Journal of Agricultural Machinery

B

Vol. 5, No. 2, Fall - Winter 2015, p. 345-356 e

S 338 L ylile & il

Ay FFO-YOF o IFAF 093 Jluas ¥ 0yl b Al

51 ealisal b 55815 S e 5 5 ek sbml A5 6550 28 b bl 5T e

Sk ol s ¢ aSS Kl 5 gty

Y . . #®) ., w
G Gl - B 648 e
WWAY/AIYE bl fo,l
WAV/V /N 2ol go,b

LXVCES

s 3> Sopay oy gyonl 3185 )18 adlllas 3)90 252 o Sl (g3908 LIS 59y g S e 22 LA SRS Syl B

Lo > VO 9 VWA é.la.w dw yd w):.l 9 u)yu#\c 5\" Al é‘a.w M)>220/65R21g5)>u C)> 9y Sd90c )Lg :Aubﬁ)m /Y 9 Y o /A es.la.w

laSsl 2y b )3 Loyl b5gd (6 pS0lul (cyio /Y 5 +/V0 o/ Bos dw )d (63908 i 5 LS Sy ke b 283 1,3 exlil 3)90

S5 9 T i 00 a8l sl S oy Sl (g3908 (15 8 plosl S5 d LTNY Cashy b oag) ) S g5y 2 3k elS

ool lis 7 d)LoiCJa.w).) ol ploul (gl pwyp Al (680310l i (goMiiS g F i (e 0l cual (28] Jwdg) dae ¥ 5 )b 5l 5o kS

ao byoye o oV Bas > JBwlshS VA Jlade b &2 pj (s350s (A5 (st 9335 (o0 02 ) S350 U5 Il sl (LS (590 oS
A3boe 4l jto A Gty g 2> VO U35 o awiokS ¥ b 5 cos ord Jols Lalls diut jiiS

O Al S oS e 2 edgme A S o)l g8 (S0l

oS Bl SB Ges g pdaw o S (508 (ials oy &S cul
LU, o] bl s s 3 b il SB maw )
ooles s )3 (15 2l 2 IS 8 e Jelge 51 S L il
9> 0y adex 5l £ slo el gycnl bl e S L pile
2 Onie A2 )00 £ (53 9 0L JUiE (S Sy £ 2
9 Logyss (aled Uoyme 13 £ S0 Bb Il 039 0jg>
orile Speliyd 5 2t o (mble &S o o IS8T (glaygliss
Er 4 00)ly sloyglisS g gy 51 Slie (clalanMo b5 & g0y
iS 033k 9 s pdoley S 3 g nl p oM A3l e
O rinte g 03] 3B 3390 3)l3 gl i 5 eile
Al 65)9liS e85 035k (g 5SS
Mohammadzadeh ) ,LSen g ooljiass lawgi audss ;3
9y 3 Sl iz g £ (595 )b b 5L 36 (et @l 2013
4235 IS 9 A8 gy ST o)l (49> (e Canglie (g9
GBIl (d Copgots glo (LIS sl p3Y (LS (5908 &S
S e 33y 5 ooy lo ELE)] g (59 oy
» aglate slace w3l (Coutermarsh, 2007) 5,loyssS
2 ile Coglio g9y |y adb e Y18 B Y/ o (g0dg00v0
3 15 Baiod 9)90 SulS (b SB )3 22 (s9) (Jles] ) 4w
Aoy So ity 40 o Sigejl S Bie ol slagiulej]

£

Aol

i)l glagadls o yiere 1 Syme £ (oAdS sl piall

033l g b o Cawte (6)5liS (sla Sl (60, Slos CuaS
SE g gz S 51 il 55)sliS lappile (bl L
a8l dgra SB (S 5 (S B )3 5 (e
pmna 5 St inlS el g 398 n qia SIo 53
S (So, 8 0loul o 55 e sladdlie jlog b e dsyie y
5 $3dS sl eile 33,5 (galiwga 04 slonl (sl s
oS 033l ioldl oS Jls s sl o Sy 03l (slag s
oS s e o bl o g llas (65)5liS Loy ile
5 09 48,5 4la3 > Wb 50 S ond bl gl i KVl
5 o slaedly (g0,58d (gl A BiS (0 (6l Sladss

]a.u)_,a 9 d]o.}b C)L> 9 Lg))ﬁl—“““g Lgl.mum:lp .).))3' ).)] 2 uM))f
0l s e WJlead ploul S (55,8 b oty opl 00,8

gy SilSo  wdize 09,5 Hboliwl 5 158> (gemiily sy -V )
Aol oSl

(Email: ha.taghavifar@urmia.ac.ir 2 gtne oA 95 )



WA 095 Jluos oF 0 lods o alar (5559LiS glapwislo 4y iy VY P

35 e ey halS | S i Ll ol (S48
JB 53 g ey b o el (185 Jas s b pols b
o)y Canwl 03wl 350 i JD (g oS (sl &S oulas

P S Jdgp 0 (3908 (i ol )3 ilS sl il )b i
Al e (bl (o S baxe

W g, g 3190

slappile Sl (wdine 09,5 )3 35290 SLS o)L
Cge pd el odlaiwl §dod opl 40 &S dsegyl oy (65,4LiS
bulyd 992 (550 V 3o g o VB JUI (o) e VY (Jsbo
Pl 31,8 walyd 1) (gjye il Bl b Cliolojl (gl i
S Gl oles JUES! e (Ul Jdsar 05 oy sl
oasuino V JSS p aS jslatlen Lab solaiw] pols (sdcsezme ol
b gdawlyany yo5i Bk 5l k) 9y p Jeb <5
3 1) el b Joo (sailoy 4l o 3500 plol 352 | Sty
aS ol 0ad Sl G 93l ol (olds L5yl oaps 5
S slaSuyd 93l 1y el (59 Joo saibsg Jgl caond
Lo Jo) 0193 1y Jobs (gdegozmo &S o o llf 4y ot
Saglyd sdn g3l plol glaiods talol o 5y S S e
A3 0obel g

ol S 5 4 SlaglS VY 1l L 5 dus ygigeg S K, ]
SV 220 Jace ' y55ysia) < 3l onlial il JL8 S oLl
133509550, elyy LG 8,5 c3 L 185-2NO, 380V
295909 58U (5435 (uilS)8 —3lly oS 5 et b 457 ool
ol 8 i Lo ola s olisi )3 g gy Sygots |y ol )93 Ol
Caz 58 5 il cBgio (531l ol) (sloan] B x> 4 2yl
sl oy ilises ol g auiS S BB jgigeg il s 2
&= G5 ol bl (s J6 b
28,5 )5 oslitl 5,50 220/65R21 S yoxe

@&p@,wagﬂutéug\!lgam.é}\vopé@&
o §) 4 133,8 Jaato sl ooy ol 305Y5) LB o
Bongshin Jae 059l Verr cd )b a Judg o o0l
o omly S 5 98 ie Jrwdgl S Juale (6w &g,
S £ 3 (S Sgp0 dml Glp w35 Jate £ (s
0453 dp> Sy g ClyshS OB o5 b ygigeg Sl G el 2590
(Y JS5) ws ool VIO 4 ) Swials cans

1- Ball bearing
2- Invertor
3- Power bolt
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Fig.1. Schematic diagram of the soil bin and single-wheel tester being applied
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1- Statistical Analysis System
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Fig.2. Stress measuring transducer with MDF cover pierced at different positions to hold the required load cells
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Fig.3. a) Situating the stress transducer alongside traversing direction and b) Schematic diagram of the data collecting
system with stress transducer buried at the different depths
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Table 1- ANCOVA analysis of vertical stress and net traction at 0-0.1 m of depth

5 o Slasyo ggoome @33l 4y Olasyo (Sl P-value
Source of variation Sum of squares ?fgerggrgf Mean Squares
S
1129.158 2 564.5 109.378**
Wheel load ? 7 937
e 11042.660 2 5521.330 1069.669**
Velocity
w”J 15250.667 2 7625.334 1477.286**
Slippage
.c,.c)..,x)p 146.827 4 36.707 T 111%*
Velocityx Wheel load
AL 348.153 4 87.038 16.862**
Wheel loadxSlippage ’ ' ’
‘*‘“”’J XC"L,)“’ 1526.702 4 381.675 73.944%*
Velocityx Slippage
P Xes X,
Wheel loadx Slippagex 210.744 8 26.343 5.104%**
Velocity
k> 273.571 53 5.162
Error
5 198180.828 81
Total

0.991=0u guovad (psd o pd

Lo Ve ) (g)b gxe
* and **:significant at 0.05 and 0.01 probability level, respectively.
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Table 2- ANCOVA analysis of vertical stress and net traction at 0.1-0.15 m of depth

PN Slaspo ggooe &3l ey Olaypo (ko P-value
o Degree of
Source of variation Sum of squares freedom Mean Squares
“’c’w 6972.200 2 3486.100 718.765%*
Velocity
St 930.396 2 465.198 95.915%*
Wheel load
U»)A 10126.713 2 5063.357 1043.965%*
Slippage
Rty 146.429 4 36.607 7.548%*
Velocityx Wheel load
"””J Xu&.’” 1714.454 4 428.614 88.372%*
Velocityx Slippage
"Z}Jx)b_ 533.880 4 133.470 27.519%*
Wheel loadxSlippage
O X Xl
Wheel loadx 183.133 8 22.892 4.720%*
Slippagex Velocity
s
257.056 53 4.850
Error
s 107355.218 81
Total
0.987=0u e (e o
d*k %

2oy3 ) 90 ghaw 3 (5l gne a4
* and **:significant at 0.05 and 0.01 probability level, respectively.
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Table 3- ANCOVA analysis of vertical stress and net traction at 0.15-0.2 m of depth

JES IR Olay po Eg0x0 o3l an y0 Ol po (iibo P-value
Source of variation Sum of squares Degree of Mean Squares
freedom
w’w 3685.186 2 1842.593 1059.263*
Velocity
A 398.719 2 199.359 114.607**
Wheel load
‘J“”J 4045.299 2 2022.649 1162.773**
Slippage
e S 117.855 4 29.464 16.938%*
Velocityx Wheel load
‘yﬁ] Xc'&,”’ 263.031 4 65.758 37.803%*
Velocityx Slippage
“’:’};JX)L. 143.242 4 35.811 20.587**
Wheel loadxSlippage
O X Xl
Wheel loadx 45.731 8 5.716 3.286%*
Slippagex Velocity
ks 92.194 53 1.740
Error
£ 50208.530 81
Total

0.990=0.45 guzeal (yusd G o

203V 90 a5 ()lagine i FH ¥
* and **:significant at 0.05 and 0.01 probability level, respectively.
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2- Contact duration
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1- Stress propagation
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Fig.4. The effect of traction on soil vertical stress in 0.1 m at different velocities and wheel loads of A) 2, B) 3, and C) 4
kN
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Fig.6. The effect of traction on soil vertical stress in 0.2 m at different velocities and wheel loads of A) 2, B) 3, and C) 4
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Investigating the effect of tractive parameters on imposed vertical stresses under
driving wheel using a soil bin test rig facility
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Introduction: Tire tractive parameters of the driving wheel are of the most substantial factors for the evaluation of the
performance of agricultural tractors. Great tractive efficiency has called the attention of vehicle designers to attain
economic efficiency owing to the minimization of fuel consumption. At terrain-tire interface, some soil physical-
mechanical changes occur that lead to unwanted soil compaction. Of the influential parameters for the creation of soil
compaction is the soil stresses formed owing to the wheeled vehicle trafficking. While the increase of tractive efficiency
is desired, minimization of soil stresses should also be considered with the same importance to make a trade-off
between the aforementioned parameters. There are numerous studies documented in the literature that deal with the
measurement of soil stress/strain data due to the wheeled vehicle trafficking and also those works that address the
correlation between the soil stress and soil compaction. It is recognized that in order to reduce soil compaction both at
topsoil and subsoil levels, the soil stress at the soil-tire interface should be reduced. There are various parameters that
affect the tractive efficiency and the soil stress creation such as wheel load, slip, tire inflation pressure, velocity, etc. On
the other hand, the wheel is subjected to the torques and forces exerted to the vehicle and the vehicle dynamics are
significantly affected by the soil-wheel interactions. Survey of the literature shows that numerous studies have focused
on the evaluation of tractive efficiency both in field test and controlled conditions in laboratories with the intention of
increasing tractive efficiency. The studies dedicated to the soil mechanical strength are more engaged with the
approaches to minimize the soil stress propagation. The present study considers both factors and considers the most
influential tire parameters such as wheel, velocity and slip to assess the relationship between traction and the soil
vertical stress in a soil profile using a single-wheel tester and a soil bin facility.

Materials and methods: The soil bin in Department of Mechanical Engineering of Urmia University was used in this
study. This soil bin is featured 24 m in length, 2 m in width and 1 m in depth including a single-wheel tester and the
carriage. A chain system was used for the power transmission from the electromotor to the carriage. The carriage was
able to move alongside the soil bin through four ball bearings which also hold the weight of the carriage. The utilized
tire in the study was a 220/65R21 driving wheel. One load cell was situated vertically to measure the wheel load and
four S-shaped load cells were horizontally situated between the single-wheel tester and the carriage to measure the
traction force. An electric motor was used to empower the carriage while another electric motor was used to empower
the wheel tester. The difference between the linear velocities of the carriage and the wheel-tester provided the desired
levels of slip. A housing including four load cells situated at the distances of 12.5 cm was used to measure the soil
vertical stress transmission in the soil profile. The system was buried at the desired depth in the path of wheel traversal.
Under the aforesaid treatments, the experiments were undertaken with the purpose of simultaneous measurement of soil
stress propagation and traction force and finally the correlation between these parameters.

Results and discussion: The results were analyzed using the statistical analysis at 1% significance level. The results
showed that an increase in traction force leads to an increment of vertical soil stress. It was also recognized that the
reduction in the velocity leads to the increase in soil stress which is due to the greater contact duration between the soil
and the tire. Also, an increase in wheel load results in an increase of soil stress which has a linear correlation with the
traction force. Furthermore, it was deduced that the increase in depth leads to a reduction of soil vertical stresses.
Conclusions: The present study is aimed at investigating the effect of net traction force on the imposed vertical stress
under the 220/65R21 driving wheel. Hence, velocity at three levels (i.e. 0.8, 1, 1.2 m s™"), wheel load at three levels (i.e.
2, 3, and 4 kN) and slippage at three levels (i.e. 8, 12, and 15%) were considered to obtain traction force and soil
vertical stress at three depths of 0.1, 0.15 and 0.2 m. Experiments were carried out in the complete randomized block
design with three replicates on clay loam soil at 12% moisture content. The vertical stress was measured using a
manufactured soil stress transducer where the net traction was measured using four horizontally installed load cells

1- Ph.D. Candidate, Department of Mechanical Engineering of Biosystems, Urmia University, Iran
2- Assistant Professor, Department of Mechanical Engineering of Biosystems, Urmia University, Iran
(*- Corresponding Author Email: Hamid.taghavifar@gmail.com)



AP 90 Jluoss (¥ o5los & oo (55y9liS glamiolo 4y YOF

between the tester rig and the carriage. A correlation was developed between soil stress and traction force. The results
revealed that vertical stress increases with respect to increase of wheel load and slippage, whereas vertical stress
decreases by increase in depth and velocity. Additionally, it was found that wheel load and slippage bring about
increased traction force while velocity has no significant effect on traction force at 1% significance level. Finally, it was
deduced that an increase of traction force results in an increase of vertical stress transmission.
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