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SUMMARY

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

O With the rising growth in railway construction and transportation demands throughout
the world, diversified transportation means are needed, now more than ever before. As
well, there is 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 raillway 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.
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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 in

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

_12_



II. Deliverable and use

(1) Deliverable for the project

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

will reduce infrastructure costs.

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.

ITII. 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.
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- 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
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 5kN.

(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 1s expected to be similar.
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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
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 1s 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,
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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
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 is 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
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as an O&M manual for components.

(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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312. A=AF #3& A% LPM 7|27 A7

31.2.1. LPM =g ¥

7F 1A A 2 B A faaps

A A Al Huste S 37 AR E FAIE G QT o= A% Al <17t
H AN AFE DA zpgo] oAl AY dAdd Huste A uxEFES AR A uzbse] v
=2 Y 279" 2 (Self Inductance) &2 B4 A4 A71HE B AF=Z A& 24
g ApEro] Al AMQ AN A st HuAEEFS dAF & fuaEe] vgE vErd
’F5 9 ¥ 2~ (Mutual Inductance) A% 18] S AR} AAPA | A] @AY SE zp&o] A H Al
HuslE A Holt

TR AN BA HusteE 37HA AR 4 31213 2t

Ay = Lyt Ly, + Lyi o f 6,) (3.1.2.1)

2] 3121004 A= A Aol fuste M watE F(Magnetic Flux Linkage), i, A% @
Aol AR, i= BA AL AR, i dAA A Aae] ARtk L= A A A 2
A3k 2pdro] thA] 2H7] A HusteE HuAEES Q7 AF G HuxEe v S E Ve
217119’ 2~ (Self Inductance), L, A% AA A 2203k z1&0] By Aol Hulsh=
A& s AR & AuxEo &R YERA 309 d 2~ (Mutual Inductance) o] ™ whoj o] 72
-0l BA @A s ApEo] AN AX Hudts HJuAEES AF G Hupse] H)
&2 Jebd 7,9 2ok weld L, =Ltk B3 L, = 334 AR B Aol A
A AR Husts JuAEHS AF G JuxEe] v gE Yebd A5 gholth

oA71A L= vA 19 31213 2ol 7] Aiel ofs) T 2p&o] 2] A Ao A
dofl et HuAEEFS AF G HuxsEHe vj&=2 yebd #3; 19" 2~ (Magnetizing
Inductance) Z,, o #2471 Aol o e A sto] vha] 2p7] @l S A v o] A= 4
wosHA] e Ao AuAEdFs A T AL HE 2 ekl A 1Y |l 2~ (Leakage
Inductance) L, 2 °]Fo1 4 Qlt}h. wabd [, F a9 a AR gtoz Yl 4 glo
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A% RG] A s S F b YR AR ARNAA BF o] A AX

3
Arow HAA7 SAFe weh Axel Hmehs AmAsge] Was o

i =

=
[
oo
o
=
2
1
w
s
I
S
.
at

if(6,) (3.1.2.4)

A7 A& HAA AN AT Ado] BHA A A AW A

o},

ol

2

o]

A A AdAdd Hatsks Al e T thA] 21 24 31212 vad 2ol %9
SR
Ay =Ly, + Lyi f0,) (3.1.2.5)

= =
wAstel WA AY L B BAel Awsk A Aulzv)t EAdsitha s Aol

el st A 31.263 2t

_92_



Ny = Ly, + Ly if (0, +90°) (3.1.2.6)

o] LPM< &= H|(Salient Ratio)7} 191 A&e7|2 7V4ed L, =1,=L, =1, +1, = e

9 5 oglom 4 31279 go] nAA MAuALA o AR,
(3.1.2.7)

w3 AY W B AAGM AT AL A B ohueh 74 AHAE 5]

A delstd A 31283 2o
A =L+ L f0,)+ L, f(0,+90") (31.2.8)

AZIA A= 3R Aol ks sfuxpsgFolnt. L= g A Ao A R
Apgro] B A A A st

G L, A BY BHAA AR Aol HAA A

2 o Huwxpzeke] vz e gholtl

o A}g% 2 24 3| A7 7= 19 3.1.2.3% 2}

8= 0°( akt 7| XS bspl 20F]
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o] uAA A<M 2 (Stator Voltage Equation) &2 YERW 2] 31.29¢F 7t}

o

V= Rer% (3.1.2.9)
.V(-J/ Z’(l/ R{]; A[l

21 3129004 At V=V, |, A7/ i= ||, A& R=|R,|, AunAE A= |\ |olth o 7] 4] ¢
Vi i Ry As

A TR A BB Atk kA gt gefst A A R B, 3 A
Aol g A2 4 31210, 4 31211 2 2 312129 2t}

dt

AL, N dL,,i f(0,)

V, =R, +

a ata dt dt
di, dif
V.=Rji,*+L,—— 7 + Lyiw,9(0,)+ waf(QT)E (3.1.2.10)
) i . . N

(3.1.2.12)

d.

dz
+ Lyiyw,g(0, +90° )+ L, f(0, +90° )dt

AZIM V,, V, R V= 44 g A, BE B s dA Adst, ia, i, R i, = 247

2
R, % Ri= 247 144 A%, BA 2 334 A, 0,& A7
o

)
9 gelth 47 A PAAAA DA 2 2 A% AA

14
K
ol
B

7}
A%, B B A HF, R

&5, ¢00,)2 97149 33 <

oI7F A7/ e/l AFdS 7HASHHE 4 31.2.10, 4 3.1.2.11 2 2 3.1.212+= 4 3.1.2.13, 2
3.1.214 2 2] 31.215¢ o] 113 JH=E nd7lsstt
di,
V.=Ri,+L— szrg( ) (3.1.2.13)
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di,
= Ry, + bdt+Lbszrg(0 +90°)

(3.1.2.14)

di
Vi =R+ Li—s Lt L iaw0,9(0,) + Ly (6, +90°) (3.1.2.15)

AN Lyiwg0,) B Lyiwg,+90° ) 71488 Jepils dow 47 F

A A B = 3t
a 7hsettt
o B
LPMe 948 A8 2] 3121637 o] Fast = Ut}
P =Vi + Vi, (3.1.2.16)
2] 3.1.2.16°1 2 31210 ¥ 2 312119 AgdWAAES didstd 2 31.2173 2},
. Lain, . . d[’bib .
Z(Raza 7 a)zaJr(szb+—dt +Eb)zb
P, 2+ L i by By
a’a dt a’a blb dt bZ
di, di,
m—Ruza—i-}%z +Lji,—— o —i—Lbzb o +EZ + By, (3.1.2.17)
) ) di, di,
2 3121790 R 2 Ry 1A e &S on ey Lyt Ly = A 7 5]

= A AU WEEe e o
A4 &4 P,e % 9

out &

B YRS AT BRI Eae] J)ofsz )
oA golu] 4 3.12.18% e,

Pout EaZa +Ebib (31218)

o714 ZIAH =9 P, wAl A 312199 #Ze] xdH

AL
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(3.1.2.19)

A7NA T.& As71e EAE, v, As7] 714 24525 vehdo, 4 31.2.199] 2
3.1.2.18% dstel EA T o distel AstH HE EAWAH A (Torque equation) 2]
3.1.2.203 Zu

=

J}-}

(3.1.2.20)

21 3.1.2.213 7t}

(3.1.2.21)

= AA A2Fe AAEUNE) T8 FEtEA, By wpE A Folth

Lol R S g = s sl e B A B
3]

rx
O (
N
Ll
ol
23
N,
N
fr
g
ot
_?L
3

S A5 3771 A EF& AP 7]7]AA 9 g =3 o
= 9~(Number of Pole) PZH-¥ 3|t} wpeha A3 7]7]

A7)1719] WA E & 2 312229 2}

(3.1.2.22)

IH2] 52 2] 3.1.2.22¢
] 3.1.2.237} #t},

o
ot
N
N
o,
¥
r&
o
rlo
>

(3.1.2.23)
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@771 M o] Bd 2 BAle] A M3} sdatH o5 3x7]7]e B EHE J= s
Sh 2] 3.1.2.249F #t}

J=M* = M(—)? (3.1.2.24)

AP NA ke Aa Exel 2% o2 7779 AALEE W

3.1.2.25%F 2t

w, =——2r (3.1.2.25)

3.1.2.2. LPM Fx1A0] 71}
LPMe] -5 WS 97149 Back-EMF) 33 9] @ ejol] whet 2744 42 -5k
gl 7)1 A8 w8 gAaro] o] A AL Abthe] & (Trapezoidal) S E1Y 7
A= 8 3 (Square Wave) %ﬂ]-"% Xd‘?}e A7betol 73 Fjo RS TAYAA
EA(Torque)E TAA 7= 7+ 3 A7 AATHS ARS8t 97133 3149
¢l A& 3 (Sine Wave)d A% d-q= Z‘Jrj%__ H3ls 3 Wy Zﬂoi(Vector Control) & A}
%’Xé EAs “”31\1713— AAd AFAe] e /\}%‘?}‘ﬂr 5o ¥ 31218 79 AFA
o} LPM9] 49 1 Fx9 54 2 974
et TR AFAogio]l EA HE Azt

o

ofh L

5 -

— ge)

o =

oo O, L
o ox me v o
SO Y o e

il

=

¢

l

#3121 FEI AdFAel 2 Ad dFAe] vl

FE 3 AFA Ads AFA o
3 ) _ ~
ix]‘;ef}aga? ’ Tt A& v}
T AFA A gt AfA WA
Aol vk
(BLDC Ao} H2]) (HE Ao wa])
[ A A3 A T33 AFA ] tiy]
b 3 7Z uay Ao B3 =
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@ AFA

O
1

Current

> Controller
A Phase | A&MB
— Step
LY
T—r: a
- i V. Wy
B Phase [ =1
Step Caleulator SPWM
: |
Pasition
Sensor
._I__ b

I:' l." .I:I.!‘.".ri. — = _I: Ve
| L
[

LPM ‘

'_

=

-+

1

Inverter

29 3124 TR ARAC] TE B4 BEE

T3 AFAAEAS 29 31249 2ol FAHEY. LPME 31do wE 9% HH(6,
Theta) 7} 9] %] Al A (Position Sensor)ell 9]&] AZHw HEd AXHARE 28] A4 (Step
Calculator)ol Al 7}&-8te] Az Zt=el A Az ol AFE A7Fste 49419 A7/ Q7F 4
Hel 2802 WetetA vt ojuf zb ~glo] we} A2 7 A A ] A7tE Aoz ““@

el

st AFE dF AA(Current Sensor)E &3}

Wl (Feedback) 3] AFEA7F A A3 AF A EXE s A ;qegg,: 5\,,4 =) A]i,]
FE = AW E (Inverter)dl] gttt A= A8 2o 29 S Fa 9t A7/ A #H ol
Fetes A s =9 g HAFHom AFA Y AFE WSk Ak ol Fax
Zhewbg A7)A zF A Adel 17bE 17EE ARl ofs A o w LPMe] ¥t
T8I AFA ] WA A WAEE EaE A AaR AAEojR xEe) wel A A
gk =t B gl Eo] HAgY o= A dYd A ARORE Qs AFI 7I=7IE UF
A3 Wstshr] wiEolw Ao YRl vl Aol pASHH FHAQ] A Ao R g E o
Sl dAg Bt dASHA R A S A JIYgd s ARo =R Qlste] dFT 71&7]
7F EAg o2 A A% $hed B3 gl Fo] WHAg
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(1) 25 AR
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Position

0 - / |

s (AN
S N TS TS SO SRS [ e
ol 1 T — .
T — e —
Aoyl

oo RN TR N D S
od o1 A N S \ U S
1 -----~-------~~—~—~~% rrrrrrrrrrrrrrrrrrrrrrrrr Step | b—~Loeenee
T T e A

5 m 5 27

(2) 2" WE At Ql7p A

45°
i I
Z T 1 2n
€, 2 4

i 0
g T
step EI 1 2 3 E

19 3127 gl wE AR <l
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UM 2] ATl A AgkE AFjel whel g 31273 2ol 971 H shge] Fed 4
ANA T ARFIE AVMH I EA F¥& FAstH LPMe] 3] g},

oft
(A

W Qb th $UsAl 29 2004 B A4

28l 1o A% PAC %o AF7F AE A
13 , 228l 4ol A BAF AAe ko] AFIF AE A

oA A AAG ol A

=
T
=
T

AL} AL?

AY A
'_ﬂ\-’;\vf\ J_f"v"'v_‘r_\—.

o}
e 4n

OJL} DJL?

BY A

A A A
—ANN~TT———

u\x& J;I}

a9 3128 WE x| @ THEEA QIHY

# ¥ 21 X (Single Phase Full Bridge) 7%2] SIHEE o] &3lo] 57|
g 3.1.28% #Zo] F /Y g FXEA AWEHI HEE Ao A4
Zyzve] | FBE A QAWY A7 A G 29FH AR N2 FAE

o

o 1dS sHI
o] =

29 2AE o] &t AErldd LS THE

=
of ol % 879

h=1}

>-1|

25 1o = A A4 28 W 288X JAWE #5 d 1(leg)d] Ft 9%
= e st 29AE =8 (Turn-on)dte] A4 AAd o] M-S Q7isie d7kd A
el o) AR AFE AN Aol QtEo dFet AL #Alel o3 71 (MME,
Magnetic Motive Force)e] Aatm 3| 427 s 2ol A B A gE 71 =p o o] &) whA| Al w3k
(Counter ClockWise) 2. & 46%=3¥ 135%7+A 3] A 3o},

SR AE B B 94% 9 EHaA AMEe 45 47 4w 294 2 95 9

- 101 -



s 299 AE =5 st B A g Weke AviEth vkE Astel os) e A
e B Aol Ql7tE o Al Ap&e #Alol o & 717@‘01 EI e e I R P g e s P
A @AYEE 7)Ao o) s WA A Wheko 2 136 Y-E] 225% 7FA] 3] A gk

28 3o A= A Ao dFE v EXEA IWEHY H5 d 1 e ~9A 2 S ¥
AT 29AE mEEt] AY AMe Fo A UM QvkE Al o8 wAE A
= A @A 2 7tE o] A9k 2ol TA O o 7| AFH o] wrAstH 3] AR 1A A
A sk 7|z o) ol kA Al WHeke 7 226=FE 315%7bA 3] A gk

2~ 4o A= B A AAHE W FHEX AWE Y FS5 H 1 otd 2903 2 5 ¢
O AT 294AE 2E 5] B A 29 Hehe Avieth AvkE Astel os) tAE A
T BAY Aol AvtEo] AFel A& @A) ofs 7| e] s 3] AR 7E A A o
A abgsl Z)arE o) olal] WhAl A ko & 316(-46) = HE 45%=7kA] 3] A

ol 9} & 47 o] ~¥lE Balo] LPM2 &43] 13 4S 9838ty 148l 48102 v
Al 12280 29 &2 ~E Q7E E &Aooz ﬂaﬂé&ﬂr. Al A "WHEE(Clockwise) 2] 3]
AL WA A wako e 3 A Ao dgor AFS 97lEly 4a¥lo] X 1AF O R ThA] 450
2o %A ~HS AvtEte] §HF)
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oo e AU AR 2R Fe EE Ak A7)0 VA Az o ] Srw

HeEn s dats e A E SER Aojsy] YaldEs B9 Aort aFdn 84

AE Aolst7] YalAE A A EAE AH Aojste Aol 7P s Aoy &4

24 shs A ke BEANA Alge] aTHeR AAHQ Hgo] Brbssit) we

312209 EawgaowRE HAFo EA7} H| = 4]
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% 312994 Hxgtole Aojidel A 8= S8 ake] 2 dlof gt o2 95 ¢
ol st AAETH

SHFAE ZELTE HEFSIH 2EFAE HiaY dE2FoA dE2E 2934 A
AA 2 El o A ALE 7hs gk gto R WBkslo] Ao FFdith AR E 24F AEE
kol 7 A% dlgsts #he AA UdS Fecstke @S Aot Fa st
(2) LPM A"l EEMNE

1% 3.1.2900 4 Aojt ol aldEt= LPM Al ~8lo] At Al 2] 31295 =8~
3bS Esto] Fubg g ow WMskshd A 312267 7l 4 3.1.2219 7 AA~Ee] =
A gk grEes HES Foto] Ty J9gow wdketd 4 31227 2o T3 99
o7 Wty HAWA] 9w AN S5 AAS 44 AR VALGSE e Ay
st 2 3.1.2.269 2] 3.1.2.272 ZH7F A 3.1.228% 4] 3.1.229%2 AT}

V.(s)=RI(s)+sLJ(s)+E,/s) (3.1.2.26)

T.(s)= Bw, (s)+sdw,, (s)+ T;(s) (3.1.2.27)

V.(s)=1(s)(R,+sL,)+E,[s)

V. (s)—E,(s)
I(s) Rl (3.1.2.28)
T.(s)=w, (s)(B+sJ)+ T,(s)
T.(s)— T, (s)

w,, (s) B (3.1.2.29)

Tk A7F Aol 2A EA v 52 Sk WAl A g e vl 9U|dE A A=
Ueld 4 9t st T3 J9oA 313" 97 d™Ey B3 474 4 31230 2 2
3.1.2.313 #o] YedE 4 9Tt

E (s)=Kw,,(s) (3.1.2.30)
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T.(s) = KI(s) (3.1.2.31)

mekA LPM Algle] el st o] 7t n 1

1 &34 % (Block Diagram)®
A8 19 3.1.2.103 2t

3 | R+5L

4 B+5]

a9 31210 LPM Al&dle] ESAE

9 31.2100014 Alzadle] BE 27|3E 002 & weo FHAEe}

o]

I H
= HE&2 Yelh = AdE3=(Transfer Function)< HF3SEAE 0oz 7HANS 23 A
3.1.2.329}F Zo] xdH

1 1
wm(s)_ R, +sL, A B+sJ
V(s) 1 1
1+(Ra+s[/a K B+sJ K)
w,, (s) K
= (3.1.2.32)
V.(s) (R +sL,)(B+s))+K?

(3) dFAlol7] AA
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I +{L Current | V' =V
p—

K .
kcontroller 4 T R+ 5L B+ 5/
E
L K

Current | V°
-antroller

(51—

29 31211 AFA7|S 9= LPM A Ade] E2HE

" + Current (V' =V 1 1 T, 1 Wy,
e controller] R+ 5L B+5/

=

19 3.1.2.129014 A FAlo] 7] (Current Controller):= dubd o 7 uld Ao 71| A A4 )
A ke AR A9 ko] Zpolrt WAt oleld e AHE A|7E7] flste] A EA o7
7V 239 e v)E-AE A o] 7] (Proportion-Integral Controller, P-1 Controller) S A}-&
ol wEkA P-1 Ao 715 ARE3 A9 29 31212 29 3.1.213% o] xd ok

= i
L/ Ko +5 R+SL

29 31213 WA ARANE 48
SER ISR
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9 31213004 K= HlE olSelal K= A% ol5olth oluf JjFx HdEek=(Open

Loop Transfer Function) G,.& 2] 3.1.2.33% 2] 3.1.2.34¢9} #2Tt}.

L
l‘l‘SE
K
1+s—2
i 1 1
G, = - (3.1.2.33)
s AL
K, R
K; 1
Goc <K1’+?>(R+3L)
+I(i
S
K, 1 1
G,.=K, = (3.1.2.34)
S L
s+ —

21 31.2.3390 4 FA-9d A3 71'H(Pole Zero Cancellation)S A}8-3Fo] v & -2 & A o] 7]
o] JHo] LPMO =4S HAHst=E vld o5 2 A o5& AAstd 4 31.233 2 4
2.

3.1.2.34¢] N2 AdEdhaes 4 31235 2 4 31.2.36% #Z

1 1 1

Goc == EE: ? (31235)
K K
G .= L (3.1.2.36)
oc i oL
K S

wekA wlE - Aol 7)e] HlE o5 % AR o]5e 4 31237 ¥ 4 312383 2t
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K =1Iw, (3.1.2.37)
K = R, (3.1.2.38)
ok QI Y

A E (Inverter) = AFHLOoZ2HEH 7F A (Variable Voltage) % 7FH =31 (Variable
Frequency)®] M/ A4S 537 st €3G XE Fstoh. LPM Al2=¥l2 2719 &4
% H2# < ¥ (Single Phase Full Bridge Inverter)S AF-&3to] zF AAMo] AHS FF3
o AREEE S F BRI M E e 19 31.2.14%9 2 419 29 AAE ARES] T
Ral=g

ﬂl

rrrrr

AE a2 A48 293 24 Q 4 @, @ % QF dvrq oz F(Pole), ¥(Arm) =
= Ul 2(Leg)ehal st A AR st -0k FA& Fditt o3l
& B (Complementary) sl eril £l g@l1e] ~9x 2
A7F &l & &2 8 dete s Fote] tdFwIE &

FAQl A% 3 U2 7 29 aAe A

ZbA o 7 AEjHM 7 o] o] Fo] x| x| uk Alxwmi=
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2 W Aol 85 o] YA uwi{ A4S S (Terminal Voltage)ol 2t st
4 3.1.2.399} 2,

Vo= Vals—3) (3.1.2.39)

231239904 Ve FA% V= ARddee) AR, st Y d1e) 492 a4
2917 2 FA vl AAT 298 247 AQ A5 1, wel 98 297 247
AR A$LE 007 Hosn F 29 = AR Ezar)

olg] 3k T AGS WA T Bz oluE o AFRE R 4700 29 H Azt Arejol] wat A
A5 g 41 2947 FA ANE F+E A E 31229 2ol F 47449 7
S Fejo] 7hs st

294 4o 29 a9
Y 4
V. V.
1 0 0 1 2dc - 2dc I/d )
vV, v
0 1 1 0 _ 2dc 2dc I/d )
|4 v
1 0 1 0 dc dc 0
2 2
V. %
0 1 0 1 __de _ Tde 0
2 2

3123 me] 2¥ A

AR AFAe] kA LPMS mula 9 AAE AEAo]7]e F8AS nHEI Ao] EHS

ylotslr] §ste] oA g s AAsEY T
o] A8 S MathWorksiit ©] MATLAB SimulinkE AF-g&3te] Fds9omn FxA0]7|H o
2 73 AdFAe] WAS AFES Ao ReolAdde] AexAe ¥ 31.23¥%
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3 3123 T dfFAlo] W meAd Adxn
qE T2 9]
29 Y 7R o) 400 [mm]
U Mz o] 400 [mm]
uARA A g 1 [m2]
A=A} o EE A 400 [H]
3]k A& 1 [ms2]
3]z Y~ 1 [mH]
= 8 [pole]
2y v A 3 [ton]
wA mUE 778.1467 [kg—m?]
upz A4 35 [kg—m?/sec]
25 st 200 [ V]
AA AR 2000 [A]
=3t AZ 0.4 [m]
SE WA E 0.5093 [m]

o meaE A

T3t ARA] WAL A LPM F2A0} A2del AATHL 1Y 31215% 2o
27 4871719 LPM A =gl e 527172 wad 457159 Yo A571E AW Ha 4
FA1%, Aol % AFVE A9S AhE FPete Aol R AUARE T ek,

ol A% Al MEAZHSample Time)S 1[ms]® 100%3F Ma ], ZFdde-e 200[ V]
of Ao R AAN o AFAddde] dydHs E 2 F(Ripple) FAI AT E3 Ao
Al 2=gle] Aol F7]= AA AP sUsHA 10[kHz]E 248

AA LPM A 28ol e 293 222 IGBTE AFEdozxn dAses -2 ARow
A EAEL FAISATE TS g B1o] F o) 29A 7 A T o] #AstE WS
WA stz 9%k gEEd o R HAshE AR FES 25k 1lus]e] U=EIS A 839
ok gk dFAol 7oA A K 7IEASGe vt A EE 29F sl wel ¥ E <
291 2R -2 X TS At A FALdE AGS FAYY FEE dE 7]l A7
S BAEA T ek AFAel vl EEE e VEAGY U FHG Pl g Aol
s 7]l Q17He T

9 312162 AE71%e FAS veit AE71RE =9 4 31299 LPMe A8
Aol whel A9 Welw A7l AztE A

RS = gy -
a9 A 4k AR Y VA4S E QRS wgeR qridg e Adss 97
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180% W=7 7] o2 905 9] Feeh 3k B gukek 3t AF = 4550 Vv E ThA A |
shots Rbe 2t oAl A Atde e 9@
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LPMS] A% 2 Bl AFE Alojstm ohA A% P-I410171 % A gate] 7 4o 472 Al
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ST e L I e 2 S DA R e G RV R o= <
AE7]el A7bE S 7t o QAW E = st &
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A Phase
Current
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2914 2% A

ARl e A% F M FA% AME THasE 293 adolth 293 axRE

150V 500A MOSFET E &S AF&3t3it).
- 2 Module MOSFET
- LS2H4 Company
- Dimension (W x D x H) [mm] : 122 x 45 x 20

- Contact Cooling

&
T

1% 3214 MOSFET

BE AA A

3% 3212 LMH500M156 +8 AF%F

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

. DC-Link Capacitor (275 A | A E 9] &7F 2HA)

olmEl e ko] A3 AWMAEHE FAE AR I AFZ AL 2 AdA T
of. £9 gEdFY HEwk 1, = 150A, AV,,, =5V, LPM EHe| &% n2 F7]7t& %
w,=2xX7TX f, = 2rx120% A E A5, 258 27 3| A B (DC-Link Capacitor)®] & &2 th&

43t go] 7% % 9

B L s _ 150
2rf XAV, 2 < 120 X 5

rms

C = 0.039788 F
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¢}, CPU
LPM ¢IHE ¢ CPU= Z ] 2=A DALY “MCH6F8345" A -&3t3ith 16| Ew CPURE +3.3V

e Abgstal dnbAd MCUOl wsf A wol= 8 ASe] Adde dsisl

MC56F83452] 8 7]52 the-3 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
- 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
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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
— Each peripheral can be individually disabled to save power
e Pulse Width Modulator module:

- 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 TFlexCAN (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
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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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HEAY IEE 12VE ggdtol tpo # 32137 & 57 AdS A AT A3
e 19 321.12¢9
¥ 3213 HxHAYY =8 Ay o1 9T
A
S
A9 NAME | 149 GNDHY
VDD5V D txg A9, TTL IC, CPU GPIO
VDDA5SV A ol = 1 A, OP-AMP, CPU¢] ADC
VDD3V3 D A48 A<, CPU Power Source
VDDA3V3 A otz 1 A, CPUL ADC A4 ¢ 7% Hd
vl 4l

Al Bl=e a9 321139 Zeo] »HAd B BEYE Y-S $3 RS232C F41 3= eF B o}

29173 27 Mosfetd] 3845 500As v 5 AF837HA 4T + di, d7573
874 weleke] 600A A7 %47 A4l HAHIDR 600-S LEM'E A&k ch. o] 45744
3 321400 yEbd A} o] -7k G, A, 2= stel] ek ofF A2 @ Al

}

2 s He 1YY FIe 54S 7HXI
AFAME A7 a7ld Aoz vgst dds &

A= CPU W2l ADC(Analog to Digital Converter)ol A #t<

AF AE 2 29 3.21.149 o] FAH Ut

- 2'nd order & ¥ E ¥~ Low Pass FilterE A&

- A3 A4S 9@ Rail to Rail¥d OP-AMPE AR-&
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i 3214 600A+

Absolute maximum ratings

A7 A4 ‘HAHIDR 600-S LEM' 54 % 5254

Specincation

Paramster Linik i P o Condlflons
Elecirical Data
Iiax primary curen: peak A u
Supply conbnuous over woliage v 7 Wot operating
Reverse voltage 4.5 iming@T, =350
Owput aver vokage [confinuous) ki 1.5 V=05
Continucus output current mé, -0 11
Owput shart-cincult duration min
Rme voltage for AC lsolation best K 2 S0 Hz, 1 min
Ispiadion reskstance [ 1] 500 500V - IS0 16750-2
Elecirostalic dscharge voltage L JESD22-A114-5
Amolznt siorage =mperature " -40 125
Operating characteristics
Parameter Linit Spacication Conditions
Mn TyE Max
Elsirical Data
Primary current A -E00 600
Calbration cument A -500 500 @T,=-25C
Supply voltage v 473 5,00 £25
Cufput vatage [Analag) @ v W= W55 (25 = Gxl) v,
Senciifty = A, 333 @V, =5V
Cument consumpaion & 15 20 @V, =5V @-40°C<T < 125°C
Load reslstanca EX} i0
Cutpul Imtemal reeisance o 1 D to 1 KHEZ
Capaciive loading nF 100
Amilent aperating tEmperature "G -40 125 Connector Imbed 105°C
Cutput drift varsus power sUpply % s
Parformanca Dats
Sensivity emar % 2 ke 12 @T" A_.C Bl "l
-21 20 @T, =25 C @l =1,
Elgcirical offset current 2.0 BT, =25C.@V, -5V
Magnetic affset current A =10 @ T, =250 after= 1,
Global ofset cument -35 35 @T, =-25C
Auerage lemperaiune coemoient of W myreC -0L08 + 003 .03 @-41'C<T < 125°C
Anerage lemperaiure coeficent of G %G -0.035 + 0.02 0.035 @-401"C =T =125°C
Lineanty amor % -1_ ! Bv.- 5_'; @1 -=cal-l
e 0s @Y, =5V @ T, =25C,@l=l,,
Fesponse me o 80 % of |, st=p Ys £ 10 & dlict = 100 A/us
Frequency bandwidin 4 kHz 3o & -3 48
Output edamping vakags min v ik @Y, =5V T, =25C
Cutput cdamping vakage max 49 @V, =5 T, =25C
Output votage nolse peak-peak iy 14 DC to 1MHZ
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V, ! Initial voltage in Volts
V, ¢ Peak Voltage in Volts
T4 : Initial delay time

T, : Rise time

T; : Fall time

P, : Pulse width

Period : Pulse period
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Efficient 16-bit 36800F family controller engine with dual Harvard architecture
Up to 60 Million Instructions Per Second (MIPS) at 6G0MIz core frequency
Single-cycle 16 = 16-bit parallel Mulupher-Accumulator (MAC)

Four 36-bit accumulators. including extension bits

Arithmetic and logic multi-bit shifter

Parallel instruction set with umgque 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 vanable support

Software subroutine and interrupt stack with depth limited only by memory
JTAG'EOnCE debug programming interface
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L = 0.001
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i) gewe] 2wk SCR o2 Zegde &% FolE Aatait,
AT, =R, p¥ Q=10 x 0523 = 52°C

ii) SCR #lol2 Z#9le] ewe} SCR AEFe &% Hol& Agie),
ATy=R,, .<Q =3l x 0523 = 15.7°C

i) AR 2wok SCR A@F9 2% Aol A

>
rok
i)

AT, = AT, + AT, = 20.9°C

ol

% Ao e% Folg A

bt

ATEA) = BEL%E - AT, - FH2% = 100 - 209 - 50 = 29.1°C

.

vi) 2Ake] &4 523W, =1 H o 2% 50°Ce] =3 st A Wi AA === 9ok 2ol

29.1°C 7} €tk

(o)

WIS 523W X 3 = 1560We] 2L A 2o HFLEE 100 °CE FAdE 20L
= AAV do. 2RSS S WA AR el HW, EAIVF HA dev odfE&S a1
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# 33112 AWEH Fayd g3 2=

Parameter Spec. AT Unit

Had Y4y E(FHE) 50 0 °C
W 2= 79.1 29.1 °C

Hlol 2z Z gl 2% 84.3 5.2 °C
SCR HH LE(HiE2L%) 100 15.7 °C
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© AL AAE AE @ g v 2 = dn webd e uAE fAE Aoty 4
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- Resistant to physical stress
- Superior temperature stability
- Qutput 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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A%wol Aol 914 @] GPS MAP

9% AN (A, 42717 DF)
9l g wRvl2 4d dn Re] A A
= @b MEe) A
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19} dAgor FAEo] 1924 & Fo

vii) AF& 5= A =MAP2 A QFAFII A Al

GPS/IE MW A= DBe MAP <zl H
o 3]

N B el w2 Map APIi= AlFAROl A A& 6k,
A= A A | a7e= ez FA7F 7hsetth. A =g /S48 Ao FA1E
Fel= 4ol Folates mfjec] 25 AN

vi) EAIGA AW 4 2 Customizing
FAGA =232 PC Client App FE| 2 A ZFo] #r) vlwe d3de], JHE(TRS ID)#
% F o 8 Aol 9tAl Customizing <

dH o= . 59
AAARR 5 E33o Customizinge] ¥ == 3},

FF

BFA, 4RLA B
Age 5

=

o 7t FAE A 2
(1) 2= H
3 33118 <AWE A ARG
Classification Items Unit Spec. Remarks
SYSTEM Nominal input Voltage \% 200V
VOLTAGE | Operating input Voltage \Y 170 ~ 230V
Max. DC Input Voltage \% 230V
Max. Output Power |[kW@Vdc@sec@rpm| 400@200@10@0~420
Rated Output Power kW@Vdc@min@rpm| 300@200@20@0~420
5{?’;1]?;{1‘ 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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Classification Items Unit Spec. Remarks
Cooling Method - Forced air cooling
Coolant Inlet Temperature T 50
COOLING
Operating Temp. T -20~40
Storage Temp. T -40~85
Location A%
Size (L¥xW=H) liter ? Housing only]
MECHANICAL -
Weight kg ?
SPEC.
Vibration Class G 3
Protection Class - P4
Communication - RS485 Ethernet.,Zighee
/0
Temp. Sensors - Thermistor Inverter
INTERFACE
Position Sensor - Hall sensor
CONTROL Operating Voltage \Y% 12V
BOARD Quiescent Current mA 1
DC-LINK Cap. Capacitance mF 10
PROTECTION - Basic Protection
(2) ZAHHE
¥ 33119 AWE A FALY
Classification Items Unit Spec. Remarks
SYSTEM Nominal input Voltage \% 440V
VOLTAGE | Operating input Voltage v 352 ~ 528V
Max. Output Power kW@Vdc@sec 400@200@10
POWER Rated Output Power kW@Vdc@min 300@200@20
ouTPUT 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. T -20~40
Storage Temp. T -40~85
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Classification Items Unit Spec. Remarks
Location ] 2
Size (L¥W+ED) liter ? Housing
MECHANICAL only
SPEC. Weight kg ?
Vibration Class G 3
Protection Class P4
/0 .
INTERFACE Temp. Sensors Thermistor Converter
PROTECTION - Basic Protection
(3) FzHA]
3 33120 WA A AALE
Items Unit Spec. Remarks
= 2] Heat. Pipe
T A wsksk W 1200
a A & °C/W 0.033 °]s}
ek AsE °C 40 o]3}
Cooling Method - Forced air cooling
A 578 | 20 ©]%
Abo] = (LxWxH) mm 500 x 800 x 800 o]
Location A7
Weight kg 30 o]y
Vibration Class G 3
(4) 917 414
gkl 9% Gee) gAGe] A BASE Qued Agd 4 ofok s},

(5) B#lo]= Ao A~=¥)
@ Color Sensordl] ©]3F Athal =] <12+
- #5449 DC 10~30VE

FEselok k.
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- Color Sensorg {12)ste] Atjxte] #24¢S o} & Byola A|~dlE 5o g 52

ofof gt

@ vlavE Byola FEE

- Y E Be]ad] 35 AA120V/5A)S On/Off Alojdd &= Qlojof gt

- 75 A9 On/Off Alol& FdlolE /5 4 12E5 ZtFoloF g

(6) FEAIEA

¥ 33121 FEAFA A FAFE

Items Unit Spec. Remarks
& 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

gk AA 2 A=
(1) 79 H
D =4
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iv) Power
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(e) Battery (f) Battery Case
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iii) Gate Drive
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vii) Communication
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ix) Converter Sense
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4byte 1byte 1byte 1byte 1byte 1byte
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(3) DC 1,500V A& %=

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

[26T]

SIL.REC
26R 2, 000KW
58R 1,500V
MIS
DS 2P
0C1,800V
X DC 1,500V, 2,000A BUS (N) )
r 1
DC 1,500V,2,000A BUS (P) )
!
" 54-F1 . 54-F2 N 54-FS
HSCB L Hses L s
Y 0c 1,800V WY 0c 1,800V 0C 1,800V
D 2,000 D 2,000 D 2,000A
50kA 50kA 50kA
761 B5F 761 B5F 761 B5F
Shunt Shunt Shunt
2,000A E}g % 2,000A E}g 835 2.,000A Ej—% %
89-F1 l 89-FZ1 89-F2 l 89-FZ2
(5] DS, 1P *o *0,0S,1P 0S,1P *O & DS, 1P
DC1,800V (f\ 0C1,800V  DC1,800V f 01,800V
2,000A 1,600  2,000A 2,000A
{ 64 ] SA "
062,000V 0C2, 000V
10kA 10kA
pog L v L v
Troack = = 24(11) Spare

35.23. 7 =A AL

7}
(1)

%l

AL

9 oAgt £4 Hg - 304W 22,9k 60Hz
AE . 304W 22.9kV 60Hz

g 394W 380-220V 60Hz
1@2W 220V 60Hz

F49

: DC 750V(7 " 3), DC 1,500V(F &)
714 Aojdd - AC 220V, DC 110V
9 AC 220V, DC 110V
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3 F 7 Hol2 = (G4 1282, 714 A4
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- AF7] F5F DF ASE Agstd Adr] 23 A 556 <1.06 = 589[V]

Helrl= 39 Wgtr)ola, ARF7)E 12Pulse 2% 34 HElx HEHLo|mz 19
2 o] 23} @z 589VE 3t

(JEC-178 =)

CLASS A7 Hetzd A 73}
AAEHNA A4
D AAZY 150%0 4 2417t 6%
AAZY 300%04 12

AAZH A A&k
E AHAZE 120%0 A 247 8%
AAZE 200%04 18

AR AAAY
AA 2 B ARl Aol o3 RMS HAthHF 987IA]
AA F8 AYED : 7500V]

EERE

AR/AD : 1,667[A] (B2 &=F/A A7 4=1,250/0.75=1,667)
AF7] AHA '& 0 98%

w1667 [2
AA dE AFUAD) : 003 % g':.1,389[A]
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