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Overview
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ZF in Railway Technology

2022 | Rail Drive Systems | connect@rail - Infrastructure and Driveline Monitoring

ZF Friedrichshafen AG is a reliable partner for the journey 
into the future on rails. It is a global technology company 
that supplies systems for passenger cars, commercial 
vehicles and industrial technology, enabling the next 
generation of mobility. The products and solutions make rail 
vehicles ready for the complex requirements of modern 
mobility.
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Digital Solutions for Rail
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Infrastructure and 
Driveline Monitoring

Condition Monitoring System 
for Infrastructure and 
Driveline Components

Features:
• Flat Spot Monitoring

• Wheel-Tread Wear

• Infrastructure Monitoring

• Condition Monitoring Driveline 
Components

Smart Identification

Smart Fleet and Maintenance 
Management
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Infrastructure and Driveline Monitoring
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Keep an Eye on Everything. At any Time.

• Wireless sensor technology enables easy integration 
into rail vehicles 

• Monitoring wheel tires to detect wheel flats and wheel-
tread wear

• Monitoring and visualization of changes in rail 
infrastructure

• Latest algorithms for analysis and prediction of wear 
and damage 

• Automated notification in case of detected damage 
and recommendations on necessary maintenance work

• Presentation in customer-specific user interface

• Standardized interface solutions with Eco-System 
partners
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Smart Identification
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Smart Typeplate

Depot

Keep an Eye on Everything. Digitally.

• Type plate supplemented with RFID transponder

• Reliable, contactless detection of components, for 
example when entering the depot

• Automated, faultless identification without direct visual 
contact

• Paperless online documentation accessible from 
anywhere 

• Indication of pending maintenance

• Guided service activities according to product-specific 
documentation and checklists

• Direct documentation of completed maintenance work 
(maintenance history)

• Spare parts catalog and web store application

• Simple communication between operator, customer 
and service
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Scope of System & Technical Data
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• ZF IoT Cloud: Data storage and processing in the ZF IoT 
Cloud

• Dashboard visualization: Platform for a comprehensive 
infrastructure and driveline monitoring

• Heavy Duty TAG: Battery-operated Bluetooth sensor for 
detecting vibrations and the location

• Secure Gateway: Gateway to bundle the individual sensor 
data, data pre-evaluation and data transfer into the 
ZF Cloud

Scope of system: Hardware Scope of system: Software

Infrastructure and Driveline Monitoring
Connectivity Solutions Portfolio
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Please find also more information about 
the hardware on our website. 

Heavy Duty TAG: www.zf.com/hd-tag
VCU Pro Onboard Unit: www.zf.com/vcu

http://www.zf.com/hd-tag
http://www.zf.com/vcu
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Features

• Comprehensive recording of condition data, Bluetooth Low Energy 5.0 ensure 
trouble-free and energy-saving data connection between TAG and Gateway

• Designed for industrial use – optimized for use in rail vehicles

• Different, intelligent modes enable optimal measurement results, as well as 
maximum energy efficiency (service life: Up to five years)

• Optimally protected thanks to robust housing and IP65

Benefits

• Modular system of HD TAGs, Gateway and specific software packages, enables 
customized solutions for every application

• Wireless Bluetooth sensor for easy integration into existing systems

• Early insights regarding wear and damage

→ More information on our website: www.zf.com/hd-tag

Bluetooth sensor: Heavy Duty TAG

Infrastructure and Driveline Monitoring
Technical Data
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Heavy Duty TAG: 
the wireless sensor

http://www.zf.com/hd-tag
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Heavy Duty TAG: 
the wireless sensor

http://www.zf.com/hd-tag
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Features

• Secure acquisition and processing of sensor data

• Two independent processors

• Four CAN interfaces, four analog input and four digital output ports

• Supports Bluetooth, wireless network and all common GNSS 

• Permanent tracking of various parameters of vehicle, rail tracks and driving 
behavior via ZF IoT Cloud 

Benefits

• Easy and fast integration into existing vehicles

• Stable and secure connection to the ZF IoT Cloud 

• Secure over-the-air updates 

• Highly flexible data logging tool with possibility to change modes of data recording 
according to the current need

• Together with the Heavy Duty TAG, the VCU Pro Onboard Unit enables a
individually tailored monitoring system for any application

→ More information on our website: www.zf.com/vcu

Gateway: VCU Pro Onboard Unit 

Infrastructure and Driveline Monitoring
Technical Data
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Telematics Gateway: 
the secure connection

http://www.zf.com/vcu
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Infrastructure and Driveline Monitoring
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Telematics Gateway: 
the secure connection

http://www.zf.com/vcu


© ZF Friedrichshafen AG

Data processing: ZF IoT Cloud

Infrastructure and Driveline Monitoring
Technical Data
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The TAGs continuously measure and record the accelerations resulting from the wheel 
tread and the tracks

The measurements of the TAGs are collected via the Gateway and automatically stored 
in a cloud storage

Data processing and evaluation for subsequent visualization takes place in the ZF IoT 
Cloud or in a specific customer cloud

Integrable into existing systems 

Desktop and mobile version available
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Features

• IoT end-to-end solution including connectivity and report creation

• Operators obtain real-time analyses via a digital dashboard

• Accessible via various devices 

• Customized user dashboard

Benefits

• Permanent condition status of the assets

• Predictive maintenance planning

• Avoiding unscheduled service interruptions

• Modular dashboard of all ZF rail applications (Features) and Eco-System partner 
products

Dashboard visualization: User Interface

Infrastructure and Driveline Monitoring
Technical Data
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Dashboard: 
the user interface
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Infrastructure and Driveline Monitoring – Use Cases
Wheel Flats
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Solution:
The Infrastructure and Driveline 

Monitoring System from ZF provides an 
efficient basis for the early detection of 

flat spots

Wheel Flats

= Flat spots occur 
when exceeding the 
friction limit between 

wheel and rail.

Challenges:
• Flat spot causes abnormal 

vibrations

• Vibration causes further damages 
to bogie components

• High maintenance costs

• Noise impact for passengers and 
residents
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Flat Spot Monitoring
Detect Wheel Flats.
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MAIN CHARACTERISTICS 

18

Determination of damage to wheel tires using 
acceleration data

Automated notification in case of detected damage

Simple and fast implementation by the use of 
wireless sensors (Bluetooth communication)

Storage and analysis of the measured acceleration 
data in the ZF IoT Cloud

Transfer of the measured raw data to the customer 
via cloud-to-cloud communication possible

Overview of the current fleet & component status 
via user interface/dashboard

APPLICATION AREAS

Commuter 
Train

Highspeed 
Train

Tram Locomotive
Freight + 

Metro
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Infrastructure and Driveline Monitoring – Use Cases
Wheel-Tread Wear
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Solution:
The Infrastructure and Driveline 

Monitoring System from ZF provides an 
efficient basis for the early detection of 

wheel-tread wear.

Wheel-Tread 
Wear

= Wear of wheel 
surface, like e.g. 

shelling due to high 
stress.

Challenges:
• Difficult detection of wheel-tread 

wear of train wheels 

• Resulting in vibrations and further 
damage to bogie components, 
replacement of wheel

• Vibrations can cause safety relevant 
issues 
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Wheel-Tread Wear
Keeping the wheels round.
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MAIN CHARACTERISTICS 
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Determination of damage to wheel tires using 
acceleration data

Automated notification in case of detected damage

Simple and fast implementation by the use of 
wireless sensors (Bluetooth communication)

Storage and analysis of the measured acceleration 
data in the ZF Cloud

Data transfer via cloud-to-cloud communication 
possible

Overview of the current fleet & component status 
via user interface/dashboard

APPLICATION AREAS

Commuter 
Train

Highspeed 
Train

Tram Locomotive
Freight + 

Metro
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Future Features 
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Infrastructure Monitoring
Detect impacts on rail tracks.
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MAIN CHARACTERISTICS 
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Continuous monitoring of the rail track on damage 
or changes by recording statistical acceleration data

Exact localization via GPS

Measuring equipment in regular vehicles 
→ No special, expensive measuring vehicle required

Simple and fast implementation and retrofitting of 
existing vehicles by the use of wireless sensors 
(Bluetooth communication)

Storage and analysis of the measured acceleration 
data in the ZF Cloud

Data transfer via cloud-to-cloud communication 
possible

Monitoring (heatmap) of the current status and 
changes of the tracks over time via the user interface

APPLICATION AREAS

Commuter 
Train

Highspeed 
Train

Tram Locomotive
Freight + 

Metro
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Condition Monitoring Driveline
Components
Reduction of downtime.
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MAIN CHARACTERISTICS 
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Intelligent condition monitoring of driveline, chassis 
and bogie components (i.e. gearbox, dampers)

Standardized interfaces facilitate cloud-to-cloud 
solutions with other manufacturers (i.e. bearings, 
brakes)

Gearbox:

• Intelligent vibration monitoring of gears and 
bearings

• Dynamic oil condition and temperature 
monitoring

Chassis and bogie components

• Intelligent level monitoring

• Function monitoring using pressure sensors

• Temperature range from -30°C to +100°C
Commuter 

Train
Highspeed 

Train
Tram Locomotive Metro

APPLICATION AREAS

Intelligent vibration 
monitoring

Smart 
Typeplate

Dynamic oil
condition and 
temperature monitoring

CAN bus system

Permanent
level monitoring
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Infrastructure and Driveline Monitoring
Evolution
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Flat Spot Monitoring & Wheel-
Tread Wear

• Determination of damage to wheel 
tires using acceleration data

• Presentation in customer-specific 
user interface

• Automated notification in case of 
detected damage

Condition Monitoring 
Driveline Components

• Determination of damage to the 
track body using statistical 
acceleration data

• Illustrate changes in track condition 
over time

• Exact localization via GPS

• Presentation in customer-specific 
user interface

• Condition monitoring of gearbox 
and chassis components

• Standardized interfaces facilitate 
cloud-to-cloud solutions with other 
manufacturers (i.e. bearings, 
brakes)

Infrastructure Monitoring
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Cloud Environments and 
Collaboration
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ZF Eco System

• "Eco System" network of partnerships, cooperation's, and joint 
ventures to reduce time-to-market

• One digital, cloud-based platform for monitoring of driveline 
components

• Open, customer-specific software and hardware architecture 
enables the integration of partners into the ZF Eco System

• Standardized interface and encrypted data traffic via VPN or 
Internet

26
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Cloud Environments and Collaboration
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Hardware & 
Connectivity 

Solution

Customer 
visualization

ZF IoT Cloud
• Data base
• Analysis
• Visualization cloud2cloud

Cloud environments offer standard 
procedures for data exchange and content 
management

• Connectivity

• Use case implementation 

• Data security
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Highlights & Benefits
connect@rail
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Digital Condition Monitoring
At any time and from 
everywhere.

Predictive Maintenance 
Planning
Based on the condition to 
avoid unplanned down-
times.

Easy Integration and 
Retrofitting
The HD TAG and VCU Secure 
Gateway can be easily 
installed in existing vehicles.

ZF Competence
Certified series components 
according to railway standards.

Secure connection
Two independent processors 
guarantee a stable and secure 
connection to the ZF IoT Cloud.

Bluetooth communication
Latest Bluetooth connection 5.0 
for a trouble-free and energy-
saving data connection.

Eco System
Network of partnerships, 
cooperation's, and joint ventures 
to reduce time-to-market.
Integration of other system/ 
integration of the IDM to other 
systems possible.

Customized solutions
Features can be added and 
adjusted individually.
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Service Commitment 
We offer you a customized solution as an added value
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Individual, customer-
oriented application

Failure and wear detection 
at an early stage 

Modular and adjustable 
condition monitoring system

Efficient maintenance planning

ZF competence in the rail 
industry as well as data analysis

High product reliability and long 
service life

Global service 
network 



© ZF Friedrichshafen AGInternal © ZF Friedrichshafen AGInternal

Have we aroused your interest?

Contact us:
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ZF Friedrichshafen AG 
Industrial Technology
Marine & Special Driveline Technology 
Ehlersstr. 50 
88046 Friedrichshafen / Germany 
rail@zf.com

Or visit us online:
www.zf.com/connect-at-rail

mailto:rail@zf.com
http://www.zf.com/connect-at-rail
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ZF Friedrichshafen AG behält sich sämtliche Rechte an den gezeigten

technischen Informationen einschließlich der Rechte zur Hinterlegung von 

Schutzrechtsanmeldungen und an daraus entstehenden Schutzrechten im

In- und Ausland vor.

ZF Friedrichshafen AG reserves all rights regarding the shown technical 

information including the right to file industrial property right applications and 

the industrial property rights resulting from these in Germany and abroad.

Let’s Shape the 
Next Generation Mobility 
Together!


