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ABSTRACT 

 In order to improve the quality and efficiency of a ridger and explore the effect of 

working condition on its performance, a coupling model of the key components of a 

single-side paddy ridger and soil was proposed based on discrete element method. Then, 

with the working parameters of the ridger as experimental factors and its soil firmness 

and torque as the evaluation indicators, an orthogonal test was designed, and a parameter 

optimization was conducted through response surface analysis method. The optimal 

working conditions were set as follows: forward speed of the machine at 0.3 m s-1, 

rotational speed of rotary tillage at 500 rpm, and the working depth of the rotary tillage 

at 200 mm. The corresponding soil firmness was 2,592.58 kPa, and the working torque of 

the rotary cutting soil and compacting ridger device was 255.1 and 360.1 N m, 

respectively. Finally, a torque calibration test on the compacting ridger device was 

conducted and a mathematical model of the torque measurement was established. By 

comparing the simulation optimization and experimental results, the relative error of the 

output torque of the compacting ridger device was 4.77%, and that of the ridge soil 

firmness was 6.77%. 

Keywords: Rice mechanization, Side ridger, Soil firmness, Torque calibration. 

INTRODUCTION 

Paddy field construction is an important 

part of the mechanization of rice production.  

Soil performance parameters have a 

significant impact on operational power 

consumption (AshrafiZadeh, 2006). Godwin 

et al. (2007) predicted the draught of the 

plow body by a mathematical model, which 

showed the relationship between the depth 

and number of plough bodies as well as the 

power of the tractor, meanwhile the 

reliability of the model was determined 

through experiments. Bery et al. (2019) 

studied the characteristics and behavior of 

clayey sand soil through a series of 

experiments such as shear tests, which 

provided a basis for subsequent research on 

soil. Asaf et al. (2006) preformed a 

simulation of biaxial tests and the 

calculation of the internal angle of friction 

and cohesion through a two-dimensional 

discrete-element model. It was found that 

discrete element was a very effective 

method for complex soil interaction. 

Karmakar et al. (2009) simplified the soil 

into a Bingham material and simulated the 

soil mechanical behavior through 

Computational Fluid Dynamics (CFD) 

approach. In the past decades, Discrete 

Element Method (DEM) has been widely 

adopted for the construction of a high-

fidelity model to describe the soil–tillage 

interaction (Bravo et al., 2014; Shmulevich, 

2010). By coupling with a Linear Cohesive 

force Model (LCM) into a delayed elastic 

Contact Model (HSCM), Ucgul et al. (2014, 
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and 2015) established a soil particle contact 

model and solved the problem of soil stress 

plastic deformation. Sukhbir Singh et al. 

(2017) studied the effect of different types of 

furrow opener at different depth and speed 

of operation on soil penetration resistance, 

ridge height, specific draft, and soil 

disturbance and germination percentage to 

select the best furrow opener for 

establishment of sugarcane crop. Zheng et 

al. (2017) designed a combined counter-

rotating tillage tool, and optimized the 

execution parameters through discrete 

element method and finite element analysis, 

through which the best working condition 

was obtained. Mao et al. (2012) analyzed the 

main influencing parameters of the power 

consumption of a rotary tiller, and 

established a mathematical model of its 

dynamics to provide an effective theoretical 

plan for future research on rotary tillers. 

Wang et al. (2017 and 2019) designed the 

1DSZ-350 suspended paddy field single-

sided construction machine, systematically 

analyzed the dynamic changes in the power 

of the machine and its power consumption 

through discrete element method, providing 

an effective theoretical support for 

optimized design of bridging machines in 

the future. Wang et al. (2017, 2019) 

designed a two-way car repair machine for 

rice fields, which could realize 180-degree 

reversal and made the functions of the 

existing bridge construction machines more 

diversified, providing a direction for the 

future design of new types of bridge 

construction machines. 

Many scholars have studied the 

performance of the ridge machine by 

experiment. In view of the complexity of 

soil model, few studies using theoretical 

methods have been reported. In this study, 

we aimed to use the discrete element method 

to establish a coupling interaction model 

between the key components of a single-side 

ridger and the soil and obtain the variation 

of soil-tool interaction force and operating 

torque. Also, we planned to determine the 

optimal operating parameters by using an 

orthogonal test and the response surface 

analysis method, to achieve the maximum 

soil firmness and the minimum operating 

torque and verify the correctness of the 

numerical simulation through a field test. 

MATERIALS AND METHODS 

The core operating parts of the 1ZG-350 

single-side paddy field ridger consisted of a 

compacting ridger device (No. 8 in Figure 1) 

and a rotary tiller device (No. 9). By 

adjusting the height of the handle (No. 7) 

and horizontal hydraulic cylinder (No. 12), 

the agronomic requirements on the ridger 

could be met. The traction power was 

transferred to rotary tiller device (No. 9) 

through power transmission shaft (No. 2) 

and chain transmission part (No.5) and to 

compacting ridger device through 

commutation gear box (No. 4) and universal 

joint (No. 10). Rotary tiller device 

performed the operation of rotary soil tillage 

and the soil collecting. Compaction ridger 

device performed operation of compacting 

ridger. 

Geometric Analysis of Field Ridge 

According to agronomic requirements, the 

height of ridger H≥ 250 mm, and the 

corresponding ridger firmness should be 

greater than 1,500 kPa. As in Figure 2, the 

complete cross-sectional area S1 of the ridger 

was given as: 

2/)(1 HwqS      (1) 

Where, q, w and H are the width of ridger 

base, width of ridger roof and the height of 

the ridger respectively. 

The cross-sectional area of rotary cutting 

soil S2 is expressed as: 

2/cos2

2   BRRS    (2) 

Where, R is rotary radius of the rotary 

cutter, B is the width of soil, and 

 arcsin 2B R 
 is the contact angle 

between the cutter and soil. 

Considering the role of soil compaction, 

the relationship between the rotary cutting 
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Figure 1. Schematic diagram of 1ZG-350 single-side ridger: 1. Traction frame; 2. Power 

transmission shaft; 3. Directional wheel; 4. Commutation gear box; 5. Chain transmission part 6; Hood; 

7. Height adjustment handle; 8. Compaction ridge device; 9. Rotary tillage device; 10. Universal joint; 

11. Rack; 12. Hydraulic cylinder; 13. Vane mounting rack; 14. Elastic vane; 15. Compaction roller; 16. 

Cutter disc; 17. Rotary cutter (dimension in mm). 

 

Figure 2. Schematic diagram of rotary cutting soil and compacting ridger. 

 
soil and cross-sectional area of the ridger 

can be expressed as: 

)]cot(2[ 21  hqhSkS
  (3) 

Where, k is the coefficient of soil firmness, 

h is the rotary tillage depth, and α is the 

slope angle of ridger-type. 

In this study, geometric parameters of the 

ridger designed were H= 300 mm, w= 350 

mm, q= 720 mm and α= 60°. The 

corresponding rotary tillage depth h, rotary 

radius of rotary cutter R and soil firmness 

coefficient k were set as 200 mm, 400 mm, 

and 0.95, respectively. Then, the theoretical 

width of soil B was equal to 467 mm. 

To accurately describe the interaction of 

soil and machine, an integrated Linear 

Cohesion Model (LCM) and a delayed 

elastic Contact Model (HSCM) was 

established (Ucgul et al., 2014 and 2015). 

For the interaction among soil particles, 

normal and tangential interaction could be 

simplified as a spring and damping system. 

The total normal force could be expressed 

as:  

                ̇      (4) 

Where, n nk c，
are normal stiffness and 

damping, respectively, δ is the normal 

approach. c cF A  
, 


 is the cohesion, Ac 

is the action area of soil and   is the 

cohesion coefficient. 

Tangential forces among soil particles can 

be given as: 

               ̇        (5) 
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Figure 3. Test experiment of soil parameters: 

(a) Screening method to measure the 

distribution of soil particle size: (b) Ring knife 

method to measure soil bulk density; (c) ZJ 

strain control direct shear, (d) Direct shear test. 

 

 

Figure 4. Measurement results of the distribution of soil particle size: (a) Curve of cumulative percent 

content on sieve, (b) Distribution curve of soil particle size.  

 

Where, t tk c，  are tangential stiffness and 

damping respectively and μn is the 

coefficient of soil internal friction. 

Similarly, the corresponding total normal 

and tangential force between soil and the 

machine can be expressed as: 

             
     

  ̇       

(6) 

                   (7) 

Where, n nk c ，  are normal stiffness and 

damping respectively, F   is the additional 

normal force generated by the adhesion, w  

is the friction coefficient between soil and 

the machine, 

 is the adhesion coefficient, 

and A  is the adhesion area. 

Besides, soil performance parameters 

whose corresponding test site is shown in 

Figure 3 should be measured. As shown in 

Figure 4, the results of soil sieving showed 

that the soil particle size of 0.25 ~ 8 mm 

accounted for 88.9% of the total number of 

soil samples. The measured friction angle of 

soil was 15°, and the cohesion among soil 

particles was 22.23 kPa, as shown in Figure 

5. Relevant parameters of the soil and 

machine are presented in Table 1.  

Simulation Analysis of Single-Side 

Ridger 

The simulated soil-box was 2,000 mm in 

length, 1,300 mm in width, and 400 mm in 

height, and the production rate of soil particles 

was 1.0×10
5
 per second, the total simulation 

time was 13 seconds and time step was set as 

3.5×10
-5
 seconds. In this section, the 

corresponding operating conditions were set as 

follows: the forward speed of the machine was 

0.3 m s
-1
, the rotational speed of rotary tillage 

was 540 rpm and the depth of rotary tillage 

was 200 mm. The simulation process is shown 

in Figure 6. 

Figure 7 shows that the ridger interacted 

with the soil after 7 seconds. The 

corresponding interaction force and working 

torque increased gradually and tended to be 
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Table 1.Material properties and contact parameters. 

Parameters Value 

Poisson's ratio of soil 0.33 

Density of soil (kg m
-3

) 2680 

Particle size distribution (mm) 0.25-8 

Elastic module of soil (MPa) 35 

Shear modulus of soil (MPa) 25 

Coefficient of restitution of soil-soil (ξ) 0.6 

Coefficient of static friction of soil-soil (μs) 0.6 

Coefficient of rolling friction of soil-soil 

(μr) 

(μw) (μw) 

0.4 

Poisson's ratio of 65 Mn 0.35 

Poisson's ratio of 45 Steel 0.31 

Density of 65 Mn (kg m
-3

) 7850 

Density of 45 Steel (kg m
-3

) 7800 

Elastic module of 65 Mn (MPa) 1.97×0
5
 

Elastic module of 45 Steel (MPa) 2.1×10
5
 

Shear modulus of 65 Mn (MPa) 7.8×10
5
 

Shear modulus of 45 Steel (MPa) 7.0×10
5
 

Coefficient of restitution of soil-45 Steel 0.6 

Coefficient of restitution of soil-65Mn 0.6 

Coefficient of static friction of soil-45 Steel 0.5 

Coefficient of static friction of soil-65 Mn 0.5 

Coefficient of rolling friction of soil-45 

Steel 

(μw) (μw) 

0.05 

 

Coefficient of rolling friction of soil-65 Mn 

(μw) (μw) 
0.05 

Adhesion coefficient of soil-65 Mn 0.45 

Adhesion coefficient of soil-45 Steel 0.45 

 

 

Figure 5. Results of soil direct shear test: (a) Curve of shear stress and shear displacement, (b) 

Relationship between shear strength and vertical load. 

stable after 8.5 seconds. It was also shown that 

after 8 seconds, both soil-machine interaction 

force and the torque applied to the compacting 

ridger device were greater than those applied 

to the rotary tillage device in Figure 7. The 

rotary cutters mainly overcame the internal 

friction and cohesion of soil particles. Due to 

the 

action of compaction and larger contact area 

among soil particles, the compacting roller and 

the elastic vane, the soil-machine interaction 

force and the working torque were kept at 

 respectively. 

The variation trend of soil-machine interaction 

force and the working torque of rotary tillage 

device were similar to that of compacting 

ridger device. The corresponding value of soil-

machine interaction force and the working 

torque was kept at 657.57 N and 258.91 N m, 

respectively.  

RESULTS AND DISCUSSION 

EDEM Virtual Simulation Experiment 

and Parameter Optimization Analysis 

Design of Virtual Simulation Experiment 

In order to reveal the influence of 

operating condition on the performance of 

the ridger, an orthogonal experiment was 

carried out based on the discrete element 

model proposed. In the current study, the 

forward speed (A), rotational speed of rotary 

tillage (B), and the depth of rotary tillage (C) 

were selected as experimental factors. The 

firmness of the ridger and the working 

torque of its key components were adopted 

as the evaluation indicators. The scheme of 

virtual simulation experiment was designed 

through a three-factor and four-level 

orthogonal experiment (Chen et al., 2019). 
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Figure 6. Simulation process of the single-side ridger: (a) Soil particle sedimentation; (b) Soil particle 

model; (c) Rotary cutting of soil, (d) Compression and construction of the ridger. 

 

Figure 7. Variation of soil-machine interaction force and working torque. 

 The L16 (45) orthogonal table was adopted, 

and the corresponding parameters as well as 

levels of working parameters are shown in 

Table 2.  

Parameter Optimization Analysis Based on 

Virtual Simulation Experiment 

The firmness parameter cannot be 

extracted directly from EDEM software, but 

it can be obtained through the soil 

compaction calibration method. The 

quantitative amount of soil with an initial 

water content of 23.28% was added to a 

container and mixed evenly. The soil 

firmness under different loads was measured 

by loading various weights, as shown in 

Figure 8. The corresponding measurement 

data and fitting curve are shown in Figure 8 

(c). The expression of fitting curve between 

the soil firmness S and the loading force F is 

given as follows： 

2.63293.1  FS     (8) 

As shown in Table 3, the optimal 

combination of parameters of the soil 

firmness and operating torque was 

inconsistent. To obtain the best combination 

of operating parameters, multi-objective 

variable optimization method was applied to 

the results of the orthogonal experiment. 

Expression of the mathematical model can 

be given as follows:  
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Table 2. Experimental factor levels of operating condition. 

Level 
Forward speed 

(A) (m s
-1

) 

Rotary speed 

(B) (rpm) 

Depth of rotary tillage 

(C) (mm) 

1 0.2 400 140 

2 0.3 500 160 

3 0.4 600 180 

4 0.5 700 200 

 
 Figure 8. Soil compaction calibration test: 1. Weight; 2. Partition; 3. Bearing plate; 4. Soil; 5. 

Measuring cylinder; (a) Calibration principle; (b) Field test, (c) Data fitting curve. 
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Where, Variables x1, x2 and x3 are the 

forward speed, the rotational speed of rotary 

tillage, and the depth of rotary tillage, 

respectively.  

The optimization model described in 

Equation (9) can be solved through the 

Response Surface Method (RSM) (Diletta et 

al., 2020). Then, the optimal combination of 

parameters could be obtained as A2B2C4. 

The corresponding forward speed, the 

rotational speed of rotary tillage, and the 

depth of rotary tillage were 0.3 m s
-1

, 500 

rpm, and 200 mm, respectively. Meanwhile, 

firmness of the ridger was 2635.84 kPa, and 

the working torque of rotate tillage device 

and compaction device was 267.89 and 

365.54 N m, respectively. To verify the 

reliability of the optimization results, the 

parameter optimization results were 

calculated and verified through discrete 

element method. Firmness of the ridger and 

working torque of the key components of the 

machine were obtained as 2592.58 kPa, 

255.02 N m, and 360.11 N m, respectively. 

The relative errors of ridge firmness and 

working torque were 1.64 and 2.89%, 

respectively. 

Experimental Investigation and 

Verification 

Torque Calibration Test of the Compaction 

Device 

Firmness of the paddy field ridger was 

measured by the SL-TSC multi-parameter 

firmness tester, whose torque was measured  

 

through a strain test. Due to the complex 

structure of the compacting ridger device, a 
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Table 3.Orthogonal experimental scheme and results. 

 

 

 

NO. 

Test factor  Test index 

 
A 

 
B 

 
  

Firmness 

(kPa) 

Torque (N m) 

C 
Rotary 

cutter 

Cracking 

wheel 

Total 

torque 

1 1 1 1 1915.2 241.4 339.4 580.8 

2 1 2 2 2230.9 253.5 343.6 597.1 

3 1 3 3 2388.7 255.1 361.8 616.8 

4 1 4 4 2687.6 251.9 355.2 607.1 

5 2 1 2 2317.9 245.5 368.4 613.9 

6 2 2 1 2364.9 248.9 355.1 604.1 

7 2 3 4 2747.4 256.3 379.9 636.2 

8 2 4 3 2451.6 269.2 389.8 659.1 

9 3 1 3 2691.3 255.7 391.5 647.2 

10 3 2 4 2506.6 266.1 367.7 633.8 

11 3 3 1 2194.9 260.2 377.6 637.8 

12 3 4 2 1964.8 238.3 362.6 600.9 

13 4 1 4 2372.2 234.9 368.7 603.6 

14 4 2 3 2561.1 229.1 381.7 610.8 

15 4 3 2 2368.9 240.1 387.2 627.2 

16 4 4 1 2296.6 271.9 399.4 671.4 

 K1 9219.3 9295.7 8769.7    

 K2 9879.1 9661.6 8852.5    

SS K3 9328.8 9697.9 10090.7    

 K4 9598.7 9370.7 10312.9    

 R 659.7 402.2 1543.3    

 
Primary and 

secondary order 

C> A> B  
   

 Optimal level A2、B3、C4     

 Optimal combination A2B3C4     

 K1 2401.8 2445.5 2494.0    

 K2 2513.2 2445.7 2439.0    

TT K3 2519.5 2517.9 2533.8    

 K4 2513.0 2538.4 2480.7    

 R 117.8 92.9 94.8    

 
Primary and 

secondary order 
A> C> B     

 Optimal level A1、B1、C2     

 Optimal combination A1B1C2     

 

calibration test was carried out before 

measuring the field torque. Five measuring 

points were evenly distributed in the 

circumferential direction of a certain radius 

of the rotary disc in the compacting ridger 

device. For each measuring point, a 1/4 

bridge test circuit was built by the multi-

channel digital strain meterTMR-211, as 

shown in Figure 9.  

As shown in Figure 9, the torque at six 

levels could be obtained through step-by-

step loading method. The weight of each 

increase was 10.2 kg, and the corresponding 

increment of torque was 33.99 N m. Figure 

10 shows the change of strain with time at 

the five measuring points while the loading 

torque was 197.92 N m.  

As shown in Figure 10, the strain value of 

each measuring point gradually increased 

during the loading process of 4.5-5 seconds, 

which tended to be stable after 5 seconds. 

Under various loading levels, the mean 

value of the steady-state strain of each 

measuring point was plotted according to the 
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Figure 9. Torque calibration experiment of the compacting device: (a) Block diagram of torque calibration 

test system; (b) Strain gauge paste physical map, (c) Test site. 

 
position phase of the above measuring 

points (Figure 10-b). It is indicated that the 

variation of strain with the phase of 

measuring positions was a kind of sinusoidal 

wave. As the load increased, the amplitude 

of the curve also increased. 

To calibrate the relationship between the 

torque and the strain of the compacting 

ridger device, the amplitude of strain 

sinusoidal curve at each measuring point 

was extracted. Then, the relationship 

between the strain amplitude and the loading 

torque was obtained through data fitting, as 

shown in Figure 11. The correlation 

coefficient of curve fitting R was 0.985, and 

the corresponding relationship can be 

expressed as Equation (10):  

42998099 .x.T      (10) 

Where, T is the torque of compacting 

device and x represents the strain amplitude 

at measuring points. 

Field Test of Single-Side Paddy Field 

Ridger 

To verify the reliability of the results of 

virtual simulation and optimization, an 

experimental study was carried out under the 

optimal combination of working parameters 

(Figure 12). Since measuring point 1-5 went 

through a similar process during operation, 

measuring points 1, 3, and 5 were selected 

for the torque test on the compacting ridger 

device. The initial soil firmness measured 

was between 250 and 450 kPa, soil density 

was 2,860 kg m
-3

, and water content was 20-

25%. The above parameters met the 

operational requirements of agronomy. 

The operation parameters were set as 

follows: the forward speed was 0.3 m s
-1

, the  
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Figure 10. Torque calibration test results: (a) Variation of strain with time at the five measuring points 

under the torque of 197.92 N m, (b) The strain curve with the position of the measuring points with 

different torques. 

 

Figure 11. Fitting curve of load torque versus strain amplitude. 
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Figure 12. Field test of single-side ridger: 1. Cage; 2. Electric conduction link; 3. The device under test; 

4. Computer display; (a) Mark drawing of the test equipment; (b) Repression of device torque building test; 

(c) Machine test process; (d) Rotary tillage width measurement, (e) Firmness measurement. 

 

 

Figure 13. Variation of strain with time at the measuring points 1, 3, and 5. 

 

rotational speed of rotary tillage was 500 

rpm, and the depth of rotary tillage was 200 

mm. The whole process is shown in Figure 

12 (c). Figures 14-d and -e show the 

measurement of soil width for rotary tillage 

and that of soil firmness of the ridger, 

respectively. Figure 13 shows the variation  

of strain with time at the measuring points 1, 

3, and 5. Such a phenomenon was consistent 

with the result of calibration test. Based on a 

field test and a torque calibration test, 

relevant geometric and mechanical 

parameters of the ridger are given in Table 

4. It can be seen that all technical indexes of 

the ridger met agronomic requirements. For 

example, relative error of the output torque 

of the compacting device was 4.77% and 

that of the firmness of the ridger was 6.77%. 

According to the results, the same 

conclusion was obtained in the experimental 
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Table 4. Field test results of single-sided ridger. 

Detection indicator Test value 
Simulation 

value 

Relative error 

(%) 

Technical 

indicators 

Torque of the compacting device 

torque (N m) 
342 360 5 / 

Firmness (kPa) 2417 2592 7 ≥ 1500 

Ridge height H (mm) 290 300 3 200-350 

Ridge width w (mm) 360 350 3 300-400 

Soil width B (mm) 480 467 3 / 

 
test, theoretical analysis, and numerical 

simulation, which verified accuracy of the 

theoretical analysis and reliability of the 

numerical simulation.  

CONCLUSIONS 

In this paper, an integrated model was 

established among the key components of 

a single-side ridger and the soil based on 

EDM. To describe the mechanical 

behavior of soil, a comprehensive soil 

model was proposed by combining the 

plastic behavior of the soil with the 

cohesive force among the particles. Based 

on an experimental test, the reliability of 

the proposed model was verified. 

Also, through an orthogonal test 

analysis, the optimal working parameters 

of the single-side ridger was obtained. The 

results showed that the relative error of 

soil firmness as well as working torque 

between the optimization analysis and 

EDEM virtual simulation were 1.64 and 

2.89% respectively, which verified the 

accuracy of the optimization results. 

Finally, a torque calibration test on the 

compacting device was designed, and a 

mathematical model of the torque 

measurement was established. Through a 

field test, the correctness of the virtual 

simulation test was determined. By 

comparing theoretical analyses with 

experimental results, the relative error of 

output torque of the compacting device 

was 4.77% and that of the firmness of the 

ridger was 6.77%, which met the 

agronomic requirements of the paddy 

field.  
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طرفه شالیسار بر مبنای روش عنصر گسسته و تایید بررسی عملکرد عملیاتی پشته ساز یک

 آزمون

 . کو، و ه. کاییم. لیو، س. هو، ه

 چکیده

( ي بررسی اثر ضرایط کار ريی عملکرد آن، ridgerساز )بٍ مىظًر بُبًد کیفیت ي کارآیی یک پطتٍ

طرفٍ ضالیسار ي خاک ي ساز یکیدی یک پطتٍکل یاجسا یىگ پیطىُاد ضد کٍ ضاملمدل کًپل یک

َای آزمایص بٍ عىًان عاملساز برمبىای ريش عىصر گسستٍ بًد. سپس، با پارامترَای عملیاتی پطتٍ

 (orthogonal testيسفتی خاک ي گطتاير آن بٍ عىًان ضاخص َای ارزیابی، یک آزمًن متعامد)

 response surface)طراحی گردید ي بُیىٍ سازی پارامتراز طریق ريش تحلیل سطح پاسخ 

analysis) ً3/0ماضیه برابر  اجرا ضد. ضرایط کاری بُیىٍ بٍ صًرت زیر تىظیم ضد: سرعت ري بٍ جل 

چرخص در دقیقٍ، ي عمق کاری خاکًرز 500ی برابر ديراو یخاکًرز یسرعت چرخطمتر در ثاویٍ، 

کیلً پاسکال ي گطتاير کاری  58/2592متر. سفتی خاک متىاظر برابر بًد با میلی 200ديراوی برابر 

 1/360ویًته متر ي 1/255بٍ ترتیب برابر پطتٍ ی ي دستگاٌ فطردٌ ساز خاکًرز ديراوی در برش خاک

اجرا  فطردٌ ساز پطتٍ سازودٌ دستگاٌمتر بًد. بالاخرٌ، یک آزمًن کالیبراسیًن گطتاير ريی ویًته

سازی بُیىٍ ي وتایج آزمایص، خطای گردید ي مدلی از اودازٌ گیری گطتاير تُیٍ ضد. با مقایسٍ وتایج ضبیٍ

% ي مقدار وظیر آن برای سفتی خاک پطتٍ 77/4رابر بفطردٌ سازودٌ پطتٍ دستگاٌ وسبی گطتاير خريجی 

 % بٍ دست آمد.77/6برابر 
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