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STRENGTH ANALYSIS OF INSULATED BODY WITH THE USE OF FEM
Summary

The paper presents the results of the computeryaisabf strength of insulated body. Mathematicatietavas described.
The analysis included the development of load attarsstics based on exploitation conditions. Basadconstruction data
computational models of the analyzed constructienewdeveloped. Their simulation tests and resudtlysis carried in-
formation about stress distribution in the semid&raconstruction. In particular, actions were faged on presenting the
load implementation of trailer during driving onbeend of the road.
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BADANIA WYTRZYMALO SCIOWE MES KONSTRUKCJI NACZEPY CHLODNI
Streszczenie

W pracy przedstawiono wyniki komputerowych analiraymataciowych konstrukcji naczepy chtodni. Opisano model
matematyczny zestawu transportowego. Analiza olvegtacopracowanie charakterystyk ohb#eniowych na podstawie
danych dotyaezcych warunkéw eksploatacyjnych. Na podstawie damgetstrukcyjnych zostaly opracowane modele obli-
czeniowe analizowanej konstrukcji. Ich badania dgeyjne i analiza wynikéw dostarczyly informacjrazktadzie napt-

zen w konstrukeji naczepy chtodni. W szczegé@tnekupiono s na przedstawieniu implementacji ofpi dla przypadku
jazdy naczepy na tuku drogi.

Stowa kluczowemodelowanie, naczepa, chtodnia, analiza MES, qieciia

1. Introduction many ways to check a construction's strength, iater
analytical strength calculations at the design estagrain

The value of transported articles in cooled oefieg gauge measurament methods on physical objects or

conditions, in the whole world is estimated to fremver methods of simulation studies using mathematical

1200 mld USD annually. A significant part of itrsalized modelling on computer workstation [2, 12]. The Eni

using refrigerated vehicles and in this, specidliiz@mi- Element Method is a method which uses a constmaiio

trailers. They own number of advantages comparimg tmodel, discretized by finite elemtents.

standard trucks [4]. Connection of a tractor unithwa

semi-trailer creates an assembly unit, ensuringy&oient,

long distance transport of cargo. The weight of tben- 2. Description of structure of the analyzed constretion

modity is distributed on a larger number of axed the as-

sembly has high maneuverability. The semi-trailer construction, which is the subjcthe
Continuous progress and increasing request for- comesearch was designed as a cargo road vehicleowritts

modities forces a constant decrease of transpets edth a  own drive, adopted to work with a tractor unit (fig. The

simultaneous increase of requirements for commaqality  semi-trailer is fixed to a tractor, which suppotite front

ducers. This forces the improvement and search food-  end, the rear part rests on three axes.

ern design solutions that meet the requirementarattion- By specifying the basic components in the consibac

ality but especially durability and strength. Thesgist of the vehicle, the body and chassis can be digithgd.

Refrigeration Insulated
unit Chassis body

Source: own work Zrodio: opracowanie wiasne
Fig. 1. Food transporting semi-trailer
Rys. 1. Naczepa do przewaywnagci
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The body is a box made of thermal-insulating nmaler
limiting the heat transfer and being a protectil@rent of
transported goods [14]. The box construction ise#- s
supporting structure build by glued panels of thedsich
panel. Designed structure makes the body a closelihg
system, dust- and waterproof. The box floor, beirgruc-
ture exposed to the various types of impact waigyded as
an element which possesses high strength and lemnti
conductivity coefficient. For this reason its caostion dif-
fers from the other insulating panels. Its struetdresides
polyurethane filling, is characterized by a numbérein-
forcements in a form of wooden crossbeams.

The primary supporting structure, providing appraie
driving parameters, is semi-trailer's chassis inctvithe
steel frame is the main structure. The frame igid icon-
struction, welded from metallurgical profiles. Maimsk of
the semi-trailer frame is to transport loads, artim the
individual assemblies. Frame also ensures the nedjspa-
tial location of the vehicles assemblies, it p@pates in a
transfer of dynamic and static loads. It constiutedirect
support for the spatial structure of the insuldiedy. In the
designed semi-trailer a stringer-type frame wadu3ée
structure is composed of two longitudinal beamsneated
by transverse beams. In the front part the strswgsn into
the spatial plate structure which is the holdethef pivot
that couples semi-trailer with a tractor. This isimple and
compact solution widely used in truck vehicles.

3. Construction of the computational model
The process of creating the computational modéh-of

sulated body was realized in CAD 3D system usirg th

geometric model developed at the designing stagethB
use of graphical facilitates of pre- and postpreoes the
computational model was characterized by finitenelets.
The following elements were used in the model:

a) one-dimensional:

- "Beams" with twelve degrees of freedom used tal@ho
the chassis structure of the vehicle,

- "Rigid" elements for mapping of suspension system

b) two-dimensional:

- "Thin-Shell* elements for modeling of sheet metal-
faces and closed profiles;

¢) three-dimensional tetrahedral second order el&sne
d) as a concentrated mass.

The discrete computational model is shown in fig.
Finite elements were used for its constructiompweithg to
approximate the object reaction in real conditi@sec [9,
13]. It was decided not to model in detaill some-sub
assemblies, the construction approximation was dore
degree that ensures a compatibility of its stremmgttame-
ters with construction elements geometry. In thet waajor-
ity the structure was built using two-dimensioredtagonal
"Thin-Shell" elements as well as one-dimensionafrents
were used like "Beam", "Rigid" elements and three-
dimensional second order tetrahedral elements.

Model of the vehicle chassis frame was made inildet
that are required for stress analysis, using pilynab fi-
nite elements. Connecting elements (screws, bpiltss,
rivets) were replaced with the corresponding groop#§-
nite elements or reaction forces. Geometric featthiat do
not affect the major loads were eliminated. Inftioat part
of the frame, at the location of the fifth wheedgpport,
grid elements were applied with a contact typetiatahip.

Fig. 3 shows the details of a part of the semieraus-
pension on the computational model. The suspensas
modeled using "Spring" finite elements, replacinoep-
matic suspension (for the purpose of the calculatiefini-
tion of elements that copy the damping effectshef $us-
pension was not necessary) and "Rigid" element$ tha
model swing arms.

Vehicle body was modeled in a simplified mannengis
four-node shell elements, allowing to reflect tlagure of lay-
ered composite structures of segments of sengitraiblls.
The view of discretized semi-trailer body is shoinrfig. 4
where distribution of the wall panels structuresiown as
well. Reinforcing elements of the body structureiclvhare
embedded in the wall segments, including the gésreimme
as well as floor cross-bars, were built with "Beagtéments
with rectangular cross-sections. Door frames wecoslaled
using "Beam" elements which are open spatial gfil

"Gap" elements which
define connection
between frame and >
insulated body

Fig. 2. The computational model
Rys. 2. Model obliczeniowy
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"Spring"
"Rigid" element
element

Source: own work Zrodio: opracowanie wiasne
Fig. 3. The computational model of vehicle suspamsi
Rys. 3. Model obliczeniowy zawieszenia
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Fig. 4. Structure of wall panels in the semi-trademputational model
Rys. 4. Struktura panelciennych modelu obliczeniowego naczepy

For the purpose of development of material andsiglay For the purpose of stress analysis using Finiemht
properties of the insulated walls it was necessamatoy out Method boundary conditions were specified for altified
laboratory tests. To this end, properly samples fatmulated components and assemblies of the insulated bodythén
geometrical dimensions were prepared. During tesiieuthe  analysis of various states of motion of the vehiel@ues of
controlled conditions they were subjected to statécls. On a loading forces were calculated and degrees of freedere
series of comparative samples stress and deformat@tes defined which designate fulcrums. Defined boundamdéo
were registered. Obtained information through theegrgent tions were implemented into the computational madels
allowed to construct FEM computational models oflyred During the work realization, norms were taken intccamt
objects (fig. 5). (e.g. ISO/TS 20119, ISO 9815, ISO 15037-2, ISO 14792, E

The identification of material data and physicedpgerties 12642 [3, 5-8]), in which guidelines for proper deimation
of panels that were carried out allowed to propddfine the of individual research can be found. On the basidefined
four-node shell element, by which walls of insulateady requirements and regulations a number of cases aefineed
were modeled. for computational analysis in the field of staticesgth.

Relations between the body (insulating body) anticke The most complex load condition was found in theecaf
frame are defined in places where screw connectigistse moving vehicle on a curve of the road, where thenreaternal
using common nodes. The remaining connection plagge load is the mass of the cargo. Movement at a cegpeedv
connected with the use of finite elements that c&dleontact [m-s'] on a particular curvature with the radiugm], gener-
condition. ates a centripetal acceleratiarim-s?. Weight of cargo and

the own mass of a vehicle, due to the acting acider, gen-
4. Loads implementation in computational model of he  erates force of inertia.
semi-trailer
Fig. 6 shows the behavior of the vehicle duringda on a

In the process of construction preparation forimegring curve of the road in a visual way. The calculatitedee into
analysis, it is very important to identify the Isadletermine its account weight of the constructia@, [N] which generates
type, direction and value [10]. centrifugal forceQ, [N] and the associated body rel[-].
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Source: own work Zrodio: opracowanie wiasne

Fig. 5. Material data identification: a - bendinfgaareal sample, b - parameterized equivalent model
Rys. 5. Identyfikacja danych materiatowych: a ce@vista probka zginana, b - sparametryzowany moakpczy

Fig. 6. Forces acting on vehicle while driving oraved
and sloped road [1]

Centripetal acceleration for the case of drivingam arc
and for maximum speed limit was established under t
Regulation of Ministry of Transport and Marine Eoamy
on 2nd March 1999 [11]. Chosen parameters refleet t
most adverse real driving conditions. For a suald lkof
movement the centripetal acceleration reaches aevaf
2,45 m-8.

For all considered exploitation variants some loach-
ponents in computation model were determined auiema
cally by a computer system on the basis of adebyudte
fined acceleration vectors. Other load componeriewe-
termined based on analytical calculations.

5. Calculation results and their analysis

Computer calculations that were performed gavesstr
distribution for all analyzed cases. Values of teduced
stresses of the analyzed structure were obtaindd thve
use of Huber-Mises hypothesis. For the sake ofdaduwr-

Rys. 6. Sily dziatape na pojazd na fuku drogi pochylone; acter (cyclic load changes) the main calculaticorscerned

[1]

fatigue strength.

The most adverse condition of material exertiors wa
obtained for the case of driving on a curve forahhstress

For the construction of computational model foe th distribution is shown in fig. 8 and 9. Analyzingethesults

driving-around-a-curve case the load reaction ohiclke

of numerical calculations, it was found that thexmmam

was mapped with two force components: horizontal anstresses in the support structure are located enptate

vertical. For the purpose of simulation of reliayieffect
due to inertia forces acting on one side of cowrsiwa the
vertical loads components were arranged unevenly: F
thermore, in accordance with the provisions of ndEi
12642 the cargo pressure on the side wall of seaitéet
was included as a form of evenly distributed pressiihe
tires grip forces were introduced into the systena iform
of transverse components Bf [N], directed contrary to
forces of inertia. In the present case, the aligrntroéforces
reflects the state of vehicle movement during davon left
curve of the road.

In computational model, in the saddle supportaegi
there were removed all possible displacementslidimdc-
tions (fig. 7a). Supporting system of the rear pafrtthe
model was built according to the scheme showngnb.
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which supports the tractor fifth wheel and reach MPa.
Taking into account the phenomenon of stress cdraen
tion, point indicated by P5.2.3 is a material eertpoint.
In this case, the maximum value of stress reach@dviPa.
The analysis of the front part of the structureveda that
the external part is exerted strongly with respedhe path
arc. In the stronger loaded structural which iseatension
of the longitudinal frame members, the stresseshreédd
MPa. The highest values of stresses in the wooldenemts
of the body are found within the floor, above theeel set
and reach a value of 25 MPa.

Fig. 10 shows the displacement of the whole stinecbf
the vehicle. The greatest displacement occurs atréar
part and is equal to 16 mm.
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Reaction forces
Fr5

Blocked movement of the Blocked movement along
fifth wheel along axeOx, Blocked movement alon@z axes:Ox, Oy, Oz
Oy, Oz Blocked movement along axis
axes:Ox, Oz

Source: own work Zrodlo: opracowanie wlasne

Fig. 7. Support and forces distribution in suspemsiystem of the semi-trailer in the driving aroancurve case
Rys. 7. Podparcia oraz rozktad sit w uktadzie zawémia naczepy dla przypadku jazdy po tuku
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Source: own work Zrodio: opracowanie wiasne
Fig. 8. The magnitude of von Mises stress in thepension area

Rys. 8. Mapa napter zredukowanych Hubera-Misesa w obszarze zawiesnanizepy
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Source: own work Zrodio: opracowanie wiasne

Fig. 9. The magnitude of von Mises stress in tfid fvheel area: a - view from the right upper side,view from the left
lower side

Rys. 9. Mapa napteri zredukowanych w obszarze siodtagriika: a - widok od prawej gérnej strony, b - widod lewej
dolnej strony
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Source: own work Zrédlo: opracowanie wlasne

Fig. 10. Displacements of the grid nodes for tHewtation case Ps5.1 in [mm]
Rys. 10. Przemieszczeniazaldw siatki dla przypadku obliczeniowego Ps5.1 w[m

6. Summary

Finite Element Analysis of the insulated body ¢aons
tion allowed the identification of the most exposedl in-
tensively exerted structural nodes. The analysisveld that
the frame, which is the main load-bearing elemias, suf-
ficient and adequate strength. In none of the aealyari-
ants stresses did exceed allowable values, neithéne
base material nor in the welded joints. Consequentn-
struction meets the fatigue strength requirementghe
field of adopted loads and exploitation conditioms-
placements did not reach values which might hanega-
tive impact on the structure functioning. Obtaingtdess
maps are the outputs data for the planned fundtitasés
(in the next stages of scheduled work) with the afs&rain
gauge measurements. The analysis results can hawve-a
portant contribution in works on development andirop
zation of new insulated body constructions.
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