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MANAGEMENT SUMMARY (EN) 
This report presents a technical analysis of the Super Eco Combi’s (SEC) traction performance, with 
focus on the Dutch EMS2 Safe Starter Set – a trial vehicle configuration envisioned by the Ministerie 
van Infrastructuur and Waterstaat along with vehicle OEMs intended to test the feasibility of SECs on 
Dutch public roads, this is envisioned to be a combination of a DAF 6x2 FTG Tractor, Pacton steerable 
Semitrailer and Dolly, and a Krone Semitrailer. This combination features a 6x2 pusher axle tractor, 
steerable first trailer and dolly along with a standard second trailer. The assessment focused primarily 
on the Dutch EMS2 vehicle regulations, in particular the 20% drive axle (group) load requirement. 
 
Background 
The SEC is a long and heavy vehicle combination (currently up to 34.5 meters length and up to 76 tons 
gross weight) intended to reduce road freight emissions, driver shortages, and traffic congestion by 
replacing two standard truck trips with a single journey. Although successful trials have been conducted 
in Sweden, Finland, and Spain, the Netherlands has faced regulatory and technical hurdles, particularly 
concerning traction and safety requirements. 
 
Study Objectives and Approach 
The primary goal is to assess whether the Safe Starter Set meets safety and regulatory standards, 
notably the requirements around ensuring 20% of the gross vehicle weight is supported by the driven 
axle(s), whereas the 20% is required on the tractor’s rear axle group in the presence of drive away 
aides. The study employs static and dynamic simulations, stakeholder interviews, and regulatory 
reviews. 
 
The methodology involves: 

• Static axle load calculations for various SEC combinations along with traction and powertrain 
impact analysis 

• Multibody simulations of static axle loading, vehicle dynamics on slopes and during 
acceleration of the envisioned Safe Starter Set 

• Interviews with logistics sector stakeholders and the Dutch vehicle homologation authority 
(RDW) 

 
Key Findings 

• Results indicate that the Safe Starter Set achieves less that the 20% drive axle load threshold 
under many loading conditions and consequently is projected not to comply with 
homologation requirements. Simulations suggest that the maximum achievable drive axle load 
under typical conditions is around 9–16%, with only optimized long wheelbase trailers and 
lifting of auxiliary axles approaching the threshold, albeit sometimes with axle load overloads. 
Fifth wheel optimization offers a further 1-2% gain. It is important to note that a temporary 
overload of the drive axle up to 25% (14.4 tons) is legally allowed at speeds below 30 km/h, 
which influences the practical feasibility of meeting this traction target. 

• Among axle configurations analysed, the 6x2 tag axle tractor generally performs better in 
approaching the 20% drive axle load requirement than the 6x2 pusher axle setup, though both 
face challenges when standard first trailer wheelbases are considered. 

• Front-to-back cargo loading optimizes drive axle load more effectively than uniform load 
distribution, impacting compliance potential. 

• The acceleration performance of the Safe Starter Set was conservatively benchmarked to 
accelerate from 0 to 60 km/h in up to 58 seconds and 590 meters with 13% drive axle load on 
a flat and wet road, whereas the expectation is to be within 425 meters. 
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• A minimum drive axle load of 20% is essential for low-speed start conditions, especially to 
maintain traction on inclined wet roads. At higher speeds, at least 15% drive axle load can be 
expected to achieve acceleration benchmarks. 

• RDW requirements could be met with various vehicle combinations that ideally require a 
longer wheelbase first trailer to sufficiently load the fifth wheel. Steerability of this special 
trailer type is crucial. 

• The logistics sector strongly supports the use of steerable dollies to improve manoeuvrability, 
while RDW currently disallows these due to safety concerns, highlighting a notable mismatch 
between sector desires and regulator caution. 

• Future technologies such as e-axles and electrically driven dollies hold promise for overcoming 
current traction limitations, but existing regulations do not yet accommodate these 
innovations. 

 
Recommendations 

 
• Consider extending the wheelbase of the first semi-trailer to increase kingpin load. 
• In real-world testing of the Safe Starter Set, optimize the use of all axle lifting opportunities 

and rearward positioning of the fifth wheel, considering varying load conditions. The drive 
away aid based on electronically controlled air suspension has a significant positive impact on 
drive axle loading. 

• Aligning more in detail about test criteria (e.g., loading conditions of the semitrailers in the 
test) to better prepare exact configurations. 

• Enable tractors equipped with modern traction control systems and hill-start assist to improve 
safety and drivability under marginal grip conditions. 

• Consider mandating the use of winter tyres to enhance traction in wet and cold seasons. 
• Conduct further analyses of manoeuvrability and high-speed lateral stability for different SEC 

variants, as performance is expected to vary significantly due to differences in wheelbase 
lengths and axle load distributions. 
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MANAGEMENT SAMENVATTING (NL) 
Dit rapport presenteert een technische analyse van de trekkrachtprestaties van de Super Eco Combi 
(SEC), met de focus op de Nederlandse EMS2 Safe Starter Set – een proefvoertuigconfiguratie die wordt 
voorgesteld door het Ministerie van Infrastructuur en Waterstaat samen met voertuigfabrikanten, 
bedoeld om de haalbaarheid van SEC’s op de Nederlandse openbare wegen te testen. Deze combinatie 
bestaat uit een DAF 6x2 FTG trekker, een Pacton meesturende semitrailer en dolly, en een Krone 
semitrailer. Deze combinatie beschikt over een 6x2 trekker met pusher-as, een meesturende eerste 
oplegger en dolly, en een standaard tweede oplegger. De beoordeling was vooral gericht op de 
Nederlandse EMS2-voertuigregelgeving, en in het bijzonder op de eis van 20% draaglast op de 
aangedreven as (groep). 
 
Achtergrond 
De SEC is een lange en zware voertuigcombinatie (momenteel tot 34,5 meter lengte en tot 76 ton bruto 
gewicht) die bedoeld is om de emissies van goederenvervoer, het tekort aan chauffeurs en 
verkeerscongestie te verminderen door twee standaard ritten met vrachtwagens te vervangen door 
één rit. Hoewel succesvolle proeven zijn uitgevoerd in Zweden, Finland en Spanje, kampt Nederland 
met regelgevende en technische uitdagingen, met name op het gebied van tractie en 
veiligheidsvereisten. 
 
Doelstellingen en Aanpak van de Studie  
Het primaire doel is om te beoordelen of de Safe Starter Set voldoet aan de veiligheidseisen en 
regelgeving, met name aan de eis dat 20% van het bruto voertuiggewicht gedragen wordt door de 
aangedreven as(sen), waarbij deze 20% geldt voor de achterasgroep van de trekker bij aanwezigheid 
van hulpwegrij-inrichtingen. De studie maakt gebruik van statische en dynamische simulaties, 
interviews met belanghebbenden en een beoordeling van relevante regelgeving. 
 
De methodologie omvat: 

• Statische asdrukberekeningen voor verschillende SEC-combinaties, samen met een analyse van 
het effect op tractie en aandrijflijn 

• Multibody-simulaties van statische asbelasting, voertuigdynamica op hellingen en tijdens 
acceleratie van de beoogde Safe Starter Set 

• Interviews met stakeholders uit de logistieke sector en de Nederlandse 
voertuighomologatieautoriteit (RDW) 

 
Belangrijkste Bevindingen 

• De resultaten geven aan dat de Safe Starter Set onder veel beladingsomstandigheden niet de 
grens van 20% draaglast op de aangedreven as bereikt en daardoor waarschijnlijk niet zal 
voldoen aan de homologatie-eisen. Simulaties suggereren dat de maximaal haalbare last op de 
aangedreven as onder typische omstandigheden circa 9–16% bedraagt, waarbij alleen 
geoptimaliseerde trailers met een lange wielbasis en het heffen van hulpassen de grens 
benaderen, zij het soms met overbelasting van assen. Optimalisatie van de kingpin biedt een 
verdere winst van 1–2%. Het is belangrijk op te merken dat tijdelijk een overbelasting van de 
aangedreven as tot 25% (14,4 ton) wettelijk is toegestaan bij snelheden onder 30 km/u, wat de 
praktische haalbaarheid om aan deze trekkrachtdoelstelling te voldoen beïnvloedt. 

• Onder de geanalyseerde asconfiguraties presteert de 6x2 trekker met tag-as over het algemeen 
beter in het benaderen van de 20% draaglast op de aangedreven as dan de 6x2 trekker met 
pusher-as, hoewel beide uitdagingen ondervinden bij standaard wielbases van de eerste 
oplegger. 
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• Belading van lading van voren naar achteren optimaliseert de draaglast op de aangedreven as 
effectiever dan een uniforme belading, wat van invloed is op het voldoen aan de eisen. 

• De acceleratieprestaties van de Safe Starter Set werden conservatief getoetst op het 
accelereren van 0 naar 60 km/u in maximaal 58 seconden en 590 meter met 13% aandrijfrellast 
op een vlakke en natte weg, terwijl de verwachting is binnen 425 meter te blijven. 

• Een minimale draaglast van 20% op de aangedreven as is essentieel voor startsituaties bij lage 
snelheid, vooral om trekkracht te behouden op hellende, natte wegen. Bij hogere snelheden 
kan worden verwacht dat ten minste 15% last op de aangedreven as voldoende is voor het 
behalen van de acceleratie-eisen. 

• RDW-eisen kunnen worden gehaald met diverse voertuigcombinaties die idealiter een langere 
wielbasis van de eerste oplegger vereisen om de kingpin voldoende te belasten. De 
stuurbaarheid van dit speciale trailertype is cruciaal. 

• De logistieke sector ondersteunt sterk het gebruik van meesturende dollies om de 
manoeuvreerbaarheid te verbeteren, terwijl RDW deze vanwege veiligheidszorgen momenteel 
niet toestaat, wat wijst op een opvallende mismatch tussen sectorwensen en regulatorische 
voorzichtigheid. 

• Toekomstige technologieën zoals e-assen en elektrisch aangedreven dollies bieden perspectief 
om de huidige beperkingen in trekkracht te overwinnen, maar bestaande regelgeving sluit deze 
innovaties nog niet in. 

 
Aanbevelingen 
• Overweeg de wielbasis van de eerste semi-oplegger te verlengen om de belasting op de kingpin 

te vergroten. 
• Optimaliseer bij testen van de Safe Starter Set het gebruik van alle mogelijkheden voor het 

heffen van assen en het naar achteren plaatsen van de kingpin, met oog voor wisselende 
beladingscondities. De wegrijhulp op basis van elektronisch geregelde luchtvering heeft een 
significante positieve invloed op de last op de aangedreven as. 

• Stem de testcriteria (zoals beladingscondities van de semi-opleggers in de test) beter op elkaar 
af om de exacte configuraties beter voor te bereiden. 

• Maak het mogelijk dat trekkers uitgerust met moderne tractiecontrolesystemen en hill-start 
assist de veiligheid en rijbaarheid verbeteren onder marginale gripcondities. 

• Overweeg het verplicht stellen van winterbanden om de grip in natte en koude seizoenen te 
verbeteren. 

• Voer verdere analyses uit naar manoeuvreerbaarheid en laterale stabiliteit bij hogere snelheid 
voor verschillende SEC-varianten, aangezien de prestaties naar verwachting sterk variëren door 
verschillen in wielbasissen en aslastverdelingen. 
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DEFINITIONS  
This section provides definitions of various tractor configurations referenced throughout the report. 
These configurations are critical in understanding traction performance, axle load distribution, and 
regulatory compliance of Super Eco Combi (SEC) combinations. 
 
4x2 Tractor 
A 4x2 tractor has two axles, of which only one is driven. This is the most common tractor configuration 
in Europe for standard freight transport. It is lightweight and fuel-efficient, but offers limited traction, 
especially under high-load or low-friction conditions, which can be a constraint in SEC applications. 
 
6x2 Tractor 
A 6x2 tractor has three axles, but only one of the two rear axles is driven. The non-driven axle (either 
a pusher or tag axle) can often be lifted to increase traction temporarily, known as the “drive away aid”. 
This configuration provides better load distribution opportunities than 4x2 due to liftable axles, but still 
has limited traction compared to 6x4. 

• Pusher axle: Non-driven axle located in front of the drive axle. 

• Tag axle: Non-driven axle located behind the drive axle. 
 

6x4 Tractor 
A 6x4 tractor has three axles, with both rear axles driven. . This configuration offers superior traction 
with given necessary load on the 5th wheel, especially on slopes or slippery surfaces, making it suitable 
for heavy-duty or off-road applications. However, it is heavier, less fuel-efficient, and less manoeuvrable 
due to having only one steering axle, making it less ideal for regular logistics or SEC applications. 
 
4x4 Tractor 
A 4x4 tractor has two axles, both of which are driven. This setup is typically used in off-road or 
specialized operations requiring high traction. It is rare in long-haul freight due to its weight, 
complexity, and reduced payload efficiency. 
 

 
Figure 1: Towing vehicle axle configurations 
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1. INTRODUCTION 
The Super Eco Combi (SEC), also known as European Modular Standard 2 (EMS2) is a high-capacity 
commercial vehicle combination consisting of a tractor unit, a dolly, and two semi-trailers. The overall 
configuration can reach a total length of up to 34.5 meters and a gross vehicle weight (GVW) of up to 
76 tonnes, with slight variation in each country’s implementation. This extended configuration allows 
for a cargo capacity equivalent to that of two standard tractor-semitrailer combinations (each 
approximately 16.5 m), thereby reducing the number of required trips. As a result, the SEC contributes 
to lower exhaust emissions, better logistical efficiency, improved road-space utilization, and can help 
alleviate the shortage of qualified drivers in the freight sector. 
 
The SEC is currently permitted to operate under specific conditions in countries such as Finland, 
Sweden, and Spain, with a pilot program launched in Denmark in January 2024. These countries have 
reported mostly favourable outcomes, particularly in terms of reduced emissions and lower vehicle-
kilometre demand for equivalent cargo volumes. Countries choose either infrastructure adaptation or 
vehicle configuration adaptation. Importantly, based on the available monitoring data, no significant 
adverse effects on road safety have been observed in these deployments1. 
 
Inspired by these positive international developments, efforts have been made by the national 
stakeholders to introduce the SEC in the Netherlands. However, earlier attempts were unsuccessful. 
Notably, during a regulatory inspection conducted by the Dutch vehicle authority RDW at the Lelystad 
test track, the SEC configuration failed to meet the necessary approval criteria2. 
 
Since 2024, the SEC has been included as part of the Truck Levy (VWH) program3, and a new initiative 
has been launched to responsibly evaluate the SEC's feasibility for public road usage. This effort is being 
coordinated by the SEC Core Team, which conducted a gap analysis to assess the current situation 
("status quo") and identify critical areas for further investigation. As a result of this analysis, approval 
was granted to proceed with the SEC pre-test, wherein selected companies will operate the SEC as part 
of their regular logistics operations. 
 
As a foundational step for the pre-test, RDW describes the preliminary safety requirements that a SEC 
has to fulfil to obtain testing permits, where a veilige startset (safe start set) is described. These 
requirements are to be fulfilled by the requesting party, which is a “better safe than sorry” starting 
framework for on-road EMS2 trials and will evolve into formal policy and test plans4. Preliminary safety 
requirements for testing a Super Eco Combi (A-double EMS2) in the Netherlands have been defined, 
among which the following are relevant for this report: 

- Configuration & Limits: 6×2 tractor + semitrailer + dolly + semitrailer (A-double), max 3 
articulations 

- Dimensions & Mass: ≤ 32 m total, ≤ 72 tons, second trailer loaded equal to or less than first,    
≥ 20% of GVW on driven axle(s) and ≥ 20% on rear axle group when the tractor is equipped 
with drive away aid. The drive away aid enables all rear axle group load to be shifted to the 
drive axle under 30 km/h. This provides maximum possible drive axle load during starting 
scenarios where tyre grip limit is important.  

- Acceleration: 0 to 60 km/h within 425 m on dry & wet road 
 
 

 
1 Lessen van buitenlandse ervaringen met EMS2 toepassingen, Cees van Schie en Loes Aarts, 19 september 2024 
2 RDW, Voorlopig testrapport Super Eco Combi, Test Report No. RDW-SPE-0103772, Apr. 2021 
3 https://www.rijksoverheid.nl/documenten/rapporten/2024/12/19/bijlage-3-actieagenda-auto  
4 Veiligheidseisen EMS2/SEC combinatie(s), RDW, Concept 0.6, 3 March 2025 

https://www.rijksoverheid.nl/documenten/rapporten/2024/12/19/bijlage-3-actieagenda-auto
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Given these requirements, the SEC Core Team collaborates with OEMs to define a suitable veilige 
startset (referred to as “Safe Starter Set” in this report). One such combination is defined as follows: 

- A DAF 6x2 FTG Tractor, Pacton steerable Semitrailer and Dolly, and a Krone Semitrailer 
- Total length of 31.53 m (without fifth wheel adjustment) and gross combination vehicle weight 

of up to 72 tons 
- The tractor is equipped with drive away aid, fifth-wheel position adjustment, and the first axle 

of the first semitrailer is liftable. 
 

To obtain a performance understanding of this combination before physical testing, a short-term 
feasibility study was commissioned by the Ministerie van Infrastructuur en Waterstaat, jointly 
conducted by HAN Automotive Research (Karel Kural) and Eindhoven University of Technology (Igo 
Besselink). The purpose of this study is to assess this particular Safe Starter Set in light of international 
best practices related to the traction performance of EMS2s in general, thereby providing a scientific 
basis for regulatory and operational decisions surrounding SEC deployment in the Netherlands. 
 
Goal of the project 
As an independent research party, the objective is to assess the practical applicability of the “SEC Safe 
Starter Set” vehicle configuration in relation to the traction ability. This includes a detailed evaluation 
of whether the configuration can realistically meet key regulatory requirements, with particular focus 
on the tractor’s rear axle loads.  
 
The requirements from RDW mandate that at least 20% of the total vehicle weight must be supported 
by the driven axle(s) and in cases where the 6x2 tractors are equipped with a drive away aid, at least 
20% of the total vehicle weight must be supported by the rear axle group. This requirement is intended 
to ensure sufficient traction during acceleration, hill starts, and on low-friction surfaces (e.g. wet or icy 
roads) and for lateral stability. Failing to meet this threshold can result in wheel slip, longer acceleration 
distances, inability to climb slopes, and ultimately, non-approval for road use under current safety 
requirements. 
 
Research methodology 
To achieve this goal a mixed-methods approach is used to comprehensively assess both the contextual 
understanding and the technical performance of the product in relation to tractive forces and safety 
regulations. 
 
1. Qualitative Data Collection: Stakeholder Interviews 
To gain deeper insights into both the practical applicability of EMS2 vehicles for the logistics sector and 
the regulatory requirements necessary for their safe deployment, interviews have been conducted with 
key stakeholders and sources gathered, many of which are cited in this report. These include 
representatives and documents from the logistics and manufacturing sector, as well as regulatory 
authority. 
 
The interviews focused particularly on the following three core topics: 

• Clarifying technical requirements, especially those highlighted in prior SEC tests such as the 
20% driven-axle load regulation, manoeuvrability, and visibility, which were consistently 
flagged by the regulatory authorities as critical or problematic. 

 

• Assessing the current status of the SEC initiative, including international experiences, and 
discussing the status and regulatory conditions of the proposed SEC Safe Starter Set. 
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• Aligning views between sector and regulator on how to jointly define a realistic and acceptable 
Safe Starter Set that meets both practical and legal thresholds for deployment. 

 
The interview process was divided into two parts:  

1. Discussions with sector representatives 
2. The dialogue with regulatory authorities.  

 
For each group, the discussions were categorized and analysed according to the three major aspects 
above. Each interview concluded with a brief summary to consolidate key points. The details of the 
interviews can be found in A2. INTERVIEWS and summaries follow in the next chapter. 
 
2. Quantitative Analysis: Simulation-Based Evaluation 
To objectively assess the safety and performance implications of different axle load distributions, 
dynamic simulations and static load analyses are conducted using the following models: 

• MATLAB scripting with Newtonian physics models of longitudinal and vertical dynamics  

• MATLAB/ Simulink validated 3D multibody models of heavy vehicles components for Safe 
Starter Set simulations.               
 

These tools will be used for the analysis of the Safe Starter Set, the parameters of which are provided 
in Appendix A.1. Also, other combinations will also be investigated with the parameters assimilated 
through data sheets available from various OEMs. Using the parameters mentioned in Appendix A.1, 
section 3.2, and the models mentioned above, the Safe Starter Set is studied in simulation along with 
other combinations. The longitudinal performance will be benchmarked on various road (slopes) and 
environmental (available traction limits) conditions. From the simulations and calculations the 
following key performance metrics will be investigated: 
 

KPI Definition Purpose in the Study 

Drive Axle 
Load Ratio 
(%) 

The percentage of the total 
vehicle mass supported by 
the driven axle(s). 

To assess compliance with the regulatory 
requirement of a minimum 20% load on the driven 
axle, which ensures sufficient traction under all 
conditions. 

Absolute 
Drive Axle 
Load (kg) 

The total vertical load 
exerted on the driven 
axle(s). 

To evaluate whether the axle is operating within its 
mechanical limits and how different configurations 
distribute vehicle weight. 

Acceleration 
Time (0–60 
km/h) 

The time (in seconds) it 
takes for the vehicle to 
accelerate from standstill to 
60 km/h. 

To assess the vehicle’s ability to merge with traffic 
and maintain safe operation in real-world scenarios. 
It is especially relevant under full load on wet and 
sloped terrain. 

Acceleration 
Distance (0–
60 km/h) 

The distance (in meters) 
required to accelerate from 
0 to 60 km/h. 

To determine how much space the vehicle requires 
to reach cruising speed, especially important for 
merging lanes and ramps. 

Maximum 
Drivable 
Slope (%) 

The steepest gradient the 
vehicle can ascend from a 
standstill without wheel slip, 
under dry and wet 
conditions. 

To evaluate drivability on highway on-ramps, bridges, 
and hilly terrain, considering varying friction and 
load conditions. 
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The calculations and simulations will focus on: 

• Physics based longitudinal and vertical dynamics models and MATLAB used to study the impact 

of axle configurations, engine power, loading conditions, wheelbases and fifth-wheel locations 

on static axle loads. This offers a broad analysis of SEC configurations in a relatively quick yet 

comprehensive manner.  

• Complex multibody model simulations of specifically the Safe Starter Set used to verify the 

physics based models, offering a more computationally heavy analysis to provide perspective 

of possible real-world effects such as non-linearity and transient vertical and longitudinal 

dynamics of heavy duty vehicles.  

 
Report layout 
 
This report is structured to provide a comprehensive evaluation of the traction performance of the Safe 
Starter Set. Each chapter builds upon the previous by combining qualitative and quantitative research 
methods to assess feasibility, regulatory compliance, and future outlooks. The outline is as follows: 
1. Introduction 
Provides the context and rationale for the SEC project, including its potential benefits, current legal 
status in the Netherlands and abroad, and the goals of this feasibility study. 
2. Literature Review 
Summarizes key regulatory observations, technical guidelines, and national views and international 
experiences relevant to EMS2 vehicles.  
3. Longitudinal and Vertical Dynamics 
Presents the results of static and dynamic calculations conducted to assess vehicle performance under 
different configurations and loading conditions. This includes a comprehensive study considering 
numerous SEC types and test conditions. 
4. Multibody Simulations 
Presents the results of the detailed 3D multibody simulations specifically of the Safe Starter Set, aiming 
to provide verification to the static and dynamic calculations of chapter 3.  
5. Future Perspective 
Discusses technological and regulatory developments that could influence the feasibility and scalability 
of SEC deployment in the Netherlands. Topics include electric and steerable dollies, zero-emission 
trucks, and potential regulatory adjustments. 
6. Conclusions, Recommendations & Next Steps 
Synthesizes the main findings and offers actionable recommendations for stakeholders. The section 
also outlines proposed next steps, including attention points for real-world pilot testing and further 
research areas. 
Appendices 
A1. Provides vehicle parameters, detailed simulation input data, and supplementary schematics for 
vehicle configurations. 
A2.The summary of the interviews conducted with the various logistics partners and regulatory 
authority.  
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2. LITERATURE REVIEW 
The legal and operational context for EMS2 vehicles like the Super Eco Combi (SEC) is shaped by a 
combination of European regulations, national laws, and technical safety insights from recent feasibility 
and test reports. This section summarizes the key legal thresholds, practical implications, and 
international comparisons relevant to the SEC concept. 
 

2.1. European and Dutch Axle Load Requirements 
EU Directive 96/53/EC mandates that the load on the driven axle(s) of a vehicle or vehicle combination 
must be at least 25% of the total laden weight in international traffic5. This requirement is designed to 
maintain traction under typical and adverse driving conditions. In the Netherlands, the Regeling 
voertuigen (Vehicle Regulations) chooses a lower 20% instead, given the country’s relatively relaxed 
environmental conditions6. Similar thresholds apply to: 
 

• Steered axles on motor vehicles and trailers: ≥20% 

• Kingpin/fifth-wheel coupling for semitrailers: ≥20% 

• Axle groups of dolly and trailer combinations: ≥20% 
 
These national thresholds introduces some flexibility but defining a SEC combination that can adhere 
to these requirements is still challenging given the gross vehicle combination weight, as explored in 
this report. Since traction performance is the focus, steer and trailer axles are not evaluated in detail, 
but are provided in the results for context. 
 

2.2. Overview of SEC combinations used in Europe 
A gap analysis was conducted to understand the broad overview of used SEC combinations in Europe, 

detailing the requirements set by the concerned country and experience gained7. In Table 1 a short 

overview of various SECs from this study are provided for context to compare with the Safe Starter Set. 

Table 1: Overview of SEC specifications 

Country Max 

Length 

(m) 

Max 

Weight 

(tons) 

Required # Driven 

Axles (tractor) 

Notes on Tractor / Axle Load 

Finland 34.5  76  Yes → 2 driven axles 

≥ when gross 68 t 

Min. 5 kW/t engine power; load must 

be ≥ 20 % on drive axles at start 

Sweden 34.5  74  Yes → 2 driven axles 

when gross ≥ 64 t 

Min. 310 kW engine power; load must 

be ≥ 20 % on drive axles at start 

Denmark 32 – 34  72  Not specified Requires ≥ 20 % weight on drive axles 

at start 

Spain 32  72  Not specified  No explicit drive axle % requirement; 

must demonstrate ability to start on 8 

% slope 

 
5 European Union, “Council Directive 96/53/EC,” Official Journal of the European Communities, L235, pp. 59–75, Jul. 1996. 
6Ministerie van Infrastructuur en Waterstaat, Regeling voertuigen, BWBR0025798, 2025. [Online]. Available: 

https://wetten.overheid.nl/BWBR0025798/2025-02-26 
7 Lessen van buitenlandse ervaringen met EMS2 toepassingen, Cees van Schie en Loes Aarts, 19 september 2024 
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Finland and Sweden explicitly require two driven axles on the tractor for SECs. This is a legal 

requirement for higher weights (≥ 64–68 tons), and a maximum 10 tons per axle rule is what forces this 

configuration. Denmark and Spain do not require two driven axles, but they still demand a minimum 

traction ability being 20 % of GVW on drive axles at start or requiring specific slope performance.  

The Danish approach prioritizes infrastructure modification over vehicle adaptations, enabling quicker 

market entry but at higher public cost and with performance compromises. The Nordic approach 

(Finland/Sweden) emphasizes vehicle modification such as a specialized first trailer (longer wheelbase, 

steerable axles) over infrastructure adaptation, resulting in superior performance characteristics but 

requiring specialized first trailer configurations, which is less flexible for the industry. The Spanish 

approach benefits from favourable weather conditions, not requiring winter readiness and only 

prioritizing slope gradability.  

Hence, countries with stricter drive axle load requirements (Finland/Sweden) demonstrate better 

highway stability and manoeuvrability through forced adoption of advanced trailer technologies, while 

more lenient requirements like in Denmark require greater infrastructure investment or accept 

performance limitations (manoeuvrability). How these specifications compare with the Safe Starter Set 

in the Dutch Pre-Test conditions is explored in this report. 

 

2.3.  Technical Challenges and Safety Observations (RDW Test Findings) 
In a comprehensive RDW test of a prior SEC configuration (32 m, 72 tons), several technical limitations 
and risks were identified8: 
 

• Drive Axle Loads: Measured loads under the driven axle were below the regulatory minimum. 
This non-compliance with load distribution is a safety concern, particularly under wet or 
inclined road conditions where traction issues were observed on wet roads event at higher 
speeds. 

• Manoeuvrability: The SEC configuration demonstrated poor turning behaviour on roundabouts 
and urban roads. Non-steerable trailer axles caused tyre scrubbing and excessive road wear, 
raising issues for infrastructure compatibility. 

• Signal Transmission Gaps: Standard semitrailers lack the necessary electronic systems to relay 
critical Electronic Braking System (EBS) and Electronic Stability Program (ESP) signals back to 
the driver when used in a SEC combination. This makes failures in connectors (e.g., dolly plugs) 
undetectable to the driver, posing a risk of uncontrolled dynamics or rollover. 

• Driver Visibility: The extended length and articulation of the SEC create large blind spots 
between and behind the trailers. Without advanced camera or radar-based assistance systems, 
vulnerable road users (e.g., cyclists) may go unnoticed during low-speed manoeuvres. 

 
The RDW emphasized that full compliance with safety regulations would require non-standard, 
purpose-built trailers and dolly units that can support integrated sensor systems and signal forwarding 
capabilities. The results from this prior test are cited in this report to provide context, and henceforth 
will be called the “Initial SEC Trial” vehicle. 
 
 
 

 
8 RDW, Voorlopig testrapport Super Eco Combi, Test Report No. RDW-SPE-0103772, Apr. 2021 
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2.4. Takeaways from interviews 
 

The key takeaways from interviews with the logistics sector and the homologation authorities are listed 

below: 

- The 20% of GVW on drive axle load rule stems from exceptional transport regulations; 4x2 

tractors are most common but can’t meet this load, while 6x2 tractors are expected to be 

feasible. The sector debates replacing this percentage-based rule with practical absolute-load 

guidelines. 

- Manoeuvrability concerns focus on steerable dollies and trailers; steerable dollies could 

improve handling but are currently disallowed by the RDW, which is cautious about safety. 

- Visibility improvements via camera systems are seen as helpful and acceptable. 

- Both sector and RDW stress the urgency of real-world pilot testing to validate the Safe Starter 

Set, refine requirements, and explore new configurations. 

- RDW emphasizes safety, aligning with European regulations, and notes concerns over stability 

under non-ideal loading and tractor emissions. 

- Recommendations include researching steerable dollies’ benefits safely, assessing high-speed 

stability under realistic loading, studying emissions effects, and considering compulsory winter 

tyres to aid traction in line with the 20% axle load regulation. 

In essence, the interviews highlight the need for practical testing to bridge sector needs and regulatory 

safety obligations, with traction, manoeuvrability, and visibility as critical focus areas. Detailed notes 

are listed in the Appendix A.2 Interviews. 
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3. LONGITUDINAL AND VERTICAL DYNAMICS 

3.1. Longitudinal dynamics 
In this section calculations are presented that use a simplified representation of the vehicle, which 

allows to evaluate the longitudinal vehicle performance in terms of startability and acceleration. 

Assumptions are made to maintain simplicity and the results will not exactly represent real vehicle 

behaviour. However, this approach requires only a limited set of parameters and allows to gain insight 

and oversee the bigger picture. 

 
Figure 2 Schematic representation of a tractor semi-trailer combination driving up a hill 

 

Figure 2 shows the forces acting on a tractor semi-trailer driving up a hill. Newton’s second law can be 

applied in the longitudinal direction 

𝑚𝑎𝑥 = 𝐹𝑥 −𝑚𝑔 sin𝛼 − 𝐹𝑟𝑟 − 𝐹𝑎𝑒𝑟𝑜 

Here 𝑚 is the vehicle mass (kg), 𝑎𝑥 is the longitudinal acceleration (m/s2), 𝐹𝑥 is the tractive force, 𝑔 is 

the gravitational constant (9.81 m/s2), 𝛼 the road slope angle, 𝐹𝑟𝑟  is the rolling resistance force and 

𝐹𝑎𝑒𝑟𝑜 represents the aerodynamic drag.  

When the acceleration 𝑎𝑥 is positive the vehicle velocity 𝑣𝑥 increases, when 𝑎𝑥 is zero the velocity 

remains constant. When 𝑎𝑥 is negative the vehicle cannot maintain speed and slows down. If the 

vehicle is standing still and a negative 𝑎𝑥 is calculated the vehicle will remain stationary, since the 

tractive force 𝐹𝑥 is not sufficient to overcome the resistive forces (slope and rolling resistance). 

The rolling resistance 𝐹𝑟𝑟  is proportional to then vertical tyre force and is calculated by 

𝐹𝑟𝑟 = 𝑓𝑟𝑟𝑚𝑔 cos𝛼 

Here 𝑓𝑟𝑟 equals the tyre rolling resistance coefficient. For truck tyres this parameter is in the range of 

0.006 to 0.01 (0.6% - 1%) on normal roads. 

The aerodynamic drag force 𝐹𝑎𝑒𝑟𝑜 is quadratically dependent on the vehicle velocity 𝑣𝑥 and reads 

𝐹𝑎𝑒𝑟𝑜 =
1

2
𝜌𝐶𝑑𝐴𝑣𝑥

2 

vxFaero

Fx

 Fz=λdmgcosα

ax

g

Frr
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α



   

 

 

Traction Performance of the Super Eco Combi (SEC) 
           Page | 19 of  58 

Here 𝜌 equals the air density (value used: 1.225 kg/m3), 𝐶𝑑 aerodynamic drag coefficient (value used 

for SEC: 1.0) and 𝐴 the frontal area (value used: 10 m2). For a regular tractor semi-trailer combination 

the drag coefficient 𝐶𝑑 value will be in the order of 0.8, for the SEC a higher value is selected to reflect 

the additional drag due to the increased length of the combination. 

The tractive force 𝐹𝑥 can have arbitrary, mostly positive, values depending on the application of the 

accelerator pedal by the driver. Here the maximum possible values will be considered as the 

acceleration and traction limits will be explored.  

The maximum tractive force 𝐹𝑥 is determined by four factors: 

• maximum engine power 𝑃 

• maximum engine torque 

• tyre-road friction coefficient 𝜇 of the driven axle 

• the vertical force 𝐹𝑧 on the driven axle 

The assumption is made that the engine has sufficient torque to make the tyres slip and achieve wheel 

spin. Furthermore, the powertrain is simplified to a constant torque - constant power source, details 

of the powertrain, such as multiple gears and gear shifting, are omitted.  

The maximum tractive force 𝐹𝑥 then becomes: 

𝐹𝑥 = min (
𝜂𝑃

𝑣𝑥
, 𝜇𝐹𝑧) 

The overall drive train efficiency 𝜂 incorporates energy losses in the powertrain between engine and 

rear wheels, the use of multiple, discrete gear ratios and power interruptions due to gear shifting. A 

constant value, 𝜂 = 0.8, will be used in this study. 

For trucks it is not uncommon to relate engine power 𝑃 to vehicle mass 

𝑃 = 𝑚 ∙ 𝑝𝑠 

Here 𝑝𝑠 is the mass specific power requirement, which could read for example 5 kW/ton. 

The vehicle mass is distributed over by many axles, the vertical tyre force 𝐹𝑧 on the driven axle is a 

fraction of the total vehicle mass expressed by the parameter 𝜆𝑑. 

𝐹𝑧 = 𝜆𝑑𝑚𝑔cos𝛼 

Parameter 𝜆𝑑 is the fraction of the total vehicle mass being on the driven axle. For example, when 𝜆𝑑 

equals 0.2 in case 20% of the vehicle mass is on the driven wheels. It is assumed that 𝜆𝑑 is constant 

and independent of the road slope and acceleration of the vehicle. Calculations done with the 

multibody model don’t have this restriction. 

The tyre-road friction coefficient 𝜇 is dependent on many factors. The environmental conditions will 

dominate the value of this parameter, grip of the tyres will be completely different on a road covered 

with snow or ice compared to a dry road. Temperature and conditions (e.g. roughness) of the road 

surface will also affect grip. Grip is also dependent on the tyre itself, inflation pressure and the amount 

of tyre wear. Winter tyres may provide more grip under cold conditions. Eco tyres, optimized for low 

rolling resistance, typically have a reduced grip on wet road surfaces. In this study we will use two 

values: dry road: 𝜇 = 0.7, wet road 𝜇 = 0.4. 
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Substituting the expressions results in 

𝑚𝑎𝑥 = min (
𝜂𝑚𝑝𝑠
𝑣𝑥

, 𝜇𝜆𝑑𝑚𝑔cos𝛼) −𝑚𝑔 sin𝛼 − 𝑓𝑟𝑟𝑚𝑔cos𝛼 −
1

2
𝜌𝐶𝑑𝐴𝑣𝑥

2 

The road slope angle is assumed to be smaller than 0.1 rad (or 5.7 deg.), thus tan𝛼 ≈ sin𝛼 ≈ 𝛼, 

cos 𝛼 ≈ 1. If the road slope equals 10% 𝛼 equals 0.1 and for a level road 𝛼 is equal to zero. Introducing 

these simplifications and performing a division by 𝑚𝑔 makes the longitudinal dynamics nearly 

independent of the vehicle mass. The normalised longitudinal acceleration reads 

𝑎𝑥
𝑔
= min(

𝜂𝑝𝑠
𝑔𝑣𝑥⏟

𝑒𝑛𝑔𝑖𝑛𝑒 𝑝𝑜𝑤𝑒𝑟

, 𝜆𝑑𝜇⏟
𝑡𝑦𝑟𝑒 𝑔𝑟𝑖𝑝

) − 𝛼⏟
𝑟𝑜𝑎𝑑
𝑠𝑙𝑜𝑝𝑒

− 𝑓𝑟𝑟⏟
𝑟𝑜𝑙𝑙𝑖𝑛𝑔

𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒

− (
1

2𝑚𝑔
𝜌𝐶𝑑𝐴𝑣𝑥

2)
⏟          
𝑎𝑒𝑟𝑜𝑑𝑦𝑛𝑎𝑚𝑖𝑐

𝑑𝑟𝑎𝑔

 

Note that the contribution of aerodynamics is not independent from the vehicle mass 𝑚, but its 

contribution is relatively small. The “min” function takes the lowest value of the arguments, so 

min(𝑎, 𝑏) = 𝑎  if 𝑎 < 𝑏 

min(𝑎, 𝑏) = 𝑏  if 𝑏 < 𝑎 

The normalised acceleration/forces can be plotted as function of the forward velocity, as shown in 

Figure 3. The resistances are plotted as an area: the rolling resistance is assumed to be constant, and 

the aerodynamic drag increases quadratically with velocity. The road slope obviously is variable, in 

Figure 3 a road slope of 2% is displayed. These three resistances must be summed, and the tractive 

force should be large enough to overcome them.  

At low velocity tyre grip will be limiting the maximum acceleration possible, whereas at high velocity 

engine power is the limiting factor. Consider a vehicle with 5 kW/ton, 1% rolling resistance, 20% on the 

drive axle operating on a dry road with a slope of 2%. As can be seen in Figure 3 up to 10 km/h the 

acceleration is limited by tyre grip, the maximum acceleration possible equals 0.14 – 0.03 = 0.11 g, 

which equals 0.11*9.81 = 1.08 m/s2. Above 10 km/h engine power is the limiting factor. At 20 km/h the 

acceleration is approximately reduced to 0.07 - 0.03 = 0.04 g (0.39 m/s2). When the line of the engine 

power limit meets the sum of the resistive forces the vehicle top speed is reached, which equals 46.5 

km/h in this example. 

Traction 

When focussing on the ability to start moving from standstill, a positive acceleration should be 

achieved, thus 

𝜆𝑑 >
𝛼 + 𝑓𝑟𝑟
𝜇

 

When the road slope equals 12% combined 1% rolling resistance and a dry road (𝜇 = 0.7) then the load 

on the drive axle 𝜆𝑑 should exceed 18.6% to have a positive acceleration. 

In the design of tunnels, a maximum slope of 6% slope is considered. To be able to start moving out of 

a tunnel with 6% slope on a wet road (𝜇 = 0.4) with 1% rolling resistance, the load on the drive axle 𝜆𝑑 

should be at least 17.5%. 
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Figure 3 Normalised acceleration/forces plot 

reduced load on driven axle, 

reduced friction coefficient

increased engine power

reduced vehicle mass



   

 

 

Traction Performance of the Super Eco Combi (SEC) 
           Page | 22 of  58 

A 6x2 tractor may be equipped with a liftable pusher or tag axle. This allows to overload the drive axle 

up 25% over the legal limit of 11.5 tons up to 14.4 ton. This overload is allowed up to a speed of 30 

km/h for a limited amount of time. It can be seen from Figure 3 that at higher velocities engine power 

is the limiting factor and the requirement on the load fraction on the drive axle may be relaxed. 

Example: a vehicle with 20% axle load and 5 kW/ton is operating on a wet road. Up to 18.5 km/h tyre 

grip is the limiting factor, there after engine power limits the tractive force available. Dropping the 

pusher or tag axle at 30 km/h and assuming that the load on the drive axle now becomes 15% will not 

affect the performance of the vehicle, as engine power remains the limiting factor above 18.5 km/h. 

Note that in this example the drive axle load cannot be dropped to 10%, because tyre grip will then 

become limiting factor up to 36.5 km/h. 

Note that vehicles with a high specific power (highly powered, partially loaded or empty) on a slippery 

surface, dropping the pusher or tag axle should occur at a higher speed than 30 km/h to avoid tyre slip 

on the driven axle. 

Acceleration 

The acceleration potential of the vehicle is the difference between the tyre grip/engine power and 

resistive forces, it will decrease with increasing forward velocity. This is incorporated in a simulation 

model to analyse the acceleration performance from standstill. To validate the proposed approach a 

comparison done with the measurement results obtained by the RDW for the Initial SEC Trial. The 

baseline model parameters are: 𝑝𝑠= 5 kW/ton, 𝜂 = 0.8, 𝜆𝑑= 0.113, 𝜇 = 0.7, 𝑓𝑟𝑟= 0.01, 𝛼=0. As shown in 

Figure 4 a better agreement with the measurement results is obtained when a less conservative 

estimate for the rolling resistance coefficient is used (𝑓𝑟𝑟= 0.006) and friction coefficient is reduced (𝜇 

= 0.5) to limit the low speed acceleration.  

In the subsequent analysis 𝜇 = 0.7 and 𝑓𝑟𝑟= 0.006 will be used. On a dry, level road the vehicle 

acceleration performance is dominated by the specific engine power 𝑝𝑠, as illustrated by Figure 5. 

Requirements that the vehicle should achieve a certain speed within a given distance, can be translated 

almost directly into a specific power requirement.  

Example: if the vehicle is expected to drive 65 km/h after 425 m on a level road this results in a specific 

power requirement of 7.2 kW/ton. The engine power requirement would then become 518 kW or 705 

hp for a SEC with a mass of 72 ton. If the speed after 425 m is reduced to 60 km/h the requirement 

would become 5.75 kW/ton, 414 kW or 563 hp. The minimum requirement of 5 kW/ton results in a 

velocity of 57 km/h after 425 m. This compares well to the loaded Initial SEC Trial (𝑝𝑠 = 5 kW/ton) that 

achieved approximately 56 km/h after 425 m. 

The load on the driven axle becomes important for the acceleration on a slope and combined with a 

reduced friction coefficient. An example is given in Figure 6, where the acceleration performance is 

shown on a wet road with a slope of 2%. The acceleration performance is severely reduced when the 

load on the drive axle is 10% in comparison to higher drive axle loads. 
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Figure 4 Acceleration performance, model comparison with the Initial SEC Trial (Ewals SEC) 

 

 
Figure 5 Effect of the specific power on acceleration performance on a level load 
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Figure 6 Effect of drive axle loading on acceleration performance on an inclined & wet road 

 

Concluding remarks 

A simplified longitudinal dynamics model has been developed that allows to access the influence of 

various parameters on vehicle traction and acceleration performance. When considering startability, 

the road slope and tyre-road friction coefficient determine the minimal requirement for the load on 

the driven axle. If the requirements are driving away on a 12% slope under dry conditions and 6% slope 

under wet conditions, then the current requirement of at least 20% axle load on the driven axle cannot 

be relaxed. 

At higher forward velocities the specific engine power (kW/ton) becomes the factor limiting the 

acceleration. Based on the analysis done here it is suggested that for these conditions a minimal load 

requirement for the driven axle of 15% can be allowed. The velocity at which the switch to the lower 

driven axle load occurs equals 30 km/h for 6x2 tractors currently available. For highly powered vehicles 

or low grip conditions this speed may need to be increased to avoid tyre slip once the tag or pusher 

axle is lowered. 

To address directional stability concerns, which have not been researched in this report, it is suggested 

that the minimum load on the tractor rear axle set should be at least 20% for all vehicle speeds. 

Acceleration is dominated by the specific engine power (kW/ton) when sufficient tyre grip is available. 

For a SEC the minimal requirement is 5 kW/ton. With this number the acceleration performance for 

different conditions, including road slope, can be evaluated. It is suggested not to specify additional 

acceleration requirements, but to adapt the specific engine power requirement if the SEC acceleration 

is deemed to be insufficient. 
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3.2. Static axle loads - Vehicle configurations and parameters 
In this chapter static axle load calculations are made for a variety of vehicle configurations, while 

standing still on a level road. The primary aim is to determine the load on the driven axle(s) in relation 

to the total vehicle mass, thus determining the parameter 𝜆𝑑 for different vehicle combinations. 

Four different tractor configurations are considered: 4x2, 6x2 with pusher axle, 6x2 with tag axle and 

6x4. Parameters are listed in Table 2 and are based on datasheets of a DAF XG 450. Distances are 

defined with respect to the front axle, 𝑙𝑐𝑔 defines the location of the centre of gravity, 𝑙1 the location 

of the first rear axle, 𝑙2 the location of the second rear axle and 𝑙5 to the location of the 5th wheel 

(connection to the semi-trailer), as shown in Figure 7. The location of the centre of gravity has been 

determined based on the axle loads provided in the datasheets. 

Table 2 Tractor parameters 

 mass [kg] 𝑙𝑐𝑔 [m] 𝑙1 [m] 𝑙2 [m] 𝑙5 [m] Rear axle load distr. 

Tractor 4x2 (FT) 7764 1.238 4.00  3.38  

Tractor 6x2 pusher axle (FTG) 8325 1.327 2.63 3.95 3.38 39.5/60.5 or 0/100 

Tractor 6x2 tag axle (FTN) 8704 1.540 3.40 4.80 3.43 60.5/39.5 or 100/0 

Tractor 6x4 (FTT) 9271 1.705 3.20 4.60 3.53 50/50 

 

 
Figure 7 Vehicle dimensions, loading and configurations evaluated 
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Four different semi-trailers are analysed, having different locations of the axles and lifting of the first 

axle is considered in some cases. The parameters used can be found in Table 3 and they are shown in 

Figure 7. Distances are defined with respect to the king pin. 𝑙1, 𝑙2 and 𝑙3 define the location of axle 1, 

2 and 3, 𝑙𝑡 is the distance to the semi-trailer back, 𝑙0 is the distance to the front of the semi-trailer and 

𝑙5 is the distance to the hitching point of the dolly. The location of the centre of gravity is affected by 

the location of the axles. It is assumed that each semi-trailer axle weighs 550 kg and that the remainder 

of the semi-trailer mass is uniformly distributed along its length, being equal to 13.60 m. The load is 

distributed evenly between the semi-trailer axles that are in contact with the ground. 

Table 3 Semi-trailer parameters 

 mass [kg] 𝑙𝑡 [m] 𝑙0 [m] 𝑙1 [m] 𝑙2 [m] 𝑙3 [m] 𝑙5 [m] 

standard trailer 6200 12.00 1.60 6.34 7.65 8.96 11.00 

Swedish SEC trailer 6200 12.00 1.60 7.00 8.31 9.60 11.00 

safe starter trailer 6200 12.00 1.60 5.79 7.10 8.91 11.00 

2 axle,long wheelbase trailer 6200 12.00 1.60 9.00 10.31  11.00 

 
The mass of the cargo and distribution across the semi-trailer will affect the axle loads. The cargo mass 

is varied between 0% (empty) and 100% (fully loaded). The maximum cargo mass is adjusted such that 

the vehicle combination adheres to the legally allowed vehicle maximum vehicle mass. Two cargo 

distributions are considered, also shown in Figure 7: 

• floor to roof loading: the cargo mass is uniformly distributed equally along the semi-trailer 

length and increases with the loading percentage 

• front to back loading: loading starts at the front of the semitrailer and extends to the back as 

the loading percentage is increased. 

Obviously, when the loading percentage is either 0 or 100% both distributions will result in the same 

axle load distribution. Front to back loading will result in higher vertical kingpin forces for conditions 

other than an empty or a fully loaded trailer. In most cases this has a positive contribution because the 

load on the tractor rear axles is increased. 

In a SEC combination a 2-axle dolly is considered. The parameters are listed in Table 4, distances are 

specified with respect to the coupling point, see Figure 7. Parameters 𝑙1 and 𝑙2 define the location of 

axle 1, 2 and 𝑙5 defines the location of the 5th wheel. A simplification is introduced by assuming that 

the dolly is symmetric with respect to the 5th wheel, thus the location of the centre of gravity is the 

same as 𝑙5. 

Table 4 Dolly parameters 

 mass [kg] 𝑙𝑐𝑔 [m] 𝑙1 [m] 𝑙2 [m] 𝑙5 [m] 

dolly 2500 3.62 3.08 4.39 3.62 

 
In a SEC combination only the characteristics of the first semi-trailer are varied as changing the second 

semi-trailer characteristics has minimal impact on the vertical king pin force being applied to the 

tractor. The standard semi-trailer is always used as second semi-trailer in a SEC combination.  

In the calculations for the SEC combinations the cargo mass and distribution are the same for the first 

and second semi-trailer, assuming that the same goods are transported in both semi-trailers. The load 

percentage on the tractor drive axle can be increased by making the first semi-trailer heavier in 

comparison to the second one. This has happened in the Initial SEC Trial. Based on the measured axle 

loads it can be estimated that the first semi-trailer was loaded with approximately 26 ton and the 
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second semi-trailer with 20 ton. In the calculations presented in this report both semi-trailers carry the 

same cargo mass, which is more conservative and a justifiable assumption. 

Though directional stability has not been investigated, it is suggested to require that the mass of the 

second semi-trailer does not exceed the mass of the first semi-trailer for all loading conditions. 
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3.3. Static axle loads 4x2 tractor 
First the 4x2 tractor is analysed for various vehicle combinations, the results are listed in Table 5. Note 
that the semi-trailer has three axles, all with the same axle load. The dolly has two axles, also with 
identical axle load. The semi-trailer presented in Table 5 corresponds to a regular tractor semi-trailer 
configuration widely used across Europe. 
 
The “Spanish” SEC combination listed in Table 5 uses two standard semi-trailers and is legally allowed 
in Spain. The load on the driven axle is clearly below 20%. A more detailed view on the tractor axle load 
distribution for various loading conditions is shown in Figure 8. For floor to roof loading, the percentage 
on the drive/rear axle remains between 14 and 16%. For front to back loading the fraction on the driven 
axle may exceed 20%, but for some front to back load distributions the maximum drive axle load is 
exceeded. Note that this drive axle overloading condition also occurs for a normal tractor semi-trailer. 
 
Table 5 Axle loads for combinations with a 4x2 tractor. Units are metric ton. 
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legal (maximum)  7.50 11.50  9.00 9.00 9.00 > 20% 

solo tractor 7.76 5.36 2.40     30.9% 

semi-trailer unloaded 13.96 5.58 3.64  1.58   26.1% 

loaded 40.00 6.88 10.68  7.48   26.7% 

SEC Spain, unloaded 22.66 5.58 3.60  1.62 1.93 1.58 15.9% 

loaded 72.00 6.79 10.19  7.33 5.76 7.17 14.2% 

 

 
Figure 8 Tractor axle load distribution for a Spanish SEC combination 
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3.4. Static axle loads 6x4 tractor 
The 6x4 tractor has two driven rear axles which are equally loaded. Again, various vehicle combinations 

are analysed, the results are listed in Table 6. Note that a 6x4 tractor is 1.5 ton heavier than a 4x2 

tractor. A SEC combination using two standard semi-trailers in combination with a 6x4 tractor does not 

meet the 20% requirement for the loaded condition. To improve this situation the wheelbase of the 

first semi-trailer must be extended. In the Swedish regulations the minimum distance between the 

kingpin and first semitrailer axle must be at least 7 m for the first trailer in a SEC combination, combined 

with some other prescribed dimensions the 20% requirement is almost met for a loaded vehicle. Front 

to back loading does not pose any overloading problem for the driven axles, as is shown in Figure 9. 

Table 6 Axle loads for combinations with a 6x4 tractor. Units are metric ton. 
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legal (maximum)  8.00 9.50 9.50 9.00 9.00 9.00 > 20% 

solo tractor 9.27 5.22 2.03 2.03    43.8% 

semi-trailer unloaded 15.47 5.36 2.69 2.69 1.58   34.8% 

loaded 40.00 6.10 6.24 6.24 7.14   31.2% 

SEC std trailer unloaded 24.17 5.35 2.67 2.67 1.62 1.93 1.58 22.1% 

loaded 76.00 6.13 6.37 6.37 7.62 5.96 7.45 16.8% 

SEC Sweden unloaded 24.17 5.38 2.78 2.78 1.54 1.93 1.58 23.0% 

loaded 76.00 6.29 7.13 7.13 7.06 5.96 7.45 18.8% 

 

 
Figure 9 Tractor axle load distribution for a Swedish 6x4 SEC combination 
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3.5. Static axle loads 6x2 tractor with pusher axle 
In a 6x2 tractor with pusher axle the second, steered and non-driven, axle can be lifted and lowered 

depending on the loading conditions. Here the assumption is made that the pusher axle is lowered 

when the drive axle load exceeds 10 ton under normal operating conditions. A fixed load distribution 

between the pusher axle and driven axle is assumed when the pusher axle is lowered, with 39.5% on 

the pusher axle and 60.5% on the driven axle. The Initial SEC Trial tested by the RDW adheres to this 

load distribution.  

An overview of the axle loads is given in Table 7. Note that a zero in “pusher” column means that the 

pusher axle is lifted. In the safer starter set also lifting of the first axle of the first semi-trailer is 

considered. 

Table 7 Axle loads for combinations with a 6x2 tractor with pusher axle. Units are metric ton. 
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legal (maximum)  8.00 7.50 11.50 9.00 9.00 9.00 > 20% > 20% 

solo tractor 8.33 5.10 1.27 1.95    23.4% 38.7% 

 8.33 5.53 0 2.80    33.6% 33.6% 

semi-trailer unloaded 14.52 5.12 1.84 2.82 1.58   19.4% 32.1% 

 14.52 5.74 0 4.04 1.58   27.8% 27.8% 

loaded 40.00 5.24 5.01 7.69 7.35   19.2% 31.8% 

 40.00 6.92 0 11.03 7.35   27.6% 27.6% 

safe starter unloaded 23.22 5.12 1.76 2.70 1.68 1.93 1.58 11.6% 19.2% 
1st trailer axle lifted 23.22 5.13 1.94 2.97 2.29 1.93 1.58 12.8% 21.2% 

 23.22 5.71 0 3.87 1.68 1.93 1.58 16.7% 16.7% 
1st trailer axle lifted 23.22 5.78 0 4.26 2.29 1.93 1.58 18.3% 18.3% 

loaded 72.00 5.22 4.41 6.76 7.62 5.72 7.11 9.4% 15.5% 
1st trailer axle lifted 72.00 5.25 5.23 8.02 10.37 5.72 7.11 11.1% 18.4% 

 72.00 6.69 0 9.69 7.62 5.72 7.11 13.5% 13.5% 
1st trailer axle lifted 72.00 7.00 0 11.50 10.37 5.72 7.11 16.0% 16.0% 

2 axle,lwb unloaded 23.22 5.14 2.18 3.35 1.97 1.93 1.58 14.4% 23.8% 

 23.22 5.87 0 4.80 1.97 1.93 1.58 20.7% 20.7% 

2 axle,lwb, loaded 72.00 5.30 6.55 10.04 8.68 5.72 7.11 13.9% 23.0% 

 72.00 7.49 0 14.40 8.68 5.72 7.11 20.0% 20.0% 

RDW measurements 

Initial SEC Trial, 
unloaded 

26.80 6.25 1.44 2.72 2.18 2.06 1.92 10.2% 15.5% 

loaded 73.46 7.60 5.55 8.27 7.44 5.67 6.13 11.3% 18.8% 

 
Partial loading is for a normal tractor semi-trailer combination is illustrated by Figure 10. By lowering 

the pusher axle an overload condition for the drive axle may be avoided, front to back loading does not 

result in drive axle overloading. The load percentage on the drive axle stays above 20% for most loading 

conditions considered, only dropping to 19.2% for a fully loaded vehicle. 
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Figure 10 Tractor axle load distribution for a 6x2 tractor with pusher axle, single semi-trailer 

 

The Safe Starter SEC with a 6x2 tractor with pusher axle has been evaluated. Various scenarios have 

been evaluated by lifting the pusher and first axle of the first semi-trailer, but it is not possible to meet 

the 20% rule for the load on the driven axle, as can be seen in Table 7. Note that the Safe Starter SEC is 

comparable to the Initial SEC Trial tested by RDW in terms of load on the driven axle. Lifting the first 

axle of the first semi-trailer increases the load on the driven axle but also results in an overload of the 

two remaining axles of the first semi-trailer. The results for varying loading conditions are shown in 

Figure 11. With an even load distribution, the load on the driven axle never exceeds 10 tons, so the 

pusher axle is never used. 

The wheelbase of the semi-trailer must be enlarged to increase the load on the drive axle for a fully 

loaded vehicle combination. Calculations show that the Swedish SEC semi-trailer wheelbase is not large 

enough. It is proposed to have the first semi-trailer axle at a distance of at least 9 m from the kingpin. 

Since more trailer and cargo mass is now carried by the tractor, it is not necessary to have three axles 

on the semi-trailer anymore, while still staying within the legally allowed axle loads. The second axle is 

placed 1.31 m behind the first axle. Both semi-trailer axles should be steerable to meet swept path 

requirements, but this has not been analysed further. 

Numbers on the long 2-axle lwb SEC combination can be found in Table 7 and Figure 12. For an empty 

or lowly loaded combination approximately 20% of the load is on the driven axle with the pusher axle 

lifted. For the more highly loaded cases the percentage on the driven axle is approximately 14% once 

the pusher axle is lowered. In these conditions the load on the driven axle can still be increased to 20% 

by lifting the pusher axle. This results in an overloaded condition for the driven axle (14.4 ton for a fully 

loaded combination), which is legally allowed for a limited amount of time and a speed below 30 km/h. 
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Figure 11 Tractor axle load distribution for a 6x2 tractor with pusher axle, Safe Starter Set 

 
Figure 12 Tractor axle load distribution for a 6x2 tractor with pusher axle, 2 axle semi-trailer with long wheelbase 
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3.6. Static axle loads 6x2 tractor with tag axle 
In a 6x2 tractor with tag axle the third, (possibly steered) and non-driven, axle can be lifted and lowered 

depending on the loading conditions. Results for an unloaded and loaded vehicle with the tag axle 

raised and lowered are given in Table 8. Typically raising the tag axle almost doubles the load on the 

driven axle.  

For the Safe Starter Set the 6x2 tractor with a lifted tag axle gives higher loads on the driven axle 

compared to tractor with pusher axle. By lifting both the tag axle and first semi-trailer axle the load on 

the driven axle is almost 20%, however the two remaining semi-trailer axles are now slightly overloaded 

and exceed the legal axle load limits, which in this case is 10 ton due to the distance between the 

relevant semi-trailer axles being larger than 1.8 m. Figure 13 shows results for the Safe Starter Set with 

a varying load. When the tag axle is lowered the load on the driven axle drops below 10% and the rear 

axle set carriers about 15% of the vehicle mass, both numbers are not considered acceptable. 

The 2-axle long wheelbase semi-trailer has been evaluated; results are listed in Table 8. The main 

problem here remains the doubling of the axle loads when lifting the tag axle, which in this case results 

in severely overloading the driven axle, when lifting the tag axle on a loaded vehicle combination.  

In general it is difficult for a 6x2 tractor with tag axle to get a good balance between temporarily 

overloading the driven axle at low velocity by lifting the tag axle and having sufficient traction at higher 

velocities when the tag axle must be lowered. 

Table 8 Axle loads for combinations with a 6x2 tractor with tag axle. Units are metric ton. 
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legal (maximum)  8.00 11.50 7.50 9.00 9.00 9.00 > 20% > 20% 

solo tractor 8.70 5.31 2.05 1.34    23.6% 39.0% 

 8.70 4.76 3.94 0    45.3% 45.3% 

semi-trailer unloaded 14.90 5.51 2.82 1.84 1.58   18.9% 31.3% 

 14.90 4.75 5.41 0 1.58   36.3% 36.3% 

loaded 40.00 6.57 7.04 4.59 7.27   17.6% 29.1% 

 40.00 4.68 13.52 0 7.27   33.8% 33.8% 

safe starter unloaded 23.60 5.48 2.71 1.77 1.68 1.93 1.58 11.5% 19.0% 
1st trailer axle lifted 23.60 5.54 2.95 1.93 2.29 1.93 1.58 12.5% 20.7% 

 23.60 4.75 5.20 0 1.68 1.93 1.58 22.0% 22.0% 
1st trailer axle lifted 23.60 4.75 5.67 0 2.29 1.93 1.58 24.0% 24.0% 

loaded 72.00 6.37 6.26 4.08 7.57 5.69 7.06 8.7% 14.4% 
1st trailer axle lifted 72.00 6.65 7.36 4.80 10.31 5.69 7.06 10.2% 16.9% 

 72.00 4.69 12.02 0 7.57 5.69 7.06 16.7% 16.7% 
1st trailer axle lifted 72.00 4.67 14.13 0 10.31 5.69 7.06 19.6% 19.6% 

2 axle,lwb unloaded 23.60 5.62 3.28 2.14 1.97 1.93 1.58 13.9% 23.0% 

 23.60 4.74 6.30 0 1.97 1.93 1.58 26.7% 26.7% 

loaded 72.00 7.09 9.13 5.95 8.63 5.69 7.06 12.7% 20.9% 

 72.00 4.64 17.53 0 8.63 5.69 7.06 24.3% 24.3% 
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Figure 13 Tractor axle load distribution for a 6x2 tractor with tag axle, Safe Starter Set 
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3.7. Tractor optimization 
In sections 3.2 up to 3.6 static axle load calculations have been executed for a variety of vehicle 

combinations, including different loading conditions and lifting of certain axles. The aim has been to 

compose the SEC combination using standard vehicle, dolly and semi-trailer components as much as 

possible, which is desired by the transport industry and facilitates an easy adoption of the SEC. 

Optimizations are possible of the tractor to maximise the load percentage on the driven axle.  

Load distribution over the driven and tag/pusher axle 

In the calculations a fixed load distribution between driven and tag/pusher axle has been assumed 

(60.5% in the driven axle and 39.5% on the pusher/tag axle), this corresponds to a configuration that 

fully utilizes the maximum legal axle loads. This distribution was also seen on the Initial SEC Trial. 

However, according to information from DAF, other fixed distributions are possible as listed in Table 9. 

Table 9 Possible 6x2 tractor rear axle load distributions 

driven axle tag/pusher axle distribution 

11.5 7.5 60.5% - 39.5% 

11.5 7.1 61.8% - 38.2% 

11.5 6.3 64.6% - 35.4% 

 

Since the 72 ton SEC does not fully utilize maximum axle loads of the tractor, a distribution that favours 

more load on the driven axle can be used. In this way the loading percentage on the driven axle can be 

increased. As an example the loaded 6x2 pusher axle safe starter SEC has been evaluated with a 

different tractor rear axle load distribution, results are given in Table 10. 

Table 10 Loaded safe starter SEC with 6x2 pusher axle tractor and different rear axle load distributions 

distribution 
pusher/driven axle 
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39.5% - 60.5%  
72.00 

5.22 4.41 6.76 
7.62 5.72 7.11 

9.4% 15.5% 

35.4% - 64.6% 5.39 3.89 7.10 9.9% 15.3% 

 

Modern air suspension systems allow control of the load distribution between the driven and 

tag/pusher axle. On DAF trucks this optional system for air suspension control is called ‘Optimum 

Traction’. The working principle is as follows: 

• for loads up to 11.5 ton on the rear axle set, all load is taken by the driven axle 

• the moment 11.5 ton on the driven axle is exceeded, the pusher/tag axle is lowered and starts 

carrying approximately 0.7 ton, the load on the drive axle is reduced by the same amount. 

• when the load on the axle group exceeds 12.2 ton, the load on the drive axle remains 11.5 ton 

and the remainder of the load on the axle group is taken by the pusher/tag axle. 

• if the load on the axle group exceeds 18 tons (11.5+7.5) a fixed load distribution is used (60.5% 

on the drive axle and 39.5% on the tag/pusher axle). 

This system allows to fully utilize the legally allowed 11.5 ton on the drive axle for many different 

operating conditions, provided that the king pin load is sufficiently high. Unfortunately, the information 

on the working principle became available at a very late stages of this project and time was lacking to 



   

 

 

Traction Performance of the Super Eco Combi (SEC) 
           Page | 36 of  58 

reliably implement this load distribution logic in the software. It is not clear if the system allows to 

overload the drive axle with 25% at low speeds, when the tag/pusher axle is lifted. Furthermore, it is 

unclear to date if vehicle manufacturers other than DAF offer this functionality. 

 

5th wheel location 

The location of the 5th wheel on the tractor affects the load distribution over the tractor axles. Moving 

the 5th wheel more rearward, will increase the load on the tractor rear axle(s) and reduce the load on 

the front axle. Note that by moving the 5th wheel more rearward also the overall vehicle length will 

increase. 

As an example the loaded 6x2 pusher axle safe starter SEC has been evaluated with different 5th wheel 

locations, the results are listed in Table 11. Indeed moving the 5th wheel more rearward increases the 

load on the driven axle and rear axle group. Combing a rearward 5th wheel shift and changing the 

tractor rear axle load distribution, as discussed on the previous page, can further increases the load on 

the drive axle. 

Table 11 Loaded safe starter SEC with 6x2 pusher axle tractor and different 5th wheel locations/rear axle load distributions 

5th wheel location 
 𝑙2 − 𝑙5  
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0.57 m 

72.00 

5.22 4.41 6.76 

7.62 5.72 7.11 

9.4% 15.5% 

0.47 m 4.98 4.50 6.90 9.6% 15.8% 

0.37 m 4.75 4.59 7.04 9.8% 16.2% 

0.27 m 4.51 4.69 7.19 10.0% 16.5% 

0.17 m 4.28 4.78 7.33 10.2% 16.8% 

35.4% - 64.6% + 0.17 m 4.47 4.22 7.70 10.7% 16.6% 

 

For the 6x2 tractor with a tag axle the 5th wheel is positioned almost above the driven rear axle, which 

limits the possibilities to further increase load on the driven axle by relocating the 5th wheel. 
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3.8. Discussion and concluding remarks 
Based on an evaluation of the longitudinal dynamics, as given in section 3.1, there is no justification for 

reducing the 20% load requirement on the driven axle at low speeds. At higher speeds engine power 

becomes the limiting factor and the load requirement for the driven axle can be reduced to 15%. Past 

experiments with the Initial SEC Trial (having 10%-11% drive axle load) showed traction problems on 

wet roads at speeds above 30 km/h, this supports having a requirement of at least 15%. To address 

directional stability concerns a 20% load requirement for the rear axle group is suggested, though this 

needs further investigation. 

Table 12: Overview of required driven axle load in relation to vehicle speed 

 V < 30 km/h V ≥ 30 km/h motivation 

driven axle ≥20% ≥15% traction 

rear axle group ≥20% directional stability 

 

It is impossible to meet these requirements using a 4x2 tractor for a SEC having a maximum weight of 

72 tons. When the vehicle is unloaded, 20% on the rear axle group (and drive axle) is also not achieved. 

With a 6x4 tractor 20% load on the rear axle group (and driven axles) can be achieved for an empty 

vehicle using standard three axle semi-trailers. However, when SEC is loaded the wheelbase of the first 

semi-trailer must be increased to have a higher vertical load on the kingpin and meet the 20% 

requirement. In Sweden the first semi-trailer in a 6x4 SEC is required to have an extended wheelbase 

compared to a standard semi-trailer. 

Dutch transport operators prefer to use a 6x2 tractor instead of a 6x4, because it is more efficient, has 

a lower weight and is uncommon in the vehicle fleet. 6x2 tractors allow to lift one axle allowing to 

increase traction of the driven axle. An 25% overload is allowed on the driven axle up to a velocity of 

30 km/h for a limited amount of time. Two variants have been investigated: 

6x2 tractor with tag axle (rearmost axle can be lifted). When the wheelbase of the first semi-trailer in 

the SEC combination is large enough, the 20% on the rear axle group can be achieved. When a fixed 

load distribution between drive and tag axle is used, the axle load variations are large when lifting or 

lowering the tag axle. This may result in the 15% requirement not being met when the tag axle is 

lowered, whereas lifting the tag axle may result in severely overloading the driven axle (> 14.4 ton). 

6x2 tractor with pusher axle (center axle can be lifted). This configuration also requires a longer 

wheelbase of the first semi-trailer in the SEC combination to meet 20% load on the rear axle group. 

Using a fixed load distribution between drive and pusher axle, the load variations are smaller in 

comparison to the 6x2 tag axle tractor when lifting or lowering the pusher axle. This makes it easier to 

meet the traction requirements as stated above. 

The Safe Starter Set has been evaluated with both 6x2 tractors. In most cases it does not meet the rear 

axle group and drive axle loading requirements. The 6x2 tractor with tag axle generally performs better 

than the 6x2 tractor with pusher axle. Worrying results are that in a fully loaded condition with the tag 

axle and first semi-trailer axle down only 8.7% of the load is on the driven axle and 14.4% is on the rear 

axle group. For the 6x2 with pusher axle these numbers are 9.4% and 15.5%. 

As an alternative a two axle semi-trailer with a rather long wheelbase has been evaluated. The best 

results are obtained with 6x2 tractor with pusher axle. The 20% load requirement on axle group and 

driven axle with lifted pusher axle is met. Only the 15% requirement when the pusher axle is lowered 
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is not met (14.4% unloaded and 13.9% loaded). Manoeuvrability has not been investigated, but it can 

be anticipated that in this long wheelbase semi-trailer configuration both semi-trailer axles need to be 

steerable. 

Optimisations of the tractor are possible to increase the load on the driven axle and rear axle group. 

This includes optimizing the 5th wheel location and altering the vertical force distribution between the 

driven and tag/pusher axles. The “Optimum Traction” system (described in section 3.7) that allows to 

fully utilize the vertical axle load capability of the driven axle seems to have the highest potential. 

However, these optimizations cannot replace the need for a sufficiently high vertical force on the 5th 

wheel, which is typically achieved by a semi-trailer with a sufficiently large wheelbase, to meet the axle 

group and drive axle loading requirements. 
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4. MULTIBODY SIMULATIONS 
Although the previous chapter comprehensively evaluates SEC axle loading, startability and 
acceleration performance, the models represent an abstraction of certain realistic effects, in order to 
be used for broad analysis. In order to provide verification data upon the already considered test data 
in Chapter 3, this chapter focuses on the defined Safe Starter Set, using more complex 3D models for 
simulation. 
 
The Eindhoven University of Technology and HAN University of Applied Sciences developed and 
validated a modelling library of heavy vehicles components that can be used to create any vehicle 
combination like tractor-semitrailer, LZV and SECs, with any desired axle configurations. Using this 
library and vehicle parameters that were gathered from DAF and Pacton, the Safe Starter Set model is 
built as shown in Figure 14. With the multibody modelling methodology, the model is capable of 
driving, lifting & steering individual wheels,  by defining rigid bodies, joints, spring and damping, 
stiffnesses, etc., to reflect the physical vehicle characteristics. Inertia concerning chassis, payload, axles, 
engine and driveline, wheels and tyres are also modelled. Also crucial is the use of MF-Tyre models for 
the interaction between tyre and road contact, whose model parameters are available in a standardized 
format from tyre manufacturers. 
 

 
Figure 14: Multibody model of the Safe Starter Set 

 
Compared to the Newtonian physics models, the multibody modelling and simulation in 
MATLAB/Simulink offers a more detailed simulation environment. Load shifting due to acceleration, 
non-linearity in tyre-road contact patch forces, etc., are captured in this methodology which may 
potentially result in more conservative results during performance testing than the simpler physics 
models. The following sections present static load distribution of the starter set’s various axle 
configurations, effect of slope and acceleration on the drive axle vertical load, startability and 
acceleration capability is simulated. Where possible, a wider range of axle loading is performed with 
this model to study the performance impact. Due to the fact that the sheer number of parameters 
required to accurately represent the vehicles from the OEMs is difficult to obtain given intellectual 
property and time constraints, certain parameters such as centre of gravity positions, drivetrain logic, 
etc., are inferred from available parameters. 
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4.1. Load distribution – Safe Starter Set 
Using the Safe Starter Set model, the load distribution with various axle configurations is investigated. 

Table 13 below shows the simulated axle loads for the following situations: 

- Fully loaded (72 ton GVW) and empty (23 ton) 

- Pusher axle fully lifted/down 

Table 13: Loads on 6x2 tractor, pusher axle influence - Safe Starter Set - Multibody Model (given limited data sheet 
parameters) 

Test 
Name 

Payload Pusher 
Axle 
Lifted? 

Rear Axle 
Group 
Load [%] 

Drive 
Axle 
Load [%] 

Axle 
Group 
Load 
[kg] 

Drive 
Axle 
Load 
[kg] 

Front 
Steer Axle 
Load [kg] 

1st Semi 
trailer 
axles load 
[kg] 

Static 
Load 
check: 
Semi 
axles 
down 

Empty Yes 16% 16% 3772 3772 5559 5255 

No 18% 14% 4183 3120 5214 5171 

Full 
Load 

Yes 14% 14% 10150 10150 6600 22727 

No 16% 11% 11579 7804 5379 22460 

 

Note that the fully loaded condition represents 25000 [kg] evenly loaded (full utilization of volume) in 

the 1st semitrailer (Pacton), and the remaining 23975 [kg] in the 2nd semitrailer with all trailer axles 

down, which is slightly different than Chapter 3’s assumption of equal loading. The table shows Rear 

Axle Group Load [%] being load on the drive axle and pusher axle combined. When only the drive axle 

load is considered, when fully loaded, the axle carries about 14% of the total load, while the pusher 

axle is lifted. Furthermore, even when the rear axle group load is considered, the best-case scenario is 

16% of gross vehicle combination weight. To view the impact of lifting the 1st semitrailer’s 1st axle, the 

case of full load is expanded. Table 14 shows the load distribution while the 1st semitrailer’s 1st axle is 

lifted. 

Table 14: Loads on 6x2 tractor, semitrailer axle influence – Safe Starter Set – Multibody Model (given limited data sheet 
parameters) 

Test 
Name 

Payload Pusher 
Axle 
Lifted? 

Rear 
Axle 
Group 
Load 
[%] 

Drive 
Axle 
Load 
[%] 

Axle 
Group 
Load 
[kg] 

Drive 
Axle 
Load 
[kg] 

Front 
Steer Axle 
Load [kg] 

1st Semi 
trailer 
axles load 
[kg] 

Static load 
check: 
1st Semi 
axle up 

Full 
Load 

Yes 17% 17% 12106 12106 6908 20292 

No 19% 13% 13662 9126 5416 20171 

 

Such a setting can further increase the mass on the drive axle, about 17% in the case of pusher axle not 

being deployed but does exceed the legal limit of 11.5 tons. The 1st semitrailer loads are also shown in 

the Table 14 , where in the current loading conditions (25 tons in the 1st semitrailer), the combined axle 

loads (of the 2 remaining axles) are slightly above the legal limit of 20 tons. Given that the 2nd 

semitrailer is only loaded to 23975 [kg] representing about 20.6 tons on its 3 axles, a small part of the 

25 tons of the 1st axle can still be moved to the 2nd semitrailer while staying within legal limits, also 
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considering 1st semitrailer being more loaded than the 2nd. This also highlights the fact that the 1st 

semitrailer does not necessarily need to have 3 axles, would also enable a gain in payload capacity due 

to lack of one axle’s weight, but will increase the effective wheelbase. Currently, the Safe Starter Set 

configuration has a steerable axle on the 3rd axle of the 1st semitrailer. To maintain and improve 

manoeuvrability, the middle axle (1st axle in case of 2 axles) can be a steerable axle as well. This can be 

a possible configuration derived from the current starter set. 

The values presented here are conservative numbers at a static condition. In reality, driving away from 

standstill involves more influences, which would introduce slight changes based on the following 

criteria: 

- The drive axle load manipulation with systems such as air suspension control using ECAS 

(Electronically controlled air suspension). 

- Load shift due to acceleration will cause more load to be shifted to the drive axle away from 

the front steer axle and pusher axle. With all axles down, on a level road accelerating to 0.4 

[m/s2] when fully loaded, the drive axle load goes from 7804 [kg] to 8700 [kg]. 

- Load shift due to up slopes will also cause more load to be shifted to the drive axle. The Figure 

15 shows how the various axle configurations of the Safe Starter Set vary given an increase in 

road slope at a static condition.  

 

Figure 15: Influence of slope on drive axle load - Multibody model of the Safe Starter Set 

Apart from this, better representation of vehicle inertia parameters for the DAF tractor, which may alter 

the Center of Gravity prediction will also have an influence on the results. Given the current projections 

of loading distribution over the axles, it is of interest to know the capability of the Safe Starter Set on 

the road, which is investigated in the next sections. 

4.2. Driving up slopes – Impact of drive axle load  
An analysis is conducted to determine how slope and drive axle load affect traction ability of the Safe 

Starter Set to drive up slopes similar to section 3.1, where this section uses the multibody model. For 

a broader understanding, the analysis considers a wide range of drive axle loads, which offers insights 
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into the performance of the Safe Starter Set at various axle configurations as explored in the previous 

section and to other possible SEC combinations.  

The Figure 16 shows the results of such analysis considering a gross vehicle weight of 72000 [kg]. The 

red parts show the relationship between drive axle load and the available longitudinal traction force at 

the corresponding axle load. This is based on the peak efficiency of the drive axle tyre models during 

dry and wet road conditions, which represents ~ 74% (red dotted lines) and 50% (red solid lines) of the 

vertical force on the drive axle respectively corresponding to a tyre-road friction coefficient of 0.74 and 

0.5, with an slight factor resulting in 0.6 and 0.4 respectively. As expected, as drive axle load reduces, 

also the potential usable traction force (left Y-axis) reduces. The values depicted consider the total 

traction force from all 4 tyres of the drive axle.  

In order to take into account realistic effects of tyre performance, the multibody model is used to 

determine the traction force available (red bold lines) at the various axle loads possible as shown in the 

previous section. This data is used to estimate the traction forces for a wider range of drive axle loads. 

 

Figure 16: Effect of slope and drive axle load on the vehicle's traction performance 

 

On the other hand, when road slope increases, the resistance force that the drive axle must overcome 

to generate forward motion also increases (black line), which is determined by the multibody model, 

simulated at every slope to determine the minimum force required to drive away from standstill.  

Interpreting the results 

Let us consider Safe Starter Set’s currently estimated best case scenario drive axle load of 17%. Figure 

17 (left) shows that during dry conditions, any road slope (up to 10%) considered can theoretically be 

drivable, where about 5% of remaining traction force is available. At a slope of 6%, about 44% of 

traction force is still available.  
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Figure 17: Effect of slope on 17% drive axle load (left: dry, right: wet) 

 

When wet conditions are considered, Figure 17 (right) shows that at 6% slope and 17% drive axle load, 

only about 14% of traction force is remaining, while higher slopes are not drivable (purple line shows 

insufficient potential from about 6.5% slope onwards). The results indicate that in wet conditions and 

slopes typically found in highway ramps and bridges of around 6%, driving up from standstill will only 

result in slow acceleration and stagnated speed due to low friction potential.   

 

Figure 18: Effect of slope on 20% drive axle load (left: dry, right: wet) 

 
At the desired 20% drive axle load, a lot more margin is available as shown in Figure 18, compared to 
the 17% case. With the 20%, slopes of up to 7.5% is theoretically possible if the full friction potential 
of tyre capacity is used. 
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4.3. Acceleration capability – Impact of drive axle load 
 
Another aspect of concern with the SEC, is its ability to accelerate in merging lane of 425 meters to 

meet a minimum speed of 60 [km/h].  

 

Figure 19: Acceleration test on a dry level road – comparison 

With the DAF tractor’s rated engine power of 530 HP and its related driveline parameters such as 

maximum engine torque, final drive ratio, etc., the multibody model is simulated firstly at the baseline 

case of all axles down on a dry (𝜇 = 0.6) and level road, comparing with previously considered RDW’s 

Initial SEC Trial and also DAF’s TOPEC simulations. The Figure 19 shows the speed achieved with respect 

to distance travelled and time by fully using a full throttle input. Compared to the DAF simulation, the 

multibody result shows a faster acceleration, which is due to the lack of gear shifting lag time in the 

multibody model. Meanwhile comparing to the Initial SEC Trial, it is similar in performance which can 

be due to that fact the Safe Starter Set multibody model has lower drive axle load in this simulation 

compared to the Initial SEC Trial vehicle. The relatively conservative peak road friction coefficient of 0.6 

used in the simulation also may differ to the test track. 

Using the multibody model, the Safe Starter Set’s ability to reach 60 [km/h] at various axle 

configurations possible at 72000 [kg] GVW is investigated. Figure 20 shows the time (left) and distance 

required (right) to reach 60 [km/h]. Each graph has confidence bounds added to the pure output of the 

multibody model. This is done to account for the specific gearbox logic (shifting speed), traction control 

logic at low speed, etc., that are not exactly replicated in the multibody model. To incorporate these 

effects perfectly, more detailed low-level information is required from DAF on their current generation 

driveline technology. The results shown here are on the conservative side. 
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Figure 20: Effect of drive axle load on vehicle’s ability to reach 60 [km/hr] (left: time, right: distance) 

 
Nevertheless, the simulations represent the general capability of the Safe Starter Set given its gross 

vehicle weight, engine power and tyre traction performance in its various axle configurations. The data 

shows that at 17% drive axle load, the Safe Starter Set would need about 52 [s] and 530 [m] to reach 

60 [km/h] in wet conditions. However, the 17% shown in Table 14 is present when the pusher axle is 

lifted, which does not apply to this test scenario, since the pusher axle is lowered beyond 30 [km/h]. 

Hence, the realistic maximum to be considered for this test is 13% with a temporary lifting of the pusher 

axle up to 30 [km/h], during which the drive axle load is at about 17%. Hence, the performance of the 

Safe Starter Set is likely to be between 55 to 58 [s] (dry and wet) and 570 to 590 [m] (dry and wet) 

shown with the green arrows. At the desired 20% load, the vehicle would need up to about 520 [m] at 

the most to achieve the target speed of 60 [km/h].  

4.4. Conclusions from multibody simulations 
The Safe Starter Set was modelled based on the available data sources at the time of writing, a list of 

all parameters used are presented in Appendix A.1. Based on the results, we can conclude that: 

• The static axle load calculations in Chapter 3 predicted that the Safe Starter Set vehicle 

configuration with a 6x2 tractor and pusher axle achieves about 14.4% of the vehicle weight 

on the drive axle with the pusher axle lifted in a fully loaded condition and without fifth wheel 

optimization. This finding is confirmed by the more detailed multibody simulations, which 

found a similar drive axle load of approximately 14%. 

• Chapter 3 indicated that lifting the first axle of the first semitrailer could increase the drive axle 

load on the tractor to nearly 17%. The multibody simulations support this, showing that with 

the first semi-trailer axle lifted and the pusher axle lifted, the drive axle load can reach about 

17% of the total vehicle mass, corresponding to roughly 12,100 kg. 

• Both models highlight the challenge of meeting the 20% drive axle load requirement: neither 

static calculations nor multibody simulations show configurations of the Safe Starter Set fully 

achieving this threshold under normal operating conditions without axle lifting.  

• The multibody model quantitatively assesses the startability and acceleration capabilities 

based on axle loads, vehicle power, and road conditions. It conservatively estimates 

acceleration times between 55 to 58 seconds and distances between 570 to 590 meters to 

reach 60 km/h under wet and dry conditions for the Safe Starter Set, matching well with 

expectations from the longitudinal dynamics analyses. 
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5. FUTURE PERSPECTIVE 
 
The feasibility of the Super Eco Combi (SEC) in the Dutch transport landscape hinges not only on present 
technical compliance but also on the evolution of vehicle technology, regulatory flexibility, and 
infrastructure preparedness. While the current assessment highlights regulatory and operational 
challenges, emerging developments offer promising pathways for SEC implementation. 
 
Technical Learnings for Future Development of the Safe Starter Set 
In order to comply with the safety requirements, the simulation outcomes show that the optimization 
potentials of SEC combinations, like traction aides, fifth-wheel location adjustments and specialized 
longer wheelbase first trailers are necessary. This makes the configurations relatively complex 
compared to the implementations in other countries.  
Based on the simulation outcomes and vehicle configuration analyses presented in this study, several 
tractors–trailer setups demonstrated compliance with the 20% driven axle (group) load requirement. 
These findings provide a foundation for optimizing the Safe Starter Set in future development stages. 

• 6x2 tractors equipped with liftable tag axles showed promising results when paired with a first 
trailer having a longer wheelbase. Especially when the non-driven axle and the trailer’s first 
axle can be lifted under low-traction conditions. This temporarily increases the load on the 
driven axle, improving grip and regulatory compliance. 

• 6x4 tractors, though less common in the Dutch fleet, may offer superior traction due to the 
presence of two driven axles, but will also require a longer wheelbase first trailer. 

• Longer wheelbase tractors and configurations using two-axle trailers can be considered, as 
these layouts tend to transfer more vertical load toward the driven axle, helping to meet the 
required load ratios. 

• The perspective of analysing kingpin load rather than only drive axle or rear axle group load 
can be interesting to arrive at optimal configurations, as explored for instance with the longer 
wheelbase trailer’s effect on the tractor. 

• Although not investigated in this study, the integration of steerable or self-steering axles in 
trailer and dolly configurations may aide in turning performance and reduce tyre wear, 
especially in urban or roundabout scenarios. 

 
Technological Advancements 
Technological progress in the field of vehicle design and components is likely to mitigate some of the 
current limitations faced by SEC configurations: 
 

• E-axles and Electrically Driven Dollies: Electric drive axles integrated into semitrailers or dollies 
could help meet the driven axle load requirements by distributing traction across multiple 
axles, reducing reliance on tractor configurations. Yet, the main obstacle to introduce this 
technology into practice is the regulation which currently does not support electrified axles 
delivering actively the drive torque at towed vehicle units. This is also seen as a challenge in an 
international context, for example given the current delays in the ZEFES research project, which 
is among other things piloting this technology. Herewith it is difficult to acquire all necessary 
operating permissions required for cross border transport.  
Moreover, regulations around the drive axle load requirements assume only tractor axles, so 
the regulatory bodies should also consider the potential relaxation of tractor drive axle load 
requirements, in presence of towed vehicle propulsion. This of course has implications on the 
key performance indicators considered in this study. 
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6. CONCLUSIONS, RECOMMENDATIONS & NEXT-STEPS  
 
From the work done in this study the following conclusions can be highlighted: 
 

• The Safe Starter Set using a 6x2 tractor with a liftable pusher axle achieves a maximum drive 
axle load of approximately 9–16% under fully loaded conditions. This combination with a worst 
case 11-13% drive axle load offers optimization capabilities of lifting the auxiliary axles, to 
arrive at the 17% maximum. Fifth wheel rearward positioning can further gain 1-2%. However, 
the results show that this still falls short of the 20% required by Dutch regulations for safe 
traction, especially under adverse conditions. 

• A 6x4 tractor with an extended wheelbase first semitrailer can more easily meet the 20% drive 
axle load requirement. 

• Load distribution strategies, including lifting auxiliary axles and extending trailer wheelbases, 
can increase vertical load on the drive axle with both the 6x4 and 6x2 tractor variants, but may 
lead to axle overloading. 

• The 20% drive axle load minimum remains justified to ensure traction, especially when starting 
on slopes or wet roads, but there is potential for relaxation at speeds above 30 km/h where 
engine power limits acceleration rather than traction. Although RDW expects 20% for the drive 
axle group load in case of drive away aid equipped tractors, at least 15% axle load specifically 
on the drive axle is suggested when acceleration performance is concerned. 

• The 6x4 tractor combined with the SEC Sweden semitrailer is the best suited to comply with 
the 20% drive axle load requirement, reaching 18.8% at full load without overloading axles. 
However, when paired with the standard trailer, this combination fails to comply. 

• Simulations confirmed that uniform front-to-back loading strategies increase the load on the 
drive axle. However, the implications for high-speed dynamics in such cases should be further 
investigated. 

• It is noteworthy that the SEC operating in Spain, using a 4x2 tractor and two standard trailers, 
achieves only 14.2% of the vehicle weight on the drive axle. It would be valuable to understand 
the operational conditions in Spain that allow safe operation despite this lower axle load. 

• Emerging technologies such as electrically driven axles on trailers (e-trailers and e-dollies) 

logically offer promising avenues to overcome traction limits but face regulatory hurdles that 

delay their integration into compliance frameworks. 

 
In context of the longitudinal performance of the vehicle combinations: 
 

• For reliable startability, the minimum required drive axle load cannot be reduced below 20% if 
the vehicle must be able to drive away from standstill on a 12% slope (dry) or 6% slope (wet). 
Under these conditions, the current regulatory threshold remains justified. 

• At speeds above 30 km/h, traction becomes less critical, and specific engine power (kW/ton) 
becomes the limiting factor for acceleration. In such cases, the drive axle load requirement 
could be relaxed to 15%, provided the vehicle reaches sufficient velocity before axle slip risk 
increases. 

• Specific engine power is a critical KPI for acceleration at higher speeds. For SECs, a minimum 
of 5 kW/ton is required. This value enables required performance under a range of load and 
road conditions. 

• The Safe Starter Set's acceleration performance was conservatively benchmarked between 55 
to 58 seconds (dry and wet conditions) to reach 0–60 km/h, covering 570 to 590 meters on flat 



   

 

 

Traction Performance of the Super Eco Combi (SEC) 
           Page | 48 of  58 

terrain. These figures correspond to configurations with only 13% of the vehicle mass on the 
drive axle, as the pusher axle cannot be lifted at higher speeds. 
 

Recommendations 

• The exact configuration of the Safe Starter Set should be carefully determined based on the 
results and comparisons between different possible configurations provided in this report. 

• The front to back loading condition should be adopted for best performance. 

• Enable tractors with modern traction control and hill-start assist to improve driveability in 
marginal grip conditions and  

• Equip air suspension control systems for drive away aides on 6x2 tractors. 

• Consider mandating the use of winter tyres to enhance traction during the wet and cold 
seasons. 
 

Next steps 
This report has provided important insights into the variation in drive axle load and its implications 
across various Super Eco Combi (SEC) configurations, with particular emphasis on the Safe Starter Set. 
However, further investigations are necessary to gain a more comprehensive understanding of the 
overall performance and safety of SEC vehicles.: 

• First, high-speed lateral stability is expected to vary significantly across configurations due to 
differences in wheelbase lengths and axle load distributions. To accurately assess the behaviour 
of these combinations at higher speeds, especially during evasive manoeuvres, performance 
metrics such as rearward amplification and rollover threshold must be evaluated. These 
indicators are essential for quantifying the system's response to rapid lane changes and other 
dynamic scenarios, which are critical for determining the suitability of SECs for highway 
operation. Herewith the impact of the load distribution and centre of gravity height should be 
also investigated. 

• Second, the Safe Starter Set as well as other SEC variants employ different strategies to achieve 
the necessary manoeuvrability, including the use of steerable axles on the first trailer, the dolly, 
and the tractor. While these design choices improve low-speed handling, their impact on 
overall vehicle dynamics requires further verification. In particular, the presence of turn-slip on 
some axles may negatively influence vehicle performance and stability. Therefore, the steering 
behaviour of all actively or passively steered axles should be analysed using advanced 
multibody simulations that account for dynamic effects under varied operating conditions, as 
the conventional approach of calculating the swept path with a kinematic model may be 
insufficient at higher articulation angles.  
This is necessary to ensure that the SEC variants can fit within the LZV permitted routes and if 
not what is necessary to ensure the SECs can operate in the actual road network, concerning 
manoeuvrability in roundabouts and sharp turns. 
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APPENDICES 
 

A.1. Parameters for simulation 

1st Semitrailer geometry 

Physical dimensions of the semitrailer are schematically presented in Figure 21. 

 

Figure 21: Semitrailer schematic view 

The parameters and their abbreviations are listed in Table 15. 

Table 15:  List of parameters - Semitrailer Dimensions 

Abbreviation Parameter Value Unit 

𝑙𝑜 Overall length 13.62 [m] 

𝑤𝑜  Overall width 2.540 [m] 

𝑡𝑤𝑎 Track width of axles 2 [m] 

ℎ𝑙 Height of loading deck (unloaded) 1.320 [m] 

ℎ𝑜 Overall height (unloaded) 4.000 [m] 

ℎ𝑐ℎ Height of chassis (unloaded) 0.905 [m] 

𝑠1 Front overhang (in front of kingpin) 1.680 [m] 

𝑠2 Distance between kingpin to first axle 5.79 [m] 

𝑠3 Distance between axle 1 & 2 1.31 [m] 

𝑠4 Distance between axle 2 & 3 1.81 [m] 

𝑠5 Distance between axle 3 and rear hitch 2.390 [m] 

ℎ𝑘 Height of kingpin (above ground, unladen) 1.150 [m] 

ℎℎ Height of rear hitch (above ground, unladen) 0.400 [m] 

- Tyre size (e.g. 385/65 R22.5) 385/65R22,5 - 
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Semitrailer masses 

The masses of the semitrailer are listed in Table 16. 

Table 16: Semitrailer masses 

Parameter Value Unit 

Gross weight 39000 [kg] 

Tare weight 6200 [kg] 

Kingpin load (unloaded) 2000 [kg] 

Axle 1 load (unloaded) 1400 [kg] 

Axle 2 load (unloaded) 1400 [kg] 

Axle 3 load (unloaded) 1400 [kg] 

Kingpin load (fully loaded) 12000 [kg] 

Axle 1 load (fully loaded) 9000 [kg] 

Axle 2 load (fully loaded) 9000 [kg] 

Axle 3 load (fully loaded) 9000 [kg] 

 

Tractor geometry 

Physical dimensions of the tractor are schematically presented in Figure 22: Schematic views of 

tractor. 

 

 

Figure 22: Schematic views of tractor 
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The parameters and their abbreviations are listed in Table 17. 

Table 17:  List of tractor parameters - Dimensions 

Abbreviation Parameter Value Unit 

𝑡1 Front overhang (in front of steer axle) 1.53 [m] 

𝑡2 Distance between steer axle to 5th wheel 3.38 [m] 

𝑡3 Distance between 5th wheel to drive axle 0.57 [m] 

𝑡4 Distance between drive axle to tractor rear 0.77 [m] 

𝑡5 Distance between pusher axle to drive axle 1.32 [m] 

𝑡𝑤1 Track width of steer axle 2 [m] 

𝑡𝑤𝑑 Track width of drive axle outer wheels 2.15 [m] 

𝑡𝑤𝑓𝑡𝑔 Track width of the pusher axle  2 [m] 

𝑑𝑑𝑟𝑖𝑣𝑒 Distance between drive axle tyres 0.35 [m] 

 

Tractor masses 

The masses of the truck are listed in Table 18. 

Table 18: Tractor masses 

Parameter Value Unit 

Gross weight 27000 [kg] 

Tare weight 8325 [kg] 

Steer axle vertical load (unloaded) 5102 [kg] 

Steer axle vertical load (fully loaded) 8000 [kg] 

Drive axle vertical load (fully loaded) 11500 [kg] 

Pusher axle vertical load (fully loaded) 7500 [kg] 
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Dolly geometry 

Physical dimensions of the dolly are schematically presented in Figure 23. 

 

Figure 23: Dolly schematic view 

The parameters and their abbreviations are listed in Table 19. 

Table 19: List of parameters -Dolly  Dimensions 

Abbreviation Parameter Value Unit 

𝑙𝑜 Overall length 5.625 [m] 

𝑡𝑤𝑎 Track width of axles 2 [m] 

𝑤𝑐ℎ Width of Dolly chassis 2.470 [m] 

ℎ𝑐 Height of coupling 0.400 [m] 

ℎ5 Height of fifth wheel 1.150 [m] 

ℎ𝑐ℎ Height of chassis 0.730 [m] 

𝑑1 Distance between coupling to chassis front 2.350 [m] 

𝑑2 Distance between chassis front to axle 1 0.730 [m] 

𝑑3 Distance between axle 1 & 2 1.31 [m] 

𝑑4 Distance between axle 2 and chassis rear 0.73 [m] 

𝑙𝑑𝑏 Distance between coupling to fifth wheel 3.62 [m] 

- Tyre size on axle 1 (e.g. 385/65 R22.5) 385/55R22,5 - 

- Tyre size on axle 2 (e.g. 385/65 R22.5) 385/55R22,5 - 
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Dolly masses 

The masses of the dolly are listed in Table 20. 

Table 20: Dolly masses 

Parameter Value Unit 

Gross weight 19000 [kg] 

Tare weight 2500 [kg] 

Axle 1 load (unloaded) 1250 [kg] 

Axle 2 load (unloaded) 1250 [kg] 

Axle 1 load (fully loaded) 9000 [kg] 

Axle 2 load (fully loaded) 9000 [kg] 
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A2. INTERVIEWS 
To gain more insights into the practical applicability of EMS2 vehicles for the logistic sector on one 
hand, and regulations and requirements to deploy EMS2 vehicles safely on the other hand, interviews 
were held with representatives of the sector (RAI, TLN & PACTON) and the RDW. These interviews were 
based on the provided documentation, own literature study / knowledge and the report of the previous 
SEC tests. The goal was to identify gaps and challenges faced by the sector and RDW, and the focus was 
put on the 20% driven-axle regulation, manoeuvrability and visibility since these aspects were seen as 
key take-aways from the previous SEC tests.  
 
First the interview with the sector will be described followed by the interview with the vehicle regulator 
who oversaw previous tests. For both interviews three major aspects were discussed: 

• Identify and clarify technical requirements, also based on the outcomes of past tests, (e.g., 20% 
driven-axle regulation, manoeuvrability, visibility, etc.) that are seen as challenging.  

• The current status of the Super Eco Combi (SEC), also with respect to international experiences, 
and the status of the SEC “Safe Starter Set” and requirements for a pre-test/pilot with the RDW. 

• Align on how to prepare a “Safe Starter Set” that both the sector and regulators can support 
The key findings and most important discussion points are categorized and provided in subsections in 
the text following. Every interview ends with a brief summary / conclusion and this chapter summarizes 
the main findings at the end, including some next steps and advice.  
 

A2.1 Logistic Sector  
The first interview was scheduled with representatives of the logistics / transportation sector and took 
place on March 12, 2025. Attendees were TLN (Ambro Smit), the RAI Association (Jasper Burgers) and 
a trailer manufacturer, PACTON Trailers (Bert van ‘t Zand). In addition, researchers of the HAN (Karel 
Kural & Bas Hetjes) and TU/e (Igo Besselink) were present. The main purpose of the interview was to 
identify the biggest hurdles and challenged faced by the sector for adopting EMS2 vehicles, with special 
focus on the Safe Starter Set and its requirements.  
 
Past Test Outcomes: 

• The previous combination which was tested (during COVID restrictions) highlighted short-
comings in preparation (time), the vehicles, data-sharing, and clarity on the RDW expectations. 

• The main key take aways from the previous tests are the traction, manoeuvrability and visibility.  

• It was emphasized that the technical requirements and test criteria that the SEC must meet 
(i.e. what will be tested and how) were not shared upfront. In addition, realism of requirements 
should be checked, e.g. accelerating from 0 km/h to a set speed within a certain distance. It is 
highlighted that the requirements and test procedures should be shared in advanced.  

 
Regulatory Constraints & Technical Vehicle Aspects: 

• Traction – An explanation of the 20% load on the driver axle requirement was given and how 
that emerged from exceptional transport regulations. Next to this, a discussion on the 20% 
load requirement in relation to tractor types and sector acceptance was held. It became clear 
that 4x2 tractors are most commonly used and will have the highest acceptance for SEC 
applications, but this tractor type will never meet the current 20% requirement. The 6x2 tractor 
(incl. tag or pusher axle) is doable for the sector, while a 6x4 tractor is more accepted by special 
transport. Next to this a 6x4 tractor results in a higher chassis and an increased mass, making 
it less applicable for LZV or SEC applications. The 4x4 tractor is very rare and not applicable to 
the SEC. In addition, a debate emerged whether the 20% load regulation should be replaced 
by more practical absolute-load guidelines. 
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• Traction – Another point was made about the 20% load regulation. Besides the type of truck 
used for the configuration, it will also affect the first trailer. Most likely it requires a longer 
wheelbase, which can impact the manoeuvrability (negatively). In addition, this trailer cannot 
be a standard trailer anymore. Together with a non-standard truck, this results in quite a non-
standard combination. Something that is not desired / practical applicable for the sector.  

• Manoeuvrability - Steerable dollies, steered trailers, lift-axles and “Opti-Turn” systems were 
discussed in relation to manoeuvrability. According to the attendees, Opti-Turn is insufficiently 
predictable and add-ons such as steered axles and liftable axles make trailers more expensive 
and less “standard”, while standard equipment will create a higher acceptance rate. On the 
other hand, it is recognized that a SEC configuration can’t be achieved with only standardized 
equipment. Furthermore, the group emphasized that steerable dollies can be adopted 
relatively easy by the sector and will have a positive effect on the maneuverability of the SEC. 
Nevertheless, steerable dollies are not allowed, and it is therefore advised to reconsider this.  

• Visibility – Discussion on visibility and monitoring by the driver, especially while turning and 
reversing. Modern camera-based side-mirrors do already aid in this, and additional camera-
monitoring systems can also assist, which can be an acceptable requirement for the sector. 

 
“Safe Starter Set” & Pre-test / Pilot: 

• Despite some unresolved regulatory hurdles, TLN, RAI and PACTON agree on the importance 
of getting a real-world pre-test(s) on the road as soon as possible (no more waiting). 

• Real-world testing will gain insights in the SEC’s safety, and it can aid to refine technical 
requirements such as absolute-load guidelines for driven axles and steerable dolly allowance. 

• Additional configurations can be explored if the pilot proves the concept of the Safe Starter Set 

• It is highlighted that requirements and test procedures for the SEC should be shared upfront.  
 
Emissions, Future Trends & Other Aspects: 

• Discussion was held on the growing importance of CO2 emissions in relation to the SEC 
configuration and requirements. Zero-emission (hydrogen) or hybrid trucks with increased 
cabins and masses can negatively affect the overall length and potential cargo mass of a SEC.  

• In addition to the previous point, the maximum mass of 72 tons was discussed. This mass is 
mainly based on the 20% load on the driven axle regulation. However, a maximum mass of 76 
tons (as in Sweden) is a better alternative when it comes to the “Eco” part of the SEC. Since 76 
tons can really replace two tractor-trailer combinations by one single Super-Eco-Combi.  

• So-called E-trailers or E-dollies could benefit the traction issues and 20% load regulations. 
Nevertheless, it is unclear to the sector when this kind of application will be accepted.  

• Use of (compulsory) winter tyres was discussed, and the sector reacted positively to this, 
especially when this can aid to the discussion of the 20% regulation as an alternative solution.  

 
Summary / Conclusion: 
The meeting underscored the urgency to move forward with a practical pilot of the Super Eco Combi 
concept, even as certain rules (notably the 20% traction requirement) remain contentious and 
challenging. The representatives of the sector agreed that real-world testing will help to demonstrate 
feasibility, and it can identify safety considerations. In parallel, real-world piloting can help to refine 
and modernize technical requirements, e.g. axle-loads / maximum loads (i.e. eco-friendlier setup) and 
allowance of steerable dolly configurations. And on a longer horizon additional configurations can be 
explored if the pilot proves the concept of the Safe Starter Set. Next to this, the group advised to adopt 
existing LZV routes and approaches to expedite the process. And finally, it is emphasized that the 
technical requirements and test criteria that the SEC must meet are obtained before the trial. 
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A2.2 Vehicle Homologation Authority (RDW) 
On March 25, 2025, the second interview with representatives of the RDW took place. Richard Kors 
and Cees van Schie were present on behalf of the RDW, Karel Kural and Bas Hetjes from the HAN and 
Igo Besselink from TU/e were present as well. The interview was held to identify the concerns of the 
SEC from a legal and safety perspective, with a strong focus on the 20% driven-axle regulation and the 
Safe Starter Set. Furthermore, discussions were held on other technical requirement and (future) 
innovations in relation to the SEC. 
 
Past Test Outcomes: 

• The RDW underlines that the previous combination which was tested highlighted shortcomings 
in preparation (time) and the vehicles. Furthermore, a risk analysis was clearly lacking. 

• In addition, the tests showed failings on three aspects, traction, manoeuvrability and visibility. 

• It was emphasized that the technical requirements and test criteria that the SEC must meet 
were not shared upfront. An applicant should always perform a proper risk analysis and needs 
to make sure that the vehicle (configuration) remains safe. This required a proper self-study.  

 
Regulatory Constraints & Technical Vehicle Aspects: 

• The RDW emphasized that they want to align with current and future European Regulations 
when it comes to EMS1 and EMS2 vehicles. This gives limited room to make own regulations. 
In addition, certain requirements are taken over from other authorities, e.g. the acceleration 
test which comes from ROA / RWS. The RDW is only examining regulations and guidelines.    

• Traction – An explanation of the 20% load on the driver axle requirement was given and it was 
addressed that it is allowed to use a 6x2 truck of which the tag/pusher axle can be lifted to 
temporarily overload the driver axle with 25%9. This should give the sector more options 
already. Furthermore, it was addressed that the 20% regulation is a hard requirement, which 
is already 5% less than the European guidelines, especially when looking back at the previous 
SEC tests (e.g. traction issues when driving on low friction terrain and the acceleration tests). 

• Stability – In addition to the 20% of the total mass on the driven axle regulation, RDW also 
emphasized that the rear axle(s) of a tractor should carry at least 20% of the vehicle mass. 

• Manoeuvrability – RDW suggests to use the swept path requirements of LZV vehicles. Steered 
dollies are considered unsafe based on past experiments done by RDW and configurations with 
steered dollies will be rejected. RDW is willing to do (new) tests with steered dollies, but they 
remain sceptical when it comes to safety and stability. Steered axle(s) on trailers are accepted. 
In addition, RDW is not in favour of Opti-Turn and reverse parking of a SEC is considered doable 
with sufficient training.  

• Visibility – The RDW does not set any requirements on technology, only on the visibility (view). 
The driver should see the entire combination, on the inside, when standing under a certain 
angle when performing the swept path test.  

 
“Safe Starter Set” & Pre-test / Pilot: 

• The key question for the RDW is “how does the SEC fit within the Dutch traffic?”, with the main 
focus on safety. It is therefore necessary to start on the safe side in any test-case or pilot.  

• Additional configurations can be explored if the pilot proves the concept of the Safe Starter Set  

 
9 This is referred to as the driver away aid. By (partly) lifting the tag or pusher axle it becomes possible to increase the load on the driver axle. 
It is allowed to do this with a maximum of 25% up to a speed of 30km/h. When using this information it becomes clear that the driver axle 
can have a temporarily maximum of 11.5tons*1.25 = 14.4tons, which in its turn can be calculated back to the maximum allowed total mass 
of 14.4/0.2 = 71.9 ≈ 72 tons 
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Emissions, Future Trends & Other Aspects: 

• RDW addressed their concerns of loading conditions and (high speed) stability. Regulations on 
loading conditions are limited and do not describe what load should be used and how it should 
be located. Tests are therefore typically done with ideal loading conditions, which are not 
representative for real vehicle usage. It is therefore wondered how operational loading 
conditions will affect the (high speed) stability of the vehicle configuration.  

• Also RDW expresses their concerns when it comes to tractor engine emissions. Powertrains are 
not optimized for (heavy) SEC combinations. It might be that EURO requirements are not met.  

• When discussing the point of 76tons as maximum mass for SEC, RDW can be okay with this as 
long as the 20% regulations are met (most likely a 6x4 is required). Nevertheless, RWS should 
decide on this as RDW is not the authority that specifies these regulations.  

• The concepts of so-called E-trailers or E-dollies in relation to the SEC were discussed. And even 
though this could be of benefit to the SEC, RDW does see legal issues in the current EU 
framework. They expect that electrically driven axle on these vehicles will take a long time 
(regeneration options will be accepted much faster according to the RDW).  

• Also, winter tyres were discussed and according to the RWS it could aid in. Nevertheless, 
vehicles equipped with winter tyres will be rejected for the tests as these tyres are not the 
normal tyres used for vehicle operation (and winter tyres are currently not mandatory). Use of 
(compulsory) winter tyres was discussed, and the sector reacted positively to this, especially 
when this can aid to the discussion of the 20% regulation as an alternative solution.  

 
Summary 
The meeting underscored the existing mismatch between the sector’s wishes on one hand and the SEC 
(legal) requirements on the other hand. Especially when it comes to the 20% load on driven axle(s) 
(which will not be changed), but also considering the manoeuvrability with steered dollies. 
Nevertheless, RDW agrees that real-world testing helps to understand the SEC better. However, 
according to the RDW it is necessary to start on the safe side in any test-case or pilot. Next to this, RDW 
emphasises that they are examining the regulations, and they are not the (only) authority that sets the 
requirements (e.g. acceleration capabilities come from RWS). Finally, when it comes to the loading 
conditions, RDW is concerned about the (high speed) stability of the configuration. Tests are typically 
done with ideal loading conditions, not representing real vehicle usage. It is therefore wondered how 
operational loading conditions will affect the (high speed) stability of the configuration.  
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A2.3 Main Findings / Take Aways  
The interviews provided valuable insights and the key take aways are  

1) Both parties underscored the urgency to move forward with a practical pilot 
2) A clear mismatch exists between the sector’s wishes on one hand and the SEC (legal) 

requirement of the 20% load on the driven axle(s) on the other hand.  
 
Both parties agreed that real-world testing will help to demonstrate the SEC’s feasibility and safety. In 
parallel, real-world piloting can help to refine and modernize technical requirements. And on a longer 
horizon additional configurations can be explored if the pilot proves the concept of the Safe Starter Set. 
Furthermore, it is clear that the 20% driven-axle load regulation has a high impact on the SEC 
configuration for the sector, not only for the tractor type but also for the customization of the first 
trailer. Additionally, the sector would like to see whether steered dollies could be accepted since this 
can really aid in the manoeuvrability issues. Moreover, it is emphasized by the sector that the technical 
requirements and test criteria that the SEC must meet should be obtained before the tests. From the 
RDW perspective, they are concerned about the (high speed) stability of the SEC when the loading 
conditions are not ideal. In addition, RDW is sceptical about the safety performance of steerable dollies.  
 
From the interviews the following advice can be given: 

• Move forward with real-world tests. Learn from the Safe-Starter-Set and use the tests to refine 
and modernize (technical) requirements. In addition, explore additional configurations when 
the concept of the Safe-Starter-Set is proven.  

• For this pre-test make sure to share the SEC requirements and test requirements upfront. 

• Research the potential added benefit of steered dollies on the manoeuvrability of the SEC (for 
example with simulations). When the effect is positive perform real-world tests to research 
whether steerable dollies can be integrated safely in a SEC combination.  

• Research the potential safety risks on the (high-speed) stability when the SEC is loaded less 
ideal / more representative (for example with simulations).  

• Research the effects of the SEC combination on the tractor engine emissions. Powertrains 
might not be optimized for (heavy) SEC combinations, and this may harm emissions 
regulations. 

• Explore the possibilities of winter tyres as an additional requirement to achieve sufficient 
traction especially on wet roads during the winter season. Also put this in line with the 20% 
driven-axle load regulation.  




