
 

Invitation to KTH Railway Group seminar 

When:   Wednesday 23rd February 2022 at 09.15-13.00 

Where:  Vehicle Engineering Laboratory (VEL), Teknikringen 8, ground floor 
               Online via Zoom, link to be provided 

09.15-09.30 Coffee etc 

09.30-09.35 Welcome 

09.35-10.00 Bastian Schick, Zhendong Liu and Sebastian Stichel: Simulation of 
dynamic pantograph-catenary interaction 

10.05-10.30 Minghui Tu and Ulf Olofsson: Measuring and modelling PM levels 
on underground platforms 

10.30-10.45 Information from the Director 

10.45-10.55 Break 

10.55-11.20 Hans Sipilä: Proton – A macroscopic railway simulation tool 

11.25-11.50  Zhendong Liu, Sebastian Stichel and Mats Berg: Overview of 
technology and development of Maglev and Hyperloop systems 

11.50-12.00 Conclusion 

12.00-13.00 Lunch 

 

For participation in the seminar please inform Mats Berg no later than 17th February 
by accepting this Outlook invitation and indicating “KTH” or “Zoom”. 
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Sebastian Stichel and Mats Berg 
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Bastian Schick, Zhendong Liu, Sebastian Stichel, Div. of Rail Vehicles, SCI‐school, KTH 

Simulation of Dynamic Pantograph‐Catenary Interaction 
This PhD project is embedded in KTHs work within Trafikverket’s Excellence Area 5. Within 
that area, it focuses on studying the dynamic performance of existing and future catenary and 
pantograph systems in single and multiple pantograph operation. As a first step in this work, 
a literature study of the comprehensive work in the field is performed and the existing 
simulation model at KTH, CaPaSIM, is revisited and refined, in order to extend its domain if 
validity. 

In 2015, a simulation benchmark proved that there is a good base of agreement between 
different established models, but also showed that deviations between the models increase 
when the simulated system approaches critical speed. The critical speed is an important design 
metric that is defined at 70 % of the wave propagation speed in the catenary. Exceeding this 
speed can lead to excessive dynamic amplification factors in the interaction and avoiding it in 
operation is generally advised. Nevertheless, a measurement run was performed as a part of 
the Green Train project in Sweden in 2007, which includes speeds at and over critical level. 
From the simulation deviations it can be concluded that some of the models in the benchmark 
better depict the system behaviour around critical speed than others. Therefore, the 
measurement data is analysed and compared to simulations performed in CaPaSIM. Based on 
this comparison, modelling alternatives are implemented and tested in CaPaSIM, to examine 
if they improve the accuracy of the model in the speed range around critical speeds. The varied 
aspects include choice of element type for single components of the catenary and element mesh 
resolution. On the pantograph side, the effect of separately modelling independent flexible 
collector strips is studied. 

Building upon this base, possible future work includes addition of further details into the 
model, such as critical sections and system variations. Another possible study is the output of 
dynamic loads that can be associated with structural fatigue. These studies shall finally be 
brought to practical use as this project also shall include preliminary studies for the intended 
high-speed catenary system for the Swedish railway network. 

 

 

Schematic view of the 3D FE‐model of the catenary system in CaPaSIM. 



Measuring and Modelling PM Levels on Underground 
Platforms 

Minghui Tu and Ulf Olofsson 
Department of Machine Design, ITM school 
 
Urban railways have become an essential part of the transportation network of cities due to 
their convenience and high capacity. Many urban railway platforms are built underground to 
make full use of urban space. However, according to local surveys and studies, the 
concentration of airborne particles on underground platforms is significantly higher than that of 
particle concentrations aboveground. These platform particulates are often rich in heavy metal 
elements such as iron, copper and manganese, which may adversely affect the health of 
commuters riding urban railways. Therefore, the primary purpose of this research is to explore 
various factors that affect the airborne particle concentrations on urban underground railway 
platforms and then provide some suggestions for improving the air quality of the urban railway 
commuting environment. 
 
The works in this thesis are all based on the analysis of field measurements on the Stockholm 
urban railway platforms in Sweden between 2016 and 2020. According to different research 
purposes, diverse statistical models have been established. By exploring the model parameter 
factors, it is possible to quantify the airborne particle concentrations on underground platforms. 
The thesis started with the qualitative trend between train movement and platform particle 
concentration and found that train operation and braking are closely related to the increase in 
platform particle concentration. Then, by comparing linear and non-linear train frequency and 
particle concentration relationship models, the critical direction for studying the train frequency 
factor using the linear model was determined. After that, the train frequency factor was 
deconstructed into two approaches. Namely, train brake effect factor, train accumulative effect 
factor and equivalent train frequency factor, train-type factor. Finally, non-train-related elements 
were added to the train-related model as an extension. A preliminary quantitative study of non-
train-related factors was conducted. 
 
Based on the above research results, this thesis proposes three possible methods to improve 
the air quality of underground platforms. These consist of replacing train types that emit higher 
particles with those that emit lower ones, deploying the intelligent control ventilation system, 
and adding night cleaning in the underground system. 
 

 
Fig 1. The average proportions of each effect-related PM on the total PM under the four sub-conditions 

(shown in a stacked form). 



 

 

Proton – A macroscopic railway simulation tool 

Hans Sipilä, Division of Transport Planning, KTH ABE 
 
Proton (Punctuality and Railway Operation Simulation) is a macroscopic railway traffic simulation tool 
developed by DB Analytics in the projects PLASA and PLASA-2. The tool was formerly known as Prism (Plasa 
Railway Interaction Simulation Model). The clear advantage of Proton compared to microscopic railway 
traffic simulation tools (e.g., RailSys) is that it can handle very large networks and still achieve short simulation 
times. A simulation that might take 8–10 hours in RailSys on a normal laptop computer runs in 1–2 minutes 
in Proton. The most obvious disadvantage with macroscopic modelling is that the low level of detail means 
that station capacity is not modelled in a realistic way. This can lead to an overestimation of capacity, 
especially at stations with a large element of crossing train movements which may block many other 
simultaneous movements. 
 
The macroscopic infrastructure representation consists of nodes and edges, the nodes are typically chosen 
to be equivalent to the operating stations and the edges link these. Both elements need some basic 
infrastructure properties. Edges are, for example, assigned number of tracks, length, a signaling system, 
maximum allowed speed and whether electrified or not. Nodes have information whether additional tracks 
for overtaking are available or not. A timetable is needed as input together with technical driving times and 
some basic train type information. Distributions model mainly stochastic disturbances of different types 
(Monte Carlo). Train conflicts (interferences) are modeled based on minimum headway times. A couple of 
different dispatching schemes are available. 
 
DB Analytics is the main developer of Proton, but there is a Proton version for Sweden maintained by 
Trafikverket and their ambition is to introduce the tool as an “official” tool for capacity analysis alongside a 
microscopic tool which currently is RailSys. KTH has the role of developing methodology and working 
methods for Proton in Sweden. The work has largely consisted of generating and converting input data for 
Proton and managing output data. Initially, timetables exported from RailSys were used, but now these can 
be selected (date(s), geographical area) from TrainPlan data. This gives a better match with the actual 
operation compared with timetables from RailSys which normally reflect the established yearly timetable but 
does not reflect changes during the timetable year. Simulations have been carried out in various Swedish 
applications within Shift2Rail (e.g., Fr8Rail 2 and 3) and KAJT projects.  In some cases, simulation results have 
been compared between Proton and RailSys. Figure 1 illustrates an example of simulated output (solid lines) 
overlaid on the scheduled timetable (dashed lines) for the section Hallsberg–Malmö. Fast passenger trains 
are red, regional trains magenta, local passenger trains blue and freight trains have green colour.  
 

 
Figure 1: Visualization of Proton simulation output (solid) for one cycle overlaid on scheduled times (dashed) in a 
bidirectional graphical timetable Hallsberg–Malmö, showing the time period 15–18. 



Overview of Technology and Development of  

Maglev and Hyperloop Systems 

Zhendong Liu1, Sebastian Stichel1 and Mats Berg1  

1Department of Engineering Mechanics, KTH Royal Institute of Technology, Stockholm 

Guided transport has higher transport capacity and energy efficiency than other modes of 

transport, so there has been fast development of guided transport all over the world in the past 

decades. Although rail transport is the most successful guided transport system, there are still 

some limitations to its further development, e.g. long travel time for long-distance travel, noise 

and vibration in urban areas, and rail-wheel wear. Therefore, maglev and hyperloop systems 

have been proposed and developed, in which the vehicles are levitated and propelled from the 

guideway by magnetic forces. To achieve very high-speed operation, hyperloop systems are 

supposed to run inside low-pressurized tubes to reduce aerodynamic drag. In the world, there 

are many maglev and hyperloop systems developed and tested in recent years, as shown in 

Figure 1. These systems have different features compared to the well-developed rail transport. 

This work provides an overview of the maglev and hyperloop systems in the world with respect 

to their development history, core technologies and applications. In the end, some conclusions 

are drawn and future work plans are sketched. 

 

Figure 1: (a) Japanese L0 series maglev train, (b) Chinese HTS maglev train, (c) US Hyperloop 

Transport Technology, (d) US Virgin Hyperloop One [1]. 

Reference: 

[1] Zhendong Liu, Sebastian Stichel and Mats Berg, Overview of Technology and Development of 

Maglev and Hyperloop Systems, KTH Report, 2022. ISBN 978-91-8040-125-8.  

http://kth.diva-portal.org/smash/get/diva2:1631263/FULLTEXT01.pdf 

http://kth.diva-portal.org/smash/get/diva2:1631263/FULLTEXT01.pdf

	KTH Railway Group seminar 2022-02-23 Program
	Simulation of Dynamic Pantograph-Catenary Interaction_Schick2021_JvggrpSem02-22
	Abstract - Minghui
	Proton_abstract
	Maglev and hyperloop 2022 Feb_updated

