v

]

A

¥ E

g =4

%

A

B
o

_91_



z2

L-LINK

vcc4

(P3X, P3Y)

(P1X, P1Y)

(P2X, P2Y)

458.7

G D)

vecez

7575 | 1447.0

742.8

1616.8

[-LINK

Fas

3-6-9 &t ¥ VCC A|&H ¥

5326.1

5566.8 | 1517.4

5551.7

18174

9316.5 1457.5 9304.5 1657.5 92925 1857.5
11749.1 1835.7 | 11700.0 1537.5 | 11963.7 1511.2
15423.2 18125 | 15345.2 1519.7 | 15515.2 1481.2 L] L] ]
a2l 3-6-10 LA o |x}& 213 o=
Distance Constraints
(P1X, P1Y) D3 (P2 B20)
B1:L1 B2:1L2
VCC 5525 1500.0 5248 5538
VCC 458.7 1457.5 466.0 957.5
L2 7428 1616.8 5551.7 18174
3 5326.1 1521.9 5330.2 10219
L3 5555.1 17474 92925 18575
L4 9316.5 1457.5 | 117491 1835.7
6 11963.7 1511.2 | 11930.0 10113
LS 11737.7 1766.1 | 15423.2 18125
18 15515.2 1481.2 | 155200 9739
Jg8! 3-6-11 7{2| #&(213) =
o 5 o & 3 o E ] O 35 2= o
- BElde 4 2 fAAe EFZ EAE Jo2 HAT F Jde d

1120.1

2930.0

5330.2

1021.9

77253

5525

10125.9

546.8

11930.0

10113

13721.7

5196

15520.0

973.9
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UICB0 CHH| mass, stiffness (%)
EH=Z 25 7hs)

100 100 0.1 0.2 40

0

600 600 0 100 100 01 0.2 40
1200 600 0 100 100 0.1 0.2 40
1800 600 0 100 100 0.1 0.2 40
2400 600 0 100 100 01 0.2 40
21000 600 0 100 100 0.1 0.2 40
21600 600 0 100 100 0.1 0.2 40
22200 600 0 100 100 0.1 0.2 40
22800 600 0 100 100 0.1 02 40
23400 600 0 100 100 0.1 0.2 40
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Switching_1
2000.0
—— MOTION_1.Element_Force.Y
1000.0 +
= =
2 §>
3
E 0.0
()
o
S i \I\‘
w
-1000.0 +
-2000.0
.0 5.0 10.0 15.0 20.0
Time (sec)
a8 3-6-17 b PF=
2 Q) _*% Z 1=Hhva
28 HI-H&E It npReE B
Switching_ 1
150.0
i friction0_2_Element_Force.Y
_friction0_12_Element_Force.Y
100.0 _friction0_22_Element_Force.Y
— 50.0 1
=
S | -
=
i)
£ 0.0
8 1
S
-
-50.0 -
-100.0 4
-150.0 i | |
0.0 5.0 10.0 15.0 20.0
Time (sec)
-6 - o x|ud ol_x =k
a8 3-6-18 #xldE HU-&5 Z+ Oy
= o] % Q] o) B 31
A% X% HaY 39 BHE BE
Switching_1
8.0E+005
] .rail0_beam_2.Element_Torque.Z
6.4E+005 ] ——-_rail0_beam_12.Element_Torque.Z
4.8E+005 | L .rail0_beam_22.Element_Torque.Z
3.2E+005
£ 1.6E+005 1
£ J
s 0.0
= 4
2 -1.6E+005 -
-3.2E+005 o
-4 _8E+005
-6.4E+005 -
-8.0E+005 T T T
0.0 5.0 10.0 15.0 20.0
Time (sec)
-R - X Oolxldud E: ol S
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— Switching_1
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. - -- SFORCE_2.AX_Ay_Az_Projection_Angles.Z
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al —.pushO_I_1.Element_Force.Y
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0.0 ———- -
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. IAERE &Y 40 mm 40 mm
IAEHH(REUHS) Z/tf 160 mm Z[ 134 mm
. HAERE (2 B ) #h 140 mm #th 134 mm
- ™ &t 3.5 - 6.5 kN 5.0 - 10.0 kN
My Z|CH 100 kN Z|CH 100 kN
AE5d5S J2EPA, A, AAHE s AE3
A8 dAse Hydrostar/\} T+ HYS-Locking Mechanism-KRen-Rev00 002 Zarsled, 50 kN
#5103 ¥HE- Al Z8]an 75 kN F3F 33] ®bE Al 8]l 100 kN Fab 33 wHE Al Al FAb
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( SUMMARY >

Purpose &
Contents

Requirement for fundamental technologies for turnout systems in the
second stage in Seoul-Busan HSR line for the troubles taking frequently
arising caused from insufficient interface technologies between signal
system and turnout system

Needs for Fundamental technologies for high Iline turnout systems for
domestical ly producing and enhancing the turnout systems

Requiring monitoring systems for status of high speed turnout systems for
keeping stable states of high line turnout systems free from fault, error
and failures

Results

Identifying monitoring parameters and optimizing the sensors related to
the paraemeters

Developing standard monitoring systems and producing system evaluation
data for turnout systems

Development of fixture and jig system for sensors

Development of DB and MMI system for Turnout monitoring systems
Development of Decision making and system S/W modulization for Turnout
monitoring systems

Installation of monitoring systems in revenue lines and operation

Expected
Contribution

Application to the turnout systems which are under operating which the
1,0232 turnout systems are under operating nationalwide.

Application to unmanned stations to survey the turnout systems
Acceleration of unmanned stations worldwide and UIC is studying for
monitoring for turnout systems, finally, turnout monitoring systems shall
be adopted rapidly

Al'l domain of industries become to smart systems on the courtesy of
communication system revolution and railways also meet the smart
tendency .

The monitoring systems as a future systems shall become a part of the
smart systems and the development meets right time. It contribute to
railway industry export the it is same environment for railway.

Keywords

turnout point machine sensing monitoring SCADA
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S Z oA=L}
=2 MUMEZSZ= Vossloh A22[%| 2| A[AE “SURVAIG NG/SYS MUL” 2t Siemens Switch
monitoring system O RUCH.

27171 AMA" ZUEE A|ABREZ2 27|17 A|A”S 223 2 SEAE MY, MM s, d

A MR7|1s ¢ g, doly ==, 88, M& 2 X2l 7|ls ¥ HENMS A=zl 7| S0

SeE[of Ut FUH-MoZ HEOo| IESE A1E Hol RRISE JI&sistn, TAIEE

o =& EBEHEO ZotfE =2 MEM EI|7] AMA"” ZHezZ stil, AlAH0 T30t

MHE =58 FI(7] AlAH ZHEHE AAHS =& ZItE A2 o FECt

7t. ZE(Strong)

PES(Programmable Electronic System), MA{, Digital &, SAMH|o] XMool 2laiM

Q HEo

SMART «dH[2] Fqo| (=2 stfe 5 s 7|Ho] =M= AL, FSAEM
22 =257 flshM %=t St 2 5

poy=

Lt 2FH (Weak)




2t.

PES AIAEITE MM AAHEI2 JtZ2hdolAM o] e Y go82, A[AH di =
2 D2 ALHel MRIdE ANt Ald = Ut

02

=717 #E|2Y ZUEE AAEel A[FE0] EfSCHA AL, o A[AEol oM HER
S (o]

o =
tE HUY 4 U= AAHORM HEI2EANSS MIAMoR Ty 4 JHSMO| Eof

rl

2|8 (Threat)
2717] #2|2d ZUEE A|A=o] AlZto| EHHE ool sHe| ool ZAMAXIE Aol &

[=]
ofgh & Ut




3%, AT
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18, 1%}
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ot
Zb. AN AAE AR
o
.
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>
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4
o
=
%a
x
x
>
i
>
ot
0 o
o
5
H
T

Lt 2717] 2

ok B A

2. gal 2

of. ST WMl 25 A

Hh. SlAF ZA AIAE 0|2 mAb W A
| O

=
A 2 o AlAE 1R HE RAH(HTI) L A2

(1) MM AJAEI @ MM E&
S&C(Switch and Crossing) ZUE{Z AlAEl X9 SX2 [CC(Life-Cycle Cost)S ZAA|
7= ZHolct. H7| |KAIEL= LCCel 2 50%E X}X|Stnd, 1A F7|of| w2t s =ECcH O
I FXEE X $2 BEE2 AISSHX| &= ZHo| o5, ol HI| FXEFoM ER

— S ) =
Ol&tel H| 0| #elck= AWE2 olo|gtct. St 7|sAtES2 S P2 MEHO (& o

L E=0 ULt

rl

olof S8 BUEY AIABO| fet BAS S Uursel 2P AR LC d4sts HXs
M-S Stolstol 4m @40 FES FOolE Wors AEs0, YuNel 2TAEE 55
gick.

[AFAﬂLHE’_S I:lzlx| 1.1.1 7'<I-_7|c_]

o - =

(2) M MA Mx| Wot =5

270712 ZOIE, 2= ¥ A2Ye 3REOR Litof XEd PRI 2USHED YoM £
Jl7lol MEEE W oz 2H2 Ssf s Blof Cje HAS HIE & ot
27079k MEHEV| DEHEN U Me) SHWHES A0l SHHY| I3 ARE =3
shqic

m 2707 SHeIR

- 2%

- Yy

- Y SEEe

- HY s

- As

- 57

- Az

m MERHET| SHIR

- =3

- HE

- YR

- HYAS

- HeMR
(MM SES ©X 1.1.2 &= ]




(3) £717] &2| 29 Virtual Al2= H=f
2717 2goll MM MXE Ssll 27(7]2 MEfE Zckstm M™E MAMo| oist 252 A
S 5t7| Virtual A|AE(Prototype)2 M ZH 54Ct,
(MM E2 EX 1.1.3 &=x]
(4) S|Al Z2H A|AHE] O|2 Z=AF 2 AHA
o[AL ZH AA”H 2EES flGiM= Fof Tcks /St ghiHol| ot ol ZEE 0|28 Y
Ho M g o|gsh w | O2|1 ZZAMA o|5E o|2s wEo| Uct ol2sh @
HEO st 0|2 Z=ALE Sl 2717] H2l2GAIAB el DATICH CHSE o|AF ZX AJAH
2 MAStot
(MM 82 EX 1.1.4 FX]
L, 2717] Mel2dAAl 2&:st 2 M8 A2 MY
(1) x| 2F % SCADA Z2EZ ZA}
2717] #E|2GAAEe A2 FA SHIXE MASH| fst MA et MMl HoleHE
FE3517| €18t ScM 22| ololAE ZZMAES J|Htez S A|AHCl RTUERZ 27 & £
QULCEH,
SCADA S4l1} s Z2MA HMolS st7| fIsiM MAE 2709l &2 Z=ZEZ0| ULt
IEC 608702 7| A|AED HOHEEE SAlsH| A Mel=Act. 53| part-5= SCADA
ztdoll MESIESE 0S| reference Model & A XM olsl¥ch. |EC60870-52F £E52 =2I&, &
3 % 5330 sl MelE stct.
(MM E2 EX 1.2.1 &=x]
(2) MM 2 SCME = &4
2717] Hel2GAA"H 2ES Qo MHE SHAXE HASH| fist MM 2 Hlolg FS
2 28k senel +x=E EAM5t0 o2 S2t=0f, Mx|= o€ stofof X 2AMSIUCE.
(MM E2 EX 1.2.2 &=x]
Ch. BME MM Mx| 2 dolg &5
(1) MM FMot =&
27171t M2X B0 242 MY E EHAXE 2M5t0] A MM 2 MX| fIx|E HAESH
it
[2MLf 82 EX| 1.3.1 &=x]
(2) MM M=x| 2 Cfjolef =&
2717 2| IAIA"EHe] MM Mx| 2 HolH RS fldf M Zziado| Hbd EI|7|
of Mx|st7| 2lst & M HE S HTSAlo| HMESHACE
[2MLf 82 EX| 1.3.2 &=E]
(3) EHMEZ MAM x|=F M=t
2717] & MzMar|e MEE =X QX & LWILE JIEEZA S 0|25t Xte XSTE
Saff 2ol Mz} Jbssich EHEQIX &0 2 AXE XZF L Mx|gHZ Jfgh
NS S
(MM E2 EX 1.3.3 &=x]




2t EAMZ SM &
2717] &2 2IAAH 2EE2 QsiM= MAeF SCM, 2|3 RTUS| I/F 11245tofof S},
E35| Mstal sEo| A|AH TEES QS 54 g2 fF2M S 12{5l0 SCME F+E5HFC.
[MMUlES82 HX| 1.4 =]
of. 22| 22 AA”HE DB 25 2 T MM 25 JHE, RTU +5
(1) 2| 22 A|AHE DB 2 AMA 2 ool &5
271712 MesFXIE fshM XEHel FXEFIF 2esict, FXExe 5= 229 H]
o=z oo 27|7| M58 &Hst= AWolch. 27(7|9 AElet 28 =S MESHA T
otst7| sl 27|72 HolHE XSz =&, EAMol= Ao| ELsict.
[MMUlES82 "X 1.5.1 &=x]
(2) ST MMl 25 A A
AT Mxl=El MMZEE FSE ASE ZUEZ stn 2AM517| 9t =z2ao|c}t.
[AMUee EX] 1.5.2 &=x]
(3) M2 RTU #+5
EME AAE EA|l A StHo Mx| =0 SIREZE HAA S E SINSZREE F 551
ARRIZ2 = oty MMl 2So| YA =}
[AMU 82 HX] 1.5.3 &=]
24, 2XpAE AT ¥ 8 Y M1}
1. 2R E 47 Z1f @9F
7F, F48 AM AlAE MR x| 2 HE A|AH F WA L MM 5= #4354 ghoF 1R}
TE 27 (5 112R}
L, SIAIAN X[HAIAHR & moigt MY gl giot s akets
Ct. =& SCADA Z2EZ MA 2 Z=zujgl 2HM 2478
2}, RANEE S S8t A|AH DREMET}
of, S48 MAMAIAR & X3 Mz etz
b, 22| 2HAIAE S DB Prototype ZHEF 3 =HZETI| MMI Prototype ZHEF 3! £A48 RTU 522
AL B717] 22| 29 A|AH 2XF T BEM 4B (KTX S4+Y)
of. & 112lXlof| CHEt 55X CIE HHEAEM
A A A A & 11 BN XM 2iz
2. 2XfAE F A7 Y2
b, 2717] #el2gAAH SR & 2 M2HM FXHs
(1) MM A|AH QF MM £
S&C(Switch and Crossing) ZUEZ A|AH FEo| ZEXM2 7|7 A|IAHES oM 24
El2lsto] 27]7] A|AEe] o|At2 AX|St= Aol £7(7]2] oAt AelE AX|SH7| fl5HA]
HzZholak HE 72, RS 22 |, A2 RS 22, 2HLsSH 12, 85 22, EY 2, Al
Bl Mz £ XE &5 Hole £ 58 H otsiict.
HZE 1 2 3 4 WM MO Z O|olEf F 50| &= AL, HZH 5, 6, 72 &30 %
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o 2rMstll ct, edzxls ¥ A2l ZES2 dlole F 50| Agstn, DEFH Ao &
AN = JALE Mx|st 85 1H 2 1H Hlole F 50| Asict HE2Y AHHFS 9t
752, 22k dolH F=0| desict YU Mok o 2 I2ARE SYUR 3HHo
M HE X[ MES LASIUCE
Meted g FEHSH| M strain guageE ARER 2L, THEE et O|olH F 50| 27
StACH
(MM 82 EX 2.1.1 &x]

(2) F48 MM zNM3t 2 Hx| Hot =&
2717l =Z2lE, 2l ¥ F=2Hel 3RE2=2 L0 X|=d Lxp7t 2dst=dl JM 2
21710 HE== UMY 2 EMZ Sof 2&st= & theh sa2 gele = Aot
=70171eF MEXEV|o] DEEAM Ml ZHYHEZS EAstod FHSH| flet AXE =&
SHACH.
Meted S HMelst ZE MAMo|M olole F 50| festRUct.

m 277 EHIX

. B

= Y

= B AL

- B 3=

- XS

- A

- HZH

B MEMEY| SHAXL

- S5

- UERZHA

- MY/HF
[AML &2 EX] 2.1.2 &=E]

(3) AR AA AR E TEtgt MY 2 Hotg s M
271710 @2 HoleE Mzlst7| fIshAl low pass filter, Wavelet X2l % Wigner-Ville
time-frequency ESE S5t0d 2AIEY X|YAIARE /et ool 248 AlLSIQUCE.
[&AML &2 EX] 2.1.3 &=E]
LE, 2707] MEl2dAlAa" x50 2 M58t At MM
(1) SCADA ZEx| ®ZESt W

2717] #HE[2GAARel FMH2 IA SHAXE MYsH| 215 MMt MAe HolHE
F|5st7| flet SCM O2|X ofo[3 2 ZZMAE J[HICZ sl= A|ABEQl RTUZ 2/ &
RUACEH.
SCADA S&l1t EHs| Z=2MA HMolg 7| fIsiM MAE 2709 52 Z=2EZO0| Ut
I[EC 608702 £7| A|AHED} HOPEEE SAlsty| faiA Hel=[UCt. 53| part-5= SCADA
ztdoll MESIESE 0S| reference Model & A XM olsl¥Ch. |EC60870-52F £E52 =2I&, &
3 2 2220 tisliM HolE stYPct. £ 22 SEHEE 2 Z2EIZ B2ZiED e
I[EC 6185001 CHsto{ 2A{st ooy Ared Md[of|A JtEH Bro| A0 HAZE Modbus T2EES
HAESIQCE o|& 7|dtez A5 dH|wE S dFAMX|e Silatetg Iestol & Z=2
EZS Hetstct.
[AMLE2 EX] 2.2.1 &=E]




2t

2) A"l OF 2N HI} g 2 =3
2717] #E|2HAIAE S R 252 TS| QoA AlAEH g a5 on], 1A
E2 MGl AlRIME "It o|2ES TESIYC.
2717] &2 2HAIAHIS] ICC EM S 2l AlAEIS] BIME FF5IF 20|, MojF7|H H|E
2MZ2 st
[AMU 82 HX] 2.2.2 &=x]
Fa8 X3 N
1) 4% Prototype® MAMH x|ZF XM=
KTX S4tdoll 27|7]o AAME oMoz MX|5H|{st AME XZ3FE MASIch &2
L2 2xtdE £48 dA Mx 2 Holg 258 fgt 548 X7 Mz st e
o MATE HESIYCE.
[MMUl 82 "X 2.3.1 &=x]
(2) S48 HMMAIAH HEAEM
2I17] 22| 2GAIA” e MM Mx| 2 HolE TS Qs M AAFA AL} AR
AzolE HX MM 2 =X™olXjol| st =25 St¥20{, KTX S4Atdol 1M E7(7|of
=T | 2UA|IAEES S% 2M51FCEH
[MMUlS82 "X 2.3.2 &=x]
EMEZ SCM 5
2217] 22| 2dAIAH 2E22 QsiMe MA{RF SCM, 2|1 RTUS| |/F 12{5to{of SiCt.
E3] Motel sz AlAEH =g Qe B4l gHe K2ME 18{5t0] SCMES &5 C.
[MAHUE2 EX| 2.4 &x]
e 22 AIAHZ2 DB 25 I I MM 25 i, RTU #+5
(1) 2| 28 AlAH DB Prototype 7H&t
271719] MsHXIE Q6™ R&EHMQl |RAEIF Hesich |SAEFe] SE= F A2 H]
2oz #oje 277 M52 EHESH= AHolch, 27(7|9 Aejet xS MEtshA met
S5t7] flshAM 2717|123 HolHE X&FMoz =&, EMst= Aol ELsict.
[MMUl 82 "X 2.5.1 &=x]
(2) 7| MMI Prototype
HEo| M= MMEEE FHSE AMSE TUEHEZ st EASH7| 28 MM ZZao|ct,
W= AAIZE ZAISHHE ) 3ol HolEl =53], ZF MM MXY AAH MY¥o=z FMEO
gk
[MMUlS82 "X 2.5.2 &=x]
(3) =428 RTU &
A|AED TEAl SZF Ao MX|=0 SHEZE MA AlSE SN ZEE] F S5t MR2E
| MMl 2 Eof oAA =lct.
[AMU 82 HX] 2.5.3 &=]
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b, "HotE HAM AAR M| (x| 2 AS A2 27 @A 2 MM = Fas 2ok 1%}
EE &7 (5 72%

b, oAMEE X YAIAH & EEigt AY 2 Eotz SH AR

Ct. & SCADA Z2EE MY 2 Z=2mlel =M 2tz

2}, RANEFS S Sot A|A" DXEMEI}

of, Wit MMAIARE x|Z57 Xz etz

HE, ZE[2IA|AEE DB 74t

AL oIARZE LIRS B ST vz e

of. I RTU 5 AR

A 22171 el 29 AL HAEHE E ST FI0l= HA(KTX S449)

At & 72dXtol CHeh 55%QIE HEYFM

b
2
ol

b 2717] BEIRYAAY SHIK £ U HSHA
IBHAM Al2E 27 GN £2
(7h) 27171 BUEZ AIAE MA

A ABol| dx[E dMo SF= [E 3-2]ol LtEFHIC

[ZE 3-2] Al2Hlo| Mx|= MAMel &&

HS EMZe|E MM B MX|EE
1 812 LVDT =2
2 A ZISHA H

25 Thermocouple 2l
(L) LVDT(Linear Variable Differential Transformers)

« MyHe Y
My 2= stLte| FAoA ¢ WEoZ o|Folch fIx =8 Myols MME=E ofH
=H7F 7|& HollAM olsst HEZIE LIEf=E EHASE YWMAIF|= Zx|o|Ct. B9
=22 2aUeks LIEACE

Force —p-:ﬂ:l. ------- O j

"f-l--l--l--l--r

Erd Posihon

[isplacenent

[Z& 3-1] Linear Displacement Measurement

My wWelE mE LIt WIS 24 =2 352 ekt

. s I xpsHT|
3 7t Xp= 7| (LVDT : Linear Variable Differential Transformers)E 9|
~

of AtEstch. otefe| TN = /I Zo|, LWTs ZLSX2t Z0jz2 745
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of gict. RYBHE DI HZ0is YAE SHY & UTE =Hof
21 Bgo SHe =z sof YUk AE £t

Moveable
GoTe . Farm
’:tmar ¥
A\ e Y
a— [ [
& L] L
L] ¥
-‘- :‘Jl - d.'
Secondary | Secondary 2

Series
spposition
connection

[22 3-2] General LVDT Assembly
LWDT Hetv|el 2 2 CtE Fefo| Hel HetV|Ect zZdnghf Aot HX| &2
of &F¥H™l M&0| g0, of=7} gict.
xl= A7|Z o] ol&=s5H7| o, LT Fottl sHAa=E 22 5= Ucth w2
Vi

=
A2 X2l SIEQOE AFSE2EN dAg 5 U
A

—

(Ch) 75z dIAM
JlEE MME =X tjatol wab an ME TR EMMet 2 JISEMAME Lis = 9
onf, g2| HMolME 2EF SUsitn & £ Aot YuEo JIHEMAR e A
g JIEEMME LIERHCE 2] Aol wetM= 35 el (displacement type) 2t
S8 (resonant type)22 T2 = QUCh,

(28 3-3] ME JtEZel ZF It

H

(2h) MM HE
MME HESH Z3 CHEE passive 2AtO|Ct HFHO| strain gauge &2 dFc
(o)

E2=2M gERAM=Z 2ol FE2 57| mi2o| $Ho| ZX| Rsiot. AEg

b © 1o
0 > ko

B[l
02
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[£ 3-3] 2717 RUEY AAHS MA BF

HS Y=o MM B MX|EE MMEF
1 2 LVDT =Y passive
2 S ZISHA 2 passive
3 2% Thermocouple 2l passive
[MMUge EX] 3.1.1 &=x]
MM = M3t grot 3 QFOM E5

Jlel B2 U A ALY 5

|
foll LVDTE A R|5H7| 2lsiA

Fn
0z
2
x
10
kI
N

(28 3-5] Apz
[28 3-5]2F Zo| zd2 ot Fof 2ol 7

of e7ieotct RZCHY AtdS stofob 5ta

= gict

glede] 51 24s EX5HY| 2IahA strain gauges AMx|g = Aok, a2L}
29| strain gauge= 138 =2 th7|ZtEolct. el sE FH™ste JISEA s
Atidoz AZctEn 22 2o 22 set dx|g 5 Uct.

ZEXNo=z XZZMo| BTV HAAE fIGIM MAME Mx[s7] fIsiMeE 27171 #&
2 Z32|Est olEHX| £2 JISEAE 0|25 B717] AlAH EM ®ist Fo|E A
Algh 4= ot
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[E 3-4] Rz AF MM Ax| ghot
& MY MA & A ENs=s Hg0o{F
HzZt X
LVDT
E QA 2|2 2 X
2f0[0{A] H{AH| SN URZHA X
=] Y s O
7] 7= VNS
7| =l s O
Meld S22
BSSH A Eg| Q1A 0]X| 2l S= X
5.2
A

otz ZEoM TSHAM Mx| Lok HERAACE

—

v :Vertical displacement
u : Wheel load
A : lateral force
© : displacement [® : Rail stress
: moving force & :Vibration
éi : contact clearance v :Impact force
O :Tongue rail elongation <> : Rail gauge

(28 3-6] RIZEMOIA ZISHA Mx| ot
RSMM Mx2ES MUNO=Z Fofsh IR R0l Mxlslo] 27]7]9] HWat Fo|2
o % 9k,
(Lh 2ERIE 24 £27]7)
232/ =49 2IVldME 232IE M Y ASHME MBI G20l 2
A JE2 NNz HES SME & Uk WM MM Tl wet SHT|
2b0] MaHzIct
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[E 3-5] 23EIE T4 MA Mx| gkot
T _ e .
L ANy | dMEs | smEE | 8ol 271
ey
ZEIET . . -
o X =7 7] dst 2FAel 2ol gl
AlEHL
e | o | SEHSYE REE S glon, wxyes
ee/=THE Hust = gle
o= T Mo
Hi{io = = =
HelA LT I o | el g ung SEsis Hez 2o
= T =
SNE nEE
A2+ 0 glale] HZig EH™sh= H2E 277
— e
g =4g Aust
= - =
o Blgsmmel | x =xuo| 22Hg
7] o o Impulse response S&2 HERHEZ
= -
- 277 £ Aol JKsgt
| MENMS
AEi Al o Impulse response S8 LERHEZ
= -
- T 2717| £4 Agol JKsE
et X T FHo| 27t
} AEg9 )
By R X MM S40] 1318Y
H|O|X|
5.2 X MM EMo| 1583¢
v :Vertical displacement
. m : Wheel load
© : displacement A : Lateral force
> : moving force (] : Rail stress
& : contact clearance A :Vibration
O : Tongue rail elongation % :Impact force
<> : Rail gauge :%, (éi :%) (é'i
[

[O8 3-7] 232IE ZaolM MM Mx| ghet
(ch) 27217| fx32 &= H4E
B A SIEEETIA fFAES HE g
DIEMT BI7|e Fde dutdZHe 213 oA, HUMH2 HA1E oA FU|He
A= S EHAS(MZFAI M XE M181= 2717|HEH)
-1 MAZ: U™ 28, HUXH 15(0RIRIEH
- AZF HZ¥ : 238(8)*270(M)+221+1270 & = of 159 HZIIS
(SHRET3AI dFHY 2F 270M Y, 2015H 43 2158 7|F)

=2

26



H =& &Efoll A 2

5t7| 915

oF
of

t

2, & dFoA gt 2717

= —
= U

H2 =271712 A=

27171 4

2| x| &’

il

Ao

[N
o
K

o
ujo

_=_._“_
oK

Kfu
_x_._“._.
oK

gl

&

ﬂljl-’

=
=

HAlAED 252 gou} wio| of

0K

i

<0
ol
KT
R0
3

5

S:

b SAl 221712

HF
=

4

MU

lof ZtEsez Azt

S

=2
S

o

o

%

K0
KIr

0

ot
-
us |

w0

=711

[

il
<l

r
H
o3

&

oll

=

KIr

22| XE 2717

B MEFX

ei5tod,

= HE2 o3l 2l5te] Al
to{of

ohCh.

S

S

G Pl
(=]

ZoIA=7HE

K
oF
K0
KIr

27



b

21
OpA
ME

IS 715 Azt 24 oigkx | ZokE | wyo|x|
= ol S oj ® O O
ol H oo ®) O O O O
E
o slo|goi 0O O O
= x| =M 1/2 6 O O O O
a 2M 3/4 ® ® O
5 Moo @O O O
= Aopi=a)el ®® O
A rAE @O O O O
a0 s g 0@’ O O
T ol S BT R A e e e

EER TR | - =n gw ek wE
41 [ ] [

[28 3-9]=2717] AAZEI(SPG)AS [I8 3-9]£717| A5 Z3t 2 ol 53X

» FRJ|s HElld ¥ AR ok § HEEE § X 5H

m 2717| RAEs 2H HHE &5
o WLEES ASE E% EH, F7IH HAMAM =St 27]7] 4Ejol ol4 FF
7t 2l F2 SA HE 2 =X g 5 Je FREFHA - TS
(2lzdd| 2 1698 HA 7ks)
o 53 nX{Me| FP REZHF-oZhE FMelstide M2 FHHo| 27lstd HLE
S 3% Z? dAIeR MElE oofE £+ Ao 717| 2 Ao Jks

28



>
o
S
> e

=
)
oo
ol
N

u
—l -
i

=

I

3

Hﬂ
Fn
bel
Im

2 =
[ —

L]

N

u
n

=
srlze #el M
M= £7(7]e] EM moto| 7}
lske &Dpt Uk ety AS

of, 27|7] 54 mEo| 7ts35tet.

MMz DFEo| Aojofzt

b ol&ch o2ty

2 Hx x

o

A

on N

= or

or mp > H &
AN

ofr
-

(oh)

= H
=

mo oZ rir
10

>
TS

=71717F &
=7171 AlAE 2

ol

LS

o

o
20 m

m o ™= orr
0
o

o

low pass filteringS off
0| &sto{ F=dlstUct. ¢l

A 1712 Z2HENU

prn i
o

N

hd
o
-

o A
o

[0 1= ofn

>

=

o o
fr oz
o Hui o o
0z
0

m
— ==

o
1

N
=2

Ao
10 \d

(1) SCADA Ztx| EZEsSh
2717] 2|2
F =37 f1st
Ak,

SCADA &4l Efs| Z=2MA MO S
IEC 608702 XNM7| A|AED MOHEES
stdol| MEsStESE 0S|
3 9 2820 s
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92,0903 192168214 192.164.2.150 T 54 51230-503 [ACK] Soq-37 Ack-628 Win-251 Len-d
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= Z[OfE FALEH IEC 62498-3 2010 4.13.1 vibration Tables &1

» FHE & TSR

[E 3-34] ST S2AAS Al AlE
Vertical Transverse Longitudinal

Frequency | Acceleration | Frequency | Acceleration | Frequency | Acceleration

(Hz) (m/s? )2 [Hz (Hz) (m/s? )2 /Hz (Hz) (m/s? )2 /Hz

5 1.478 48 5 0.816 027 5 0.514 516
1000 73.923 8 900 9.792 33 2000 1.470 04
Total
1200 73.923 8 2000 14.688 5
r.m.s=50m/s2 r.m.s.
Total r.m.s=
2000 7.392 38
140 m/s? r.m.s.
Total r.m.s.=

280 m/s? r.m.s.

- AIEAIZH

& 1h 30 min (% 30 min)
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Vertical

APSD
15849
10000
ﬁmooo
]
£
1.0000
01000 —
00631 ——— T T T T T T T
50000 10000 10000 10000
Hz
[ Pofiefl] [High Alamnlf) [ 77Low Alamif] g HighAbor() [GLow Abortl] [ Cortioll] ’
Current Level:  0.00dB Demand RMS:  280.000m/s2 Control RMS: 281201 m/s2
Frame Time: 0.8000 (s) Lines: 1600 dF: 13Hz
DOF: 120 Current Level Time:  00:30:00 Remaining Time: 00:00:00

Data was saved as a file at time:  2017-6-19 PM 04:15:43
Begin Time: 2017-6-19 PM 03:44:30
EndTime: 2017-6-19 PM 04:15:42

[8 3-100] Vertical

Transverse

318.23

10000

0.1000

0.03%8
100.00
Hz

so0 1000 ! 10000
[Profiell] [ High Alarmif] [ Low Alaerlf) [High Aborf)  [Low Abod) [ Cortiolf)
Current Level:  0.00dB Demand RMS:  140.000m/s2 Control RMS:  140.874 m/s2

Frame Time: 0.8000 (s) Lines: 1600 dF: 13Hz
DOF: 120 Current Level Time:  00:30:00 Remaining Time: 00:00:00

Datawas saved as a file at time: ~ 2017-6-19 PM 04:59:02
Begin Time: 2017-6-19 PM 04:28:11
End Time:  2017-6-19 PM 04:58:51

[28! 3-101] Transverse

Longi tudinal

APSD
19953

10000 |

01000 —

0550 ey
50000 10,000

T v —r—r
100,00 10000
Hz

[Profiell) [ High Alam{l) [ Low Alamif) [High Abortl) [ELow Aborf)  E@Conlioll)
Current Level:  0.00dB Demand RMS:  50.000 m/s2 Control RMS: ~ 49.989m/s2
Frame Time: 0.8000 (s) Lines: 1600 dF: 13Hz
DOF: 120 Current Level Time:  00:30:00 Remaining Time: 00:00:00
Datawassaved as a file at time:  2017-6-19 PM 05:43:43
Begin Time: 2017-6-19 PM 05:13:03
End Time:  2017-6-19 PM 05:43:38

[22] 3-102] Longitudinal

2000.0
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= Z[CHEH FAFSH IEC 62498-3 2010 4.13.1 vibration Table5s &1
» O R IIRE
[E 3-35] 2l &9 xl3+
Frequency Acceleration
(Hz) (m/s? )2 /Hz
5 0.2
600 0.1
1 300 0.01
2 000 0.01
Total r.m.s.=
9.98 m/s? r.m.s.
= AIEAIZE 0 & 1h 30 min (5 30 min)
B AEHZAD
= MSHZE)
APSD
26303
1.0000 2R
T —— o A i \\'
100 - B n e “"JL“{‘”W\"W\'MM :
z s
— B
E N,
00100 $
\\
\
N,
0.0010
5.00-04
5.0000 10,000 mlslw 1000.0
[EZFrofilell) [ High Alareil) [ Low Alamll) B High Abonll)  [EaLow Aboel)  EgContioll]
Cumrent Level: 0.00dB Demand RMS: 9.989m/s2 Control RMS:  10.104 m/s2
Frame Time: 0.4000 (s) Lines: 800 dF: 25Hz
DOF: 120  CumentLevel Time: 00:30.00 Remaining Time: 00:00:00
Data was saved as a file at time:  2017-6-10 PM 01:03:57
Begin Time: 2017-6-19 AM 11:44:18
EndTime:  2017-6-19 PM12:14:47
(23 3-103] A5HZF)
= HE(YF)
APSD
28303
1.0000

= 01000
=
&
g
E
00100
00010
50e04 1
50000 10.000 100.00 10000
Hz
[Frolle] [ZHigh Alamil] [ Low Alamif)  [gHigh Abort(]  [Low Aborlf) @ Conirolll]
Current Level: 0.00dB Demand RMS;  9.989m/s2 Comtrol RMS:  10.007 m/s2
Frame Time: 0.4000 (s) Lines: 800 dF: 25Hz
DOF: 120 Current Level Time:  00:30:00 Remaining Time: 00:00:00
Data was saved as a file at time:  2017-6-19 PM 02:35:52
Begin Time: 2017-6-19 PM 02:04:49
End Time: 2017-6-19 PM 02:35:17

[O8 3-104] M=(Y=)

20000

20000
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APSD
26303
1.0000 —
Fom P ol
01000
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] — ST
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E
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50004 - - e et
50000 1000 10000 10000 20000
Hz
[ Puofiell] [ZHighAlamif] [ Low Alamif) - EgHigh Aborif)  [Low Abonfl] 3 Coneroll)
Current Level:  0.00dB Demand RMS: 9 989 m/s2 Conmrol RMS:  9.979m/s2
Frame Time: 0.4000 (s) Lines: 800  dF:25Hz
DOF: 120 Current Level Time: 00:30:00 Remaining Time: 00:00:00

Datawassaved as a file at time:  2017-6-19 PM 03:19:55
Begin Time: 2017-6-19 PM 02:48:00
End Time:  2017-6-19 PM 03:18:33

[O8 3-105

[&MU 82 EX| 3.3.3. &=x]

(21 MM ABYEA HE

F(XF)

_H>|'

I

m A HA

= 2 Ao ALSEH HMAME EF FESE MATL otd AZHAME AMRSIRCE.
M FolAl siE MAfof cist AIHHE™ME HIstn Act. 20 w2} HAje
Exgol oist MRlE= HA FEAA A HMESH AE AHAM=2 gole = Aot

=< RDP CALIBRATION CERTIFICATE ==

T iz AC TS 008

Serial WN® 173020

Linear Range =1Z.Smm(0.492125")
Sensitivity S4.87mW W/ mmCl. 394m sV . 001" )
Limearity 0O_32%

Cal Temp 21 *C Cal Load 100k

with SW{RMS) SkHz Ensrgising Supply

Calibrated by

UNMCERTAINTY OF CALIBRATION: 6.2 microns.
This expanded uncertainty is with a Tewel

of confidence of approsim

<< RDP CALIBRATION CERTIFICATE ==

Type ACTSO0A

Linsar Range +12 Smed0. 492125}
Sensitivity S3.88mV/N/medl . 369V AV G301
Linearity 0O.30%

UNCERTAINTY OF CALIBRATION: &.2 microns,
This expanded uncertainty is with a Tewvel

N 173021

Cal Temp 21 “C

Sarial
Load 100k

with SVI{(RMS) SkH=z Emargising Supply

Calibrated by

of confidence of Elppr‘clx1matElj 951

== RDP CALIBRATION CERTIFICATE ==

Tyoe ACTSO0A

Limear Range +12.5mmi{0.4%2125")
Sensitivity 53._74aV/V/mm(1l_365m¥ V. 0017 )
Linearity 0.30%

UNCERTAINTY OF CALIBRATION: 6.2 microns.
This expanded uncertainty is with a lewel

W= 173022

*c

Serial

Cal Temp 21 Cal Load 100k

with SWIRHS) SkHz Energising Supply

Calibrated by

A

of confidence of approximately 95X

=< RDP CALIBRATION CERTIFICATE >=>

Trpe ACTS00A

Lirnear Range +12.5mm{0.492125")
Sensitiwity 54 _27@aV AV mmll 378mVSNS .001" )
Limearity 0O .33%

UMNCERTALMTY OF CALIBRATION: 6.2 micrans.
This expanded uncertainty is with a Tewveal

[O3 3-105] HLIMA

serial N 173023
L

with SWIRMS} SkHz

cal
Energisinag Supply

Cal Temp 21 Load 100k

Calibratad by

of confidence of apprcu-r.']matc'ly S5%

M
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measurement : At3gase
SPET R T ES: _svo... 4 X . JPO0177069
*% Calibration Certificate
WAWW Mess-Spec com Issue Date: Mar 15,2014 Device Under Test (DUT): Accelerometer
vibration@meas-spec com Excitation Voltage (Vde): 12.0 Model Name: 4610-200-080
Measurement Specialties (China). Ltd, Zero Signal Output (mV): 7.3 Serial Number: A136656
No. 26 Langshan Road Frequency Range: 20 Hz - 1500 Hz
Shenzhen High-Tech Park (North)
Manshan District, Shenzhen, China 518057 Temperature ( °C): 24 Test Acceleration 109 pk
Relative Humidity (%): 42 Transverse Sens <3%
Notes:
5
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g 0 | ¥
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B |
0 L il s e et B il 1 = S =l
] e |
a0 | ‘ | 1 |
25 | 1
100 1000 10000
Froquancy (Hz)
Console Manufacturer: SPEKTRA L i k=2)
+EXC: Red Consale Madel: cs18 +1.5% 10
—EXC: Black Console Serial Number: 200406 +1.2% 100
+0UT: Green 2.5% 2500< f
—OUT: White 5.0% 10000« f < &W
NE: Brown Operator: 11672 Checked by: T#oil leac
= Comply with JUG233-2008 and GBIT 20485.21-2007/1S015083-21:2003
i of ies, Inc 15 MAR 204

ce

Page 1, Total 1

This certificate shall not be reproduced, except in full, without the writte

This calibration is traceable to the National Instituta of Standards and Tochnology, certified to IS08001:2008, and is in

accordance with ANSI/NCSL Z540-1-1884 (MIL-STD 45662A) and 1ISO10012-1:2003 and ISO/EC 17025:2008.
Calibration Certificate for Model 4610
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[E¥ 3-32] DB +4

DB _Name Entity =

DB_System Config A|AE MY DB

DB Event O[HIE DB
Ulsan 3T DB Hgs_Data TZ0[0[E DB
DB Lws_Data XZH[0[E{ DB
DB_System Config A|AE MY DB

Huenggan ST DB Fvent O[HIE DB
- DB Hgs_Data =0H[0[E DB
DB Lws_Data X%H[0[E{ DB
DB_System Config A|AE MY DB

DB Event O[HIE DB
DB Hgs_Data 1=0H[0[Ef DB
DB Lws_Data X%H[0[E{ DB

(ct) DB &A

[Z 3-33] DB &4

Entity

Attribute

Hl 10

Attr_Sys Cnfg Net_ip_addr

Client RTU IP Address

Attr_Sys Cnfg Net_port_num

Client RTU Port Number

Attr_Sys Cnfg_Tgr_h_chn_num

SCM Channe ! Number

Attr_Sys Cnfg Tgr_h chn_type

Channel Type Selection

Attr_Sys Cnfg_Tgr_h_chn_tvalue

SCOM High Speed
Threshold Value

DB_System_Config

Attr_Sys Cnfg_Tgr_I|_chn_tvalue

SCM Low Speed
Threshold Value

Attr_Sys Cnfg Tgr_b_tgr

Sample Count before Trigger

Attr_Sys Cnfg Tgr_a tgr

Sample Count after Trigger

Attr_Sys Cnfg Gnl_h_chn_srate

High Speed Sample Rate

Attr_Sys Cnfg Gnl_I_chn_srate

Low Speed Sample Rate

Attr_Evt_ymd

gEa Ut

Attr_Evt_time

ALY AlZH

Attr_Evt_speed

= | A~
ZE U dRpET

Attr_Hgs A rvib_2_NN

DB_Event Attr_Evt_ch name 222 MAMOo|E
Attr_Evt_NN_value ZEL skEAngt
Attr_Evt_alert_lv ZELH CHA|
Attr_Evt_notice H| 2
Attr_Hgs_ymd =
Attr_Hgs_time AlZt
Attr_Hgs_A_rvib_1_bfr HeRE TN
Attr_Hgs A rvib_1_aft YRS FlQls
Attr_Hgs A rvib_1_\N gYrlE sheZnt
Attr_Hgs A rvib_1_Stats 2 UEIS AN
Attr_Hgs_A_rvib_2 bfr R TN
Attr_Hgs A rvib_2_aft YRS FlQls
DB Hgs_Data

Attr_Hgs A_rvib_2_Stats

Attr_Hgs A_rvib_3 bfr

Attr_Hgs A rvib_ 3 aft

Attr_Hgs A rvib_3_NN

HerlE o5
Attr_Hgs A rvib_3 Stats 2 UEIS Al
Attr_Hgs_A_rvib_4 bfr TS TR
Attr_Hgs A rvib_4 aft YRS FlQls

63




- - - = || _Ilh_l = ||| _Ilh_l = | | _Ilh_l = JI_IIh_I JI_IIh_I JI_IIh_I JI_IIh_I JI_IIh_I JI_IIh_I ==

B o | BT Vi ok | B | B b gy | R by o | R by o o L (BT (B | B | | B | | B o B | B 7 e DR | e
BT |25 =, AU T | Sy | =5 | 8| GF | ol | ofl | i | 2y | oll | oll | )iy [ [0 | ol | in | & | 25| 25 | B | T | ol | b | 2 | ol | I [ | o | D | £ | o | D | & | o | D | & | o L Szl oF | < BT || =
£ ol ol £ |oll| ol = == = A_H_ Aol = A_H_ Aol = A_H_ AO oll| ol = = A_H_ <0 = A_H_ <0|= A_H_ <0|= A_H_ <0|= A_H_ <0|= A_H_ <0 oll| oIl | .+ = | ol ol
<] <022 125 (I <0 = ) [ 41T <0 R R 2 =5 R TR 51 R TR S50 =2 12 I <0 R e | R e | R 2 RS | = R 21 R | =) | B o 4T i<0| = | =
o | A RARA L R R far ™ el Wo | o1 I ol Wo| I| ol o | KA R |er | 20 [ |0l Kir [| 1ol Kir [ |0l Kir [ |0l Kir [ |0l Kir ||l K KUK = ar | 2K R
[0 Ho | ! |0 Wo ! I| 10 Lo [ Lo [LHo |, [ 22 [ Ho | o |, 41| =1 | o |WHo (Y ) ol RE TR I g | 18 | 8 e R e R e jull L_L__x_|0_o il L]
DO [LHO [ | 25 O [LHO |yl | = | = | == | LHO | R | = | = | LHO | R | = | = | WO | R | RT | RT | = SRR < |2 K < =2 (K =< = LR | < = R < = | K < o e U ] a3 v B
Ho K1 Palral Ho K1 w7l Ho | Rd| R K ||_|_|_A|_ K4 ||_|_|_A|_ K4 =T < I<F KM <F| =Y =ll3n < =li3an <] il <l il <l <l13l <l 2 S =i | 5 ofl || K | ol SR
A s e T s st ey ] g il e B g S Bl g S R U R e o T iy S el iy T} S et oy g et i T g el o o8 0| ol |l |0 | 2% | O
2= |oll|oll| 2= |oll|oll| I |= | == |0 | |= = |0 || = = | | md|oll|oll| Xy | = |==|oll| 77 |=|oll| 77 |=|oll|/@|=|oll|7 = |oll|l /& |==0ol = 0 |20 ot o 0| 0
oea““oea““oeﬂw_._._.__._._._|._I=.__._._.__._._._|._I=.__._._.__._._._|._I=._““o=._|_._maﬂﬁoaﬂﬁoaﬂﬁoaﬂﬁomﬂ“ﬁoa“ 0 0|0 | R0 |LhO

= o | == m W= 0| | e <E | g | <P g g | e <E R == 0o | 7B WY o | ;WY o | O WY g | 1B W g | TR WY e | T u 0]Lh0 LHO | LHO 0 0
o o o < pall wl wl ) ) ) ) o o

= 2555285 % 2 85%ZE 25w 85%ESs2=z85%5 355855852255 252 £ | 5%52£E£25s5 %
4_8_1_1_1_8_2_2_2_8_1_1_1_8_2_2_2_8_1_1_1_S_N;ﬂaN_w1_1_8_2_2_8_3_3_8_4_4_8_5_5_8_6_6_ 2 IR IR N
Sl S = Qe | T T S | S e T S = 2 = ) T ] e T e T s | | ey | © NI i A T
|22z 22|22 dEgT g2 g g8 s2ag - agLalg-agag - ag —! gz dd &Y g g
=== 2= > > 2= 223 ==2 3= =232 80 ZF0L ol aanB aand alanB ol a B o TS| o F
SIS 5= 555209 92999290 9=22%8 58T aTCavlaolaTas° [49) ﬂﬂjj_aﬂﬂ
<| Tlad|a| o Tl a0 Sl<| <|<g| Q<< || Q||| D A A 2 =S 2 E 52 eS| 2 s 52 s 2= = 2 2 Jd 2 J el 2
8358848384888 333 838884322782 2422 ¢%d¢22d¢e4d2g 4 |2223<35 2 2
TIo || 5o 5oL L T o ST s TID S ES N ES S SE S ES S = L <l <g|<g| <N
N = | e == e ] Y =4 | O == v ) Y == v ] L = = = = B v ) = v S =y | A Yy R = v O =1 v =1 AT T s
e e e Pt e el e e e et P B e e P B o Bl e e b B R e e e e e e et B B e et Pl R e e B e = clelslsiz=s2
== == =z|= =z | = =z|= =z|= = =z = =z|= =z|= =z | = =z = = = =z|= = =
zZl=|= Z=<|=< Zi=|= zZl=|=< Zi= =< = = == == == =Z|=< =Z|=< = =|= =

DB_Lws_Data

64



Attr_A Lws_gap 2 disp S e
Attr_A Lws gap 2_time SYUE o|SAIZE
Attr_A_Lws_gap_2 NN SYUE sksdn
Attr_A Lws gap 2 stats SEUE AlEY
Attr_A Lws_gap_3_bfr SHUE R
Attr_A_Lws_gap_3 aft S ARl
Attr_A Lws gap 3 disp S e
Attr_A Lws_gap_3_time SYUE o|SAIZE
Attr_A_Lws_gap_3 NN SYUE sksAT
Attr_A Lws gap 3 stats SEUE AlEY
Attr_A Lws_gap_4 bfr SHLE R
Attr_A_Lws_gap_4 aft S FQle
Attr_A Lws_gap 4 disp S e
Attr_A Lws gap 4 time SYEUE o|SAIZE
Attr_A_Lws_gap_8 NN SYUE sksdn
Attr_A Lws_gap 8 stats SEUE AlEY
Attr_B [ ws_gap_1_bfr SHLUE FIH
Attr_B_Lws_gap_1_aft SHUE Rl
Attr_B_Lws gap_1_disp S e
Attr B Lws gap_1_time SYUE o|SAIZE
Attr_B_Lws_gap_1_NN SYUE sksdn
Attr_B Lws gap_1_stats SEUE AlEY
Attr_B [ ws_gap_2 bfr SHLUE R
Attr_B_Lws_gap_2 aft S Rl
Attr_B_Lws gap 2 disp S e
Attr B Lws gap 2_time SYUE o|SAIZE
Attr_B_Lws_gap_2 NN SYUE sksAT;
Attr_B Lws gap 2 stats SEUE AEY
Attr_B [ ws_gap_3_bfr SHUE FH
Attr_B_Lws_gap_3 aft SHUE FQle
Attr_B_Lws gap 3 disp S e
Attr_B Lws_gap_3_time SYUE o|SAIZE
Attr_B_Lws_gap_3 NN SYUE sksAn
Attr_B Lws gap 3 stats SEUE AEY
Attr_Temp_val ==
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P Walug  fList_all Channel
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[12! 3-60] Check Sensor Position
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UPDATE vitzro_server ubaan_evt
SET
Attr_Evt_notice = S8’

WHERE Attr_Evt ymd = "%s' AND Attr_Evt_time = '%s"

Action [ agd
Query o

Update
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B Event Notice
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vent
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Value
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[a8 3-78] Event Notice

B Update Evnet Database

UPDATE vitzro_server ubaan_evt
SET

[22 3-79] Update Evnet Database

Attr_Evt_notice = "Ses’ Action | add
WHERE Attr_Evt_ymd = ‘%5’ AND Attr_Evt_time = %" ey 2
Update
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[12 3-92]2 % Oo|E| ¢do|E

Ira
B |oad Learning Data
1 function NN_Lead_Weights{input1)
2 L = 3;
3 n{1) = 1;
- n{2) = 16;
5 n3) = 1;
B o1, n(l)+1)=1;
7 o2, n2)+1) = 1;
L g o1, 1) =i t1
] . 1) = Input1;
E s [ %% 0(1, 2) = input2;

Iload weights.mat

forl=2:L
forj=1:nM
sLp=0;
forf = 1 :nd-1)+1

En

ofl, ) = 1/ ~exp(-s(l, j);
end
end

[28 3-93]

B Save Learning Data

function NN_Save_Weights{input1)

eta = 0.1;
alpha = 0.01;
eref = 0.1;

data = xlsread (data2 xlsx’);

p_num = 900;
in = data;
iteration = O;
L =3:

1y =1;
ni2) = 16;
ni3) = 1;
o1, n{1)+1
af2, nf2)=1

D0 = O b N e

=1;
=71

)
)

o oy
%
fowe l = |
<

a1

[28 3-94]

dsﬂ‘ I = s{l, pew(. i, Drod-1. :

Load Learning Data

Save Learning Data
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= MIL-STD-810G ¢I&

i
i

S MET:

MET LabOratories. ING. s ceseu o4 o vt

CERTIFICATE OF COMPLIANCE
Certification Number : ESL41510A-C810G

Company: Getac Inc

Equipment Tested: Getac B300-Series Rugzed Notebook Computer

Test Standard: MIL-STD-810G

Testing Completed: 4222014
Details: ‘This is to certify that the following environmental tests have been performed on
the Gt B300-Sevies Rugsed Nobook Computermd o o be
of MIL-STD-810G detailed in
the fcllomng sumumary fable,

No evidence of fractional failure was observed during festing

All calibrated Test equipment utilized during testing is maintained in a current
state of calibration per the requirements o [SOTEC 17025:2005

For further test details please reference the MET Laboratories, Inc. test report,
ESLAIS10A-MIL.

K

R e — 42272014
Allan Kimani Date
Manager, Environmental Laboratory
MET Laboratories, Inc.

Aoy M
Thierry Ngassa 4207014
Project Engineer. Environmental Laboratory Date

MET Laboratories, Inc.

MET Comcate Numbar: ESLATSIOA-CE106

The Wation's First Natlonaly Recognized Testing Laboratory Lisensed by O
974 Wit Patopsco Avent. et WD 31090 Bhene 4101353 Sa0. P 410, 5L S015, b ww et com

(23 3-96] MIL-STD-810G 2I&

= MIL-STD-461F ¢ &

£z Y7Moll thst olFel MIL-STD-8106 & MIL-STD-461
£ -30~60C, HB2E -50~707C, 0-95% ACh &ZolA Z

& MIL-STD-461F

& testing specification to ensure the:

s[e:;mw(y (cs)
ons (F
tibility ’RS‘

Jan 2008: Release of MIL-STD-461F
ndard for military electronics supplier
61F supersedes MIL-STD-461E.

MIL-5TD-461 is a widely used test si

2007, the newly released

EMI

Increased step size of all testing above 1GHz which will increase the testing for this range, up to five times faster than under

cope of 461E.

gh current. To coincide with this, limit lines have been re-drawn too.

Conductive emissions, 5pH LISN's may now be used at the request of the customer

rent. To coincide with this, limit lines have been re-drawn too.

EMS

In the susceptibility testing, the higher step sizes for the 1GHz — 18GHz RS! t range means that TRaC can typically deduct an entire day's

mme

MIL-STD~ o introduces a new test, CS106, a transient spike coupled onto power lines which is for products for submarines or surface ships. S
eptibility, CS114 has had its lower limits extended down to 4kHz for Submarine power lines, while CS116 has done away with the lower test lev

due largely to the fact that it covers inter-service operability issues. Approved on Decemb

Conductive emissions, S5uH LISN's may now be used at the request of the customer or end-customer if the lines tested are of low impedance and draw a particularly hi

end-customer if the lines tested are of low impedance and draw a particularly hi

ting from the progra

ing with conduc

of IMAX of 5

H-u_rl

[223 3-97] MIL-STD-461F 21
[&ML82 EX] 3.4.3. &=E]

= o S = =
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_ O

X 52 =
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