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P. = cAj, = cﬁ )

Pfin = WinNjn = tan @ Ny, (6)
wd
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Jalaa sty «&lal)l Gae id &Ll 8ol (e tw e Jalall lgay) b dabue 1Ay, Al Gls G clulall Jalas iC
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Aol S Ll candiy oD Led) mdan die Bhall 8y Al il Gn SN Ay 18 dhall 8,
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1
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Ay = %dz (cota + cotP) (18)
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Po el e mha vie Glaily) ik McKyes (1985) Gilial aa Lady ¢8 sl Jaaid Py s6il) Ll @ gl

(7) J< (6) Jsl
) JSA e a1 L) dn Al A e shsall sl e sl CYolee ki 5 Py sl (ilal
P; sin(a + 8) + P, cosa — Py cosB — Ry sin(@ +B) =0 (20)
P; cos(a+6) — P, sina — Py sin+ Ry cos(p+B)—W; —Q; =0 (21)

Py 5l ADle e Jgemall 5 (7) 5 (5) c¥aled) Hlie¥) cpm 389 aas (21) 5 (20) cbolbead) day
W, + Q; + cdw(1 + cotf cot(gp + B)) + c,dw(1 — cotfcot (¢ + B))
cos(a + 6) + sin(a + ) cot (@ + B)

soadull aliledd) 385 Qq Al s (Ao Larucall (e daslll seally Wy 4l ()5 canns

Py = (22)

W, = %pgwd2 (cota + cotp) (23)

Q; = qwd(cota + cotf) (24)
Al s o Liall i q s
Gy ¢(8) JSAl) 8 miage o LS (b)) L) (grine pe 9 Al pivas alal)l e (e A (raie plaie 23h
p Ja S8 e dFy dpeaiadl sl e Jgeanll 2 Colsill <V ales

dF, sin(a + 8) — dP., cos B — dR, sin(p + B) =0 (25)

dF, cos(a + 8) — dP., sin 8 + dR, cos(¢@ + B) —dW, —dQ, =0 (26)
Ll e AW 3l & dQy s (graial) pdaiall alall HLgiV) mdans die L) Sls o il 38 & APy of Cus
1ol (paiall alaiall )5 A& AW, 5 sl
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= 27
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1
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tste Jani (29) 5(28) 5(27) w¥aledl Slae¥) Gue 3331 ae (26) 5 (25) oidlaal) o

1 ., 1 1,

(6 pgdr® + zcrd(l + cotB cot(p + B)) + 5qr )dﬁ (30)
cos(a + 8) + sin(a + 6) cot (¢ + B)

Jemni p slall L) gl JalS e Jalsall slalis (9 JSal) oale) L) gsina o dFy dpumiall 5l Llaul

dF2 =

e
(1 , 1 1 .\ .
g pgdr® + 7crd(1 + cotB cot(p + B)) + 5qr )smp (31)
P2 = cos(a + 8) + sin(a + &) cot (¢ + )
somlall Clels (el Sl dai 83V e 55 ) sl gaane & Eall 8 e 555l A 54l )

s sinp’ = /1 ols (24)5 (23) <Valed) Slae¥) Ge 31 aas (32) bl & (31) 5 (22) oilolad) passny

e Juani 5Ll
1 2s S cos(@) cos(a+ B + @)
P= li per (1 + 3_w) + C( + W) sin(B,) sin(B, + ©) ~ sin(a) sin(B, + @)
+q(1+ %) g +yv2 (1+ %) (tan(a) + t:széﬁ)r ;E&)l (33)

dw
cos(a + 6) + sin(a + &) cot(B, + @)
DL gl JKEN e 2lys alad) HLeI (e raladl Jlgd) Hhad Caal clusy McKyes and Al (1977)
o) aliladll iy (6 JSAY)

s = d\/cot2 (B) + 2 cot(a) cot(B) (34)
r = d[cot(a) + cot(B)] (35)

(10 J<ad) dshall 8l e 55l ol o oilsal) calas adas &3 cAihal) 8ol e 5555all 4 58Lal 2aY) 55all ilusal
Py = Psin(a + 8) + c,dw cot(a) (36)

Py = Pcos(a + 8) — c,dw

dF; Top view

(10) sl (9) Jsal (8) Jsill
: Jul J<al) e (Reece, 1965) Universal Earthmoving Equation sl a<yal dalal) dlalaall (385 (33) labadl) (i
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P= (pgdzNy + cdN; + qdNg + cacha)w (38)

Al Y aladll 33y axis s Y Jalse 8 Ny, N, N, Nep 20l Gam
[r/2d][1 + 2s/3w]

Y~ Cos(a + 8) + sin(a + 8) cot (B + @) (39)
_ [1+ cot(B) cot(B+ @)][1 + s/w] (40)
¢ cos(a+ 8) + sin(a + 8) cot(B + )
_ [r/d][1 + s/w] (41)
9 cos(a+ &) + sin(a + 8) cot(B + @)
[1 — cot(a) cot(B + @)] 42)

ca = cos(a + 8) + sin(a + 8) cot(B + @)
ONy /0B = sl (N dudlall Jalaad e dail) Glua 3y e BLLesY) Lgly Cluas McKyes and Ali (1977) ol

Onwualu and Watts al& Glil ¢ Jaal) depus (o A3l Allaall 568 580 lae¥) ge 2ah Y z3gall 138 o 22235 .0
p ) J<al e dlibaal) maail (38) Aabaall ) aaa as d8leals (1998)
P = (pgd®N, + cdN. + qdNg + c,dN, + pvZdN,)w (43)
Inertia coefficient Allasll Jaleas oms 20 ¥ dalas (o Ble Ny 5 deall dejpus ol &hall 8l3f dejus i v o Cun
) Alsleal) (385 g
N, = [tar'l(B) +cot(B+ @)][1 +s/w] (44)

[cos(a + 6) + sin(a + &) cot(B + @)][1 + tan(B) cot(a)]
3 IS Ny, Gadlall Qoley Jah Gy P 2SN 568l Lasiis B Led) Ay of ) Zhang and Kushwaha (1995) Jass
OP/0B = 0 :(sl A<l sl (graall agl) (b Lo JLgd) Ay dad daat il 138 b o5
aa g8l (Al migaill polaiy WlE Al Swick and Perumpral (1988) ailu Ao zisall s aciey :&IEY g isall)
O 220 4l Gy sl D UK 33l Bhall 8 oLl Ll JLed o z3sall 3 (i (Perumpral ef al., 1983
coleY) L) A Ll ABS e ssa) gl (11) JSA sy hal) 813 dejus o dailill Alanll (g8 licY)
Bl 8 e s5i5al) (gl Ao sl ¥ alea ks &3 ¢ ala¥) lgd) dais Bhall 8l e 5554l Py g5l e Jgeanll
Ml <8 (38
P, sin(a + 8) + P.;; cosa+ Ry sin3 — (P.; + Py + Py;)cosB =0 (45)

P, cos(a+ 8) — P,y sina+ Ry cosB— (P.; + Py + Pyy)sinB—W; —Q; =0 (46)
335 Pyy Allball 3585 Pryy o)l L) mhaa vie GLaiN) 5 Py 310 L) mhow v dlulal) 58 a5
(7) 5 (5) B e cpn 3591 aes IS0 Sla (46) 5 (45) obsleadl day . sl e (14) 5 (7) 5 (5) <o)
tsde bani Q = qwr s W, = pgwdr/2 5Py = Rytand s (14)

—Peas cos(a+ B+ @) + (Wy + Qq) sin(B + ¢) + (Pey + Pay)cose
sin(a + B+ @ + 8)

Abo Al-Kheer — Syrian Journal of Agricultural Research — SIAR 6(4): 335-354 December 2019



343 2019 i) 9Y) G $S 354-335 ()6 Lo L Epadt L) nall — g 8 9 Ealil)

Graie o e 5zl sl e sl Y alee Gulsi & cilad) g das Bhall 8 e 8i5al) 36l e Jsaanll
H(12 JSal) lad) SlgdY) A 5 AKS (e

dF, sin(a + 8§) — dR, sin 8 + (dP,; + dPs, + dP,;) cosp =0 (48)

dF, cos(a + &) + dR, cos B — (dP., + dPs, + dP,;) sin 3 —dW, —dQ, =0 (49)
(9 JSall) 9 Dl DAl 8 dae T e s g (gpaial) hall Ll dais Eal) 84 Lo g5l 343l AF, idus
clulally dl<ia¥ly Ataally L5l Ogg Ll mhan Jo Lzl o A3l Lpainl) 36l & dPey, dPpp, Py, dW,, dQ,
;) ) (385 Canady ¢ sill e AN lgd¥) mha xie

crd
= 50
dPez 2sinfB a9 (59)
dP;, = dR,tanddd (51)
4Py, = = pdrv? — 0% __4g 52
az = 5 PAIV sin (a + B) (52)
1
dw, = gpgdrzdf) (53)
1
dQ, = Eqrzdﬁ (54)

(12) Jsal (11) Js&
Ll JolS e JalSall ehialss (54) (3 (50) 0o c¥aleall Hlae¥) cons 3391 xes St Sla (49) 5 (48) Glalaall s
tsle Jeani 81 Jae pulad e LYl p' lall LY

! !

(W, + Q) sin(B + ¢)sinp’ + P,,cos@ (% + sin (%)) + P.,cos@sinp’ (55)

sin(a + B+ @ + 8)
Swick and aagl .(32) AN Gy cpilall GledVls eleY) Jlgd) A &hal s e 35 AASH Bl Cauad

P2=

A Alsleal) (385 alaY) lagdY) Aile sl et A8l Perumpral (1988)
s = —6.03 + 0.460r + 0.904a (56)

) Alabead) (385 HLgDU g JSal g p” duilad) 5l Ag)) Gl 1508 SIS
p' = arcsin (s/r) (57)
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Jymanll ) 5355 of oo B o s clbaiial il g dplai o laie Y ¢ 3saill 138 385 B L) dushy s o5 sl
P A saall dad jpal o

rdadiieal) g all) il cpa (3RaIY-2

03] Uy Ligundll jall (65 af Alee o Laayal ol pe Canil) 138 (3 Aertiad) 2 3lal) S Ailas (520 (3o (R
o5 .Onwualu and Watts (1998) s Mckyes and Desir (1984) Jlacl i 5ypiially Lusyas dulid) aill pe & 3ladl
Zaladly Aol Allal) 3 (de Ay Aik) ol (e cpe il Asnsilly Jinll 3 sall (558 (el Mckyes and Desir (1984)
(wy = 6.3cm, wy = &hall saf (ajl 8 B xes (0 = 20%a; = 35°) &Bhall 8 dae sl deall
46 Ldasl) Slelyall U ggendl IS5 (dy = 15cm,d, = 25cm) &Dall seal (ugiue 2iey 12.5cm, wy = 20cm)
Jab e Aoy Lals 5 o (gimy Laa) asa (3 jall (68 (uli 15al8 3 Onwualu and Watts (1998) Wi .5.)3
(d; = 11.4cm,d, = 22.9cm) &hall eal Gugise deg (wy = 5.1cm, w, = 25.4cm) &all s e cpes
36 Ayl clehall K goandl €5 <0.25m/s dualesg 2m/s ) 0.25m/s (e zobit Jeall depud ad Gl 2

.Babﬂ
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 Auasy) Jalatll-4
Wosten ef al., ) aall Lslasy) clybgall aladin) & cdan il sl ae byl - dlaill i Lguaall jall (598 ad 45)ladl
:(Pifieiro et al., 2008 <Donatelli ef al., 2004 <2001

MaxAE = max|§; — ;| (58)
1 N
MeanAE = —Z 19: — il (59)
\ AR
1 N
S 5. — v.)2 60
RMSD jN_ 7)., Gy (60)
R? = 1 ZIII(Yi _3’7i)2 (61)

NGRS NE
(Mean absolute error slhall Uadll lausic :MeanAE (Maximum Absolut error st slhall Uadll :MaxAE
Determination coefficient uaaill Jales :R? <RoOt mean square deviation law siall il ) Galyas) :RMSD

bl aae N cAulad) adll Jagie 17 (gl adl) 19y linyad Auliall Kl oy,

Calpay gl Al Gl 39 edanail) adl) paes vie EDA 7 3lall ol ani Jal (e Aalud) L8lany) clisal alasi)

Onwualu and Watts, ) 4dull adkall 535 &hall alas Jalse (10 degana IS 2ic Dev(%) duladl adll o dguadl 2l

:(1998

i —Ji
i

Dev(%) = [yy—] x 100 (62)

tdgagulal) o)
Ay ARl Gl )l 23l Ty jall (g8 sl Matlab (MathWorks, 2013) maliy alasiuly osulas galiy 0S5
sl Glua P e Lpail) adl) ae Wilae & ey dnadl) luldll 4 dexdioad) Bhall alas i)l o ouiil
(62) > (58) c¥alaall 2 dsiagall dfliasy)

Measured tillage Tillage system parameters

Multimodel Ensemble .laaiul & el
forces pP,C,®,Cy, 8, 0,w,d,v,q

Lugie wlual Prediction Method (MEPM)
Aoyl i) e gy DN 2 3laill A plaal) asal
e (13) JSH 3 daumpdl Gy lsall G
il i sl creaiivd 58 MEPM iyl of ) L asgul)

|Statistical analvsis MEPM Lyl Al palall o Jhe B
| B - - : =

A 4

A A 4
| Model 1 | | Model 2 | | Model 3 |

¢ ¢ ¢ ¢ ¢ a3 ol gl ((Houtemaker ef al., 1996)
| MaxAE | [MeanAE| [ RMSD | | R2 || Dev |
(13) Jsa
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o 2ie Onwualu and Watts (1998) I duwjall il ae dogunall jall (58 (15) J<all (y)lass and Desir (1984)
((a.14 J<all) IV Alal) 3 Gl 2@l e ST V) 2 Sgaill g & gunall adl) )l oDl ole (<80 L 8all Sl Jelse
& Wpa S z3gall Ty dygunall nll of el oy +(@.15 JSal) Al Allall 8 duwpntl) sl e sl il Lty
il Layy (C. 14 JSall) V) Alall 4l Algihe AN 7 3gaill Ty Augunall aill (D15 5b.14 (p<al) Gallall bl
s ) ADEN 23l Bagunall il b cslial) g la) oK L (C 15 ISl A9l Alad) 8 L) a@l) (e el
Y L) adae (K5 o) sl Al Gl e Sl ez 3sat IS a3 L) SS9 JY) sl
i€ J) zagal) b ala¥) Slag¥) Adlae 2aa3 U SlgdY) Ay oF VI el S cndsaill (e ST Y1 asall b
Lagin DY) o V) Lbed) IS8 G Loy gl jidy Gy B cpmdsatl s B cundgal) (pe il le IS8
Bl e sigall ASH 8l Jlae¥) Cun Y1 e B zisaill (B Sledl) Al caad Cun Qg dugly il Al
z3saill g Lguanall al o (ool 1305 ¢ HLgi¥) Augly e Ludlal) Jalao il (gou 32T Y ild BN 2 3gail Loty (23)5a)
LSz 3paill Ty Lpuenall Gl e jraal ale (K0 i€ )

[+ P.!;-)E-V?”

Caleulated draughl force [kN)

&

Calculated draughl force [kN)
Caleulated draughl force [kN)

- 12 0 3 S - 12 - 9

!.'aas;_'oa u'a;g'ﬂ force [kN] Moes.uroc draught force [kN] l\w;rec draught force [kN]
(a) b 0
Mckyes and Desir (1984) < 4z il adill 5 43 guaall all) G 43 8 14 JS&d)
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+ Model 2 |
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812 S 12 812
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¥ & © = -
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S S 7 = y
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- 5 " 4 5
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o4 08 2 0 04 08 2 € 0 o4 08 12
Measurad araught force [kN] Measured draught force [kN] Measured draught force [kN]
(@) (b) (©)

Onwualu and Watts (1998) 2 4z aill a9 43 gesall adbll ¢y 43 e 15 JSAI
Crlpaall B mmse a LS duilian] ydse ol s o5 ez dsar I Moy s yatl) iy G guanal) il s alll) (g0 Ayl
Jil el S8 z35al) of Mckyes and Desir (1984) J duwail aill ae dugunall aidl d5l5e ol a3 Ladls .(2) 5 (1)
Jssiall el 3l Ciad dad Jif colS Ly MeanAE ladll thal) Laugieg MaxAE alic¥l slhadl) Uasll 403
1 il ) ae A z3lall Ty Aigund) pdll A3lhe v LCIE £ 3gall 8 R? i) Jaladl dad lely RMSD
oS ey ) 7 3gaill dailly jaaY) cilS RMSD 5 MeanAE s MaxAE s oL 1aadls Onwualu and Watts (1998)
O ale (g Ehall) HUai Jalses (3lais z3gai IS elal of 2] (Ko Gaw Laa B #3gaill duilly eY) R? 208
3ol JAY) OIS V) 7 Spailly Aaritoaal 3kl o Jead] OIS S 235l

Mckyes and Desir (1984) - dxn il ahll s & guaal) alll (i diuany) i pdigall 1 Jg2al)
MaxAE MeanAE RMSD R?

M1 M2 M3 M1 M2 M3 M1 M2 M3 M1 M2 M3
0.42 031 | 061 | 018 | 0.10 | 0.34 0.22 0.14 0.39 0.89 0.92 0.95

Onwualu and Watts (1998) - &z i) asil) g 4y geusal) abll ¢y dibuany) il ydigal) 12 J ganl)

MaxAE MeanAE RMSD R?
M1 M2 M3 M1 M2 M3 M1 M2 M3 M1 M2 M3
3.85 2.72 2.73 1.12 0.73 0.74 1.54 1.02 0.93 0.92 0.94 0.95

L 2l ail) g 4 gaunal) all) Jans g (o Apibiaal) &l pdigal) 3 Jgand)

MaxAE MeanAE RMSD R?
Case 1 1.89 1.12 0.71 0.95
Case 2 0.41 0.20 0.24 0.93

g b Jal) s i ann ladpai of Jail) oSa Y5 Ba Al dalse Rl ity z3sa IS ol of lailu S LS
pll e g jlag ADU - 3laill ey Lygundl) wll e 3Ly jall (68 Langia olund MEPM ik aladin) 23 Al (el
Mckyes and Desir 1 duaill zilull aa 2D 7 3aill Ty Ligunall all (558 Jansgial 4300 (16) IS meazmsy Ayl
Jalse s ie Onwualu and Watts (1998) J duwjaill zilil) ae dugusall jall (458 Javgia )la (17) JSalls ((1984)
L) wdl g J81 il Laiay  AgY) AN 3 G yail il o guanal) sl Jassgie (g (33l @lllia o Tl L &3l ol
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-
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2 0.8 & P 3 G o
e o i +
- v + i © &
© +F © 4+
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0 04 08 12 1.6 0 3 ] 9 12
Measured draught forca [KN] Peasured draught force [kN]
(17) J&) (16) Jsal)

oAl (g8 Glun o LDl (3) Jgaall 8 Gy peall eli e (2) 5 (1) cudsandl 3 535l Eileanl Cilydsall af d3)lhe tic
pl) Cahaty gl dpil) s 23 Zayplall 038 elal i) L Jise (S 7 35a3 IS aladind (e Judl MEPM dyla e 2l
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(4) dsaall (8 e 2 LeS L Ao gane ISV il (e dphaill adl) il dsgiall Al

Lol ¢ At il Gl Ay Ay ial) Guadl] Ailhaal) adl 4 Jgand)

o= 20° 12.5

Clay (wet) T =4
o= 20° 20.2

Clay (dry) o = 35° 14.8

= 20° 46.9

Sandy clay (wet) Z — 3o 243
o= 20° 58.7

Sandy clay (dry) T 199
a=45°w=51cm,d=11.4cm 21.0

Silty sand oa=45°w=51cm,d=229cm 28.3

y o =45°w=254cm,d=10cm 37.8

o =45°w=25.4cm,d=15cm 22.1
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Mckyes and Desir (1984) <tad b dasdioal) &) al) alii Jal o o qua Ay i) iz aill 18 g 4y gunall Jad) 5 68,1 Jgaal)
Soil p c ® Ca ) a w d Py Pyz Pus
Type | (g/cm®) | (kPa) | (°) | (kPa) | (9 () | (cm) | (cm) | (kN) (kN) (kN)

63 |15 | 312 [ 255 1.80

' 25 | 8.13 | 644 | 475

15 | 3.85 | 332 | 249

201 125 Mo 044 | 776 | 5.4

Y T

Clay 0 . 7.37
(e 1.17 335 | 37.3| 94 | 273 35 326 [ T
' 25 | 840 | 885 | 491

15 | 412 | 435 | 267

| 125 o5 1995 | 1038 | 64l

o |15 | 507 | 538 | 3.62

25 | 1182 | 12.17 | 7.97

63 | 25 | 775 | 372 | 429

o5 |15 | 365 | 296 | 223

20 ' 25 | 891 | 5.3 | 535

o |15 | 445 | 368 | 2.96

25 | 1032 | 817 | 6.60

gj'f% 112 | 353 |208| 81 | 252 63 |15 | 302 | 201 | 160
25 | 770 | 732 | 422

15 | 378 | 370 | 232

B 1125 M5 005 | 869 | 547

o |15 | 472 [ 463 | 317

25 | 1069 | 1032 | 694

63 | 25 | 2.11 130 | 124

o5 |15 | 094 | 076 | 059

20 ' 25 | 256 | 2.0l 1.56

0 |15 120 | 098 | 0.8

Sandy 25 | 3.0 | 241 1.93
clay 1.48 63 |360| 22 | 233 63 |15 | 077 [ 076 [ 04l
(wet) ' 25 | 220 | 207 | LI8
55 | 105 |15 | 103 | 096 | 060

25 | 274 | 246 | 153

0 |15 1.33 .19 | 082

25 | 339 | 2091 1.94

63 |15 1.07 | 064 | 059

' 25 | 292 141 1.65

15 134 | 1.06 | 0.8l

201 125 T35 | 207 | 2.06

15 | 167 | 132 | 1.07

Sandy 20 25 | 408 | 3.09 | 254
(%I?})//) 1.35 119 331 27 | 221 s 1o e T o3g
25 | 230 | 278 1.61

15 | 144 | 135 | 0.85

5 1125 551363 | 331 | 208

0 |15 | 183 1.69 | L16

25 | 439 | 392 | 264
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Onwualu and Watts (1998) witas (& dasiiuall &) all alai Jal o asd cain 4 yJail) 7 Haill g 4 gunal) Jall (5 882 J g3l
Soil p c @ Ca 1) a w d v Py Pyz Pus
Type | (g/cm®) | (kPa) | () | (kPa) | () | () | (em) | (em) | (m/s)| (kN) | (kN) | (kN)
0.25 1344 | 162.5 85.8
0.50 137.6 | 171.3 | 90.3
0.75 137.2 | 180.5 | 943
1.00 139.6 | 196.2 | 1014
1.25 142.8 | 216.5 | 110.3
1.50 146.6 | 241.3 | 1209
1.75 151.1 | 270.5 133
5.1 2.00 156.3 | 304.3 | 146.7
0.25 540 532.5 | 305.9
0.50 | 542.1 | 557.7 | 316.5
0.75 | 545.6 | 599.8 | 334.2
1.00 | 550.5 | 658.7 | 358.8

114

229 135 [ 556.8 | 7344 | 3903

150 | 564.4 | 827 | 4287

1.75 | 573.5 | 936.4 | 473.8

Silty 15 o | 30| 766 | 1522 | 45 2.00 | 5839 | 1062 | 525.8
sand 0.25 | 453.6 | 462.6 | 277.6
0.50 | 458.1 | 471.9 | 285

0.75 | 465.7 | 487.5 | 297.3

10 1.00 | 4763 | 5093 | 314

1.25 | 489.9 | 537.3 | 335.2

1.50 | 506.6 | 571.5 | 360.4

1.75 | 5263 | 612 | 389.5

254 2.00 | 549.1 | 658.7 | 422.4

0.25 | 842.5 | 811.8 | 500.9

0.50 | 849.3 | 829.1 | 513.2

0.75 | 860.7 | 857.9 | 533.6

15 1.00 | 876.6 | 898.3 | 561.7

1.25 | 897.1 | 950.1 | 597.2
150 | 922.1 | 1013 | 639.9
1.75 | 951.7 | 1088 | 689.5
2.00 | 985.8 | 1175 | 745.8
G 3 galll (335 Ay grunal) Jal) 858 Py ¢ AU g gail) (389 4y guunall ) 398 Py, < J oY) gasadll (3hg 4 gunall jadl 358 Py,
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Abstract

In this research, three models based on analytical approach were used for
calculating tillage forces. The first model was based on Soehne's approach, with
some modifications to incorporate the adhesion force, the inertia force and the
effects of the side crescents. The second model was based on Mckyes-Ali
approach, the adhesion force and the inertia force were integrated to this model,
and the failure angle was determined according the passive earth pressure theory.
The third model was based on the findings of Perumpral and Swich, which were
established on the Perumpral et al. model. The comparison between calculated
and measured values showed that the performance of each model depended on
tillage system parameters. In general, the performance of the second model was
better than the first and the third models. In this work, the Multimodel Ensemble
Prediction Method (MEPM) was applied, based on the precedent analytical
models, and the calculated values were compared to measured ones. It was noted
that the performance of the MEPM was better than all of three models.
Keywords: Tillage forces, Tillage tool, Soil failure, Tillage system parameters.
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