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Abstract

An electronic slip control system was designed and installed on
MF285 tractor, and its performance was evaluated under field
conditions. In this system, a rotary encoder measured ground speed,
and a proximity sensor measured theoretical forward speed to
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and sent a command to the stepper motor accordingly. The stepper
motor rotated the control valve, and the three-point linkage system
adjusted the plow depth to keep the wheel slip within the allowable
range. The results of sensor calibration showed that the measurement
error for slippage was about 2 percent under field conditions. Field
experiments were conducted at the two levels of control system
(electronic and mechanical), the four levels of ground speed (2.5, 3.5,
4.5 and 6.2 km/h), the three levels of the set values (slippage for
electronic system including 1: 10%, 2: 15% and 3:20%, the position
levels of draft control lever for mechanical system including: 1: low,
2: medium and 3: high) in a sandy—loam soil with a randomized
complete block design. Results of statistical analyses showed that the
mean slippage in the electronic control system decreased by 35, 43,
and 49 percent at three set levels (1, 2, and 3, respectively) compared
with the mechanical system. The decrease in wheel slip in the
electronic control system resulted in reductions in fuel consumption
of 11, 31, and 36 percent at the set values of 1, 2, and 3, respectively.
The results also showed a significant difference in fuel consumption
between the two systems at similar speeds.
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EXTENDED ABSTRACT

Introduction
The main purpose of agricultural tractors is to
perform traction work, which is defined based
on pull and travel speed. Research shows that
about 20 to 55 percent of the available tractor
energy is wasted at the tire-soil contact
surface, due to drive wheel slippage and
rolling resistance. When using tillage
implements, drive wheel slippage is necessary
for the tractor to apply traction force. Many
researchers have reported that, to achieve
maximum traction efficiency, in addition to
appropriate weighting of the tractor, wheel
slippage should be controlled within the range
of 8 to 15 percent.

Nowadays, most agricultural tractors,

especially  domestically = manufactured
tractors, have a hydro-mechanical draft
control system. In this system, the

compressive force in the upper arm or the
draft force in the lower arms of the tractor is
used as a control parameter. The response of
hydro-mechanical systems to changes in soil
conditions is weak (slow). The reason for this
is that the spring experiences hysteresis
(backlash) during loading and unloading,
leading to different rates of raising or
lowering the tools in the soil. Also, there is no
mechanism to adjust the hydro-mechanical
system's lifting sensitivity. Therefore, an

electronic  slip control system  with
appropriate  accuracy, low cost, and
compatibility with domestically
manufactured tractors was  designed,

developed, and installed on the MF285
tractor.

Material and Methods

An electronic slip control system, using a
proportional rotary control valve and capable
of being controlled by a stepper motor, was
designed and installed on a Massey Ferguson
model 285 tractor. This system includes
theoretical and actual tractor speed sensors, a
controller unit, a display, a control valve, a
stepper motor, and a stepper motor driver. The
programmable logic controller (PLC) consists
of a CPU unit, model CP1L-J14D, and an

analog input unit, model CP1W-ADO041. A
touch screen manufactured by Omron, model
NB5Q-TWO00B, was used to display the
measured values and enter the set values. The
control valve is installed at the outlet of the
hydraulic pump, and its design provides three
modes: lifting, neutral, and lowering. A
Sanyo stepper motor with a torque of 13
kg/cm and a two-phase driver was used to
rotate the control valve. The fifth-wheel
method was used to measure forward speed.
A 100-pulse encoder shaft sensor was used to
measure the rotational speed of the fifth
wheel. A magnetic pick-up sensor sensitive to
iron was used to measure the rotational speed
of the drive wheels.

Results and Discussion
The results of field experiments showed a
significant decrease in the average slippage in
the electronic system compared with the
mechanical system across all similar sets,
indicating that the mechanical control system
has performed poorly in controlling slip
compared to the electronic control system
because there is no supervision of the slippage
of the drive wheels in the mechanical control
system.

As set values increase, regardless of the
type of control system, the percentage of slip
increases, but the rate of increase differs

between the two systems. Given that
increasing the set values increases the
required traction force for the plow,

increasing the draft force increases slippage at
the drive wheels.

Comparing average fuel consumption
across different systems and speed treatments
using the LSD test at the 5% level showed that
the mechanical control system has the highest
fuel consumption at the minimum travel
speed, while the electronic control system has
the lowest at the maximum forward speed. It
is also clear from the graph that increasing
speed in both control systems decreases fuel
consumption. There is also a significant
difference at the 5% level between the
averages of the two systems at all speeds, and
using the electronic system has saved fuel
consumption by 20%, 26%, 40%, and 32% at
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speeds of 2.5, 3.5, 4.5, and 6.2 km/h,
respectively. There is a significant difference
at the 5% probability level in all set values
between the fuel consumption of the two
systems, indicating that the electronic system
has lower fuel consumption than the
mechanical system. Also, regardless of
system type, increasing the set values has
increased the amount of fuel consumed.
Because increasing the set values increases
the traction force required by the plow, the
amount of fuel consumed also increases.

Conclusions
1 -The calibration results showed that the

sensors of the system for measuring the
percentage of slip have good accuracy. Also,
there was a linear relationship with a high
coefficient of determination between the
percentage of slip measured by the system and
that calculated by the formula on the asphalt
surface, and the measurement error in the
field was approximately 2%.

2 -The average percentage of slip when using
the electronic system in all similar set values
was significantly reduced compared to the
mechanical system, and this led to a decrease
in the average fuel consumption of the
electronic system in all similar set values.

3- Due to the adjustable up-going and down-
going sensitivity in the electronic system, the

control system responded promptly to
changes in soil conditions, and there was no
need for the driver to intervene to control the
vehicle. However, in the mechanical system,
in some cases the operator had to intervene to

control the plowing depth.

Data Availability Statement
All relevant data and results are reported

within the manuscript in the form of tables
and figures.

Ethical Considerations
The authors confirm that ethical principles

have been observed in conducting and
publishing this research.

Conflict of Interest
The authors declare that they have no known

competing financial interests or personal
relationships that could have appeared to
influence the work reported in this paper.

Funding Statement
This paper is derived from a research project

financially supported by the Islamic Azad
University, Tabriz Branch.



1Fe0 3ol [Fe ala /Y o)kl N0 ol 65,9LisS s miibe Sl sl g i 4y s

JJ/;L:‘/{’Q‘: Lv.dé‘ff‘k)%:/:/

sw.b"‘ 9y Jlo

MF285 555515 (6l b33 oy Seig S ity wlobu b3yl 3 sl o oo yb

Aé‘f 60‘)0 )5)9-’

Sl a5 e ool S3T oBils ¢33 15 Ay i Sl (wiige 05,5 .

ovus

Alio azsu )b

S5y 29 SSle (b (B we s (S iUl Giably alebe SG Geiow cal o
e Sy 08 i)l o sl ie 0 ,Shas 5 s YAD Joo (pussS 3 (s 55355
Sl omblisn Ko S 5,815 (ABly S xS0l Sl meiS 2
@ bR 5l (2o ol Jlo)l Lol 0oy 56 e Cop 655051
soai e b ol delie § (5530 o) Alre 5l SR3510 0 0635 0 S5l
celite Wz e 1) G855 Gy b eslaly yige T Gillae 5 anlona | L e
0oy 5 ol i |, 2Tyl o e cabaids Jlail ailoles bl s 252 b
ly @S gl anils a5 ol lre egaze o 553515 S e slag 2 54
dgd> glaeyre bl o i ws o (6ol wlelu (gllas a5 ol ol e K>
9 SwigSI) w93 50 Giably slaailels ly Gl slagge;l 09 sy 5o
P 0o )0) g w50 (el polie g mhaw ez 50 9 S (S
Comdge 3 (Y)Y g 5 (V0 ) ¥ g (/) ) ) b ) Sig 250l ailols gl
) YU oV o) Loy () gaw) b)) (Sl aileles gl 38 by o0
ol s y8,8 Lol ey it S o ol elS slaS'sh b o (¥
BY 0D oo s (oSelSe ol bl ;5 _Siain 250 dilols yo 5 34) o0 4 oo
oo do e el ol a4l alS Ve V) ey polie jo cod i 4 e ,0 ¥
i S 4o, Y g VY N e 4 B ras CE g (ralS cel (Sg aSdl aileles o
bt 0wl 55 (Fras Cgu 20k G w3 S Y 5 V) el polie o
bl ;o Bras Cogw a5 sb 4 lls 352 o Je WS Gline slacs

St eSSl alebs dy Coms (S S

VEMNA il o
VO PN g 555k
VBB YANS 1y
VOV yLasl

igeods slrojly
ey ey sty

P e Ppas CSgw
slab

Ot 95 (S g Sl oy *
ngm.e
n.morad@iaut.ac.ir

ORCID:
0000-0002-5058-2753

}
=

:adlilo oyl a9 slcewl ogu

slo jingsy a5 ,id MF285 153815 6l (o3s) oy (S Sl by aileles obs)l g el o > (VF-0) . w5 g0l ye
https://dx.doi.org/10.22034/jrmam.2026.14908.755 \O-Y- ¥+ «(g;,5lis slo pilo ClSo

! Control


https://dx.doi.org/00.00000/jrmam.2025.00000.000
https://orcid.org/0000-0000-0000-0000
http://jrmam.sku.ac.ir

MF285 553515 51y by oy Saig Sl J S ailobw (23,1 g sl o ool ybo 14

Ao 5o ok wlidss 3l slale jo uisen
L9815 ahatian Jlasl (g 581 )55 (iubly slaailels
Wiegard & Hanks, 1985; Osinenko ef ) cuwl ouls plxil

al., 2015; Anthonis et al., 2004; Moradasgharloo et al.,
2010; Ayers et al., 1989; Kovacev et al., 2008;
Qiaolian and Xuhui, 2014; Bhondave et al., 2017; Lee

et al., 2000

ooy we s bly aill Gupta et al., (2019)
Ere 58515 Sl ) JraS s, p (e 2SS90
Slojen Sl ol W05 syl 5 anmss (b S o
odguze ;3 5 xSl 1) (LAES 6oy g A we)d
ol 5 a5 o by shae 3o BTy 4o 5 o ki
5 VNV Gliee 4 593815 oaiS oojl aS ol lias Gudos
501,55 oalsl L o3l e 5SS S 4 de 3 P00
Shably Sl Sy (5,58 Gl 55 8l Spugr S
SIS 89y » g Ll (B o Bee —(5A) wo)s
B Giably abele glac, i mls 0ys,5 eai MF399
w5 49815 (IS 5005l g (oA 0ok aS sl L
(Shafaei et al., 2018b) =l  yiwl38l Jo,0 VY 4 V-

Ao,y 80> bl ailele Pranav er al. (2012)
ol slas o mls g wols wll ) o515 slo &2 (853
lolo b anglio o o33 wsyo Liobly dlele jo 4 olo
g Spae oS5 Gles 63, p S9se RS by
Y-YA) il glac e cud b (oo, Vo-Ye) Luals
(oyo T-V0) ghlo g il oaiS oo5l 5 (do)o
Ao, (Sg Sl iobly slaasbols o Slos anslae auiils
1255515 S Sl by 5 95515 sl 2 s
bl 5l oolainl 3K pllin o a5 ol jlis ac )i
sl oplas ol Grals ao o Y 1) sl o S xS by
Olidl oo, il gaidle (59,m0 j0 malS oy a4
3 S Bpan ;0 Gl we 3 g (gt Sy o
(SSiy 2S bl b Sl oslizd 433, oria s oy
2oy U1 A Gl S 2 550 SB L Sl el 5o
Sy 5 Gl sy dw @ e el cpl ol ielS
G2, 00 1alS 5 )5 e yo 1als wo)3 V) s i
Chancellor & Zhang, ) ;5,5 zhaw a1y 10 C5 g B pas
(1989

ooy J0g5 iobls dileles 5.5 Ismail e al. (1981)
S oslasl gl S pSUlgs sl Jows 5 T8 a8 wsls 4l
5 a8 ol lis glac e bl .ais,S colatul e

doddlo
U S P o PSSP A S PSP ) JC R o RV
Sarimy Sy g (LS 9y bl 2 &S Sl (Sudle)
5 St olad whaws )3 g1 s 55 (6551 5l 9o
2 SRl Caaglie 9 S e slag i 833 S s s S
S abes id g bSawY Gisle cel 65, (pl 09, 50
Brixius and Wismer .(Burt and Bailley, 1982) 555 o
39 SloasS s iES Gy a5 aails L bl (1987)
SSlas o gloy o, gxST 5 .auS o Lyl piiS o Slos 3.
So 0 logyz G de)s &5 A e Jes 095 (3L
Ez oy (Z0z,1972) 05 asisls 455 Coll aigy 00900
(@7) S alonwy (oled haw G (s S5 > ey
Spbise iy Sortey oz 53 (S13) FaSS gl
(ASAE Standard, 1983)

oy &S B30 &) Sboy T I IS Hsba
DBl ey (595 )9S5 (Hly e 5l b bl 1S
Gadss lgi slas o Ve B Fe 5l maS congay ol does o
Ol g osdee SB e Slgl untS Bpo 9315 Heige
ooy 065, Dlgal sl eolawl plfin .l ol ws s
ST Lt A28 (g5, Jlac] gz S e slog
(S gas 003l malS cael by (i) as e Lol sl a3Y
Sed oo WY Gole Gll g glasie cod b
o Jeax jelaieds a5 Wloo,ST 5,158 g0l yudbe
oS 4 canlie 00iuS K 09380 0gdle ¢S 003L
do,d VO (JIA cogame jo sl > s ws o
3 yeS) o8 oy a5 Cwl oals [S3 yuioen 00 )5 bl
50 Dy sl Gollacl acjj0 10 S e iz (Mo, 0 Y B O
S 0,08 Bro lgs g audl pals oS oojl > oyl
.(Ashok Kumar et al., 2017) <ol

5o Reegs weg,e Lo Casal 5l BT L
ailos 5 oolazwl Jale ol (6 mS o3l gl alies o g,
Stuchly et al., 1976; Lyne and Meiring, 1977; Grevis-)

James et al., 1981; Jurek and Newendorp, 1983;
Khalilian er al., 1989; Reed and Turner, 1993;
Raheman and Jha, 2007; Ashok Kumar et al., 2017,

.(Shafaei et al., 2018a



Y. VP8 3ol 1Fe ol /Y o)l N0 ol [ (65,9LS b pilo Sl b gy ay pis

oy p Sl SHle s ably able s
by 4 )0l 09250 sladilals g 3,05 9925 lag 12 (253
(Pranav et al., 2012) acs oy 9 miS olojen
e 0 g5 s )0 B 5l L a5 sas e ylis lidss
S e slogyz ol G 53l S el sl S
4 WS oo mrh (s O jponr |y Bas by 0 TS
Shbes 033l 2als 5 ouiily bjae (S 4y 2o ol
(Dwyer et al.,1974) 545 oo
i) oy (S S tably el Syl
el sloygsly b5l 5 cwndily)l comlie 280l
005 eal MF285 555515 (59, 2 g anws o >hb S5
5o, le Gadss pl Glaal
o9 (S 2SI by el L g o )
s
Slle 5Slae anglin 5 glacyie syl Y =Y
$9) 2 097 90 (SilSiog i ailol L (Sodg 55Ul
Stel

B ) 9 Oy
3 w3 (oS S byl el
S o i ) o5 (Seig 25 by el 5,
L 0z £ 5 commls Giably e 55 b 5T
515 Sy 5 o sl ppige bt gl ol
Jols bl ) 00,5 s YAD oo cpassS o oo
el sl 9550 55150 5 Sl Hgige (iabily yed ¢ Saoles
a1y Sy Lol (PLC) pyiyasli cibate oaisS ] yisS
Joe Sl 39,5 a5ly Ko 5 CPIL-J14D JasCPU
il s 4y eaijlay ol sl e CPIW-ADO4I
0y 08,5 Sl b bas Caasd g el slaco Ll
79> wbl b g (o035 (6399 bk et lls CPU
sl (59955 4l ez Gl ST 555 9>y 5 (03,
Glae 5 <ol | ey slo S JiSw « CPU A,
9 09515 Syme slag,z (B weys ad atiy sl
o) Sl A Sy S o dnaslone | a3 i
Uil gl NBSQ-TWOOB Jao el o8, el
aoyd ek polae 50,50 )ls 5 0uls (g Sl yolae
() JS5) 0 00,15 @y izl

ol oz > o33 ds )0 axgie oxBge ol S asbeles
3 O9 yyeme ol g 09 woy0 Ve (VL B5d wo s oS
Siobly alalu jo Jg i8S cIBo o5eh Ges bl ol s
ol s Gy jo (B AigSame oasly o Siig xSl
(Ismail et al., 5,550 iz o bl mas bl
oSl g0 sl C)—‘ 39 g a1y L3 aileles 1983)
5 dw SSee g 2oy oolitul gadglen oyt
obly 5 Ay ey by (S by able
bl Glasyze il o 1) (pi-hd) wojs (oS
v ez sy babls o Slee puiine awlie 2s,S
30 ey ey bl alels a5 oy las Calizes Cogh
Som Gy WS Jos s L2AS (558 by
=55 by bl g 225 by abole bawgs oS
95 2 0 A sy Sle el (Rbly (295 @
eobat gl 4 S0 (L (o5 5 g SR by wlels
G5 ey (B3 aojs YL g ol alls oS
el 09>y S bl asleles

Sba,S15 og 65,9l slaygS 5 Siias 059l
SelSagpin iiS Liably wlele s S5l cslo
Sy b dawy Bl 5o (55Lid (5955 5l el (l o s
G Jele plgear STl slegil o pans
S5 55 o3l (sl (658 S S 5l g 090 0 o0lii
93k b sl slagil 0 8 Gul 0gd e oolitul S
S e sl oo sl HgS1y abbian Jlail QYL
(p2e2) el Glably pyol &b Sl o5l Ges )53l
Pz (Sl celin (B (5908 039950 S5 (S (o0 elaiS
5 Bb aS Slgal 12 0)ly (slag s 50 yts b ogd oo e
S0 Heb 4 GiiS (65,0 el S Lalyl s
0 et i 00995me ST )3 e Bes Dlesd B)b
Ar 0 Slegyen slaailels STy 005 oo (bl
el (A5) Giars S Ll s

S a8 3,5 plo @Sl Gl |y ol ol Jeds
s e 00 5l (65100l 5 (IS )L alB 0 68
5 oYL o Oglate slag 5 4y e 4 04l oo (Wlogyuy)
Oyl .oo)fu_a Sk b o algol opemb b
alobo 690 Comlas i Glp eplSe
Cowell and Len, 1967;) o,la 529 SilSeg,uun

Dwyer et al., 1974; Crolla and Pearson, 1975;
.(Moradasgharloo et al., 2011



MF285,4551,5 (gl p 38 S yd (Saig il J 08 ailolu byl g cslw (o 15b \g

ouly (Jawo JUS g 25 )0 slaly Hoige olyem 4 by ot
5 bk 4 bape Slipe (V JS8) w35 cuad )93515
3 sl Hgige Qb egs 5 0152 Gibly et cSLe
Ghods ) cosl oals ools 7 15 codum; Gl 4 M8 a5 glallis

.(Azar and Moradinejad, 2022

2y s o (g S0 3l K
ey SRSl slp wy B Ghe) eBeiS nl o
Oipeds 293b bl ok £z b 485 )0 g9 0
Ex S 0 oS wd Jog ST A 4 5)sb (hade
JWo 1y sl> 52 e 5025 )18 16515 oo Ceons (59l
O 09d Ll goges oz o Solia gy 5 WS
3ogee pln )0 090 lral> el oty &5 i 5

sl ) ey slagaily 5 (e
S e 2 Ghes e s pSejlul
Ereois oz b edlitul 5 Ve megisr S
28 Jate oy £52 4 gyl U JS& & (o05ilie lawgs
WD o 07 E57 S9) R TR S cead )
Gids wad Juaio 252 3550 4 o5 (5ppme b S 90
Se b gz s97me 9 TS 7 S je7e Al 3 e o0
JS5) wads e jShsen ay s 5 meted (SeiY )
55 S LS 5l ool b 18T adly ooy (F

1S drule i abal) Sl e 252
_ RS X T[DS (\ )

¢ Prev X t
aseie Hlejiae o S ’w Slass Py
(‘“‘" Vo) ol 27 590 S sl V" Slass Brey
(M)priy &% ks Ds
(46) ooy ot

3985155 (595 30 o s (Suig Sl (gl lylg il - ¥ S

Sgd ool Sgy0ud sy (9,5 50 Giubly ol

5 5 (s Vb cdl aw &S ol s ol 25k
Je iy H5ge SO 1Y JKE) 0iS oo ool 8 1) (59,0m0b
B 93 hmlps g fe (Sl o 0 FokS WY 5leas b gl
Wyo,5 eolazuwl uwblg s Al > S QLoﬂ Fge Joe

! Pulse



vy Vel b 1Fe b I¥ oploud 110 ol /5559l b ormible SLilo gl g} ds piid

owbls o9,
PSS e SaAS illy aldle (ShoplSLs
3)./: 4.._‘>La 9 J.E:_‘h))}n w).l.l p L.\.u‘ o o;.\.&aé‘bol.aﬁ
2oy0 9 8l PLC g oyl o (oa8ly (59,0 o
dbre patie g plie Sloj Jolgd jo (aBly b33
oalazwl G».HJLH ‘5““’[—"3 )| 6......1[.7‘5 alolus )‘)$|‘n).> e .)9.“‘59
Ao, g DS O oy owls gl LS al
jlxe oogaste o s JLS o (51 05d oo dnlin (do)o
I SC N RS U TE SN
slasy s JUSw b el il S o axl ool o>
2oly Lo g dloms slaly ysige A5 2 Caz (0,50 S
g Ngboe Jlo)l laby j5ige sl 4 (03, (295
Sar 2y tabls e olo Jiem b il 55 sl
Ol s P s Vb slacanss o (28518 5 by
Goe Bk cnl s oad asle abbian Jlail slagils sy,
gz GisH ae s b ogh o bl 55k 215l e
azlls a5 ol conds pudass jloxe 03gasme (o 49iST5 S e

gl

4 15 sy (5 S 0511 S

Sl S slagr Glhes Sepm spSosll sl
).f..o u.:‘ \AJ\); oolazul U'a’—‘ a wL..«o Gu...JaL..u, )in.u?
Sgos LB s sl il yad dtgy ;5 a5 S g Lags
olaws (O JSKE) ad cuas bl cdinz > slaailais
A gl S 90 S g 0ae YO ig8l,S oniaz 1> slaailass
S sl pwabloe Sus cplplo w0 FIA lag,> 590
4l S 05 35 CENVPA STy e glag 590
ombline S 255 (sl i 5] oolisl b 53515
105 dlxe ;5 alal, |

&l oly
ol aly yyips

= P, X D, )
Prev X t
ESS DR PSR VRS WESI SRV 4
(S5 VPN e ¢y 590 o ljlas b olass Py
(m)c_ae S ks D,
(a56) olej
LR
N MSM‘:‘“‘.’ o
™ NESS Bl adadi aw Jladl aslals 7

Js s
: 2 ol
i iy pe 354 ;—-J:}=€> B
% A
- e

_'_[}&

.

s ™ _|

—

e

S S Gl bilg ailob (Sobs ol 5L -F S

O d LI, Ty algls sKiws SOy (Ss iSl
15 bl Al i gy al 5 e S osliinl 45 b5,
ao s Seig S ially ailebes o SolSe wilol) gelans 0
FIY 10 X10 VID) gl Sz 55 5y o (53
Gl mhaw aw o peplal polie 5 (Cele )5 yiaglS
aw b g ((V o) YU 5 (V maw) bawg o(V mlaw) 5sly)

Slac 30 y903
ol31 ol8iily (65,5l 0aSliils de 50 4o (lac 30 sl yge)]
39 Sasky Sle 5 (o) (8 S L S axly (l
Pl slp ad plnil SaS Gj9 le o) V-
YAD Jao (oS B gms 53515 e sl 30 csloinles]
obls 5 sRSelal alle a eme il SO



MF285 553515 51y by oy Saig Sl J S ailobw (23,1 g sl o ool ybo r

Slr S sxSelul (xSl plpear edls Sy
5 olly a5 Johzr ags g osls (5ylel Jeloigayjo0
s Sl 5 45 oolisal SAS 35 5| log,uSils ali
S s Dygo 40 050,85 colaiul Excel Jl38le 5 5l b logas
Sl Plas L bepnSle (ciobesl Jele 20 als
WA Ao duo )0 iy Jleix| mhas ,o (LSD) (5o sixe

—h =
[ o w]—[)é.sj‘f ;~1~]_|_ H H 4,"5 .-ﬂ‘ m

5 a0 g (6 S0 31 dilolis Selesd -V S

By ey (6 15 03l s (il
O gl allisl e G 55 oy 27 2l Gl
Soodin;s g S g (iS15 Galen oloy wsye
NEVAC ORI (ERU I IR R PRUTIEU S
s b0 6 ye05lail LS5 aw b plaS s o MF285
oy S halesl o lpoad (b o 4 cles
o o inlojl e 10 K0 Bybilaus § aulxe 2Blg
Sbileyy aliblo ;5 ooy ¢z g (Bl o (5503l
abaly a5 aoo oo LS A IS jo muwlg domas s 5 S
Er2 L oad (5 uSelall ity e VU (s s b oo
T S0 5010 9925 ¢ Jge,8 jloud dnloe S g oy

| WL».A 65)M C,.C).w 6)"5")“‘\"‘ ‘_g‘)_\ W

a?:\?

Po

(4 R} \.2 YA
(M/$) ot s

P PRCPSUIPSU SRV SNVSRPEUN o Wyt .1

S e Stz G weyd § S g Bras 9, 2 LSS
205 (o S|

(Sl Giably wlebs jo (coclas polis 5 sl
obly able o gl by pral Cexdy 4
Sl pliiaty ol G353 0 s s oS
oty slealbls o perlan polie Gk ol
oialbly wloles b glaese glagiolesl ozl ¢ Soig 2SI
plsl (S by pyal Gl CaaBge 4w o SGS
2al8lsS gllad g5, 40 AiS iubly pyal slacunise b
odnlice sl doyd waz gl juew 005 (gl D
4 bgiye bagie (553 000 slas )50 glatalejl o 0ns
(lizes mhans a) (225" by ool (coclas glaciadge
IRGIPVEI N ETEA REVA VARV RSV I Y

lygesl ;0 5515 (B ras Ci g g 5ol &l
P i e 50 9 @y Sl (35 Gl slas e
5 48], 4 g bl e S g g 5 et
Foyail wlils Soled JKE b solitul _nds
O b ol po el sadoslalas VO USS yo S g
e oilly Canl) Coons e 5z 55 S5 6, Sl wlgl
o & Sl Co g ol sl ndls s 4 aS ol
So 0 S by e QB L e, e ST
O 3l g @lad L3935 SL5l gise (Brae CS g Candy
S e 00 Cumdy )0 9 b el slalgal
ool 5935 SU | yise (pan g g alad ailsil
e dlginl doy iS5l (S48 CS g Comdg cpl 0 9 0B
Syze ol 4 by, sl e slagialel o 0,5 0 0 1,
CS g Lansgi @y ailgil o Galojl s o5l L8 oS 05,
Jlo e etalal g5, b g Wiioo p S5 (2255
S g g @l STl ey 4 ST e 5l LS
5 g Je> gige ;3 ab ga (el ke alsiasl 5| (6 pae
Ol b g e dllginl (ol 5l 2ol 10
Adge ool st by el Comdg L e sl 515
S5 55 55 o sl 55 s S (55l o
e g e S5 e S0 0 4ol
o 3 ot 3 8 il g s S 5515
W05 dwls o yiolasl

(a3l (D55) ymne 2 lp lagialel poles o
il 5 (6 S ojlail sals SO Al o 0 i) asyo sl
e (Ppan SSgw Glp g dd 0,d allele lawgy baosls



Yf VP8 3ol 1Fe ol /Y o)l N0 ol [ (65,9LS b pilo Sl b gy ay pis

ol 0o G o o tolej] ey e {9515 L0 0l
1S5k aw ilesT e g cuils 18 Gl

290k A e e B0 b ln 3V Ol

Jae,d 5l Gisd aoyo dalal jo il 65 eslail o)L o <>

T
S=(1——t)x100 ®
T,

S )3 e B0 e lalen sln oY Gloj T
&b

Sl 50 650 B e Ghaloy sl p3Y Ol T
Ot

S rSo3ll (o33 s ys dagialej] e 50 Gizeen
0pd Siilay akdls o 6 Soslail alele lawgs oo
O @Yl oy as ols oyl Lir.l.w‘j Soged 90,8
3,10 Bgzg ouds dwlxe g 0al (g uSojlail id) as e

O Js)

v
A L
3 ve [
7;) i
3 >k
? i
Moove [
) L
%’ K L | | | J

Ve Y. O Ve q.
IR AM,«LN U;'J’d Loy

G a3 (5 S0 31l dilobu omwly Hloges —Ye JSUb

Ll o 3530 o Sl bels b, el

3 end Jate a8 oo 4 3815 lanl (las )z
e S50 el 513 YL Ml Cundge jo ool aSl>
dw cdlizee Sy oz 10 L8 pl g Al oudly (e Ve
S0l 5330 sy 45 ol Lt b talesT s 1S5 L
abd lacay Jade plcasl oo ¥ L..').a.; 48 50 4 0duD
G e ys ke (nl 392y b a8 S LS s (L) She
gl yess Jodo @ Sl (o 250 )3 53k <l o
B oS oy 0Bl e slagyr Sedlo il
(GBI 559 5o Bl sl 5o 0 Jel 2l
(s yS ol abeles 3585 Sb3,l sl 09 ol (5 S0l
5 gilesl bl 5 (Gied e o alagiales]

4 15 sy (5 S 03Il Kns (nly

b s Ghlod o ol S ol iy Gl
VO N ) e Fux attin slags sl glila S
A oo HLas A USS jo  oriwly ulis aus S S (J9a Ve g
Lng*f slass g Kz lawgy ool i Lo LSL@%,;} slaws aS
Wl Lo,85 (Lasein oo slila baailais slass)  8ls
ey (6 pS 03l gl K s aS sl ol Silo pl g
el Jbnl 22 Sl

_f Yoo
o

gt I
i’? oo |
j’ o |
\v'{ L

Ove
O 10+ Yo Yo

oedeie slag s gl b sl

rabliin S il jlgai -4 JSC

SBEx i weys g pSojlul abile (il
S o

Jlo)l 55550 SX3ilon @ bS5l (25 lo S
Lol alidls yo atde asly Bllae Kol g Wsd o
dmle Syzme Slog sz (353w yd nj alaly Sl ool
DS e

5=<1—%)><100 AR

t
M/8) (8ly (St Sy Vg
(m/s) 4,15 (59 00y o Wy
(%) iy s yo: S
6550310l wilolus 3,515 s 31 oylialol g o
o] yrane S 0 )l gy I o iS5 (a3l ao
dw cdlize Sy gz 0 L5 pl g a0l (e Voo
Lug ool g,Sojlal his) aweys polas .l LSS L
b g9, Loy awoye a5 ol lid (g pSeslail aslel
)l slr el jie 4 Koo il Sl s co
JECTE RN ENCIPS St P ST PERUCPS
iz Co g Yoz 50 adlan] e B0 e S 0



MF285,9351 5 (g1 53530 o 30 (S iUl J S ailobus i3, 5 s (o150

Yo

5o e gl Dl () Jou) el a0 ¥l S
955 97 &390 b Ol j0 podd o 4 ac 0 Lyl )l
BYs 5l S ol g el paibolisl S s Fym o3,

Lol 00l odaline (gao,0 ¥ gl Lol

aw by (eSwonis Jloz) it 55,0 oy iz
503 e Voo Glalojl e o Job 285 O e IS5
69y GHetS Shabily ool Sl Cuadse S5 50 o talesl plos
SrSolul glas as ol lis mls o 5 12! cdlyeles
celo 5 ymshS FIY B YD (slace o gl ailobes o]

3 w3 g S oIl dilobw (slas )50 (25,1 ) Jgua

(1) o (5,8 o3Il 330 Aoy

(/) ol wl;;» g):'J"! Loy

km/h) 5,40 s

Yoy

ARVA!
V4/0
YAIY

YA/#

O Kwo i) Y/0O
(Y Kwo i) Y/0
(F Ko i) Y10
(F Ko tis) #/Y

Lls ool ogdioe Sy slag,z (553) wo)s il
(Ismail et al., s)ls callas awe; cpl ;o 1,5 s

sl s & Seig Sl aslal 4 el 1S3 4 03¥ (1981
() %oy peris blha 53 gBgn 4 bt Copbn
G 853 503 B 9yt e el g ol s 2Ty
5 5 A8l bl (slalisdo bl ks garkis yolie

g abls a5 jlxe 00g05xe

B SO dlele B Sy oSl dlalas

oo c
c =
e
e
a v | =
o s
3 b
e
e
R oye b Fond
b a ki)
) ki
~ a ki
S =
AR = b
ki
e
s

1 1 ]
\ Y

Y
iliseo (5o slod )0 (0 3A oy (Silee g lio —1) S
soudisd polio g ailolw

P 0 S g
Alides olaw ;5 (Bras S slrosly (Wb ly 425
V sz 5o el polie g 59, e callels 98
A g ailfgs blate Jil g o,eiS oles a5 woo oo lois
gl )0 (Brae S s i (6 )l0sre 3U Lol alS
e 7Y ez

o3 we 0
g5 wlbise zohaw ;o (h38) wo s sleosls il ly 4y
Ol ¥ Jgar 50 (oeelals polie 5 (6958 Sy aibolis
oelats jyolie s ailels lie il 5 Lol sla il a5 ans oo
Jlexal gl )3 A58 wo s (s 59, 2 )logie 36
eSin Al A Jostnn Slye plo Jy s 1)
VY S 5070 sl zhaw ;0 LSD (fyge3l b o33 duo o
32 B 003 S S by el 8 ans e s
Sloles 5 o33 0oyd Jlake e caphits ke sl
doys lade o ing ccenbal Jlade SSTas o SGISG
gl 50 6yl s WS (:Sile g3 (nl g o)l Ty (353
sl o isd oy @loneSils e ails 70 Jlazs!
olie oled o SlSe bl b anglin yo Sig xS
3929 10 Jliol mhans )3 (618 (Gre 28 aslie oorlais
5 Slse Liably alels a8 ol o1 Sk ol g ol
o (i 2SI ol L i 5 o580 oo ol
2 S Sl bl el 3 9z o 03,5 Jac
@lo bz (nl 0,05 9929 S e slo &z (58S oo
Gupta et al., 2019; Shafaei ) 5 )ls Slsoren ] K0 5uio0

et al., 2018b; Pranav et al., 2012; Chancellor & Zhang,
(1989

(oodais polie iall b oas cuslagy VY IS 5l

Sal 8L A1 (253 o )0 bl ailel 955l i 0
oSayl itz il ] Soglite lasilols 5 il ad s
Y RS 6950 U 0gd e Sl (pockas polie (il
Sl (85 (5955 SRl cnl b il GRl3E alslS (sl



Y$ VP8 3ol 1Fe ol /Y o)l N0 ol [ (65,9LS b pilo Sl b gy ay pis

C g o Sy S ol (6,5 )16 .l ools yals
A NI SN T R SORIP RPN~ S RV-IISU S NS PR SO
a0 FF g Y YA i 5 as el j0 yieslS #IY 4 F/0
Gy S yas ]3I L il g0 2 o sl ools alS
Sl a8l palS 3 yias S g ¢ gonlaid polae eled o

(¥ Jgo)

Alidee slajless )3 (Bras CSgw (S0l alie

A 020 oo il (§g minn Cf puw g (sondaid polie cailolis
(eobaid jlade STas g ey yieS 0 (Sl ailels
g polde o dewlylo |y g By e i
e DS awlie o les 35T 0 alolw 90 (3,—ae
ailol s aS (g, 9b )0 0525 70 Jloiol mha s jo (55ls
) Cd g B pan (Sl ailols b acslin jo (Ssg,uSl

o bly slaailobw il ylg 4325 guls Y Jgua

F
B yan S g Syo s £z G weyd @l a0 Ol b
<IAE™ V/FE Y IS
Y IAS VIAFY == \ aills
VeRy # OIAY * ¥ 6
VeV e FO/0A Y woskiss polio
BIYY = “AD ¥ sy x ailols
FYIOA Ve/oV = \ orkass pyalie x ailels
OAY ** VVE s 4 i olie X sy
¥/o5 e APy s $

s polie X p xailolw
X Pt

Se (2 a8 (S pay e ST 50 ( Sy iSUI bl
L aS caolay loged 3l uioman aiyls |, S g B pas
S yan S g lade (iobls dilels 90 12 40 S s o33l
alewgs ool 518 mls b bl cpl cwl 4Bl alS
Naghavi et al, 2006; Abbaspour-) s,ls cillhe o S0
G5 pl ol o 1y 36 o) JJo (Gilandeh et al., 2005
2815 GFS1E Sortey Sepm Gl L AT 08 Ly
Ll 5l g wiS oo b 1) 4850 s 0l (6 208 lojnne
o il Fuwd B Lawgs (St plan )3 s9ige 90 a5
GRr9 b St S g 25 L Gl g 09 oo il
Ay 10 Bras Co g Hlade donil 10 0,5 0 O jg0 050
alolws 90 ol sl Sikes (o puizred .l oo (EBlS lans
O,10 3929 1.0 zhaws yo o g B lace pus colad o
VP oy Voo ol 4 (S iSI aslels 51 oolazul U
A JINIT ERUN SO VP TR WS 1 PRWERRI PRV
ols Hlas 30 1,50 Sliass mls .cul ool 92480
oo deys (Sig Sl bl alels )3 CS g Bras &S
obly ogn) Sl bl able boanlie o

05 (o3 we s syl sixe ilns
ST Jliml mdaw jo i3 s s yle S S e

ol laygSTs asS (SlSe tably slaailel
Lg‘d&)]o Slaalin Ailoads ‘5>‘]b )LY G 9 9y WSJ.:
ol p Gbls 4 ol o> 4 albele ol as ol las
alols pl 1o Ko &)l 4 .abl g0l g9, 5 o5l Bos
QS g0l Jos el § Salon 0SS L9551 50 oyl
Wl syps S AT ac)ie 5l Dbl o i laieay
ol 50 g 0,5 e dei S B 4 v 5l i ol
S by ol 092 sgemme JShe ) (sl 0uidly Ll
A3 j50 Gos 4 Hob5 Gas 5l oalslS b oysl Vb (s |,
ol oBasly 58T S ued 0929 o 4y gl YU
oS Gably eyl (Gl (Sipsd pllin o a5 i)l
Dwyer et al.,1974; Ismail ) oS [iobly Saws &jg0d
Ppan S g Yl o oals aiaS LYo 4 Ly (et al, 1981
bl b goby OBl o)lge can o (Sl alolw
Byls (Sdg xSl
B /(b C.la.w o LSD U?“’)i )I oolazwl L: S g Glolw
Bl o (Sl Giobly alelu a5 ams o Lis VY S
Wil 5 CSgw Bpae jlade (p i (Sordey S



MF285 553515 51y by oy Saig Sl J S ailobw (23,1 g sl o ool ybo 184

v ;o b g WS enla polie seled jo ailolu
5 (Swg Sl wlol a5 (g 9k s gzg 1O Jleisl
el oaly alS |y Cd g B pae (Sl ailols b s las
polde ioli8l b aS 0l co cdalin VY SS 5l pien
Sras CSgw Ol Wbl go i e elais
Goy ssonlas polie Lioli8l b el azsl ol
Cge ko o] w5 Gl elglS 5lis,ge (L2aS
(Soltani & Loghavi, 2007) b oo il 35 8 ,ae
Sl g e (Seig Sl ailels (sl (2381 Wy, ol el

ol s S ioblg bl

B SO sl B S oSO abelas
(5]
d
C
| %
\ Y Y

P0Lo 50 ailolw 90 (B pao Cd g (aSileo duy Lo - VY ST
ogliso gouliis

—=€
T

—
T

(Lit/ha) _ pas oy
T

S o3lul wlolus gla K oS ols ylis omily gl -
L s adal) Gizres adjls (93 oBs A5 oo
0ad (655 o3lail s as o polde po YU e oy
il o 43 Jge b b odd anasls 5 alolas bawgs
sy 99 Lo i de )50 0 (5 ,eS03lal sllas g cils S92
.Qy

wlelmw (625,10 @890, 333 a0 )d Sloe ks - ¥
L Aalin 5 el arkit polin sales 3 (Soig 250
oalS el b g cails (g5l pre rals SO aileles
2ol (ooled 55 (S Sl alels (B ras C g (Sl
cod alie gepdais

BB s asas sls lis ae )50 50 (sloanlice Slisle;l -Y
alolos ¢ Sig S ailols )3 55,V ol (050 oulass
Dt STy S Ll s Hlia 55 cge 4 bl
30 9 09 alwg Siubly (gl ouuly B 4y g5k g 0ld
bl )3 990 jgemme 0uilly 9)lge (L 3 (Sl ailol
WS IS o e

Sge oS Cewl a8l alS (4255 BB Ol a( (S Sl
Shafaei et al., 2018b; Pranav ) ol co Gudos oyl does
et al., 2012; Chancellor & Zhang, 1989

2 ) > (B pan LS g (paSilo gl T Jgux

abels ok ey
ol Soria
(S9! Sl
eolais m/h)
vacfe Yoy \
cdef a
AT fr Y Yo
yy/sgbode A0S ¥
yyhii v§/ppehi )
yy/ryieh Frvy Y via
v def FYvY? ¥
Vy/sskl Wiz )
yyehi YAD Y /0
yy/yyeh A5 ¥
VP Ve )
Wizzh vv/ofeh Y sy
yavyik vo/ybe ¥

LI gl e el (gLl 1S e iy e gl sl oSl

o
. B SO sble B S Sl abelas
AT e
oL :
RIS ﬁ?p’ c c
Fr]
o -1
b B
w [ ﬁ%
e ﬁ/
<)+ ﬁ/
= ﬁ/
2 B
Yo 0 .00 AT

(kiv/h) (5,50 o

30 alolw 90 (B pao Cd g (paSileo duny Lo - VY STl
Weldo e

2ol 5o alebs g3 (Bpae S g (S0l alie

Ol VY S j0 70 zaw ;0 LSD yeel b senlass
ook e ST 45 L SilSe iy ailols 45 s
S rSI Giubly abole 5 (Bras CE g jlade (n i
Bras e (p S (oonlal jlade Blas jo 53 wo)s
30 6l Fre B Jlade g0 () o g el 1) CS g
90 (Bpas CSgw polie o gd oo cdlie 1O xlaw



YA VP8 3ol 1Fe ol /Y o)l N0 ol [ (65,9LS b pilo Sl b gy ay pis

Burt, E.C., & Bailley, A.C. (1982). Load and inflation
pressure effects on tires. Transaction of ASABE,
25(4), 881-884.

Chancellor, W. & Zhang, N. (1989). Automatic Wheel-
Slip Control for Tractors. Transaction of ASABE,
32(1), 17-22. doi: 10.13031/2013.30956

Cowell, P.A., & Len, S.C. (1967). Field performance
of tractor draught control system. Journal of
Agricultural Engineering Research, 12(3), 205-221.
doi :10.1016/S0021-8634(67)80020-9

Crolla, D.A., & Pearson, G. (1975). The response of
tractor draught controls to random variations in
draught. Journal of Agricultural Engineering
Research, 20(2), 181-197. doi : 10.1016/0021-
8634(75)90085-2

Dwyer, M. J., Crolla, D. A., & Pearson, G. (1974). An
investigation of the potential for improvement of
tractor draught controls. Journal of Agricultural
Engineering Research, 19(2), 147-165. doi
:10.1016/0021-8634(74)90029-8

Ghods Azar, A. & Moradinejad, N. (2022). Design,
Construction and Evaluation of the Control Valve
with Capable of Installing at the Pump Outlet of the
MF 285 Tractor. Journal of Agricultural
Mechanization, 6(4), 47-56. (In Persian). doi
:10.22034/jam.2022.14282

Grevis-James, LW., DeVoe, D. R., Bloome, P. D., &
Batchelder, D. G. (1981). Microcomputer Based Data
Acquisition System for Tractors. ASABE Paper No.
81-1578, St. Joseph, Michigan.
doi:10.13031/2013.34004

Gupta, C., Tewaria, V. K., Ashok Kumar, A., &
Shrivastavaa, P. (2019). Automatic tractor slip-draft
embedded control system. Computer and Electronic
in Agriculture, 165, 1-11.
doi:10.1016/j.compag.2019.104947.

Ismail. S. M., Singh, G. & Gee-Clough, D. (1981). A
preliminary Investigation of a Combined Slip and
Draught Control for Tractors. Journal of Agriculture
Engineering Research, 26(4), 293-306. doi
:10.1016/0021-8634(81)90071-8

Ismail. S. M., Singh, G. & Gee-Clough, D. (1983).
Comparison of the field performance of three
implements control systems for a tractor. Journal of
Agriculture Engineering Research, 28(6), 521-536.
doi :10.1016/0021-8634(83)90116-6

Jurek, R. L., & Newendorp, B. C. (1983). In-Field Fuel
Efficiency Comparisons of Various John Deere
Tractors. ASABE Paper No. 83-1563, St. Joseph,
Michigan.

Khalilian, A., Hale, S., Hood, C., Garner, T., & Dodd,
R. (1989). Comparison of Four Ground Speed
Measurement Techniques. ASABE Paper No. 89-
1040, St. Joseph, Michigan.

Kovacev, 1., Kosutic, S., Jejcic, V., Copec, K.,
Gospodaric, Z., & Pliestic, S. (2008). Impact of
electronic-hydraulic hitch control on rational
exploitation of tractor in ploughing. Strojarstvo,
50(5), 287-294.

odls ay o ywd
el ol (5155 Alie e 50 bl 5 Oledlbl den

S Jge!
Caley dlia ol ,Lail g alool o 1) WS gl 8 Ay 5

ol L] dom 0 L"O)yo E9290 oyl g Wlooges

OB W g @8l oL

b B, Il mdlio 1595 a5 0iS oo pdlel B on g3
G55 g el S a5 (glonds s lis oaseds Lulg,
W5, sl analiS L 3b allie ol o oad

S <olos
olex g ooy 4209 b &S Slidos )bl allis
sl 00y plosil s 5 55 Aty oMl ST oRils Jle

&L
Abbaspour-Gilandeh, Y., Khalilian, A., Alimardani R.,
Keyhani A. R., & Saadati S. H. (2005). A Comparison
of uniform-depth and variable-depth tillage as affected
by travel speed and soil moisture. Journal of Iranian
Agricultural Science, 37(4), 473-483. (In Persian).
Ashok Kumar, A., Tewari, V.K., Chanchal, G., &
Pareek, C.M. (2017). A device to measure wheel slip
to improve the fuel efficiency of offroad vehicles.
Journal of  Terramechanics, 70, 1-11.
http://dx.doi.org/10.1016/].jterra.2016.11.002.
Anthonis, J., Mouazen, A. M., Saeys, W. & Ramon, H.
(2004). An automatic depth control system for online
measurement of spatial variation in soil compaction,
part 3: design of depth control system. Biosystems
Engineering, 89(1), 59-67.
https://doi.org/10.1016/j.biosystemseng.2004.06.013
ASAE Standard, 1983. Uniform Terminology for
Traction of Agricultural Tractors. Self-Propelled
Implements, and Other Traction and Transport
Devices, S296.2, ASABE Standards. St Joseph, MI.
Ayers, P.D., Varma, K.V., & Karim, M. N. (1989).
Design and analysis of electrohydraulic draft control
system. Transaction of ASABE, 32 (6), 1853—1855.
doi: 10.13031/2013.31234
Bhondave, B., Ganesan, T., Varma, N., Renu, R., &
Sabarinath, N. (2017). Design and development of
electro hydraulics hitch control for agricultural
tractor. SAE Int. J. Commer. Veh. 10 (1), 405-410.
https://doi.org/10.4271/2017-26-0227.
Brixius, W.W., & Wismer, R. D. (1978). The Role of
Slip in Traction, ASABE Paper No. 78-1538.



https://doi.org/10.1016/j.biosystemseng.2004.06.013
https://doi.org/10.13031/2013.31234
https://doi.org/10.4271/2017-26-0227
https://doi.org/10.13031/2013.30956
https://doi.org/10.1016/S0021-8634(67)80020-9
https://doi.org/10.1016/0021-8634(75)90085-2
https://doi.org/10.1016/0021-8634(75)90085-2
https://doi.org/10.1016/0021-8634(74)90029-8
https://doi.org/10.22034/jam.2022.14282
https://doi.org/10.13031/2013.34004
https://doi.org/10.1016/j.compag.2019.104947
https://doi.org/10.1016/0021-8634(81)90071-8
https://doi.org/10.1016/0021-8634(83)90116-6

MF285 553515 51y by oy Saig Sl J S ailobw (23,1 g sl o ool ybo 14)

Radar Methods. ASABE Paper No. 76-1070, St.
Joseph, Michigan.

Wiegard, G. K. & Hanks, T. W. (1985). Vehicle with
control system having operator-actuable switch for
storing parameter signal value to control vehicle-
connected implement raising and lowering structure.
US Patent No: 4,508,176, from http:// www.
uspto.gov.

Zoz, F. M. (1972). Predicting tractor field performance.
Transaction of ASABE, 15(2), 249-255.
doi: 10.13031/2013.37878

Lee, J., Yamazaki, M., Oida, A., Nakashima, H., &
Shimizu, H., 2000. Field performance of proposed
foresight tillage depth control system for rotary
implements mounted on an agricultural tractor.
Journal of Terramechanics, 37(2), 99-111. doi
:10.1016/S0022-4898(99)00017-8.

Lyne., P.W & P. Meiring.1977. A wheel slip meter for
traction studies. Transaction of ASABE, 20(2): 238-
242. doi: 10.13031/2013.35532

Moradasgharloo, N., Minaei, S., Borgheei, A., &
Darvish, F. (2010). Comparison of the field
performance of two automatic draft control systems
on a MF-399 tractor. Iranian Journal of Biosystem
Engineeing (IJBSE), 41(2), 97-104. (In Persian). doi
:20.1001.1.20084803.1389.41.2.1.2

Naghavi, G., Khoshtaghaza, M. & Minaea, S. (2006).
The effect of ground speed and ballasting on wheel
slippage and fuel consumption of two-wheel drive
ITM 285 Tractor. Journal of Agricultural Science,
12(3), 694-701. (In Persian).

Osinenko, P. V., Geissler, M., & Herlitzius, T. (2015).
A method of optimal traction control for farm tractors
with feedback of drive torque. Biosystems
Engineering, 129, 20-33.
https://doi.org/10.1016/j.biosystemseng.2014.09.009

Pranav, P. K., Tewari, V. K., Pandey, K. P., & Jha, K.
R. (2012). Automatic wheel slip control system in
field performance for 2WD tractors. Computer and
Electronic in  Agriculture, 84, 1-6. doi
:10.1016/j.compag.2012.02.002.

Qiaolian, D., & Xuhui, C. (2014). Design on control
system for electro-hydraulic hitch equipment of
tractor. Adv. Mater. Res. 945(1), 1513—-1516.

Raheman. H, & S.K. Jha. (2007). Wheel slip
measurement in  2WD  tractor. Jornal of
Terramechanics, 44, 89-94. doi
:10.1016/j.jterra.2006.03.001.

Reed, J., & Turner, P.E. (1993). Slip Measurement
Using Dual Radar Guns. ASABE/CASE, Paper No.
93-1031.

Shafaei, S. M., Loghavi, M., & Kamgar, S. (2018a).
Development and implementation of a human
machine interface-assisted digital instrumentation
system for high precision measurement of tractor
performance parameters. Engineering in Agriculture,
Environment and Food. https://doi.
org/10.1016/j.eaef.2018.08.006.

Shafaei, S. M., Loghavi, M., & Kamgar, S. (2018). A
practical effort to equip tractor-implement with fuzzy
depth and draft control system. Engineering in
Agriculture, Environment and Food.
https://doi.org/10.1016/j.caef.2018.12.008

Soltani, A. & Loghavi, M. (2007). The effect of axle
load and draft load on fuel consumption and tractive
efficiency of two tractors with 4- bottom plow in
tillage operation. Environment and Agricultural
Science, 40(1), 125-135. (In Persian)

Stuchly, S. S., Townsend, J. S., & Thansandote, A.
(1976). Travel Reduction Measurement by Doppler



https://doi.org/10.1016/S0022-4898(99)00017-8
https://doi.org/10.13031/2013.35532
https://dor.isc.ac/dor/20.1001.1.20084803.1389.41.2.1.2
https://doi.org/10.1016/j.biosystemseng.2014.09.009
https://doi.org/10.1016/j.compag.2012.02.002
https://doi.org/10.1016/j.jterra.2006.03.001
https://doi.org/10.13031/2013.37878





    V  a =     P  s × 𝜋   D 5    P  r e v × t                


    P  s


    P  r e v


    D 5


    V  t =     P  s × 𝜋   D  r    P  r e v × t


    P  s


    P  r e v


    D  r


  S =  ( 1 −     V  a    V  t ) × 100          


    V  a


    V  t


  S =  ( 1 −     T  t    T  a ) × 100


    T  t


    T  a

