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Table 1- Required Confidence to select hydraulic hose
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Table 3- ANOVA of the measured parameters affected by the experiment factors and their interaction in silty-clay soil

texture
Olaspo (ko
e . a’ Mean of
R S 53'51 square
Source of Cd g 0319 S para Omile Cod )b s oly Py 5551
it df Specific fuel ti Machine field 9 P C d
variation pecific fuel consumption achine fie Torque (T) ower onsumed energy
(S.F.C) capacity P) (E)
(A) SE co " " - -
Soil moisture 1 1.9x10° 84.5™ 884.9 0.181 45.188
(A)
B) Jhes 3 - - - - .
( _) Jbs% e 2 5.3x10°° 253476.5 8647.3 1.609 1235.62
Soil depth (B)
(AxB) 2 3x10°™ 6.5™ 37.22™ 0.007™ 11.882™
. 12 4.6x10° 32 25.8 0.004 0.941
Error

Amd o Ui 1y 092 )5 xe e NS g doyd V Jlaisl gaws )3 (g0 I me **
** Significant at 1% of probability levels and ™ Non. Significant
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Table 4- ANOVA of the measured parameters affected by the experiment factors and their interaction in sandy-loam

soil texture
Olagyo (piilio
- )y Mean of
Pl dal,‘i square
Source of S g 0319 B pe pile B ks ol drao 5550
L df ifi - ine fi 29
variation Specific fuel consumption Machine field Torque (T) Power Consumed energy
(S.F.C) capacity q ) (E)
(A) S sy - - - - -
Soil moisture 1 1x10°® 128 25394 0.477 13.93
QY
(E?) JosF e 2 5.5x10°" 299522" 620577 1144 1291.83"
Soil depth (B)
(AxB) 2 3x10°%" 2" 66.68"™ 0.012" 4.214™
- 12 6.6x107 10.833 54.368 0.01 0.444
Error

Am3 o L Ty 0er )b e pE NS g eoyd) 98 Jlainl prdaw )3 (390 5l gine o ™y
* ** Significant at 5% and 1% of probability levels, respectively, ™ Non. Significant

bl > 16T ek 5 Cusb, wil cov 6 puSojlul ol ol 1Sl yolie duslie —0 Joda
) 2 JbsS Ges g ) »5e) Felyly bee 5 92

Table 5- Mean comparison of the measured parameters affected by soil moisture and depth in silty-clay soil texture

PRSI IENEARY

S cygb, Gos Measured parameters
] (cm) S “9“’_‘:5'1_5 Spa Omilo oyl 9l o'y Prao 555
Soil Soil (Lit.pit?) (Pits.hr?) (N.m) (kw) (kJ)
moisture depth Specific fuel Machine field ToquJe ) Power Consumed
consumption (S.F.C) capacity P energy (E)
Ol sk 10 0.0021° 473 106.89" 1.455° 3.14°
Low
moisture
YL cosh,
High 10 0.00142 478 97.46° 1.327° 2.585°
moisture
ol cugb,
Low 20 0.0053¢ 158° 154.56¢ 2.104¢ 14.68°
moisture
YU cogh,
High 20 0.0033° 164° 141.25° 1.923° 11.872°
moisture
ol cugb,
Low 30 0.0095° 88° 187.196f 2.548" 34.3°
moisture
YU cogh,
High 30 0.006° 90° 167.87¢ 2.285° 28.16"
moisture

)5 gl gime MBI 70 Jlass] pdaws )3 LSD 9051 ol cdians aliio gy (chyls 457 oyt yo p Lo uSibie

Means in each column with the same letters according to LSD test has no significant difference on probability of 5%.
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Table 6- Mean comparison of the measured parameters affected by Soil moisture and depth in sandy- loam soil texture

S 503l s kel )y

S Cugb, (oS Measured parameters
_ (cm) S& Cd g 0329 B puo omile Cud b5 e ol$ o pan 55
Soil _ (Lit.pit?) (Pits.hr ) ’ (k (kJ)
i Soil S (N.m) W)
moisture depth Specific fuel Machine field Torq.ue 0 Power Consumed
consumption (S.F.C) capacity (P energy (E)
by Cogb
ARl S 10 ab
Low 0.0025 515° 92.31° 1256°  3.6375°
moisture
YU cogh,
High 10 0.0018? 519° 75.99% 1.034% 3.317°
moisture
ol cugb,
Low 20 0.0045° 170° 134.81¢ 1.835° 15.78°
moisture
YU o,
High 20 0.0039™ 176" 109.05° 1.484° 14.422°
moisture
ol cugb,
Low 30 0.0097¢ 95° 162.72° 2.215° 34.398°
moisture
YU cogh,
High 30 0.0066° 101¢ 133.52¢ 1.817¢ 30.85¢
moisture

)5 gl gime MBI /0 Jlass] pdaws )3 LSD 9051 ol cditann ailiio gy (hyls 457 gt yo ) Lo uSibie
Means in each column with the same letters according to LSD test has no significant difference on probability of 5%.
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Introduction

Nowadays, the best method for fertilizing trees is spot treatment via hole-digger. Conventional mechanical
hole-diggers have several drawbacks such as auger’s non-continuous and limited speeds due to using a
mechanical gearbox, and risks of getting stuck inside the hole and motor reaction force to the operator. On the
other hand, a three-point hitch hole-digger has problems such as the lack of maneuverability in confined spaces
and high prices. Meanwhile, preparation of these hole-diggers by most farmers and gardeners has no economic
justification. Thus, in this research it has been aimed to handle the mentioned problems and to optimize the
working quality of hole-diggers via designing and manufacturing a new hydraulic hole-digger.

Materials and Methods

To start design the machine, displacement volume and power requirement of the hydro-motor and
consequently displacement volume requirement of a hydro-pump were calculated using the appropriate formulas
(70.83 cm®, 2.3 kW & 7.5 cm’, respectively). According to available hydro-motors and hydro-pumps in the
market and using obtained values of displacement volume, an orbital hydro-motor, BMR-80 model with the
maximum torque of 220 N.m and an external gear pump REXPORT-2APF8 with displacement volume of 8 cm?
and flow rate of 12 L.min™ were chosen. In the following, hydro-pump’s parameters were used to select the
internal combustion engine. The engine power requirement was 2.875 kW (3.85 hp); thus according to the
available engines in the market, a single cylinder gasoline engine, WX168F-1 model that made in Kato company
of China with 6.5 hp power and maximum speed of 3600 rpm was chosen. To transmit the power from the
engine to the hydro-pump, a coupling DK-42 model was used. Also, two pressure gauges, LB-250 model with
maximum pressure of 250 bars were used in the entrance and the exit of the hydro-motor. An hydraulic oil tank
with total volume of 24 liters was made from a sheet metal with thickness of 3 mm. The helical auger used in
this research, was made in china by LIONS Company with cone tip, total diameter of 200 mm and pitch of 180
mm. The fabricated digger has a working depth and diameter of 30 cm & 20 cm, respectively; rotational speed
between 100-160 rpm and maximum power equal to 6.5 hp. In order to evaluate the stress distribution in the
auger set, the static analysis based on maximum dynamic torque exerting on auger’s axle and maximum dynamic
force exerting on auger’s blades, was used in SOLIDWORKS 2013 software. The maximum force 214.07 kgf
(2100 N) proportional to the maximum exerting torque (210 N.m) from soil to the edge of the auger’s blade were
considered in the modelling. Farm experiments were carried out in two citrus gardens with silty-clay and sandy-
loam texture based on factorial test in Completely Randomized Design with three replications. Soil moisture
content as high and low humidity levels (24.85% and 16.12% in sandy-loam and 25.95% and 16.48% in silty-
clay) as the first factor and soil depth as the second factor varied in three levels of low, medium, and high (10, 20
and 30 cm), respectively. The measured parameters consisted of specific fuel consumption, machine efficiency,
auger torque, auger power and used energy. To determine the auger’s torque, the oil pressure measurement
method with two manometers was used in the entrance and the exit of the hydro-motor. After measuring the time
and power needed to dig pits, for determining the used energy, the area under the power-time graph was
calculated in Excel software. Also, to determine the fuel consumption during the experiments, the filled fuel tank
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method was used. Data analysis including analysis of variance (Anova), mean comparisons and interaction
between the parameters were performed using the SPSS 22 software.

Results and Discussion

The numerical stress analysis results of the auger showed that the maximum von - Mises stress is occurred in
the position of the blade-auger axis connections, with a magnitude of 86 MPa. The obtained experimental results
in this study indicated that influence of soil depth and moisture content on the measured parameters were
significant (P<0.01) in both soil textures and the influence of soil moisture on machine efficiency was non-
significant in the silty-clay texture. With increasing soil depth, measured parameters excluding machine
efficiency were increased in both soil textures. In high depth and also in low moisture, regarding to the
increasing soil bulk density and shear strength, more torque was needed for the rotating auger in the soil that this
has led to an increasing in specific fuel consumption of the device. Regarding the results obtained in this study,
minimum specific fuel consumption value of the device (0.0014 liter pit™) was obtained at the low working
depth (10 cm) and the high soil moisture (25.95%) in the silty-clay soil. The hole-digger working capacity at 30
cm working depth and soil moisture content as high and low humidity levels in silty- clay obtained equal to90
and 88 pits per hour and in sandy-loam obtained equal to 101 and 95 pits per hour, respectively. Also, the
maximum device’s power (2.548 kW) occurred in deep soil (30 cm) and low soil moisture in silty-clay texture.

Conclusions
Stress analysis and field qualitative observations results indicated that the fabricated device has sufficient
resistance and strength against maximum torque from tested soils. Field evaluation of the fabricated machine
showed that pit digging operations in soil is not appropriate in low moisture content because of the high fuel
consumption and environmental pollution issues.

Keywords: Design, Hole-digger, Machine efficiency, Power, Specific fuel consumption



