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Abstract: The operation environment of high—speed trains is complex and changeable. The existing target curve
of given operation speed mainly considers the safety and punctuality of train operation, which is difficult to im-
prove other operation performance of trains. In order to meet the increasing traffic demand of high—speed trains
and improve the running performance of trains, this paper proposes an improved multi—objective speed optimiza-
tion method for safety, energy saving, punctuality and comfort, considering the optimal adhesion between wheels
and rails. First of all, on the premise of meeting the restriction of interval speed limit and train dynamics model,
four evaluation indexes of safety, energy saving, punctuality and comfort are established to form a multi—objective
optimization model of high—speed train operation process; Secondly, the influence of adhesion between wheel and
rail is considered in the energy—saving model, and the traction/braking force is optimized to keep it within the

optimal adhesion range, so as to save operating energy consumption; Finally, optimization of multi—objective op-
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erating speed curve uses reference point based non dominated sorting optimization algorithm (NSGA-1II'). The

simulation results of real lines show that the optimization effect considering wheel rail adhesion is significantly

improved, especially in energy saving; Compared with GA and NSGA- I, the NSGA- Il algorithm has better

convergence effect and convergence speed.
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Fig.1 Traction/braking characteristic curve of
CRH380AL train
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Tab.1 Rail surface coefficient corresponding to
different rail surface conditions

. . Maximum adhesion
Rail surface status a b

coefficient
Dry rail surface 054 1.0 12 0.27
Wet rail surface 0.54 0.72 1.2 0.13
Rain and snow rail surface 0.54 0.52 1.2 0.05
0.30
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Fig.3 Adhesion characteristic curve of different rail
surfaces
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Tab.2 Characteristic parameters of CRH380AL high—
speed train

Parameter name Parameter properties

Quality 890 t
Maximum operating speed 380 km/h
Continuous operation speed 350 km/h

Service braking characteristics  ,=0. 519 m/s*(v <300 km/h)
S,<4 500 m(r <300 km/h)
Emergency braking characteristics a,=0. 938 m/s*(v <300 km/h)
S.<3 700 m(r <300 km/h)

Service braking distance

Emergency braking distance




64 LS ] Sl o 1 2023 4
31 SLEHERKESR 400 Speed limit curve
I 4 25 1 T CRH380AL /5 3 4 2 J R 7 “ %% 350[  Actual curve .
o NSGA-III algorithm optimized curve
G— RN AR X ] P8 47 0 - LR (V-S) i £k . 300
o k) A B S oA 227.78 km, i2 17 4G 2 e;zso
F 35 5 £ 5 9 3 088 s, T 452 3% 1 482 /55 1 < 200 zs0r
> 2] T
Fl A 120 21, £ 150f 20}
%) 215+
350k Speed limit curve 100t 210 .
Actual curve 680 685 690
300r 501
—~ 250_ 0 ] L L 1
< 240 500 550 600 650 700
g 200F 230 | Distance/km
2 BS5 s$hEHARKEHEBEITV-S"HE
:%150_ 2201 Fig.5 Operation "V-S" curve of EMU after optimization
100r 210 . .
680 685 690 695 0.880
S50
, ‘ . , _ 0834r
500 550 600 650 700 %
Distance/km ; 0.788
B4 shEAZFRSITV-S"HZ% e
Fig.4 Actual operation "V-S'" curve of EMU f 0742}
= 0.
R 4R S5 B 2 i v 9 A DGR | H A R 1R AR =
F 44 E R I3 R, 103 3 B, 0.696
£33 MBEHETHENERSH L
S 0.650
Tab.3 Evaluation index parameters under 0 10 20 30 40 50 60 70 80 90 100

initial conditions

Evaluating indicator Parameter value

Safety evaluation index/(h/km) 0.078 5
Energy saving evaluation index/ (kN -km) 51349

On schedule evaluation index/s 228

Comfort evaluation index/(m/s*) 0.254 8
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Tab.4 Optimized evaluation index parameters

Evaluating indicator Parameter value

Safety evaluation index/(h/km) 0.052 9
Energy saving evaluation index/(kN-km) 26 118

On schedule evaluation index/s 32

Comfort evaluation index/(m/s*) 0.081 9
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Tab.5 Comparison of evaluation index parameters after
optimization of different models

Consider No consider

Evaluating indicator . .
8 adhesion adhesion

Safety evaluation index/(h/km) 0.0529 0.058 4
Energy saving evaluation index/(kN-km) 26 118 31 541
On schedule evaluation index/s 32 47
Comfort evaluation index/(m/s?) 0.0819 0.079 4
0.910
NSGA- Il algorithm considering adhesion
NSGA- Il algorithm without considering adhesion
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Fig.8 Comparison of optimization processes for different
models
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Tab.6 Comparison of evaluation index parameters
optimized by different algorithms

NSGA-TI NSGA-TI  GA

Evaluating indicator

Safety evaluation index(h/km)  0.0529 0.053 7 0.053 3

Energy saving evaluation index/

Nk 26 118

26 977 27 409

On schedule evaluation index/s 32 45 32

0.0819 0.0806 0.0851

Comfort evaluation index/(m/s?)
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