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STATIC ANALYSIS OF REAR SUSPENSION BEAM LOADING
IN A POLISH COMBINE HARVESTER

Summary

This article shows the static analysis of rear ggion beam loading in a combine harvester manufadtby New Hol-
land Bizon Sp. z 0.0. The model of the examinedhimaavith thresher rotor (Z110 model) was being afantured until
2001, and further modifications of combine harvesteith the mentioned threshing system are beindensa far [1]. The
research conducted with the use of programs: Irore®®17 for generating the digital model and Nastia-CAD 2017 for
simulation calculations. The aim of this articletdsanalyze and evaluate the accuracy of the coebarvester Bizon Z110
construction. The findings of the study suggesbssibility of stress accumulation in welded joiofsconstruction. In re-

sult, solutions to the described problems were igliexy.
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ANALIZA STATYCZNA OBCI AZENIA BELKI NO SNEJ WOZKA TYLNEGO
KOMBAJNU ZBO ZOWEGO PRODUKCJI POLSKIEJ

Streszczenie

Niniejszy Artykut przedstawia analistatyczg belki ngnej wdzka tylnego kombajnu Zbwego produkowanego przez
New Holland Bizon Sp. z 0.0. Model analizowanejayiag o omtocie rotorowym (wersji Z110) byt produkawdo 2001
roku, a kolejne modyfikacje kombajnow zZbwych o wspomnianym systemie omiotowym produkosgashe chwili obecnej
[1]. Do badai wykorzystano: pakiet Inventor 2017 dla wygenerdevamodelu numerycznego, natomiast do oblicaemu-
lacyjnych — Nastran in Cad 2017. Celem artykutt ggsaliza i ocena prawidtowgi konstrukcji ramy kombajnu zbmvego
Bizon Z110. Uzyskane wyniki wskaznp mdliwosé kumulowania g naprezern w weztach spawanych ramy. W konse-
kwencji zaproponowano rHwos¢ rozwigzania opisywanych problemow.

Stowa kluczowekombajn zbgowy, analiza statyczna metpdlementdéw skiwzonych, nagzenia witasne konstrukcji

1. Introduction

It is generally known that mechanization is beimgpr-
porated into agricultural sector relatively slowl. com-
bine harvester is just one example. First combaredsters

connected with cracking of rear suspension clangtesy.
It was problematic to such a degree that farmedsthi@on-
stantly repair it or modify the construction. Urtfarately,
fixing the failure by welding it does not bring thiesired
effect. In a short time the failure occurs againhais

were manufactured in the 1940s in the United Stafes more, the problem burgeons in case of mountingravst
America. Their mechanism has not changed since. thearusher to the combine harvester. It could be thezecon-

However, their construction has been modified wbersi-
bly. In the Polish market, Fabryka Maszgmiwnych in
Ptock was the only combine harvester manufactuex-
ing no competition, the company was a monopolisthS
situation did not foster innovations and improveiseof
already existing machines. To give an example, Bz060

was equipped with a screw conveyor moving graimato

hopper [2], but its construction had flaws and #lystem

was removed and replaced with a paddle conveyow-Ho

ever, now screw conveyors are used in high-effayema-
chines of this type manufactured worldwide [1]. Maover,
due to the geopolitical situation, Poland as a trgunf
Eastern Bloc had constricted access to computetscaln
culating systems. In addition, the financial crisiso af-
fected efforts to make improvements in a negatiag.w
Because of the difficulties in access to computerd
specialized software, the process of optimizingstrurction
of combine harvesters was incredibly slow or eveth-w
ered. Accordingly, although the construction of@izom-
bine harvesters was considered successful, it wafiaw-
less. Every user of this machine could certainbt lis

cluded that the cause of this difficulty lies irfaalty con-
struction. The conducted literature research prakasthe
manufacturer did not try to solve this problem. Daoghe
above, the authors of the article decided to daraarical
analysis for a particular combine harvester marnufad in
Poland and to determine the real reason of thelgmobc-
curring in the rear suspension clamp system.

2. Research methodology

On the grounds of literature premises and infoionat
from agricultural market, the object of study hasib cho-
sen, which is CNH Bizon model 2110 (Fig. 1). Acdogl
to users of the machine, perpetual problems wisttlking
of the rear suspension clamp system are highly aomm
This failure occurs after usual exploitation of t@mbine
harvester.

In order to conduct comprehensive simulation stsida
digital model of the support structure of the amaly com-
bine harvester was generated. The model was creatied
the use of Inventor 2017. lllustration of the dagjitnodel of

drawbacks, and the most burdensome ones are preblesombine harvester New Holland Bizon BS Z110 stmgctu

Marian BARTOSZUK, Przemystaw WINIARSKI, Adrian NOSOL

,Journal of Research and Applications in Agricultural Engineering” 2017, Vol. 62(2)



is presented on Figure 2. It is an accurate depiaif every
dimension on a scale of 1:1. The analyzed parhefcon-
struction is presented on Figure 3. Empirical obesgons
showed that cracking occurs on junction of bragkgtand
beam (2) with pin (3).

=

i
Source: own work Zrodio: opracowanie wlasne

Fig. 1. The object of study - combine harvester Néol-
land Bizon BS 7110

Rys. 1. Badany obiekt - kombajn ztnoy New Holland Bi-
zon BS 7110

Source: own work Zrodto: opracowanie wiasne

Fig. 2. Digital model of support structure of combihar-
vester

Rys. 2. Model numeryczny catej ramysma kombajnu
zbaowego

Source: own work Zrodlo: opracowanie wiasne

Fig. 3. Rear suspension of combine harvester
Rys. 3. Tylne zawieszenie kombajnuabego
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Digital simulations of stress distribution wereated in
Nastran In-CAD 2017. This program enables makirdguea
lations with the use of finite element method (FEMpear
elastic modulus described by Von Mises equatiarsed in
the program as a default model. This shows therdtpee
between mass of the machine and stress in the zmhly
joint.

For the purpose of making calculations it was aesli
that the construction support is based on overapfiked
block joints in place of steering knuckles (7) (Hg. The
authors presumed that there is no need to exartéeersy
knuckles, as no defect in their construction hasnbee-
tected. Thereby elements of hydraulic cylinder dneir
clamping are excluded from the analysis. Forcesw@e
placed on lateral flat surfaces of suspension letadk
compliance with force direction (Fig. 4). After wipof ini-
tial and boundary conditions to the modulus, a mest-
sisting of 69089 elements linked together with 133
joints was generated.

Source: own work Zrédio: opracowanie wlasne

Fig. 4. Placement of forces and struts in the digitodel
Rys. 4. Umiejscowienie sit i podp6r w prezentowamyoa
delu numerycznym

In accordance with the technical specification tioé
combine harvester [5] - the material of the modkkde-
ment is high-strength low-alloy steel St 35/ S2353Rose
values are [6]:
elastic limit (Re) = 235 MPa,
strength limit (Rm) = 380 MPa,

- Poisson's ratio = 0.3,

Young's modulus - 21010° MPa.

For obtaining a proper accuracy of calculatioregyal
values of forces affecting the object were deteeahinin
this situation forces determined by the combinevéster
mass are the load of analyzed joints. Accordingthte
manufacturer, the mass distribution is: 70% on filoat
axle and 30% on the rear axle, considering theamaimvith
a straw crusher and aggregated with auger headérhvs
presented on Figure 5. The combine harvester mibks w
empty grain tank equals to 9940 kg, the mass ofathger
header is 1420 kg, and the grain tank capacitp@05int
which corresponds to the mass of 4000 kg in casthef
heaviest possible grain which is pea. It is becafsthe
fact that 1 driof grain has its average mass of 0.8 kg [3].

On the basis of evaluated masses, it was detetntiiae
their total amount equals to 11360 kg for an engrigin
tank and 15360 kg for a full grain tank. This wias ground
for estimating the mass (30%) which loads the segpen-
sion; 3408 kg for an empty grain tank and 4608dtgaffull
grain tank. Masses values are presented on Talfertes
which load the digital model of the rear beam weateu-
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lated based on the mass. The values of forces4f@03N
and 46080 N. For the purpose of illustrating visiliffer-
ences which occur in the machine load for empty faiid
grain tank, separate analyses were conducted.

Table 1. Evaluation of masses loading the combiae h

vester [5]
Tab. 1. Oszacowane wastd mas obejzajgcych kombajn
zbcowy [5]

Mass type Mass value
(kg)

Combine harvester mass 9940
Auger header mass 1420
Maximum mass of pea in grain tank 4000
Mass of the combine harvester with auger

11360
header (empty tank)
Mass of the combine harvester with auger 15360
header (full tank)
Mass on the rear axle (empty tank) 3408
Mass on the rear axle (full tank) 4608

Fig. 5. Distribution of mass of the machine accogdio the
manufacturer [5]
Rys. 5. Rozklad masy maszyny wg producenta [5]

3. Research results

The numerical analysis of stress distribution e@sducted
for a statistical model. Calculations provided wakie of maxi-
mum stress (Von Mises) in the troublesome spditetbnstruc-
tion. For the joint presented on Figures 2 ance3/ilue equals
respectively to: 235.5 MPa for the combine harvestth full
grain tank and 160.1 MPa for the variant with engpgin tank.
Accumulation of stresses in the analyzed spot efntlachine
with full load passes the elastic limit marginalyhich may
cause the failure of the joint. It is worth notiihgit the obtained
values result from a linear static analysis. Theeethe authors
provide for the possibility that stresses valueshma considera-
bly higher during the working of the machine uniileld condi-
tions, or because of vibration caused by the wédubassem-
blies. As to attain reliability of the constructjahe stress value
must be related to appropriate safety factor. @ngtounds of
established norms regarding the choice of safetgrf§the 4th
norm], considering the probability of occurring ree@ment
and material uncertainty, there is a need to nhyltige results
by the factor whose quantity is between 1.5 andSuh a fac-
tor is used with accuracy of calculations and thesjbility to
gauge forces and stresses [4]. The factor chosenihel.7.
Consequently, obtained values increased respgctivé00.35
MPa for full grain tank and 272.17 MPa for emptgigrtank,
which is presented on Table 2.
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BB 127530
® 118040

108,250
88,4580
88,6600
78,8760
59,0880
59,2860
| 49,5060
39,7160
29,9250
20,1360
10,3460
0,55618

CONTOUR: SOLID VON MISES STRESS (MPa)
OUTPUT SET: SUBCASE 1

Source: own work Zradio: opracowanie wiasne

Fig. 6. Simulation results for the variant withlftank
Rys. 6. Wyniki symulacji dla wariantu petnego zbika

CONTOUR: SOL|D VON MISES STRESS (MPa)
OUTPUT SET; SUBCASE 1

Source: own work Zrédio: opracowanie wiasne

Fig. 7. Simulation results for the variant with esntank
Rys. 7. Wyniki symulacji dla wariantu pustego zica

Table 2. Stresses values obtained in static asalysi
Tab. 2. Wartéci naprezer uzyskane w analizie statycznej

. . Stresses with the
Vanallgtti (()):: ;:alcu- Obtal(rll/?g ;‘;resse 5 safety factor 1.7
(MPa)
Empty tank 160.1 272.17
Full tank 235.5 400.35

Source: own work Zrodlo: opracowanie wlasne

In order to prevent the element from failure and;on-
sequence, to avoid damage of the combine harvester
struction, the authors propose the employment b§ ri
strengthening conjunctions of pin bushing with bedimis
is only one of all possible solutions of reducingximum
stresses in the examined part of the constructifter
modifying the digital model of the construction gFB.), a
new finite elements mesh was generated and nurhedta
culations were conducted again. It was determihatiribs
will be fastened with the use of fillet welding. & analysis
skips weld modelling, as its strength was assunoedet
equal to the strength of the vernacular materidl The
mesh presenting modifications is made of 68292 el
and 133656 joints.
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2476 \
SOLID VON MISES STRESS (MPa) = 57,495 |

0143t

CONTOUR: SOUID VON MISES STRESS (MPs) k)

Source: own work Zradio: opracowanie wiasne

Fig. 10. Stresses values (Von Mises) after modifica
variant with full tank

Rys. 10. Wart@ naprzen (Von Mises’a) po modyfikacii,
wariant petnego zbiornika

Table 3. Stresses values obtained from static aisaly
Tab. 3. Wartéci naprezerr uzyskanych w analizie statycznej

Stress value

Variant Stress reduction value (%)

(MPa)
Stress value after modification of construction
Empty tank 43.3 73
Full tank 57.5 75.6

Stress value considering the safety factor fomtlodification
of construction

Empty tank 73.61 73

Source: own work Zrédto: opracowanie wlasne | Full tank 97.74 75.6

Source: own work Zrodlo: opracowanie wlasne

Fig. 8. Modification of clamp system of the reasgension
beam, overview drawing

Rys. 8. Modyfikacja systemu mocowania belknaptylne-
go wbzka kombajnu, rysunek pgadpwy

The proposed solution of strengthening pin bushinghe
combine harvester rear suspension was tested dticeraFig-
ure 11 shows a modified joint in the combine hasreson-
struction. During the field test, which was lastimyer

e 200 mth, cracking of the beam bushing was not tistec

o) ‘5\#&:& ‘%‘P‘ ihg

CONTOUR SOLID VON MISES STRESS (MPa)

Source: own work Zrodto: opracowanie wiasne

Fig. 9. Stresses values (Von Mises) after modificatvari-
ant with empty tank

Rys. 9. Wart¢’ naprezerr (Von Mises’a) po modyfikacji, Wil ! ‘ ‘
wariant pustego zbiornika Source: own work Zrédio: opracowanie wtasne

The static reanalysis conducted with the use afieriz 19 11. Visual presentation of part of fastenirigie pin
cal method provides that stresses are respectiys ~Pushings in the combine harvester rear suspension _
MPa for the force 46080 N (full tank) (Fig. 10) aad.3 Rys. 11. Wygd fragmentu modyfikacji mocowania tulei
MPa for the force 34080 N (empty tank) (Fig. 9)n€ider-  SWorznia tylnego wozka kombajnu zboego
ing the safety factor 1.7, the values are respelgti97.74
MPa and 73.61 MPa. It was therefore assumed that ob As it was mentioned before, this modification & the
tained values keep within safety and strength §mill the  only solution of the problem. However, its simpjcmakes
values obtained from static analyses are preseseda- it possible to eliminate the failure without thecassity to
ble 3. visit auto servicing or garage.
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4. Conclusions

On the grounds of the conducted examination, rit lma
concluded that:
- The static analysis made it able to estimatessé® in
the troublesome spot of the construction, whichraspec-
tively: 235.5 MPa for combine harvester with loadiand
160.1 MPa without loading, and in the first varighe
stress passes the elastic limit of constructiorensdt
- Basing on the analyses, the authors proposedficedi
tion of the construction, which reduced maximunesies
to 75.6% (combine harvester with loading) and 78%(-
bine harvester without loading).
- Maximum stress values obtained after modificatidn

the construction equal respectively to 57.5 MPa and

43.3 MPa, and with the regard to the safety fadtor-
97.74 MPa and 73.61 MPa. These values keep within ¢
struction material strength limits with a largeees.

- Field tests proved that the solution is firm aeliable.
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