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REALISTIC DESIGN LOADS AS A BASIS FOR SEMI-TRAILER WEIGHT
REDUCTION

Joop Pauwelusseh Jeroen Visschef, Menno Merts®, Rens Horri'

One way to reduce the fuel consumption to paylai rof heavy vehicle combinations is to
reduce the empty trailer weight. This requires amderstanding of the vehicle structure, assembly
techniques and production process, and of spea#tnmals (e.g. high strength steel) with emphasis o
strength and fatigue. But in all cases, one neetiaite realistic design loads available.

This paper describes an approach to determine tbhads as a first step in the process. For this
purpose, tractor-semitrailer combinations have biested under normal operational conditions, for a
longer period, under monitoring of a large numlfemeasurement data. These data have been tramsferre
into dynamic loading data in terms of forces atheseparate wheel and at the king-pin in vertieagril
and longitudinal direction. The experience with exaV¥ trailers has resulted in a cost-effectiveingst
procedure, which also allows the assessment oéseptative loading cycles.
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1 Introduction

The contribution of transport to G@missions has been steadily growing to 20 % ienegears. An
important part of that contribution can be attrdaitto heavy vehicle road transport. For years, the
increase of commercial vehicles has been excedtim@verage growth in road vehicles, and this trend
will continue. Up to 2020, road transport of godslexpected to double in size. This is due to iasirey
standard of living and globalisation. In additioproblems regarding accessibility, mobility and
congestion, and environmental issues have incredmedosts of transport (tolling, tax and otheead
environment motivated charges).

That means an increasing pressure to the transpotbr to come up with innovative sustainable
solutions to reduce the fuel to payload ratio, émerefore also reduce the ratio of transport cost t
payload . An important factor in this discussiorhie weight of the vehicle itself. Lower weight meaa
higher payload for the same fuel costs, which doutes to the global reduction of GGnd which offers

! Joop Pauwelussen (PhD, MSc, MBA), Professor in ifphtechnology, HAN University of Applied Sciense
P.O. Box 2217, 6802 CE Arnhem, The Netherlands, 8t (0) 26 365 82 76, E-mail: joop.pauwelussba@nl

2 Jeroen Visscher (BSc), Research Associate, Mpbllgchnology Research, HAN University of AppliediSzes,
P.O. Box 2217, 6802 CE Arnhem, The Netherlands, 8l (0) 26 365 82 78, E-mail: j.visscher@han.nl

® Menno Merts (BSc), Research Associate, Mobilitxchr®logy Research, HAN University of Applied Sciesc
P.0O. Box 2217, 6802 CE Arnhem, The Netherlands, 8l (0) 26 365 82 78, E-mail: menno.merts@Han.n

* Rens Horn (MSc), lecturer, Automotive Engineeringtitute, HAN University of Applied Sciences, P.Box 2217,
6802 CE Arnhem, The Netherlands, tel.: + 31 (08286 93 27, E-mail: law.horn@han.nl



5" International Scientific Conference , TheoreticaldaPractical Issues in Transport “
Pardubice, 11— 12" February, 2010 107

both the transport company and the vehicle manufaca competitive edge. Another option is to egdar
the size of the vehicle, depending on the infrastmal limitations at hand. But also then, an opted
total weight (i.e. lower weight) is beneficial, bdior the environment and for the transport indusaind
vehicle manufacturer.

Various projects have been carried out to redueetrdiler weight, in many cases using composite
structures. An example is the ROADLITE project, $2f claiming to have reduced the weight of a
flatbed trailer by 20 %. Other examples are thedEehther project and its successor, the GIGA
lightweight trailer [3], both aiming at the desigh composite trailers for transportation of conatigd
products. Other examples can be found (see for pbeaifi]) where materials such as aluminium,
sandwich material or high strength steel (HSS)sisduin the chassis. With the increased yield stheng
HSS offers interesting possibilities for potentiadight reduction.

Reducing the semi-trailer mass requires a detaiteterstanding of the design and vehicle structure,
of the use of (less conventional) materials suchhigb strength steels or composites, with special
emphasis on strength and fatigue, of the produgtimecess, and of specific assembly techniquesll In a
cases, it is essential, as a first step, to haabstie design loads available (axles, fifth wheigl)all
direction, corresponding to the circumstances dgtuacurring in real life for this specific vehil
combination. That means that too high safety marpawve to be avoided, and a combination of sodalle
conservative loads at axles and fifth wheel withegfarding the time history of such forces and musie
should be prevented as well. It turns out that khiter approach may even underestimate the loaating
critical areas, under certain conditions.

The HAN University of Applied Sciences has initicite project FORWARD (Fuel Optimised trailer
Referring to Well Assessed Realistic Design loadghing at the realization of tools for the vehicle
manufacturer that will help him in designing senailers with lower weight. This covers the followin
steps:

« The efficient experimental derivation of practicahlistic design loads, based on a (validated)
mathematical vehicle description that allows thecpssing of minimum sensor data to forces and
moments at axles and king-pin.

» Setting up a database of such loads with referemtlee varying usability conditions, to allow a
more generic but still realistic approach in settup design loads for future designs of semi-
trailers

e To derive practical design criteria and principlesa basis for further innovation and optimization
of semi-trailer weight

* The verification of this approach for some pradigami-trailer designs.

Fig 1: Some examples of semi-trailers being tested
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A project-team has been formed under responsibditythe HAN University, including eleven
manufacturers, the Dutch Chassis and Body Work casson FOCWA, the Delft University of
Technology, and two companies specialized in lighight design. First tests have been carried aut fo
four different vehicles, and these results are @tgud in the design process of one specific seailietr.
Target of the experiments was to determine

» Forces at the king-pin in longitudinal, lateral ardtical direction,

» Forces at the axles configuration in these thresctions

» Reaction forces at the various hinge points andrdthks in the vehicle suspension

Each vehicle has been exposed to a number of basé&ad cases, covering more than 25
measurement channels (accelerations, angular spdegdéacements, pressures, strains,...). A special
mathematical model has been derived and usednsférathese data to the required loading datalasax
and king-pin. The final goal is to minimize the v@gd instrumentation in a way that each manufactur
would be able to carry out such testing almostisrotvn without assistance, and for fair costs.

In addition to these baseline load cases, vehiettopmance data have been collected under normal
production conditions, with the full instrumentation board, for at least two weeks. Load histonizge
been derived, giving us the understanding aboutytiieal history being relevant for fatigue analyse

This paper is organised as follows. In the nextisec we will describe our test programme. In
section 3, the transfer of the resulting test datsemitrailer loading data will be discussed. Bact will
contain an outlook on the use of these data folighe-weight redesign of semitrailers within thentext
of the FORWARD project. Conclusions are listedegtson 5.

2 Testing

A schematic outline of the vehicle instrumentatasnoriginally used in the project is shown in fig@r In
advanced of the tests, wheel loads for differeytqaals, tractor mass, and further tractor charesties
such as position of Centre of Gravity (CoG) areedatned.

During testing, we have determined brake pressaslerations in all directions at the trailerggsis,
wheel system, king-pin), the pressures in the @spsnsion (for the front and the rearmost axlebgel
speeds, axle displacements and accelerations yawdyate and body lateral speed.
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Fig. 2.: Layout of instrumentation

These data have been collected during a numbeeeksy and were used to estimate trailer loads at
king-pin and axles, as well as to obtain an undedihg about load-history (how many thresholds,
cornering, braking activities,...) as a basis foigia¢ analysis. These experiments turned out to give
good understanding about the trailer loading, wdme required improvements. We used straightforward
mathematical relationships to derive the trailexdimg. With the final goal in mind, to redesign thealer
to reduce weight, there is a need to validate FEdtieh by testing, and it was decided to includeirstra
gauges in future tests. In addition, it was decittednstrument the tractor in more detail in order
validate the dynamic tractor-semitrailer behavidiased on multi-body modeling of this vehicle
combination. On the other hand, we wanted to kbegédst-approach as simple as possible in ordee to
allow the trailer manufacturers to carry out theests themselves for a minimum of costs. This méaais
we needed two approaches in our future FORWARDept0j

e Validation tests (specific tests), with detailedtmmentation (40 channels) for the purpose of
validation of all the (FEM, dynamic behaviour) netg] and therefore also the validation of
the testing-loading assessment-design approach.

» Simplified field tests (several weeks under normpérational conditions) with a minimum
instrumentation, with vehicle models used to derel@ble loading histories.

3 Modelling approach and loading data

We take the x-axis along the longitudinal directiorforward direction, and the z-axis verticallywgrd.
The first step is to derive the position of the CoGhe trailer. Trailer mass is determined fromctor
mass and wheel loads, after which the longitudpeaition of the trailer CoG can be determined from
force equilibrium in the symmetry x-z plane. Trailmass and wheel loads lead to the static king-pin
loading. This information can be used to calibthteair pressure data with reference to trailee éodds.

During braking, the trailer brake torques and tfeeethe brake forces at the axles (neglecting Whee
dynamics) are estimated from the brake pressumasgitudinal acceleration and brake forces together
give an estimate of the longitudinal reaction foaté¢he king-pin.
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Fig. 3.: Effect of longitudinal load transfer

Pitching is accounted for by taking the equilibritmmoment around the trailer king-pin:
m,.a,(h, —h)-L.m,.g+h.F, +(L, +L,).F,=0 (1)

with the definitions according to figure 3. Theatebnship between brake force &nd axle load Fis
known from the axle characteristics if the sligkiwn (which is derived from vehicle speed and whee
speeds).

The experiments were carried out for trailers wattpayload between 24 and 28 ton, and with
resulting trailer axle loads in the order of 6 totdh per axle. Brake tests were carried out with
decelerations up to 0.7 g. Typical results for ¢hiesilers are listed below:

Brake force per trailer axle : 30 — 40 kN
Longitudinal force king-pin : 60 — 100 kN
Vertical force king pin : 130 — 150 kN

with a significant reduction (15 — 20%) of the veat axle due to longitudinal load transfer during
braking.

Cornering forces at king-pin and individual wheate derived in a number of steps. Trailer mass,
lateral acceleration and position of the trailerGCare first used to determine the total cornerioigd
over all three axles, and at the king-pin. Next ylaev rate and lateral speed at the CoG are used to
estimate the slip angles at all trailer axles, finch that the individual contribution of each axtethe
total cornering force. Finally the vertical positiof the CoG is used to estimate the lateral loadsfer
and, from that, the individual sideforces per @ailvheel. The side forces are also used to deterthim
torque acting on the trailer (in z-direction) byethifferent side forces acting at the differentesxl
Maximum lateral accelerations of 0.3 g were obtajnEypical results for the loaded trailers areelist
below:

Cornering force over all axles : 45 — 60 kN
Cornering force king-pin > in the order of 30 kN
Torque around trailer axle system : 15— 20 kNm

Typical results for braking and cornering are shawrigure 4. Observe the variation in king-pin
load due to longitudinal load transfer. The segapatak values are a result of the ABS activation.
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Fig. 4.: Some results for trailer loading:

- Vertical force at king-pin during braking
- Cornering forces during cornering

The vertical loading due to road undulations anéved through the vertical acceleration signals and
the derived displacement signals. The latter oregesto determine the spring forces (also derivethf
air pressure values). Integration of the accelenadir the differentiation of the displacements barused
to derive the damper forces. Both approaches camséd in a combined way (filtering) to improve the
accuracy of the results. Air spring pressures ahdelloads can be used to derive the stationaigehin
forces in the suspension, and the spring- and dafopees plus the vertical axle and chassis acatars
are further used to derive the dynamic contribigitmthe suspension loads.

For different trailers, quite some different resudre obtained, up to acceleration values in tderor
of 10 g at the axles and between 1 and 2 g atitfgepkn.

The final tests carried out was low speed sideifmpdt an angle of Setween tractor and trailer.

4 The next step, FORWARD

The results of the tests, briefly outlined in threqeding section, resulted in a number of shortogs)i
that will be corrected in the next phase, denoteB@RWARD:

* Dynamic effects from the payload should be incosapent
* More experimental data about king-pin loading tpuieed
* More variation between trailer types is requiredtabidate design practices

e Further progress in design using FEM analysis regumore validation up to the level of
stresses and strains . A first step is made inyagpthe available data, see fig. 5 for an outline
of the present model.

» Further validation of the dynamic loading requiaesactor-semitrailer model which needs to
be validated from experiments, see also fig. 6.
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Fig. 5.: FEM model semi-trailer Fig. 6rattor-semitrailer
chassis SIMMECHANICS model

In the next two years, about 10 different trailail We examined experimentally. Most of these
measurements will be simplified field tests as dbsd in section 2. Based on the design and exgecte
loading differences, at least 4 trailers will bédjseted to more extensive validation tests. Theselts
will be used as a basis for model validation ansligie processes to arrive at an understanding how to
succeed in weight reduction for an arbitrary traile

The FORWARD project will also result in a fast aoodst-effective test-protocol , which can be
offered to trailer manufacturers or can be usethbynselves.

5 Concluding remarks

We have highlighted our progress in the assessofergalistic loading as part of a programme where
these loading data will result in weight reductadrtrailers. But the programme is more than thtavill
also lead to design practices, being feasible krge range of trailer manufacturers, and buildimga
top-down process of cost-effective testing, thagtesf loading histories based on these test @i the
application of these design loads to lighter desigging FEM tools.

Taking the effort together with trailer manufactsteto discuss operating conditions of their traile
to interpret the loading as a result of these days and to discuss the consequences in termesjr
is a very stimulating experience, and worthwhilehbfmr the HAN University as all the partners ireth
project.
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