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Abstract : this paper analyses how much acceleration and deceleration of urban rail vehicle should be applied and how
to choose an operation mode to minimize energy consumption when train runs between stations within the fixed
operation time. The decided operation pattern satisfying the minimum energy consumption becomes a target trajectory
and a basis for the controller design criteria. To make this goal it grasps the characteristics of urban rail vehicle, realize
operation energy model of urban rail vehicle and verify the accuracy of embodied model the Matlab simulation with the
same operation result of real route. It searches for operation pattern to minimize operation energy by changing the
acceleration and deceleration on the imaginative route and proposes operation pattern minimizing energy consumption
by applying real operation data between stations of Seoul Metropolitan Subway Line 6.

Key words : Powering(% ), Coasting(E}3), Regenerative braking(3] 4 #]5), Consumed energy(< & ol A,
Train operation( 8 2} %), Regenerated energy(3] AJ ol \4 X)) Total energy(E <3 ol 13=])

Nomenclature Vy :velocity in 0~40 km/h, km/h
Ve :velocity in 40 ~65 km/h, km/h

: traction force in 40 ~65 km/h, kg, Tr, :Tatio of regenerative braking force to the overall

v train velocity, m/s

o :acceleration, km/h/s V,, : velocity in 65~100 km/h, km/h

B :deceleration, km/h/s Fy :total braking force, kg,

m  :mass of train, kgs - s*/m Fp, :regenerative braking force 65 ~5 km/h, kg;
F :traction or braking force, kgs Fyp : regenerative braking force 70 ~65 km/h, kg,
J  :total consumed energy, kWh Fly : regenerative braking force 100~70 km/h, kg,
Fyp  :traction force in 0 ~40 km/h, kg, R, :running resistance[ kg,/ton]

Fp

Fyr

: traction force in 65 ~100 km/h, kg, breaking force [%]
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Fig. 1 A powering -coasting - braking speed profile
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Table 1 Real simulation conditions

Dolgoji - Seokgye stations

Inter-station | Scheduled Curve Speed limit | Passenger
distance [ ]| time [Sec] [km/k] | loadsfton]
R=567

8 0
1000 90 137 0
0-168 168-548m | 548-947m (947-1000m
Gradient[ %] n
-8.0 16.0 -15.5 2.0
Dongmyo - Sindang stations

Inter-station
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(km/R)o) 1L Al &A1 st APl ong $As S
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AP ZF F 18(sec), = 58.42(km/h), EFYE
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Gradient 0-625m SH - A% T3k Fig. 99} Fig. 102 ¥ alahd A
(6l 30 AR FAS T AL Th] 2ghe} @xFE
Table 2 Overall total weight of car o
Tet,2 | M T1 T2 82A A :
Weight [ton] | 30.0 | 39.0 | 280 | 28.0 | 272.0(ton) .
Number of car 2 4 1 1 8 «
Inertia coefficient | 0.06 | 0.14 | 0.06 | 0.06 .
Inertia weight = (30x2+28x2)x1.06+(39x4)x .14 |  300.8 .
total weight (ton ) =(30x2+28x2)x1.06 300.8 iy
+(39x4)x1.14 + passenger loads(0) {ton ) IR LR ELLEEEEE.

Table 3 Traction force & braking force

Force Braking force(kg; )
Traction force Total |Regenerative
brakin brakin
k g g
(kgy) force force
: ) (FB) (FHg)
Velocity M-car | Total Total
040
(k. /h) F, | 7238.7 | 28954.8 | 30897.7
~60
(‘;:;n /6h) Fp | 44547 | 178183
~100
fzm}%) Fy | 18821 | 75282
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Fig. 7 Experimental data of speed profile of Dolgoji-Seokgye
stations
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Fig. 8 Simulation result of speed profile of Dolgoji-Seokgye
stations
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Fig. 9 Experimental data of speed profile of Dongmyo-
Sindang stations
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Fig. 10 Simulation result of speed profile of Dongmyo-
Sindang stations
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Table 4 Simulation result compared with experimental data

Dolgoji - Seokgye | Dongmyo - Sindang
T . AR , A}
Simulation Jegs Simulation A
Consumed
powering 11.98 12.0 9.75 9.8
energy(k Wh)
Regenerated
5.02 5.0 4.69 4.7
energy(k Wh)
Total
consumed 6.96 7.0 5.06 5.1
energy (k Wh)
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Table 5 Case study of simulation

T 7F4 % [Case 1 | Case 2 | Case 3 | Case 4 | Case 5
ModeA 2.0 3Istep | 4step | Sstep | 6step | Tstep
2.5 3step | 4step | Sstep | 6step | Tstep
ModeB 3.0 3step | 4step | Sstep | 6step | 7step

M

33 3step | 4step | Sstep | 6step | Tstep
ModeC 3.5 3step | 4step | Sstep | 6step | Tstep
4.0 3step | 4step | Sstep | 6step | Tstep
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Table 6 Simulation results of Mode A

2.0(km/h/s) |CASE]1|CASE2|CASE3|CASE4 |CASES
Applied

braking step 3 4 ) 6 !
Consumed

powering 16.73 | 12.54 | 1144 | 11.10 | 10.31
energy(k Wh )

Regenerated 10.68 | 693 | 586 | 549 | 426
energy(k Wh)

Total

consumed 6.05 5.61 5.58 5.61 6.05
energy(k Wh )

25(km/h/s) |CASE6|CASE7|CASE8|CASE9|CASEIQ
Consumed

powering 15.03 | 11.53 | 1036 | 10.14 | 9.75
energy(k Wh )

Regenerated

energy(k Wh) 913 | 6.14 | 508 | 476 | 3.93
Total

consumed 590 | 539 | 528 | 538 | 582
energy(k Wh )
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Fig. 11 Simulation results of Mode A
Table 7 Simulation results of Mode B
3.0 (km/h/s) |CASE1 |CASE2 | CASE3 | CASE4 | CASES
Applied
braking step 3 4 > 6 7
Consumed
powering 13.08 | 11.11 | 10.06 | 9.83 9.45
energy(k Wh)
Regenerated
7.52 5.76 483 4.51 91
energy (k Wh) ) 3 3
Total consumed |y o0 | o0 1o | 530 | s
energy(kWh)| — ’ ’ ’ ’

g AT AT

wh. CAR2 T30,

b oy aEag !
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Fig. 12 Simulation results of Mode B
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Table 8 Simulation results of Mode C(acceleration 3.0, 3.3)
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Fig. 13 Simulation results of Mode C (acceleration3.0, 3.3)
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v 18kwh

33 (km/h/s) |CASEI1|CASE2|CASE3|CASE4|CASES e —— T — e )
App!ied 3 4 5 6 7 wm %0 ‘.46 R ﬁ
braking step Time [sec)
E:‘:Zl:;:;d 1280 | 1082 | 995 | 966 | 930 Fig. 14 Simulation results of Mode C (acceleration 4.0)
energy(k Wh ) i
Regenerated 2 | 53 3 | a0 | ase ol q 27} o o] Au|Hr) wEhx AlF sAL
cergy(kh) | 72| | 4T 43 A B A F 2 U AR a2 Ae g
Total consumed 4= o)

) } } 2 46 AR
energy(k TP 552 | 529 | 522 | 527 | s
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Consamed 6.5 AlZ23jlo|d Zn} Y 1At
powering 12.14 | 1044 | 9.68 | 943 | 891 HAEGaL AR E J23) = SAne =
etk ) 7] 9Aste] BAAE BT A0A 1(km), BT
e:iegne(r]:t;m)] 673 | 523 | 450 | 421 | 3.58 2 AN RS 90(sec) 2] Al B Ho] A <515
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Table 9 Simulation results of Mode C(acceleration 4.0)

40(km/h/s) |CASE1|CASE2|CASE3|CASE4|CASES
Applied 3 4 5 6 |- 7
braking step

Consumed |
powering 119 | 1033 | 964 | 934 | 887
energy[k Wh ]

Regenerated

energy[k W | 6.63 | 515 | 447 | 415 | 3.56
Total

consumed 537 | 5.18 | 517 | 5.19 | 531
energy[k Wh |
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Table 10 Simulation result

Energy

EE ) pum

3step | 4step | Sstep | 6step | Tstep

Total. En | 6.05 | 5.61 | 5.58 | 5.61 | 6.05

2.0(km/h/s) | Con. En |16.73112.54]11.44]11.10]10.31

Reg.En [10.68| 6.93 | 5.86 | 5.49 | 4.26

Total. En | 5.90 | 539 | 5.28 } 538 | 5.82

2.5(km/h/s) | Con.En |15.03]11.53]1036]10.14] 9.75

Reg.En | 9.13 | 6.14 [ 5.08 | 4.76 | 3.93

L

Total. En | 5.56 | 5.35 | 5.21 [ 5.32 | 5.54

3.0(km/h/s) | Con.En [13.08(11.11]10.06] 9.83 | 9.45

Reg.En {752 | 5.76 | 4.83 | 4.51 | 3.91

Total. En | 5.52 ] 529 | 522 1527 | 5.46

3.3(km/h/s) | Con.En
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