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JEERAPONG SRIVICHAI : ANALYSIS, SIMULATION AND DESIGN OF
POWER SUPPLY SYSTEM FOR AUTOMATED PEOPLE MOVER.
THESIS ADVISOR : ASSOC. PROF. THANATCHAI

KULWORAWANICHPONG, Ph.D. 198 PP.

TRACTION POWER SUPPLY/AUTOMATED PEOPLE MOVER/AUTOMATED

GUIDEWAY TRANSIT/VOLTAGE DROP

The objective of this thesis is to present the design of the power supply system
for an automated people mover (APM) and develop a program to simulate the APM
system from calculating the performanee and movement of APM, using the MATLAB
script. The tractive power of APM and its position were sent to the electric propulsion
simulation model using a set of power blocks in MATLAB Simulink for power
flow calculation. A prototype of the APM system was constructed, which contains
one traction substation with a single-phase transformer (stepping the voltage down from
22 kV to 56 V), a conductor rail system installed along the 200-metre running track,
and the rubber-wheeled vehicle receiving electric power. through a sliding contact.
The prototype vehicle making a round trip at a maximum speed of 23 km/h was tested
on the power supply system prototype for the APM. The study found that the minimum
voltage level was 41.753 V from the normal voltage of 56.1471 V and the percentage
of the maximum voltage drop was 25.525%. The voltage result was verified by comparing
actual prototype test result with the computer simulation result. The simulation result
had the maximum and mean tolerances of 13% and 5.5%, respectively, which is

assumed that the simulation program developed has acceptable accuracy. In addition,



the study also proposed appropriate solutions to the resulting electrical problems.

This thesis work can be used in the future design and construction of the APM system.
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Component

Typical Characteristics

Dimensions (m)

Width: 2.1 to 3.2, Length: 8.5 to 17.6, Height: 2.9 to 3.9

Passenger capacity (person)

34 to 155

Maximum operating speed (km/h)

40 to 100

Consist sizes

1 to 4 vehicles per train

Minimum horizontal turning radius (m)

22t0 70

Empty vehicle weight (kg)

7,300 to 24,000 on two bogies

Power source

Conductor rail

Suspension

Rubber tires or steel wheels

Sample suppliers/Applications

I. Bombardier CX-100 and Innovia

- Madrid, Kuala Lumpur, San Francisco, Seattle, Dallas/Fort Worth, numerous other airports.

II. Bombardier ART Mk II

- New York, Vancouver, Kuala Lumpur. Future systems: Yongin, South Korea; Taipei, Taiwan.

III. Mitsubishi Crystal Mover

- Singapore Changi, Singapore Sengkang/Punggol lines. Future airport systems: Miami,

Dulles, Dubai.

IV. Siemens VAL 206 28 256 and 258

- Chicago, Lille (2lines), Toulouse (2lines), Rennes, France, Turin and Italy.

V. Japanese Standard Technology

- Kobe (2lines), Osaka Kansai, Yokohama, Tokyo and Taipei.

VI. Ansaldo-Breda Metro
- Copenhagen.

VII. Schwager Davis UniTrak

- Indianapolis, Waikoloa, HI, Primm and NV
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City Country Airport Transit System Network length Station Traction system
United  Altanta, Georgia Hartsfield-Jackson Atlanta ALT SkyTrain, 2.4 km 3 3-phase
States International Airport 600 VAC

50 Hz
Dallas/Fort Worth, Texas  Dallas/Fort Worth Airtrans APM 7.9 km N/A 750 VDC
International Airport
Las Vegas, Nevada McCarran International McCarran APM 1.85 km 4 3-phase
Airport 600 VAC
50 Hz
Miami, Florida Miami International MIA Mover 0.3 km 2 3-phase
Airport 480 VAC
50 Hz
Orlando Orlando International Orlando 2.4 km 2 3-phase
Airport International Airport 600 VAC
People Mover 50 Hz
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City Country Airport Transit System Network length Station Traction system
United Sacramento, California Sacramento International SMF APM 0.41 km 2 3-phase
States Airport 600 VAC
50 Hz
San Francisco San Francisco Air Train 4.5 km 6 3-phase
International Airport 600 VAC
50 Hz
Jamaica New York—John F. Air Train 13 km 10 750 VDC
Kennedy International
Airport Landside conveyance, connects 10 elevated stations and links all terminals with
two branches that interface with New York’s regional transit systems
Seattle/ Seattle-Tacoma Satellite Transit 2.7 km 6 3-phase
Tacoma, International Airport System 600 VAC
Washington 50 Hz

01
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City Country Airport Transit System Network length Station Traction system
United Tampa, Florida Tampa International Airport Tampa International 1.2 km 5 3-phase
States Airport (Air Side 600 VAC

System) 50 Hz
Tampa International 1 km N/A 3-phase
Airport (Land Side 480 VAC
System) 50 Hz
Washington, DC Washington Dulles Aero Train 6.08 km 4 750 VDC
International Airport
France Paris Charles de Gaulle Airport CDGVAL 3.5km 5 (1" line) 750 VDC
3 (2" line)
Orly Airport Orly VAL 7.3 km 3 750 VDC
Germany  Frankfurt Frankfurt Airport Sky Line 1.6 km 3 3-phase
600 VAC
50 Hz
Italy Rome Rome Leonardo da Vinci Sky Bridge 0.6 km 2 3-phase
Fiumicino Airport 600 VAC

50 Hz

Il
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City Country Airport Transit System Network length Station Traction system
Spain Madrid Adolfo Suarez Madrid — Madrid Barajas 2.7 km 2 3-phase
Barajas Airport Airport 600 VAC
50 Hz
London Gatwick Airport Shuttle Transit 1.21 km 2 3-phase
600 VAC
United
London London Heathrow Airport Terminal 5 Transit 0.68 km 3 3-phase
Kingdom
600 VAC
50 Hz
China Beijing Beijing Capital Terminal 5 2.08 km 3 3-phase
International Airport People Mover 600 VAC
50 Hz
Landside conveyance, connects Beijing’s urban center with 28.1 km N/A 750 VDC

the international airport’s Terminals 2 & 3

Hong Hong Kong Hong Kong International Airport Hong Kong 2.78 km 5 750 VDC
Kong International Airport
APM

4!
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City Country Airport Transit System Network length  Station Traction system
Indonesia Jakarta Soekarno-Hatta International Soekarno-Hatta Airport 3.05 km 4 750 VvDC
Airport Sky train
Tokyo Narita International Airport Narita Airport 0.27 km 2 3-phase
Terminal Shuttle 480 VAC
System 50 Hz
Japan
Osaka Kansai International Airport Wing Shuttle 2.2 km 6 3-phase
600 VAC
50 Hz
Malaysia Kuala Lumpur Kuala Lumpur International KLIA 1.3 km 2 3-phase
Airport Aero train 600 VAC
50Hz
Singapore Changi Airport Changi Airport 6.4 km 7 750 VDC

Singapore  Changi
Sky train

€l
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City Country Airport Transit System Network length Station Traction system
Thailand Bangkok Suvannabhumi Airport Suvanna- bhumi 1 km 2 750 VDC
Airport APM

(Under Construction)

Taiwan Taipei Taiwan Taoyuan International ~ Sky train 1.3 km 2 3-phase
Airport 600 VAC
50Hz
United Dubia Dubia International Airport Dubia International Terminal 1 4 3-phase
Arab Airport APM APM : 1.5 km 600 VAC
Emirates 50Hz
Terminal 3 4 750 VDC
APM : 5.2 km

111 : Transportation Research Board (2010)
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Running wheel
{ Guide wheel

o2l

(a) Centrally-mounted (b) Lateral guidance (c) Central channel
beam guidance system system guidance system

‘]Jﬁ 3.10 52 UVTIAVHINIG (mn Akira Nehashi, 2001)

{ P A a A4 o <
1INA15190 3.2 naasdeyamuannednuszuuso Il weioululszmes

=i = < Y @ [ A A Y Y A
YU cmﬂzmullmmﬁwwmizuumumma%uslumm‘mgqmu”lﬂmﬁzuumiﬂmmaau

feaee Meldreszuuvua awiasuuuy 1My (Automated People Mover : APM) L@ 3im3 14/
s vateluseuos szuuvLd I Teens1i1n199a 11ia (Automated Guideway Transit : AGT)

Faszuvaanan Ifusmsawaean q lulszmagijuaswaaclugili 3.11

| Osaka: 1981-
= | Nanko Port Town Line
Ina Line (New Shuttle)
(12.7 km; 13 stations)

Ohmiya: 1983- J

Tokorozawa: 1985~
Leo Liner
(2.8 km; 3 stations)

Kobe: 1990-
Rokko Liner
(4.5 km; 6 stations)

Tokyo: 2008-
Nippori-Toneri Liner &5
(9.8 km; 13 stations) S84

Kobe: 1981-
Port Liner
(10 8 km; 12 statlons)

Tokyo: 1995-
Yurikamome

Yokohama: 1989-
Seaside Line
(10.6 km; 14 stations)

Komaki: 1991-2006
Peach Liner
(7.4 km; 7 stations)

Sakura: 1982-
Youkarigaoka Line
(4.1 km; 6 stations)

Hiroshima: 1994-
Astram Line

{184 km: 21 stations) @ : Underground section exists

51 3.11 szpuse lduefduusmsaudumadusod  vealszmagiu

(‘mn: http://www.jtpa.or.jp)
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S £ £ = ;2 d 2 £ 88 5 7 £ g 2 £
. 3 g £ S & g E g £E E 3 % ¥ 8 B § g S ¢
SO £ 3 o - g = E T S = 8 = = § & & £
O 2 2 E B -5 . = 3 ©w & F £ Z E S @ 3
= g #z 3 g 3 = = 2 £ & 5 C T £ ° = E £ E 3
s 9 R £ & = K E ¥ E 5 = o= = & 5 g <
= : §¢ 2 2 S £ ;Z2::%: 33 fic §t
E 5 E Z g > = o S g 2 & £ - g I~
= % 2 : 2 : 27§ g ° % B
Terminal stations Yukarigaoka ~ Omiya Seibu Yuenchi ~ Sannomiya  Sumiyoshi ~ Hon-dori Shin Sugita ~ Komaki Suminoe Shimbashi
-Yukarigaoka - Uchijuku -Kyujo-mae  -NakaKoen -Marine - Koiki -Kanazawa - Tokadai Koen - Ariake
(loop) Park Koen Hakkei Higashi - Naka Futo
Line length (km) 4.1 12.6 2.8 6.4 4.5 18.4 10.8 7.4 6.6 11.9
Number of stations 6 13 3 9 6 21 14 7 8 12
Average distance
683 980 1,400 800 1,125 920 815 1,230 940 1,000
between stations (m)
Single/double Single; loop Maruyama - Single Sannomiya Double Double Double Double Double Double
tracked Uchijuku, single -Naka Koen,
Omiya - double
Uchijuku, Other track,
double single
Guidance system Centrally - Lateral Lateral Lateral Lateral Lateral Lateral Centrally- Lateral Lateral
mounted guidance guidance guidance guidance rails guidance guidance ~ mounted guidance guidance
beam rails rails rails rails rails beam rails rails

LT
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Switching system Mobile track Mobile Mobile Sink-and- Mobile Mobile Mobile Horizontal Mobile Mobile
horizontal horizontal guidance plates  float horizontal horizontal guidance rotary horizontal ~ guidance
rotary system guidance system guidance guidance plates system guidance plates
plates plates plates plates
Operations ATS; ATC; ATS; ATO; ATO; One driver ATC; ATC,; ATO; ATO;
one driver one driver one driver unmanned  unmanned one driver  one driver  unmanned unmanned
Electrical system 750 Vdc 3 phase 750 Vdc 3 phase 3 phase 750 Vdc 750 Vdc 750 Vdc 3 phase 3 phase
600Vac 600Vac 600Vac 600Vac 600Vac
Minimum curve
40 25 60 30 60 30 30 100 70 45
radius
Max. gradient
45 59 50 50 58 45 40 60 25 50
(per mill)
Opened 1982 1983 1985 1981 1990 1994 1989 1991 1981 1995
Capacity (people/h) 1,630 3,480 - 3,840 972 5,720 4,320 965 4,428 7,200
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972 5,720 4,320 965 4,428 7,200

3,840

3,480

1,630

Capacity (people/h)

Schedule speed

31

27

30

26

30

27

22

25

31

24

(km/h)

60 60 55 60 60

63

60

50

60

50

Max. speed (km/h)

3.5-4,

Time interval

morning &

(minutes)

245

12

3.20

16

evening rush

hours

375

Seating (one train)

352

297

193

360

286

228

450

302

215

(6-car train)

N1 Akira Nehashi , 2001
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Japan* World (Japan included)
System type
km % km % Main Countries
<1.5 915 5.31 5,106 2.16 Germany, Switzerland,
UK, and USA
g 1.5-3 10,484 60.92 22,138 9.38 Australia, France,
8 Netherlands, and Spain
3 or more - 5 78,276 33.19 TItaly, Poland, Russia,
Spain, and South Africa
50-60 Hz <20 - - 245 0.10  France and USA
20 3,741 21.74 3,741 1.58 -
25 2,037 11.83 84,376 35.78 China, India, France,
_ Romania, and Russia
g 50 - = 1,173 0.49 Canada, South Africa,
§ and USA
% 25 Hz 11-13 - - 1,469 0.62 Austria, Norway, and
h USA
16.66 Hz 11 - - 120 0.05  Switzerland
15 - - 35,461 15.03  Germany, Sweden, and
Switzerland
3-phase AC 30 0.17 43 0.01 Switzerland and France
Unaware - B 3,668 1.55 France and Kazakhstan
Total 17,207 100 235816 100

Notes: * Statistics include Japanese subways and AGTs

N Yasu, O. Yoshifumi, M. and Hiroki, N. 1998
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9. Continuous load pattern
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Tractive effort (kIN)
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Declaration and initiation of all
variables, set up the relevant
parameters

APM movement calculation
- Calculate the speed , Position .
Demanded power of the APM

Check if the APM
Reaches the last station

Reverse

Check if the APM
Reaches the first station

Display the results

Power Flow in SIMULINK
! End

Update simulation time
t=dt+1
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Component Simulink Modeling Parameters

Electric I V., =22kV, 50 Hz
—-AM s

power cp——vo)

Power =250kVA, 50 Hz

HV Side V, ,=22kV R=0.02 mQ

Six-pulse
(A )y———-+a a A + L=0.07m2
AC/DC 7
(e——ne %é : ® LV Side V, =530V R=7.55m()
converter - . . . = v
= = L=77.8mQ
Bridge R, =500 V,=0.8V and
Ron =19m(? Voltage =750 V
R
Conductor
y Resistance = 0.148 (2 /km
Rail
APM Nominal voltage = 750 V
Vehicle Load type: constant P
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1. szuuimiieveans Idlidauglinin (PEA Substation) 5211 3 e
1 Y] % <
NILAVUTIAU 22 KV 50 Hz UNUAI0YAVADN Three-Phase Source
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Vo=t [V d(et) (4.35)
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v o 1 1 . < .
3. sruusNaniaee Wi (Conductor Rail) 1@ 181800 Series RL Branch
@ =~ . 9 <] .
4. §5z0u50 1WA eMdy (APM Vehicle) UNUAI8UADN Series RL Load
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Traction Substation (TSS)
PEA Substation Six-pulse AC/DC converter

VAP——dva

APM Vehicle

HRail |

-Rail

Contuctor Kail (Rr)
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Vss(m) :VSS(end)

= ISS(end) (4.38)

Issa<+1)

(4.39)

Vlr(M) = Vtr (end)
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PSS(k+1) =VSS(k+1) ) Issu<+1) (4.40)
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Ptr(k+1) :Vtr(k+1) ’ ISS(k+1) (4.41)
Ploss(k+1) = Pssu<+1) - Ptr(k+1) (4.42)
Essien = Ess) T Poseany - At (4.43)
Eloss(k+1) = Eloss(k) + Ploss(k+l) At (4.44)
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uunuail, (Wh)
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AV =V, -V, (4.51)

x100 (4.52)

AV unu usagu e, (v)
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Traction substation L
Zs, d
Ve Conductor rail
I, | AT I
daz,
I,
Z Sb
WWJUM\—‘ Vg Conductor rail
Is { ANA—TI !
dz,
1 B
Zs
m Vsl Conductor rail
Is } AAA—TTT |
dz,
APM Vehicle
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1. szpusmitevesnts Whilhdiugiinin seuu 3 e szaunssau 22 kv

<
Qmmuﬁ’aﬂﬂ;ﬂuaaﬂ Three-Phase Source

2. aoil Iihvuaasunszuaady (AC Traction Substation) Usznoulide
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nifoutdaamaa i vihnaaszduusaau 3 ma a0 22 kv Tidlu 600 v d1viua
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ms¥ouaovaalnvesntoutlas donld Dynl1 iumiasgiu gnunudieuaen Three-Phase
Transformer
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3. iSﬁ‘]JlIiNG]’J‘LHﬁQiHEJllWﬁ”I (Conductor Rail) ANUNUAIYYAVADN Series RL
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Component Simulink Modeling Parameters
Traction i V,, =22kV, 50 Hz
I—)A—TT—s
Substation cp—)
Power =250kVA, 50 Hz
HV Side
A a V, . =22kV R=0.02 m(}
Transformers B %g bp L=0.07m
S e p—v) LV Side
V, =530V R=7.55m()
L=77.8mQ2
dz ,
&= 000 (#2) Resistance = 0.148 () /km
Conductor iz,
78 oo () Impedance = 0.253 ) /km
Rail I
€ T e
Nominal voltage = 600 V
A
APM Vehicle s N0 — Nominal frequency = 50 Hz
@—n c

Load type: constant PQ
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Traction Substation (TSS)
3-phase AC vain]

PEA Substation A
VA
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APM Vehicle
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Vaa =Vsatens) (cosg, + jsing,)
Ve, = Vsstens) (cosg, + jsing,)
Veor = Vscons) (cosg, + jsing,)
VSab(M) = VSa(k+1) _VSb(k+1)
Vsbc(k_l) :VSb(k+1) _VSc(k+l)
VSca(H) =Vsetern) ~Vsaen

IS&(M) = ISa(end) '(COS¢a + jSin ¢a)

ISb(“ I spenc) (Cosﬂ] + jSIn¢b)

(4.53)

(4.54)



ISC(M) = ISc(end) '(COS¢C + jSin ¢C)

=V,

Taka)
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(4.55)

Ta(end) '(C05¢a + jsin ¢a)

VTb(k+1) = VTb(end) ' (COS% + J sin ¢b)

Vieysy = Vo) *(COS4L + jsing,)

V.

VTab(kA) :VTa(k+1) T Vb(k+1)

VTbC(M) =Vrogen) ~Vreen

V.

VTca(km :VTC(k+1) ~ VTak+1)

Mo V. V. uazv
Sbiye.a)

Sy Sy

\Y

Sa(end) Sb(end) Llaw V

Sc(end)

iaz v

VSab(m) VSbc(H) Seagy

Sag

ag |

Sy SCikan)

S8(end)

I, uag |
SBiend) ¢ SClend)

V.

Taen) o)

o V.
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%
VTa(end) VTb(end) taz VTc

(end)

(4.56)

(4.57)
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Vi, Vi, 108 Vy, - 1D AmssusznInaeseuagiuvessaeioulullsunsy
wuntal, (v,
é Ao yulana'luih, (degree)
M3muiaumamasvedmad Iiwazndeanu i ansafinsanldann
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Sss = (VSa(k+1) ’ I;a(k+1))+(VSb(k+l) ' I;b(k+1) )+(VSc(k+1) ’ I;c(kﬁ)) (4.58)

Sy = (VTa(k+l) : I;a(k+1)>+(VTb(k+l) ' I;b(k+1))+(VTc(k+l) : I;c(k+1)) (4.59)

Pes sy = Re(Sss ) (4.60)

Qs = IM(Sgs) (4.61)

Prgeey = RE(Sy) (4.62)

Qtr(k+1) = Im(str) (4.63)

Ploss(k+1) = PSS(k+1) - Ptr(k+1) (4.64)

ESS(k+1) = ESS(k) + PSS(k+l) <At (4.65)

Eloss(k+1) = Eloss(k) + Ploss(k+1) -At (4.66)
o s, s, fio mda Tl iamilae iiuagiisadidy, (va)
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AV :VSL _VTL (467)
V _
6= SLTLTL x100 (4.68)
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P uny )osigudvoansanu T, (%)
V, 00U 1599 UsEHANEY (Line Voltage) Dot i, (v)
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51U 4.32 wasnu Irlihdumasunaz nasaugade nsdlszuu ldihdundounszuaaay

Tugd 431 naaswavesiiaslihdunaougeganazmids ldihgapde

N ]

gaga Uandlu 121,12 kW naz 7.679 kW ama1au 317 4.32 naaanaveans dwaean Tl

Tunaeuiiauilu 3.953 kwh uagndaa Ihgapdediu 0.110 kwh
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Power Feeding System

Specification
750 VDC 3-phase S0Hz 600VAC
Minimum voltage at the substation (V) 746.503 596.101
Minimum voltage at the APM (V) 688.973 531.357
Maximum voltage at the substation (%) 0.466 0.649
Maximum voltage at the APM (%) 8.136 11.440
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M13199 4.4 agdwadrassszuy ldihdundouns 2 szuu (fe)

Power Feeding System

Specification
750 VDC 3-phase 50Hz 600VAC
Average voltage at the APM (%) 2.164 2.986
Maximum power losses (kW) 8.567 7.679
Average power losses (kW) 1.247 1.151
Substation energy (kWh) 4.176 4.063
APM energy (kWh) 4.057 3.953
Energy loss (kWh) 0.119 0.110
Energy loss (%) 0.971 0.868
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Electric power feeder N —
rer p ~ Conductor raf
240VAC 50Hz Power collector (L)
N\
Power collector (N)

B o =

|
H pos |
—

IM

Power

Inverter

3 Phase

= s

A @ 4 ) @ <
511 5.5 Taseaieszvpdunaoudmsvsa luihediow

o % d o
mamurunatavessn i uefdy Tasszuunisiiauvessa Iy
= 1 o [ d‘ d' [ o d'
gnAnyIRIULDUTInesedeaunmsuesmanaounsa i auinaueluuni 4 Tasauns
wsanandodldlunsvunaoudimivsn v Aarsurldanaunisi 5.1 (Yi-Dar and

Antonio, 2000)
Fe —F-F, =M, a (5.1)

d‘ = a
1349 M, unuudalszanina, (kg)

a unu 933909350 1, (m/s?)

CAv?

F,=5x10"K, + 4.4480% +1.1187 x107°B(v) + 239.6904 W (5.2)
n

9 A a = A A o
Fs UNnu LLSQ@"IH‘UE’N?E]"I,W‘WW NNAITNAATINVDILTUTYIANIUNITIAADUNNDY

=).

Tag

U5IAUDINA, (N)
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9 i1
UNU umuﬂwa%mmmwmwmﬁau, (kg)

W

A N ﬁuﬁwﬁﬁﬁhmmmﬂﬂﬂw, (m)

B uny dulszansanudsamuiisnaima
C uny Fulszansanudsanuyese i
v unu aNuEveasa I, (ms)

n Y U IR ADY

K, K, unu Maadiauiinyg 1.3 uag 29 amaiai

Y
usaguau Tiuoezauna ldanaumsasil

F, =9.81W, (ﬁj (5.3)

H 9 9
Taon W,  unu NS INNaNe, (kg)

i UNU ANNFUNIIWBITa Wi, (%)

ansorimad i ldrumeaasuse i Idanaunsi 5.4

p-tet.p (5.4)

e aux

Th

Tash P, unu Mad i lsiumasuse T, (w)
P unu maslduasy, (w)

7 unu Uszansnmmsulamdanunadundanu T

Ay Y A a g = a 4
ﬂ"li’f)@ﬂLL‘]J‘]JL‘]JE’NG]‘L!L‘Wi’)‘HTﬁuiﬁﬂuzﬂlﬂﬂiﬂlIW‘ﬂ"lm‘WlmJIﬂﬂNWﬁﬁJLW’JS

uanaluaisneai 5.2
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A9199 5.2 NS

a d
W05
dy d' Y o 2

A UNU WUNHUIAAVDTD (m) 6.25
B unu duilszansanuasamuinsnaniimig 0.03 $1999910 auMIN 5.2
C unu duilszansanuaeanuuedotma | 0.00034 Yi-Dar and
K, a2 K, N A1n99 1.3 8z 29 | Antonio, 2000
7 unu nlssansnaidy (%) Gear = 98, Motor = 88, Inverter = 98
P, tnu mas luliluasy kw) Constant load = 20

sindoyavesso llfuefidulumssdi 5.1 minfmeslumsad 5.2 unuem
asluaunsf 5.2 asafINN F, = 0.0639 N 18z F,= 1471.50 N 910 1uunusnaaes
asluaumsf 5.1 92 1usanafidesldlumstunaousa llue iy

F.=2671563N

aammaema s lihefidudosns 1dnnaunsi 5.4 duie

P, =37,129.215 W 30 37.129 kW

o A A a = o a 14 [
ﬂ']u’)ﬂ!ﬂ1l!iﬁﬂﬂﬂéjﬂllé}'}u5\1ﬂ@"l]$mfl'flelal}f]\‘lﬂ'ﬂWTEHJM'E]iinﬂﬁﬁfl"Uf]\ié}@

FAWYN TIDIANANUAUMUTZHNINAIN UGN UAIaUNS 5.5
xR, (5.5)

A A A 9
Ao u3edaNdes1a (N.m)
R, o rlluesdoes (m)
(J 1 1% o I
o M1lsznoumaideamuszrnananugnilu fvualdiu 11

A Y = = Y

[ I 1 {
ADNVDUABDLUAS YN mﬁmmaanmmﬂu 0.316 m LLT]U‘?]']ﬁ\?ﬂﬂJﬂTiﬁ 5.5
@ g‘/ A Ay I
PANUU LLi\‘]‘]J@WIﬁ’E)EJ'NHJu Tu = 931.574 N.m
° < Y 9 Y
ATHUIUNIAITULIITOUVDIADTD nwiﬂﬂﬂﬁﬂﬂﬂ\!u 130U ”lmzaz‘nw 1.98 m
<3 1 Y
LLa%ﬂ'J'lﬂJLﬁ’Jll@'I“VINGIfH 11.11 m/s

n,=11.11/1.98 = 5.611 rps
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® = 2rn,

@ = 13.22 rad/s

[

o a d' - d‘ 9 dy
mmmmusm@muamaﬁmmaau'lﬂmﬂﬁmmimu

Tw

L E—
Gear ratio

1148 Gear ratio UNY dATIMNANBITUININD 6

7, = 155262 N.m

(%

< so A Yo X
ﬂ'3’]3J!'§"Jﬁf]ﬂﬁll@\3ualﬁaﬁsuﬂlﬂﬁauw'lllﬂ U

v = 3 9
nm =on51mamod x ANNLTIADUYU X 60

n = 2,020 rpm
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P = lj.Tl x“dx
T, 0
unuaazld P = 1J‘S(@xzjdx - 20w
50 5 J3
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din TraaaiuauovuIa 35 kW e 7,= 5 Wi P,= 35 kW

muarialszansmaveaad i (2. ) Tdaneaunsn 5.10

rms

(5.10)

rms

P, + BT, +..+ P,
T+T,+..+T,

wId P, =29.649 kW

11099700 P. =40 kW fuarioasiaiuvedmas lulih

max

P
A= 16

rms

[ g’/ Awv o w [ 4 v 4 I
ez lannamas lnihdeiiissvesuames vumanuiiliu 29.649 kw
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VINAUALHINUD
Haneusn (N19x812x g9) (m) 2.5%6.5%3
whminsa i (k) 3,000

STUUTLIAROUIAZIZUUTBI5D

ISUULUIN

Disc brake

[ Y
FANAD819 (m)

0.36

szuuvumasumalvlih

ugaau Il 1gau (vAC) 240
vomeiTUIAAEY Induction motor
mas Ildhgege xw) 40
15390Ag3gA (N.m) 155.262
maa I3y (kw) 20
ANITTOUL
ﬁmﬁ’ﬂmsnﬂ (kg) 1,000
ATNII (m/s”) 0.45
ANUIEIFIGA (m/s) 1111
yu'lanadiu (%) T s
Snvazmsnasuiise Tl liuaznay
madesalulih
JLYLNN (m) 200

A v 1
anisudag lagans

s A = 9 =
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NNAUNTN 5.11

Power
- (5.11)
Voltage
A o 4 s o 3
Taon 1, Ao nzud Wlihwesszuudunaounazglnsaivuaise idweiidw, (A)

o w

Power @9 Wnamaa Iihvesndeutlas, (VA)

Voltage fio inausasu Tl 19y, (v)

wonuieuaslnidnng 50 kva Ainaussau i 1F9u 240 v anansana
aszue T 16

1,=208.33 A

1.2 nszua Ishnaeideuldanaunisn 5.12

Le=11x1, (5.12)

L. o nszua lihruaietdow, (A)

=)
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L do nszua llfhuesszuudunaounazgnssivudisa ey, (A)

1,o=229.163 4
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1.3 I¥eotfounuy THW @uA1UeIMAYLIA 70 mm” HAZHITUIVUIA
meausIsual lWihnnmaemsmvnamgavesaeseranauvesszuy IWfhnszuaady

(6., 2556) VAl 25 mm’

v
U

o a Jd o Aa
1.4 ﬂTLJ'Jﬂlﬂﬁzllﬁlﬂﬂﬂﬂﬂﬁﬂlﬂﬂfgﬂﬂﬁﬂ!ﬁﬂ')\‘]ﬂﬁﬂﬂﬂ@]\iﬂa"mﬁ"mﬂﬂu

o w

A o Y I 1A o @ o
Tasnnaniasldd 50 kva usedu Il 15913 v 240 v nazad uiitaugyo 131969100
I 2 a v o
Z.= 7311 0.148 +j0.253 Q /km 15202 N1999 0.2 km 198990yas a1 lunakIn ¥, 1ag
1T a A 4 9 F) o
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Inverter :

| Rated voltage 96 VDC

-} Working voltage range 65 % ~ 135%

Induction motor :
- Rated power 15 kW

! Max. torque 150 N.m
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Fe=Mga+hk (6.3)

Y ] ) v
NNumIANNEwazduruange lihazmaounlurianar at 6ald Taeld

aumsi 6.4 uazaumin 6.5

ey =, +aAt (6.4)
1 .2
d., =d, +ukAt+EaAt 6.5)

Taon wag v, unu anwiisa lihseutfigiuiazseuneumnth

Uk +1

o ' o J Y
d., vaz d, ey dwmrisse ldihseufegiiuuazseunounih

msmuaige s W15 unsinaoud (Tractive Power) %%uagj
fuswsagaseutfigiuvessn i £, Tumioe ¥ anusseulagiiuvessa i o
Tuwiae mis nazilszdnimwmsdeiumdan Idudundaudundouvessa Inihee
& rdsan Iihsendagiuiiza Il vhansedani £y, Juniiae w na1&an

aunsi 6.6

|:TE XU

_ (k+1) (k+1)

Py = T (6.6)
t
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Tnuawsn uaz Tnuangaiianil TasseazBoaves Tnuaduimfidududuianay
auauanuivessa Wluadeui Tnuawsnimihitaannudvessa llihdmsuidh
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a L4 1 o w [ a L4 (%
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A207% Tua (Node Analysis) aauaaslugli 6.12 awnsonsiseemilu 3 dau Ae andl lvlih
] Y 9
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useau v erdeuvvuieesTnaaso I lugduuumaslwd (Power Model)
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PEA substation
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{ 1 a I'4 o a 4
A15197N 6.3 ANITINADTVDINITVIADIHANADUNUADS

Component Simulink Modeling Parameters

Phase-to-phase voltage = 22 kV

Frequency = 50 Hz

Power and frequency

P=50kVA, f=50 Hz

Tracti
raction Winding 1 Winding 2

Substation V1=22kV,, V2=56V,
R1=0.1007e-3 2 R2=0.075 Q
L1=3.205e-6 H L2=0.260e-3 H
Resistance = 0.148 ) /km
Impedance = 0.253 2 /km
6}1\18\1%1ﬂﬂ1ﬂ WUHIN U.

Conductor

Rail
Nominal voltage Vn =56 Vrms
Nominal frequency f= 50 Hz
Load type : constant PQ

APM

Vehicle
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TaogunuvaumsilFlumsdurama liihiusoguyas uaasldail

Vss(m) = Vss(ena) -(COS¢+ jsing) (6.7)
ISS(k+1) = ISS(end) '(COS¢+ jsin¢) (6.8)
) = Vtr(end) '(COS¢+ jSin ¢> (69)

= 1

1o Vg, o awseauliihsendgiuvesaniiselihluldsunsuuumual, (v,)

A [

Viseny 10 t1538u Iildhagahevesaaiinie i luduydsuaazsen, (v,,)

)Y

I, A0 mnszuallihsoutlagiivvesamiine lihluTsunsumumual, (A,

1

SS(end)

)Y

fo nszualiihmganevesaniine i luguydsudazson, (A,,)

)Y

Y . ~ g
Vg 00 awssau lihsevifagiivvessaedionlulisunsuuumual, (v,,)
Y ! A a a '
Vi 10 t538u Iilihangaiovessaefidnluguydsiuaazson, (v,,)

é Ao yurlania i, (degree)

ﬂTiﬁWUQQWKHﬂﬁﬂm@Qﬁ1ﬁ§1wﬁ1ua$WﬁhQTu1Wﬂ1ffuﬂiﬂﬁ%WimTqﬁQWﬂﬁMﬂTi

9 ' dy
VYNANU

Sss =Vssien Issen (6.10)
S =Veegeany - I;S(k+1) (6.11)
Pesqy = Re(Sss) (6.12)
Qsseny = IM(Sss ) (6.13)

Prsny = Re(S”) (6.14)



Oy = Im(S,,)

Ploss(k+1) = Pssu<+1) -

Essteny = Esso T Posqrony At

E

SSS’ Str
P

SS(k+1)>

P

tr(k+1)

QSS(k+1)’ Qtr(/c +1)

loss (k+1) = Eloss(k) + Ploss(k+1) <At
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(6.15)

P (6.16)

(6.17)

(6.18)

[

do maslihalsngianiise lWihuazisadidu, (va)
fo maa lvliheseseulaniuluTdsunsuuunuay faoriise v
~ A g
HAENIDDNLOUN, (W)
A )

Ao mas llihdwunduseulegiuluTdsunsuuumuall faofisie

Tz nsaendy, (VAR)

Py Ao maslihgadesoudeginululUsunsuuumuall, (W)

Eggorp Essy 010 wasnw llfhsentlagpiiuuazsevneundhlulilsunsuuunuail
faonfiare Wi, (wh)

Epsnors By 010 W01 lvbihgay@eseovilagiiunazseuneunihlulisunsy
sunuail, (Wh)
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Substation
APM
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A 4 @ [ a 4 o 3
Adlaraas 1WSeuneudiuNaInnN1TI3e TAgANUAAIANABUYDILD LT IaDIILDIAY
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ANUAAIAIAAOUTUNNT (Relative Error) %30 Percent Error (% Error) 11/ U N15H 101
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We X UNY MTIHIERANLULTIA0S & a1 t 1a 9

t

X LY AIWAINNITIADI A 1A t 1@ 9

t

M3197 6.4 matlszidiuanugnAe o UT 10N

masunoIndumalilaema masunontamaliduma

A1 WAYAD3Y  Wadlaed  ANNA@IA A1 HAdAD3Y  NavIaed  AINAaIa

(s) \%) \%) méau %) (s) \%) \%) méau (%)
0 56.141 56.141 0.000 52 56.076 56.076 0.000
2 55.501 55.961 0.819 54 56.076 55.952 0.221
4 54.481 55.250 1.369 56 55.122 53.879 2.216
6 52.665 53.852 2.114 58 53.397 51.745 2.946
8 52.390 51.527 1.537 60 49.724 49.955 0.411
10 51.724 51.090 1.129 62 47.398 49.243 3.290
12 50.456 47.059 6.05 64 42.903 48.000 9.089
14 50.090 48.172 3.416 66 41.7530 47.676 10.562
16 47.725 48.398 1.198 68 42.223 46.222 7.131
18 49.555 51.485 3.437 70 41.975 46.056 7.277
20 49.058 48.903 0.276 72 44.850 47.204 4.197
22 48.378 51.485 5.534 74 46.000 46.645 1.150
24 50.273 50.369 0.170 76 44.955 45.252 0.529
26 51.175 50.113 1.891 78 46.614 47.269 1.168
28 47.411 48.694 2.285 80 50.260 47.110 5.617
30 49.437 49.283 0.274 82 49.790 50.100 0.552
32 44.785 46.662 3.343 84 50.979 50.393 1.045
34 48.182 48.725 0.967 86 51.070 50.921 0.265
36 43.478 46.785 5.890 88 50.770 51.193 0.754
38 45.020 48.486 6.173 90 52.913 51.428 2.648
40 52.155 47.685 7.962 92 51.567 51.693 0.224
42 55.684 55.944 0.463 94 54.377 52.100 4.060

44 56.076 55.950 0.224 96 55.994 55.960 0.112
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EASN Technology parametric
o SHAREHNNRNANERESHREEN: Must provide sulficient ampacity 10 withstand the
expected power load

" AREAURIVERMOEENWERENMRAQWF(ED)
R-TEEMRENTEREETITNZERNE.

o EEVASNGFHARNRTARFEONMN0%2H,
HMATFRMRS,

" EE-RA LN -G EERAM, WURR-TRE

" EOAMOTZMHT MM E,

The total ampere load is the total value of the
nominal rated load current with a Guty cycle and not at
the same Wme the mle of a non-simultaneous
oparaton later determined to be discounted

The average duty cycle of the motor crane usually
batesen 40% and 60%. and depending on the type of
apphcation

When there i more than one crane on the same
side, you can use a value botwoon 0.4 10 0.7

Duty cycle f

100% 1.00

BO% 090

0% 078 ¥

50% on

0% 0ss 2 7|
L2 Example
IRERN, B&MNIN008% Thene cranes  each iNe300A
RBEM; 100%(330° ) Track length
HENWMRLE; B0%(ED) Assurmad duty cycho
MWIEFMME: 0.7 Assumad rae
GARRNMBMAR: InxEDJ00RM « 0 78:234%4  Amp losd for sach crane
INERNMHER NN 23488 > 370280 Amo load for three cranes
ERmma=Mne Total workang amp oad
AEMER0. 7: TOREM « 0.7401 4RIR Pate
MM RIR: MHS-50500A-FE; MHS-30/500A-AL, The choson condiesor bar
Hitst Other criteria

ARSRANLERHRHNLRAAR, AR
MRS 0O S R VLM N @R
R2ZH, H-AERETHRE, SKAORTRBLLGR
ARENSRINE, BFERSORNNNN, 6N
DERNTDRE.

M EMANRIARN (N0 EUARAYN
RUAROIE. K. A BR. ABEE) TSR
RTEROREME B,

Seloct concluctor cross laces 10 withstand the cakculated
10tal ampere load, and the inferred vollage drop shoukd be
kopt within the kmits set by the molor manufacturer. In
case e vollage exceeds the kmil, the size of the Number
of wires of the feedng point can be iIncreased. Amp for
vory high load. thare should be equipped with necessary
SMaIpency cable.

Specty the comect bars of March the rigid body through
the type of appication and the type of environmant (heavy
work load or ght load, comosion. heat humidity and
intormal standard).
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ATFREAaERMLX ENkKE
Formula for Voltage Drop Calculation Effectice length
TRB(AC): Au=VIxixIxZ =l AETFREROES
HER(DC): Au=21xIxR Power faed located at he end of the system
Ap =WMER ({298 ) Voltage drop [V) =R MR SETESNSS
I = SRE M B R Ampere adfAl I=LARNREARME FRENARR
= MR S E B R ) Rt Tl et ot .l o W Speten
Koo S e o b S o cosdiioion I=USR AN A0 FER REEH —ROUGR
Z = BEERH) © | Power feed located at LS trom each end of the system
L = REE K H[HK]Systom lengthim]
me hwmasen | L | g ge TR dxaean | o, | gy
Type s s mones “: ""'“ Q/000m | O1000m
MHS- 14200A-FE 20 200 2 &80 0183 0255
WS- | 20 320 3 800 o | 0227
WE-080AFE | 2 400 a5 700 0091 | 0220
35 800 0072 | 0207
WS-SS0AFE | 35 500
W6 OR0AFE | 35 630 45 800 0071 | 00201
WG \T0AFE || 35 700 45 200 0080 | 0133
WE-2A0W0AFE || 35 800 P 000 | 0051 | 0188
WEX0O0AFE | 35 1000 45 100 | 0045 | 0184
| | 45 1300 | 0035 | 0.177
WS- A0A-FE || 45 120 0048 | 0uTs WE-DA-# | 45 1500 | 0030 | 0172
WS-S00A-FE | 45 1350 || 0040 | 0%
WS E0WOAFE | 45 160 | 06 | 0.8 WS - DA} 35 500 0083 | 0187
MS-TODXA-FE| 70 200 | foa? | 00 TE YU NS 200 008 | 0184
WS- TSOA-FE | 70 2300, |ows | 0158 WE -1 45 11900 | 0042 | 0181
WEAOM0A-FE | 70 a0 | oo | 0% -AWA-R 45 W0 | 0038 | 0179
WS-A0NIOA-FE | 70 300 0020 | 048 SemA-A | 70/ 2000 | 0032 | 0.174
ME-20T0A-00 | 207 ) w20 oosa | 0227 e ) 680 0o | 0287
ME-S0N0A-00| 35 | SAND o) 008 | 0197 | o | 35 1900 | 0062 | 0258
WG T0A-0U| 45 160 | bewrJapi ) | [SERs X © 150 | 0056 | 0225
IWE-A00A-00] 45 2000 | 0023 | 0168 WE-ANIA-A | 45 w0 | ood2 | o
WS- N0E0A-CU a5 2600 | 0018 | 0180 WE-SNEIA-R | 70 200 | 003 | 0182
WE-ANEA-A | 70 200 | 0030 | 0164
WE-EREIAR | 70 200 | ooz | 062

Wi54000%, WREAMSEN,
Reach up 10 4000 Amp, choose specil conductor rall
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szuus1eadr Ysznev lidae (1) Steel Copperhead Conductor Bar and Accessories

(2) Expansion Joint (3) Rigid Joint (4) Feeder Clamp (18 (5) Insulator AWITOUTAI51AZID YN

[

N

=Dhe

L

A1519% V.1 51982108AV0 Steel Copperhead Conductor Bar and Accessories

Copper | Steel | Equivalent H a b Weight Max
Type Cross Cross Total (mm) | (mm) | (mm) | (kg/m) | Continuous
Section | Section Copper A)
(mm’) | (mm’) (mm’)
MHS -
50/500A- 50 266 88 43.1 14.6 35 3.20 500
FE
— 'y
Il
Fe > -
1
1
il ‘,7 (7 |
ESED

3 1 2.1 YAV Steel Copperhead Conductor Bar and Accessories

M3 U.2 T1902108AYDI Expansion Joint

Type

Material

Weight (kg)

MHSDV 35/50

Brass

1.15
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- em . $:
3 [ e _ 160 g 8
g 5 15,30 120, 30 15| % =
;- B B
35 7 ( 7 38
dl Aan . .
g‘ﬂ‘l/l 9.2 YAUDI Expansion Joint
=~ = .. .
M1T19N V.3 9190L10IAVDY Rigid Joint
Type Material Weight (kg)
MHSFV 35/50 -200 Brass 0.42

(6066 6066 o)

37 v.3 UAved Rigid Joint

A15199 .4 51982108AYDY Feeder Clamps

Type Material Weight (kg)

MHSCu 35/200 Copper 0.22

<l

AN

gﬂ‘ﬁ V.4 1AVDI Feeder Clamps
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A4k iR 28 19 & %€ /Installation of Copperhead Conductor bar

MR ( dhiR | M/ infiation(curve) figure

Imax min fmn

1min tmin

9 ~80°
L 4 = > é; <
Ee60r | F - @
o \<\E < c
T . o Bt ) =] o
~ +40 N o o
MNS [ § 5
30°
P S N AN .l = 1=
+20° » b \.‘\t}\ 4 -~
’- LAY
JC 1 =%, | |
+ 10 A‘k\ o> \\c{_:%“- !
X \ g | %, 4 \
a | qb éy'e 1 \‘y ‘
o . N T~
-10 | - v \ |
-20* ¥ ‘-“‘ 3= ‘
-30° N \ ~
0 10 20 30 40 50 60 70 &
ZM (mm)

B B 88 4R ) B /inflation(curve) figure

EERETRFREMSENOGEEE, WL % BKS
32 iSa0 EREE R 42K,

The picture shows different calibration line of guide
railthe premise is regard the distance between tha
axpansion joint as 42 meters.

HTFEESHN | IRLFELLBD ) BESR
SESERENS (MLFELT ) Fa8%, —HE
HELBHEPRANFRERBRENE—A.

Due 1o adjust the gap value will lead to calibration line
parallel to the corresponding point move, still can move up
to the figure of the existing maximum expected temperature
environment,

BTRUAT L ( G SR TR L ) RRET
BPHXERERFEHAEL, A6 (K2R S5
GERKT, B0R (FE)ET (2, o6
S LB R E ) IR LR

.

BB 25C
MHSFES AT EM=-108%
MHSCU S 4 ) %2 Pl =24 W K
MHSALS S T B=33 8K

So you can put the actual envisonrment lemperature as
& Starting pont n the process of instaliation, feliowshp with
calibration line to the nghtRead down along the
longludingl axis

For exampis:

Environment Temperature:25¢c

MHSFE gap of conductor bar=19mm

MHSCU gap of conductor bar=24mm

MHSAL gap of conducior bar=33mm

o PREIRINMJ[LGTRL, SEHELTHS
$TEE, ANF. ANL. ANTRSQ®2% (6-6") 83
FOREXEE; AFHFREISHNINT25X(E-
8RO A EREE,

To install brackets in.beams or yan rack, weiding of
fixed or with screws ANF ANLANT series conductor bar

fixed according’lo the center of the 2 m spacng other
saries fixed acooroing 1o 2.5m center spacing.

ANF. ANL. ANTRISSNEEEER 1508 %
(6"}, MAvEEE (6°) . M/NER120FXK (5°)

BFmaER#. XHR250%K

The standard spacing of ANF ANLANT seres
conductor is 150mm . the minimum spacing is 120mm. Used
for high volage equipmentabout 250mm.
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o MRS/ SUNHENETNER L, BE
MOWITR “F T ER"
The insulator with screw/guide bracke! fixed to the
bracket, fixed with screw to tightening up “by hand®,
M RRDEMA,
The general configuration as shown in figure A
RSN RN, —EERENSNNEN
B AR EER" . DR SR (&R
AR ) .
When the conductor is placed Into the insulators, It is
mportant to ensure that support for the guide radl is

fightening up” on side, to allow the expansion and
contraction

HIREHMTANNIER EAMNRKR, TENTR
R(IAEWHBUNTN) ,

When the pillar scrow whorl on steel bracket, don'
change poaition.

B 5 A I R R S R 6 T R A
WM NFLAIEIR, &R R WIA100% | 350 )
0 2 0 O PP M M Sk, 044 T B AR O ACRd, SN
EBHMIATAR B0 — B A . SRR
TR TR AR R 00 SH A, ) BE A 0 203

(92 ), 2 ) 0 40 2 L. 2 A R e

Using rigid joint or expansion joint by 6 m parts at the
ond of each preset holes 10 link, When the system is the
overall length of 100 melers do not need to use the
expanséon oint, when the siiding distance g longer, 6 the
standard longth of 6 metors intarvals using an expansion
jointin the special environment and temperstute of the hot
strong fluctuabions, spacing should be cut 1o 28 m About
the clearance adjustment Settings according 1o the left side
of the chant and an gxample.

503 4 B I ER S B A9 26 X B 2508 e 4 B 4
mE— P Rgs/SNEE,

Near sach of the exfafsion” joint “installed an
nsulator/guide bracket.

==

o MTF R MS0, X8LOREERNR

BENTECRNAEESTRNERLHPAORER
Hrraex, AIMESTAALTUERE,. (2B
B«C)

Conductor bar for ~ slide controled”, should be n the
mikie of the through the sideway of insulsior adiscont
location or postion in the middie of the Two sxpanson ot
Installed two postioning clamp, shall be fxed n two
diractions at the same time (according to figure B.C)

N AEMAARRMNKRR, NEITHENNE L,
HbraiseRIWA L.

Install foodor clamp In feod point 10 il waist with
scrows, and fixed 10 the copper head

o ARESERISARARRED "ReSER" |
BEF "maf” OHRERTANE, B "Ras
BAR" EEeREN.

Prepared collector bracketwhich highly necessary o
daily work. fixed “collector” columnarstud bolts, installod
integrated circult electronics firm

- —A—————————

N . J

|
L2

_ s = o =
| E—
mc
$8/Symbol

B S Rig JSint

= WKk Bxpansion Joint
O MK insulators

o HAEAxnESE
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Item Specification
Rated power 15 kW
DC voltage 108 V
Rated frequency 89 Hz
Rated speed 2200 RPM
Max. speed 6500 RPM
Speed sensor 60 Pulse signals
Motor

Protection grade IP55
Insulation grade H
Max. torque 150 N.m

Inverter

Size ®262* 290 mm
Net weight 45 kg

HS code 85015200
Rated voltage 96 VDC

Voltage range

65%~135%

Rated output current 60A~110A
Maximum output current 500A
Digital input 8

Analog input 2

Protection grade P65
Ambient temperature -40 °C~50°C

Control mode

Vector control

Communication mode

/

Size (L*W*H) mm 328%253*113
Net weight 7kg
HS code 85371090
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d‘ 9 a LY zﬂ' 1
#13719N A.1 ﬂjayamqmﬂuﬂizummﬂaE)ummm‘lvhfh (919)

Item Specification

Ratio 6:1
Speed capacity 8000 RPM

Gearbox Torque capacity 400 N.m
Noise <65dB
HS code 87085079
Output spindle 23 45°

Driving Shaft Est. net weight 8 kg

HS code 87085079
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Date Time Voltage (V) Current (A)
19/07/2020 10:48:20 56.219 0.041
19/07/2020 10:48:22 56.219 0.041
19/07/2020 10:48:24 56.219 0.041
19/07/2020 10:48:26 56.219 0.041
19/07/2020 10:48:28 56.193 1.377
19/07/2020 10:48:30 56.193 0.014
19/07/2020 10:48:32 56.219 0
19/07/2020 10:48:34 56.193 0
19/07/2020 10:48:36 56.219 6.014
19/07/2020 10:48:38 55.749 15.723
19/07/2020 10:48:40 54.991 30.232
19/07/2020 10:48:42 53.841 59.441
19/07/2020 10:48:44 53.423 68.7
19/07/2020 10:48:46 53.135 69.259
19/07/2020 10:48:48 52.822 94.377
19/07/2020 10:48:50 53.109 96.927
19/07/2020 10:48:52 51.358 117.81
19/07/2020 10:48:54 52.011 102.52
19/07/2020 10:48:56 54.155 84.832
19/07/2020 10:48:58 51.515 119.8
19/07/2020 10:49:00 52.952 74.468
19/07/2020 10:49:02 53.632 62.795
19/07/2020 10:49:04 51.567 118.87
19/07/2020 10:49:06 51.149 64.35
19/07/2020 10:49:08 50.208 100.95
19/07/2020 10:49:10 49.79 72.805
19/07/2020 10:49:12 49.267 119.51
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Date Time Voltage (V) Current (A)
19/07/2020 10:49:14 52.56 112.62
19/07/2020 10:49:16 55.618 49.936
19/07/2020 10:49:18 55.775 4.841
19/07/2020 10:49:20 56.245 3.614
19/07/2020 10:49:22 56.219 0
19/07/2020 10:49:24 56.219 0
19/07/2020 10:49:26 56.245 0.014
19/07/2020 10:49:28 56.272 0
19/07/2020 10:49:30 56.272 0.014
19/07/2020 10:49:32 56.272 0

19/07/2020 10:49:34 56.272 0.014
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Date Time Voltage (V) Current (A)
19/07/2020 11:08:25 56.089 0.014
19/07/2020 11:08:27 56.089 0.014
19/07/2020 11:08:29 56.089 0.014
19/07/2020 11:08:31 56.089 0.014
19/07/2020 11:08:33 56.115 0.232
19/07/2020 11:08:35 56.089 0.041
19/07/2020 11:08:37 56.089 0
19/07/2020 11:08:39 56.089 0.014
19/07/2020 11:08:41 56.089 0
19/07/2020 11:08:43 56.089 0
19/07/2020 11:08:45 56.089 10.323
19/07/2020 11:08:47 54.285 31.65
19/07/2020 11:08:49 50.757 43,718
19/07/2020 11:08:51 49.79 56.659
19/07/2020 11:08:53 48.169 114.464
19/07/2020 11:08:55 45.713 124.05
19/07/2020 11:08:57 50.365 118.895
19/07/2020 11:08:59 46.627 112.323
19/07/2020 11:09:01 51.28 116.073
19/07/2020 11:09:03 52.978 112.718
19/07/2020 11:09:05 48.797 122.727
19/07/2020 11:09:07 52.194 106.377
19/07/2020 11:09:09 54.155 94.091
19/07/2020 11:09:11 52.848 77.905
19/07/2020 11:09:13 54.181 95.345
19/07/2020 11:09:15 53.031 89.986
19/07/2020 11:09:17 53.449 77.986
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Date Time Voltage (V) Current (A)
19/07/2020 11:09:19 54.573 82.977
19/07/2020 11:09:21 53.37 66.914
19/07/2020 11:09:23 55.67 38.959
19/07/2020 11:09:25 55.775 5.005
19/07/2020 11:09:27 56.063 3.791
19/07/2020 11:09:29 56.089 0.014
19/07/2020 11:09:31 56.089 0.095
19/07/2020 11:09:33 56.089 0
19/07/2020 11:09:35 56.089 0
19/07/2020 11:09:37 56.089 0.014
19/07/2020 11:09:39 56.089 0
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Active Apparent Reactive ~ Power  Active  Reactive
Date Time THDV THDI
Power Power Power Factor  Energy  Energy

19/07/2020  10:48:20 0 3.136 0 0 0 0 0.8 99.9
19/07/2020  10:48:22 0 3.136 0 0 0 0 0.8 99.9
19/07/2020  10:48:24 0 3.136 0 0 0 0 0.8 99.9
19/07/2020  10:48:26 0 3.136 0 0 0 0 0.8 99.9
19/07/2020  10:48:28 0 3.136 0 0 0.002 0 1.1 99.9
19/07/2020  10:48:30 0 0 0 0 0.002 0 0.8 99.9
19/07/2020  10:48:32 0 0 0 0 0.002 0 0.8 99.9
19/07/2020  10:48:34 0 0 0 0 0.002 0 0.8 99.9
19/07/2020  10:48:36 228955 335.591 4391 0.682 0.023  0.004 42 99.9
19/07/2020  10:48:38  639.818 865.636 116.0 0.739 0246  0.047 9.1 99.9
19/07/2020  10:48:40  1260.818 1630.909 2384 0.789 0.779  0.149 14.5 82.7
19/07/2020  10:48:42  2396.182 3073.636 404.6 0.853 1.859 0339 223 66.5
19/07/2020  10:48:44  2803.909 3484.500 4485 0.868 2941 0529 255 66.7
19/07/2020  10:48:46  2907.409 3512.727 464.2 0.925 4233 0.749 26 60.2
19/07/2020  10:48:48  3747.955 4538.318 486.1 0.908 5786 0.986 33 594
19/07/2020  10:48:50 4140 4638.682 483 0.892 7.331 1.221 348 61.7
19/07/2020  10:48:52  4497.545 5334.955 470.5 0.907 9282 1449 388 53.8
19/07/2020  10:48:54  4362.682 4867.636 470.5 0916 10.788  1.661 35.1 56.2
19/07/2020  10:48:56  3374.727 4002.000 467.3 0.898 12295  1.896 333 67.3
19/07/2020  10:48:58  4613.591 5043.273 470.5 0914 13.761  2.107 419 51.6
19/07/2020  10:49:00  3023.455 3537.818 454.8 1 14.856 23 322 61

19/07/2020  10:49:02 ~ 2722.364 3026.591 4454 0.933 15827 2485 30.7 70.1
19/07/2020  10:49:04  4158.818 4764.136 464.2 0.941 17233 2.697 434 55.6
19/07/2020  10:49:06  2659.636 3054.818 432.8 0.947 18357 2906 318 54.2
19/07/2020  10:49:08  3813.818 4149.409 4234 0919 19912 3.107 422 44

19/07/2020  10:49:10  2850.955 3255.545 414 0.899 21.03 3314 36.2 487
19/07/2020  10:49:12  3747.955 4287.409 407.7 091 22562 3494 452 453
19/07/2020  10:49:14  3653.864 4102.364 4109 0.995 23949  3.661 452 54.1
19/07/2020  10:49:16  2167.227 2402.455 401.5 0.902 24526 3781 304 99.9
19/07/2020  10:49:18 178.773 269.727 37.64 0.689 24616  3.799 5.7 99.9
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Active Apparen  Reactive  Power Active Reactive
Date Time THDV THDI
Power t Power Power Factor  Energy Energy
19/07/2020  10:49:20 131.727 200.727 28.23 1 24.638 3.804 4.6 99.9
19/07/2020  10:49:22 0 0 0 0 24.638 3.804 0.8 99.9
19/07/2020  10:49:24 0 0 0 0 24.638 3.804 0.8 99.9
19/07/2020  10:49:26 0 0 0 0 24.638 3.804 0.8 99.9
19/07/2020  10:49:28 0 0 0 0 24.638 3.804 0.8 99.9
19/07/2020  10:49:30 0 0 0 0 24.638 3.804 0.8 99.9
19/07/2020  10:49:32 0 0 0 0 24.638 3.804 0.8 99.9
19/07/2020  10:49:34 0 0 0 0 24.638 3.804 0.8 99.9
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Active Apparent Reactive Power  Active Reactive THD  THD
Date Time

Power Power Power Factor Energy Energy v I
19/07/2020 11:08:25 0 0 0 0 0 0 0.9 99.9
19/07/2020 11:08:27 0 0 0 0 0 0 0.9 99.9
19/07/2020 11:08:29 0 0 0 0 0 0 0.9 99.9
19/07/2020 11:08:31 0 0 0 0 0 0 0.9 99.9
19/07/2020 11:08:33 0 12.545 3.136 0 0.001 0 1 99.9
19/07/2020 11:08:35 0 3.136 0 0 0.001 0 0.9 99.9
19/07/2020 11:08:37 0 0 0 0 0.001 0 0.9 99.9
19/07/2020 11:08:39 0 0 0 0 0.001 0 0.9 99.9
19/07/2020 11:08:41 0 0 0 0 0.001 0 0.8 99.9
19/07/2020 11:08:43 0 0 0 0 0.001 0 0.8 99.9
19/07/2020 11:08:45  417.136 561.409 97.227 0.757 0.137 0.031 10.5 99.9
19/07/2020 11:08:47  1395.682  1602.682  297.955 0.87 0.508 0.116 22.8 74.7
19/07/2020 11:08:49  1608.955  2123.318  341.864 0.845 1.316 0.29 25.8 52
19/07/2020 11:08:51  2255.045  2606.318  423.409 0.93 2.442 0.508 334 42.8
19/07/2020 11:08:53  3493.909  4014.545  420.273 0.887 3912 0.697 50.6 39.1
19/07/2020 11:08:55  3729.136  4227.818  420.273 0.898 5.481 0.881 46.4 335
19/07/2020 11:08:57  3609.955  4190.182  401.455 0.915 7.087 1.062 46.4 44.6
19/07/2020 11:08:59 3641.318  4234.091 429.682 0.879 8.783 1.26 429 35.5
19/07/2020 11:09:01  3933.000 4362.682  370.091 0.926 10.237 1.43 43.6 49.7
19/07/2020 11:09:03  3907.909  4390.909  423.409 0.915 11.637 1.597 42.1 68.5
19/07/2020 11:09:05 4243.500  4688.864  420.273 0.908 13.268 1.804 422 38.1
19/07/2020 11:09:07  3998.864 4425409  439.091 0.933 14.773 2.006 39.1 62
19/07/2020 11:09:09  3657.000 ~ 4168.227  423.409 0.922 15.773 2.17 37.7 75.1
19/07/2020 11:09:11  3092.455  3663.273  407.727 0.931 16.97 2.373 30.9 61.4
19/07/2020 11:09:13  3882.818  4306.227  439.091 0.948 17.975 2.538 37.2 72.8
19/07/2020 11:09:15  3980.045  4205.864 448.5 0.946 19.04 2.712 35.7 64.1
19/07/2020 11:09:17  3083.045  3779.318  451.636 0.94 20.228 2911 30 70.7
19/07/2020 11:09:19  3490.773  4017.682 448.5 0.868 20.93 3.033 31 84.6
19/07/2020 11:09:21  2916.818  3359.045  435.955 0.945 22.081 3.223 27.1 65.6
19/07/2020 11:09:23  1608.955  2048.045  294.818 0.863 22.516 3.304 18.1 99.8
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Active Apparent Reactive Power  Active Reactive THD THD
Date Time

Power Power Power  Factor Energy  Energy v I
19/07/2020  11:09:25 178.773 276 31.364 0.647 22.594 3.319 3.8 99.8
19/07/2020  11:09:27 131.727 210.136 28.227 1 22.622 3.325 3.1 99.9
19/07/2020  11:09:29 0 0 0 0 22.622 3.325 0.9 99.9
19/07/2020  11:09:31 0 6.273 0 0 22.622 3.325 1.2 99.9
19/07/2020  11:09:33 0 0 0 0 22.622 3.325 0.8 99.9
19/07/2020  11:09:35 0 0 0 0 22.622 3.325 0.8 99.9
19/07/2020  11:09:37 0 0 0 0 22.622 3.325 0.8 99.9
19/07/2020  11:09:39 0 0 0 0 22.622 3.325 0.8 99.9
19/07/2020  11:09:41 0 0 0 0 22.622 3.325 0.8 99.9
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Earth Resistance Testing

Checking No. ERT-001 | Date. | Oct 14,2019 Time. 16.45
%,%"IMIIW% Project Name Design of Power Supply System for APM
st System Name Suranaree University of Technology Hospital
1. Environment Checking
Weather [z Dry D Wet D Rain Temperature | 33°
Soil Condition @Dry D Damp D Wet

Day since last rainfall D Same day

[j 1-5 days

D 5-9 days

D More than 20 days

2. Data of Earth Resistance Measurement

Point (%) E-H (m) E -S (m) R(Q)
1 20 0.2 1.5
10 20 2 1.2
20 20 4 1.5
30 20 6 1.7
40 20 8 1.8
50 20 10 1.9
60 20 12 2
62 20 12.4 2.0
70 20 14 2.1
72 20 14.4 2.0
80 20 16 2.3
90 20 18 2.8
99 20 19.8 4.8
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Earth Resistance Testing
Checking No. ERT-001 | Date. | Nov 27,2019 | Time. 17.13
%,%"IMIIW% Project Name Design of Power Supply System for APM
st System Name Suranaree University of Technology Hospital
1. Environment Checking
Weather [z Dry D Wet D Rain Temperature | 33°
Soil Condition @Dry D Damp D Wet

Day since last rainfall D Same day

D 1-5 days

D 5-9 days

@ More than 20 days

2. Data of Earth Resistance Measurement

Point (%) E-H (m) E -S (m) R(Q)
1 20 0.2 1.3
10 20 2 1.3
20 20 4 1.5
30 20 6 1.7
40 20 8 1.8
50 20 10 1.9
60 20 12 1.9
62 20 12.4 2.0
70 20 14 2.1
72 20 14.4 2.1
80 20 16 2.2
90 20 18 2.5
99 20 19.8 8.9
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Earth Resistance Testing

Checking No. ERT-001 | Date. | Dec 19,2019 | Time. 15.15

%,%"llll”:%é' Project Name Design of Power Supply System for APM
09157 nalule

System Name Suranaree University of Technology Hospital
1. Environment Checking
Weather [z Dry D Wet D Rain Temperature | 34°
Soil Condition @Dry D Damp D Wet

Day since last rainfall D Same day

D 1-5 days

D 5-9 days

@ More than 20 days

2. Data of Earth Resistance Measurement

Point (%) E-H (m) E -S (m) R(Q)
1 20 0.2 1.3
10 20 2 1.4
20 20 4 1.6
30 20 6 1.8
40 20 8 1.8
50 20 10 1.9
60 20 12 1.9
62 20 12.4 2.1
70 20 14 2.0
72 20 14.4 2.2
80 20 16 2.3
90 20 18 2.6
99 20 19.8 9.9
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Earth Resistance Testing

Checking No. ERT-001 | Date.

Jan 22, 2020 Time. 16.45

Design of Power Supply System for APM

§ | Project Name
j’«auuw}

125 natulad

System Name

Suranaree University of Technology Hospital

1. Environment Checking

Weather

[z Dry D Wet

(] Rain Temperature | 34°

Soil Condition

@Dry D Damp

D Wet

Day since last rainfall D Same day

D 1-5 days

D 5-9 days

@ More than 20 days

2. Data of Earth Resistance Measurement

Point (%) E-H (m) E -S (m) R(Q)
1 20 0.2 1.7
10 20 2 1.5
20 20 4 1.7
30 20 6 1.8
40 20 8 2.0
50 20 10 2.1
60 20 12 2.2
62 20 12.4 2.1
70 20 14 2.2
72 20 14.4 2.3
80 20 16 2.4
90 20 18 2.8
99 20 19.8 10.8
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Modelling and Analysis of Voltage Distribution for Automated

g \ ti People Mover System in a Case Study of Suranaree University
3 ‘"Q, % Technology Hospital Shuttle Service
%
. > I. Srivichai, T. Ratniyomchai, and T. Kulworawanichpong®
Youry

Abstract— The power tr: ission to the automated people mover (APM) system under the limited voltage and the
security conditions of the electric power supply system is seriously a sensitive problem of the power quality. Therefore,
the performance analysis of the electric power supply system is important in the design and operation of the APM
system, that the power load is usually dynamic. One of the main problems in the power supply station is the voltage
drop due to the variation of the APM load according to the position of APM movement. This paper presents a modelling
and analysis of the voltage distribution for the APM system. The model of the APM system for simulation is developed
on the MATLAB/SIMULINK and the voliage regulation is evaluated by considering the percentage of voltage
regulation between the traction substation and the APM vehicle. The results of this analysis, including the voltage
regulation and energy loss for both 240 and 480 Vac systems, will be used as an evaluation guideline for the design and
construction of the prototype APM system which is the shuttle services in the Suranaree University of Technology

(SUT) Hospital as a case study.

Keywords— Automated people mover, traction power supply, voltage drop.

1. INTRODUCTION

The APM systems are fully automated and driverless
transit systems that operate on a fixed guideway in
exclusive rights of way. APMs can include technologies
called automated guideway transit (AGT). Typically, the
APM uses wheel-on-rail’route systems and propulsion
may involve conventional on-board electric motors,
linear motors or cable traction. The system is controlled
or monitored by operators from a remote central control
facility. APM applications may partake names such as
downtown people movers, airport APM, or automated
trams depending on the operating environments [1].

The APM system consists of six components to
support of the operated the passenger shuttle service
system as follows [2]-[4]:

1. The vehicle: The APM system typically has a length
of 10-12 m and a width of 3 m and capacity 50-80
passengers per train, which has a rubber wheel
movement. It is a model that uses rubber wheels together
with concrete running tracks, resulting in a cheap price
and without noise, so it is often used in urban areas.

ii. The guideway: The guideway of the APM system is
to supported running surface and controlling the
direction of the APM vehicle to increase safety and
efficiency in passenger transportation. The APM runway
will consist of i) concrete runway for supporting the
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12

wheels of the vehicle. power distribution rail and
direction rail or guide rail. There are two commonly used
APM systems, classified by type of runway as follows:

i) central guide rail is a system that installs guide rail
and power supply in the middle of the runway the width
of the runway is about 3.2 m [3].

i) side guide rail is a system to install guide rail and
power supply rail on the runway the width of 1.85 m of
wheels and when combined with the guide rail and
electric rail installed on the side of the runway will have
a width of 3.2 m [6].

iti. The system power and propulsion: The APM
system receives electric power from the traction
substations. Located along the path of the running track.
The power distribution depends on the type of the APM
driven. Self-propelled APM vehicle are electrically
powered by onboard motors using either 750 or 1500
VDC or 480 or 600 VAC. distributed along the guideway
by away side, rail-based power distribution subsystem.
The primary electric system of the power supply system
for the APM system generally depends on the selected
system design on possibly both DC and AC systems [7]-
[13].

iv. The control systems: All APM systems include
command. control, and communications equipment
needed to operate the driverless vehicles.

v. The stations: The stations are located along the
APM 's running path. So that passengers can use the
service comfortably. The station will be equipped with
facilities such as automatic doors. Various information
signs etc. for the convenience and safety of passengers.
In addition, the station also has tools and equipment to
support the APM system to work efficiently.

vi. The maintenance and storage facility (MSF): Items
housed in the MSF include maintenance equipment, tool,
machinery, recovery vehicle, equipment for train control
and within the MSF, and any other equipment/systems
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associated with maintaining the APM vehicle.
Considering the research articles related to simulation
for the APM system, the article [14] developed a

sophisticated APM simulation model using the
specialized simulation software EXTENDS. Their
simulator, APMSIM. was capable of modeling

passenger/vehicle movement, system performance, and
energy consumption based on a number of input blocks.
The simulation successfully allowed them to model
energy consumption, waiting time, queues at stations,
and many other variables of interest.

Regarding the prototype APM system in Thailand, the
preliminary study and design of the characteristics of the
electric drive system, shuttle route, and power supply
system are to be carried out. Therefore, this paper studied
and created the model of the vehicle movement, power
supply through the conductor rail. and the power flow
calculation of the APM system simulated in
MATLAB/SIMULINK.

This paper is divided into six sections. Section one is
an introduction. Section one is an introduction. Section
two explains a basic calculation of the voltage regulation
in an electric power system. Section three presents the
traction performance calculation of the vehicle
movement. Section four describes the model of the APM
system. the programming sequence and algorithm for
simulation using the proposed model. Simulation results
addressing the test system and graphical illustration and
conclusions are shown in section five and six,
respectively.

2. VOLTAGE REGULATION

Regarding the electric power transmission system, the
different voltage between the power supply and load
terminals is the voltage drop on the power transmission
line due to its parameters of r and ind e
This means that the receiving end voltage (I7) of the line
is generally less than the sending end voltage (7). The
voltage drops (V: - T7) in the line is expressed as a
percentage of the receiving end voltage I’y called the
voltage regulation as follows [15]:

% voltage regulation = u %100 (1)
r

The voltage regulation can be defined as the
proportional change in voltage magnitude at the load bus
due to the load variation. The voltage drop is cased due
to feeder impedance carrying the load curreat as
illustrated in Fig. 1(a). If the supply voltage is
represented by Thevenin’s equivalent, then the voltage
regulation ( PR ) is given by,

_E-A

VR .
4

@

where Vis a phasor of the load voltage and Eisa
phasor of the power supply voltage. In Fig. 1(a), the
source and load currents are equal and voltage drop due

to the feeder is given by,
AV = E-V=2Z], 3)
The feeder impedance, Z; = R; + jX.. The relationship

between the load apparent powers and its voltage and
current is expressed below:

S, =VI'=R+jQ, @
The load current is expressed as following
B-jO,
I =arsx 5
f 7 ®

Substituting J, from equation 5 in equation 3

AV = E-V=(R, +jX, )(%} ©

s - RE*XQ  XR-RO -
v v

AV = AV, + jAVy ®

-0
(@) (v)
Fig. 1. (a) Single phase system with feeder impedance,
(b) Phasor diagram.

Thus, the voltage drop across the feeder has two
components, including phase AVz and phase quadrature
AVx with the voltage ¥ as illustrated in Fig. 1(a). The
load bus voltage 7 depends on the feeder impedance,
magnitude and phase angle of the load current. In other
words, voltage change (4Vx) depends on the real and
reactive power flows of the load and the feeder
impedance. This situation is shown by the phasor
diagram in Fig. 1(b).

3. TRACTION PERFORMANCE
CALCULATION
Equations of movement

Vehicle movement is simply governed by the Newton's
second law of motion as shown in equation 9 namely; the
forces related are the tractive force, the gradient

13
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force/gravitational force and the resistance forces. On the
top of that, the resistance forces are subdivided into two
forces consisting of the rolling resistance force and the
aerodynamic drag force as in equation 10 [16]. Fig. 2
demonstrates the free body diagram of the vehicle
moving upwards on the slope including the mentioned
forces exerting on it

Fp-F-F,=Ma ©
Fy=Fp+Fy (10)

where FTg denotes the tractive effort ()V), Fr denotes the
resistance force (), F denotes the gradient force (M),
Fyy denotes the rolling resistance force (), Faqe denotes
the aerodynamic drag force (), a denotes the vehicle
acceleration (m."':“), Mgdenotes the effective mass which
is equal to M (1+A4 )+ M, where M, denotes the tare
mass (kg). A, denotes the rotary allowance, 1, denotes

the passenger load (), and a denotes the acceleration
rate (m/s%).

Fig. 2. Free body diagram of the vehicle movement.

In addition to rolling frictional resistance and
aerodynamic drag force, the basic resistance of the
vehicle is also affected by the friction of the bearing, the
relative sliding of the rubber wheel and the cement
pavement, the impact and vibration of the rubber wheel
and the road surface. Therefore, the Davis’s equation is
often used in engineering to estimate the resistance force
[14].

F_+F

I, = i A 4
.M‘!g
= 5x107'K, +4.4480 2 e
wx10™ (11)

CA(U)

+1.1187x107 B(v) +239.6904 Z
wnx10

where T .« is the total resistance force (NW/N), wis
vehicle axle weight (kg), 4 is the projected frontal area
of the vehicle (m°), B is empirical coefficient related to
guideway conditions, C is drag coefficient, »is number
of axle, and v is the speed of the air relative to the
vehicle body (m/s).

14

K,and K| are constant coefficients, which are adopted
by 1.3 and 29, respectively.

Gravity is another factor that has been considered
separately. As a result of the mass of the vehicle moving
on the runway that is inclined at an angle to the running
surface. There may be directions to support the
movement or to resist movement. The mathematical
representation of the gradient force is expressed as
follows:

Fy =1 wgsine (12)
where g is gravitational constant (9.81 m/s”), and @ is the
angle of the slope (in degree).

Power consumed by a vehicle

The power consumed by a vehicle corresponding to
tractive effort Frz, instantaneous speed U, and auxiliary
power Pax (such as air-conditioning load and on-board
power service, etc.) is given by the following expression

[16].

Frg xv

P
o

+ Py (13)

Where, 77, is the efficiency of conversion of electrical
input power to the mechanical output at the wheels.
Speed and position up date

Once the vehicle acceleration is obtained, speed and
position of the vehicle is calculated by the following
equations,

u(t+A) = u(f)+aAt (14)
s(E+A = s(!)~»u(t);\t+%zm1: (15)

where 0(t +At) andu(f)are the terminal and initial
speed. Af is the time step which is 0.1 sec in this paper,
s(t+At)and s(t)are the position after and before
updated.

S y of vehicle movement calculati

According to the flowchart in Fig. 3, the vehicle
movement calculation can be ized as follows: 1)
determine the gradient force, vehicle resistance, etc. and
then compute the vehicle acceleration in equation 9-12,
if) use the speed from the previous time update to
evaluate the tractive effort and thus the power
consumption in equation 13, and iii) update the APM
speed and position in equation 14-15.
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Initialisation
t=0

Calculate all related resistive
forces and tractive effort

!

Calculate speed, position,
acceleration rate, and power
consumption

!
r t =1+ Tstep ]
I !

l Update speed and position Il End I

Fig. 3. The flowchart of the vehicle movement calculation.

4. MODELING AND SIMULATION
PROCEDURE

In this topic, presents the AC power supply system for
APM. The equivalent circuit of AC power supply
systems is summarized shown in Fig. 4, the substation is
modeled by Norton® s equivalent source [16] in which
I . and zZ s represent the Norton® s short-circuit current
and Norton’ s resistances, respectively; the voltage drop
calculation is represented as follows:

V= V,-V.=1,Z,[2,+d(Z,+Z )| 516

where Z_andZ are the per-unit impedance of the
conductor rail (Q/m) for the supply rail and current-
return rail, respectively, 4 is the distance of the vehicle
from the substation (), L is the length of the conductor
rail (m), and]_ is the current which retum to the
substation through the conductor rail (4).

Fig. 4. Equivalent circuit of an AC power supply system.

In normal traction mode. the equivalent circuit of the
APM s show in Fig. 4. The substation energy
ption is computed by integrating all substation
instantaneous power over the APM operation time, as
shown in equation 17.

Ey=[vI, a an

cC

where E,; is the ion energy c« ption (kiVh),

T is the total time of the APM operation (sec), V., is the
voltage of a substation (V), and ], is the current of a
substation (4).

APM receive the electricity from current collector
which connect with the conductor rail. The train power
depends on the voltage and current at the current
collector, which is solved by a load flow solver. Thus,
the train energy can be computed by integrating APM

instantaneous power over the time, as shown in equation
18.

E.AP.\{ = _[‘,TVm.Jm dt (18)

where E p),is the APM energy consumption at the
current collector (kWWh).T is the total time of APM
operation (sec) including both travelling time and
dwelling time, 7, ; is the voltage of the transmission
conductor (¥), and [, is the current of the transmission
conductor (4). Energy consumption of train is usually
primarily measured or calculated at the pantograph level,
the intake to the train. However, the energy needed at the
train’s pantograph causes energy losses in the power
supply system. In order to estimate the energy being
consumed in the APM system as a result of a specific
APM operation, these losses should be added to the
energy intake to the APM. The loss of the power supply
system is dependent on the power load, which varies
over time. In this study. however, we will estimate and
consider the average losses in the system. If the utilized
energy is E ), at the current collector and the energy
intake is E_, the energy loss is represented as follows
17}

Elass = EM _EA.P.V (19)




193

J. Srivichai, T. Ratnivomchai, and T. Kulworawanichpong / GMSARN International Jowrnal 15 (2021) 12 - 20

The relative loss g,

1055 15 determined by

E,
= Zten 20
e . (20)

The energy efficiency 7, is then determined by

E
o = 222 @
2ub
or Mioss = 1=y (22)

Also, e, may be determined by

= 1-7,, (23)

Closs
APM traction power supply modelling in MATLAB/
SIMULINK

The model of the traction transformer, conductor rail,
and APM are modelled by using the built-in blocks in
MATLAB/SIMULINK. The configuration of The APM
power supply system is briefly mentioned. Lastly, the
evaluation of the voltage regulation at the traction
substation and APM with different scenarios of the APM
operations is discussed as follows:

PEA |
P
\_> ) ,—M‘r"fT‘f-:y
<
Three-Phase Source

Transformer

P

Linear Transformer

Conductor rail

RL Load

Fig. 5. The power feeding components models in
MATLAB/SIMULINK.

The AC traction power supply modelling is developed

in the block models in MATLAB/SIMULINK. The
model consists of 4 main parts: 1) AC traction substation,

16

if) transformer, iii) conductor rail system, and iv) APM
as shown in Fig. 5, The 22 kV AC transmission system
as the traction substation is represented by the three-
phase source built-in block. The transformer will step
down the voltage from 22 kV to 240 V using the linear
transformer built-in block. The conductor rail has the

obtained from the d t [18] modelling
by the series RLC branch built-in block. Lastly, the APM
is modelled as a series RLC load.

The APM system is modelled for the simulation in this
paper. The APM was the first vehicle operated with
conductor rail contact system to commence operations in
Thailand. The APM is composed of two passenger
stations and one traction substation as shown in Fig. 6.
Parameters sefting for this simulation can be found in the
Appendix.

Fig. 6. SUT Hospital shuttle service [19].

The AC traction substation of the APM draws the
electrical energy with the voltage level of 22 kV from the
provincial electricity authority (PEA). The traction
substation transformer with an alternate phase
connection steps down the grid voltage into the APM’s
nominal voltage of 240 V. The total shuttle service
distance is 200 m.

Simulator Structure

The operating diagram is shown in Fig. 7. The simulator
has two major parts: the main program (script M-file)
and the power network solver (SIMULINK). The main
program performs the APM train movement and
performance calculation. Then, the APM’s positions and
powers together with the distances recently mentioned
are transferred into the SIMULINK block model to solve
the voltage solution, consumed power and power losses
etc. Finally. those values are returned to the main
program to be stored and display the graphical
illustration.
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Fig. 7. Diagram of the simulation program.

5. SIMULATION RESULTS AND DISCUSSION

The simulation of the APM system is intended to observe
the variation in voltage between measured point of the
substation and the APM. as shown in Fig. 8. The results
of the study are shown as follows:

Fig. 8. The position of the voltage measurement point.

The APM speed control is govermned by the
proportional control that calculates the acceleration rate
by the speed mismatch between the speed at the present
time and command speed per time step, 0.1s in this
paper. Only accelerating, constant speed, and braking
modes of motion are considered. The gradient profile
data is given and gradient force is also taken into
account. The permissible maximum of the simulation
time or the final time is 80.5 seconds for the round-trip.
The expected results obtain the APM's speed profile,
power and voltages at the substation, the voltage profile
of the APM, power losses, and cumulative energy of the
APM system shown in Fig. 9-16.

=l i =

Fig. 9. Route vertical alignment and station.

et 40
/

Fig. 10. The speed profile and power of the APM.

station 1 to station 2 station 2 to station 1

Fig. 11. Distance-time curve of APM service.

ATV P o WY

-

26kmh

Fig. 12. Tractive force and speed curve of the APM.

A diagram of the route vertical alignment and
passenger station is shown in Fig. 9; the gradient profile
in the figure was obtained from a GPS tracking device.
In Fig. 10 present the APM speed along the distance it
moves following with the red dot-line served as the
arbitrarily specified speed command. The APM draws
power during acceleration and speed control mode for
tractive purpose and cc only the auxiliary power
during stopping at the station as shown in Fig. 10. Fig.
11 shows the distance-time curves from these simulation
for the round-trip of the APM system simulator. The
tractive effort curve in Fig. 12 describes the relationship
between tractive effort and speed curve.

17
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470,137V

l462.859\'
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Fig. 13. The voltage regulation between the substation and APM with the power feeding system.

7.902 % =—

(a) 240 VAC

(b) 480 VAC

Fig. 14. Percentage of voltage regulation with the power feeding system.
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(b) 480 VAC

Fig.15. The cumulative energy of APM system.
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Power losses
1.897kW
Energy loss
0.0063kWh
(a) 240 VAC
Energy loss
l;cz‘_‘:;;{?w 0.0017kWh
(b) 480 VAC

Fig. 16. Losses in the APM system for power feeding
systems.

Voltage characteristics are shown in Fig. 13-14, while
the APM moves to the terminal station at a distance of
200 m and then returns back to the first station, it is
found that the minimum voltage at the traction substation
and the APM in 240 VAC system are 235.088 V and
221.033 V respectively and 480VAC system is 470.137
V and 462.859 V respectively see in Fig. 13(a)-(b).
Regarding the evaluation as a percentage according to
the first equation above, it found that the maximum
percentage of the voltage drop at the traction substation
and the APM with 240V AC power feeding system is
2.046% and 7.902% respectively and 480 VAC system is
2.054% and 3.571% respectively see in Fig. 14(a)<(b).
The main causes of the voltage drop in this case study
are rail impedance. vehicle tractive load, and
instantaneous vehicle distance. As seen in Fig. 13 and
14, the voltage drop increased with both the vehicle
distance and tractive load. It is obvious that the voltage
drops during acceleration in the retum trip resulted in a
huge voltage drop. Unlike the voltage drop at the vehicle,
the substation voltage was not influenced by rail
impedance, hence much less voltage drop. As a result of
480 VAC power feeding system. the percentage of the
voltage drop does not exceed the standard [20]. The
accumulative energy and energy loss of the APM system
are shown in Fig. 15 and 16. The total energy
consumption greatly rose on the return trip because the
vehicle demanded high electrical power and energy from
the substation as well as high losses in the supply rails

during acceleration from the other end of the supply
feeder.

The total simulation results for these tests are
summarized in Table 1. The energy loss percentage is
0.473 for 480 VAC, whereas, it is 1.790 for 240 VAC
system.

Table 1. S v of the simulation runs
Speciiication Power Feeding System
240VAC | 480VAC
voltage at the substation (V) | 235.088 470.137
voltage at the APM (V) 221.033 462.859
voltage at the substation (%) | 2.046 2.054
voltage at the APM (%) 7.902 357
substation energy (kWh) 0.351 0.359
APM energy (kWh) 0.345 0.357
power losses (kW) 1.897 0.520
energy loss (kWh) 0.0063 0.0017
relative loss (kWh) 0.0179 0.0047
energy loss (% 1.790 0473

6. CONCLUSION

During the planning and design for the APM system. it is
essential to study the traction power system. According
to the simulation results, the 480 VAC system has many
advantages over the 240 VAC system. The advantages
considered are the voltage drop characteristics and the
low energy loss of the 480 VAC system. The simulation
showed that the voltage drop percentage and traction
energy loss percentage of the 480 VAC system is half
those of the 240 VAC system. Therefore, the simulation
and analysis results can be a guideline in the selection
and design of a voltage distribution system for the APM
system. In the future, the simulation in this study can be
used to find the optimal position of an APM traction
substation with the minimized power loss and voltage
drop.
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