The current issue and full text archive of this journal is available on Emerald Insight at:
https://www.emerald.com/insight/2755-0907. .htm

RS
33

344

Received 12 March 2024
Revised 26 March 2024
Accepted 26 March 2024

C

Railway Sciences

Vol. 3 No. 3, 2024

pp. 344-366

Emerald Publishing Limited
eISSN: 2755-0915

P-ISSN: 2755-0907

DOI 10.1108/RS-03-2024-0007

Study on the pattern of train
arrival headway time in
high-speed railway

Changhai Tian
Railway Science and Technology Research and Development Center,
China Academy of Railway Sciences Corporation Limited, Beijing, China, and

Shoushuai Zhang
School of transportation and logistics, Southwest Jiaotong University, Chengdu, China

Abstract

Purpose — The design goal for the tracking interval of high-speed railway trains in China is 3 min, but it is
difficult to achieve, and it is widely believed that it is mainly limited by the tracking interval of train arrivals. If
the train arrival tracking interval can be compressed, it will be beneficial for China’s high-speed railway to
achieve a 3-min train tracking interval. The goal of this article is to study how to compress the train arrival
tracking interval.

Design/methodology/approach — By simulating the process of dense train groups arriving at the station
and stopping, the headway between train arrivals at the station was calculated, and the pattern of train arrival
headway was obtained, changing the traditional understanding that the train arrival headway is considered
the main factor limiting the headway of trains.

Findings — When the running speed of trains is high, the headway between trains is short, the length of the
station approach throat area is considerable and frequent train arrivals at the station, the arrival headway for
the first group or several groups of trains will exceed the headway, but the subsequent sets of trains will have a
headway equal to the arrival headway. This convergence characteristic is obtained by appropriately increasing
the running time.

Originality/value — According to this pattern, there is no need to overly emphasize the impact of train arrival
headway on the headway. This plays an important role in compressing train headway and improving high-
speed railway capacity.

Keywords High speed railway, Train headway, Train arrival headway, Regular pattern

Paper type Research paper

By the end of 2023, the mileage of China’s high-speed railway operation reached 45,000
kilometres, with more than 9,600 trains in motion, and the passing capacity of important
corridors continues to be strained, with the busiest section of Beijing-Shanghai high-speed
railway running 188 pairs of high-speed trains per day between Jinan West and Tai'an
station, 166 pairs of high-speed trains per day between Xuzhou East and Bengbu South
station, and the Shanghai-Hangzhou high-speed railway reaching 167 pairs per day. Train
headway is the key factor to determine the railway passing capacity. Japan’s Tokaido
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Shinkansen uses 3 min as headway, and it is quite common for four consecutive trains to
arrive and depart at 3 min intervals in the Tokaido direction (6 lanes) at Tokyo Station; the
Tohoku Shinkansen uses 4 min as headway, and there are often more than 10 consecutive
trains arriving and departing at 4 min intervals in the Tohoku direction (4 lanes) at Tokyo
Station. At present, the train headway of China’s high-speed railway mostly adopts 5 min,
individual lines adopt 4 min and some trains of Shanghai-Hangzhou high-speed railway
adopt 3 min. If the train headway of busy high-speed railways can achieve the design goal of
3 min, the line capacity can be greatly improved, more trains can be operated and better
economic and social benefits can be generated.

China’s high-speed railway has taken many measures to shorten the train headway such
as optimizing the braking mode curve of the train control system, setting the speed limit for
trains entering and leaving the station in sections, and shortening the polling time of the
Centralized Traffic Control (CTC), etc. However, the vast majority of high-speed railways
have not yet reached the design goal of 3 min, which is generally regarded as the limitation of
the train arrival headway (Zhang, Tian, Jiang, & Wang, 2013; Tian, Zhang, Zhang, & Jiang,
2015). At present, the research on train headway (/) is mainly based on the fact that the two
trains running in front and behind tracking do not affect each other, and the headway in train
sections (l), headway between train departures (), headway between train arrivals (),
headway between train passages (/. are calculated in isolation and compared with each
other in terms of their sizes (/' = max{/ec, Liep, Lurr» Lpas }), SO as to reach the conclusion that / is
mainly restricted by 1., (Zhang, Tian, & Yan, 2017). However, in the actual train operation
work, especially during peak train operating hours, it is often arranged for trains to depart
every 3 minutes closely, with trains running in close pursuit in the sections and dense station
stops often lead to the deceleration of following trains, which is then continuously passed on,
gradually causing subsequent trains to be able to achieve a 3 min arrival headway and
achieving the purpose of compressing I,,, by sacrificing a small amount of running time in the
sections. This paper will employ the method of train cluster operation simulation, allowing
multiple trains to arrive at the station in continuous dense succession, to explore the patterns
of high-speed trains arriving in close sequence and dense clusters, and study the feasibility of
compression of 1,,,, so as to provide technical support for compressing the train headway and
improving the passing capacity of the line.

1. Simulation conditions and parameter values

The simulation process is to use OpenTrack software to let multiple trains (generally 6 trains)
run continuously and intensively towards the station with normal running speed (e.g.350 km/
h) at a certain headway (e.g. L. for 3 min), reduce the running speed to the specified speed
before the home signal, and continue to run at this speed until stopping at the stopping mark
on the departure and arrival track. During the train operation process, the train traction and
braking performance and the train route handling standards of CTC are strictly followed. The
train running speed is controlled strictly in accordance with the signal display and the
requirements of the Chinese Train Control System (CTCS)-2/3 level train control system. By
tracking and statistically analysing the variations in the train running trajectories and train
headway, the study seeks to identify the patterns of changes in train arrival headway.

The specific simulation parameters are as follows: The stations and intermediate sections
of the line are configured with straight alignments. The length of the intermediate block
sections is set at 2 000 m, and the effective length of the station’s departure and arrival tracks
is designated as 650 m. In accordance with the requirements of the revised contents of the
“High-Speed Railway Design Specifications” and the “Intercity Railway Design
Specifications”, the departure and arrival tracks set up not less than 60 m protection
section, and the train stopping position marking 40 m from the protection section (as shown in
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Figure 1.

Schematic plan of the
simulated station and
layout of facilities

Figure 1). In order to check and calculate the arrival patterns of high-speed trains, the length
of the station throat area (X in Figure 1) (The length can also be regarded as the common
approach length for trains travelling in both forward and reverse directions) from 200 m to
1600 m to take different values (The majority of station throat lengths fall within this range),
the distance for a train to enter the station is calculated as -+ 540m, the speed limit within the
throat area is set at 80 km/h (The actual operational speed is maintained at 75 km/h), the
safety protection distance before the home signal is set to 110 m. In simulation, the length of
throat area is 200 m, 500 m, 600 m, 1000 m, 1200 m, 1500 m and 1600 m; the multi-unit electric
train (EMU) has been configured with the China Railway Highspeed (CRH)380AL model
equipped with a 300T train control system; the running speed of the train before entering the
station is 350 km/h, 300 km/h, 250 km/h, 200 km/h and I is taken 3 min, L. takes 4 min or
2.5 min under certain speed conditions, resulting in a total of 42 scenarios being simulated.
The following is only a list of some simulation results analysing the train arrival headway
pattern of high-speed trains running at 350 km/h and 200 km/h before entering the station,
when the length of the throat area is taken as 200 m, 1000 m and 1600 m, respectively.

2. Train running speed before entering station: 350 km/h
When the train’s running speed is 350 km/h, two simulation schemes with train headway of
3 min and 4 min are conducted, respectively.

2.1 Train headway in section: 3 min

The impact of train arrival headway is influenced not only by the train’s running speed and
the train headway, but also by the length of the throat area. Table 1-Table 3 respectively
present the simulation results of six consecutive trains inbound stopping at the station with
a speed of 350 km/h and a headway of 3 min, at throat section lengths of 200 m, 1000 m and
1600 m (the length of the common approach for both outgoing and incoming trains). Figures
2—-4 respectively depict the distance-speed diagrams of train inbound stopping at the
station for different throat area lengths. In the chart, Train 1, Train 2, Train 3, Train 4, Train
5 and Train 6 run at speed of 350 km/h in the headway of 3 min and reduces their speed to
75 km/h at a distance of 110 m before the home signal. The train then comes to a stop at the
stopping mark of the station’s departure and arrival line. Two adjacent trains constitute a
set of train headway. From the chart, when the length of the throat area is long, the delay in
clearing the approach of the preceding train may cause the following trains to slow down
earlier.

In the table, the train’s departure time and headway, refers to the starting time of the 6
trains running continuously at 350 km/h and the headway of the adjacent trains, the starting
departure time of the 6 trains in Table 1 are the Oth, 180's, 360 s,540's, 720 s, 900 s and the train
departure headway are all at 180 s; the first model kilometre marker, start-up time and
headway, refer to the train’s first start braking location, time and headway with the preceding
train. In Table 1, the first starting model mileage is 8.57 km, followed by five starting model
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Figure 2.

Operational distance-
speed diagram for 6
trains at 350 km/h with
3 min headway
between consecutive
inbound stops for a
200 m length of

throat area
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Figure 3.

Operational distance-
speed diagram for 6
trains at 350 km/h with
3 min headway
between consecutive
inbound stops for a
1600 m length of
throat area




JI0M UMO sIoYINY :(S)92.Inog
®)
7 uled|

@ @)
9 uleJ] G ules|

[wl oz 6 9 & o 8 # 6 2 1ol 6§ & &£ 9 &b € 2 L 0 [wl oz 6 @ 4 9 s # L2 WO 6 @ &3 5 p £ 2 10 Tl 62 6L 6l 20 O & B S0 ZL 1L OL 6 & 4 8 S b S 2 1 0

o I SR S T TR SR TR S SR AT S S S
00l o001 a0k
o o0z o0z
o o o
[yn] Twed Tyl
) (@) (e)
€ uleJ|] c uleJp T uled|
[ol 02 6 2 20 9 S # S 20 W O 6 ¢ L 9 S % £ 2 b 0 [l o0z 60 2 20 9 SH # 4 20 L O 6 8 £ 8 S b £ 2 L O —_5___Nmfm_tw—m—w—mnm—:o_mwwww*owqu
o o
ook ook o
0w 002 o
o o o
[yron]
Iy [yun]
|
PR = )
sSoz B
nvm R=lr
Mf.m =]
z > 2
dmka%S
< =3 =3
—Soz2d 8
.S RT3
+YESTE§ 2.2
a pET RS 8=
o g3
o &
250 o} wmm.mmmm
a5 o RO BBmAE

1600 m length of

throat area




mileage are in 6.316 km; the kilometre marker, time and headway before home signal, refer to
the train running to the kilometre marker, time and headway with the preceding train at
110 m before home signal; the station inbound stopping kilometre marker, time and headway,
refer to the kilometre marker, time and headway with the preceding train for the train to stop
at the position mark before the departure signal of the arrival-departure track. In Table 1, the
first group of train’s arrival headway is 185 s, followed by four groups of trains’ arrival
headway are 180 s; the overall running time, refers to the running time calculated as the
difference between the train’s inbound stopping time and its departure time.

From Table 1 it can be seen that when 6 trains run with 3 min headway, the headway of the
first group of trains’ inbound stopping becomes 185 s, while the headway of the following 4
groups of trains can still be maintained at 180 s; the overall running time is increased by 5 s
for all the following trains except for Train 1, this is due to the fact that from Train 2 onwards,
all trains start at 6.316 km in advance and by starting the model in advance, the running time
is increased by 5 s, which is exchanged for the subsequent four groups of trains’ arrival
headway converging to 3 min.

When the length of the throat area was extended to 1000 m (from Table 2 and Figure 3), the
simulation results were the same as throat area of 200 m in length.

When the length of throat area is extended to 1600 m (from Table 3 and Figure 4), the
headway of the first group of trains’ inbound stopping time is extended to 187 s, while the
headway of the following four groups of trains can still be maintained at 180 s, the running
time is increased by 7 s through the early start of the model from Train 2 to Train 6 in
exchange for the arrival headway of the following four groups of trains are all converged to
3 min, and the simulation results are the same. At the same time, it shows that it is impossible
for the first group of high-speed railway trains entering the station at 350 km/h to achieve
3 min arrival headway.

2.2 Train headway in section: 4 min

When the train headway in the section is extended to 4 min, and the same simulation
methodology is employed. The simulation results are presented in Tables 46 (for simplicity,
distance-speed diagrams are not included, as in the previous examples).

Table 4 demonstrates that under the condition of train headway in the section is 4 min,
when the throat section length is 200 m, and 6 consecutive trains are running into the station
at a speed of 350 km/h, there is no interference among them. And the train groups’ arrival
headway can also be maintained at a 4 min, without an increase in the running time within the
section. When the length of the throat area reaches 1000 m (from Table 5), the first group of
trains’ headway is 241 s, followed by 4 groups of trains’ headway are converged to 240 s, and
the train running time are increased by 1 s. When the length of the throat area reaches 1600 m
(from Table 6), the first group of trains’ headway is 242 s, followed by 4 groups of trains’
headway are converged to 240 s, and the train running time are increased by 2 s. The
simulation results demonstrate that the arrival headway of trains converges to a duration
of 4 min.

3. Train running speed before entering station: 200 km/h

The continued investigation into the train arrival patterns at a running speed of 200 km/h
within the train section is conducted via simulation methods. Only the simulation results for
throat section lengths of 200 m, 1000 m and 1600 m are presented. In comparison to the high-
speed train operations at 350 km/h, train operations at a speed of 200 km/h are more
conducive to achieving short headway. Therefore, the simulation results for adding trains
that operate with a 2.5 min headway at a speed of 200 km/h are presented.
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3.1 Train headway in section: 3 min

The simulation results of the station throat length of 200 m, 1000 m and 1600 m are listed in
Table 7-Table 9 respectively. When the length of throat area is 200 m and 1000 m,
respectively, 6 consecutive trains run at 200 km/h speed into the station without interfering
with each other, and the headway of train groups can be achieved in 3 min. When the length of
throat area reaches 1600 m, the first group of trains’ headway is 181 s, then the next 4 groups
of trains’ headway are converged to 180 s, and the train running time are increased by 1 s.
At the same time, it shows that the high-speed railways which enter the station at the speed of
200 km/h can reach the arrival headway of 3 min as long as the throat area is not more than
1000 m.

3.2 Train headway in section: 2.5 min

The simulation results of the station throat length 200 m, 1000 m and 1600 m are listed in
Table 10-Table 12 respectively. When the throat length is 200 m, 6 consecutive trains run at
200 km/h speed into the station without interfering with each other, and the headway between
train groups can all be achieved in 2.5 min. When the length of the throat area reaches 1000 m,
the first group and the second group of trains’ headway are 151 s, then the three groups of
trains’ headway are converged to 150 s, and the train running time are increased by 2 s. When
the length of the throat area reaches 1600 m, the headway of the first group of trains is 154 s,
then the four groups of trains’ headway are converged to 150 s, and the train running time are
increased by 4 s.

The simulation also encompasses the operational performance of trains at speeds of
300 km/h and 250 km/h prior to their entry into the station, which exhibit a consistent pattern.
Further checking shows that 2.5 min arrival headway can be achieved for the high-speed
train entering the station at 200 km/h as long as the throat area is not more than 500 m.

4. Conclusions and recommendations
The simulation results with running speeds of 350 km/h and 200 km/h, headway of 3 min,
4 min and 2.5 min, and throat lengths of 200 m, 1000 m and 1600 m are summarized in
Table 13. The fourth column in the table is the increase value of the whole running time of the
6 consecutive trains, the first value is the basis of the comparison, which refers to the increase
value of the running time of Train 1, which is definitely 0, and the rest of the values are the
difference between the running time of Train 1 and Train 6, which is subtracted from the
running time of Train 1. The rest of the value is the difference between the running time of
Train 2 to Train 6 and the running time of Train 1. Taking the first section of the throat area
with a length of 200 m as an example, the comparison between Train 2 and Train 1 shows an
increase of 5 s in the running time. Consequently, the headway for the first group of trains is
185 s. When comparing Train 3 with Train 1, the additional time is also 5 s, which is identical
to the increase in Train 2’s running time. Therefore, the headway for the second group of
trains is 180 s. This pattern continues for subsequent comparisons.

Combining the above simulation results and the statistical data in Table 13, the following
conclusions can be obtained:

(1) Theheadway between the intensive arrival of high-speed trains at stations is regular.
When trains arrive intensively, the arrival headway between the first group or groups
may be greater than the headway in section, but the subsequent arrival trains’ arrival
headway are converged to the headway in section, the specific patterns are: under the
conditions of low running speed, long headway in the section and short length of
the throat area (e.g., rows 4, 7, 8 and 10 of Table 13), the value of arrival headway is the
same as the headway in section; under the conditions of high running speed, short
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Table 13.

Summary table of
simulation results for
continuous station
arrivals of 6 trains with
variable running
speeds, headway, and
throat lengths in
different sections

Running Headway in Length of
speed section throat area Added value in running time for
/Km/h /min /m continuous 6 trains/s Arrival headway/s
350 3 200 0,555,555 185, 180, 180, 180,
180
1000 0,55,55,55 185, 180, 180, 180,
180
1 600 0,7,7,7,7,7,7 187, 180, 180, 180,
180
4 200 0,0,0,0,0,0,0 240, 240, 240, 240,
240, 240
1000 0,1,1,1,1,1,1 241, 240, 240, 240,
240, 240
1 600 0,222,222 242, 240, 240, 240,
240, 240
200 3 200 0,0,0,0,0,0,0 180, 180, 180, 180,
180
1000 0,0,0,0,0,0,0 180, 180, 180, 180,
180
1 600 0,1,1,1,1,1,1 181, 180, 180, 180,
180
25 200 0,0,0,0,0,0,0 150, 150, 150, 150,
150, 150
1000 01,222,722 151, 151, 150, 150,
150
1 600 0,4,4,4,4,4,4 154, 150, 150, 150,
150, 150

®)

headway and long throat length, the arrival headway of the first one or two groups of
trains is greater than the headway in section, and the subsequent groups of trains’
arrival headway could be converged to the headway in section (e.g.,rows 1, 2, 3,5, 6,9,
11 and 12 in Table 13). The higher the running speed, the larger the headway in
section, and the longer the throat area, the larger the arrival headway of the first
group of trains (such as rows 1, 2 and 3 in Table 13), which exceeds the headway in
section, only the exceeding value is not large and the maximum is not more than 7 s in
Table 13.

The convergence of the arrival headway to the headway in section comes at a certain
cost, which is manifested as preemptive deceleration of trains starting from the
second one and an extension of their section running times. Nonetheless, this cost is
relatively small, with the extension in section running time being quite minimal,
peaking at no more than 7 s, which is nearly negligible.

When the running speed before the train enters the station is 350 km/h, the headway
in section of 4 min compared with the headway of 3 min, the arrival headway is easier
to approach or realize the train headway in section, such as the length of the throat
area is 1600 m, the arrival headway for the first train group are 242 s and 187 s,
respectively, differing by 2 s and 7 s from the 4 min and 3 min. When the running
speed is 200 km/h before the train enters the station and the length of the throat area is
1600 m, the arrival headway for the first train group are 181 s and 154 s, respectively,
differing by 1s and 4 s from the 3 min and 2.5 min.

The same pattern is obtained by simulating the situation of high-speed trains running at
250 km/h and 300 km/h with 3 min continuous arrival.



The above pattern is very useful for the study of determining the train headway (/).
Train arrival headway (/,,,) was once considered to be the main factor limiting the train
headway, but the simulation results proved that it is not completely so. As long as the high-
speed train departs from the station, the headway in section can be realized 3 min, and after
the intensive arrival at the station, the final headway of 3 min can still be realized, so as to
achieve the compression of the train headway. Therefore, when determining the train
headway (/), it is not necessary to over-emphasize the impact of the train arrival headway
(I;y) on I, and under general conditions, it can even be simply considered as
I = max{Lsec, Liep, Lpas }, Which plays an important role in compression of / to improve the
capacity of high-speed railway.

It should be noted that some large passenger stations have speed limits before entering
the station, which provide natural conditions for shortening the arrival headway and it
should be fully utilized. If in order to compress the train arrival headway, the concept and
practice of artificially setting a speed limit before entering the station is inappropriate and
undesirable.
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