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Abstract- Issues related to designing support frames and bodies for efttiviery vehicles (eVans) are the topic discussed

h5Lo9{

by engineers around the world. Design processes are based on classic solution models which use structural steel profiles.

Directions for development include the production of highly tensile steel framlesneieased strength parameters. The

authors of the article designed and constructed a prototype polymer body for a delivery vehicle. They conducted detailed

multi-variant numerical analyses on the prototype and preliminary experimental tests. The olgsintetlearly confirmed

the correctness of the formulated thesis about the possibility of designing bodies made of structural plastics dedicated to

electric vehicles. For a statiaded parts of structure uniform stress distribution without concemirgtivith maximum stress
value of 25 MPa was achived. For parts of structure carrying dynamic loaddehagbstress concentration is inevitable.
Nevertheless, the stress level of 96 MPa is within the limits of strength, due to the :delpetydent méerial properties

Key words vehicle support frame, transport body, delivery vehicle, eVan, composite materials
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developing new structures of support frames and
INTRODUCTION bodies dedicated to electric delivery vehicles. The aim
Economic development in industrialized countriespf the work was to verify the feasibility of designing

in particular the issue of delivering goods to the encdand manufacturing a transpofttame for a delivery

recipient, is based on the use of delivery vehicleszehicle using generally available technologies and
Transport logistics involves the movement of goodsdustrial composite materials. All the work was done
to distribution centersusing lories, and then local with the use of solutions in electric vehicles in mind

distribution using delivery vehicles. One can notice EER
a dynamic growth of the electric delivery vehicles 1. DESIGN SOLUTIONS IVERY VEHICLES

segment, the sealled eVans. This fact is primarily The body style solutions considetiedhis article

driven by the need to distribute goods in urbanare intended for delivery vehicles, which are designed
agglomerations with ever mofeequently introduced and constructed mainly for the carriage of goods and
entry restrictions for diesgbowered vehicles. The havinga mass not exceeding 3.5 tonnes. The indicated
current solutions for electric delivery vehicles arevehicles are classified as "lorries" with code BA,

based on traditional constructions whose power unitcategory N1 according toirBctive 2007/46 [1].

have been modified. Such an approach, however, ldnlike vans (code BB), where the driver and the
an interim solution. Beang in mind questions related loading area are within one unit, the cargo space in
to the powertrain and power supply of electric goods vehicles is completely separated from the
vehicles, in particular delivery vehicles, design solutiorgassenger space. Delivery vehicles available on the

developed for traditionallpowered vehicles cannot market come in three principal by configurations:

be effectively used in eVarjt]. It is, therefore, Van type, open type and box type. The differences

necessary to initiate design work aimed atbetween the body types are shown in Figure 1.
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Fig.1. Delivery vehicle body types:-ebox body, b¢ open body, ¢ van body

Van type bodies are an integral unit and are madgoods which areréansmitted through the transport
by vehicle producers (complete vehicles). Structurallgody frame [7]. A support frame is intended to ensure
similar to each other, open and box bodies are usualsufficient strength, guarantee flexural rigidity and
iKS OSKAOfSQa | qEirBs g$eiBlyy” torsionah diiffSe¥sSigfitied for i paiticulbrBehicle, and
and approval [2]. In such a case, the vehicle, beforeperform the utility function by assembling a transport
body assembly, obtains the "chassib’" type approval body [8].
with code BX. Often such adaptations are made by A vehicle frame performs the supporting function
entities that are independent of vehicle manufacturersfor the vehicle's transport body. The differences
Such bodies can be mounted most often on vehicldsetween a support frame and a body frame are
with a structurally independent frame. shown in Figure 6. The structure of a transport body

The article focuses on the construction of vehicleonsidered in the article was designed for a dejive
support frames which can be adapted for the openvehicle with an independent frame. The structure of
transport body [56]. A support frame is the basic a vehicle is based on a ladder frame, to which
structural elenent of vehicles. Due to its properties, suspension elements, powertrain and the driver and
it integrates suspension and powertrain elementspassenger compartment are attached. A ladder frame
and other electromechanical systems of vehicles. ttonsists of two longitudinal beams connected by
allows to transfer working loads resulting from thecrosbeams. The diagram of a vehicle equipped with
movement of the vehicle and weight of carrieda ladder frame is shown in Figure 2.

Cabin_

Ladder frame

Drive system

Rear suspension

Front suspension

Fig.2. Diagram of the structure of a vehicle with an independent support frame, without a transport body installed
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The presented solution offers high strength andbody is shown in Figure 7/designated as D/.
resistance to torsion and bending, provides freedom The current technology used for the production
in designing a utility body, and at the same timeof dectric batteries does not yet allow to obtain energy
determines the minimum height at which a floor accumulation efficiency comparable to traditional
plate can be found. ﬁolutipns [2]d Th_ilzls mlizans that electric batteries vvi:lfble

eavier and will take up more space in a vehicle
2. (ONSTRUCTION METHODS compared to a traditional liquid or gaseous fuel tank.

The production of a frame is based on cold forminghe structural solutions of support frames developed
technologies. The desired rigidity and strength ardor electric vehicles aim to reduce the weight of a frame.
obtained by the spatial shaping of sheet metal inThe direction of work is intended to l@wenergy
order to obtain thinwalled profiles. The beams of demand [11].
support frames, depending on theomplexity of The basic construction material includes steels
structure geometry, can be bent or pressed. They9 - 11]. Their use is justified by a favourable pt@e
can come as open or closed profiles and can baechanical parameters ratio. In order to reduce the
joined by welding or fusing {B1]. Figure 3 shows total weight of a support frame, structural modifications
examples of shapes of support frame profiles. are introduced toincrease the degree of tension

In the analyzed vehicle, the manufacturer used12]. Examples of standard solutions and modifications
a ctype profile to make longitudinal beams, as showrare shown in Figures 4 and 5.
in Figure 3. The use of a structural profile in the actual

a) b) c) d) e)

= —

1
I

—

Fig.3. Types of profiles most often used for the construction of longitudinal beams of independent support frames
in delivery vehicles and lorries. &c-beam, Bg double cbeam, G double hat profile, Dg hat profile closed
with flat plate on the side, E hat profile closed with flat plate on top

Fig.4. Standard solution of a support frame on the example of a Fiat Ducato delivery veliigle
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Fig.5. Example of a support frame modificatiqii4]

vehicle cabin

crossbeam

/

\‘\\Eerimeter beam

Fig.6. Diagram of the structure of a classic frame body's floor plate

On the basis of commercial information {18] less than 3.5onnes are made of dedicated drawn
obtained from leading manufacturers sfipport  aluminum profiles of the shape shown in Figure 8,
frames for vans, e.g. the IO company, the current forming a joist structure supporting the floor plate,
development and modifications of independentusually made of laminated wodshsed materials. The
support frames of vans include the modification ofborders of the floor frame are clad with perimeter
structure geometry [18.6]. It has been found that profiles, asisown in Figure 8b. Sideboards and other
currently no work is being undertaken on the a$e structure supporting elements protecting the cargo

new materials [1718]. with tarpaulin are attached to the prepared floor
structure. Connections of structural elements are made
3. DES'GN\'/SESH?CEEE%%S;%DEUVERY by welding or special, shaped threaded connections.

Thediagram of the aluminum structure of the
In order for a delivery vehicle to perform its utility body's floor frame is shown in Figure 6. The actual
function, it must be equipped with a cargo spacesolution of a classic structure of the aluminum body's
Classic transport bodies of delivery vehicles weighirfpor frame is shown in Figure 7.
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N e b ey .
Fig.7. Example of a body design solution in a Fiat Duc#elongitudinal beam of the body frame, Bperimeter
beams, G crossbeam, [g side member of the vehicle support frame. Visible threaded connections of elements

A) C) 55

70
3

94,5

108

Fig.8. Examples of cross sections of structural aluminum proftedongitudinalbeam, B- perimeter beam,
C- crossbeam

The authors noticed that in the case of a classic
4. NEWO'?:P\'/DS_(RéEEJSDTESS N frame body, the area of the structure tension is limited
to the immediate zone of influence of the forces
The authors of the article verified the structure resulting from cargo weight. The authors of the articles
and carried out detailed numerical analyses oflealt with the issues [229]. Asa consequence, the
a vehicle body made of structural aluminum alloystrength of the entire structure @etermined by local
profiles shown in Figure 6. They assessed the identifigghenomena, the occurrence of which depends on
phenomena occurring during the operation of a vehicl the location of cargo in the cargo space.
support frame and body. The work uses the information A new approach to designing solutions for delivery
contained in [124]. On this basis, they concludedvehiclebodies was proposed. Based on commercial
that it is possible to replace structural aluminum alloygonstruction profiles and grating plates, the authors
with composite support structures, which is in linedesigned composite support structures dedicated to
with the conclusions of the analyzeshished in  being used in the construction of delivery vehicle bodies
[25-26]. (Fig9). The profiles are made by means of teabgiel
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such as fibre pultrusion and glass mats in polyester The proposed solution is not a classic frame
resin. The construction grating support plates arestructure.The use of grating plates in the composite
manufactured in dieut molds. For the purpose of body made it possible to adjust the rigidity of the
research, a prototype of the solution was made thabody to the determined values of operational loads.
met functional and utility assumptions (F1§).

Fig.9. Diagram of the floor plate construction of the composite boflize cross section shows how to use
a composite gratiny

Fig.10. Example of commercial composite gratings

in the rear suspension system of the vehicle, the
5 ANA'JE&%%?&;?Q‘?;SAPFENR%?ST FORM |ocation of the centre of gravity of the body and
stability, in particular in a curved motion. The floor

The design solution of the original compositeplate is framed with peripheral profiles, to which
vehicle body is based on the use of commercialljntegral elements of the body elements of the
available composite grating plates that enable tesupport structure of tarpaulin covering the cargo
obtain a homogeneous structure of the cargo areand sides are attached. The designed solution is
floor plate. Longitudinal beams (side miaens) were  dedicated to electric delivery vehicles, thecatled
attached directly to the vehicle's support frame. TheeVans. The model of the designed composite body is
floor plate was placed on composite longitudinalshown in Figure 11, the profiles used in are shmwn
beams. The height of the beams was the subject dfigures 124, and the composite support grating
reflections due to the necessity to ensure clearanc@anel in Figure 15.
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Fig.11 Structural model of the open body designed on the basis of a grating plate
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Fig.12 Crosssections of support pillars of the open body/. eorner, i middle
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Fig.13. Crosssection of a beam thastrengthens the fastening of the central pillar
200

50

Fig.14. Crosssection of the longitudinal beam
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Fig.15. Composite support grating plate of the body
Using the Finite Element Method, an analytical cs«- position of the centre of mass of the ope

{
y

verification of an open body frame for a delivery vehicle body assembly with a T 108 beam in relat
up to 3.5 t was carried out. The following assumptions to the transverse axle of the vehic
were made: (X coordinaterxl = 0 mm,

vehicle chassis weight (without a bodyrhi 780 kg

Mp-

Memax-
Memax-
Memax-

Nu-

- in accordance with the EC digtite of
conformityNo. €9*2007/46*6109*00
vehicle weight (chassis to be developec
unladen weight (with all fluids, fuel tank 90
full), mpc= 1860 kg;in accordance with the
ECcertificate of conformity
No0.e9*2007/46*6109*00

- total length of the vehicle = 5943 mm,

- total width ofthe vehicle = 2050 mm,

- body length = 3505 mm,

- bodywidth = 2350 mm,

- vehicle track widthh = 1790 mm,

- wheelbaseJo = 4035 mm,

- height of the centre of mass of the vehic

(chassisto be developeth=c n H &

- bodymass m.= 1910 kg,
- height of the upper surface of the constructic

framehl cnH B 0 YYZ
maximum allowable total load,

Ml OONP R OPAN
maximum allowable load on tHeont axle,
Mpmax= 1850 kg,

maximum allowable load on the rear ax
Mmax= 2000 Kg,

usable load capacity with the drive
nu=1640 kg,

Gsky- position of the centre of mass of the ope
body assembly with a T 108 beam in relat
to the longitudinal axle of the vehicl
(Ycoordinate)cyr= 2746 mm,

hsk1- height of the upper edge of the open
bodyhs=1238 mm,

msk- weight of the open bodynsk= 72.8 kg

The analyses were performed in SolidWorks [1]
with the use of beam and sheathing elements.
Boundary conditionsvere formulated in the points
of fixing the body frame to the vehicle frame. The
following load cases were formulated using28):

1. body dry weight, tarpaulin weight, wind pressure
of 1300 N from the rear of the vehicle.

2. body dry weight, tarpaulin gight and crosswise
centrifugal acceleration of inertia of 38 /s

3. body dry weight, tarpaulin weight and wind pressure
on the side surface of the body, with a total value
of 2880 N.

4. body dry weight, tarpaulin weight, wind pressure
on the side surfae of the body with a total value
of 2880 N, crosswise centrifugal acceleration of
inertia of 38 m/8in the direction of the wind pressure,

5. body dry weight, tarpaulin weight, the force of
wind pressure on the side surface of the body
with a total valueof 2880 N, crosswise centrifugal
acceleration of inertia of 38 m/s2 in the direction

open body assumptions for the assessment of the opposite to the wind pressure

|zsk'
Sesk-
Sesk-
hzsk'

16

location of characteristic points in the structure g

are presented in Figure 1:

open body length = 3560 mm,

open body width = 2350 mm,

open body height =400 mm,

height ofthe centre of mass of the ope
bOdy,hzsk= 1063 mm,

body dry weight, tarpaulin weight, wind pressure
on the side surface of the body with a total value
of 2880 N, crosswise centrifugal decation of
inertia of 38 m/8in the direction of the wind pressure,
wind pressure from the rear of the vehicle with
a value of 1300 N,
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7. body dry weight, tarpaulin weight and wind pressure  Material used in frene design, analysis and protogyp
on the side surface of the body, with a total valuewas GRPglass reinforced polyester. Bagiosperties

of 2880 N. showsTablel.

Tablel. Basic mechanical properties of GRP composite
Parameter Longitudinally | Transversely
Young modulus MPa 25000 9000
Poisson number - 0,23 0,09
density kg/m3 1900
Tensile strength (momentary) MPa 250 30-80
Compression strength (momentary MPa 240 30-80
Tensile strength (short time) MPa 135 25
Compression strength (short time)| MPa 135 20
Tensile strength (long time) MPa 70 -
Compression strength (long time) | MPa 70 -

The boundary conditions reflected the fixing 0f800x1200 mm, simulating a pallet load. The resultant
the body frame to the steel frame of the vehicle atloads from the weight of the tarpaulin frame structure
specific fixing points. The displacement degrees @&nd the wind were calculated in separate analyzes as
freedom in these areas were taken from the surfacéhe resultant forces and moments. They weleeedat
elements. A load of 14 kN, representing the tranggbrt the ends of the side pillars. The diagram of the
load, was distributed on the floor on an area ofboundary conditions is shown in tR@gurel6.

Fig.16. The diagram of the boundary conditions applied to body frameg, ¥iew from top, B- view from bottom
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The results of the analysis of the most severe loalbngterm strength, but the load®sulting from driving
case of the structure are presented. In the case dh a curve, wind blows are generally shefrim or
loading with a pallet load, it was possible to obtairmomentary. For this reason, a higher strength limit
a uniform stress distribution without concentration, should be chosen.
with maximum the value 25 MPa, not exceedimg Figures 17 and 18 show the nature of the work of
material strength limits. The loads from the tarpaulinthe composite support frame with the open body for
frame are by their nature concentrated, due to limitedthe same lod variant as in the case of the aluminum
space for frame poles. The local value of stresses (8oy body.

MPa) at the fixing points of the poles exceeds the

Fig.17.Map of reduced stresses in the structure of the composite open body under load in the form of a pallet
with a weight of 14 kN, dry weight of the structure for the installation of tarpaulin, centrifugal force
of inertia and the pressure force of side wind with a direction consistent with the force of inertia of
4800 N

Fig.18. Map of displacements of the composite structure of the open body under load in the form of a pallet with
a weight of 14.5 kN, dryveight of the structure for the installation of tarpaulin, centrifugal force of inertia
and the pressure force of side wind with a direction consistent with the force of inertia of 4800 N
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