2015. 11.

o oF oF o) of o) o oF oF oF of o o oF oF
L ) o ol Lol el Lol el el
5 B/ wﬂ 38 B8 3 B B B BB B BB
S < oH R T R X oH GF GF oF oF of oF OF
~ FRRAERAARTR R DT T
W Lo Bo o A U of) of T iof T BO o R B

gl
i B0 ok o R b RO R T MR T R Ao T T

oo T T MmE MRS WS F T
B X o
W oR
-l
B
B B
el
N N



HA g okA

o 5
It o
T = =
) B _ _ = o F
K ™ 4 g R
AN < <] —~ .=
3 < T o
</ < - N = i
e R | AR
_IT \mwo ﬂmo _ ‘Wﬂ Jm_|L
— o | o = DR
< CEIRE L N
_ul N E; N q.ﬂ ;.ﬂ ,HL
o = = 9 5
A Ao o i
S B = I N = I =
SRR NT AR | | B |
— L W i) o N M]
S S { < N i
gl 7 TS xH
= = ) )
- L I e
N ™ ™ NT o | F
(n}
o 1t g
= B Mo 5/ Ly B -
— 1_!1_
O N K 0
S I - B I I
G » o _ X LAE 7A.._ \._mO
> X © " | " fis i ook | oA
M 55 _ oF — o)
ol o o ~ KB | ok
Mm 30 = " T T wa
0 O
5% ) o R
= - is + S
| B B B B AT

s AaL, el weh S de

il

Jo
e

o

, AR sl 9

%3
2 Sla 5700 AR AT Hn

H3elal, Test-Bed&

o =
s g

2=
=

]

N
N
B

el

5% 5]

<
=i}
P2

=
=

P
=

)
FAw

=7

7Fsbsiet.

|

2

ato] At Mes HS/

=
2 LPM FXA|2="le] BOM A A

h‘rL

=
=

& Test-Bed

] 5

<

=
=

il

i

\Ir\_ﬂmo

o
"N

=
=

O LPM BOM A]~®] +

H .
<] T
— | £
T | g
il
X . —

;| E B
g3
e S =
- 5
2| £y
_x Dl7 W
iy m ~
| 25
0 2 w
Xolg 3
N =S

— C
_- =
™ 2 3
AR
< . D
X2 m Lo
N o

. g 2
5| 58
D )
M| 25

]
{| a
B —
5 | §
¥ | E
i
™
il 5
w |
o
wAO
o
[——
N
LO
N




ATFALETGA L

L.

(1) A2 w73

o thepatl
1o Bd A8

% e

Ay

27T glon, ME 17

N
No

ol
M.

FARSH G ST

Bd A4dn g

of wE

717101 Ao A gAel & Fa/5 A S/t o

5

A

= O
S5

EE

No
"0
o
Mﬂ
=K

o

Adel weg
3

]

</
)

R

1

o

-_—

o]

X E(LPM,

ggow Fuojga

, —L

AL

—_
o

3l

9%

g

)
™

E

Linear Pulse Motor) %IA] 2~

Fgel o

R

H]

7FA] B

%

Jjo
—_

ARA|2d BT A AN

=
) Y

ted 71

o
1o
E
o

—_—

0

"
ﬁo
B

<

o)

TKH

TR

N

=K

I

Alz=El A7 E

%2

£ F3stel LPM
th 2} Test-BedE T3

A

A3te] VAo R uEI}t Vb

g7 2R 2

ER

o

S}
=]

Al
=

Eis

3748

3

T
s

O Az 7ol

N

o

K

Hel A& &3t =LA 7o

9]

o2 7|y



oF

2=l
Hr

Gl

1

(2) A7

1S

O
R

o

)

‘_.&.0
4
i

iy
VAN

3
(i
]

0

4
i

A7k AT

3T
=2

49 Ea Y

1=}
I

\_.*mﬂo

LPM FXA =8 AA 5 A=)

LPM Z%1 A~

[€]

Am

>
>

md g5

A
&y

3)

€]

Am

jrase)

=)

=
=

- LPM BOM A] =¥l +

(<h

=
=

> LPM BOM Al2=&]
> FARSF AA

(<h

=
=

-Bed +

FA A E Test

.
AEF

>

AA e A A

LPM FZ A28 7t

O
4
N



-
B
oo
~
~a
03
K

T o

Jo i)

X TK

B gr

i

T =0

= U

M =n

T {|

w <X
e

8O-

a]|

q 2

N 3

LPM FZ A28 7k

¢}

am

3

Njo
g

il
)
o
]
—

ﬁo

Jo

e
29

2~ €l
=

O LPM BOM A

N

]

- LPM BOM

A B A AR A A

o A

HC]— fe)

| LPM FZ A28 Test-Bed T3

LPM *

GRR=

- Test-Bed®l

o

Gl

1

(2) A7

ER

AR

s

af

2=~ S )
S=ddS A

Fed oA

S

A A

=
=

5

N Aol b

A A A

1]
=

w0

o BAAA, HAR EAAE, A5AAAA 5 V)

JJo
—_

of HggoEM Aol A}, B

Ao

L
a

o
)

X

N

=

el

o

| 5242

= Ao

3

o
| .

3

AIREEE

o =

olm A A

-
1

glo] kAol

Mo

o

=i
N

s} A

0
o

w

9

1=}
=

bol A2 A2

w5

BT E

4

O 7|

,_._mo

o



%

oo
o

®

wK

O " A7VHE=

olo
T

il

jgase]

o

o

-

7F

==
=

ITI.

HEYA +

FEEA 2 s A u

SEEMERR

A

]
=

= @ 47

=)
=

w

rveel

[
)

olp

ox
—_
fie)

i

—_
o

Zldko 2 B3

71e AT

LPM 7] %

1

k9
i

A o] A & 3he] A%t
15 9%

J
=

71719k A& 7] 7] Abole]

el

=0}

ahr,

B

3

L 3
E.'—G

2Ab Abthe]

}2}

A

o

e

o)

al
—

[e)

H

A g3k AFA ]



LPM FZ A28 7k
188, CPUKX

— O
v

wK

—_
file)

el

N

=4
[}

E HE

, Alel

=

174 2.7}

A

kel 9

1
.

4

S

%

=
=

A}

“ao
4
i

—_
fils)

ol 23k

o]-&3%

=
=

wee] Heng

(¢}

- S

fie)

3 7 Ak fAERE B9

NJo
gu!

0

‘A
o
vzel

o]
T

o

xr
3

o
.ZTI

el

Phstel ¥

]

o
5.06N9 F9& B, Al A eA

=
=

A 200A

g0

84

A5 150A0l A oF 39Ne| 2w}

1

T

oA el ol
& A% A4 Ane 4y Anot 24

a4
A

A

o

],

S

7}

]

R4

o
o

T

)]

-
-

shol 24
S

]

S
L

A A

4.65N, 3%}

7

- w@A, A% B

- 23 ¥

il

] s 2 el

A 7s

3 O
=2 =2

—~
o

ot

—_—

0
o

£

Eas

i
=

oF 77%°l A F 48%= 29%9]

H o=

]

o B4 YE

& 47 ¥

Z
S

o]
o

Z}
=,

Al

stol o) BAtel A7)

9

wow, T4 Ho AR/ 2000A 71+
=i}

]_
FAd @Fo =2 A

°©

!

29 TxE AA
DC

-

IA] 28l A A 5L A=)

A}

2
b AAE AAy A

> AR AR

>

- X



R E T S = [y

7
fauy

& 74

]

-

40

%
LN

/E)]-

4

I g EE o] &%

=

[e)
T

=3
"o

Ho

1, Abg
R

[e)

=

14, Bz A

il

A
Al
=
[}

by

bol HEA oz Aot

2~ €l
— X

°

3y

P
T

A}
oF Abg-7poll )

= Xﬂ
o so
1=
o

=
RN

g2 shtel

-

A, A A wjE g, AdERSA] Bgo]a A

b4 o7l delo]
W Awaee] ool

R4

]

=

1

o]
yal

o

o
i=]
o

- AR AR W A~
>

ojn

AL
;OO

JJo

Hr

==
=

bl 23}

°©

2

[©)

LRI
°l

0

=

=

LPM %A ¢l
welo] wheluE

F7] ol 3 A

o

<R
Ho

o]
K

mJ
BR
o
0

o
o

ok
NS

]
o

o)
K

gl
zr!

ﬁ

el
P

100

sto] PR, 1 4

S

4744 =] o

-

T

|7t

]

L=
o %

ﬂwﬁo

JJo

A

3

1=2]]
=

3331 LPM FZIA| 2~

Ay A
it

3
El Mo
T T o 70
S I pul
pul S
o
— = =
Tl % |5 <[BE 2
R =
iyl le) - %o = 4
— <t o
~ — ()
~ AN
— | = =0 =0 Mo
X — —_ —
0 0 )
AR P z
2l 4 N o4 m
Lo — i) [N
= X =
ﬁo ﬁo ﬁo
1:0 1;0
mr =R 7O~
~0 A# KO | KO
o — < —
< NS Nr
N |~ J_ML e o
m (N T o aﬁ
Jo |5 2| e g
el ISR [E
— 3 J
<0
3




l, ZUHY A=

Fhew, deolg

°

4

=

|, AWy &

A

1y &

o
1l

0~7LEV7}A BOM Tree

o

R

(ShH)

LEVEL

==
‘:ﬁ'

=
=

3T
TE

=]

(4) LPM BOM Al =%l +
O LPM BOM Al 2=¢l
Hoz 7
- BOM A 2=% 9]

o AL oy vo el Mo o M- B OB
H "o - = T X ol Mo o o %O
Hp = o B3 ™ " & 5 Iy B No X
— = @ ol
iRz O B T O
13 ,._m07 ﬁl q vl OE = \LIW wlArO JEI.# E#E i O_E T
& o e B U N xOX ok T,
AR il RN s o )l N of
RV o B N KO X0 N T = = T it Jo ’
TN Foop X TX g o B2 NI
0 T 7 ul —
IR Wa - T oo & W o= o N w| ) JﬂpH 0
xR 2 o ox I Jooqu do o o o U
— X9 g i\ - o To oy R T
- 0 ~~o 3 0 = N Y -
,HL ,‘W.H 1 ,Q ,_Ir‘._ MMO ~ ﬂN_l X XL Wr.:v ﬂ ,m_x EO ‘mu
RO g = wmlww W 4 Fe AW oS
AN Yoo SE cE® L F Eay
™ X0 < o E — 0 o W R
B X O T oy Ho = o
_ ﬂ M _ZT o _fo.._ ETH ﬂrﬂ I~ oy < X bo ‘m,ﬂ ‘_a
u_uﬁﬂ ) ~ uwuﬂumafmo o_z#ﬁm”n o =~ mﬂmﬂ
w4 L hITEww Tit T ox ST
- — H 7 ] — ) X
= EP B ow T Dok Ly = © XK
o AN N g Wl E 8 5 K
5 El TGy - &) s o W
T - in i ® ue e < AR ~ oF o 9 G X
X R0 W — < T p- o O T — T -
= S xRS ATE T g2 mw od
- ur olp - < AHﬂ B Aﬂ T o T N 1:% s < lm,v_ X %o o o XD
~ — T <L N b = —_ \Qw ™~
| - R M — — ® P A L o) o =
X e T o wTLEe= SO I S i
) - ﬂ o N OﬁH Al ,IO_I ﬂ_ol o _ ,ﬂmﬂ L_L ETu _ = o =0 NN
T B B N D B g T AsS U T Teaw
il o oR - _zfﬂﬁ W ol oo op X 7 mmo < = - w o oy W] A )
- ~ =n — ~ = —
mowwz.*wwﬂe = Ho &%r%%?:l T ﬁ&rﬂﬁu ﬂw Wo 17&%
%,o_aﬂﬂ = M N}@mquoﬂﬁ AL o o= B T o
o o E o) o r N
HT H_A| EO ,Wo ﬂﬂ_ 03 ‘XE ﬂ\_ ,I./F N ﬂ jru ~ ‘UI ~n :.L \.}.wx_ Mv.ﬁ b‘_ ,Q M ,mﬂ
= g = < X B3 3
=™ H g 0 Ui mod.mo a.hm < o T HooH s E A
m X x5 B ™ %_ = B o ) ° i Mo B oo s H_.c _MT L, o)
= T ;rA_Y_ = T 70 = HT _,f._o,_ KO Ee M E mxg < ;H ﬂu ‘_l/L_ﬁ.m Ul B lv_Al
prmHr X+ Ax AT " CI S N P
| | | | | | | |
-
O — O
v -




o)
Hr

—

_XE

|

&to] Al

v, o4 ALrF va

5ol

254 2t Aol

]

oF
T

oy
jany

Mo
Mo

G

uj, 22.9kVe]

sas

= 1y

o

uia!
o

K

e
o

K

)

Ho

Ton

oH
jrze)

—_—

T

23]

A = o

B A=W

_‘IO_



SUMMARY

I. R&D project summary
(1) Background of the project

O With the rising growth in railway construction and demand throughout the world,
diversified transportation means are needed, now more than ever before. As well, there
i1s a need for a new eco—friendly and innovative electric railway vehicle traction
system, considering the increase in tunneling cost for contact power supply using
pantograph and overhead catenary, the limits to train speed under the cohesive driving

system, negative aesthetic problem and increased risk.

O Shortcomings of existing railway vehicle traction systems include:
- Increase in construction & maintenance cost for contact power supply system
- Difficulty in quick acceleration or increase in speed with cohesive driving system
- Low energy efficiency due to increase in volume and weight caused by power
converter, rotary traction motor/gear

- Negative aesthetic effect and increased risk

O The need to develop a new innovative electric railway traction system that will
eliminate such problems has been growing; as part of this effort, original technology

of linear pulse motor (LPM) traction system is highly critical.

O LPM traction system has the following advantages
- Superior acceleration & deceleration and hill-climbing performance through
no—adhesive driving
- Driving over comprehensive speed range, from low to high speed
- High energy efficiency achieved through a reduction in vehicle weight
- Reduction in construction and maintenance cost compared to existing railway system

thanks to the lack of an overhead catenary system.

O The eco-friendly LPM traction system represents a commitment to upgrading and
increasing the speed of railway and will have significant ripple effects as a future
transportation means;, as such, the intent with this project is to build a full-scale
test-bed that will be able to implement technical demonstration for securing design

technology and evaluating combined performance.

O The development of a future transportation means integrated with innovative

technology will lead the global market and enhance the nation’s position and image.

_11_



O Given that this core technology is at an early development stage, it has the potential
to be able to lead the global market and activate the green railway system iIn

overseas markets.

(2) Goal and scope of the project

O The scope of the project is categorized into 5 goals, and the details thereof are as

follows.

- Development of fundamental technology for railway LPM traction system
> Evaluation of applicability of LPM traction system to railway

> Research on fundamental technology for railway vehicle

- A down-scale LPM traction system model
> Development of a down-scale LPM traction system model
[> Analysis of a down-scale model

[> Analysis of LPM traction system and study on torque ripple reduction

- A full-scale LPM traction system
> Design and fabrication of a full-scale LPM traction system
> Development of a full-scale LPM traction system analysis model

> Evaluation of the performance of railway LPM traction system

- Development of LPM BOM system
> Development of LPM BOM system (proposal)

> Development of maintenance system (proposal)
- Review of commercializing LPM traction system

> Development of railway integrated Test-Bed (proposal)
> Power supply for LPM traction system

II. Deliverable and use

(1) Deliverable for the project

_12_



O Development of fundamental technology for railway LPM traction system
- General, technical and economic feasibility of railway LPM traction system
- Study on fundamental technologies including modeling, controlling and simulation of

LPM traction system.

O Design and fabrication of a down-scale LPM traction system
- Development of a down-scale LPM traction system
- Development of a down-scale analysis model and performance prediction
- Analysis of LPM traction system characteristic analysis and study on torque ripple

reduction

O Design and fabrication of a full-scale LPM traction system
- Development of a full-scale LPM traction system
- Development of a full-scale analysis model and performance prediction
— Technical wvalidation through performance evaluation of developed LPM traction

system

O Development of LPM BOM system
- Development of LPM BOM program

- Maintenance system for LPM traction system (proposal)

O Review of commercialization of LPM traction system
- Development of railway integrated Test-Bed (proposal)

- Power supply for LPM traction system on Test-Bed

(2) Project effect

O Elimination of traction system mounted on catenary and vehicle that hinders
improvements in train speed, in order to develop an energy-efficient and cost efficient

railway system.

O Independent development of fundamental technologies in railway traction system and
achieving early technical dominance in order to develop and commercialize wireless,

no-cohesive, instantaneous brake and automatic location detection system.
O Development of lightweight vehicle with enhanced hill-climbing performance and

reduced tunnel section by applying LPM traction system to existing railway, which

will reduce infrastructure costs.

_13_



O As no overhead catenary is needed, there is no negative aesthetic effect on the urban

landscape, and the advanced system will produce an urban image-making effect.

O New innovative traction system that will improve railway environment as well as the

nation’s competitiveness.

(3) Use of project deliverables

O Technology to increase the traction power to run a steep slope for shallow

underground railway

O For other means of transportation, including mountainous tram or roller coaster that

requires hill-climbing performance
O As operation model for performance verification of future railway traction system

O As a core technology to develop core devices for no-cohesive driving traction system

under development domestically

O To create a new business model for each railway operator so as to develop a
logistics transport network using embedded track without interrupting other means of
transportation when developing a logistics transport system using the LPM traction

system.

III. Scope of the project and deliverable

(1) Fundamental technology for railway LPM traction system

O Evaluation of the applicability of LPM traction system to railway
- A review of the government’'s new growth engine and green growth policy, railway
policy and regulation was carried out to analyze the political, technical and
economical feasibility of developing an LPM traction system.
- Compared with other linear motors and the existing railway traction system, the
system appeared to be superior in terms of system installation and cost efficiency,

including the characteristics of lightweight, simplified control and compatibility with

_14_



other train control system; in particular, the maintenance cost could be reduced to
23% that of other systems.

O Study on LPM fundamental technology for traction

- The driving principle of the LPM traction system originated from BLDC motor’'s
driving system and LPM traction system modeling was implemented based on this
principle.

- Stator voltage system could be inducted as a 2-pole rotary machine and torque
equation was sought, accordingly, and conversion equation for conversion between
rotary device and linear device was induced.

- Back electromotive force of LPM traction system is generated in a trapezoidal profile
due to structural characteristics, and thus a square wave current control system is
favorable in terms of torque ripple reduction.

- Current controller was designed and simulation model was developed to identify the
characteristics based on LPM traction system modeling.

- Through a simulation using a full-scale design parameter, traction force when

supplying 1,000A to ground coil was estimated at 5kIN.

(2) A down-scale LPM traction system

O Development of down-scale LPM traction system
- Design and fabrication were implemented after determining the specification of LPM
traction system including inverter, COU board and gate board.
- Bogie location information is needed for current control, and hole sensor for sensing

the position and permanent magnet on bogie were used.

O Study on down-scale model analysis

- Predicting the performance of a down-scale model with 2D and 3F finite element
analysis model using the parameter of a down-scale model.

- Verifying the accuracy of analysis model after comparing and confirming simulation
of back electromotive force and measured data are similar.

- As a result of predicting the traction power after energizing 200A current, 2D model
analysis indicated 4.65N and 3D indicated 5.05N; according to actual test, 3.9N was
obtained.

- The difference between the analysis result and actual test was attributable to the
difference in current to ground coil, and should the same current be applied, the

result is expected to be similar.

O Analysis of LPM traction system and study on torque ripple reduction

- LPM traction system uses a ground coil winding method, and thus the back
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electromotive force of phase A and phase B appears to not be the same.

- There are different maximum values of magnetic flux interlinkage to each phase
winding due to variation in pore size.

- Thus, as much torque ripple as the difference in back electromotive force is
generated when applying the same current to phase A and phase B.

- To reduce the torque ripple, the current difference according to the different back
electromotive force shall be applied to each phase, and a current control technique to
minimize torque ripple is proposed.

- Simulation and test were conducted to validate the proposal and deviation in torque
ripple before and after applying compensation method was reduced by 29% to 48%
from 77%.

(3) A full-scale LPM traction system

O Design and fabrication of a full-scale LPM traction system
- Design and fabrication of ground LPM traction system

> A ground coil generates the power by responding to the magnetic field of the
mover while conducting.

[> This is designed as a 2-phase and 2-row structure, and maximum conduction
current is 2,000A.

- Design and fabrication of onboard electromagnet

[> Magnetic field is generated by DC to the on-board electromagnet, which interacts
with the ground coil to generate the power (8-pole)

- Design and fabrication of current feeder and collector system

> Inductive power collection and battery are applied to feed the vehicle

> Inductive power collection uses the back electromotive force induced in the DC
magnetic field generated by ground coil along the vehicle running direction.

[> Battery, charger, and power converter to supply a constant current were fabricated
to supply the power to electronic appliances and electromagnets.

- Design & fabrication of power converter module for supplying ground high current

[> This consists of 6 components, including converter, inverter, cooler, positioning
sensor, brake system and display.

[> Display shows the user the information from the components and controls the
LPM traction system according to the input by the user, helping the user to
operate the bogie more conveniently.

- Fabrication of bogie and system integration

[> A bogie is designed to fix the onboard equipment to the LPM traction system,
which includes a permanent magnet, onboard electromagnet, battery, power
converter and brake system.

[> Unlike other bogies for ordinary railway vehicles, an axle-less system that uses
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one axle per wheel was adopted in order to enhance the performance and reduce

the noise on curve.

O A full-scale LPM traction system analysis model
- Predicting the performance of a full-scale model with 2D and 3F finite element
analysis model using the parameters of a full-scale model.
- When applying 2,000A to the analysis model, 2D and 3D traction power was 3.6kN
with a relatively larger ripple of 60%. Though a large ripple may have an effect on
ride quality because of the significant vibration, the passenger would be affected

insignificantly because of the larger inertial force.

(4) Development of LPM BOM system

O Development of LPM BOM system (proposal)
- This can be classified into the onboard system and the ground system
- Onboard system comprises bogie, electromagnetic power supply, inductive power

collector, brake control system and GPS

Ground system comprises ground coil, vehicle location detector, inverter, converter

and monitoring system.

BOM system components comprise a BOM tree including Level 0 ~ Level 7, and
data information includes BOM part name, part number, part version, unit price,
original name, part register number, part material, manufacturer’'s code number, O&M
manual, original quantity, location, serial number, procurement cost & date, service
life and other information and document information.

- System is also designed to accommodate failure logging, which includes failure date,

place, failure mode, failure characteristic, cause and corrective measures.

O Maintenance system (proposed)

- The maintenance system of the LPM traction system was developed based on a
system used by Seoul Metropolitan Rapid Transit.

- The LPM traction system, unlike existing systems, is equipped with the stator of
traction motor and inverter installed on ground, instead of onboard, and thus light
maintenance 1s categorized into onboard and ground system separately.

- In addition, a detailed inspection standard for regular inspections by item was
developed.

- A standard work procedure for repair and heavy maintenance was developed, as well

as an O&M manual for components.
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(5) Review of commercializing LPM traction system

O Development of integrated railway Test-Bed (proposal)

- Substation of integrated railway test bed for LPM traction system that could
accommodate performance evaluation by part and by structure, and a system to
enable easy power supply to converter and slope starting test were proposed.

- Interference between ground coil, rail fastener and sleeper of ballast track and
concrete track was reviewed.

- While ballast track could be installed without an adjustment of shape, concrete track
requires an adjustment of the shape.

- Through a review of the layout of ground coil anchor and PS steel wire, no conflict
with PC sleeper for ballast track was confirmed, but a construction error may occur

because of a shortage of clearance.

O Power supply to LPM traction system
- 229kV AC would be favorable for ground power converter of LPM traction system
when considering line loss.
- As power converter requires 440V, transformer shall be provided and transformer
capacity was determined considering pilot product specification.
- Thickness and type of cable also were determined considering pilot product
specifications, and cable will be laid using existing common duct along the track

from substation.
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1.4.2.1. LIM(Linear Induction Motor) Based traction system
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1.4.2.3. LPM(Linear Pulse Motor) Based traction system
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Ny = Lyiy+ Lyyi f 6, +90°) (3.1.26)

olw] LPM& & 0](Salient Ratio)7} 191 A5 7|2 7p4&d L, =L, =L, =L, + 1, = e

=
[e)
vl 52 oglom 2] 31279 o] mAA HuALAow A
(3.1.2.7)
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o] uAA AHA A (Stator Voltage Equation) .2 vER™H 2] 3.1.29¢ 2t}

= RH—% (3.1.2.9)
I/a Z’(l Ra Aa

2 31.2900 A4 At V=V, |, AF i= ||, A& R=|R|, HnAEH A= |\ |olth o 7|4 &
Vi i R, A

}\1 :rLz‘;]_ A UJ B/\l-
Aot A

B Hudd e Bgstel Aesd nA AY U B, 944
21 31.2.10, A 31211 % 2 31.2.12¢ 2t

oZi Fﬁ
o
fo =

d\,
dt
dLji, dLi.f(@)
V. =Ri + + i
o Tala gy dt
di, di,
V.=Rji,*+L,—— dt L9 (7)+Lfaf(07)g (3.1.2.10)
. dib . o o dif
I/I)Zlibzb+LbE+Lﬁszrg(9r+9O )+ Ly f (6, +90 )E (3.1.2.11)
di, di,
V Rﬂf fdt +L wag< ) f( ) (3.1.2.12)
dzb

+ Lyiywsg(0, +90° )+ L, (6, +90° )dt

ANV, V, R VE 77 nAA A B R A A% G, 0, 2 i = 2 1ds
A% BE W SAA AR, R, B R R 47 244 AY, BY % S04 A, 0,2 2717
G, g(6,)2 7108 Pl W9l Frolh 47 AY AN g 2 A4 AHe

17 AFel ey AFAS shAEH 4 3.1.2.10, 4 31211 2 4 31.212% 2] 31.2.13, 2
3.1.214 2 2] 312159 #o] 7td de 2 T 7).
V.=Rji, -I—La%-l—Lfazfu)rg(@T) (3.1.2.13)
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(3.1.2.14)

di,
V,= }ﬂ)zb—l-[/bd +L szrg(07.+90 )
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V Rz +L it —i—sz wfg(ﬂ )+Lbfiba)fg(07,+90°)
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e A

2 31217904 Ri2 2 Ri& nAA FAXA
£ A A MERE ST e EUNEE AT AYAL w20 Slefols S
AX &9 P, oo F 35 A A ol A 31.218% T

Pout = Eaia+Ebib (31218)
A7\ A AAH 22 P& thAl 4 312199 2o AR
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4% 5E deir, A
312182 Wgiste] Ea T tjsto]

3.1.2.19¢1
Aestd FHE E3AH A (Torque equation)
3.1.2.20% %t}

=
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6 | (3.1.2.20)
u)’ﬂl
A RE Bt
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T (s)=KI (s) (3.1.2.31)

e a

wbA LPM Al2®le] lgo] Agt &8o] 7| AdEER Bl 554 % (Block Diagram)®
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S L
S+ —

21 31.2.3390 4 SFH-941 Aa] 7]WH (Pole Zero Cancellation)S AF-g3}e] v d-Z & A]o] 7]
o] gHo] LPMe =4& Aet== Hld o] @ AHF o5& HAASH 24 31233 & 2
2

3.1.2.349 /MFx AEdaes 4 31.235 3 4 31.2363 2t
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K, = Rw,, (3.1.2.38)

t}. o1H E

S Bl (Inverter) = A FAY o 2R E 7F¥ A G (Variable Voltage) 2 7FAF3+=(Variable
Frequency)®] 15 AHE Fw3t7] 91t dEAAAGAE Eetoh, LPM Al =812 2719 &t
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Y Y 7pE 2o 400 [mm]
7Y A o] 400 [mm]
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]2 A& 1 [ms2]
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32, %238 LPM 273424

321 2% LPM #3A24 7%

32.1.1. <18 E t=l
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— A
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71
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Detect

DC Link

it
Detect PWM Gating & Temp. Detect

AUX
PWR ‘

Temp.
Detect

Position
Detect

Communication
& Debug

Protection Circuit ‘

CPU(Motor Cantrol Algorithm)

19 3211 AN2" AT

IHEH= A7 4°J E*éﬂr TZAA A4S 18dte] Alo]EXR = (Gate Board), CPUR =
(Control Board), 2+ 7] Link Capacitor), MOSFETR &, AAE v #3 Hx
H T o8 A ]%ﬂ ot WA S 9oty FHTFRE Y&t ©FE
#sto] AA/AZSIATE JIHEE 8kie] 28S ¥ & JEFE 7 FEe 44
A TH

AWE o M Fo A o ¥ 32113 2o

=9 WX E 1L
= AA/A = st

3211 °9IHE Fo A%

i 3} Azh t}9) A} of
Al 2~ H)] ~
2] oF 2 A9t A4 \Y% 16™25
«“ H

H =4 KW 8
=4 AAHNF Arms 150A

Hd 7 Arms 300A
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Azge R 4% F P FRE QWY THSAE 293 Aotk 29% AR
150V 500A MOSFET X &< AF&3tath

2 Module MOSFET

LSAH4d Company
- Dimension (W x D x H) [mm] : 122 x 45 x 20

- Contact Cooling

19 3214 MOSFET ®&

A G

¥ 321.2 LMH500M156 58 A}k

Index Symbol | Unit | Value Remark
Drain-Source Voltage Vbss \Y 150
Drain Current Ip A 500 @ Ty= 25C
Drain-Source On Resistance Rpon | m& 1.8
Gate-Source Voltage Vass A\ +20

1}, DC-Link Capacitor (278 I ANAIEH ] &5 2H4)

AHEY] dgcte] da] AAEHE FASt AR AEHFE FARAE 7 UA
t &9 dEAF Hag 1, = 150A, AV,,, = 5V, LPM RE 9 &io g F7]
w, =2X7Xf, = 2nx1202 AAT A5, AFH AAHAEH(DC-Link Capacitor)®] & %2 TF

43} o] 78 & glvh

ol
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= 0.039788 F

wpeba] ASRAIH O] &7 40,0000 ol AATH Fol =S ST B AA A=
AR Agke] vk S F7) 98 35V/1,2006 %35 = 42,0004 8] A A AAIE nES A%t
E e

a9 3215 AFHA AGAH HE

. Ay

% 3216 HIE &
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o
X
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=
AL
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i)

g Wzt
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G949 MOSFET ZEolA WAsts 42 WAy skl GFuE Jadng 427
of FANS &% Al At

a9 3217 A R Bd =

3.212. CPUE =

CPURE9 2 &Y o= Alad AYEHE B8t AloE HES AA Feuy, A%
=432 B AFAAY AEE Yol A/D WIS Folo] AT S A3
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: bl oo y
. ¢ i i =<\> I .l\\ I ¥ w 00, “ &
H ||| /" ] °°. :
+ //

L1l
LLEL LT T B
i
=

18 32110 CPUXR.E Bottom'™

- 16 bitd AFAME Z2AA AL
- PWM =383

¢t CPU

LPM ¢l E 9 CPUE Z]AA DAY “MCH6F8345"S &3ttt 168U EHF CPURE +3.3V
AYS AFEsta gkl MCU Hl&] A9 wol= H A S d3kdd

MCH6F83452] +8 7|52 ths3 2t}

e High-performance core
- Efficient 16-bit 56800E family controller engine with dual Harvard architecture

- Up to 60 Million Instructions Per Second (MIPS) at 60MHz core frequency

Single—cycle 16 x 16-bit parallel Multiplier-Accumulator (MAC)

Four 36-bit accumulators, including extension bits
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- Arithmetic and logic multi-bit shifter
— Parallel instruction set with unique DSP addressing modes
- Hardware DO and REP loops
— Three internal address buses
- Four internal data buses
- Instruction set supports both DSP and controller functions
— Controller-style addressing modes and instructions for compact code
- Efficient C compiler and local variable support
- Software subroutine and interrupt stack with depth limited only by memory
- JTAG/EOnCE debug programming interface
e Memory available

— Harvard architecture permits as many as three simultaneous accesses to program and

data memory

- Flash security protection feature

- On—chip memory, including a low—-cost, high-volume Flash solution
256KB of Program Flash
4KB of Program RAM
8KB of Data Flash
16KB of Data RAM
16KB of Boot Flash

- EEPROM emulation capability

e Energy Information
- Fabricated in high-density CMOS with 5V-tolerant, TTL-compatible digital inputs

- On-board 3.3V down to 2.6V voltage regulator for powering internal logic and

memories; can be disabled

— On-chip regulators for digital and analog circuitry to lower cost and reduce noise

Wait and Stop modes available
- ADC smart power management
- FEach peripheral can be individually disabled to save power

e Pulse Width Modulator module:
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- two Pulse Width Modulator modules, each with six PWM outputs, three Current

Sense inputs, and four Fault inputs; fault-tolerant design with dead time insertion,
- supports both center-aligned and edge-aligned modes

e Four 12-bit, Analog-to-Digital Converters (ADCs), which support four simultaneous
conversions with quad, 4-pin multiplexed inputs; ADC and PWM modules can be

synchronized through Timer C, channels 2 and 3
e Quadrature Decoder:
- Two four-input Quadrature Decoders or two additional Quad Timers

e Temperature Sensor can be connected, on the board, to any of the ADC inputs to

monitor the on-chip temperature
e Quad Timer:

- Four dedicated general-purpose Quad Timers totaling six dedicated pins: Timer C

with two pins and Timer D with four pins
e Optional On-Chip Regulator

e FlexCAN (CAN Version 2.0 B-compliant) module with 2-pin port for transmit and

receive

e Two Serial Communication Interfaces (SCIs), each with two pins (or four additional
GPIO lines)

e Up to two Serial Peripheral Interfaces (SPIs), both with configurable 4-pin port (or
eight additional GPIO lines); SPI 1 can also be used as Quadrature Decoder 1 or Quad
Timer B

e Computer Operating Properly (COP)/Watchdog timer

e Two dedicated external interrupt pins

e 49 General Purpose I/O (GPIO) pins; 28 pins dedicated to GPIO
e External reset input pin for hardware reset

e External reset output pin for system reset

e Integrated low-voltage interrupt module

e JTAG/Enhanced On-Chip Emulation (OnCE) for unobtrusive, processor

speed-independent, real-time debugging

e Software-programmable, Phase Lock Loop-based frequency synthesizer for the core

clock
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HZAY 2= 12VeS Jgutol thg 9 3213¥% e £ AYS AL &4
|2 =S 17 32.1.129F #r}
¥ 3213 RxHddY &9 dd3 1 9
<l
&[T
¥ NAME ¥ GNDH
VDD5V D gxg "9 TTL IC, CPU GPIO
VDDASV A old 21 A, OP-AMP, CPU2 ADC
VDD3V3 D tA " A9l CPU Power Source
VDDA3V3 A old =1 M, CPUS ADC Al e 7|& Hd
Hl, F21

T2 F2E a9 321133 Zeo] gy 9 RUHAS 3 RS232C 41 3] 29} el <}
NS 9% CAN B4 322 FAxo 9t

293 A2 Mosfete] 31&47F 500AF v =2 AF89714 A4 ¢ A, AF=H
}AS 183 600A AF =AHF AlAQ ‘HAHIDR 600-S LEM'E A}8-319t}. o] A F4lA
© 3 3.2.149 YERG A Zo] 53 e, AP, WSl g ol 22 e Al
2t WA= W ¥ S EAS 7H

AFAME die A7ld dddo=z vlEst debs 8t o] e = dHI|ZE
A= CPU ¢ ADC(Analog to Digital Converter)ol 4] #t= |
A7 AE 32+ 29 32.1.14%F 2ol 45

- 2'nd order & Y E W~ Low Pass Filters AF&

- AEg A4S 918 Rail to Rail®d OP-AMPE AH-&
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#3214 600Aw d-FAlA

Absolute maximum ratings

‘HAHIDR 600-S LEM’' =4 42 2= EA]

Parametar Symbol LiniE i TM_TF'EUNf e Conditions
Elacirical Data
W3y primary cument peak L. A l
Supply conbinuous over voliage " i 7 ot operating
Reverss voltage © i 15 TmWn@T, = 3G
Dwiput over volage (confinuous) Veurr v 0.5 L+ 03
Continucus output ument | . mé, -10 10
Dwiput shor-clrcuit duratizn T, min
Fm& vollage for AL ksokation test Vg KW 50 Hz, 1 min
Isoiadon resistance R, KD S0 500 WV - 153 16750-2
Electroelaic discharge voltage Vi Ky JESD22-A114-8
Amblznt storage =mperaiure T, T -40 125
Operating characteristics
Paramatsr Symbol Unit Xpaciewion Conditions
Mn | T | Max
Elsicirical Data
Primary current L A -E0D €00
Catbratian curmant Lo A 500 00 &T,~25C
Supiply volizge W, v &75 5.00 525
Cutput watage [Analag) * Wi v W= VSl K (25 Gl |y,
Senstivity = G A 3.33 @V, -5V
Current consumpsion I, mé 15 M @Y. =5V @-40'C<T, < 125°C
Load reslstance R, EXY 10
Cutput Intemal restsiance [ ¥ 10 CClo 1 kHz
Capadilive loading C, nF 1 100
Aridlent operatng lemperaturs = IS -40 125 Connecior imbed 105°C
Dutput dift versus power supply Vi W a5
Parformanca Data

Senshyity emar E B L i e 17 2.3'!3 .

L -20 20 @7, =25C il =1,
Elzctrical offset curent = =20 @, =25C. @V, =5V
Kagnedic offset curent 1. A £1.0 @ T, =250, after=,
Global offset cument L, -35 35 @71, -25C
FAuerage lemperature coelalent of V| TOV e c -0.08 + .03 L0 @-40"C T < 125°C
ANErARE [EMperature coemoent of G TCG W 0.03% +0.02 1.035 @ -41'C =T = 125°C
i . " -1_ 1 BV, =t * @, T, =257, @l =1,

A 05 0s @y, =5V @ T, -25C @l -,
Fesponsa ime 1o 90 % of |, si2p t us £ 10 & dlict = 100 A/us
Frequency bandwidin o BW kHz 3 & -34B
Cutput cdamping vaage min " G o @Y. =5V T, =250
Ctput clamping wikage max o 49 @, =5 T, =250
Cutput volage nolse paak-peak [T m 14 OC o iMHz

-1
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SENSING
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WHo] glo, 2 e A= CPUZE §21eh#] &tlete AWE 322 Hastr] 9 7} 1
3325 FAAYY

N

du do

AHEE T8 BEd 2= dFs FHH 509 nFrdFolAt, AFAME Fal A
H AZHe2 075V = 25[VIE 7Iee® ursHA Aok mebA f(+) e A+

()] Aol el Haszs 7kA7] 8l ZIEE el et dedke Bdsta 7 g
£ o] sk vjatste] 1 F sy oot Hloju =d] em e wh

a9 32115 HAF AdEd2 sA9Ee vEkd Aola, O 321162 A& 3 2ol

Al L II'EiII'lfII'i

i LI . |
0 Ll A . I <
I'II"'||| ' ’ ' -

Measure P1freq{Ci) P2mns{C4 P3--- Pafreqicd) P&--- PE- - -
value 31 6656 Hz 46 mv £y

a9 32115 HFAFAVNA B2 F2uy
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QXA
XpAd
A Hall
ops!
B Hall
npey

454 L | | : i 2.0 : i : ! ! :
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B ------->

| T 1 4 ? 4 T i " T . 5 1 4 " 1 " H 1 1
1] 1] | 1] 1 ' | 1] 1]

1% 32126 AN E HalldlA 2133 9= <12 3y

1}, Hall Sensor &%} AA
i xbel A A8 A2 o] 1t
Hall SensorZE A A3} th.

olo
of

sto] YIAEAE 38T & 9= AllegroAle] A3295

1 F8 7Is 54
- Resistant to physical stress
- Superior temperature stability
- Output short—circuit protection
- Operation from unregulated supply
- Reverse battery protection
- Solid-state reliability
- Small package size

- Internal pull-up resistor optional

(2)

4z
e
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=] Current Limit o I
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y

(3) Hall A2l & g % 571 3=
19 321.28% o] & A= J2EHYA Array AFAH F7HA ®
Hall A4 €] 9o vt E Fluxs F3 A7 57F o] WA Ho A3k

& ol g3t ME Fluxel AZ1E 54 @ & vk

19 32128 A329% F7F 3 ERE

A3295% w2 UlE Flux densitydl W& &8 542 vwl214|E Flux densityol vl &|ste] gko]
WEbUEA] 8ol 1 3.22.1.299F #o] Bop ¢ Brel Buys %<& 7FA3L Switch Low¥ Switch
High 322 YeuysE EAS 71A 2 vt el vl2Y E Flux density ¥ 243 &%
2 AgskA7F @ o= dAZF] mIYE Flux density &A1 59 9otstes &=

Abgo] e,

- 134 -
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+5V

T BT
7 &ND 14 vee SIGA-D +5V
i ; UTIA
COIL-A 1 .
+5V 8 SIGAD R29
A_SEN 2 47K
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P9 T SIGB-D co5
U7B 104
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COILB 4
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B_SEN 5 Y
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+5V Us f‘_\
%1 Ipo vee | B "
2 PR &  sicar
3 RN 7 sion e
SIGAD 4 [ ﬁ
75176
+5Y +5V
+5V us Z%
w!l WpalSeos & | L
2 [N & sioB:
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SIGB-D '
75176 f ’ / :
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& A @9
Ho A& 1.44 [km/h]
s v RPM 60.0 [rpm]
T A % R 6.2832 [rad/s]
A7) 24 Fa 12.5664 [rad/s]
Z19) 7t= 100 [mm]
7 o] A= 60 [mm]
SR 1.21 [T]
79.12 [mWhb]
A & 26 mQ]
A= S 28 [uH]
2el Pole 4 [pole]
Sehv] 2 5.4 [kg]
A EHE 0.0219 [kg-m’]
ulzZ- A 4= - kg m?/s]
DCe st 20 [V]
A4 EA 0.5157 [Nm]
A4 A 325.8734 [A]

3216. 52 AE Y

1517] SlelA = WA tAke] %

_ir
3L olo] W& FH Pulsedtd &
S s

7}. Hall Sensordl] &3+ $J% A4 ud

@A Ge s sl o ABM N5E aae] B 928
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U, LPME Y &

19 3.2.1.32¢0 4
~ -150A 7+~

F
Measure P1:rms(C3h P 2:freqi{C1) PImaxiC3) FPd:min{C3) Pa:rms(cH Pa:rms(C1)
walue 1.728Y 262V -192 my 1.84A 124
a9 32131 iz 1A o] w& Hall Sensor =% AB%

[

2137904 % 5 A& AAY AF Ao BH webA +150A
gzlaw AEECE AR Aol Hu 9o B F A

L |
Measure P1irms(C1) PZrms(CH P3freq(C1) P4:widn(C1) P& pkpk(C1) P duty(C1)
value 5264 577V 1059608386 kHz 55299400 s ITA 41.40 %
19 32132 +50A &9 Ao
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Measure

value

P1:rms(c1)
10494

| 1 i
FP2rms(CH Pa:freq{C1) Pdwidn(C1) Fa:pkpk{C1) PE:duty{C1)
a7TV 3.30997375 kHz 22.567400ps 30A 92.53 %

9 32133 +100A =9 Ao

Measure
value

F1:rms(C1)
157.8A

&
FZrms(CH F3:freq{c1) Pdwidn(C1y Papkpkic1) Pa:duty(C1y
577Y  9.9485857049 kHz 27 644600 ps 30A 72.50 %

1% 32134 +150A =3 Ao
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&
Measure F1ims(C1) P2rms(CH P3:fren(c1) Pamwidn(C1) P&:pkpk(c1) e duty(c1)
walle 53.2A B5.394800 ps 2T A

19 32135 -50A =9 Ao

£l

o

&
Measure P1:rmsiC1) P2:rmsiC3) FP3:dreq(c1) Pdwidn(C1) P5:pkpk(c1) P& duty(1)
value 106.6 A 73.208600 ps 2T A

1% 32136 -100A =3 Ao
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T

T o o T ! o

Measure P1:rms(C1) PZIms(CD Pg:freq(m) P4widn(C1) PEpkpkiCT) PE:duty(C1)
value 156.6 4 - 10.33386656 kHz £4.007400 s 04 3386 %
% 32137 -150A &3 Ao
ot iz 31 Aol Pulse 33
% 32138045 19 32.1.407HA 9] Al 9Es B, ko] §1 Ao wE F31 Ao
b AgE o] RofA T eS¢ S 9tk
LeCroy

|
MIL

PE:duty(C1) PE:frag(C1)

Measure P1--- PZmax{C3) P3:rms{CH P4:rmsi{C1)
value 21 my 21 my 1394 A 003 % 878254496 mHz
a9 321338 FRAL AT B 27A0] v
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LeCroy

M

| “ B\

CX

i
Measure Pl--- P2:maniC3) Pa:rms{C3H) Pd:rms{C1) Pa:duty(C1y PE:Afreq(C1)
valug Imy 29 v T1AA 50.36 % 3.3322337T Hz

1% 32139 tiA THEAIS] A B 2740Alo] 9+

NINNINIEN S -]

A
Measure P1irms(C1) PZrrms(CZ P3:freq(C1) P4mridn{C1) Pa:pkpk(Z1) PE:duty(1)
value 13824 130my  280.057886 mHz 1.99953618 5 448 A 50.00 %

2% 32140 90%= A el A7 (160A Alo])
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7h LMP &4 2Eo] o] sxH(=HA]) %

LPM F24 Bdo] ol FxH(AA)e 211 32219 (a)9F #o] SUS(Stainless Use Steel) #] &
2o =z AAY spdell FAA A7R7F FAE dEolth. A o] Atol=E 1
3.221° (b))} #o] 7F2 75mm, AlZ 60mm, F7+= 10mmeo|th. 7 A4 2] N5 S= Ao
o] 7+4(Pole Pitch) 100mmeo] ™, 324 Alol&= 25mm7F Bl A At o A b
£ 57 121T2 JUALE7}t =2 NdFeB 8| E/F A4S AME3skolh

3244 : 100mm QR S : 10mm

- o

20| ;: 75mm

(b) JFAY Aol =
a9 3221 ClBARA) HAY T2 L TN Ao =
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g3l 325 yERdY Pulse Voltage Source 3] 2o A wQl 3] &2 o] 29z Ao Al
At B2~ dAFe BAEy Fa¢ 55 Aojsiy 2 ARF] A%y Foae

3.2.2600 debdl ey ge 2Aske] AT & U

1 1
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I 1 —
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Vv, : Initial voltage in Volts
V, @ Peak Voltage in Volts
T, - Initial delay time

T, : Rise time

T; : Fall time

P, - Pulse width

Period : Pulse period

A% &% Im/slh Fol AW Bashe] 7] Period THe A2 Eate] A4 & k. o
714 = = A [mls o n| g
. 27
Perlod:T [sec]
T & Py, #2 &d WAol el 2=, T, T, #+& 022 AAsta AxA si4s 3
It

gh oA YAl wE 2 REoM o) o]Fxkel agat Atole] o] ek

~
M= Aol ARE o] AF7E 21, W} a1
A 2 Tl A= BAowE ko] AF7t 321, j A= 3228(b)9‘r 2 S48
=t &4 70 Mol AT S0 AF7F 229, u4x A4S 29 3.228)9 %

S45 zZter 4 7 IVellA = BAelwt 59 AR sEw, 482 944 ¥
B

_,d
_EL
K
ol
0
l‘ﬁ

A A3 THE VAR E
ot ZAzhe] 2 Rk oleAke] 1Al ofF A LPM a4 EdolA olF ke 914
5 =

Ip

Period} 1 {mimivia imimiw

19 3227 24 "H2a AF oA &4 F7r
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Induced Voltage [mV]
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£ Aot 9ds] B F Qe ed 1 BHo| vk F AHWFE 2903
4 sglolB X A, Alo] AA 2 mEAY FA, Ao dagE T Sol ol
olF7] 9 Fad 27t drh
@D AWE 1 SET T4+

IGBT

- IGBT =glolH

- DC Link Capacitor

- Aux power

- Controller

- By
@ <SIHE A=

M2 HA
Ag Bat B x=my
- O $
Full Bridge Full Bridge
2t Gate A/D
£la¥ HS9|E Driver Converter
RXEE L sy
PN
3V
DSP
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SIME = 249 ZAdE Aoty flske] 2719 W8 Full Bridge EZ 24 5 AL&319
= InfineonAte] 2400AF IGBTQ! FZ2400R12HE4 B9Z A A a4t}

external connection
(to be done)

Vees = 1200V
lc nom = 2400A / lcrm = 4800A

g:. = = Typical Appearance

¥ 33134 =993 AR 5UFs =

Wl CPUx TI ] 16bitw CPUSl MCS6F83455 A ste] &3t o] daugl+S +5
S Q=S Sk CPUS 4A% 548 ofdsh 2t

Efficient 16-bit 56800E family controller engine with dual Harvard architecture
Up to 60 Million Instructions Per Second (MIPS) at 60MHz core frequency
Single-cycle 16 x 16-bit parallel Multiplier-Accumulator (MAC)

Four 36-bit accumulators, including extension bits

Arithmetic and logic multi-bit shifter

Parallel instruction set with unique DSP addressing modes

Hardware DO and REP loops

Three internal address buses

Four internal data buses

Instruction set supports both DSP and controller functions

Controller-style addressing modes and instructions for compact code
Efficient C compiler and local variable support

Software subroutine and interrupt stack with depth limited only by memory

JTAG/EOnCE debug programming interface

19 33135 CPU =

o,

CPUE E&3 AlojH =+ IGBT AClE A5 &9 A7 @ 4% Ha3|2 5235 79

o Alojnme] TS ofg s Bl

o
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@ AA A=

40Cm

40Cm 40Cm

100m

a9 33141 FRAAY wix|7HA

i) DC Link At HE
- ghatg 4 = 10000/40 = 25070
- % seg /Mg = 25070 = 4 = 1000 seg
- & WA o] = 1000 seg#(40+10(F & 1H74 11#))=50000Cm=500 m
- m A A3 gk = 0.16mQ/m * 500m = 80m<
- 2000A E&=d Zed AL 1 gk V=2000%0.08=160V
3+

whebd elmEle] 9 A 200V SHES W 20004 £ FRE FY & g Aol

i) A %= 20km Lo FAmAe] Fog AN

20000m/3600sec = 5.56 m/sec

. A=
- x5

- 13114 78 = 80cm
- Rps = 556/0.8 = 6.96 Hz

i) JIHE Ao 7&

LPM2 7|2 &
24 Aee A7

A& @4 Full BridgeZ 3to] Ady Bl F+ 79 Zds +5A1F

g AN
e 3 AlolE & 4 A $tr} Full Bridge®] 52 542 oh3 2
- Full Bridge Inverteroll A 7}4 ztdst 2913 7IWHE 7839 28940 94S Wt Aot}
- 2913 &2 Q1 Q4 2 Q2% Q3= FAo HdE & glth

- 2913 A QL Q2, Q3, Q49 =91 x3tel wel FatA dYe A ofdier 2o
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Vs
(a) Full Bridge 91HH 3=
22 AKX H-2 AQAY AKX H-2 O EHHEY Vo
1,02 Q3,04 Vo= +Vs
Q3,04 Q1,02 Va=-Vs
Q1. Q3 Qz2.Q4 Va=10
Q2,04 Q1,03 Yo=0

(b) =93 =% e =9 dk

1% 33.1.42 Full Bridge ¢1HE T4

e
2 g
1 b Ao
L
Q1,02:0N Q3,Q4:0FF Vo=+Vs
.4 o
odh. * F Ao
: 1_| +Ve=0 l_!|
i f — ey MR |
&
a1, Q3 : ON G2, Q4 : OFF Vo=0

19 3.3.1.43 Full Bridge $IHH 29
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Aol Wi AHekel Ao 2=

EReE °C 100

2
1
iz
ki

i) Wdde] %9 SCR Wolx~ Zy o] &% ztolE AAkget,
AT =R, y< Q=10 x 0523 = 52°C

ii) SCR #lo]~ g de] 2% SCR A9 2% #ol& A4tsit,
AT,=R,, ~<@Q=3l x 0523 = 157°C

i) WEdIe] 2x¢ SCR A9 &% zol& AAbgt,

AT, = AT, + AT, = 209°C

vi) Aol £ 523W, T AT £ 50°C9) 271 sel A ydwe] HA LEE 95 ol
20.1°C 7} k.

W gk 523W X 3 = 1569We] B8 A7z A HILEE 100 °CE §A8= =10
2 AAE Aoy S St Yol AR b o] Y, AV HA FEv AFES 1Y
3to] 2kWH o &2 AAZS 3sith, Aoty AANA Z FEo &2 Aeshd ol 2}

# 33112 AWE FaFdd i3 &=

Parameter Spec. AT Unit

WS ¥4 2E(FE2E) 50 0 °C
e 25 79.1 29.1 °C

o]~ g & 84.3 52 °C
SCR HEH LE(FxH2%) 100 15.7 °C

(4) 1A AA

LPME A ko] gl A6 ola 718 Ao waow Ao 4aat 922 AE
= A nAY Aol @ & Qrkn wa & vk wekd Ao g AAE Aojay] 9
AAE Aol 928 Aots AES 5 AE 9NN dato] W FeaThn & 5 Uk
2 walel A e] SR AN Aol obd Aol A MAE AAe kel 94 AvEE A
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19 33148 91A AEE FAA 3 AAAATH

JE‘U 3.3.14714 A EAAM e fAE F3 mZde] At FdeA wiAstaL, B FAA 9
A5 45% o StubAl wiA sk 19 331483 o] "t o] F A E 45k AR AT
A A %E} o|Ag Jh+Este] 90% mitt LPM #1455 AL & = s 3.

i) EAA 22 AA

hatel]l AdE YHEE Aol HhSsle] fAEAE FHET 5 = Allegrort2] ‘A3295
FAE HAASAY. A32059 FLo Ve 2 EALS toy gony, Yy e ¥
3.3.1.49¢} 2t}

- Resistant to physical stress

- Superior temperature stability

- QOutput short—circuit protection

- Operation from unregulated supply
- Reverse battery protection

- Solid-state reliability

- Small package size

- Internal pull-up resistor optional
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(1) IHE
# 33118 <M E AZALG
Classification Items Unit Spec. Remarks
SYSTEM Nominal input Voltage \% 200V
VOLTAGE Operating input Voltage \% 170 = 230V
Max. DC Input Voltage \% 230V
Max. Output Power |[kW@Vdc@sec@rpm| 400@200@10@0~420
Rated Output Power [KkW@Vdc@min@rpm| 300@200@20@0~420
;)I(J)”[\TIZDIEJIT[‘ Max. Output Current Arms@Vdc@sec 2000 @ 200 @ 10
Rated Output Current Arms@Vdc@min 1500 @ 200 @ 20
Max. Output Frequency Hz 7
Switching Frequency kHz 10
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Cooling Method - Forced air cooling
Coolant Inlet Temperature T 50
COOLING
Operating Temp. T -20~40
Storage Temp. T -40~85
Location A2
Size (LxW=H) liter ? Housing only]
MECHANICAL X
Weight kg ?
SPEC.
Vibration Class G 3
Protection Class - P4
Communication - RS485,Ethernet.,Zigbee
/0
Temp. Sensors Thermistor Inverter
INTERFACE
Position Sensor Hall sensor
CONTROL Operating Voltage A\ 12V
BOARD Quiescent Current mA 1]
DC-LINK Cap. Capacitance mE 10
PROTECTION Basic Protection
(2) AW E
¥ 33119 AHE A AL
Classification Items Unit Spec. Remarks
SYSTEM Nominal input Voltage \% 440V
VOLTAGE | Operating input Voltage \Y% 352 ~ 528V
Max. Output Power kW@Vdc@sec 400@200@10
POWER Rated Output Power kW@Vdc@min 300@200@20
OouTPUT Max. Output Current Arms@Vdc@sec 2000 @ 200 @ 10
Rated Output Current Arms@Vdc@min 1500 @ 200 @ 20
Cooling Method Forced air Cooling
Coolant Inlet Temperature T 50
COOLING
Operating Temp. (¢ -20~40
Storage Temp. (¢ -40~&5
Location ] A
) ) Housing
Size (L¥xW=H) liter ?
MECHANICAL only
SPEC. Weight kg ?
Vibration Class G 3
Protection Class P54
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| 2] Heat. Pipe
% o s W 1200
a A & °C/W 0.033 o]3}
ew eI °C 40 ol
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Forced air cooling

Al T8 s 20 o]%
A}o] Z(LxWxH) mm 500 x 800 x 800 o
Location ks
Weight kg 30 ofuj
Vibration Class G 3
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333121 FAEA AN ARG

Items Unit Spec. Remarks
K 2 GPS
Tolerance m 10 Vertical
m 10 Horizontal
POWER W 1
Coverage km 1
Bandwidth Hz VHF = UHF
Response Time msec 1
Map Resolution pixel 1024 X 640
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BPUT SUIAlOE 22l @2 ol
T

| Scire Mg 7t #ol_ 1200

| 282 cansumors geim @z wol |

iy upb_typel=UPBL15135 € UPB & F(UPB15135 or UPB4860)
* system_bms2_ip=10.25.49.100 & System BMS #29) Ip
ees system_bms2_port=502
P (Imsini) Li=23H0! ‘ rack_count2=2 € Rack +
gan( ) HEs unit_count2=30 € 1 RackS FFE BF #
C:#WProgram FilesWLGNSYSY¥LMSHcfg upb_type2=UPB4860 < UPB & J(UPBI5135 or UPB4860)
LMS AMB|A ChAL AlF} Log 2 Err 2!

v — LMS MHIA CRA| AJZHE $3] R30E

SHEX BS Al R AZL A X[E 22

NO

LMS Meonitoring Console 221

. €3

1. LMS LOG Data HE
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o = o= o = xl = A
BMS & LMS O|AYMAl RIEALE & Log Data S =AM LLILCH
Imsdb (43) (&) ABH: locainast # g FHOIFTIEOL ! Imsah
[ Log Data FS A% I B ko wran ERlr TS LS ET. 0 W EN
& kb_wan.Jog qolE - H
M| to_atarm_infe Kb_tran & 2oy A
| io_config > kb_tran_iog - e s A |
B in_svent_code s atarm_info = HE WA
b I <l w_config E a5 # W ¥
” = o AFEFFE: root o_event_code e RE M
l phpMyAdmin’ H | . mismevimsS it moee m G
m 1o_log OO G 0N GO
— LIS EUonE
v "W e _cd [ 0 KL BY
B to_rbms_svent i &‘ﬂm FEOIAR 83
[ crorEiuors ten_imedbias) | | BEEBE| |8 ooresemn e
— i st cev Hine
plogmabon _sc i Eﬂ) — =
e imsao (43) | LN L — [ emaremn
s B to_soms_svent Lt Wit 2000
WV B th_sbms_ _walt
M io_sbms_regular l
[ to_sbms_regular_one
| zess vusuous | e——) oo e SPTCE S RT SR
¢ HER Imsdb TEEITT T30 B b_ubms
HELY T 5 OE dnes B 1o_ubime_cure l
=hEoE Ty @ 1_ubms_event
[ & ubnerequtsi—ond - TYHBEEL Y= H3E
W Tt TR Gular
I 1o_upb_type
B B to_ups
| 2z l B t5_ups_curr
B 1o_ups_event
[ t_ups_regular
[ o_ups_regular_one
B w_ups_regulas_ten
| M & ups somp group |

2. Sopra UPB HJI&EZH JIEAM

aumnanay
TUEEEE
Hunaan

I

PART | & | ®2s= =)= HATT | Yy HID
mot System, RACK, MODULE EAl LMS SorE g & =gt
xet stol o H
LMS 3
MODULEE 2% &oI(BEA10T
ec LMS | sorE
olLH)
MCCB | 1 AE | SYUAE Y A SoHEH
Asta | H=D
e | A2t 25X 5C Ol =
e A
CHRHTH | 2
AC : 22HL+7% H=I| | AC,DC 22t
et EIAE D .
DC : UPS Float Mt £ A | =F, VS




(£AH=I] BEX%)

Hiw

w
Y

dstal | H=I) | HHE 21K
e | A0 2=x5T OlU o
e H2 | OPEN = =3
el | 4 T | .
LMSSH MO BXt : + HZ=D =) | MODULEE =
Mo | HAE D =
HR% E
AE | S Y TGN %2 A SOHEA

- T AR g

i

8

@ A3 (convert/invert) ¢ FA] X 7He] A%F
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i) Config.ini ¥¥< OPEN 3} serial port H&EE 2A AA 3}
=== comport H& A
COMP_PORT=com4
Comport AH= WHFH — £4 — st=dol/ A A2 — X R USB serial
AR7F veol Stk
ii) Winserial.exe & 233t}

iii) LPMTS.exeE Al3sic}

oA Y  [100]% MEESTEN © A - . ‘
== Hld
e Ct2 Hz|9lx| [100|m ® 2HRC |- AT - £F iR

T

— S )

103} ]




o

il
N

O

X

B

o

,_.Zro
ol
NI

B

.ro.._
X

X
o

el

el
il

2

Ny

i) AlsAe 2%

=
(<))
)
v
>
w
=
(]
£
(@)
©
o
T
—
(e}
e}
s
@
]
=)
o.
—
©
(<))
=
-

A
=

[100] %

® Ck2 A2 m

® 2702 x|

® 2HPE | A5 « &5 OfiFY

AZ

| @ M| HEHz| cm

® SN HS72| m

e AEA HE gk

=

o
=

- AF HE
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v) BAEA BA] W
- RGN FAEH ARE o]g5te] FHHE FAAY, FISE YA/ AR,
invert A}/A5F, convert AR/ AFE FAI A F A}

Sot 2 A Bl

@ A FEA S} BAIGARS] ZREE

AFFA (AW E) S} FAFA ] Z2eadgs GOt

i) st=9o] A
- Z21 "2 UART 38400,8,1,n
- Zglo]l B RS485 4wire

- Pin Assignment :

Pn W5 | EAAX | AwH A8 W 2
19 RX+ TX+
2 RX- TX-
SMW200-04
3¥ TX+ RX+
4 TX- RX-
- &4 F7]
- Max 200msec
i) dleoly A9
- AR 9 9 WHEHEAGA — AHEH)
A A AL AR g HolE 2 =4 A =29
0x02 ‘R’ 0x03
1byte 1byte 11byte 1byte 1byte
s A2 e AR BEAS A mRse} dolgE tata Fe vy
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£y zT
i o
SRR g
® oo K
: Foge X Ll
> O © S ﬂﬂﬁ W s %O o = A
& 2 0| %o |m @ EM ﬁ o =5
- © | RE Q D — o
5ol SW qmu z % o Wo - e
. = :
o 0RO M B o | 8 T %o %o Muu P = o WLM ,_ 5
= T R S S22 F ol =< gt m N -
SR Fole 4 E oop X of X
T —~ o N o o o~ M = m/e
@n E JI fom o il
— ) ol 2 o
O i %oy ¥ w
JXIL ;oT SR ﬁ .mJ _ZT OE OT o X O_U 5
SR T Wo o X T T
5 ) BT R o <o R
z E L T = vl W T T
“ |25 |# o |5 ER OFE S| A i T ox T <~
x E 2 3l A ) B2 S| | = _ < Ak
B A R e 10° c.l 9] ol — = = ﬂL - i
T SONR-{ =R A o Bl E2 g g TR s T
w_m g o8 oo N o K. = S ok HO B ™ N
KO Lo m.Av o .ﬂul .. Eo = X 1;1_ 7o a
T 2 ;S o e i ,;ﬂ ! iy y
% / ofy P
< °, :
: T T D d
¥ m . X L 63 — o =
< X & = G . z _ cll
(= AN % Lol.w o ﬂ o OT._ OI ﬂﬁ o
RO = o X - 2 O A
— e < S | op %) X0 X < o o X E
A% R R < T M o o 5 °
o p— + )
© T 3 = |# @ HS s = o g = X -
- S L S N > B c o ow <0 il
=) X |= — © ﬂro T - E :
st s) S -
w25 8k = W 2oA A s £
BN R N N N .
~ o < S .
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T8 0 A", /A oA AA AdgE 3+
> i exl e F > A/FH HE o FuaAE o 2208 (AR5
A
> A > 2E A/F7 A¥A > AFo A7 £E FAF
> A - iR HPE AeA > iR FYgkel me ARTFo] LG5
ER:]
BHE SHEQRIME — FAEA)
A ZHE2E AWM= S5 Holg £ 4 A =24
0x02 0x03
1byte 1byte byte 1byte 1byte
A e ANFEAst BEAS Agdetn mWsst Holeg vskun ¢ vl
#keltt.
- $% dolE Format(Z: byte)
AC A<t AC d¥94d w7 ZAWE 9%
0 1 F 4 0 3 E 8 0 0 C 8
Ex) 500V Ex) 1000A Ex) 200V
Hex#k => 0x01F4

ASCII : 0x30 0x31 0x46

Hexdk => 0x03ES8

Hexdk => 0x00C8

ASCIT : 0x30 0x37 0x44

ASCII : 0x30 0x33 0x45 ASCII : 0x30 0x30 0x43
0x34 0x38 0x38
4byte 4byte 4byte
AWE S8dF F72 Zd AF F8 AHE %
0 7 D 0 0 7 D 0 6 4
Ex) 2000A Ex) 2000A Ex) 100%
Hex3dk => 0x07D0 Hexzk => 0x07D0

Hex#k => 0x64
ASCII : 0x30 0x37 0x44 .
0x30 0530 ASCIT : 0x36 0x34
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S B ZAWE ¢ | AHEH ¢ INV_OV INV_OC Conv_UV
Logw [ 1ied | 1ied [ 1ew | 1ew
3 2
0: A% 0: A% 0: &% 0: &% 0: &%
99.9m = 999
ASCIIgk ASCIIgk ASCIIgk ASCIIgk ASCII%k
ASCIIgk
0x31 or 0x30 | 0x31 or 0x30 | 0x31 or 0x30 | 0x31 or 0x30 | 0x31 or 0x30
0x3E7
4byte 1byte 1byte 1byte 1byte 1byte
% 29byte
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R

/ BOBS @BeD
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4]

2

Q@ A=Fd AP Fdd=
/'
= ® My \*ﬁ
0 P | o @%@F LPM  Test
] y\,;’ff‘ \ R o g
20l vV ‘\ \ é}?%'\f’“ OB
\ LA / A ¥ BlEdge)AIHE
180 I W A r’ \ 1=35,00m
160] RN
(152
oy N *
: u;gw“ 3 b L ! ST 3 : -5 Swi LisiLiad L oved e
i W7 D80 B3 67 246 4 i) (5] et D785 170 T2t Tkt @0 Dm0 Dm0 G20 Ohm30 ORATD OhZ2Z500enii 08
Tem i 3m dkm Skm Bkm Tkm Bk Okm 10cm Hkm o . r—
DC1¥d & DC2¥ A A&
@ BT AR =v4
= ik
=A% 12km990
HAFANH R=250m
N-ESE = )
HF71€7] 35%o
EF 7km124
R4 F 1kmb597(871 4)
g 4km269(671 2~)
AN d4nl, A F4E g,
A3 } 6km322~7km722
A5
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(Bi)12km989.98

- 234 ¥ 371871 =2

o \\/,/ /’ =154 L @
gl | 23 rpuzziEich] [ A= \ Ly =TT o
. BEEEEEED ;b\ T
- ‘ L B0 /- a0 )96 B8N "9 ﬁgﬁ’

s
®

= o FEERES
| (EEEAME - =

¥ ¥ e W - Z D8 10kn/h 22
A e Mwﬁ\ Sl - YRLA B QTP gty
$ ; 4km MEH2Ed _ = B4
(B i~ DCSHAH| e1Z} &

& Adurd T 2FEHACRH) EAEHE ZFHAC/DCAE)
e e
5
HE SHsan N\ 2 NE ﬁj%g» A=
4k ¥]|e
EIIN 2AIIN
e « e *
esay > z=man 28 MY
ACKIE
-DCZHA+7}: ~ZH B
-DCH A 4 9] %]:7kmb40, 12km530

e G A AANES A AFuGARY] WA §oldd, VIEATe] AAY TS
Halo] Ate ALAER YA, ZAEAEA AAAA e F7 Aol 7sEt=
EF 9 HYE dF F0o s FAYE AEE FAS A



U B4 A% d3

(1) A=74 g

S = T 4 d & Hl 11
A2 = 12.716km
A= ZIAYEAE 0.270km Rheda2000
3 E(H-Beam =4 0.004knm el FHF(TS-04)
B7)7] 50kg,60kg TS-01~04, &%717 YA
APgA | ZA(250kn/ho) )Tt 0.900km
(2) A=AA 71+
S A7+ = & AA 7=

+ 200 < V < 350 : 750mm
- 120 <V < 200 : 680mm
70 <V < 120 : 630mm

- 250km/h o] % A=A Z
C TR RS E REY 0]

f

PP 00kn/he] g : UIC60

HA 2
= FPDLF | - 241 200kn/hv] % : KRGO
° . R=3,000mo] 4 - n/hel
=X : 50kgN 19

- A EUE T
- R=3,000mo] %+

A=7le7] | - HAF71=7] @ 35% =3 AR ZAYERS

-C = 11.8x(V* [ R) - C’ V:@aH 1= (kn/h), R4 97 (m)

NE

guil

ot A ZAEe} 228 9= (Rheda2000) %
(1) ﬂ]E“_rL}‘QJ X(—)]Q/] 1;!_! aTF=7A

® AmTE Ao
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=
T ¥ ’ Hzt ) T ¥
o= CPES
2l & (Rall)
X123 (Fastener) BUBI(R.L)
s=(Tle) -
A T4 (Ballast
s il )
= L¥HRoad bed) \AIB2I2(F.L)
= EorE

A2 A=rTx2=]

=] —=
T = AZEd EEEHE
1,103 . 500 2,400 . 500 1,103
€
UIC60kg
R.L
x| ||| ™ .
B SN[ 8 & 5
AS . e
______________ E-_L & 3%, 1
Zspeit (T=300mm) T F.L=E.L=23mm

.

UIC60
(200km/he]
4731 s o I
UIC60kg
,,,,,, RLL
e L L
ELLo 2%,
FTLfF_L:E,L%émm
B — i —
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1,287 ) 2,400 ) 1,427
‘ H= B L
€ E UIC60K
RL i
s 1rv; —

Eld
T %
- J E
| 680 ‘ 2,400 i 680 ‘
60kgKR l
(200km/h™] | = =F

i)

60kgKR
gE L
Lo 2,
b F.L=E.L-60mm

S)S!

1,287 2,400 1427

725

‘ e o J
€ \Q 60kgK!
RL RLII
[ R A A
"-DE'L7:::::::: _______ :_El_____g'li & 2%

E.L-29mm
(E.L=F L+45mm)

@ #3YE A% T4

‘Rheda2000 =]

‘Rheda2000

%! Rheda2000-8 Bi-Block 3=

- 368 -

=



‘Rheda2000 &2 E /8%

78 SosETy ERUUS
¢
RL | | R_-'-J: /%052328_1
E g [ ﬁ‘ AWALY V4 ‘Wﬂ’ ZZN7 X “7. TCL]
EL ‘S’M [ —————————————————— F—-Lj G- g §%7%
L5t (T=300mm) B
eyt | —m
e Q77 . EZ(2km855~2km990, L=135m)
« Bi-Block# &-(Rheda2000-8)+System300-1
« HSB(fck=12MPa) : h=300mm, TCL(fck=30MPa) : h=240mm, T A&
o ZH Y] - 0.8~0.9%
H= HE
¢ ¢
fraa ety
(€ 1= N e S SO
A581d)

28T - A ASEE(7Tkm675~7km810, L=135m)
Bi-Block %] &(Rheda2000-8)+System300-1
TCL(fck=30MPa) : h=240mm, TA1A]%

T2 0 0.4~0.5%

35.1.3. LPM Al xp#e 93

7h Tzl s A d S AR

(1) uj 715 Al

5
=

Test-Bed A A

2 g FUr1L7] 9 AUTF oA AE

@ -l 35%0 77k 32.20%, 71 W] aL
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T T 35% T3t T 32.2% T3t
& \,\\0513‘/9‘ N 0\955\ /}‘9 N -9*$6> £ N
r@/’:\‘/@lﬁ/ »@ﬁv\‘/@lgt/ S S S s B =
:ILHH = 5% R N 3% =82t = L S —
—a =y | Gy
- T2 7] 35% R AXAFZE - FATET] 32.2% HOFAAAE
- 91%] : 2km880 <> 3km570 700/250(32.2 + 700/250 = 35%o)
Ex S ey - 1% : 10km310 < 10km610
- Z 3 EAEF3H2km855~ - AT
2km990) - AEA =TT
@ 35% T3 32.2% T3te] HLEFH A vl
T T8 35% T3t T 32.2% T3t
A < 154V HA A9 A7 2kmb44 < 154V H A A9} A 9%km779
oRE] - DC1HA A2 A : 4km315 - DC1H 49} Agl @ 2km920
ks - DC2H A 242} AEl : 9km305 - DC2H A2} ATl - 2km070
WA | - 154kVH A A 21%] : 0km681
A H] - DC1H A 4 93] : 7kmb40
2 A - DC2H A& 9% : 12km530
(2) 4%
35%e7-7F= LPMAFE Tl 7] A2 S fsiA e HE71s7]= HA oy, ddss At +
v 32.2%7-%rell Wl oF 474m © Hojx] 1o Test-Beds 32.2% 7iFo& A3t

b A AETEEY O UE
() AT 3 2ANERSI Agadd M AE
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1600

Side view — A phase

260
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A-B Phase 2 gf

= AETEE SJ5 PSEHde AE PCHE, o 4
BZ % ol 50kg, 60kg, UIC60% 4 d9e 2Y~TY2Y 5o AA
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A Y e PO



2AL AT A AFRY el F4S BB A4 2H FAALFAL, 2 Ysha,
UESS 283t RAAAUS} PCARES ARZNY o AAA YAREES AAse] &
.

@ A¢=Y YA (b) SEGA] “A”

1,203

60kg KR

@ A EREA #A%=(Rheda2000)

Rheda20007] =7 %+ 52U RHEDAY ] 640m Ao A% ZAEAES HAxsle] ¢
ol o]2E % 39 5HRE E oo ¥4 FHEFTE VFHEA LA A Qo 5E
HyEAg glo] FAHI o, 753 A z=d+x 9 AlgiA o] HEgh £k Ao 314
of Mk} el ATHLOE o]Folx 2 ALTZolTth

T & RHEDA2000 A=7Z (A &Evd It 4)

AAAA |« System300-1 2 7=
o el ~(Lattice) 1t 2 44 Bi-blockI&2& & AW 7} ZAYE
S Be vy = A eldste] dASIetE .
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A=Y Axgd (RHEDA2000 #A =)

834

cale A Aale

T 50 1T ] .

72— 7P T—~x_t¢ - fo /& © ©
z /V)Qﬂ A VAR wa
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o= ZAE #4E A7 e MY FE T Hto] dE AT AAH o
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H% 2 ol AAIL bssht, FadEARE AAAAFN D B0 A7)t BmmEA 7
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P.S7 o]l FF3] WX = o] o] Fztel AFEHA Fes: vigx 2 AL 5ol AAE
ojoF gt

TE AZH = 60kgg P.CIE
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TAAAA ZAYE SHE AREGEY) T B2SHALES] AF A5 AEAbe] I,
PST-B&E <] ¢ Aol ApddTom nfgaito]l Padte] 53} Td0Ze dAE
s Aol g A9 Ao ek

ZAYEAES] Ho] TR % A, FAYE dWar)h AREYL 2FZAYET
e Wl gl AEets 25, 3/NFET, TeTIsE, TEeTs gRetel o
ZAES] AJNGSH/E ST AE Aojse THHeR HES o] AYHER T2 ZALE

Alzglolete A&t ) AASE, FAAE, Ao, mitdE sl uhel de] wA]

il

uetA] A EAEGN LPMFIAI AR 488 49 O A5 AL, a4
5|

ZAYES A7 FH= ZAYEAY] olde] AAH = dEBE, dEAHE, ZadeE
o] A4 x99 7 (Cast-in—place anchor)®} &8 ZAgEd PAHLXE 3 AFAHE AH
At R A 2 AR YA G2 4 7 (Post-installed anchor) 2 7 ¥ th. LPMA}
FA 2l A G ARY] Aagk uAH S e AFRE A A E A= AR EA, FEAGA BT

(2) ARAE PCAZ] BARAGI=RE)E HAA e FS

O AT HE

AA I ($N,) KNI

T Hla
M24 M20 M16 M12
WA AAG= 105.90 73.50 47.10 25.29
ZAYES FAHFE 25.87 25.87 25.87 25.87
FdAel HIH= 224.11 156.24 100.13 66.86

min’ 25.87 25.87 25.87 25.29

A% AA3E(N,,) 1.70
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* A (N, 1w = N, 0K 0K 0K 0K
@ AWEEHE
A2 3o V) kNI
Sl = Hl
M24 M20 M16 M12
WA BAD= 55.07 38.22 24.49 13.15
ZAYEY AAYE 51.99 51.99 51.99 51.99
P79 A EZeG}RAE | 77.60 77.60 77.60 77.60
CAA AGAEGV, D 51.99 38.22 24.49 13.15
As ABEE(V,) 5.49
F A GV, = Vid 0.K 0K 0K 0K
(3) o AZAE PCHF Gdd7| (A7) E FHA = 4+
D A FAE
AdA3IH o N,) [kN]
o Hla
M20 M16 M12 M10
WA AR 91.88 58.88 31.65 21.75
ZagEee] AIAG= 17.78 17.78 17.78 17.78
7o) WINPT 14.05 1115 5.77 3.38
gaeZd Hag= - - - -
AA AZRZ(PN, i) 14.05 11.15 5.77 3.38
Al QEsHT(V,,) 1.70
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F=(OV, i) 45.75 30.62 16.46 11.31
Ag s 5.49
* A (oV, 0K 0K 0K 0.K
ZAYNEZ dAdIAGIEEE)E HAA &=
A A7 pN,) [kN]
M24 M20 M16 M12
105.90 73.50 47.10 25.29
o] HAFE 27.43 27.43 27.43 27.43
112.06 78.12 50.06 33.43
ESW E97= - - - -
27.43 27.43 27.43 25.29
1.70
0.K 0K 0K 0K
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7h Av g 2 A Aels A
(1) DCH A A2 =

S Testd 2HS 98 200 duwasl TuHe] gomg oE T§
stel AP A Al o,

A E A A== kW
MEBAZAIN o 2390 1 = 1250kv4)
SE=S 08

7Qksted 450[kVAIZ 17

]I

of FF3t= Aol 440[VIZ Agel == HHY]
A%k =]l f2 g

]_

P 450,000(VA)

= = = 11.34[A4
V3xXV v/3x22,900( 1) 4]

LA 1A mEAEY)E AR BEE WS Fekste] VOB 630[A]R A4 %

.

Het7] 221 W3 AH7](ACB)e] 44

P 450,000(VA)

= BV - Jaxaa0() = 590.47 [A]

oWy 23 REAET)E A FA} T8-S 7okste]l ACB 630[A]= A1 A3

= .

@ AelE9 w7l # AF
(7h Aol 8§ A+

-
ik

% 229KV Aol E

Aol == Eird 7|ERF ELP=j] A[A] Ed Z[A]

PIT[A]
[mri] [A] 0.75 0.75

0.77

H] 11
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29 04y 60 265 198 198 204 O
FR-CNCO | 100 352 264 264 271
W 150 432 324 324 332

¥ 0.6/1kV Ao &

7 o] & 7] | 71245 | ELPWA[A] | E& Z[A] PIT[A] 7 =
z= [mid] [A] 0.75 0.75 0.77 -
185 533 399 399 410
0.6/ 1KV 240 634 475 475 488
HFCO 300 736 552 552 566
400 868 651 651 668 O
(W) W7 12 Ae)E(229kV)e] #7] ¥ A=
- Wty 122 FHeAF7F 11.34[A]e] 22 ELPujA 7]3o2 22.9kV
FR-CNCO-W 60[mi] 1Cx320.2 2143}
(th) Wk7] 12 AlolE A AA
- H7] 15 Aol E AL AR (229kY), ¥4 L H T VsNEsd 5 S HAE
ahol g @t
- A8 TIE
L2291 Aol ALgEA | whet BE EE Hu) e Ea@q APe At
AYF, F&7, QE, AETFU 5 A 87F &= e FEF Ax54
dAA o] B Agstith (SHHujRAE AA7]E DS-5100 A o]E)
- AlolE ¥ HA
AT AR 7702 DCAA L #2014 WA 2 U= Cable Pits o] &3t &9
7Fe ARdo] X Ho Qe FF5dRe XA ojm g AolE HEIMNAE Fo]a A
T4E nEste AT 200 £UF A5 B T2E 4R

() W7l 22 Aol &(440V)el 7] 2 AF

- 3E8AFA 2 F7] 0 M}Y] 23F B[R 59047[Alol B2 ELPHiA V|Eo R
0.6/1kV HFCO 400[mr] 1Cx3
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2

- AX7Etel wWE F7] : Wy] 23 A AR 7pR] o] AJTFEH %)= F
7| Z5-H 200m 2343 Aol AHWHIAX 7t Ak 7Hg Shell 7% ol R A&
30.8 X L X T  30.8 X200 x590.47

A= 1000 < e - 1000 < 7 = 519.61[mi]

RS 22k Aol =(06/1kV)e] w7l s8dF R AgAdsts meste] 0.6/1kV
HFCO 400[mr] 1Cx32.% 41743}

(4) Alel& FARL

@O W47 124 AelEe) 4= 3 24

DCH A &20 A 2km070 #[3loll AHASFAE DA Aol w M4 Fulo) 4= Cable
PitE o] &3, A2FoMs Az dXHo] 3= Fsdzo dulgits o] §3sto] Aol

B A
5 XA

@ W) 27 Aol el AR W LU

HE7] 22l A AHRAAZA A = TPh AR oidEBm GAlEA Al arsteiof &

U dFuE(AL) AlolE 48 AE
(1) HE MNa

4 % Ao Bat wlaste] ol A Aolsk flar AN AR BFIH
Wil ALgH T gt ol WEshe] W] 13 Aol A gl RE Be

3}
.

(2) EBt71 A &AL
g gAL L AFET ] FASE she] 20129 FE el E skal slow, A s A Y
A7 AN BAE skl 9

(3) A= 54 v

T 8 5 &2 H)F Ll
v Z 8.89(g/ cr) 2.73(g/ cni)
=& 5.8x10"(O/m) 3.82x107(0//m)
ANAA= 22.7~24.1(kgf /i) 5.5~9.5(kgf /mif)
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(4) & Aol E(60mr)d} &Fn]

A o] &-(9%5mr) EA w]uL

37 HKV] 22.9 22.9
AW A k] 150 150
A& E[C] 90 90
GAIZE H L E[C] 130 130
1_72} e S 250 250
5182 %[C]
=A4 917 &85 Hmn] +0.2 +0.2
=A 2173 [mn] 9.3 11
HAZ 57 [mm] 6.6 7.3
AAZ 97 [mm] 24.5 26.7
AelE Hh <) 7] 39 40
SR 247 mm < 7)] 1.2x18 1.2x18
SAA SE 2 [mf] 20 20
Ao =A A Q /km] 0.305 0.32
Ho A A HMQ-kn] 3,000 3,000
Ho) A7 & ZHuF/kn] 0.1839 0.21

B) AAE HE
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A2 14,488[ ¥ /m] % 2,070[m] x 3(&) 14,200[ ¥ /m] % 2,070[m] X 3(%)

o = 89,970,480 = 88,182,000
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S ¢ AelE Fazrel A (m)

- §=/DxDx2D= {/2(D)* = /2 x D= /2 %36 = 45.35[mn]
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f: & F35(60Hz)

j2rfL : EA| A A7) T AR 2 (Q/km)

45.
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@ AL A3t
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(3) DC 1,500V Al-& =

RECT. TR
30
P:22.9kV
$:590/590V
C:2,500kVA

26T]

SIL.REC
2, 000KW
1,500V
s

0S 2P

0C1, 800V

DC 1,500V, 2,000A BUS (N)

DC 1,500V,2,000A BUS (P)

64P
zﬁ 2lg
Track = =

Shunt
2,000A

89-F1
0§, 1P
DC1,800V
2,000A

SA

O

*5

) E

DC2,000V
10KA
= Vv

&(11)

SA

DC2, 000V
10kA

&i

Spare

1
54-F1 . 54-F2 .l saFs
HSCB HscB L e
Y 0C 1,800V Y oc 1,800v 0C 1,800V
D 2,0004 T 2,000A T 2,0004
50kA 50kA 50kA
761 B5F _ 761 85F - 761 85F
[} 76D 50F 5 0‘6’5A [+ 760 50F 5 S‘é‘OA I 760 50F
89-FZ1  89-F2 89-FZ2
DS, 1P 0S,1P  *O DS, 1P
f DC1,800V  DC1,800V (}‘ 0C1, 800V
1,600A  2,000A 2,000A

3523 Tl EAIHEC]

7. A7)0

(1) AH8315}
A 54 8
~38} A A
ESPEREE
A FFAY
A
S R E SR

714 Ao
- AC 220V, DC 110V

AL

2odg S HY

0 304W 22.9kV 60Hz
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0 394W 380-220V 60Hz
192W 220V 60Hz
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(2) MA717] g4

ESIREI IR 7171 &4 =
Sarsk vl 87 R
mE=S-8=14 VCB
Al IR 284 (MOLD Type)
H 7]
AFR71& 33944 (MOLD Type)
= thol ot (64 128 ~, A2 g4
AF &S A7 DC 750V(7 A 4), DC 1,500V(Z4 2)
(3) BF718& W7l &%
AFAA = HY7I9 Silicon ARV Z FAHT HAr|Hor HEE AAEH, BadR
E WYY 23 Ads RS Bt zEER W9 % 7191 A&7 Reactance
of ojst] At w3
2 A F3Ad AF7IY A AFALES 750VE FAA 717 s bY7)
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749-9] Wty 23+ SAAHED)
AG7et= W71 Impedance 2 A {7 2A49

W5 Sl ot
CYiHes AgHw 9

A dERmE AFAX MakerZol A A A H oo 3}
= 5719 Btz A4S ofEol 2o
- AF7] 5 DE ASLE HEstd WAy 22 A 556 <1.06 = 589[V]

WMot 3 Wskrlola, AFVIE 12Pulse 2% 34 BHEX @HEH&LomE 19
A o] 2aF @At 589VE g

(JEC-178 =)

CLASS AR71e Rtz A et7}a}
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D AAZ=Y 150% A 2A7F 6%
A2 300%0 A 15
AAZ A A
E AAZY 120%9 A 2A|7F 8%
AAZ=Y 200%MA 1%
@ A5s)e wets) &
AR7] ARG
A7 2 . A AEHIA Azbo] o3k RMS HojAF 987IA]
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A7 e ARd) - 1(;%2&@ - 1.380[A]
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SN B 0]% 14| 5}7] i .
S A E ] AgEE mRE A WAl
A8l YSA BEAAN F5
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=23 = A = "o
AR R Aese gaom C oo TE LSS WAAS
7N 8 dutx oz JhFHad RS
dutF o7 A3 Y AT S ALE
A&
A w7 100% 50%
AA LA E 50% 100%
AR ipARTS 3 c} 2} o
A H A 100% 50%
HA LA 2 ~ 3km 3 ~ 4km
A =77] 2} =5 = =5
s AXHEe] AS BIAFIF HAQHF HA) HALAsHE FES B olyg
AELA du] WAoo ol BEE FRE GHAS HAS A2 F Qo FuUAEA
H mEALYd &AF 750V A AA
Ab A3d Y AR (Power Rail)e] 4
(1) 944 < (Power Rail)
¥l HAFAA 2} HE sty AFe HIHHS Fgdte A
H| 24 &Fu)g FA o STS He5HeS dASAIZ F+Zolt
SH(SAHA) [mr] ZEH[kg] H| D
=0l 3,834 124.8
12m
STS @ 690 64
58 E . 3800A
(2) A A F7-(Claw Supporter & Mover)
s S Y-S A FAZ 2% HF o3 npEHE H
23} st 71 A Ao giste] Fws AdY 5 glojof
=
s ¥WHAHY  HolAdEF
o A 2 : Cast Iron

(3) A A el ZH(Insulator)
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ERAYYE FEREY HAUIFoRE AAsiy AUA, 7AA
T AEE 7MW F7] & ALde] g o EFA AEY
AAE& A3
35£20] [m] SINK|E [mn] Zolg (7]
75 £ 1 1450 2

(4) =<3} % (Ramps, End Approach)

‘Air Gap FRHIA A AAFAT} =HALN APl
A A5l o RIAES ARG AES B,

£ :1:20

£ : 1:50

o A

B

eIl

(6) 1A %= (Midpoint Anchor, Fixed Anchor)

FA e opEY
S wA = Aulolt),
EE A gotAET
) : Cast Iron

(7) %72 (Rail Joint, Fishing Plate)
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EAYHYEE VA, VAHRE dAsY EE WAL BE
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A A 1,484 [mifi]
e=oF . 1.48 [keg/7W] (L=400mm)
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YR E BEES HEE ALE35tY HES
(9) X3 A9 (Protection Cover)
XYL HZFol o3 AL} FEE o3 HAA

=
=

A" . GRP (44 A 2)

=

9
WA 7] Hst] =R A Al A gt

AXMA - B D A A 1EIE

(10) =%

A A o] &(Feed Cable)

At Aolg

FAMALERE A3y L] DC 750V AgS FF3str] AT

E

Aol gold ¥4 FdA ] EMHF-EMSG

AelEEA, BEdE7 ol
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Metro Safe Guard)& AH&-3ho).
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= A FY Ee dsA
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