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STRENGTH ANALYSIS OF THE SUPPORTING STRUCTURE OF TH E ABT VEHICLE
DURING CONTAINER RELOADING

Summary

The article presents the process of designing @arahgth analysis of the body and continuous track af a specialised
track-laying vehicle for the transport of biomad#aned on wetlands performed within frameworkhef development pro-
ject No. PBS2/B8/11/2013 “Autonomous technologyHertransport of biomass obtained on protectedames” related to
the removal of unwanted vegetation from protecteds, especially national parks, landscape parkd Batura 2000 are-
as. The new vehicle was designed by a consortidrbyethe Team for Power Engineering and DynamicAgfcultural
Machines at the Industrial Institute of Agricultlifangineering. Its aim is to find a solution whialould significantly in-
crease the efficiency of the process of obtainiognass taking account of the autonomous operatidtheonew machine.
Key wordstrack-laying vehicle, autonomous vehicle, prot@ttof wetlands, kinematic analysis, strength asialy

ANALIZA WYTRZYMALO SCIOWA KONSTRUKCJI NO SNEJ POJAZDU ATTB
PODCZAS WYKONYWANIA OPERACJI PRZELADUNKU KONTENEROW

Streszczenie

W artykule przedstawiono proces projektowania iyfikacji wytrzymatéci kadtuba oraz uktadu hieego specjalizowane-
go pojazdu gsienicowego dla technologii transportu biomasy e@mach wodno-btotnych, realizowanego w ramach pro-
jektu rozwojowego nr PBS2/B8/11/2013 pt.: ,Autoncana technologia transportu biomasy pozyskiwanejhranionych
obszarach wodno-blotnych”, zgdanego z usuwaniem nieégdanej ralinnosci z chronionych terenéw, zwtaszcza parkow
narodowych, parkéw krajobrazowych oraz obszarowukaR000. Projekt nowego pojazdu opracowany zgstzéz kon-
sorcjum, ktérego liderem jest Zespét ds. Energatilyinamiki Maszyn Rolniczych PIMR w Poznaniu. Jeganiem jest
znalezienie rozwkiania, ktére pozwolitoby znagz podnigé wydajndé¢ procesu pozyskiwania biomasy przy uedgie-

niu autonomicznéei dziatania powstatej konstrukciji.

Stowa kluczowe:pojazd gsienicowy, pojazd autonomiczny, ochrona obszaréwnaddtotnych, analiza kinematyczna,
analiza wytrzymaléciowa

1. Introduction « full container pulling,
« full container unloading (with an integrated badtigys-
The model and design of the autonomous platfooh-te tem).
nology for the transport of biomass on wetlands dexel-
oped as part of the Project No. PBS2/B8/11/2013irft]
plemented at the Industrial Institute of AgriculLiEngi- 6
neering (PIMR) [8] in Pozraby the Team for Power En- |
|
|

gineering and Dynamics of Agricultural Engineerirfs
was already described in the previously presentédiea
published in the international periodical AgricuilMech-
anization [6], the vehicle comprises 6 main unkgy( 1)
constructed by the Industrial Institute of Agriculil Engi-
neering, Military University of Technology (WAT) (1
and the Industrial Research Institute for Autonatand
Measurements (PIAP) [7]. The article presents tluegss
of designing and strength analysis of the vehidk@dy and
axles (constructed by PIMR-BE) based on the fores
termined by a kinematic analysis of the reloading (con-
structed by WAT).

Source: own work Zrodio: opracowanie wiasne

Fig. 1. Main units of the ABT vehicle: 1 - vehiddedy, 2 - con-
The function of the reloading unit (Fig. 2) is tmove  tinuous track, 3 - reloading unit, 4 - transpomtemer, 5 - cou-
containers between the ABT platform and the trartspopling unit, 6 - vehicle control system
module (MT) of the ZPG vehicle [4, 6]. The unit opees  Rys. 1. Glowne zespoly pojazdu ATTB: 1 — kadiulazgoj
the following systems: 2 — ukiad bieny, 3 — uklad przetadunkowy, 4 — kontener transpor-

« empty container transfer, towy, 5 — ukiad spegajacy, 6 — system sterowania pojazdem

2. Reloading unit of the ABT vehicle
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Source: own work Zrodlo: opracowanie wiasne

Source: own work Zrodio: opracowanie wiasne Fig. 4. Moving of an empty container during relozgli

Fig. 2. Reloading unit: 1 - empty container transfgstem, 2 - full
container unloading system, 3 - supporting stréctfrthe ABT
platform, 4 - container pulling system

Rys. 2. Uktad przetadunkowy:-1system przenoszenia kontenera

pustego, 2- system wytadunku kontenera peinege,Kdnstrukcja
nosna platformy ATTB, 4 system przeggania kontenera

An empty container is transferred at a heightisiaffit
for a full container to be pulled underneath. Tisianade
possible by a structure with one degree of freedmih a
straight line kinematic mechanism. The entire syst®n-
sists of a connector, four hook mechanisms whick tnto
the container at points designed specifically fus tpur-
pose, straight line elements, hydraulic actuatod lever
elements (Fig. 3). Thanks to this solution, thetamer is
moved in parallel to the frame of the vehicle (Y.

A container filled with biomass is pulled by twbain
conveyors located symmetrically along the latedjes of
the ABT vehicle (Fig. 5). The chains are integrateith
ratchet mechanisms which grab the container byiaibec

adapted grips. After the ABT and MT vehicles become

coupled together, the ratchet mechanisms of theeyam
are moved towards the container until the ratchetk
(Fig. 6) onto the grips on the container. The cimetais
then pulled to the position where it is bolted otite ABT
vehicle (Fig. 7). Each of the conveyors is powebgda
separate hydraulic engine. In order to synchrottisework
of the ratchet mechanisms, both sides of the loelveyors
are linked with a synchronising shaft.

N\

Source: own work Zrodio: opracowanie wiasne

Fig. 3. Empty container transfer system: 1 - cotorec
2 - hook mechanism, 3 - extension arms, 4 - sttdigh elements,
5 - hydraulic actuators, 6 - lever elements [1]

Rys. 3. System przenoszenia pustego kontenera:idcznik,

Rys. 4. Prowadzenie pustego kontenera podczasduretu

Source: own work Zrodto: opracowanie wiasne

Fig. 5. Full container pulling system mounted oe trehicle
frame: 1 - ratchet mechanism, 2 - tighteners, Baircsliders,

4 - hydraulic engine, 5 - drive transmission frdme £ngine to
the chain, 6 - synchronising shaft, 7 - chain

Rys. 5. System przegania petnego kontenera zamocowany
na ramie pojazdu: + mechanizm zapadkowy,—2napinacze,

3 —slizgi tasicucha, 4— silnik hydrauliczny, 5- przeniesienie
napedu z silnika na tacuch, 6 — wal synchronizacyjny,

7 —taricuch

Source: own work Zrodto: opracowanie wiasne

2 — mechanizm hakowy, 3 — weggiiki, 4 — elementy prostowodo- Fig. 6. Moment when the container is gripped from MT

we, 5 — sitowniki hydrauliczne, 6 — elementyigniowe [1]
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Rys. 6. Moment uchwycenia kontenera z MT
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Source: own work Zrodlo: opracowanie wiasne

Fig. 7. Container pulled to the reloading unit
Rys. 7. Przeggniety kontener do systemu wytadunku

The container is unloaded by tilting the unloadimt
frame 92 degrees in relation to its initial positioy means
of hydraulic actuators. During unloading, the camga is
kept in the unloading position (Fig. 8) by a bditisystem
(Fig. 9) which is designed to protect the contamgainst a
runaway slip from the ABT platform both during tsmort
and unloading of biomass. The suggested solutimsists
of four bolts powered rotationally by a hydraulict@ator
through a set of strings and levers.

3. Determination of forces acting on thesupporting
structure of the vehicle

Before strength calculations, we defined forcesngc
on thesupportingstructure of the vehicle. The forces can be
divided into:
fixed forces — independent of the actual positiérihe
actuators in individual mechanisms,
changing forces — dependent on the position nfedors
in ABT vehicle systems and units.

Fixed forces include loading forces (related taviy)
derived from the mass of the body (ca. 1700 kilowwg
full tank of hydraulic oil (ca. 300 kilograms), fulank of
fuel (ca. 300 kilograms), combustion engine unittioé
main drive with a system of hydraulic pumps (ca0d1
kilograms), control unit cabinet (ca. 150 kilogranand
shields (ca. 200 kilograms).

Changing forces were determined for individual haec
nisms using the SOLIDWORKS Motion module of the
SOLIDWORKS programme [3] at the different nodes -
points at which the unloading system is locked oftt®
vehicle body. Results of these analyses were plaitgo
force graphs (function of time) for individual najevhich
were divided into two components - vertical andizantal.

Based on the force graphs (Fig. 10), we prepartathla
presenting the most disadvantageous cases of fpadin
(Table 1).

Table 1. Selected extreme cases of structure Igadin
Tab. 1. Wybrane graniczne przypadki gbenia konstrukcji

. . (L Horizontal Vertical
Graphical presentation of compo- | compo-
Item| the calculation cases far Node fp fp
the body nent force nent force
[kN] [kN]
Fig. 8. Full container unloading system: 1 - eletaeof the
bolting system, 2 - supporting frame of the relogdsystem,
3 - hydraulic actuators [1] 1 -100 40
Rys. 8. System wytadunku petnego kontenera: elementy 1
systemu ryglowania, 2- rama n@na systemu wytadunku, 2 100 -90
3 —sitowniki hydrauliczne [1]
1 190 -90
= 2
2 -190 55
5
8 3 -90 -6
~
2 1 3 4 -23 8
3 g 5 72 15
2 6 45 9
N 4 3 0 0
6 4 0 5
S 4 5 0 0
. . . . 6 0 -10
Fig. 9. Container bolting system: 1 - bolts, 2 ringt 1,
3 - string 2, 4 - string 3, 5 - string 4, 6 - lev&r- hydraulic 3 125 20
actuator, 8 - supporting frame of the full containeloading 4 5 3
system [1] 5
Rys. 9. System ryglowania kontenera: fiygle, 2 — cggno 1, 5 -50 -60
3 — ciegno 2, 4- ciegno 3, 5- ciegno 4, 6- dzwignia, 7— si-
. . ; 6 -80 33
townik hydrauliczny, 8 rama n@na systemu wytadunku pet-

nego kontenera [1]
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4. Strength analysis for the body and axles

Strength analysis of the structure was carriedoouthe
basis of the finite element method (FEM) using $MU-
LATION module of the SOLIDWORKS programme [9].
As the period of time for calculations verifyingettABT
vehicle structure was reduced, it was necessatgvelop a
calculation model (Fig. 11) in which some componelst
ments of the vehicle structure were replaced anckfode-
rived from their mass were applied at the pointenghsuch
elements were mounted (the fixed forces mentionetthé
previous point). Next, the calculation model wascdétised
with border conditions imposed (degrees of freeduene
removed, forces were applied).

Horizontal forces

Vertical forces

— Node 3
— Node 4
Node 5

Node 6

Horizontal forces

nnnnn E— Source: own work Zrédto: opracowanie wlasne
/- Fig. 11. Calculation model for the body and axléshe
el .
@ ABT vehicle
o B I : A Rys. 11. Model obliczeniowy kadtuba i osi jezdnyajazdu
(=] »
= 7%' ‘ ATTB
©
O |
S |
>
nnnnn I T T Results were analysed based on the Huber-Mises-
"""" Hencky tension hypothesis [5] where stress complesi
Fig. 10. Results of kinematic analysis [1] reduced to one stress,sshaving made sure that the stress is
Rys. 10. Wyniki analizy kinematycznej [1] below the assumed allowable stress k (1).
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T = J(g-'f - :ﬁ)z t (51 - gz)z + {gz - gr}z -

1)

Allowable stress for parent material was deterighion
the basis of the equation below (2), dangerousstrg.
being fixed at the yield stress point Re for thitenial. The
safety index x of 1.3 was adopted.

. _ Tnizh

T (2) =
Allowable stresses in weld joints were also essael  [5——=155 P4

on the basis of the equation above (2), but theliner was i

divided into sections depending on the value ofggaous
stress for welded material and the type of weld.

Table 2. Values of the safety index depending enviddue
of the yield stress £of welded materials [3, 5]

Tab. 2. Wartéci wspdtczynnika bezpieamtwa w zalégno-
sci od wartaci granicy plastyczn@i R, spawanych mate-

ilow 3.

Weld t X

€10 lyPe IR <255 MPa 255 < R< 355 MPa| R,> 355 MPa
Butt weld 1.65 1.65 1.65
Filletweld | 1.25 14 1.65

Initially, simulation results were unsatisfacterymaxi-
mal reduced stresses,,, were several times higher than
assumed allowable stresses. It was therefore ragets
strengthen the structure by increasing its thickreasadd-
ing ribs in places of stress concentration. Thibéed us to
achieve acceptable values of stress in the analged- Fig. 13. Places of stress concentration for anggases of loading
tures (Fig. 12, 13). Due to considerable stressesmfor Rys. 13. Migjsca koncentracji ngpei dla analizowanych przy-
axles (Fig. 13) and an unacceptable increase inweéght  padkéw obeizenia
following an increase in thickness, it was necessaruse
an enhanced strength material STRENX 600 for tbeir-
struction.

Source: own work Zrodto: opracowanie wiasne

Structure shape before and after strength analys
(Fig. 14) is not much different. Following the afilolh of
the necessary supporting elements, the mass ahtuk|
increased to ca. 150 kilograms.

+ ca. 150 kg
Omax < K
Source: own work Zrédio: opracowanie wiasne Source: own work Zrédio: opracowanie wiasne
Fig. 12. Analysis results: graph presenting the emlof re- Fig. 14. Changes in the body structure and axldswing
duced stress strength analysis
Rys. 12. Wynik analizy: wykres waitonaprezes zredukowa- Rys. 14. Zmiany w konstrukcji kadtuba oraz osi jgzHnpo
nych procesie weryfikacji wytrzymaloiowej
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5. Conclusions

Thanks to the kinematic simulation of the containe
unloading unit, it was possible to verify whethack sys-
tem functions correctly and whether the elementshef
analysed structure do not interfere with one anothe

The simulation also enabled us to establish formes
essary to generate movement in a given mechanishn al
consequently, to choose the right size of the aatiengine
generating the movement. The maximal force necgdsar
generate movement in the empty container trangftes
amounts to ca. 143 kN (Fig. 15). Taking this infatimon
into account and knowing that the system comprises
actuators mounted symmetrically while the pressirep-
erating hydraulic unit is 200 bars, we determinked li-

2 rotating actuators

Cylinder
80/50
Stroke

620 mm

Empty container
transfer system

Cylinder
32/20
Stroke

130 mm

ameter of the piston and the piston rod at 80/5Q @ther
hydraulic actuators of the ABT vehicle were seldci@al-
ogously (Table 3).

Having determined reaction forces at selected sjode
were able to check the supporting structure ofABd@ ve-
hicle for shear strength of each obtained load easkop-
timise the strength by adding ribs or decreasimgreasing

Assumed
absorbing
capacity
Q=96
dr®/min
max. mo-
ment

Full container
pulling system

the thickness of individual elements.

224 Nm

Wykres

520

7.80 10.40 1560 1820 2080 23.40 26.00

12.00
Czas (sec)

Source: own work Zrodio: opracowanie wiasne

Fig. 15. Results for the forces generated in theaaor for the
empty container transfer system

Rys. 15. Wyniki powstatych sit w sitowniku dla eyst prze-
noszenia pustego kontenera

Table 3. Parameters of the hydraulic actuatorsrétwading
systems in the ABT vehicle

Tab. 3. Parametry hydraulicznych elementéw wykonastczy
dla systemy przetadunku pojazdu ATTB

Item Descrip-
tion

Subassembly name| Hydraulic actuator

2 tilting actuators

Cylinder
80/40
Stroke

560 mm

Unloading system
integrated with the bol{
ing system

1 actuator bolting the
container Cylinder
50/25
Stroke

I 250 mm
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Source: own work Zrodlo: opracowanie wiasne

Although the strength analysis presented in thielar
only refers to situations of handling containersnigans of
the reloading system, the structure of the vehtskdf was
also checked for other cases of shear load (cay#BBT
with MT [2], uneven loading of the vehicle, moviran
a slope) and fatigue analysis [1].

The actual model of the vehicle will undergo coeapr
hensive field tests planned for the second ha0df6.
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