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Abstract 
 
Volvo trucks are involved in a project with vehicle combinations longer than 25.25 meters 

and/or with a weight of more than 64 tons. Those combinations are called high capacity 

transport (HCT). Some of the vehicle combinations are now driven with exemptions for the 

coupling equipment. The exemption is needed because according to a standard the theoretical 

transmitted forces between the dolly and the truck exceed the value that the coupling 

components have been certified for. The theoretical transmitted forces are called performance 

indexes. This limits the development but the exception could be avoided by using a hinged 

drawbar on the dolly. 

 

This thesis aims to investigate what needs to be done in order to introduce dolly with hinged 

drawbar in longer and heavier vehicle combinations. A literature study and interviews were 

conducted to find problems that could be expected when using hinged drawbar on dolly and to 

investigate how the performance indexes for a specific vehicle combination should be 

calculated. Thereafter a dolly was put together through a product development process. Then 

concepts to solve a problem that was noticed through the literature study were developed. The 

concepts were sketched, evaluated in a matrix and thereafter the winning concept was 

modelled in detail in computer aided design (CAD).  

 

According to the traffic definition in Sweden a dolly with hinged drawbar is violating the law. 

It defines a dolly as a module with rigid drawbar. On the other hand, the European Union 

defining a dolly as a trailer with fifth- wheel made to convert a semi-trailer into a full trailer. 

They don’t mention anything that contradicts to the usage of hinged drawbar. So the Swedish 

definition of a dolly needs to be challenged.  

 

Simulations have shown that the braking performance will be worse when using a dolly with 

hinged drawbar compared to using a dolly with rigid drawbar. Therefore concepts to improve 

the braking performance of the dolly have been developed. The concept was to look the fifth-

wheel from pivoting around a horizontal axle perpendicular to the driving direction. By doing 

so the dolly and semi-trailer will become more like a full trailer and that would better the 

braking performance. 

 

Through interviews and literature study it was noticed that the high performance indexes were 

calculated in an incorrect way. The highest forces are generated through interaction forces 

which are only affected by the vehicles closest to the coupling components. Therefore a 

calculation model need to be modified for this. Three calculation models were tested on the 

vehicle-combination. Two of these generated performance indexes that were reasonable. The 

calculation models were ISO-combination 3 and a model developed by Sweatman (1980). 

These two calculation models are modified for vehicle combinations that includes three 

vehicles.  
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Sammanfattning 
 
Volvo lastvagnar ingår i ett forskningsprojekt med lastbilskombinationer som är längre än 

25,25  meter och/eller väger mer än 64 ton. Ett sådant fordon kallas högkapacitetstransport 

(HCT). Idag körs vissa av dessa fordon med dispenser för kopplingsutrustningen. Detta då de 

teoretiska överförda krafterna mellan lastbil och dolly enligt en standard får värden som är 

högre än vad kopplingsutrustningen är certifierad med. De teoretiska överförda krafterna 

benämns som prestandaindex. Denna dispens skulle kunna undvikas genom att använda en 

ledad dragstång på dollyn. 

 

Detta examensarbete syftar till att undersöka vad som behöver göras för att introducera dolly 

med ledad dragstång i längre och tyngre fordonskombinationer. En litteraturundersökning 

samt intervjuer genomfördes för att upptäcka problem som kan uppstå vid användande av 

dolly med ledad dragstång. Även en undersökning gällande hur prestandaindex ska beräknas 

på rätt sätt genomfördes.  Därefter konstruerades en dolly genom en 

produktutvecklingsprocess. Koncept för att lösa ett problem som noterades under 

litteraturundersökningen utvecklades. Koncepten skissades och blev sedan utvärderade genom 

en matris. Det vinnande konceptet konstruerades i CAD.  

 

Från litteraturstudien visade det sig att det finns en motstridighet i den svenska definitionen 

gällande användandet av ledad dragstång på dolly. I Sverige definieras dolly som en kärra. En 

kärra definieras som en modul med stel dragstång. Däremot definierar EU dolly som en trailer 

som konverterar en semi-trailer till en full trailer. Där nämns ingenting som kan stoppa 

användandet av dolly med ledad dragstång. Därför borde den svenska definitionen utmanas.  

 

En dolly med ledad dragstång förväntas ha sämre bromsprestanda än en vanlig dolly. Koncept 

utvecklades för att förbättra bromsprestandan på dollyn. Konceptet som vann var att låsa 

vändskivan från att vridas runt en horisontell axel vinkelrätt till åkriktningen. På så viss blir 

kombinationen dolly, semi-trailer mer som en full trailer vilket skulle innebära en bättre 

bromsprestanda. 

 

Från intervjuer med kunniga personer och från litteraturstudien framkom det att de höga 

prestanda indexen var felaktigt beräknade. Det blev även känt att de största krafterna 

genereras genom interaktionskrafter som endast påverkas av de närmaste fordonens vikt. Tre 

olika beräkningsmodeller testades där två utav dem gav värden som kan anses vara rimliga. 

Beräkningsmodellerna var ISO-kombination 3 och en modell utvecklad av Sweatman (1980). 

Dessa två är anpassad för kombinationer som innehåller 3 fordon. 
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List of symbols 
a - Vertical acceleration at the coupling, constant depending on type of suspensions 

a1 - 1.8 m/s2 for air suspended vehicles 

a2 - 2.4 m/s2 for vehicles with other suspension then air suspension 

C - Mass transmitted from the dolly’s axle or axle group to the ground (t)  

D/Dc - Theoretical horizontal force between towing vehicle and trailer (kN) 

E - Strength rating of coupling (t) 

g - Gravitational acceleration, 9.82 m/s2 

L - Draw Bar length measured from the tow eye to centre between the axles (m) 

M1 - Mass of towing unit (t) 

M2 - Mass of first towed unit (t) 

M3 - Mass of second towed unit (t) 

R - Technical permissible mass on trailer (t) 

R - Total mass towed by fifth wheel (t) 

T - Technical permissible mass on towing vehicle (t) 

T - Total mass of towing articulated vehicle and dolly tare weight (t) 

Ut - static vertical load on fifth-wheel on tractor (t) 

Ud - static vertical load on fifth-wheel on dolly (t) 

V - Theoretical vertical force between towing vehicle and trailer (kN) 

X - Load length on trailer (m) 

Wd - Tare mass of a dolly (t)
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1 Introduction 
The European commission (2014) has made a prognosis of how freight transport will change 

until 2050 and it shows a growth by 80%. Climate goals have been set for the transport 

industry to reduce their greenhouse gases by 60% until year 2050 (Näringsdepartementet 

2011). To meet this increase in transport and reduce the greenhouse gas emissions, the freight 

transport needs to become more efficient. Pålsson et al. (2017) say that if longer and heavier 

vehicles are implemented they have the potential to significantly reduce emissions and have a 

positive effect on the economy as well. This without having to expand the infrastructure 

capacity. In Sweden longer and heavier vehicles are called high capacity transport vehicles 

(HCT) and are longer than 25.25 meters and/or weigh more than 64 tons (Volvo trucks 2016). 

Increased efficiency has been seen in Finland as a result after the introduction of HCT-

vehicles (Latila, Asikainen & Ranta 2016). Research has shown that they have lower fuel 

consumption and less emission per shipped goods than regular trucks (Ortega, Vassallo, 

Guzmán & Pérez-Martinez 2017). There is an ongoing debate regarding the implementation 

of longer and heavier vehicles. Some say that it would lead to a reverse modal shift from rail 

to road, but the evidence of reversed modular shift in countries that have allowed longer and 

heavier vehicles is low (Meers, Lier & Macharis 2016). 

 

HCT-vehicles are tested in research projects in Sweden to see how they work in the field. As 

a result of these trials the weight regulations are about to change to allow 74 tons on specific 

roads (Näringsdepartementen 2017). In one of these projects it shows that a HCT-combination 

can freight 50% more than a conventional truck. It has also shown a reduction of carbon 

dioxide emissions by 20% compared to a 60 ton truck. (Volvotrucks 2018) 

  

In the HCT-projects seven different modules are used: Tractor, truck, center-axle trailer 

(CAT), dolly, semi-trailer, link and full trailer. These modules can be seen in figure 1.1. The 

dots specify an articulated joint and the arrows show movement around those. 

 

A truck is made with a loading area on the chassis and can be fitted with a coupling to tow a 

CAT, full trailer or a dolly with a semi-trailer. Tractor is a motor vehicle constructed for 

towing semi-trailer on a fifth wheel coupling. Semi-trailer is a module made to couple with a 

fifth wheel, either on a tractor or a dolly. The semi-trailer has a kingpin which connects to the 

fifth wheel. Link is a module like semi-trailer made to couple with a fifth wheel but in the 

back it has a fifth wheel so it can tow one more semi-trailer. It also has a kingpin. A dolly has 

two close axles and one fifth wheel made to convert a semi-trailer into a trailer that can be 

towed by a truck. Center-axle trailer is a module with a rigid drawbar and the axles mounted 

close to the center of the trailer. Full trailer is equipped with a hinged drawbar that can be 

connected with a truck. To enable the full trailer to turn it has a turntable mounted on the front 

axles. All modules are presented in figure 1.1. (COMMISSION REGULATION (EU) No 

678/2011 of 14 July 2011 replacing Annex II and amending Annexes IV, IX and XI to 

Directive 2007/46/EC of the European Parliament and of the Council establishing a 

framework for the approval of motor vehicles and their trailers, and of systems, components 

and separate technical units intended for such vehicles (Framework Directive)) 
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Figure 1.1 Each module is defined above 

Drawbar, fifth wheel coupling, drawbeam and couplings are called coupling components. The 

components are certified with performance indexes according to UN vehicle regulations 55 

and there are three types of index; D, Dc and V(Regulation No.55 uniform provisions 

concerning the approval of mechanical coupling components of combinations of vehicles).   

 

D and Dc are the theoretical horizontal force that is applied on the coupling components. D is 

used when there is no vertical force transmitted between trailer and towing vehicle. Dc is used 

when there is a vertical load transmitted, in these cases there is also a V-value used. V-value 

is the theoretical vertical force. In other words when having a hinged drawbar only D-value is 

used but when there is a rigid drawbar there is both Dc and V- values (DIRECTIVE 94/20/EC 

OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 30 May 1994 relating to 

the mechanical coupling devices of motor vehicles and their trailers and their attachment to 

those vehicles). 

    

In the research project one more pile (ETT) HCT-vehicles are tested in Sweden. The project is 

using 25 vehicles and one of these use the combination truck, dolly, link and semi-trailer 

(Bergman W.D.). This combination is tested with a weight of 90 tons. The dolly uses a rigid 

drawbar therefore it needs to calculate Dc and V-values. When driving with a weight of 90 

tons the coupling components on the truck require higher values than what's available on the 

market and therefore needs an exemption.  

1.1 Problem description 

The HCT-combination truck, dolly, link and semi-trailer are tested with a weight of 90 tons. 

According to a calculation standard the transmitted forces between the dolly and the truck 
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exceeds the value that the coupling components has been certified for and this limits the 

development of longer and heavier vehicles. 

1.2 Aim 

The aim of this thesis is to investigate what needs to be done in order to introduce dolly with 

hinged drawbar in longer and heavier vehicle combinations. 

1.3 Research questions 

● What problems can be expected by using a hinged drawbar on a dolly and what can be 

done in order to design a dolly with hinged drawbar? 

● How should performance indexes be calculated for the combination truck, dolly, link 

and semi-trailer?  

1.4 Limitations 

• No FEM-analyse had to be done on the developed parts 

• No CAD-diagrams had to be made for the developed parts  

1.5 Work Distribution 

The work was equally distributed between the two researches. Research articles were read 

individually and critically reviewed together. Both took part in all the interviews and 

company visit. 

2 Method 
The implementation of the project will take place in different stages where the first one is 

about embark on the subject. This includes seeking information both from literature and 

through interviews with people who are knowledgeable in the field.  Prior this a WBS (work 

breakdown structure) was made over the work to see what actions that needed to be done in 

order to complete the project. This WBS laid the foundation for the time schedule, a Gantt- 

chart (Tonnquist 2016). 

2.1 Literature study 

A literature study was carried out to gather information about the problem. The literature was 

in the beginning mostly regulations and directives to create a compendium with rules 

concerning dolly. Then literature regarding vehicle dynamics, performance index and heavy 

vehicles was studied.  

2.2 Interview 

From the literature study it could be seen that vehicle dynamics is an important topic to 

investigate further. Therefore contact was made with two experts in that area, Bolennarth 

Svensson1 and Niklas Fröjd2. The interviews with them were to get their opinion on the 

project and what problems or limitations that may occur.  

 

An interview was also conducted with Per Olsson3 who is working at the company Parator 

which manufactures dollies. He provided the project with information about the construction 

of the dolly.  

                                                 
1 Bolennarth Svensson Senior Business Engineer at VBG Group Truck Equipment AB, 14 February 2018. 
2 Niklas Fröjd Specialist Vehicle Dynamics Volvo Global Trucks Technology, 13 March 2018 
3 Per Olsson CEO Parator, 15 February 2018 
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In all interviews that were held an unstructured method was used. It can be referred to as a 

guided conversation. The interviews were held over phone and the interviewee talks freely 

about the subject in a free flowing conversation and the interviewers asked spontaneous 

questions (DiCicco-Bloom & Crabtree 2006). 

2.3 Product development 

The product development work was conducted according to a process by Ulrich and Eppinger 

(2012). This process is called a staged product development (Unger & Eppinger 2009) and 

includes six steps: Planning, concept development, system-level design, detail design, testing 

and production ramp up. In this thesis the first four steps were done. The planning part goes 

hand in hand with the interviews and literature study.   

2.3.1 Concept development 

During the concept development three main methods were used: product specification, 

concept generation and concept selection.  

2.3.1.1 Product specification 

With this method the specifications in form of product needs were written down in a table and 

then evaluated. The needs were based on the compendium of rules that were created in the 

literature study, things learned from interviews, from the literature study about vehicle 

dynamics and from the dimensions that Volvo specified for their vehicle combination. The 

origin of every need was also written in the table. The first step was to write the needs in a 

table and rate them by importance. Then another table was constructed which include a 

suitable measurement method for each need, called metric. The measurement method was 

then linked to what need it referred to, the importance of the metric and with which unit it was 

measured. Some metrics could be measured by answering yes or no to a question. A table 

with a target specification for every metric was made. Every metric got one ideal value and 

one marginal value. The marginal value represents the value of the worst it can be and still 

meet the metric. The ideal refers to the ultimate value the metric can be (Ulrich & Eppinger 

2012). 

2.3.1.2 Concept generation 

The second method is concept generation and it was conducted according to Ulrich and 

Eppingers (2012) five step model. The problem “design a dolly with hinged drawbar” was 

divided into three sub problems that as well were divided further. This is the first step and is 

to get an overview of what needs to be done in order to complete the main problem. After the 

problem had been divided the search work began to find possible solutions for each sub 

problem. The search was done both externally and internally which is step two and three. The 

external search included reading product brochures and patents to find concepts that may be 

solutions for each sub problem. The internal search part was done through brainstorming and 

the meaning of that was to create concepts that didn’t exist on the market yet. The fifth step is 

to reflect on the solution and the process. This is a step that needs to be done throughout the 

project and it consists of some questions. For example: Were there other possible options for 

the external search or could the problem been divided differently. 

2.3.1.3 Concept selection 

From all the concepts that were specified in the generation step, one from each sub problem 

was chosen to further develop and later combined into a working dolly. 

Ulrich and Eppinger (2012) describe a type of decision matrix: concept screening. The 

screening matrix has criterions on one axle and concepts on the other. One of the concepts 



5 

 

was set to reference and graded 0 on every criterion. Based on the reference all other concepts 

were graded better (+), same (0) or worse (-). The criterions were selected in a way that the 

most suitable concept for each sub problem was picked and that they followed the DFMA 

mindset. DFMA stands for Design for Manufacturing and Assembly and the aim of that 

philosophy is to optimize the production and development cost. This by reduce the number of 

parts and complexity of the product during the develop phase. 

2.3.1.4 System-level design and detail design 

In the system-level design phase some key dimension for the winning concept was developed 

to make the detail design easier. These dimensions were based on a chassis from a standard 

dolly. After system-level design the concept was drawn and refined in CREO Parametric 2.0 

3  Theory 
This chapter will present theories that are essential to understand the report. 

3.1 Dolly design 

This section will explain what parts that exist on a dolly. 

3.1.1 Fifth-wheel Coupling 

To be able to couple a semi-trailer on a dolly a fifth-wheel coupling is needed. The fifth-

wheel is a plate with a slot made for a kingpin to go into. The kingpin is attached to the semi-

trailer. The top of the plate needs to be lubricated to minimize the friction between the fifth-

wheel and trailer as they need to move relative to each other when turning. The fifth-wheel is 

mounted on a pedestal and can pivot around a horizontal axis perpendicular to the driving 

direction (Olsson3). A fifth-wheel can be seen in figure 3.1. 

 

 

Figure 3.1 Fifth-wheel 

3.1.2 Turntable 

The fifth-wheel is mounted on a ball-bearing turntable which is a redundant system that 

makes the vehicle combination turn easier. The turntable is restricted to only turn 15 degrees 

in both directions around a vertical axle. After that the surface on the fifth-wheel and surface 
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on the trailer need to overcome the friction to turn (Olsson3). A turntable can be seen in figure 

3.2.  

 

 

Figure 3.2 Turntable 

3.1.3 Drawbar 

In Sweden rigid drawbar is standard on dollies. The rigid drawbar is integrated in the chassis 

of the dolly and can't move in the vertical plane. This means that vertical forces are 

transferred from dolly to the truck. In the front of the drawbar there is a drawbar eye. This is 

used to couple the dolly to the truck or the vehicle in front (Olsson3). A rigid drawbar is 

shown in figure 3.3 

 

 
 

Figure 3.3 Rigid drawbar 

3.1.4 Air system 

There is an air system on the dolly which makes it possible to control the brakes and air 

suspension. Dollies don't have their own compressor instead they are using the compressor on 

the truck for pressure supply. (Olsson3) 

3.1.5 Braking system 

The brakes on dollies are controlled with an air system and are usually disc or drum brakes. 

Drum brakes have the advantage that it’s not sensitive to dirt and other contamination because 

it’s a closed system but they are sensitive to fading during braking. With disc brakes, fading is 

not a problem because it’s an open system. (Olsson3) 

 

One demand to allow longer and heavier vehicles combination is that all vehicles in the 

combination should have electrical controlled brakes. This is called EBS (Electronic braking 
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system) and is used on dollies. The EBS makes all the vehicles in a combination brake itself 

and will not put any forces on the coupling equipment during braking in theory. (Olsson3) 

3.1.6 Air suspension 

Air suspension is often used on dollies and is of the type trailing arm suspension. Trailing arm 

suspension has a link to the pivoting point connected to the chassis. It is placed in front of the 

axle, behind the axle the link continues and connects to an air spring. A dolly has four air 

springs and they are all connected to each other, which are called a one channel system. 

(Olsson3) 

3.1.7 The dolly in the ETT-combination 

The ETT-combination will have a total length of 30 meters. It will use a two axle dolly with a 

distance of 1300 mm between the axles and air suspension. Drawbar length will be 2435 mm 

with a coupling height of 650 mm. Fifth-wheel height will be 1097 mm from the ground. 

3.2 Vehicle dynamics 

When driving a HCT vehicle several motions will occur. When switching lane a roll motion 

around the horizontal axis in the driving direction take place. The roll is affected by the center 

of gravity, COG, and the vehicle will tend to roll more when COG is placed higher in the 

vehicle (Grislis 2010). Also a yaw movement can happen around the vertical axis. When 

braking or accelerate the vehicle tends to pitch around the horizontal axis perpendicular to the 

driving direction (Jazar 2017). The wheelbase of a vehicle has strong impact on pitching 

(Applegate 2016). The movements can be seen in figure 3.4.  

 

Figure 3.4 Movements that can appear on a vehicle. 

Mcfarlane and Sweatman (1998) have made simulations to compare air and mechanical 

suspension on dollies in an emergency braking situation. The dollies in their simulations have 

either a hinged or a rigid drawbar. They are investigating six different categories: stopping 

distance, longitudinal coupling force, vertical coupling force, dolly pitch angle, axle load on 

front axle during braking and load on front axle when traveling in constant speed. Table 3.1 

shows comparison between dolly with hinged drawbar and rigid drawbar both with air 

suspension. 
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Table 3.1 Comparison between hinged drawbar and rigid drawbar both with air suspension (Adapted from 

Mcfarlane and Sweatman 1998) 

Vehicle 

Stopping 

distance 

(m) 

Longitudinal 

coupling force 

(kN) 

vertical 

coupling force 

(kN) 

Dolly 

pitch 

angle (°) 

Lead axle 

load 

during 

braking (t) 

Static 

lead 

axle load 

(t) 

Hinged 

drawbar 79.4 70 0 8.7 15.5 8.25 

Rigid 

drawbar 74.0 8.6 15.9 1.9 10.2 8.25 

 

Pixteren (2010) simulated braking performance on HCT-vehicles. In one of the simulations he 

is looking at the vehicle combination truck, dolly and semi-trailer and how the load transfers 

between axles during emergency braking. Figure 3.5 shows the axle load during constant 

speed and when emergency braking (retardation 6 m/s2). The darker bars in the diagram are 

axle loads during emergency braking and the lighter bars are when traveling in constant 

speed.  

 

 
Figure 3.5 Axle load during emergency braking (dark bars) and during constant speed (light bars) (adapted from 

Pixteren 2010) 

3.2.1 Forces in coupling components 

A test was conducted by Svensson, Nilsson and Fröjd (2016) to check the forces in coupling 

equipment on HCT-vehicles. The conclusion from their test was that forces in the coupling 

equipment when braking and accelerating is low compared to the interaction forces. The 

interaction forces appear in the drawbar when the first trailer goes over some sort of 

unevenness in the road. The result of the last axle group passing is that the drawbar will end 

up in a slanting position and therefore be too short as can be seen in figure 3.6.  
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Figure 3.6 Upper: vehicle combination driving on flat-surface. Lower: Truck is on higher ground than the dolly and 

the drawbar end up in a slanting position. 

When this happen high forces are generated. But the forces are only affected by the vehicles 

closest to the coupling equipment and aren’t dependent on other vehicles in the combination 

(Svensson, Nilsson & Fröjd 2016). Similar test has been done in Australia to develop a 

standard on how to dimension coupling equipment for road trains. Sweatman (1980) has 

measured coupling forces on different road trains in Australia and developed calculation 

models for performance indexes. The road train that was tested where doubles and triples. 

Doubles referring to a combination with two trailers and triples including three trailers. 

Svensson, Nilsson and Fröjd (2016) came to the same conclusion as Sweatman (1980) that the 

dynamic forces are highest when going over uneven roads. The calculation model for triples 

that he developed is presented in equation 3.1. 

 

𝐸 =
8∗(𝑀2+𝑀3)

𝑀1+𝑀2+𝑀3
+

1.2∗𝑀1∗𝑀2∗𝑀3

𝑀2∗(𝑀1+𝑀3)+2∗𝑀1∗𝑀3
[𝑡]       (3.1) 

 

M1, M2 and M3 refer to the axle load on the first vehicle, second vehicle and third vehicle 

respectively. 

3.2.2 Performance indexes for vehicle combination 

In the introduction chapter performance indexes are described briefly, this chapter will go 

deeper and show equations. Performance indexes can be calculated using equation 3.2 - 3.4 

and are derived from UN vehicle regulation R55. 

 

𝐷 = 𝑔
𝑇∗𝑅

𝑇+𝑅
[𝑘𝑁]          (3.2) 

𝐷𝑐 = 𝑔
𝑇∗𝐶

𝑇+𝐶
[𝑘𝑁]         (3.3) 

𝑉 =
𝑎∗𝐶∗𝑋2

𝐿2
[𝑘𝑁]         (3.4) 

 

In equation 3.2, D-value can be calculated where g is the gravitational acceleration, T is the 

technical permissible mass on the towing vehicle in tonnes and R is the technical mass of the 

trailer. Equations 3.3 are used to calculate Dc-value and are almost the same as the calculation 

for the D-value. R is changed to C and refers to the how much mass the axles on a dolly with 

rigid drawbar or a CAT transferred to the ground. Equation 3.4 is used to calculate the vertical 

force transmitted between a dolly with rigid drawbar or a CAT transferred to the towing 

vehicle. a stands for the vertical acceleration at the coupling point that is a constant value that 

depends on what suspension the towing vehicle has on its rear axles. For air suspension the 
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vertical acceleration is equal to 1.8 m/s2 and vehicle with other suspensions the vertical 

acceleration are equal to 2.4 m/s2. X stands for the load length on the trailer and L stands for 

drawbar length measured from tow eye to center between the axles. 

 

Performance indexes are calculated for a vehicle combination that is going to be built. In ISO-

standard 18868 the equations 3.2-3.4 have been modified to fit different kinds of vehicle 

combination, called ISO-combinations (ISO 2013). Figure 3.7 shows three different vehicle 

combinations, the ETT-combination, ISO-combination 1 and ISO combination 3. All these 

combinations include a dolly and are therefore of interest. Under each axle or axle group the 

axle load is presented in ton. The ETT-combination has a gross weight of 102 ton, ISO 

combination 1 has gross weight of 76 ton and ISO-combination 3 has a gross weight of 94 

ton. For the ISO combinations there are calculation models (ISO 2013) but for the ETT-

combination that doesn’t exist. 

 

Figure 3.7 Vehicle combinations 

 

Equations from ISO 18868:2013 are used to calculate performance indexes for ISO-

combination 1 and ISO-combination 3. 

3.2.3 Performance indexes on coupling equipment 

A coupling component is type approved with specific D, Dc and V-indexes. A sample of 

couplings and their performance indexes are listed in table 3.2 (VBG 2017). 
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Table 3.2 Coupling components (VBG 2017) 

Components 

Type D (kN) Dc (kN) V (kN) 

Coupling VBG 750V 190 120 50 

Coupling VBG 795V-2 290 150 75 

Drawbeam DB-C7 volvo 200 150 50 

3.2.3.1 Trade off 

When having a vehicle combination that gets a calculated Dc-value over the coupling 

components certified Dc-value but the vehicle combinations V-value is lower than coupling 

components certified V-value a theory called trade off can be used. This means that a 

coupling component can be used with a higher Dc-value than what it is certified for but only 

if the V-value for the combinations is lower than V-value for the component. This is used by 

manufacturers of coupling components on dispenses. A suggestion to include trade off in UN 

regulation 55 was proposed but has not been implemented yet (Svensson 2016). 

4 Result and analysis 
This chapter will present the results regarding regulation, vehicle dynamics and performance 

index. First the analysis of the literature study is explained and then the parts regarding 

vehicle dynamic and performance index. 

4.1 Regulation 

When reviewing regulations and directives it was noticed that there were different ways to 

define a dolly in different regulations. The European Union defines a dolly as a trailer with a 

fifth wheel made to convert a semi-trailer into a full trailer (Commission regulation (EU) NO 

678/2011). In this definition there is nothing mentioned about the drawbar so it can be hinged. 

In Sweden however there is a different definition. The law about traffic definitions defines a 

dolly as a CAT made to be a steering axle for a semi-trailer and is equipped with a fifth-

wheel. The law defines a CAT as a trailer with rigid drawbar (Lagen om vägtrafikdefinitioner 

SFS 2001:559). This can be a problem but also could be something no one has thought about 

earlier and that need to be challenged. To use the same definition as the European Union 

would be a better alternative if a dolly with hinged drawbar is going to be used. 

4.2 Vehicle dynamics 

The increased pitching angle when using a hinged drawbar that can be seen in table 3.1 

happens due to the dolly’s short wheelbase. As the pitching angle increases so does the axle 

load distribution. In table 3.1 axle load on the front axle is almost the double when braking 

compared to traveling in constant speed. This means that almost all the load from the rear axle 

is moved to the front axle. When this happens the stopping distance is increased because the 

rear axle wouldn’t brake as efficient. A result of this is an increased longitudinal force on the 

coupling since the dolly can’t brake its own weight. When using rigid drawbar, the dolly will 

get help form the vehicle in front to prevent pitching as vertical forces can be transmitted 
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through the drawbar. The hinged drawbar on a dolly will not be able to use the trucks 

coupling to prevent this pitching movement. 

 

The scenario with the rigid drawbar using the truck’s coupling to not pitch can be seen by 

analysing the data in figure 3.5. Looking at the axles on the dolly, the first axle is being 

unloaded and the second is being loaded. This happens due to the truck’s pitching movement 

which means that the rear of the truck is lifted up. Since the drawbar on the dolly is rigid the 

front of the dolly will be lifted up as well. Because of this the load distribution will be uneven 

with less load on the front axle and more on the rear. Figure 4.1 is a model showing this 

scenario based on data from figure 3.5. 

 

 
Figure 4.1 Truck, dolly with rigid drawbar and semi-trailer during emergency braking 

Estimation how a dolly with hinged drawbar would react in the same situation as the dolly 

with rigid drawbar in figure 4.1 can be seen in figure 4.2. As the drawbar is hinged, the dolly 

will tip forward. Based on the data in table 3.1 almost all the load would be a on the front axle 

of the dolly. 

 

 
Figure 4.2 Estimations how a dolly with hinged drawbar would react in emergency brake situation. 

Looking at a full trailer that currently uses a hinged drawbar the front end has a wheelbase 

like a dolly but still not having the same problem with pitching. This is because of the front 

end of the full trailer is connected directly to the turntable. By doing so the front end is not 

allowed to pitch relative to the trailer and it gives a better load distribution and less pitching 

movement. Figure 4.3 shows a full trailer during braking. 

 

 
Figure 4.3 Truck and full trailer during emergency braking 

 All the experts interviewed also had the same opinion, that a dolly with its short wheelbase 

on 1300 mm would pitch a lot when not getting any help from the truck. They suggested that 
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something needed to be done to prevent pitching. Based on the interviews and on the 

literature study above, a need on the product specification was to reduce pitching. 

4.3 Performance index 

Since there is no calculation model for the ETT-combination, this needs to be developed. In 

this section three calculation models are tested on the ETT-combination. ISO-combination 1 

was tested since that combination also uses truck and dolly as their first vehicles. The result is 

shown in table 4.1 and it shows a high Dc-value. Since the highest forces appear because of 

interaction forces (Svensson, Nilsson & Fröjd 2016; Sweatman 1980) the calculations models 

need to be modified for a vehicle combination with three vehicles. Svensson1 mentioned that 

using the calculations for the ISO-combination 3 is more suitable since this is a combination 

with three vehicles. The result from the calculations using ISO-combination 3 is presented in 

table 4.1.  

 

The model developed by Sweatman (1980) is tested on the ETT-truck and result is shown in 

equation 4.1. In this model M1 is the trucks axle load, M2 is the link and dollies axle load and 

M3 is the semi-trailers axle load. 

 

𝐸 =
8(42+24)

35+42+24
+

1.2∗35∗42∗24

42(35+24)+2∗35∗24
= 15.4[𝑡]      (4.1) 

 

E is presented as a D, Dc value in table 4.1 converted to kN.  Values from ISO-combination 3 

and Sweatman (1980) show reasonable values and are backed up by testing (Svensson, 

Nilsson & Fröjd 2016; Sweatman 1980). 

 
Table 4.1 Calculated performance index for ETT-combination using different models. 

Calculation Model D, Dc [kN] 

ISO-combination 1 269 

ISO-combination 3 150.2 

Sweatman (1980) 151.3 

 

The D-value for the fifth-wheel on the dolly in the ETT-combination is calculated using the 

same model as for the ISO-combination 3 and is presented in table 4.2. Calculations of the 

performance indexes were also made for the 76 ton ISO-combination 1 and 94 ton ISO-

combination 3 and are presented in table 4.2. In table 4.2 the Dc-value for the ETT-truck is 

from Sweatmans (1980) model. It is used because it is the highest of the reasonable values in 

table 4.1. 
Table 4.2 Calculated performance index 

 Performance index Fifth wheel 

HCT-combination D, Dc V D 

ISO-combination 1 76 ton 185 37 124 

ISO-combination 3 94 ton 148 37 147 

ETT-combination 100 ton 151.3 37 157 
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Comparing the table 4.2 with the table 3.2 it can be seen that ISO-combination 1 with 76 ton 

and the ETT-combination with 100 ton can't use the coupling components presented in the 

table, for the ETT-combination the Dc-value would probably be acceptable because of the 

small difference. The real problem is on combination 1 with 76 ton since it has a Dc-value of 

185 and the components have Dc on 150. In this situation companies would use trade off to be 

able to use these components on this combination. By using a hinged drawbar on dolly there 

is no need of using trade of because of the much higher certified D-value on coupling 

components. 

5 Product development 
This chapter will present the result from the product development process. 

5.1 Product specification 

The product specification resulted in three tables: needs, metrics and targets specification. 

They can all be seen in appendix 1. The first need in the specification is that the dolly should 

not transfer vertical forces to the truck. The metric for this need was set to force measure on 

coupling. Reduce pitching movement is as mentioned earlier a need included in the 

specification as it is expected to be a problem while braking. The pitching angle needs to be 

measured in a brake test. The dolly should also meet the dolly definition from Commission 

regulation (EU) NO 678/2011 since this regulation allows dollies with hinged drawbar. The 

drawbar and the fifth-wheel need to meet the D-value requirements that have been calculated 

earlier. This metric was set to a strength test. The drawbar eye height needs to be adjustable 

and the drawbar eye should not fall to the ground when the drawbar is uncoupled from the 

truck. When the drawbar is coupled to the truck it need to have a limited angle as is specified 

in the Swedish transport agency regulation (TSFS 2009:17)). 

The dolly need to meet the dimensions the Volvo have specified for the dolly that have been 

presented in section 3.1.7. 

5.2 Concept generation 

The main problem, to design a dolly with hinged drawbar, was divided into the following sub 

problems: 

1. Drawbar 

1.1. What drawbar can be used? 

2. Fifth wheel 

2.1. What fifth wheel can be used? 

3. Stability 

3.1. Pitching while braking 

From each sub-problem concepts were developed through external search and internal search. 

5.2.1 Drawbar - What drawbar can be used? 

Since hinged drawbars that are made for full trailers could be used on a dolly there was no 

need to develop a drawbar. Therefore standard drawbars where searched. All the drawbars 

were similar and some data are presented in table 5.1. The drawbar needed to have a D-value 

over 151.3 from table 4.2 and have a length of 2435 mm and ctc distance of 1200 mm. 
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Table 5.1 Drawbars (VBG 2017) 

Brand Name D-value (kN) Weight (kg) Length (mm) CtC (mm) 

VBG Multi XF 188 98 up to 3500 1200 

VBG Optimal 188 170 up to 3500 1200 

VBG Multi 179 124-143 up to 3500 1200 

5.2.2 Fifth wheel - What fifth wheel can be used? 

Also for this problem standard parts where used since there is no need to develop a new fifth-

wheel. The fifth-wheel need to meet the D-value requirements on 157 kN from table 4.2.  

Four different fifth-wheels are showed in table 5.2. 

 
Table 5.2 Fifth wheels (JOST w.d , SAF Holland 2018) 

Brand Name D-value (kN) Weight (kg) 

JOST JSK 38 C1-2 170 190 

JOST JSK 38 G 170 265 

Safholland SK-HD 38.36 162 185 

Safholland SK-HD 38.36 G 162 290 

5.2.3 Stability- pitching while braking 

In this section the concepts for reducing pitching movement is presented. 

5.2.3.1 (A) Non tiltable fifth-wheel 

The concept non-tilt able fifth wheel is based on the full trailer. Like mentioned earlier the full 

trailers front end is connected to the rest of the trailer through a turntable. This means that the 

trailer frame and front end will not be able to pitch relative to each other. If the fifth-wheel is 

locked from pivoting around a horizontal axle perpendicular to the driving direction and 

coupled with semi-trailer it would be a module more like a full trailer. 

5.2.3.2  (B) Anti-pitch bar 

This concept would work as an anti-roll bar works on a normal car but instead of being 

connected to both sides of the car (Applegate 2016) it would be attached between the two 

axles on the dolly. When the spring on the front axle is pushed together, force is transmitted 

through the pitch-bar backward to the rear axle too push together that suspension preventing 

the dolly from pitching. 

5.2.3.3 (C) Continuous damping control (CDC) 

CDC controls the damping rate to reduce pitching and rolling motions. This is done using an 

ECU and a body acceleration sensor to monitor the movement of the vehicle and then sending 

signals to the dampers (ZF w.d). This can be used on the dolly and when the vehicle brakes 

and the dolly want to pitch, the dampers on the front axle will get stiff to stop the pitching 

movement. 
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5.3 Concept selection 

For a concept to be in the matrix it had to fulfil all the marginal values. Most of the concepts 

used in the matrices were from the external search and were standard products. From those 

concepts that won a dolly could be put together. There is one matrix for every sub problem 

and they can be seen in appendix 2. 

5.3.1 Drawbar - What drawbar can be used? 

The winning concept in this matrix is a drawbar named Multi fx from VBG that has a D- 

value of 188 kN and a weight of 98 kg which can be compared to the reference (VBG Multi) 

that had a weight of up to 143 kg. Since the drawbars are similar in their construction this 

drawbar won because of the lower weight. 

5.3.2 Fifth-wheel - What fifth-wheel can be used? 

The winning concept was JSK 38 c1-2 due to its strength, low weight compared to the others 

and JOSTs involvement in the HCT project.  This was found in the external search but when 

contact was made to get the CAD files the expert at JOST recommended another fifth wheel. 

The fifth wheel that was recommended was the JSK 37 and it had a D- value of 152 kN which 

is lower than the calculated value. Since the difference from the margin is small it can be used 

with dispense. The advantage of this fifth wheel is that it has a lower pedestal. 

5.3.3 Stability - pitching while braking 

The concepts that won in this category were Non tiltable fifth wheel. This in itself is just a 

theory that would solve the problem. In order to complete the project, it was required that 

there was a basis for building a prototype. This meant that a locking system for the fifth wheel 

had to be designed. That work was done by following the same product development method 

as earlier. 

5.4 System-level design 

The system level design process was started by measuring a dolly chassis to use as a base. For 

standard parts as the hinged drawbar, the fifth-wheel, the turntable and axle groups, CAD-

parts from VBG, JOST and BPW was ordered with the right dimension to later build the dolly 

in Creo. 

5.5 Detail design 

The detail design was carried out in CAD-program Creo-parametric. First the chassis of the 

dolly was created from the measurements from system-level design part. All the standard 

parts were ordered and assembled onto the chassis. The dolly can be seen in figure 5.1. 
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Figure 5.1 Dolly in Creo-parametric 

5.6 Development of a locking system for the fifth-wheel 

The development of locking system for the fifth-wheel followed the same steps as for the rest 

of the dolly. 

5.6.1 Product specification 

As before three tables were put together: one with needs, one with metrics and one with target 

specifications. All tables can be seen in appendix 3. 

The first need is that the fifth-wheel shall not pivot around a horizontal axle when coupled. 

Since that is the main purpose of the lock this is the most important. The next need is that it 

should be able to pivot when uncoupled to make it easier to couple. The locking system 

should be easy to handle and easy to reach. The fifth-wheel doesn’t have to pivot forward 

around the horizontal axle. 

5.6.2 Concept generation 

The sub-problems were set to: 

1. Where to place the locks? 

2. How should the locking mechanism work? 

In this process all the concepts were developed through internal search. 

5.6.2.1 Concept 1 

Figure 5.2 shows a sketch of concept 1. Two blocks are mounted on the turntable and two 

blocks are welded to the fifth wheel. Each block has a hole that will line up when the fifth-

wheel is in a horizontal position. When they line up a rod can be pushed through and lock the 

fifth wheel. These blocks are placed behind the pedestal as can be seen the figure 5.2. In front 

of the pedestal another block is placed to make sure that the fifth-wheel stops in the right 

position. In figure 5.2 the arrows and the cross indicate driving direction. The cross indicates 

that the driving direction goes into the figure.  
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Figure 5.2 Concept 1 

5.6.2.2 Concept 2 

Figure 5.3 show a sketch of concept 2. A pipe is welded to the front of the fifth-wheel. On the 

turntable there are two brackets with holes in them. To lock the fifth wheel a shaft can be 

pushed through the brackets and the pipe when the fifth-wheel is standing in a horizontal 

position. In figure 5.3 the dot indicates that the driving direction goes out from the figure. 

 

 
Figure 5.3 Concept 2 

5.6.2.3 Concept 3 

A block is placed in front of the fifth wheel like concept 1. After coupling a screw is used to 

push the fifth-wheel against the block. It can be seen in figure 5.4.  
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Figure 5.4 Concept 3 

5.6.2.4 Concept 4 

The back of the fifth wheel will be lifted up by an excenter mechanism which makes the fifth-

wheel parallel to the dolly chassis. The excenter blocks are mounted on an axle which can 

turn with help from an air cylinder. The blocks will glide upon a plate mounted on the fifth 

wheel. It can be seen in figure 5.5 where the arrows and the cross indicate the driving 

direction. The cross indicates it into the figure. 

 

 
 

Figure 5.5 Concept 4 
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5.6.3 Concept selection 

Concept 1 scored highest in the scoring matrix with one point over concept 2 and 4. Concept 

2 is expected to have lower strength since it only stops the pivot in front of the pedestal 

compared to the concept 1 that stops it on both sides. Since the dolly and the semi-trailer or 

link isn’t always aligned perfectly when about to couple the fifth wheel could end up in an 

angle. This means that there could be some difficulties with concept 1 because it depends on 

the alignment of the pipes and if they are not aligned the rod can’t be inserted. Therefore both 

concept 1 and 4 were processed further in detail design since concept 4 can be locked even to 

the dolly and semi-trailer are not aligned perfectly. This is because the cylinder can keep the 

pressure on the excenter blocks even though they don’t go to their final position. Then when 

the combination moves the cylinder could complete it’s stroke. Cut-outs in the sheet metal on 

the turntable for the excenter blocks were made to lower the height of the concept. The 

advantages of doing so are that the kingpin clearance from the axle becomes larger and 

decrease the chance of collision. It also increases the pivot length of the fifth wheel which can 

make coupling easier. The fifth wheel used in the assembly was made of cast iron which 

means that it is harder to weld in. Therefore contact was made again with JOST. The JSK 36 

has the same D- value but is made of pressed steel. 

5.6.4 Detail design 

The two concepts were designed in CAD and assembled on the dolly that was created earlier 

and can be seen in figure 5.6 and 5.7. 

 

 

Figure 5.6 Concept 1 in Creo 

 
Figure 5.7 Concept 4 in Creo 

6 Discussion 
To have a sustainable haulage industry in the future it is important to improve the current 

system. In the ETT-project it has been proven to reduce the emissions by 20%. Right now it 
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isn’t legal to drive this combination without dispense for the coupling equipment. By using 

hinged drawbar the problem with coupling equipment can be solved. As mentioned in the 

result and analysis chapter the Swedish definition defines a dolly as a module with rigid 

drawbar. There is a possibility that this definition is not thought through and should instead be 

challenged and changed to the definition that the European Union has. Trucks will in the 

future still be needed in places where trains and boats can’t go and to increase the capacity on 

those routes with heavier trucks would be a way to be more sustainable.  

 

In the results it could be seen that the problem wasn’t with the ETT-truck which was the first 

thought. Instead it was a bigger problem when calculating the D- value for ISO Combination 

1. Earlier calculations with existing standards were done in an incorrect way for the ETT-

truck, due to the fact that the interaction forces play a significant role which wasn’t known 

earlier.  First the D-value for the combination was calculated with same standard as for ISO-

combination 1 and added all weight behind the drawbar on the dolly. This is an incorrect way 

because only the two closest modules affect the interaction force. Therefore calculation model 

for ISO-combination 3 (ISO 2013) and Sweatman (1980) model are more appropriate to use. 

For the ISO-combination 3 compensation factor of 0.65, this makes it suitable for three 

vehicles (ISO 2013). Equation 3.1 which is developed by Sweatman (1980) is designed for 

triple vehicle-combination.  

 

In the interview with Per Olsson3 it was mentioned that the 15 degrees limitation for the 

turntable could cause instability when turning with this combination. Delimitation has been 

made regarding this problem but it is something that has to be investigated in the future. The 

problem is when the combination needs to turn more than 15 degrees. The friction between 

semi-trailer and fifth wheel is higher than in the turntable. This means that the turning forces 

increase when turning more than 15 degrees and can cause instability. Olsson3 mentioned a 

concept to investigate to remove the limitation for the turntable so it can rotate freely and lock 

the ability of rotation between fifth wheel and semi-trailer.  

 

The data from Pixteren (2010), Mcfarlane and Sweatman (1998) are both computer 

simulations. Computer simulations give a good idea on what will happen but a prototype test 

in a controlled environment is suggested to know for sure what will happen before moving to 

the roads. If the test in controlled environment shows good results with the fifth-wheel locked, 

the pedestal and fifth-wheel should be re-designed to make it locked at all times. If it's hard to 

couple a trailer to the dolly when the fifth-wheel is locked, a two-channeled air suspension 

system could be introduced. This would make it possible to lower the rear of the dolly when 

coupling.  

 

The metric for the need “transfer no vertical force to the truck” was set to force measuring on 

coupling. When a hinged drawbar is used there is no need to measure this as there will be no 

vertical force. A strength test was set as metric for the drawbar and fifth-wheel need “meet the 

D-value requirements”. Since standard parts are used and they have already gone through 

certification, the strength test has already been completed.  

 

In concept selection for drawbar there were only three criteria’s. This was because it was 

standard parts and was small difference between them. The weight was the only difference 

available for drawbars with the same length, strength and ctc-distance. For companies the 

price would be of interest but this was not available. Similar issue came up while choosing a 

fifth-wheel. In this selection one criterion was “involved in HCT” and it refers to that JOST is 

involved in the project. But for the dolly the drawbar and fifth-wheel can be chosen freely as 
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long as strength requirements are enough. One could argue that this makes a dolly with 

hinged drawbar more flexible than a regular dolly. This is because of the drawbar on a regular 

dolly is a part of the chassis and cannot be changed if the dolly is going to be used in a 

combination that needs higher strength requirements. The hinged drawbar can be changed, 

this is an advantage if the drawbar gets damaged as well. 

 

To lock the fifth-wheel from pivoting a paragraph from directive 94/20/EC of the European 

parliament and of the council of 30 may 1994 relating to the mechanical coupling devices of 

motor vehicles and their trailers and their attachment to those needs to be challenged. The 

paragraph says that the fifth-wheel needs to have a pivot around the horizontal axle 

perpendicular to the driving direction. This is necessary when using a rigid drawbar as there is 

no other joint in that direction on the dolly. With a hinged drawbar there will be two joints in 

the same direction. If the pivot is locked the combination of dolly semi-trailer would work as 

the front of a full trailer that only have the drawbar as joint. 

 

The case with locked fifth wheel hasn’t been tested earlier and therefore the forces in kingpin 

are unknown. It was said during the interviews that it wouldn’t be a problem but should be 

measured to be sure.  

     

No FEM-analysis was carried out on the locking mechanism for the fifth-wheel because there 

was no time to develop a load condition for the installation. To do FEM-analysis with an 

improper load condition could give a misleading result. 

7  Recommendation 
After evaluating the CAD-model of the dolly and comparing it to the full trailers front end 

recommendations to trailer manufacturers are to use the full trailers front end chassis. But 

measures should be taken to avoid pitching. One way to do so is to look the fifth-wheel. 

8 Conclusion 
The aim of this thesis was to investigate what needed to be done in order to introduce dolly 

with hinged drawbar in longer and heavier vehicle combinations. In the thesis some 

contradictions became visible that needs to be challenged and then changed in order to make 

it a potential solution. First of all, the definition of a dolly in Sweden. Instead of defining it 

like a CAT it should be changed into the definition that the European Union use. 

  

The noticed increase in braking distance can be avoided by reducing the pitching movement. 

In this thesis the reduction was made using a lock for the fifth wheel and therefore makes the 

dolly and semi-trailer more like a full trailer. To make this a feasible concept the regulation 

which says that the fifth wheels need to pivot around horizontal axle perpendicular to driving 

direction need to be challenged. Either remove the restriction or make an exemption for 

dollies with hinge drawbar.  

 

Tests in a controlled environment should be conducted with the fifth wheel locked to analyse 

the pitching and braking performance. 

 

Performance index for the ETT-combination should use a model modified for three vehicles 

for example ISO-combination 3’s calculation model or the model created by Sweatman 

(1980).  
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APPENDIX 1 Product Specification 
Table of needs 

No. Part Need Importance Origin 

1 The dolly 

transfers no vertical 

forces to the truck 5 Volvo 

2 The dolly 

reduce pitching 

movement 4 

Braking performance of air suspended 

converter dollies by MR. Mcfalane and 

DR. Sweatman 

3 The dolly meet dolly definitions 5 

KOMMISSIONENS FÖRORDNING 

(EU) nr 678/2011 

4 

The 

drawbar 

meets the D- value 

requirements 4 

UN vehicle regulations – 1958 agreement 

Regulation NO.55- rev 2/ directive 

94/20/EG 

5 

The fifth 

wheel 

meets the D- value 

requirements 4 

UN vehicle regulations – 1958 agreement 

Regulation NO.55- rev 2 

6 

The 

drawbar 

height can be 

adjusted 4 

UN vehicle regulations – 1958 agreement 

Regulation NO.55- rev 2 

7 

The 

drawbar 

don't fall to the 

ground when not 

coupled 5 

UN vehicle regulations – 1958 agreement 

Regulation NO.55- rev 2 

8 

The 

drawbar 

height is easy to 

adjusted 3 

UN vehicle regulations – 1958 agreement 

Regulation NO.55- rev 2 

9 

The 

drawbar 

has a limited angle 

when coupled 2 

TSFS 2009:17: Transportstyrelsens 

föreskrifter om hopkoppling av bil och 

släpvagn 

10 The dolly 

can be coupled with 

the ETT-truck 5 

TSFS 2009:17: Transportstyrelsens 

föreskrifter om hopkoppling av bil och 

släpvagn 

11 The dolly 

meet the dimensions 

demands from Volvo 5 Volvo 
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Table of metrics 

Metric No. Need Nos. Metric Importance Unit 

1 1 Force measuring on coupling 5 kN 

2 2 Breaking test 3 Degree 

3 3 Is a dolly according to (EU) nr 678/2011 5 Y/N 

4 4,5 Strength tests (Calculations) 4 kN 

5 6,8 Height adjustment test 3 mm 

6 7 Height when uncoupled 5 mm 

7 9 Angle when coupled 2 Degree 

8 10 Meet TSFS 2009:17 5 Y/N 

9 11 Meet the dimensions demands from Volvo 5 Y/N 

 

Table of target specification 

Metric 

No. 

Need 

Nos. Metric Importance Units 

Marginal 

value 

Ideal 

Value 

1 1 Force measuring on coupling 5 kN 0 0 

2 2 Breaking test 3 Degree 5 2 

3 3 

Is a dolly according to (EU) nr 

678/2011 5 Y/N Y Y 

4 4,5 Strength tests (Calculations) 4 

kN 

kN 

151,2 

153,8 

>151,2 

>153,8 

5 6,8 Height adjustment test 3 mm 200-800 650 

6 7 Height when uncoupled 5 mm 200 650 

7 9 Angle when coupled 2 Degree 6 0 

8 10 Meet TSFS 2009:17 5 Y/N Y Y 

9 11 

Meet the dimensions demands 

from Volvo 5 Y/N Y Y 
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APPENDIX 2 Concept screening matrix 
 

What drawbar can be used? 

Concepts 

Selection criteria 

A 

VBG multi fx 

B 

VBG optimal 

C (Reference) 

VBG multi 

Durability 0 0 0 

Ease to assembly on dolly 0 0 0 

Weight 1 -1 0 

Sum (1) 1 0 0 

Sum (0) 2 3 6 

Sum (-1) 0 1 0 

    

Net score 1 -1 0 

Rank 1 3 2 

Continue? Y N N 

 

What fifth wheel can be used? 

Concepts 

Selection criteria 

A 

(REFERENCE) 

Jost JSK 38 c1-2 

B 

Jost JSK38 

G 

C 

Safholland SK-HD 

38.36 

D 

Safholland SK-HD 

38.36 G 

Weight 0 -1 1 -1 

Involvement in 

HCT 0 0 -1 -1 

Sum (1) 0 0 1 1 

Sum (0) 4 3 1 1 

Sum (-1) 0 1 2 3 

     

Net score 0 -1 -1 -2 

Rank 1 2 2 3 

Continue? Y N N N 
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Pitching while braking 

Concepts 

Selection criteria 

A (Reference) 

Non-tiltable fifth 

wheel 

B 

Anti-pitch bar (anti-roll 

bar) 

C 

continually damping 

control 

Easy to manufacture 0 0 -1 

Complexity 0 0 -1 

Pitch reduction 

possibility 0 0 1 

Number of part 0 -1 -1 

Validated 0 -1 1 

Sum (1) 0 0 2 

Sum (0) 5 3 0 

Sum (-1) 0 2 3 

    

Net score 0 -2 -1 

Rank 1 3 2 

Continue? Y N N 
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APPENDIX 3 Product specification for locking system for 
the fifth-wheel 
Table of needs 

No. Part Need Importance Origin 

1 The fifth-wheel shall not pivot around horizontal axle when coupled 5 Volvo 

2 The fifth-wheel should be able to pivot when uncoupled 4 Volvo 

3 Locking system should be easy to handle 3 Volvo 

4 Locking system should be easy to reach 3 Volvo 

5 The fifth-wheel doesn't have to pivot forward around the horizontal axle 2 Volvo 

 

Table of metrics 

Metric No. Need Nos. Metric Importance Unit 

1 1 Fifth-wheel can pivot when coupled 5 Y/N 

2 2,3 Pivot can be unlocked 4 Y/N 

3 4 lock can be unlocked form a distance 3 mm 

5 5 Fifth-wheel can pivot when uncoupled 2 Y/N 

 

Table of target specification 

Metric No. Need Nos. Metric Importance Units 
Marginal 

value 
Ideal 
Value 

1 1,4 
Fifth-wheel can pivot when 
coupled 5 Y/N N N 

2 2,3 Pivot can be unlocked 4 Y/N N Y 

3 4 

lock can be locked from a 
distance 
from center of the fifth-wheel 3 mm 300 860 

5 5 
Fifth-wheel can pivot when 
uncoupled 2 Y/N N Y 
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APPENDIX 4 Concept screening matrix for locking system 
for the fifth-wheel 
 

Fifth-wheel lock 

 

Concepts 

Selection criteria 1 (Reference) 2 3 4 

Easy to manufacutre  0 0 -1 -1 

Complexity 0 0 -1 -1 

Easy to handle 0 0 1 1 

Lock with trailer on 0 0 1 1 

Estimated strenght 1 0 -1 0 

Sum (1) 1 0 2 2 

Sum (0) 4 0 0 0 

Sum (-1) 0 0 3 2 

     
Net score 1 0 -1 0 

Rank 1 2 3 2 

Continue? Y N N Y 
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