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Introduction

The cereal combine harvester is one of the agricultural machines that works in difficult conditions and its parts are
constantly under various static and dynamic loads. For the optimal design of vehicle parts, types and values of loads applied
to them must be determined correctly. The purpose of this study was to design and fabricate an electronic system that could
instantly measure and store the amount of vertical load exerted on the rear axle of grain combine harvester in various
conditions to be used in the design and optimization of the axle.

Materials and Methods

Main components of the designed system included a steel coupling, a disc loadcell (H2F-C2-10t ZEMIC model), an
electronic board for amplifying loadcell output voltage, a data logger (AdvanTech DAQ Navi model), a 12-volt battery, and a
laptop. A special steel coupling was designed in CATIA software for connecting the loadcell to the axle. The loadcell was
placed between the coupling plates and then the coupling was installed on the center point of the rear axle of a JD 955
combine harvester. A standard tensile-compression testing machine (Cantam STM-150) was used to calibrate the loadcell.
The relationship between the input load and the loadcell output voltage was linear and had a high coefficient of determination
(R®=0.9991). In the static test, the vertical load exerted on the axle was recorded by the electronic system while the combine
was stopped and the combine engine was in ON/OFF modes. In the dynamic test, the combine was driven in three positions
including asphalt road, dirt road, and wheat field at three different forward speeds, and loads on the rear axle were recorded
by the electronic system. Finally, the data obtained from the tests were analyzed as a factorial experiment in a completely
randomized design with five replications in Excel and SPSS software.

Results and Discussion

The average static loads on the combine rear axle in ON and OFF modes were 14.908 and 14.905 kN, respectively. The
results of the Student's t-test of paired samples to compare the values of axle vertical loads in two modes of static load
measurement showed that there is no significant difference between the axle loads in ON and OFF mode of the engine at 1%
probability level. The average vertical loads on the rear axle of the combine were equal to 15.20, 15.27, and 15.28 kN, while
driving on asphalt roads at speeds of 10, 15, and 20 km h™* respectively. These values were equal to 17.57, 17.99, and 18.15
kN, while driving on the dirt road at speeds of 2, 4, and 6 km ht res ectively, and they were equal to 16.47, 18.01, and 17.78
kN when harvesting wheat in the field at speeds of 3, 4, and 5 km h™ respectively. The average load applied on the axle in the
turning path was more than the load applied in the straight path, which indicates load transfer to the rear axle during turning.
The effect of forward speed and path type on the amount of axle load was significant at a 1% probability level, but their
interaction was not significant. Therefore, the critical conditions for applying load on the rear axle of combine harvester are
occurred while combine turns with high forward speed, and the design of the axle should be based on these conditions. The
maximum load on the axle was obtained equal to 50 kN on the dirt road, which was due to the combine movement on a steep
uphill at the end of the path.

Conclusion

Evaluation of the system in different conditions showed that the performance and accuracy of the system are acceptable
and the data of this system can be trusted and used to measure the vertical load on the rear axle of the combine. The current
rear axle of the JD955 combine harvester looks relatively safe, but at some very rugged elevations, especially steep uphills, it
suffers from a lot of stress that may cause damage. So, optimizing the axle such as increasing the thickness of the triangular
piece in the middle of axis and using a stronger alloy for the middle areas of the axle are recommended.

Keywords: Cereals combine harvester, Coupling, Electronic system, Load cell, Rear axle


https://jame.um.ac.ir/?lang=en
mailto:hmasoudi@scu.ac.ir
http://dx.doi.org/10.22067/jam.2021.58832.0
https://jame.um.ac.ir/page_46.html?lang=en
https://jame.um.ac.ir/page_46.html?lang=en
https://orcid.org/0000-0002-4438-9738
https://orcid.org/0000-0002-8891-5031

(&,

SISl i

S309LeS sl iolo 4 yid
https://jame.um.ac.ir

i

YEV-YAY (o IFe) il oY o losis Y b

o 23 ONE plaS Cls JuST a1y (0508 Hb S Gl (S AN dbels a5
df

A I . ¥ . #Y \ . .
J‘J’f@b‘f&w‘m‘ﬁﬁaéé&“" ‘5.>JMW‘¢L¢)V.E&|

WAL/ VY el o
WAV YA il ol

2SS

S Mol s & gy cnl -l 50908 () Ll b )3 ol 2 03l (sl edls 4l g JuST b ls el 5 disge (b sl

So9ySI galels ad plosl (plaeS” slag sz g laygoe ity 2 3)ly slogyss dnalre 5 Jlod 2 (e Glpl (SilocnlieS 858 (oingh
e JuST aile o SisysS oS &) griuwg i 2 by 9 SV Wy 0aiS gl e (5)Lid gimg i (5358 SihsS ol orbaslo
L deyio 5 SLS ool wdlawl ooy 55 pplaS 8 o 5 psSs slocdls 5 ailol 3,Shas ls,) cslopysasl 33,5 cumi 200 pls S
Sl slaly (Sika gl llan 08 plosl S5 gy 53 5 (93l SlS 2y B 53 ypSTE il ] oty olita gy (slac o
SIS A sy SO e j0 (gl ire Golds 4S 3gy (aelS VF/AD o VF/AA (S (hseld jeise g (e yeige s > JuST 4 ed)lg
VO/YA g VOIVY NO/Y+ b ians celo p yiaghS Yo 930 Ve slacs o b clawl oy 3 e8> s JuST 5 03 )y (o390 sla)b (pSikio
L pasS (6950 pLS 5 (550skS YAND 5 W/AR AV/BY oyt csls o yiaghS £ 9 ¥V lacis ju b (SB o3l )3 &85> (o> «5iguishs
3 9 HowighS B+ d9as STy 03l 4l aindin el Cowddy igmghS WIVA g VA4V OSIEY it cslos p jaghS 0 9 F o clacee poo

(§O9—s dl_m)Lg d)_,.fo)'l_\jl LSI)'f OI )’] 0193& 9039 J9.5 J)ls ol L dlobw )).ﬂg.c &S sls ULM; Lasu.glg‘)')l a.:b Egodmo yd Dy ufl& odl>

2,8 odlatwl pleS cde JuST 4y 03,y

gy « iy gS Me LS ¢ S Sl dilols cdie JuST 1 g0lS” sLdo}lg

Sl Jbs 5okl Wlg e adis Jlog (Seolis Hkd, cllas
oS wSbe (Sjd SVl jloslitl 9l plxil (025 5 ()95
Ly, aals o gl e85 a5yl ghoauSosls clog e W
o Cgbl wilonds gl el cpame Lol 3 We &S 55 o5
S=Soilil an pls as sballs 6,5 e 1V .0, Slus
g 2Bl 4B g 2 3)ly )9liiS 5 950 (slaadlye (slalaxd
(Hajiahmad et al., 2014) 55 o Slllas pbol cdgpu
A3 lies g boedle (SSle (il )% la Sausis
Sl S bl (ShbjL L (siloiy cunnl 03 )y byl
50l = oa)ly Lol 95 4 ol JusT atge Sk Gl
13T g8 asuie dwyd 4 Ll JuST 4 o)l Jlesl 050 ¢ Joxo
il )L Ll > ST o3l (8ly slayl (g Sl
2 JuSt ol 5908 o (Db sloainre 9 )l el (4l
88 oo 5503 5 (St il Wile S, o5 elgil L Joe

.

LY RY-T

A alwg (1 Slasuie g (Seelod glajl o daly i

3lse 3 olpde g (olaly slaglojls «lodine (555 mroal gl
i bl ;U codgime s wlalad  slb aile alisce
ol Copds g 03l e Gilwyd ol 5 Slhb S
(Germanchev et al., 2008) cuwl p;¥ slas (clapiwmw

(55398 ISl cpinmpugey soige 095 Ayl (ol S b gal il -

Oyl leal Glaal ol an sl olKuisly

Olez Sk oSl ¢(5,9LiS 01U polsmign (it 09,5 o)lioliul —¥

Sl lgal laal

Oler deped oSl ((65)gliS” oAU pplumsmiger (odiges 095 o)luls Y

Syl lgal laal

(Email: hmasoudi@scu.ac.ir e 0Jinmr g — )
DOI: 10.22067/jam.2021.58832.0


mailto:hmasoudi@scu.ac.ir
http://dx.doi.org/10.22067/jam.2021.58832.0
https://jame.um.ac.ir/

YYY U‘L‘““S -1 J.mf‘ ¥ eo)|5 SOg0E )lg Oy 6‘)‘.‘ k;..;,,.SJI alolw LY ‘obl&m 9 ‘ghloé)

9 &2 Ohed e O Sl 508 ole osled Gl esoln
e odlit sl &5 (635 oy igly e sl pegpeily S5l
YL oy ol b 0 sl ol a8 3l ol b b)) b
Uil (Seoliys 3, (e Sllllas 43 (65 S 4 coll /A ]
Sy g 0ad a3l pie s allebuw )b 1) 7o jles alas
e (Kol el Jiis y5-boay 4 sl 138 Golstein
b € L ) alis sy IS 03 5 (S5 090 ) 4l il
=8> sl S oS 4y Jlosl slayl LSy duo > Ve
9 9B e Sy 9 G o S JuST (g9 045
i Sled Asly (550 100 olold LS o S50y
Flwg aad o ojll 5 039 00l s dibols ) cund N9 0
g cp iYL A oliad (gl e )b dind wll b 1) 4l
(Annonymous, 2018) 3505 (5,l35,L
= 03)ly i g Wgys Jooo g 4 jos @ pdiee I (S
(Jafari et al., l)LSen g (g ytx Sl asshyyy LS Jus]
SRSk 100 Jae pusle pleS (g9l JuS12006)
Sl 5 55,8 ulos ® sl 3g0es lodl 58105 1y Sl
48 Wb g pS ot Mot B slag )L o ) ol (SOl
9 G pSotiume (LS oIl 400 il pleS o> jomee
o Celbd Ghal58l Ggamen (Sl 2 (giledie @ 5l
sladivg sls 4 a8l gladiwg jl odldiwl ( ol ams 9 oYL
soatedy hor LI [ialS 5 550 I Slatdy sl & p 390
OhlbSen 5 (Jsls o sty aojp g i Sl (2l ials
ol yome (silwdins 9 Jdov g 4550 (Khanali et al., 2010)
Pl sl 3900 Lall 33l 5 L 1,300 o il (lueS
ol &y pleS opl (sals joore D93 g0 ol &S ME asudie L0
4o 5L 9298 Jlgw 0ad Mol (pleS 59y 2 U o (558 (S
S5y = TS Kzl b )l (S0l o> (gjlainge
(gdde gy il edlaiwl Ly jluid awle gulss i pll ST
sla i, S s oo slaedh U s  Sialen
23 03 Al Lo iy S g (55 Ll yd )3 00b (g S0l
gy d Lad o5 ao)d ad ssalie lad (g0o)d ()95 Ll 3
2395 Gladl o) b o dwle (gl i S polde oS ol L
OHlESen 5 Sogil adg (o0 glaadh U ps5  (Siales
L gl lym (S iSUl claslels (Yaoming et al., 2013)
9 (R )8 b ySus jlodlatl b 63285 £33 (eleeS” JuS]
wloluw (glac)io sla ol )3 5500 &3l HgletS puss Jgile
slaiel Jol o1 51 ool cmsay (slmodls a8 sy ylis oss asls
 oeleeS” JuS1 (i85 oy g 59lidS ppolie Cansly g ol

5- ANSYS 9.0

et (b sl Gy el gy i) (285 ol 55
9 =)l Jalod g anjod (Sl o g 455 5 0gMMe
195 9 S wle (il glaytg)y )0 5l 58 (Seelad
Yole ey s L Yol | e '
2B Sl e )95 S g p LS o E e
(S yods s, Ks b JuST 5L o (Blanksby et al., 2009)
(Foster, 2003; v yis )5S 9 (5)58 ped ¢ 5515 (SS9
"l sl mojl jledli .l g Sroka et al., 2019)
5 &0 89y Swelud ,b (5 505lul sl (Annonymous, 2019)
5 Ulo cells S0y ym a8 alons &) (S 4l Ll JuS]
sSeelod )L 2y9l i (gl ) ot Wl > o Sy
S SO ol w00 drwgd i add Jilwg &>
29 2 JSbpes 485 000 £ (25 9y 2 00D e ()3
Ladae g9 ol 3 s @lie 390500 (5 S0jlul |y £ 2 5k donsts
Sbd 5 (355 3550 o gllad (Jae 5 S st Lol
(Germanchev et al., 2008; 15l o uoj o (5)leenls
(Van et al., 2009) ,LSea 4 |y .Blanksby et al., 2009)
&2 92055515 S et (Sl )b il sl o3l ()
9 50 &l )y s iy e 3l edlaiinl b 8 > s 3 S e
Sl 1y a1 ) s s 0 Sy 9 b S5
2LB (oolgiiiy oo,y a5 Wy L5 b o) e g il odls
3 5 sl 28 o Sl )3 el alosy &5 53905 e il &
(Serlind Jobs 5 s dlosy Solizs 3,90 53 iy Slallas 51,y
(Tarighi et al., Lo g o, 0SS 0 o2l 3 S g 55>
Eodn yeoxe diugy Spolind 5 (Sl Lo o 435 2011)
ol gy i) ool Ly 1y MT 250D Jis cusguiiss 55515
Py o sl esl o ys ilal el sl plol dgusee
B 1 5 eo)lS (Sl Sl il G Seolizd Sl Sl
Vb o3l 4 ool o pud cilome i g Ay (a5 polde Al
Oged Slyis ol pls g0 5L 3590 Hlde 5| ieS 45 wel Cowday
Gl b oS 5 ¢35 S oo (S iy Sy A
= bla 50 Kojen cuolus [isliél g jeme oYL dss Colbus
(Hajiahmad et al., )l San 5 donl ls ab iy (o5
o3y sl sy So3lal (el o yragelis aleb S, 2014)
JSsS Jewongd Jlen ol al) iy olesd S et slaog s
&z 22y S99 oy 9 9l (sloadle ()35l Camdey sl
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2- Tyre pressure transducer

3- Non-contact optical sensor
4- Portable scales
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Fig. 1. Vertical load measuring system for the rear axle of combine harvester (1- Axle, 2- Coupling, 3-
Loadcell, 4- AD620 voltage amplifier module, 5- Data logger and 6- Computer)
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Fig. 6. A sample of loadcell output voltage during data collection on asphalt road
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Fig. 7. Average vertical loads on the rear axle of combine in the asphalt road
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Table 2- Anova (Two-Factor with Replication) for vertical loads on axle in asphalt road

Sl gilie ss df MS F Sig.
(Source of variation)
(Path type) yuwe g5 3.251 1 3.251 7349.508 0.000™
(Forward speed) (g9 e yuo 0.030 2 0.015 33.720 0.000 ™
(Interaction) yue x sy 0.001 2 0.000 0.879 0.428"™
(Within) s 0.011 24 0.000
(Total) Js 3.292 29
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™ Significant difference at 1% level, * Significant difference at 5% level and ™ Non-significant
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Fig. 8. Average vertical loads on the rear axle of combine in the dirt road
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Table 3- Anova (Single Factor with Replication) for vertical loads on axle in dirt road
Gl glbe. ss df MS F
(Source of variation)
(Forward speed) sgpiw cepw  0.883 2 0.442 8.978 0.004 ™
(Within) Uas 0.590 12 0.049
(Total) s 1474 14

Poisine i ™ g do> g e 5 3 sine OS] oy Sy a3 o sime ]

* Significant difference at 1% level, * Significant difference at 5% level and ™ Non-significant
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Fig. 9. Average vertical loads on the rear axle of combine during wheat harvesting in the field
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Table 4- Anova (Two-Factor with Replication) for vertical loads on axle in the field

Ol yoti 2ale

- SS df  MS F Sig.
(Source of variation)
(Path type) yuws g5 17379 1 17379 42952 0.000 ™
(Forward speed) (sgypiw ey 7.615 2 3.807  9.410 0.001"
(Interaction) yuws x s 0901 2 0450 1.113 0.345"™
(Within) s 9711 24 0.405
(Total) Js 35.605 29

I gine 32 ™ g soyd iy aws )3 I ime S : o pd S o ) Iy gime B **
** Significant difference at 1% level, * Significant difference at 5% level and ™ Non-significant
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