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1- Tool carriage
2- Extended octagonal ring transducer
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Table 1- Some physical properties of the studied soil
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Soil textu}'e Clay Sand Silt Moisture (dry base) Bulk density
(%) () (%) (%) (g cm’)
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Table 2- The selected levels for the factors
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Table 3- The results of draft and vertical forces in selected points with central composite design

oy oS G piie biwl
" Studied variables Responses
T i Jusrs B Bes hlaiagly  abes aygl; S oy (83908 S9y
reatment : .
Depth of wing  Bend angle Rake angle Draft force Vertical force

cm) (degree) (degree) (kN) (kN)
1 5 10 75 4576 2.001
2 15 10 7.5 4.719 2.150
3 5 30 7.5 4.279 1.633
4 15 30 75 5.635 3.037
5 5 10 22.5 3.666 1.288
6 15 10 22.5 4.658 1.931
7 5 30 22.5 5.740 2.457
8 15 30 22.5 7.525 3.472
9 5 20 15 3.346 1.259
10 15 20 15 5.162 2.396
11 10 10 15 3.914 1.723
12 10 30 15 6.213 3.211
13 10 20 7.5 5.014 2.207
14 10 20 22.5 5.068 2.447
15 10 20 15 4.946 2.393
16 10 20 15 4.555 2.116
17 10 20 15 4.609 2.099
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Draft force = 4.67+0.61X, +0.79X, +0.24X, + 0.54X, X , 2
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Table 3- Analysis of variance (ANOVA) of draft and vertical forces of winged chisel plow

(O gkS) (inlS (5955 (o5 gwighS) (53908 59y
Draft force (kN) Vertical force (kN)
G Sl pfile OFUSITS S PN gy, gy, OBl P
df Mean square Regression  p- value Mean square Regression  p- value
q coefficient Prob> F q coefficient Prob> F
Je 9 1.65 4.67 0.0009 0.62 2.20 0.0023
Model
X, 1 371 0.61 0.0007 1.89 0.43 0.0007
X 1 6.18 0.79 0.0001 2.22 0.47 0.0004
X3 1 0.59 0.24 0.0559 0.032 0.057 0.4746
X1 X5 1 0.50 0.25 0.0728 0.33 0.20 0.0455
X1 X3 1 0.20 0.16 0.2205 1.39E-3 0.013 0.8793
X2 X3 1 2.34 0.54 0.0026 0.60 0.027 0.0137
X4 1 0.41 -0.39 0.0987 0.35 -0.36 0.0402
X7 1 0.41 0.42 0.0810 0.20 0.28 0.0980
X 1 0.42 0.40 0.0949 0.050 0.14 0.3779
e oaile 7 0.11 0.056
Residual
il P 5 0.14 0.2600 0.068 0.3119
Lack of fit
oAl s 2 0.045 0.027
Pure error
F 16
Cor total
oSk 4.92 2.22
Mean
oo Sl 0.34 0.24
Std. Dev.
Tt 6.83 10.64
CV.%
R? 0.9495 0.9338
Adj- R? 0.8847 0.8487
Pred R2 0.6069 0.2661
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Fig. 3. The effects of interaction between bend and rake angles on draft force (depth of wing, a: 5 cm, b: 10 cm, and c:
15 cm)

L o398 9y Jb s (53558 3os o Logasee (3L
s len duy o ol &yl bl o8l ales aygly 5ol58l
a oo 03,5 3bj Jlos sblsj )3 (o235 g9y Rl sl oS
D 35 (§39e8 S985 l3H)
g ol il (s

o )9S (90 (925 9 (IS S8 (905 AieS
sla b 5 0250 5 3 ) i 3,90 il gl
sl plosl el bulyd 655 s 5 B8 )58 Jai 5,90 (o)bel
sl o ool Gy s g, 31 45 6 IS5 4 dagi b atge
5 (6355 seas) odel Cuda aigo bl )l conday
&y 40y3 19/46 alos w515 g 42y> 1110 Joles gl ¢ o il
1/31 9 3/43 S A (£dg0f g S (glagy Hlde (L
b Ao (g ghS

(8 35 4ol

st Sl e polaiods Gl aw (ho) (Sl

Gdsos 5 iiS slgys Bl o glows Baa b b awss
5 6355 seac) odel Camday aigy balys )3 i 4§ e
&y 40y3 19/46 alos w515 g 42y> 1110 Joles gl ¢ o il
1/31 9 3/43 S A (£dg0f g S (glagy Hlde (L

Verticalforce=2.2+0.43X, +
047X, +0.057X, +02X, X, + 3)

027X,X, —036X,”
Jiles gls 9 Al (55515 oo 1 S dmd oo L (3) el
Cute dlox gl Sl g Ail o drg S 5 Cute (908 (5905
5 63513 o 51 (s bline d Jouo b sillae ol 3L
Ao i |y Jb ales 4ygly (6 dxe pae g JU Joled 4yl
5 J=les ansly g Al (658 ses Jilie IS 54 IS
39515 390 G9y 2 1y Ao gl g e argly (piomen
JU Jeoles gl ;s L S ol 5lamd o ol b (ool
g0 Aol i aald (Lhals' b (al8l) B8l daw 4 s
(LR8I ials) lasjse e )5 cald 435 S b Jb Sy
YL 4 9) 3505 59585 55 de agli LRIl 4 drgi b g ealss
e ol Gl 553 4y Yl Lilpl L 4 S G
sy Jb 635518 ol Glacuadye )3 (sd90s g9y il
A5 040 58 (9390 oy e > dles aygly S ionen A5
$935 3 hles ly 31 en 3 15 5 T/S alos (bl 53 48 (5 5k
Az yd 2205 ales aygly > (g i Jb ime 5y S (390
A odsliie Yl e OS]
oS e sblyj > (sd90e (595 &5 Amd e i D JS
Jobes sLlgs o (Hg il (o) fme ot alos agl; s b



AT5 1l ol 5090515 50508 3 S (53505 2 Jb Akt ST (g5l ik 9 (65 ludiro

=
<SS

=R SRS
R SRR
= N SN
SOSSISIIRR SR
Sosstian SRS,
eSSt SRS
SRS SS SRt as = 28 sSSes
SRS
= 265 <
z =
= ®
i d 23
S
@ e
o o
S GRAS L
s GRS =
- D 0020, 20020020 24202292 % 4
s S ssssse g e
© N 0 T e s
S O g e s s e =
L T e e e =
£ s ]
3 > 13
15.00 30.00 15.00
2000 7000 20,00 \&/ 70,00
. . " . 15.00 750 . i
B: Bend angle (degree) 9% T A: Depth of wing (cm) B: Bend angle (degree) — A: Depth of wing (cm)
10.00 ~ 5.00 10.00 " 5.00

o

St

e N

3175 ST

S TN

SeSeaEE
STemee

S

Vertical force (kN)
3472

25.00
1.259 s

Vertical force (kN)

15.00

B: Bend angle (degree) - A: Depth of wing (cm)

Fig. 4. The effects of interaction between depth of wing and bend angles on vertical force (rake angle, a: 7.5°, b: 10°,
and c: 15°)

2ot %000y
s S5y
(GRS
28 LGOI TILTL,
z o "“"“{:"‘:‘:‘z’ s
26200202000 B V000,90 00 95 05300100 95 V0,90 05 s
s = S = gl s
. oroetenotecteabostsbetathictes @ s e e e s
= e e o Vet ST et aet 3] 27 e e
s o G 5 s
: 3 =
8 5
5 > 19
>
22.50 30.00
250 3000
15.00 20.00 15.00 /’20 00
. 125 500 .
C: Rake angle (degree) "% T~ B: Bend angle (degree) C: Rake angle (degree) S0 B: Bend angle (degree)
75077000 g !

$IATHLHL 5
S
(SRR AIAL AR
R AT AL PRI I T
e e B
O e Y Ot s e e
T g e s e
T o e s o
O o e g e b e o
S
e e e ey
e s s

2 ozs

Vertical force (kN)
3472

Vertical force (kN)

30.00

15.00 20.00
1 - 2 59 C: Rake angle (degree)

B: Bend angle (degree)

¢ 5 o 5o 10 2 U (635 )18 Bas 1 oo 5l D = b (605 )3 Ges 18) (63908 Sy p Ao g bl agl blize ol =5 JSWS

(sl 15 =l (55)1,3 Gos
Fig. 5. The effects of interaction between bend and rake angles on vertical force (depth of wing, a: 5 cm, b: 10 cm, and
c: 15 cm)



1396 pg5 Jluoss 2 o5lacs 7 sl o539l slaeile 4 pii 476

Design-Expert® Software Desirability
20
Desirability
1

o

X1 = A: Depth of wing
X2 = B: Bend angle

Actual Factor
C: Rake angle = 19.46

Prediction _0.97934

T T
s5.00 7.50 10.00 12.50 15.00

A: Depth of wing

Shalefl g Ll -6 JSW
Fig.6. Optimum condition of experiment

Sl aS Jls 3 09 )5 ,50 5,08 (43908 5 (S (59 y 4 JU dwsin o, 508005 50 odel Canddy (055 slaosh
D9 3l g oo oad (g pSojlnl Cho 3 ya gl dles wl; 542 10 Joles angly oo 5l 5 (655 ses) A <l
L )l (ol 5y9S e (63500 g (oS (slag s (iloJte gl &390 5 S gy polio (JL sl 4250 2215 dlo> 445
YU laebl oy b Jao a5 b ol gl pdaw by, 5 ool M3 oS (2 o) 15 Juols pguiols 1/288 5 3/666 s sy
S b |y sdel Cunddy gols anuiles (R?>0.93) s xaw o) 5 (silwdinge ol Jeols slaodls b (gunb

S g Cute bt JU bles agly 9 (6355 Bes cuthy

References

1.

2.

3.

10.
11.

12.

13.

14.

Al-Janobim, A. A., M. F. Wahby, A. M. Aboukarima, and S. A. Al-Hamed. 2002. Influence of chisel
plow shank shape on horizontal and vertical force requirements. Agricultural Sciences 7 (1): 13-19.
Aluko, O. B., and D. A. Seig. 2000. An experimental investigation of the characteristics of and
conditions for brittle fracture in two-dimensional soil cutting. Soil and Tillage Research 57: 143-157.
Arvidsson, J., and O. Hillerstrom. 2010. Specific draught, soil fragmentation and straw incorporation for
different tine and share types. Soil and Tillage Research 110 (1): 154-160.

Bas, D., H. Boyaci, and H. Smail. 2007. Modeling and optimization I: Usability of response surface
methodology. Journal of Food Engineering 78 (3): 836-845.

Durairaj, C. D., and M. Balasubramanian. 1997. Influence of tool angles and speed on the soil reactions
of a bent leg plough in two soils. Soil and Tillage Research 44: 137-150.

Esehaghbeygi, A., A. Tabatabaeefar, A. R. Keyhani, and M. H. Raoufat. 2005. Depth and rake angle’s
influence on the draft force of an oblique blade subsoiler. Iran Agricultural Science 36 (4) 1045-1052.
(In Farsi).

Fielke, J. M. 1996. Interactions of the cutting edge of tillage implements with soil. Journal of
Agricultural Engineering Research 63 (1): 61-72.

Glancey, J. L., S. K. Upadhyaya, W. J. Chancellor, and J. W. Rumsey. 1996. Prediction of agricultural
implement draft using an instrumented analog tillage tool. Soil and Tillage Research 37: 47-65.

Godwin, R. J. 1975. An extended octagonal ring transducer for use in tillage studies. Journal of
Agricultural Engineering Research 20 (4): 347-352.

Harrison, H. P. 1988. Soil reacting forces for a bent leg plow. Transactions of the ASAE 31 (1): 47-51.
Harrison, H. P., and Z. J. Licsko. 1989. Soil reacting forces for models of three bent leg plows. Soil and
Tillage Research 15 (1-2): 125-135.

Horuz, E., A. Altan, and M. Maskan. 2012. Spray drying and process optimization of unclarified
pomegranate (Punica granatum) juice. Drying Technology 30 (7): 787-798.

Hosseini, S. A., and S. H. Karparvarfard. 2012. A prediction of forces acting on chisel plow tine through
dimensional analysis method. Iranian Journal of Biosystems Engineering 43 (1): 93-103. (In Farsi).
Kargozari, M., S. Moini, and Z. Emam Djomeh. 2010. Prediction of some physical properties of
osmodehydratied carrot cubes using response surface methodology. Journal of food processing and
preservation 34: 1041-1063.



477

ML (ool 555 (o390 g (S (590 ¢ Jb dwaid ST (g3l dky 9 (g 3Ludoo

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Khalilian, A., T. H. Garner, H. L. Musen, R. B. Dodd, and S. A. Hale. 1988. Energy for conservation
tillage in coastal plain soils. Transactions of the ASAE 31 (5): 1333-1337.

Majidi Iraj, H., and M. H. Raoufat. 1997. Power requirement of a bent leg plow and its effects on soil
physical conditions. Iran Agricultural Research 16 (1): 1-16.

McKyes, E., and J. Maswaure. 1997. Effect of design parameters of flat tillage tools on loosening of clay
soil. Soil and Tillage Research 43 (3): 195-204.

Osman, M. S. 1964. The mechanics of soil cutting blades. Journal of Agricultural Engineering Research
9: 313-328.

Payne, P. C. J., and D. W. Tanner. 1959. The relationship between rake angle and the performance of
simple cultivation implements. Journal of Agricultural Engineering Research 4 (4): 312-325.

Salar, M. R. 2011. Design, Development and Evaluation of Double Bent-Blade Sub-Surface Tillage Tool
for Conservation Tillage. Faculty of Agriculture. Isfahan University of Technology, Isfahan, Iran. (In
Farsi).

Salar, M. R., A. Esehaghbeygi, and A. Hemmat. 2013. Soil loosening characteristics of a dual bent blade
subsurface tillage implement. Soil and Tillage Research 134: 17-24.

Shen, J., and L. R. Kushwaha. 1998. Soil-machine interaction: a finite element perspective. Marcel
Dekker.

Summers, J. D., A. Khalilian, and D. G. Batchelder. 1986. Draft relationships for primary tillage in
Oklahama soils. Transactions of the ASAE 29 (1): 37-39.

Wolf, D., T. H. Garner, and J. W. Davis. 1981. Tillage mechanical energy input and soil crop response.
Transactions of the ASAE 24 (6): 1412-1419.



Journal of Agricultural Machinery @ S 39LiS iilo &y gl

Vol. 7, No. 2, Fall - Winter 2017, p. 468-479 e &d{j«:ﬁlz!; 468-479 p 1396 490 Jlumons 2 oslasts 7 Al

Modeling and Optimization of Wing Geometry Effect on Draft and Vertical
Forces of Winged Chisel Plow

M. R. Salar’- S. H. Karparverfard”*
Received: 30-11-2015
Accepted: 04-04-2016

Introduction
The dynamic response of soil on tillage tools, is an important factor in determining their performance. For a
tractor with a certain size, a reduction in draft force, the working width and speed of tools can rise and result in
increasing performance and reduce costs. Researches carried out in order to reduce the draft force led to design
and build new tillage tools called Bent Leg and Parra plows. The dual bent blade sub-surface tillage tool was
built and examined inspired by the shape of a bent leg. The researches indicated that the combination of a dual
bent blade sub-surface tillage tool and chisel plow could be used in order to reduce draft force, loosen the seed
bed by the chisel plow and wings, increase in soil disturbance area by the wings, and create a suitable space for
root growth by chisel plow. Since the fuel consumption and traction power of tractor are the limiting factors for
pulling tools in the soil. The rake angle of tillage tools is the penetration factor of the tools to the soil. It is
necessary to determine the optimized rake and bend angles according to their effect on draft force and better
penetration in soil. In this research, the Response Surface Methodology (RSM) was utilized to determine the
optimized points of wing geometry of winged chisel plow in order to minimize the draft and vertical forces of

tillage tool.

Materials and Methods

Using the properties of dual bent blade subsurface tillage implement and chisel plow, the winged chisel plow
was designed by Catia VV5R20 software and was built in the workshop of mechanics of biosystems engineering
department at Shiraz University. The effect of three factors of working depth of wing (5, 10, and 15 cm), bend
angle (10, 20, and 30 degree), and rake angle (7.5, 15, and 22.5 degree) were analyzed on draft and vertical
forces of wined chisel plow in soil bin of Karaj Agricultural Engineering Research Institute. The length, width,
and depth of the soil bin were 24 m, 1.7 m, and 1 m, respectively. The most important issue was to study the
main effects and interactions of factors. So, the Response Surface Methodology was selected. With the help of
this statistical design, the numbers of experiments were reduced and all coefficients of quadratic regression and
interaction factors were estimated. The experiments were conducted based on the central composite design
considering three main surface including central and axial points for each factors. For each response the
quadratic polynomial models were obtained using the multiple linear regression.

Results and Discussion

The results indicated that fitted quadratic model for draft force corresponded with the experimental data by
determination coefficient of up to 94% (R®> 0.94). Increasing the depth of wing, the contact with loosened soil
decreased that led to failure in unloosened soil around the chisel blade and increase in pressure to the blade. The
results showed that the effect of bend angle was significant on draft force and increasing the bend angle, the tip
of wing located in deeper place so, the draft force was increased that was in line with previous researches. The
effect of rake angle was not significant on the draft force and its effect on the model was positive and negligible
which was reported positive and significant in previous works. The fitted quadratic model for vertical force
corresponded with the test data by determination coefficient of up to 93% (R?> 0.93). The effects of wing depth
and bend angle were positively significant on the vertical force of the tool but the effect of rake angle was
negligible. The increase in vertical force with increasing bend angle was further in deeper wing position.
However, the impact of rake angle was seen in vertical force and the effect of bend angle was not significant in
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vertical force in rake angles of 7.5° and 15°, but it was significant in rake angle of 22.5°.

Conclusions
The draft and vertical forces were determined 3.43 and 1.31 kN, respectively, at optimum condition (wing
depth of 5cm, bend angle of 11.1°, and rake angle of 19.46°). The proposed model to predict the dependent
variables were very close to the results of obtained experimental findings. The wing depth and bend angle had
positive and significant effects on draft and vertical forces but the effect of rake angle was positive and
insignificant on both measured traits.

Keywords: Draft force, Rake angle, Response surface methodology, Vertical force, Wing chisel plow



