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About present year’s seminar topic

Vehicle Dynamics 2026 —
— Future directions
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Energy and climate Electric propulsion, 

AI in development 
and/or in vehicles,

Big data, 

Cloud technologies,

and …

Sustainability and 
resilience 

Global and local 
perspectives 

• Many of these opportunities have existed 
for decades. However, in present decade, 
global and local political developments 
have increased the urgency to act on them.

• Challenges and opportunities:

• A very open topic!
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Our annual Vehicle Dynamics seminars
Year Topic Location

2013 Vehicle Dynamics Challenges Lindholmen, Göteborg

2014 Vehicle Dynamics in a Cooperative Environment Scania, Södertälje

2015 Vehicle Dynamics for Energy Efficient Mobility Chalmers, Göteborg

2016
Functional Architectures and Virtual Methods for Efficient 
Vehicle Dynamics Development

NEVS, Trollhättan

2017 Vehicle Dynamics  for Automated Driving Scania, Södertälje

2018 Model Fidelity for Vehicle Motion Predictions Chalmers, Göteborg

2019 <replaced by IAVSD international conference> Göteborg

2020 <cancelled> Cancelled, due to pandemic

2021 Future Mobility …and not only Lateral On-line, due to pandemic

2022 Connected and Electric KTH, Stockholm and on-line

2023 Testing, development, and verification AstaZero, Sandhult and on-line

2024 Virtual verification Linköping and on-line

2025 Model exchange for virtual pre series Göteborg, Chalmers and on-line

2026 Vehicle Dynamics -- Future Directions Autoliv, Vårgårda and on-line

2027 (to be discussed at the wrap-up of 2026’s seminar)
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Purpose with the seminar

• Present and discuss interesting issues within Vehicle 
Dynamics and within the topic which is selected each year

• Create understanding and interest for vehicle dynamics

• Develop, increase, and spread competence

• Networking between engineers, organisations, and students

SVEA was formed during 1989-1990.

SVEA’s objectives:
• To make vehicular technology’s voice heard in an increasingly more challenging 

debate among different vehicle types and transport modes both domestic and globally

• To build a network for efficient distribution of technological information

• To attract the next generation of Swedish vehicular engineers
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VDCA “core group” has 
representatives and contributions 
from vehicle manufacturers, 
university groups in the subject 
Vehicle Dynamics, and VTI:

Autoliv

AFRY Automotive

AstaZero

Chalmers

KTH

Polestar

Scania

Volvo Cars

Volvo Trucks

VTI

Zeekr Technology Europe
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Filip Petersson, Autoliv 
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Sustainability in commercial transport: the 

eTrailer from Trailer Dynamics,  

Abdullah Jaber, CEO and Dr.-Ing. René Henn, 
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Sustainability in commercial 
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Trailer Dynamics

Dr.-Ing. René Henn

Head of Vehicle Performance, Validation & Testing

Abdullah Jaber

CEO Trailer Dynamics GmbH
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Trailer Dynamics

Who we are and our motivation

Our idea:

Electrification of semi-trailer

Our partners:

Krone, Jost & Thermo King

Our team:

90 employees

Our target:

Series-production readiness

Our mission:

Contribute to decarbonization of 

heavy duty transport

Our location:

Eschweiler



The eTrailer



The eTrailer

E-Kit: modular system for electrification of semi-trailer

E-Kit:
• Contains sensed king-pin, control box, electric axle and 

high voltage battery system

• 800V system voltage

• Modularer system approach



The eTrailer

Electric axle & motor-gearbox-unit

Electric axle & motor-gearbox-unit
• Two electric engines/inverter with central gearbox

• Transmission to wheel end by crank shafts

• Continously power: 360 kW

• Peak power: 580 kW



The eTrailer

Battery system

Battery system
• Charging power up to 350 kW DC

• Available in three capacity specifications:

• 187 kWh

• 367 kWh

• 551 kWh

• Homologation according UN-ECE R 100



The eTrailer

Control box

Control box
• Low voltage system & high voltag energy distribution

• Battery management system

• Vehicle control unit

• Thermal management



The eTrailer

King-pin

King-pin
• Regulation of the eTrailer by redundant sensing system

• Independent from the tractor unit

• Automatic recalibration



02
Testing of
structural design



Testing for structural design

Test cases: shunting, sleeping police men, ramp crossing, square profile etc.



Component Tests

Dust and water intrusion at Power Distribution Unit



Component test

eAxle



Componenten Test

Control box
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Integration tests



Homologation

UN ECE R 10 – Elektromagnetische Verträglichkeit

Source: EMV Labor NRW 



Testing on low-µ tracks

Development of Anti-Slip-Regulation (ASR)



Winter Test 2026

Optimization

 Testing of eTrailer components during driving and charging at 
low temperatures (-30°C)

 Testing of Anti-Slip-Regulation (ASR) and king-pin regulation on 
snow and ice

 Brake testing on snow & ice

 Trip to Polar circle as long haul test on snow and ice

 Optimiziation of efficiency and thermal battery management for
cold countries

 Testing with diesel and BEV tractor units



Acceleration on ice

Testing on ice patches

Without usage of ASRWith usage of ASR
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• Test track contains irregular patches of ice 

and dry asphalt

• Control system of eTrailer needs to 

interact with ASR

• Result:

• Very stable driving behavior with 

ASR

• More rough behavior without ASR



Summer Test 2025

Optimization of cooling system

 Testing of warming and cooling of eTrailer components during driving and 
charging at hot temperatures up to 40°C

 Up- and downhill testing in Sierra Nevada at high outside air
temperatures



Development of eTrailer tires with Continental

 Tire profile and rubber specification optimized for usage
in an eTrailer

 Legal for usage on public roads

 Tested in cold and hot countries (Sweden / Spain)
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Testing with different 
tractor units



Testing with different tractor units



Testing on public roads

Comparision of eTrailer with conventional trailer on reference tracks



Truck Efficiency Run

Regulation

Class 1: 10 trucks

Class 2: 3 trucks (all BEV)

Class 3: 0 trucks

Class 4: 1 truck

+ Trailer dynamics eTrailer with diesel tractor unit

Scoring:

Vehicle classes:

Max. vehicle mass:

Source: European Truck Race Association / Federation Internationale d’Automobile



Truck Efficiency Run



Truck Efficiency Run

10.07.2025 Nürburgring GP-track (short) + Nordschleife

24.1 kmDistance

20.6 ltr. / 100 kmAverage diesel consumption tractor unit

24 kWhTotal energy consumption eTrailer

103,7 kWh / 100 kmAverage energy consumption eTrailer

83,6 %SOC start

79,2 %SOC end



33.4 ltr. / 100 kmAverage diesel consumption (Krone truck)

20.6 ltr. / 100 km

(38,3% saving)

Average diesel consumption (TD eTrailer)

Truck Efficiency Run (TER)

Results – Performance Index (PI) vs. lap time

PI contains

penalty time

Krone truck with standard trailer

TD truck with eTrailer

Krone truck

TD eTrailer

Winner of TER

Source: European Truck Race Association / Federation Internationale d’Automobile



Truck Efficiency Run

Results

Krone

truck

TD 

eTrailer

*

*

*: PI contains penalty time

Source: European Truck Race Association / Federation Internationale d’Automobile



Testing with electric tractor units

Field tests – customer targets

Field test „Black Forrest“

• Use electric tractor unit on a daily trip of 475 km in Black Forrest region without 
recharging the tractor unit during the trip

• Result: 40% SOC remaining in tractor unit at the end of the test

Field test „Long Haul“

• Elongate range of electric tractor unit 

• Test charging infrastructure between the Netherlands and Hungary

Trailer Dynamics internal tests

• Winter test with elcetric tractor unit: testing usability in Swedish winter

• Long haul test with testing of charging infrastructure

 Depending on usage profile very clear extension of range and 
reduction of travel time because tractor unit might not be charged 
during the trip

© Schöni



Many thanks for you attention!



Presentation 3:  

A path-following controller for reversing 

tractor-trailer and A-double,  

Zhaohui Ge, Chalmers University of Technology, 

Göteborg 



A path-following controller for 
reversing tractor-trailer and A-double
Zhaohui Ge, Vehicle Dynamics group, Chalmers
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3. Control design

4. Test results

5. Future work
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1. Background
Parking an A-double at Port of Gothenburg

• Time: ≈ 8 minutes

• Gear change: 32 times

• Handwheel travel: 8572 degrees ≈ 24 circles

3
Tractor’s path

Travel Distance [m]
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2. Test vehicle
Sensing

All signals transmitted via CAN
• Articulation angle sensors
• GNSS & IMU on the last trailer
• Tractor speed

4

Angle sensor 1

Tractor speed

Angle sensor 2 Angle sensor 3

GNSS & IMU
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2. Test vehicle
Actuating

External steering interface via CAN
• Steering (-100~100%)
• Acceleration pedal position (0~100%)

Manual
• Parking brake
• Service brake
• Gear 

5
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3. Control design
Layout

Predefined inputs
• Reference path
• Sensor offsets

Control
• Lateral control 
• Longitudinal control 

Communication
• CAN inputs (Vehicle, Articulation, GNSS)
• CAN outputs (Vehicle)
• Logger

6



2026-05-07

3. Control design
Simulation environment, Communicate via Simulink signal

7

Controller

Vehicle & Sensor models
Control input

Measured outputs
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3. Control design
Simulation environment, Communicate via virtual CAN

8

Controller Vehicle & Sensor 
models

No connections via 
Simulink signals

Vehicle 
CAN

Vehicle 
CAN

Arti. 
CAN

GNSS 
CAN

Arti. 
CAN

GNSS 
CAN
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3. Control design
Longitudinal control

PI controller

• Output saturation applied
• Different 𝐾𝐾𝑝𝑝 and 𝐾𝐾𝐼𝐼  applied to different vehicles 

9
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3. Control design
Lateral control, Layout

10

Arti. angle 
CAN

GNSS
CAN

Path 
reference
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modification
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3. Control design
Lateral control, Path reference

Step 1. Define waypoints 𝑋𝑋,𝑌𝑌  with a large 
distance (>1 m) in between.

Step 2. Reduce the distance between 
waypoints to a small distance (0.1 m) with 
spline interpolation.

Step 3. Calculate path heading and curvature 
based on waypoints.

11

discontinuity
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3. Control design
Lateral control, Path reference with smooth curvature

Approach 1. Pseudo-continuous curvature
Same waypoints with smoothed curvature

Approach 2. Replan with decimated 
waypoints

• Decimate waypoints and heading with a large 
interval (20 m)

• Use existing smooth planning functions 
(smoothPathSpline)

Future approach, higher order continuity in 
curvature (for continuous steering angle)

• Tractor-trailer, continuous 𝜅𝜅′
• A-double, continuous 𝜅𝜅𝜅𝜅𝜅12
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3. Control design
Lateral control, Straight line tracking

Modified pure pursuit

• Desired path radius for the last trailer

• From 𝑅𝑅4 to the corresponding steady state 
based on the kinematic model

• Precompute lookup tables from 𝑒𝑒𝑌𝑌 to 
𝜃𝜃1, 𝜃𝜃2, 𝜃𝜃3 𝑆𝑆𝑆𝑆 and 𝛿𝛿𝑠𝑠𝑠𝑠

13

𝑒𝑒𝑦𝑦

𝑙𝑙𝑎𝑎

𝑅𝑅4

𝑅𝑅4 𝑅𝑅3
𝑅𝑅2

𝑅𝑅1 𝛿𝛿 −

𝜃𝜃1 −

𝜃𝜃2 −

𝜃𝜃3 −
Reference 

path

Reverse direction
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3. Control design
Lateral control, Straight line tracking 

• Low tracking error for straight sections
𝑒𝑒𝑦𝑦 = 0.06 m at 𝑌𝑌 = −30 m

• High steady-state error for circular sections
𝑒𝑒𝑦𝑦 = 1.62 m when 𝑅𝑅 = 15 m

14

X [m]
-40 -20 0 20 40

Y 
[m

]

-30

-20

-10

0

10

20

30

Unit 4
Reference

𝑅𝑅 = 15 m

Simulation



2026-05-07

3. Control design
Lateral control, Circular arc tracking

Eliminate steady-state offset by reference 
modification
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3. Control design
Lateral control, Circular arc tracking
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4. Test results
Tractor Trailer, Constant radii (30, 20, 10 m), 1 m/s

• Stable tracking

• Steady-state error when Radius 
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4. Test results
Tractor Trailer, Figure 8 (10, 20 m), 1 m/s
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4. Test results
Tractor Trailer, Figure 8 (8 m), 1 m/s
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4. Test results
Tractor Trailer, 
90-degree turn (15, 10, 8, 5 m), 1 m/s
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4. Test results
A-Double, Straight line, 0.5 m/s
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4. Test results
A-Double, Constant radius (30 m),
0.5 m/s
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4. Test results
A-Double, 90-degree turn (20 m), 0.5 m/s
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4. Test results
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A-Double, 90-degree turn (20 m), 0.5 m/s
• 𝑙𝑙𝑎𝑎 = 15.40 m • 𝑙𝑙𝑎𝑎 = 11.55 m 

• 𝑙𝑙𝑎𝑎 = 15.40 m 
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4. Test results
A-Double, 90-degree turn (10 m), 0.5 m/s
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4. Test results
A-Double, U-turn (25 m), 0.5 m/s
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5. Future work
To be tested in June
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Bi-directional controller

Performance under different conditions
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Background ‒ Driving dynamics simulations started in 

larger scale with lateral and roll stability 

studies of heavy commercial vehicle (HCV) 

combinations with Finland's HCT trials in 

2013

‒ First full-scale vehicle tests were followed by 

simulation studies when transport companies 

started to apply for HCT trial permits which 

then led to vehicle combination dimensioning

studies

‒ Tire models were required for simulations 

and following first measurements done by 3rd

parties and model fits, interest towards tires 

and their performance increased

‒ This resulted in the desire to develop own

testing equipment capable of measuring heavy 

vehicle tyre forces in their typical usage

First Finnish HCT full-scale 

vehicle tests in Lappeenranta 

(2013)!
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Introduction ‒ In northern countries, winter season brings 

significantly varying driving conditions 

‒ The effect of tyre performance is emphasized 

with long heavy vehicle combinations due to 

interaction of several units with multiple 

axles.

‒ Quantifying tyre performance on various 

winter road conditions is not an easy task, as 

both are complex systems

‒ Considering these points, mobile approach 

to tyre force measurement equipment was 

selected and resulted in the Tyre Testing 

Trailer (TTT)

‒ In the E! SafeTrucks project, TTT has been 

utilized to gather tyre performance data on 

wide variety of road conditions
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Tested Tyre set

No Size and LI Position Type Name Rim Inflation (bar) Load 1 (kg) Load 2 (kg) Load 3 (kg) Load 4 (kg) Speed (km/h) Slip [%] Slip angle “Nominal load [kg]” 2024 2025 2026

1
315/70R22.5 

156/150L S Winter S1 9.00 9.0 2000 3250 4500
15 0…-100 ± 15°

4000 X X X

2
315/70R22.5 

156/150L S Allseason S2 9.00 9.0 2000 3250 4500
15 0…-100 ± 15°

4000 X X

3
315/70R22.5 

154/150L D Winter D1 9.00 8.0 1000 2000 3000 4000
15 0…-100 ± 15°

2500 X X X

4
315/70R22.5 

152/148M D Allseason D2 9.00 8.0 1000 2000 3000 4000
15 0…-100 ± 15°

2500 X X X

5
275/70R22.5 

148/145L T Allseason T1 8.25 9.0 1000 2000 3000 4000
15 0…-100 ± 15°

2500 X X

6
385/55R22.5 

160K ST Winter ST1 11.75 9.0 1000 2500 4000 5000
15 0…-100 ± 15°

4500 X X X

7 385/55R22.5 

160K ST

Winter

studded ST1_S 11.75 9.0 1000 2500 4000 5000
15 0…-100 ± 15°

4500 X X

8 385/55R22.5 

160K ST Winter ST2 11.75 9.0 1000 2500 4000 5000
15 0…-100 ± 15°

4500 X X

9 385/55R22.5 

160K ST Allseason ST3 11.75 9.0 1000 2500 4000 5000
15 0…-100 ± 15°

4500 X

10 385/55R22.5 

160K ST Allseason ST4 11.75 9.0 1000 2500 4000 5000
15 0…-100 ± 15°

4500 X X

11
385/55R22.5 

160K Worn ST Winter ST1W 11.75 9.0 1000 2500 4000 5000
15 0…-100 ± 15°

4500 X

12
385/55R22.5 

160K Worn ST Allseason ST3W 11.75 9.0 1000 2500 4000 5000
15 0…-100 ± 15°

4500 X

19/05/20264 Machine and Vehicle Design (MVD) – University of Oulu
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Test location and conditions

19/05/20265

• Tests done at Pudasjärvi airport (EFPU)

• Full runway length 2,12 km, width 50 m

• Between weeks 6 and 10 from 2024 to 2026

• Temperature ranges from -31°C to +3°C
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Tyre Testing Trailer 
(TTT)

‒ Specifications:

- Rim sizes 19,5” ja 22,5”

- Wheel diameter 800-1300 mm

- Tire width up to 455 mm

- Wheel load up to 60 kN

- Steering angle ± 45 degrees

- Camber angle ± 10 degrees

- Maximum braking moment 25 kNm

‒ Tire forces and moments calculated 

from strain gage measurements from 

rods holding the measuring hub

‒ Other measurents, including but not 

limited to:

- Wheel speeds

- Measured tire steering angle and height 

- RTK GPS for improved slip angle and trailer speed 

estimation

- Sisu equipped with optical friction meter for friction 

estimation, surface and ambient temperature
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*Tests are usually run on two directions to use time 

efficiently

Measurement procedure
(Pure lateral slip, Fy)

Set vertical 
load on the 
tire, start 

data 
logging

1
Accelerate 
to desired 

speed2
Start test 
sequence 
and run 
sweeps

3
Stop once 
sequence 
is finished4

Save and 
review 
data5

Lift tire and 
continue to 

next 
direction / 
tire / etc

6

1

2

3

4

5

Stop Acceleration Constant speed Stop Turn around
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Processing Fy measurement data
• Filter raw data

• Snip filtered data from first 

minimum to last minimum  

• Separate test cycle to individual 

sweeps

•  Normalized lateral force (Fy/Fz) 

against steering angle

Average by steering angle to compensate the 

relaxation length

Horizontal and 

vertical shifts if 

needed

CS estimate after 

relaxation comp.
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Measurement procedure

(Pure longitudinal slip, Fx)

Set vertical 
load on the 
tire, start 

data 
logging

1
Accelerate 
to desired 

speed2
Start test 
sequence 
and run 
brake 
cycles

3
Stop once 
sequence 
is finished4

Save and 
review 
data5

Lift tire and 
continue to 

next 
direction / 
tire / etc

6

Stop Acceleration
Constant 

speed
Stop

Turn 

around

*Tests are usually run on two directions to 

use time efficiently
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Processing Fx measurement data

Snip filtered data 

from first brake 

pressure minimum 

to last minimum  

Individual brake cycles 

are separated based 

on brake pressure and 

slip ratio

• Normalized Fx (Fx/Fz) of brake 

cycles is plotted against slip %

• Results from individual cycles are 

averaged by slip ratio for 

longitudinal slip curve
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2024 measurements 
and results

‒ Week 6

- Hard packed snow

- Limited tyre set

- First runs with updated brake setup

- Running time limited due to harsh 

temperatures

- Daytime temperatures around -25 °C, 

nighttime and morning temperatures under 

-30 °C

‒ Week 10

- Asphalt

- Temperatures around 0 °C, was not 

possible to freeze an ice surface

19/05/2026 Machine and Vehicle Design (MVD) – University of Oulu11
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2024 measurements and results

19/05/202612 Machine and Vehicle Design (MVD) – University of Oulu

Snow Asphalt
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2025 measurements 
and results

‒ Week 6

- Hard packed snow and icy hard packed 

snow

- Temperatures in suitable range

- Limited testing time due to excessive

snowing

- First braking pilot with multiple heavy 

vehicles and vehicle combinations

‒ Week 9

- Wet ice

- Temperatures above 0 °C

- Testing limited to 1½ days due to ice

softening

19/05/2026 Machine and Vehicle Design (MVD) – University of Oulu13
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2025 measurements and results
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2026 measurements 
and results

‒ Week 6

- Hard packed snow, groomed after each

day

- Good measurement conditions

- Pure lateral and longitudinal 

measurement for full tyre set

‒ Week 7

- SafeTrucks pilot demonstration with 

braking distance demonstrations 

https://www.youtube.com/watch?v=OpoZ

WqqDYeg

‒ Week 8

- Testing new suspension setup for TTT

19/05/2026 Machine and Vehicle Design (MVD) – University of Oulu15
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2026 measurements and results
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Conclusions 1/2 ‒ Winter seasons vary a lot and 

planning outdoor testing can be 

challenging and it affects road 

transport in general

‒ For these measurements,

weather conditions limited

testing but gave a good

opportunity to measure tyres in 

highly varied road conditions

- Wet Ice, icy hard packed snow, hard

packed snow and cold asphalt

- Upgrades on the measuring 

equipment performed in satisfactory 

level
19/05/2026 Machine and Vehicle Design (MVD) – University of Oulu17
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Conclusions 2/2 ‒ On-going activities now:

‒ Reviewing all the measurement 

data

‒ Pure longitudinal slip

measurement data processing 

and relaxation compensation

‒ Tyre model fitment to 

measurement data

- Aim is to produce generalized tyre models 

for different road conditions and use 

cases

‒ Continue emproving slip angle 

estimation with RTK GPS data
19/05/2026 Machine and Vehicle Design (MVD) – University of Oulu18
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Thank you for your 
attention!
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