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SUMMARY

I. Summary of the Project

= Title . The Establishment of Research & Testing Facility for
the Advancement of Railway Technology
= Term @ 13-05-2005730-06-2010
(13-05-2008730-06-2010 in this period)
= Budget : 38.128 billion won in total, (19.8 billion won in this period)
= Ministry of Supervision : Ministry of Land, Transportation and Marin
= Institute in Charge : Korea Railroad Research Institute
» Institute in Management: Korea Institute of Construction & Transportation

Technology Evaluation and Planning

* Manager : Jun Suk, Lee (Chief Researcher)
= Objectives : Design, Manufacture & Install of 10 Research-oriented Test

Equipments  (Railroad/Track/Roadbed/Structure/Environment
/Electricity, etc.)
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II. Annual Objectives of Project

Year Content Details
= Establishment of plans for mid & long-term
railway technology
» Investigation of the current status of the arts of
Establishment domestic and foreign test equipments
1st of = Choice of the lists of test equipments to be
Yr. | Fundamental constructed
Plans » Ranking decision on test equipments having higher
priorities
= Fundamental design & preparation for purchasing
details on test equipments
» Establishment of multi actual testing system for
rail fastener component/system
Establishment * Kick off : establishment of overall testing system
for track/roadbed/structure
of Test . : )
. - Design/construction of foundation
Equipments . .
- Design/construction of load support system
(Based on the ) ST i
ond Priority) - Kick off : main body & accessories
Yr. y » Kick off establishment of rail/wheel contact
machine under high speed running condition
- Detail design & bid of parts
.R evision - = based on the research result of the 1st year
Lists of Test ) .
) - Review of need, usage of each equipment
Equipments to - Resetting of the lists of test equipments
be Constructed & Atip
» Establishment of multi actual testing system for
rail fastener component/system (continued &
. finished
Establishment s e. ) )
of Test = Establishment of overall testing system for track
3rd ) /roadbed/structure (continued & finished)
Equipments . .
Yr. - Design/construction of load support system
(Based on the . .
Priority) - Main body & accessories
= Establishment of rail/wheel contact machine under
high speed running condition (continued)
= Kick off : remaining equipments
Establishment | = Establishment of remaining equipments (continued
Ath of Test & finished)
Yt Equipments = Review of inter-related domestic/international
" | (Based on the testing standards
Priority) = PR of established testing equipments
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= 1348 1-1:2002

Railway applications —
Track — Test methods Railway applications —
for fastening systems — Track — Performance
Part 1: Determination of longitudinal Fequirenments for
rail restraint fastening systems —
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* Main Frame 1] * U & Portal Frame 7} 1]
* Actuator 4th * Actuator 6th
« WY st A A 1 * Side fixture 4t
« A A A 1T « U-frame bed 1t}
=g |° dlolel A %A 14 « dlolEl A=A 19
g | AVEA 1 - Ao] ] 20
« A 1 « A 3
« WzHA 1 -8 EA 1
* Base Plate
* Environment Chamber 1t}
« A3}% 20 ton, s3ts 15 ton « 43}% 25ton, &35 20ton 2ea
e 7} Actuator ¥ 0715Hz A 3sl% 10ton, &35 8ton 2ea
« Z} Actuator & +20mm A 3k% bSton, &35 4ton lea
e A 3l% 25ton, 535 2ton lea
« 7} Actuator B +1.5mm @ 20Hz
(minimum hydraulic performance)
* Dynamic displacement : 150mm
« 1= AC 200/220V, 50/60Hz « A= 380V 60Hz 3%
%t - e 165 LPM s % : 350lpm 210bar ©]%F
. s W7 e Ze « W7} ¢ Chiller Type
:\:u] « w5/l L A BARE 8l « T/ A BALE (e

« 25/& Aol 65dB °l s}
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Natural Frequency : 106.5Hz

<718 3-2-3> Base Plate 314143}

Loading Condition

Boundary Condition | T
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Natural Frequency : 27.38Hz
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[

1834

— 1375

0.00
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| z Direction : 150kN

/

Loading Conditon

Boundary Conditon = — M=% : All Fixed |
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Displacement: zeers)
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- Ex 14

- FEEA 14

- st=del, FuEY 2 fFERUE 14
- WA 14

- doly FHA(64Ch) 14
- A=x=RtetE Ashd olFxdld 14
- 7} % %] (Hydraulic actuator system)

« 57 7}¥ A (dynamic actuator) 24t
500kN (max. stroke 250mm) 4t
250kN (max. stroke 250mm) 16t
250kN (max. stroke 750mm) 4t

« A& 7}F¥ A (static actuator) 3tH
5,000kN 1th
2,000kN 24

- AEAYF A (with fixed frame) 2t
2500kN (rock/concrete) 1t
5000kN(construction material) 1t}
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dx=3x 774 KRS TR 0009-06 (RCH

RS TR 0008-06 (PCH %)

=)

EN 13230-175 Railway applications — Track - Concrete sleepers

and bearers

- FaE R}

Eurocode 1 : Actions on Structures Part 2. Traffic Loads on

Bridges

EBERITISH STANDARD

B3 EN
1001-2:2003

Eurocode 1: Actions on
structures

Part 2: Traffic loads on bridges
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17.1m(W)x52.0m(L)* (9.0 .
m(A]73)+5.2m(A| &})) (H)
e HhE

2.0m(W)x(15.0m+5.0m)( .
L)*8.0m(H)

o oft oX
o

: 500t 17R, 200ton 27}
: 50t 470, 25t 1671,
770

1A% 25t 470

S|

: 350t 374

- A
= gk o] 10 °
I 10m =40 100t 27, 50t 271, 25t 471
Uk Al Z o] 34m N
«E 11
vk ZAdo|28mx ol = F A : 300t, 200t
Sm - =24 100t 270, 50t 37H, 25t 270, 10t 2
Hbe Ak 7F225mx Al 2|70, 5t 470
15m %= 1570
=k do|20mx el = A4 300t 270, 200t 270, 100t 17K, 50t
10m 170, 10t 17}
b Ak 7E35mx A&« B4 0 100t 17, 50t 170, 10t 170
20m = 1070
- ukEE: Zo]27mxizo
amx = A2 27m>zel AA 1200t 270, 100t 271
X
T em =7: 50t 271, 25t 270, 10t 27
HEE AN TFE2Tmx A = 107)

: 200t 270, 100t 67, 50t 27}

12mx-F72.5m &2 100t 271, 50t 370, 25t 271, 10t 2
R A ZEE39mx A Z (7Y, 5t 470
17.5m>F71.5m < 2371
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Controller layout concept — page 1 mMTS
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Specimen A 495
Min ddF 250mm ddF 150mm giSmrr?E
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Max. Radial Force 90kN 20kN 100kN
Max. Thrust Force 50kN - 40kN
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Toraue Control CaAlel B/ | (02% A™w) | (3HAel Bb)
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Wheel Drive

Specimen

X-¥Y Table

<19 3-4-7> Wheel Driving System

EMG Brake
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<3 3-5-2> 7] EALKREP) thy] EFARE AfEF vl
T 7] EAL WAL F
* Main Frame 19§ » Hydraulic Actuator 2th(A A&
* A3} actuator M-S 918 A& 2000kN, 548 200kN)
Jd ANFAE wWE actuator W| ¢ Main frame 12
) e Test Cell(454 217¥ 3set, &
» Data Acquisition System 1 set ojvuy A AAW 2set)
* Control Panel 1 set * Hydraulic Power Related
B * Load cell Product 12
__[:j% « LVDT e Multi Digital Control System
FuF 7 19 « Control Software
AR 2 TR ARRs, B
2 24])
o 28| (Air Compressor, HZ
2, £ExAAA, guvde Al
o %)
« EAFE 50(ton), =78 150(ton) |« 35 7]
« 759 2(MPa) - A 3ls 2000kN,
A= |+ 0.1-8.0(Hz) - & 3% 200kN/10Hz/+10mm
* Stroke @ +150(mm) « ZEREH : +200mm
o A= 1 34, 200V or 380V AC,| e %= : 380V, 60Hz, 3Phase
75kW e ¢ : 420lpm at 210bar or more
By | e Y EEE 1194 /min at 210bar | « W2} : Chiller 50RT
Ay | W7 28 YR 204 /min | e 5/ L A FET)E
w5/l AN FETE
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o AAZAF

Compactor

* 100kN Actuator

+ Up-Down Cyliner

+ Clamp Cylinder

« Compactor Frame Test Cell

Control Room

Loop System

Main Frame <
+ 2000kN Actuator

+ 200kN Actuator

*» 300kN Actuator 2set

* Up-Down Cylinder

+ Clamp Cylinder

+ Cross Head/Base Plate

Hydraulic Service Manifold |

Hydraulic Power Unit

<9 3-5-1> v w x| A A A <k
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200kN Dynamic Actuator

Hydraulic up,fdown C?Iiner

2000kN Static Actuator

Cross head

Hydraulic Clamp Cylinder

Post Guide

POST 2509

300kN Static Actuator

Post mounting Block
Side Fixture

Cell moving System

Base plate (Cell moving rail)

<1¥ 3-5-2> Main Frame

e 1820

1820

3790
5309

3873

2503

2220 | L 2220

<219 3-5-3> Cross head Up and Down
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Displacement : 0.3677

=t7]

(i)

037
02882
— o
007
00000
<% 3-5-4>Main Frame Wtz A] W< 3|4
Natural Frequency : 13.22Hz
ER =i s -]
o
715
572
—
266
142
oo

M

A
Ay

)

<18 3-5-5> Main Frame i &<
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Displacement : 0.3040

CE
frven]

03040

02432

— 012

01218

00508

0.0000

<719 3-5-6> Side Fixture Hthsl5 A ¥ &4

Tt
(Loading Plate)

Al

Adapter Cap

{Specimen)

Tie Rod

Ef s
{Porous Disk)

<Y 3-5-7> A=A
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Afopzt
{Loading Plate)
AlE
(Specimen)

Adapter Cap

| redesal gy

HAE 2 g7

Tt at
(Loading Plate)

—EE

<9 3-5-9> Qo]EHHA
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Cell Pressure
Transducer

Cell
Volume Change
Burette

Electric
Valve

Back Pressure 5 men

Transducer Volume Change
Burette

[WELTE]

<71% 3-5-11> Main Frame
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De-aired
Water Tank

e ——
Porewater
Pressure




<19 3-5-12> Loop System

=

<Y 3-5-13> fgretEAol s thal gl
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©500%x900 Triaxial cell
@©700x1200 Triaxial cell

©700x1200 Triaxial cell
(Frozen soil & Gravel test) _ ©70051200 Triaxial cell
®700x1200 Triaxial cell {Frozen soil & Gravel test)

©900x1650 Triaxial cell

®900x1650 Triaxial cell
GEUFEE Hol Al
MB00x600 Oedometer cell

(1000x600 Cedometer cell

®I00x1650 Triaxial cell | @900x1650 Triaxial cell
EUTSE Hof A

©1000x600 Oedometer cell @E00x600 Oedometer cell

<1 3-5-14> A=A 2 Qo)w=wE A

<19 3-5-15> 420lpm - %3 Z(HPU)
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D 64 = 2% (6DOF Seismic Table Platform)

: KNR Al

R ER

Hin
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o
N

- Seismic Table 14

- Horizontal/Vertical actuator 8t

- Foundation/Reaction Mass 12}
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o =S fAREH A% 2 S8 AEA

C I fAPE] B A

— o o =
<# 3-6-1> U9 FARFEH BA38
g ._ L] 2 R A | zgoma |2N7 E2F
%) 7] 3 -E‘;’A] ﬂ%:ﬂ;wl azw| B PRl L S Rl I s Pyey Tvzrl-{rzt)ﬂﬂ ﬂ]ia—%
( (mm) N mm/sec (g’s) "‘
Triaxial H+300 2 1500 1.5
AZAEIEATFAIA) |2000] 41x41 | 30 € DO H+200 2 1500 15 0.1-60 Yes
(® ey, V£150 4 1000 10
Triaxial H+300 2 1500 1.5
Fodd) sk 2007 | 41x4l| 30 (6%}(()11?) H+200 2 1500 15 0.1-60 Yes
V150 4 1000 1.0
H+200 2 750 1.5
St AA T A 1989 4 x4 30 Triaxial(6 DOF) H+200 2 750 1.5 0.1-50 No
V£134 4 500 1.0
Eo L] 1999| 3x3| 10 Uniaxial H+100 1 800 10 1750 No
o 5 . 1-40
A& Al Ho gl 1998 3x3 10 Uniaxial H=100 1 500 1.0 No
State University of New York, H£150 4 1250 1.15
SUNY Buffalo, USA 2003 | 3.6x3.6 20 Triaxial(6 DOF) H+150 4 1250 1.15 1-50 Yes
V+75 4 500 1.15
s - . H+150 4 1000wl 1.5
China Building Resgarch Institute,| o003| 6 x 6 | 60 | Triaxial6DOF) |  H#250 4 1250 1.0 1-50 No
V100 4 800 0.8
University of Nevada, Reno Uniaxial
Network Earthquake Engineering | 2002 | 4.3x4.5 45 (Biaxial H+300 1 1000 1.0 .1-33 Yes
Simulation project (NEES), USA Capabi-lity)
University of California San IR H+1200 4 1800 19 B
Diego SRMD/LDC 1999 | 4 x 3.7| 400 Triaxial(6DOF) V200 4 200 13 .1-10 No
National Institute of Earth Science H+1000 3 2000 4
Disaster Prevention, STA Japan |1999| 6 x 6 50 Triaxial(6DOF) H+1000 4 2000 'ﬁg(hﬁ?gﬁd 1-20 No
(6x6m prototype of 15x20m system) V+500 700 y .
_ H+200 2 600 1.0
EPDC, Tokyo Japan 1999 (]%]%) 10 Triaxial (6DOF) H+200 2 600 1.0 .1-100 No
V£200 4 375 1.0
. H+250 1 75 1.2
e b e |1997| 3x 4| 4 [Triaxial® DOF)| H2200 2 5 12 50 No
esearch Institute, Japan V100 1 5 3
Diqastle(rygrf;v[irr:g:sgzsearch 35 11£200 2 600 L0
o : 1996 (D’p ) 10 Triaxial(6 DOF) H+200 2 600 1.0 1-50 No
Center , Japan " V200 1 375 10
(Underwater Table) - h ’
H+600
- . . 100 6 2000 2.0
Ministry ?; gg"btmcu""' 1996| 8x8 | (300 |Triaxial DOF) sfggg 6 2000 20 1-50 No
D max.) - 4 1000 1.0
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3. 7% #A &%

7} &=

i

3E3-6-2> 64 e o5 A8 A
T A& H] 3L
1A &=
2005.05.13™ R I R B
2006.05.12
22 &=
2006.05.13~ 7] RAPEA S A
2007.05.12
| EALFA HE Bl ALY BE 07.05~707.10
A& AHA 2HA] ‘07.10~707.12
32 = FH71BN FEd 29093 A “07.12.20
2007.05.13~ FH7IAN AT o9 d 3 A9 ‘07.12.28
2008.05.12 zg3 oo “08.02.18
g AFEa 08.03.04
A oF “08.09
A A “08.09~"09.03
FQEE Az} “08.11~"09.07
AZA = =9 2 12 A Ad A A W) 709.07.~709.08
2008.05.13™ o] & /A% 709.08.~09.09
2009.05.12 22 A AN d(HEA W) “09.09.~"09.10
s 09.10
TEUE “09.11
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. 71 2ANS W] 2 FALE )

B oo Ag

El

<HE 3-6-3> F2 7]EAF A F-AFSHEDOF Seismic Table Platform)

Components Specifications

— Must exceed 0.1~60Hz band of natural frequency range for normal seismic tests
- Welded honeycomb structure

. . — Optimized providing high bending and torsional stiffness

Seismic Table - :
— Must be flat within £2mm with recessed M24x3.0 thread pattern on a 50cm square
- Must be embeded 11 accelerometers

— Test space: 4.0m x 4.0m square surface

— Must size 8 actuators for manipulate X, Y, Z, yaw, roll and pitch motions
— Stoke level: X(£300 mm), Y(£200 mm) and Z(£150 mm)

R - Acceleration: X(£1.5g), Y(£1.5g) and Z(£+1.0g)

Hydrauhc Actuator SyStemS - Frequency of operation : 0.1 ~ 60Hz

- Maximum payloads: 30 tons (Nominal payloads: 20 tons)

— Overturning moment: 1200 kN-m

- Lateral, Longitudinal & Vertical actuator mounting requirement

- Static support requirement (Parking frame)

Actuator Facility Integration |- Mount/Interface between actuators & concrete reaction mass

- Must be prepared for design details of actuator mounting/anchoring plates
- Must be included cover plate and trench covers

- Must fit into the existing pit(12mx12mx10m) of KRRI

. . . - Concrete reaction mass must be designed in the ratio of 1/60 between total payloads
Seismic Mass Foundation ; .
(included shake table & its supplements) and concrete mass

- Required to minimize dynamic influence into adjacent testing machine platform

Reaction Blocks & - Reaction blocks must be able to relocatable

Post—tensioning — Reaction block assembly must carry the 250 kN horizontal dynamic actuation

anchorage system - Must be prepared for design details of actuator mounting/anchorage system

. - Parking frame for seismic table in case of normal(unloaded) states
Static Support System

— Must be prepared for design details

- Verify that the KRRI existing pumping system is sufficient(4080LPM)
. . - Line accumulators
Hydraulic Pumping System - Performance curve should be submitted at three conditions:

(Bare table, 20 tons & 30 tons specimens)

— Pressure drop less than 10% of normal supply pressure through the duration of the
test the uniaxial cases(6 DOF worst case, 20sec duration)
Hydraulic Distribution - Bidder must clearly define the hydraulic plan with accurate calculations to support the
System limited pressure drop of 10%
- Required hardline should be equiped to seismic table facility

- All manifolds and necessary support clamps, brakets to secure the hardline must be

- 119 -



installed

Control System

- Real time digital controller (6ch+2ch, 16bits, > 1kHz sampling rate)

- Signal conditioning hardware(Signal gains: 0.9~82, 250~2500, Noise: < TmmV under
0.1~10Hz, < 10mmV under 10~500Hz)

- Data acquisition harware (16bits, > 2kHz sampling rate)

- Valve driver hardware(16bits, Freqg. < 500Hz, Amp. < 5V)

- Function generation hardware(Cyclic, Sweep, Stepped sine, Random etc.)

- Control system software(States—of-the—Arts digital computer, Matlab)

Mechanical & Control
System Performance

— THD Freq. : 1~60Hz(Sinusoidal), less than 5% THD for 0.1g~1.0g of accelerations
- Flat response : 1~50Hz(Random), less than + 1.5dB

Seismic Test Control &
Compensation Software

The seismic table control should be able to operate the followings:
- Degree of freedom control

- Three variable control

- Force balance control

- Amplitude phase control

- Adaptive harmonic control

- Adaptive inverse control

- On-Line iteration

— Overturning moment iteration

— Off-Center load compensation

Seismic Application
Software

Bidder shall provide a highly engineered and proven software solution designed for
seismic testing as follows:

—Set-up and configuration of seismic tests

—Execution of tests and aquisition of system and specimen data

—-Synthesis of earthquakes from PSD and response spectra

—Analysis and processing of acquired data

—Modeling of system response

—-Coherence function

—Vibration frequency spectra

Data Acquisition System

- 128 CHs of data acquisition with simultaneous sampling capabilities

- Minimum sample rate of 5kHz per CH.

- Signal conditioning: 1/4, 1/2 & Full bridge strain gage inputs with 1/4 bridge completion
provided with system for all channels
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AA A3

Passageway

SEISMIC MASS : 1420ton

6DOF SEISMIC TABLE

Mass Rig System

Actuator : 320kN
Y axis -> 2ea
PIPE LINE

PARKING SYSTEM

Actuator : 320kN
X axis -> 2ea

Air Spring | i ) i PIT FOR 6DOF SEISMIC TABLE
’ (12mx 12m x 10m : W x Lx H)

Service-Manifold

Upper Ladder

Safety Cover

Under Ladder
Working area

PIT FOR 6DOF

SEISMIC TABLE
12mx 12m x 10m .
SEISMIC MASS :
Wbl 1420ton

<I2¥ 3-6-2> M| v x| A A A o
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| Flayer

T I RGBT ]

<719 3-6-3> 7137 Simulation
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S8y YA
] s

S7128: 42 MPa #z  Displacement: 0.1734mm 2
l —a&n

*Boundary Condition *Analysis Result
*Natural Frequency : 180Hz

—— -0.0eET

RIAER:)

017

B3

[mn)

1807

IEE] =P teneEHe v_! 1446

— 1084

361
Actuator Mounting Place( 8) All Fiedt
0.00

Actuator maount

<71¥ 3-6-4> Table FE 314 A}
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SR
;s

Mass Rig

Loading Connectar m

|

oo

<719 3-6-5> Mass Rig System

- 124 -



=]
102 fren)

1437

EE] ~ilFt ke v

1143

— Q862

asrs

e

0.003

Hydrauiic Static Bearing mount aif FIxecf\‘\z

<71¥ 3-6-6> Mass Rig FE &4 43}
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<719 3-6-7> Parking System

R b

(wwen)

Displacement : 0.1065mm

0093

— aoni

01747

Boundary Condition: bottom fixed

Force = Seismic Table weight + Actuator weight + Specimen Weight

- oz
= 50ton .

<719 3-6-8> Parking System FE 3443}
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g A" AR 2 Fe 7L

<I¥ 3-6-9> 64 = e A== WA

<719 3-6-10> Mass Rig System
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<71¥ 3-6-11> Table & Actuator

<19 3-6-12> Test Setup A7
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Load Frame Assembly 12]

Hydraulic Actuator Assembly 172

Hydraulic Distribution 12}
Foundation Engineering 12
Servo Control System 12

Standard Accessories 172

JEREE

FAEe] A= F2=201s, B, &

- AdAs (" ", AolE,
AE W JALEG A
- Ax ME T HE FAAF
WA Y (Am FE2E/A2E 34
- A%/ E AE
w3 Al
H-7]% AlE
A Al g
- 92 AY
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- BEAE FA ARAGA /A=)
- AEAA ) F ()

- EN 14 Railway Applications - Track
Test Methods for Fastening Systems Part I"VIII
- EN 724 Railway Applications — Track

Performance Requirements for Fastening Systems Part I"VII

BHITISH STANDARD BS EN
2 13146-1:2002

HS ER

BRITISH STANDARD
= 13481-1:2002

Railway applications —

Track — Test methods
for fastening systems —

Railway applications —
Track — Performance

requirements for

Part 1: Determination of longitudinal .
fastening systems —

rail restraint

Part 1: Definitions

Thia Kasrvgrean Stanciard. KN 107451509002 Bea Ehsn sivtis o &
Exitish Stasrdard

Eritish Standards

T I LT 15 18 S SRLEIT Al FEABITER BT SOV LA
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oSS FAREH @8 2 FS30Y AEA

71 &% FoAs
-4 200% 3 100=
EgArg oA 1000+, 1000mm, 15Hz
gt gdd T G2} 250, % 50+
a7 sdATd 300+=

Fry A 3000+=

7187 FoAF
o RTRI 3000 = 1000+, 15 Hz
<=5 CARS 2000= % 1200, 400mm, 10Hz

FTEgve] Ey

AN

(2B FAAND) AEA L)
- AETEE TAE 2 adAs BE Y FRYS Wk A8 P9,

- 2342 A TFE A =EL
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3. 75 A4 8

i)

7} &=

% 371> He FxE AT AEY 5 Jd dg

T8 A€ H] 3L
AA DTG (719)
2003.12.01~ AR !
2004.08.31
1R}d=
2005.05.13~ 7| EAV 24 /R gk
2006.05.12
22 &
2006.05.13~ DFALY =5 06.07~°07.05
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@ Hydraulic actuator assembly

2,500kN Actuator

500kN Actuator

@ Hydraulic distribution

HCM & Hose
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@ Foundation engineering

® Test software




(@ Standard accessories
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(@ Standard accessories

Wedge Grip

Side Fixture for 500kN Actuator
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(@ Standard accessories

Compression Platens
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(@ Standard accessories

Extensometer

By the Specialist in
Stress Measurement
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Data Acquisition System
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- KS M 1983-2(2 AW )

KS T 2007(tH3 )

- KS ISO/IEC 28360
SPS-KACA002-132(2 W& 71 4 A7)

« 59 T4

- EN 914 Filter performance
Particulate air filters for general ventilation - Determination of the
filtration performance

- EN 714 Building products — Emission test chamber method
Determination of the emission of volatile organic compounds

- EN 24 Wood panels
Part 1: Formaldehyde emission by the chamber method

- ECMA 328 14
Determination of chemical mission rates from electronic equipment

- ASTM E1333 14
Standard test method for determining formaldehyde concentrations in
air and emission rates from wood products using a large chamber

- ASTM D5116 14
Standard guide for small-scale envrionmental chamber determinations
of organic emissions from indoor materials/products

- ASTM D6670 1+24
Standard practice for full-scale determination of volatile organic

emissions from indoor materials/products
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- JIS A 1901 4 - Small chamber method
Determination of the emission of volatile organic compounds and
aldehydes for building products

- JIS A 1911 +4 - Large chamber method
Determination of the emission of formaldehyde for building materials
and building related products

- JIS A 1912 ++74 - Large chamber method
Determination of the emission of volatile organic compounds and
aldehydes without formaldehyde for building materials and building
related products

- JIS C 9913 74 - Chamber method
Measuring method of volatile organic compounds and carbonyl
compounds emissions for electronic equipment

- ISO 16000-9 7+2 - Indoor air : Emission test chamber method
Part 9 : Determination of the emission of volatile organic compounds
from building products and furnishing

- ISO/IEC 28360 72 - Office equipment

Determination of chemical emission rates from electronic equipment
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BRITISH STANDARD

Particulate air

filters for general
ventilation —
Determination of the
filtration performance

The Eurgpean Standard EN 779:2002 has the status of a
British Stendard
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EUROPEAN STANDARD EN 779
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Particulate air filters for general ventilation - Determination of the
filtration performance
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® Ozone analyzer 1

Chromatography (UPLC) 1t
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-EN50119 (Railway Applications — Electric traction overhead contact lines

System Design)

BRITISH STANDARD

Railway applications —
Fixed installations —
Electric traction
overhead contact lines

The European Standard EN 50119:2001 has the status of a
British Standard

10820380
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3.4 Mechanical. 10
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6.8 Electrical connections 33
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. 3 oF O [e)
(1) IGBT : InfineonAte] FZI1500R33HE3¢] R 9= HA ALY v
[e) = -
2ol AA A dF+= 3300V/1500A ot}
Technische Information / technical information T
|GET -mod FZ1500R33HE3 e
IGET-modules
Vorlaufige Daten
preliminary data
IGBT-Wechselrichter / IGET-inverter
Héchstzulédssige Werte | maximum rated values
Kollektor-Emitter-Sparrspannung 3200
collector-emitter voltage Weps 3300 W
3300
Kollektor-Dauergleichstrom R _ )
DC-collector current Te=85°C, Ty = 150°C e o 1500 A
Periodischer Kollektor Spitzenstrom _ .
repetitive peak collector current tp=1ms cam 2000 A
Gesami-Verlustieiztung . = 259 = )
tatal power dissipation Te=25°C, Ty = 150°C Pet 14,5 L
Gate-Emitter-Spitzenspannung i 2
gate-emitter peak voltage Vees 20 v
Charakteristische Werte / characteristic values min.__ typ.  max
Kollektar-Emitter Sattigungsspannung le =1500 A Wop =15V T, =25"C 255 |[thd. | W
collector-emitter saturation voltage le =1500 A Wop=15W T, =125°C | Vet en 3,00 W
le=1500 A Yar =15V Ty =180°C 3,15 W
Gate-Schweallenspannung _ - _ )
gate threshold voltage le =720 mA, Ver = Ve, Ty = 25°C Ve | 52 | 58 | 84 | W
Gateladung = .
gale charge Vep=-15V . +15V Qe 420 pc
Interner Galewiderstand T .
internal gate resistor Ty=25C Rt 0,42 0
Eingangskapazitat _ _ = _
input capacitance f=1MHz T, =25°C Vee =25V Ve =0V Cies 2&0 nE
Ruckwirkungskapazitat = = 257y = =
reverse fransfer capacitance F=1MHz, T, =25°C Vep =25 W Ve =0V Cras 5,00 nFE
Kollektor-Emitter Reststrom — - — 955, —
collector-emitler cut-off current Ve = 3200V, Ve =0V, Ty =25°C lees 5.0 | ma
Gate-Emitter Reststrom _ = Jp— _—
gate-smitter leakage current Vee =0V Wep =20V, Ty = 25°C lees 400 | na
Einschaltverzdgerungszeil (ind. Last) le = 1500 A Wer = 1800 Ty =25°C f 0,60 us
turn-on delay fime (inductive load) Ve =215V T, =125°C a o 0,60 us
Reon = 1,00, Cex = 330 nF Ty =150°C 0,60 us
Anstiegszeit (indulktive Last) le = 1500 A Weg = 1800 T, =25°C I 0,55 us
rise fime (inductive load) Ve =216V T, =125°C ! 055 us
Raon =100, Cee = 330 nF Ty =180°C 0,55 us
Abschaltverzogerungszeit (ind. Last) le = 1500 A Vex = 1800V T, =25°C te 3,00 us
turr-off dalay time (inductive load) Vee=+15V T, =125°C off 3,20 us
Raerr =150 Cop =330nF T, =180°C 320 us
Fallzeit (induktive Last) lc = 1300 A Wee = 1800V T, =25°C 4 0,30 us
fall time (inductive load) Vor =215 W Ty =125°C d 0,35 us
Raorr =150, Cor =330 nF Ty =150°C 0,35 us
Einschaltverlustenargie pro Puls le=1500 A Veg = 1800 Le =85 nH T, =25°C 1900 mdJ
turr-on energy loss per pulss Ve =215 W, difdt = 4500 Afps (T, =150°C) T, =125°C Eia 2550 m.J
Rion = 0,47 {1, Coe =330 nF Ty =180°C 2900 md
Abschaltverlustenergie pro Puls le =1500 A Ver = 1800V Ls=85nH T, =25°C 1600 .
urn-off energy loss per pulse GL =% , dufdt = us [Tw= C) Ty= oft m
I i | Is W 15, dufdt = 2100 Wiys [Tw=150°C) T, =125°C E 2100 .
Raerr =150 Cop =330nF T, =180°C 2300 mJ
Kurzschlussverhalten Viee 215V, Voo = 2500 ¥ |
SC data Viegms = Vees -Lsce -difdt te s 10ps, Ty = 150°C | % 5800 A
Innerer Warmewiderstand pro IGBT [ per IGET Rindc 850 |KKW
thermal resistance, junction to case
Ubergangs-Warmewiderstand pra ISBT / per IGBT . 10 Kilow
thermal resistance, case to heatsink AEaste = TWHME)Y § fganse = 1T WIMK]) e
||:repared by Jurgen Biermann |daLe of publication: 2009-04-29 |
|ap|:ruved by. Thomas Schilze |rewslun. 22 |
2
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[] Pantograph car running control and data acquisition display
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OPERATION | BoU | C/I UNIT | SIVUNIT | LIM TEMPERATURE = GAP SENSOR | LOG | ETC
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SYS READY SYS ON

COMM ERROR SYS FAULT
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- UIC +4: 553, 553-1
553: Heating, ventilation and air-conditioning in coaches
553-1: Heating, ventilation and air—conditioning in coaches — Standard
tests
- EN 94 Railway Applications
13129-1,2: Air conditioning for main line rolling stock
14750-1,2: Air conditioning for urban and suburban rolling stock

14813-1,2: Air conditioning for driving cabs
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6th edition, February 2004 O R 2nd edition, October 2005 o R

Transiation Translation

Heating, ventilation and air-conditioning in coaches Heating, ventilation and air-conditioning in coaches -

Vantilation, chauffage et efimatisstion des voitures Standard tests
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Ventilation, chauffage et cimatization des voitures - Easais de fype
Liftung, Heizung und = u

BRITISH STANDARD BSEN BRITISH STANDARD BS EN
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Railway applications — Railway applications —
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Large scale test facilities of KRRI |

= Background

» 1st stage : 8 facilities (5yrs, 20 billion won)
» 2nd stage : 10 facilities (5yrs, 40 billion won)

A _—

Bogie dynamic Brake performance Propulsion equipment  Traction motor tester
simulator tester performance tester




Large scale test facilities of KRRI |

= 2* stage facilities

@ Integrated test system for infrastructure
@ High speed wheel/rail contact simulator
@ 6DOF seismic table

@ 2500KN UTM

@ Geoprobe

@& Multi axial testing system for track components &1
@ Triaxial testing system for railroad ballast
& Clean room / Emission chamber

© Environmental chamber

@0 Catenary-current collection tester

- 259 -



i Features

» Static & dynamic evaluation of track components such as rail, fastener & sleeper
» Simulation of extreme climatic conditions

» Multi-tasking operation

i System overview

i Test examples

Vertical spring coefficient Initial clamping force

Torsional resistance Fatigue loading

- 260 -

Multi axial testing system for track components

St

-

Longitudinal resistance

Layer of comfortable.
matenial

Pullout resistance




” Multi axial testing system for track components §

= Components & specifications

Item Details
Test bed FCD40, 5m(W]x10m(L)x0.2m (t), 0.35m T-slot
U-shape frame Up & down to 0.5m, actuator position to 0~90deg.
Portal frame Available space 1.84m(W]x2.6m[H]

250KN 2ea. 100KN 2ea. 50KN 1ea. 25KN Tea.
each has 150mm stroke, 1.5mm at 20Hz

Actuators

Hydraulic power system | 3 sets of HPU, each has 117lpm
1.4m([W)x1.0m(L,H), temperature & humidity control
(-20~100deg. & 30~98%]

Environmental chamber

i Typical results

.”
.. i’
LRRRE 8

-

HHN E

ey
i

‘|'|!3|‘
HEN |

o HI1n]
Y
el

Repeated loading test Input control
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Integrated test system for railroad infrastructure

= Features

High performance static & dynamic test of real-scale specimens
» Real time hybrid simulation
- Railway track tests using Rail Load Simulator (RLS)

= System overview

— 11

A .

Material test
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Integrated test system for railroad infrastructure

i~ Components & specifications

Capacity(KN) Stroke(mm) Hydraulic performance Qty

250 > 250 +12mm at 5Hz/250KN 12

Dynamic 500 =500  £10mm at 5Hz/500KN A
actuator | 250 2250  +£5mm at 50Hz/250KN 4
250 >750 +80mm at 5Hz/250KN 4
_ 5000 >750 Flow rate 15gpm 1
Static actuator 2000 =750 Flow rate 15gpm 2
. 2500 UTM 7|& Rock & concrete 1
Material tester 500 UTM 7|& Material test 1

Rail Load Allowable Max. vertical load 250KN x éea
Simulator(RLS) | Allowable Max. horizontal load 250KN x 3ea
Hydraulic pump : 180gpm x 6 = 1,080gpm
Hydraulic service manifold : 250gpm x 12, 100gpm x 19, 50gpm x 1
Controller : 4chx 4, 18ch x 1
Control PC, 64ch DAQ, hard line, monitoring CCTV

Control

= Typical results

Dynamic
train load
simulation

Control =
view ¥
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= Features

High speed wheel/rail contact simulator

Disk type multi-purpose test (RCF, adhesion, wear)

Specimens of various sizes
Max. speed of 445km/h

~ Simulates various track alignment & environmental conditions

Swivel Joint

Side Fixture
Radial Loader

Thrust Loader

Attack Angle
Adjuster

Contact Angle
Adjuster

= Components

Main system
Wheel driver, torsional loader
Attack & contact angle adjuster
Radial & thrust loader
Environmental chamber & safety devices

Hydraulic power related product & control system
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High speed wheel/rail contact simulator

i~ System Performance

Item Performance
Specimen Wheel & rail 300~1000mm (diameter])
Test speed

0 ~ 2470 RPM @ 1000mm (445km/h)

Radial force Max. 180KN, +=2.5mm @ 20Hz

Max. 100KN, £7.5mm @ 20Hz
-10 ~ +100%
1% of E.S

Thrust force
Slip rate

Torgue control

Contact angle range 0~3°(1% of F.S)

-3°~ +3° (1% of F.S)
Dry, wet, sand, oil, temperature, humidity

Attack angle range

Environment

= Available tests

» Rolling contact fatigue test
» Wear test

I Adhesion / friction test

# Typical results

Defect on wheel

Defect on ralil

- 265 -



Triaxial testing system for railroad ballast

i Features

~ Static/dynamic properties of large grain materials
»~ Various sizes of test cells available
» Optional extreme environmental conditions

= System overview

P—— ‘a.

Static triaxial extension test Temperature control test 1D compression ' large
Oedometer test
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Triaxial testing system for railroad ballast |

= Specifications

Item

Description

Hydraulic actuator system

Frame

Test cell

Cell a
Hydraulic power system
Multi control system

Accessories

2000KN (1 set], 200KN (1 set)
Frame for 2000KN static actuator
and 200KN dynamic actuator
@500xH900
@ 700xH1200
@700xH1200 for temp. control
@ F00xH1650
@ 900xH1650 for intermediate principal
stress control
@ 600xH600
@ 1000xH600
nd back pressure supply unit (LOOP)
HSM, HPU, cooling system, hose, etc
Base controller, server PC, UPS, etc
Software
Small strain sensors, compactor, temperature control
system, large sieve analysis tester, etc

Triaxial cell

Oedometer cell

= Typical results

i 3

o mwore
¥

s § §

 DA00%mm) Large Oeddametns Tort-oft Rack

Farusilil}

s o 3N EE R ¥

Dumping fstiots }

EEERcREEREal
.

O hen satun )

Hysteresis loop

oo0c0n
Stuaismgb tupitds )

Elastic modulus vs strain

Damping ratio vs strain
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6-DOF seismic table

= Features

» 6 degrees of freedom, 4.1m X 4.1m shake table

» Performance test for earthquake-resistant railroad
structures/components

» Multi-purpose vibration test for mechanical components

» Mass adjustable external rig system with very low friction

i Typical results

Mass Rig System

Actuator : 320KN
Y axis - 2ea

Actuator : 320KN -
<3

X axis — 2ea g e

Pit for 6DOF

Seismic Table
(12m x 12m x 10m
W ox L ox H)

Service-Manifold

i Test examples

Concrete 25ton set
(5ton/EA)

Mass Rig Frame

Loading
Connector
Spe

o |

Earthquake-resistance test-;‘ar railroad 'bridges ‘ Educétiohal 1DOF test
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6-DOF seismic table |

i Components & specifications

Main specifications

1. Table size : 4.1 x 4.1 meters

2. Degrees of freedom : 6DOFs (3-translations, 3-rotations & DOFs combination]
3. Full payload : 300KN

4. Frequency of operation : 0.1 ~ 60Hz

5. Overturning moment : 1200KN-meters for lateral(or longitudinal] direction.

6. Center of gravity on the table : 2.5 meters

Longitudinal ‘ Lateral Vertical
7. Actuator stroke +300mm +300mm +200mm
8. Velocity at 1Hz with full payload 1.3m/s | 1.3m/s | 1.2m/s
9. Acceleration at 1Hz with full payload 0.8g 0.8g 0.8g
10. Velocity at 2Hz with full payload 1.0m/s 1.0m/s 1.3m/s
11. Acceleration at 2Hz with full payload 1.3g | 1.3g 1.79
12. Maximum flow rate 4080LPM, 21MPa

i Typical results

Desired & measured signal under random earthquake
exctiation (200KN payload)

j MWM&*W’%-WA\» ey =&
) Tlme hlstory . N
Wmdmthﬂ VWM%N»MM -
coewegw  FFT
e 2 ““"'T“'“'!,ww Kl w ] W i
Motion monitor : I !“ \F iL .‘ * “ f
Meter —PeakBvalley, MinBMax detector,., 3 £ W R
Control software Coherence function
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Universal Testing Machine (UTM) for railway structure |

= Features

» Static & dynamic performance evaluation of key components of
railway infrastructure
Structural material test
Total frame system for quick setting
Biaxial synchronous actuating test

= System overview

JWIJ’ - Slllils

Bending test Compressive Beam-column Shear
/ fatigue test / tensile test test test
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Universal Testing Machine (UTM) for railway structure

= Components & specifications

Iltem Details
Test bed 1.5m(W) x 0.5m~3.5m(H] x 7m(L], 0.3m T-slot
Crosshead mounted actuator : 250ton, +150mm, 5Hz/+3mm
Actuators

Hydraulic power system

Side actuator: 50ton, £100mm, 5Hz/£10mm
3set HPU, each has 217lpm

Controller & software

MTS 793.00 standard software

PRC Pro drive file development & test software
793.10 multi purpose testware

FlexTest 60

Accessory

DAQ(EDX-2000A), 3 & 4 point bend fixture, wedge grip,
side fixture, extensometer,compression platens, UPS

= Typical results

"

biaxial test

) tension test Input data of fatigue test
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Environmental clean room & emission chamber

= Features

» Performance test on air cleaning system

» Ventilation performance test

» Indoor air quality test

» VOCs emission test - large & small chambers

= System overview

Clean room and
small emission
chamber

=

Electronic balance, microscope, incubator, sterilizer, bio-safety cabinet systems
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Environmental clean room & emission chamber |

= Indoor air analysis system

= Components & specifications

» Temperature range : 15 ~ 40°C, 23°C

» Temperature controllability : <£1°C

Clean room » Humidity range : 37£5°C

* Air volume : 4860 CHM

- Static pressure : 40mmAg

+ Size[mm) : 3206W x 3128D x 2406H(24m?)

« Size(mm]) : 1706W x 1550D x 1906H(5m")

= Inner material : Stainless steel 304

Emission chamber| - Temperature : 20~35°C

» Relative Humidity : 20~60%

- Bake out temperature : 70C

« Air exchange : 0.5, 1, 2 ach/h(24m®] 0.5, 1~5 ach/h(5m?)

» Indoor air quality : GC/MS, HPLC, Radon monitor, air quality
monitor(NO/NO2/NOx/S02/03),UV-Vis, lon Chromatography,
Bore scope, phase-contrast microscopelasbestos)

Analysis system | - Bio-aerosol : Biological safety cabinet, UV-APS, bio-aerosol
spectrometer, incubator & sterilizer, microscope

» Particle : Scanning mobility particle sizer(CPC], six-stage
viable sampler, electronic balance

= Typical results

lJI‘ML\HJll‘..l!l“‘.q;.g.“ TNOT PO DU W

Bio-aerosol Indoor air analysis
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‘Catenary-current collection tester j

= Features

Test track for current collection test
Runs up to 80km/h by LIM truck with real pantograph

Real or scale model catenary with vibration exciters and dynamic
interaction measuring devices

Real or scale model impact factor study or performance tests on the
catenary and current collection equipment

i System overview

Running Track (length : 330m) *

Vertous Catenary Cantieers and Faciiys afe Insialed on he Tack S92 s (145m)

B Rodgs & @@ dihe feded d/
e L == :_;t

vibftation Exciter1 Vibration Ex

Tunnel Length : 190m

Control
Tunnel Room
(wireless)

S ReactonPlate =

Current collection performance test ' Scale down parameter test
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' Catenary-current collection tester

= Components & specifications

Main specifications

1. Running track length : 390 meters

2. Maximum speed : 80km/h

3. Weight of pantograph car: 7.7 tons

4. Cantilevers and overhead contact lines : CaKo250(Korean 250km/h Catenary)
& DST(Double Stack Train) tunnel brackets

5. Pantograph : 300km/h single arm pantograph
(EL-YP300SL, KTX1 substitution - developed in Korea)

6. Pantograph car propulsion type : LIM(Linear Induction Motor)

7. Measuring devices : Contact wire displacement (0-200mm), dropper dynamic
load[1000N), contact wire acceleration and strain, arc detector

8. Power supply for overhead contact lines : AC 850V, 500KVA

9. Overhead contact lines exciter(vibration generator): 2 sets, motor driven, 0.5~10Hz,
50~200mm amplitude

10. Motor car : 1set, 20tons, maximum speed of 50km/h

= Typical results

G

K2 FAMB-ZFA FHAHI| =

APERATON | Go | CAUNT SV AMT | LI TEMPORATWE | BAPSERSON | 16G | ETE

Reesplence [mm/N]

FIE) 65 8 10 1z 14 15 18 20
Frecusncy [Hi]

Pantograph mathematical
model evaluation

Pantograph car running control and data acquisition display
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Environmental chamber for railroad passenger cabin

i Features

» Heating & air-conditioning performance test
» Indoor air quality test

» Icing

» Solar irradiation test

i System overview

”,"'hl‘.l“

. _ Brrith
loing Wind tunnel Solar irradiiation
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Environmental chamber for railroad passenger cabin |

i Components & specifications

Item

Details

Chamber

Temperature &
humidity

Solar system
lcing

Control room

Measurement

= Typical results

.
na w ar at

I HARBERLADOH D

T T S E—
ﬂ_—u
Anesan |

L Eme—— i —

Temperature & humidity

34m(L)x5.9m(W]x6.0m(H), 2 vehicle doors,

2 personal doors, 5~15km/h wind speed

Temperature range : -40 ~ 60°C

Relative humidity range : 10 ~ 95%

600 ~ 1,200 W/m? solar irradiation (UIC 553, 553-1]
10 mm thick layer of ice forms at -10°C

Chamber control, 200 channel data logger

100 point temperature & 20 point humidity
measurement, 2 micromanometers, 20 ultrasonic

anemometers, 1 thermal imaging camera

R CLIMATIE CHANBER T05T

ey WRF) CUMATIC CHAMBER TST

Coaling performance Heating performance

KB CUMATIC CHAWSES TiST N AT CLMATIC CHAMBER 157 e B

High temperature & low humidity
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Geoprobe for contaminated track bed

i Features

» Static close investigation of contaminated track bed and groundwater
» Simultaneous analysis of oil and heavy metal
» Verification of remediation site

i~ System overview

Soil sampling Analysis of il compounds Analysis of PAH compounds
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Geoprobe for contaminated track bed

i Components & specifications

Item Details
Soil sampling system | Stroke 1,580~1,600mm
GC/ECD Multi-injector, multi-column, multi-detector
GC/MS Mass range 10~800 Da.
ICP Simultaneous analysis of more than 70 kinds of inorganic compounds
HPLC Wavelength range 190~900nm

i Typical results

Soi

| sampliﬁg

ECC_test! DATA - Middle ([ECD)

S8 CATA - Frem: [F1D)

280,000
240,008
220,000
200,000

130,000
: ) 140000
1 H 10000

120,000

120,060

£2.000

008
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