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The evolution of urban transit systems has been defined by the transition from rigid, high-floor rail vehicles to the

highly modular, energy-efficient, and accessible 100% low-floor platforms seen today. Among these advancements,

the Siemens Avenio platform stands as a benchmark for modern light rail engineering. Designed to integrate

seamlessly into diverse urban topographies, the Avenio family—comprising the standard Avenio and the Avenio M—

represents a synthesis of mechanical precision, electrical efficiency, and digital oversight. This technical analysis

explores the architectural nuances of these vehicles, the underlying physics of their power systems, and the digital

frameworks used to manage these high-value assets throughout their lifecycle.

The Architecture of the Siemens Avenio Platform

The Avenio platform was developed by Siemens Mobility as a successor to the Combino family, incorporating 

lessons learned from multi-articulated vehicle performance and maintenance. Unlike traditional rail cars, the Avenio 

utilizes a multi-articulated designthat allows for a 100% low-floor layout, ensuring that passengers with reduced

mobility can navigate the vehicle without encountering steps or internal ramps. This design requirement

necessitates a radical rethink of the traditional bogie and traction system.

Modular Construction and Materials

The structural integrity of the Avenio is rooted in its welded steel carbody. While many modern transit vehicles

have moved toward aluminum to reduce weight, Siemens opted for a high-strength steel construction for the Avenio

to maximize durability and crashworthiness while maintaining a relatively low axle load. The modularity of the

platform allows city planners to configure the tram in lengths ranging from two to eight modules, adapting to the

specific capacity requirements of the metropolitan area.

Key technical specifications of the Avenio architecture include:

•  Total Low-Floor Area: 100%, allowing for optimal passenger flow and rapid boarding/alighting at stations.

•  Axle Configuration: Use of independent wheel bogies or traditional bolster bogies depending on the specific 

model (Avenio vs. Avenio M).

•  Weight Distribution: Optimized through the placement of electrical components (inverters, resistors) on the 

roof to lower the center of gravity and maximize interior space.

Technical Comparison: Avenio vs. Avenio M

While sharing a common brand name, the Avenio and Avenio M utilize different articulation and bogie technologies 

to meet different operational environments. The standard Avenio is a multi-articulated vehicle, whereas the 

Avenio M is designed as a multi-jointed vehicle, often incorporating more traditional bogie configurations that are

better suited for specific track geometries or modernization projects, such as those seen in Ulm, Germany.

The following table provides a technical comparison between these two primary configurations:



Feature Siemens Avenio (Standard) Siemens Avenio M

Articulation Type Multi-articulated (Short modules) Multi-jointed (Modular segments)

Bogie Design Fixed bogies beneath modules Pivoting bogies for better curve 
negotiation

Primary Use Case New urban networks with high 
capacity

Modernization of existing networks 
(e.g., Ulm, Augsburg)

Material High-strength lightweight steel High-strength steel with modular 
plastic fairings

Floor Height 300mm - 350mm above top of rail 300mm - 350mm above top of rail

Electrical Engineering Fundamentals: Conductivity and Resistivity

The efficiency of an electric tram system is heavily dependent on the laws of physics governing its power delivery. 

In a typical 750V DC overhead catenary system, Electrical Conductivity (<2• and Electrical Resistivity (<�•are the

two most critical metrics for engineers. These principles dictate how much energy is lost as heat (Joule heating)

during the transmission of power from the substation to the Avenio’s traction motors.

The Conductivity Formula

Conductivity is the measure of a material's ability to allow the flow of electric current. For the copper or copper-alloy 

contact wires used in Siemens rail projects, engineers must calculate the total Conductance (G)of the system

using the formula:

G = 1 / R

Where R is the Resistance, calculated by:

R = <�
r�„Â�ò��•

•  <��…&†ò“  The resistivity of the material (Ohm-meters).

•  L: The length of the conductor (meters).

•  A: The cross-sectional area of the wire (square meters).

In the context of the Avenio M, high-efficiency traction inverters are used to convert the DC power into 3-phase AC 

for the induction motors. Minimizing resistance in the return path (the rails themselves) is equally important to 

prevent stray currents, which can cause electrolysis and corrosion in underground utility pipes. This is where the

US EPA guidelines on electrical conductivity in environmental and industrial settings become relevant, as rail

operators must monitor the soil's conductivity around the tracks to ensure isolation and prevent environmental

degradation.

Digital Asset Management (DAM) in Rail Infrastructure

The "Avenio M" designation is not only applied to the physical tram but also refers to Digital Asset Management

solutions provided by Siemens. In the modern era, a tram is no longer just a mechanical vehicle; it is a mobile

sensor platform. Digital Asset Management involves the systematic collection and analysis of data from the vehicle

to optimize maintenance schedules and operational uptime.



Core Components of Avenio M Digital Systems

1.  Condition Monitoring: Real-time sensors track the temperature of bearings, the vibration of bogies, and the 

wear patterns on carbon pantograph strips.

2.  Predictive Maintenance: Using machine learning algorithms, the system predicts failures before they occur, 

shifting the maintenance model from "reactive" (fix when broken) to "proactive" (fix before failure).

3.  Fleet Telemetry: GPS and energy consumption data are sent to a centralized control center, allowing 

operators to optimize driving styles and reduce energy demand peaks.

By integrating the physical Avenio M tram with a Digital Asset Management layer, transit authorities can achieve a 

lower Total Cost of Ownership (TCO) . For example, in the Ulm expansion project, the ability to monitor the fleet

digitally allowed for more aggressive service intervals without compromising safety.

Corporate Governance: The Role of the Aktiengesellschaft (AG)

The manufacturing and deployment of the Avenio system are handled by Siemens Mobility GmbH, a subsidiary of 

Siemens AG. Understanding the AG (Aktiengesellschaft)structure is vital for stakeholders. As a German public

limited company, Siemens AG operates under a dual-board system: a Management Board (Vorstand) and a

Supervisory Board (Aufsichtsrat). This structure ensures that long-term engineering excellence and R&amp;D

investments—such as those required to develop the Avenio platform—are prioritized over short-term quarterly

gains. The "AG" designation signifies a level of financial transparency and capital stability that is necessary for the

30-year lifecycles typical of railway contracts.

Case Study: Modernization of Avenio M Trams in Ulm, Germany

Ulm provides one of the most comprehensive examples of the Avenio M in action. The city’s transport operator, 

SWU Verkehr GmbH, required a vehicle that could handle the steep gradients of the local geography while 

maintaining high passenger capacity. The Avenio M was selected due to its modular flexibilityand its ability to be

seamlessly integrated into existing infrastructure.

Operational Challenges and Solutions

One of the primary challenges in Ulm was the requirement for Energy Recuperation. When the Avenio M

descends a hill, its motors act as generators, converting kinetic energy back into electrical energy. The onboard

power electronics must manage this energy flow:

•  Braking Energy Recovery: Feeding the energy back into the overhead catenary for use by other trams.

•  Onboard Storage: Using supercapacitors or batteries to store energy for subsequent acceleration, reducing 

the load on the municipal power grid.

This implementation required a deep understanding of the Conductivity Formulamentioned earlier, as the return

of energy to the grid is only efficient if the system impedance (resistance) is kept at a minimum.

Field Guide: Implementing a Light Rail Project

Deploying a fleet of Siemens Avenio trams requires a multi-stage procedural execution. For technical project

managers, the following workflow is standard:

Phase 1: Alignment and Gradient Analysis

Before vehicle selection, the track geometry must be analyzed. The Avenio's multi-articulated design allows for tight

curve radii (down to 14.5 meters in some configurations), but high-speed sections require specific bogie damping



settings to prevent hunting oscillation.

Phase 2: Power Supply Simulation

Engineers perform load flow simulations to determine the placement of substations. Using the Resistivity (<�•of the

selected rail profile, they calculate the voltage drop across the line to ensure the Avenio receives a minimum of

500V DC even at the furthest point from a substation.

Phase 3: Integration of Digital Asset Management

The Avenio M software suite is integrated with the operator’s IT infrastructure. This involves setting up secure 5G or

Wi-Fi 6 data links at depots for the offloading of high-resolution diagnostic data collected during the day’s operation.

Troubleshooting and Maintenance Models

Even with advanced engineering, rail systems face operational challenges. Below is a matrix of common failure

modes and the engineering solutions provided by the Avenio platform.



Operational Challenge Impact Avenio Solution

Wheel Flat Spots Noise, vibration, track damage Advanced WSP (Wheel Slide 
Protection) systems using electronic 
sensors.

Catenary Wear High maintenance costs Auto-leveling pantographs with low-
friction carbon contact strips.

Thermal Overload Component failure in summer Redundant HVAC and liquid-cooled 
traction inverters located on the roof.

Data Latency Inaccurate asset tracking Edge computing units on the Avenio 
M for real-time data processing.

The Future of Urban Mobility and the Avenio Legacy

As cities move toward a carbon-neutral future, the role of vehicles like the Siemens Avenio becomes even more 

critical. The integration of Autonomous Driving Assistance Systems (ADAS)is the next frontier for the Avenio

platform. Modern iterations are already being tested with collision warning systems and autonomous emergency

braking, using LiDAR and camera-based sensors to detect pedestrians and obstacles in dense urban environments.

The success of the Avenio in cities like Budapest, Almada, and Ulm demonstrates that the future of transport is not 

just about the vehicle itself, but about the ecosystem of data and energythat surrounds it. By mastering the

physics of conductivity, the mechanics of low-floor modularity, and the digital logic of asset management, Siemens

Mobility has created a platform that is as durable as the steel it is built from and as flexible as the cities it serves.

In summary, the transition from simple light rail vehicles to sophisticated platforms like the Avenio M signifies a

broader shift in engineering. It is a shift from purely mechanical design to an integrated approach that values

electrical efficiency, digital transparency, and passenger-centric modularity. For engineers and city planners, the

Avenio represents a toolkit for building the sustainable, high-capacity transit networks of the 21st century.
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