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Fig.1. A- Winged new narrow blade, B- non-winged new narrow blade, C- Schematic new narrow blade, D- Show the
tilt angle (a)
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Table 1- The dimensions of the blades made in this test (letters are shown in Figures 1-C and 1-D)

PE) A B C D E (o) Jalod aggl;
Blade (mm) (mm) (mm) (mm) (MM) Tilt angle (a)
1 50 110 35 115 135 0
2 50 110 35 115 135 10
3 50 110 35 115 135 15
4 50 110 35 115 135 20
5 50 110 35 115 135 25

295515 93 (o o gy 9 (655515 93 (y90] =Y JSud
Fig.2. RNAM test code and Load cell connected between two tractors
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4- Simpson’s rule
5- Least significant difference test (LSD)
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Fig.3. A- How to use profilometer, B- Disturbance and upheaving area of the soil
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Table 2- Analysis of variance of measured variables for winged new narrow blade

Mean square Olagpo (wSbe
. @y chis g - ahis .
Oyt ko ;‘ Cuoglie o SB 55,0 C gar B uao Ceoglio
Source of variance &3 iiS S SVl ™ Fuel o5 539
df Soil upheaving __Soail uel Slippage  Special
Draft disturbance consumption
area draft
area
(A_‘) bled 25l 4 000301  48881.9414™ 25366.5107" 0.00127  3.76992™  1.81320™
Tilt angle (A)
<D,) S 1 0.21904™ 5931.1732™ 609263.6533"™ 0.00961™  5.49081"™ 30.02134™
Tillage depth (D)
(V) 55ty o0 2 0.11212"  25178.3779™ 15668.6908" 0.09465™  2.20079™  0.37201"
Forward speed (V)
AxD 4 0.00488™ 571.2864™" 299.6703™ 0.00006™  0.41787" 0.13337"
AxV 8  0.00172" 436.6447" 334.2634™ 0.00041"  0.31345™ 0.03697"
DxV 2 0.02166™ 1644.1545™ 961.3607"" 0.00094™  0.84414™ 0.07075"
AxDxV 8 0.00077™ 94.2579™ 113.0169™ 0.00006" 0.08753"  0.00698™
”Efmr 40 0.00019 7.0625 14.1592 0.00004 0.03650 0.00161
Slels oy 0.49 0.64 0.64 1.49 425 0.84

Coefficient of variation (%)

**=p<0.01, *=p<0.05, ns = non-significant
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Table 3- Analysis of variance of measured variables for non-winged new narrow blade

©lapo ke
Mean square
i A ayd chie g é'“"“’ o .
S ol 1 Croslie bl 0952 - ; Coglie
i L 9 S’ Suelyu : Cégw B o )

Source of variance df ‘; 2 Si | u*’:-'-‘ 039

(S Soil - Fuel Slippage o

Draft upheaving ~ Sail consumption ppag Special

area disturbance draft
area

(A.) Bl 2l 4 0.1435™ 11807.86™ 11832.93" 0.16595™  0.76517"  2.76201"
Tilt angle (A)
(D) 532956 Gos 1 012996™ 6521585  651154.71" 0.19044™  7.11211" 80.29667"
Tillage depth (D)
(V) S5rier 2 0.01776™ 8584.2™ 13101.27™ 0.16891"™ 174211 1.78481"
Forward speed (V)
AxD 4 0.01065™ 69.14™ 72.02” 0.15039™  0.19517"  0.66807"
AxV 8 0.00075™ 25.12" 37.86™ 0.14823™  0.14392™  0.00967"
DxV 2 0.00149™ 151.36™ 899.64™ 0.14608™  0.20344™  0.83407"
AxDxV 8 0.00032™ 20.63" 37.43" 0.14060" 0.58583"  0.01172™
s
Error 40 0.00006 6.40 4.27 0.14174 0.02472 0.00302
Sl 0.32 0.95 0.44 84.46 3.99 0.98

Coefficient of variation (%)

**=p<0.01, *=p<0.05, ns = non-significant
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Table 4- Average comparison of measured values and optimal mode based on tilt angle in two modes in two modes
winged and non-winged

" " ST
Jg.w le)‘ ,m..«s " ﬁ«.ogu-o ém ,Ght” éwf @""" Ty s U‘“’)’J 2% C«.o,l.an
: SB Sl SB S8 Fuel . :
Tilt angle Draft Soil ubheavi . Soil disturb . consumption Slippage Special dzraft
D kN oil upheaving oil disturbance o o N cm”
(Degree) (k1) area (cm?) area (cm?) (L min™) (%) (N em™)
0 2.754 348.889 544.889 0.432 4.865 5.161
ol 10 2122 377.332 562.445 0.409” 4.739 4.924
Winged 15 2.727 411.772 590.594 0.422 4.872 4.702
20 2.737 446.297 605.834 0.415 4.106 4613
25 2.727 479.111" 640.963" 0.422 3.905" 4.322"
0 2.583 232.887 438.111 0.617 4.183 6.158
. 10 2.527 250.963 455.853 0.394" 3.700" 5.743
< JI~ .
Non- 15 2.515 267.777 427.591 0.401 4.117 5.490
winged 20 2,522 282.297 487.628 0.408 3.911 5.316
25 2.518 298.148" 503.258" 0.408 3.794 5.161"

a5 JloS gl slass )3 oad (S0l Jelgs 5l Sy ingg polie =5
*= Optimal values of each of the factors measured in the tilt angle blade treatment
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Table 5- Analysis of variance for regression coefficients of the equation related to the optimization of the tilt
angle of the winged new narrow blade

df SS MS F P Value
Regression 6 5930.97 988.49 112.54 o
Residual 83 729.03 8.78
Total 89 6660
*=p <0.01
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Table 6- Analysis of variance for regression coefficients of the equation related to the optimization of the tilt
angle of the non-winged new narrow blade

df SS MS F P Value
Regression 5 6013.67  1202.73 156.31 ok
Residual 84 646.33 7.69
Total 89 6660
#*=p<0.01
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Table 7. Average comparison of measured values and optimal mode based on forward speed in two modes in two modes
winged and non-winged

o Caoglie o o o mlaw Cdgw B puas .
Sy =8y S SB SalVl  SB 5,08 p0as Fuel o954 2329 Caglie
Forward speed & o2l S 23,85 R4 consumption Slippage  Special draft
(km.h'D) Draft Soil upheaving  Soil disturbance e (%) (N cm?)
(kN) area (cm?) area (cm?) (L min™)
3 2.676" 383.200 562.612 0.374" 4.219" 4.855
V\;I':‘;l;d 4 2.726 413.733 600.623 0.404 4513 4.632"
5 2.798 441.112" 603.600" 0.483 4.760 4.747
o 3 2.509" 249.733 451.133 0.363" 3.723" 5.814
7 U9
Non- 4 2533 265.955 470.444 0.509 3.900 5.581
winged 5 2.557 283.555" 492.889" 0.465 4.200 5.326"

(S 9y CuS yus )L».: 5D oA L;).,_fojl.ﬁl sbcas )'l gf\,)m Sda ).i.)LBA =3
*= Optimal values of each of the factors measured in the forward speed treatment
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Table 8- Analysis of variance for regression coefficients of the equation related to the optimization of the forward
speed of the winged new narrow blade

df SS MS F P Value
Regression 6 53.88 8.98 121.84 ok
Residual 83 6.12 0.07
Total 89 60
**=p<0.01
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Table 9- Analysis of variance for regression coefficients of the equation related to the optimization of the forward
speed of the non-winged new narrow blade

df SS MS F P Value
Regression 5 47.63 9.53 64.71 *E
Residual 84 12.37 0.15
Total 89 60
**=p<0.01
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Table 10- Average comparison of measured values and optimal mode based on tillage depth in two modes winged and

non-winged
l ”i l l ”i l .2 d
‘5})9‘5‘& Lﬁ’w d‘“‘""s Caos&o Z _ g Spae uﬂ)&‘ b’}is QA,G@
Tillage depth Draft S Swll S St eha Fuel Slippage  Special draft
(cm) (kN) Soil upheaving  Soil disturbance consun)p_tfon (%) (N cm?)
area (cm?) area (cm?) (L min™)
Jsall, 15 2.684" 404.563 506.668 0.410" 4.251" 5.322
Winged 20 2.783 420.799" 671.223" 0.431 4.740 4.167"
Ak oo 15 2.495" 239.496 386.429 0.399" 3.660" 6.518
V'\\',ion”g'ed 20 2571 293.333" 556.548" 0.492 4.220 4.629"

S90S B Gos jlos ) 0l (S ol slacis | Sy gdipe polio = %
* = Optimal values of each of the factors measured in the depth tillage treatment
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Table 11- Analysis of variance for regression coefficients of the equation related to the optimization of the tillage depth
for winged new narrow blade

df SS MS F P Value
Regression 6 543.66 90.61 399.25 ok
Residual 83 18.84 0.23
Total 89 562.5
#*=p<0.01
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Table 12- Analysis of variance for regression coefficients of the equation related to the optimization of the tillage depth
for non-winged new narrow blade

df SS MS F P Value
Regression 5 558.24 111.65 2199.62 **
Residual 84 4.26 0.05
Total 89 562.5

#*=p<0.01
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Introduction

Due to problems such as water resources constraints, poor soil and soil organic matter, and the problems
related conventional tillage, the attention paid to protective tillage equipment should be taken into consideration
by farmers. Today, agricultural machinery designers and manufacturers are looking for ways to resolve the
problems due to the lack of water and soil resources and the reduction in fuel resources. One of these solutions is
the optimization of agricultural machinery. The blade is one of the most important consumed components of
tillage tools, which is very important for how it is adjusted and its effect on soil. According to research
conducted on the importance of optimizing tillage implements, this study was carried out with the aim of
optimizing the operating conditions for combined tillage with a new narrow blade.

Materials and Methods

The tests were taken place in the 10" section of farms in Agriculture school (Bajgah zone) of Shiraz
University. Those tests were arranged as the split-split plot based on a completely randomized design. The
treatments included the tillage depth, tilt angle and forward speed. The levels for the tillage depth, tilt angle and
forward speed were 15, 20 cm and 0, 10, 15, 20, 25 degree and 3, 4, 5 km h™ respectively. The experiments were
performed in three replications. The test variables were draft, soil upheaving and disturbance areas, specific
draft, fuel consumption and tractor wheel slippage. The CK 45 steel was used to make blades. The blades were
made of the same dimensions and the difference between the blades was only at their tilt angle. Before starting
the field tests, some properties of soil such as soil moisture content, soil texture and soil bulk density were
measured. The RNAM test code was then used for measuring the draft force. The encoder and the fifth wheel
were also employed to measure the slippage. For measuring the fuel consumption, two flow meters were used in
the round way. The profilometer was applied for measuring the soil upheaving and disturbance areas. The
specific draft was also computed. The data analysis was performed by SAS software (9.4 edition). Multiple
regression method was used for modeling the desired treatments.

Results and Discussion

The results of multivariate regression method for optimizing forward speed, tillage depth and tilt angle for
the blades including winged were 3.3 km h™, 20 cm and 25°, respectively, and for the non-winged, 3.5 km h™, 20
cm and 24.8°. Providing the tilt angle on the blade surface is considered as an innovation in this research,
therefore, it can be seen from the results that with increasing this angle, the draft of the tillage was decreased.
This could be due to the increased surface of the blade in the face of the soil on the diagonal surface. This
increase was proportional to the cosine tilt angle at the initial surface of the blade. Therefore, the shear strength
of the soil was decreased with increasing of this surface and ultimately decreased the amount of draft of the
tillage. This variable had a significant difference with the depth of tillage and the forward speed of tractor and
fuel consumption for the winged new narrow blade. Although the interactions of the above mentioned variables
on the fuel consumption for the new blade condition were not significantly different, the minimum fuel
consumption for the non-winged blade condition was also obtained at the same tilt angle as the winged new
blade. In general, considering all of factors, the 25 degree inclination angle was proposed for both conditions.
The interaction of this factor (tilt angle) on the wheel slip rate was also significant. The effect of the angle of
inclination for both blades was significant on the slip of the wheel drive, so that the increase in the tilt angle
reduced the amount of wheel slip. However, if the amount of slip of the tractor's wheel for an optimum angle of
25° was considered, according to the graph which representing the relationship between tractive efficiency vs.
wheel slip and for C, = 50, the tractive efficiency will be determined by calculation. It should be noted that the
tractor's tractive efficiency was equivalent to 82%. This value reflects the effect of the tilt angle on the amount of
tractor output power according to the definition of the tractive efficiency of the tractor.

Conclusions
Considering the increasing growth of using combined tillage tools in dry soil and its low moisture content,
and considering the necessity of replacing the custom chisel blades with new blades which resistance to the soil
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reaction forces upon them, the non- winged blades with the tilt angle about 25° for working depth of 20 cm and
forward speed of 3.5 km h™ can increase the tractive efficiency of tractors to 82% and also decrease the fuel
consumption by 34% compared to conventional tillage blades.
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