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Abstract: Ditching-rotary tiller was widely used in tillage and ditching furrow during rapeseed sowing. As its 

ditching furrow system (consist of four identical ditching plows) would bear great drag resistance from the soil 

during operation, the ditching plow was optimized based on differential geometry analysis and EDEM 

simulation. Resistance-velocity simulation indicated the plow with parabolic type guide curve had better 

reduce-drag characteristics. Differential geometry analysis indicated decay rate of E and growth rate of G could 

represent the variable regularity of drag resistance with the increase of velocity. The L value could represent 

the magnitude of drag resistance. The smaller L value, decay rate of E and growth rate of G, the better drag-

reduce characteristics. Quadratic rotation orthogonal combination design shown the optimal structural 

parameter values were: Δθ=15°, θmin=45°, h=250mm, l=100mm. The minimum average drag resistance was 

230.1N. The differential geometry analysis of optimal ditching plow shown |dE/dκ| and |dG/dκ| could obtain 

minimum value, indicating growth rate of drag resistance for optimal plow was the lowest within the 

experimental level. Field experiment indicated the operation effect of optimized ditching furrow system could 

met the requirements of rapeseed sowing. The research provided in-depth theoretical guidance for Drag-

reduce design of plow. 

Keywords: ditching plow; furrow; differential geometry; Edem simulation; drag resistance 

 

1. Introduction 

Rapeseed is one of the most important oil crops related to the national economy and people’s 

livelihood [1]. The Yangtze River basin where adopt rice-rape rotation plating pattern is the main 

production area of winter rapeseed [2]. In this area, rapeseed is sown in autumn after rice harvested. 

In order to provide better growing conditions for rapeseed, rice straws should be buried in the soil, 

and furrows (width:250~350mm, depth:150~200mm) are required on both sides of the seedbed to 

prevent rapeseed from waterlogging [3–6]. Therefore, the effect of ditching furrow is the key factor 

affecting the yield of rapeseed. Traditional manual ditching method costs a lot of labor and time. 

With the development of mechanized tillage technology, plows were widely integrated with rotary 

tiller to complete tillage and ditching operation in rice-rape rotation field. Qin et.al [7,8] designed a 

plowing and rotary tillage combined machine, having good stability in rice stubble field. Bao et.al [9] 

proposed a plow-rotary style ditching method, providing technical support for high yield cultivation 

of rapeseed ridge planting. Liu et.al [10] designed a combined ship type plow of rapeseed direct 

seeder, realizing the operation stability of plow in high moisture content condition. Wei et.al [11] 

designed a plowing and rotary tillage buckle device for rapeseed direct seeder, which could 

efficiently complete burying straw and ditching furrows operation. 

Although plow is suitable for ditching furrow in rice-rape rotation field, but due to the more 

rainy weather in Yangtze River basin, the soil in this area have the characteristics of heavy viscosity 

and hardening [12,13]. Plow will bear great drag resistance from the soil [14,15]. The early studies 
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have mainly carried out soil trough test to explore drag-reduce characteristics of plow [16–21]. 

However, manufacturing different type plows will consume a lot of time and cost, and this approach 

is difficult to simulate actual physical state of soil for rice-rape rotation field. To solve this problem, 

DEM method have widely used in establishing soil simulation model to analyze the drag-reduce 

characteristics of plow. Sun et.al [23] established EDEM simulation model of the bear-claw bionic 

ditcher based on the properties of red soil, obtaining the optimization structure parameters by 

response surface experiment. Zhang et.al [23,24] proposed soil prediction model, analyzing the effect 

of blade angle, width of guide curve, angle of straight-line on drag resistance of plow based on EDEM 

simulation. Ding et.al [25] established soil model based on bonding contact theory, analyzing 

crushing effect of tillage tools on soil of rice-rape rotation field. Zhu et.al [26] proposed the power 

consumption model of soil for rice-rape rotation field, analyzing the interaction mechanism between 

tillage tools and soil. So far, studies have focused on the influence of macro structural parameters on 

drag resistance for plow, but few studies had proposed reasonable drag-reduce design method. 

The plow surface is a complex space structure, which shape and drag resistance characteristics 

are determined by its geometry properties. To clarify the relationship between geometry properties 

of plow and drag resistance is the key to investigate reasonable drag-reduce design method. 

Differential geometry studies the geometric properties of space curves and surfaces by calculus 

method, have widely used in the field of mechanical engineering [27]. The geometric properties of 

space surfaces, such as arc length, curvature, area and so on, can be determined by fundamental 

quantity E, F, G, L, M and N [28]. In this work, the drag resistance of ditching furrow system for 

ditching-rotary tiller was investigated. The machine was widely used in tillage and ditching furrows 

in rice-rape rotation field. The structure of ditching furrow system was shown in Figure 1a. It was 

consisted of four identical ditching plows. The furrow was preliminary formed by front ditching 

plow, and the residual soil in the furrow was cleaned by rear ditching plow. A number of structural 

parameters, such as θ (angle between straight-line and yoz plane), w (width of ditching plow), h 

(height of ditching plow), l (width of guide curve OA) and T (type of guide curve OA), affect shape 

and drag resistance characteristics of the ditching plow, as shown in Figure 1b. The parameter θ was 

increased along with h as parabolic variable regularity [29]. The guide curve OA could be designed 

as linear type, parabolic type or exponential type. In order to seek drag-reduce design method and 

optimal structure parameters for ditching plow, the relationship between fundamental quantity and 

drag resistance were investigated, and its optimal structure parameters were obtained by differential 

geometry analysis and EDEM simulation. The operation effect of optimized ditching furrow system 

was tested by field experiment. 

  

(a) Structure of ditching furrow system (b) Structure of ditching plow 

Figure 1. Structure of ditching furrow system for ditching-rotary tiller. 

2. Materials and Methods 

2.1. Differential Geometry Analysis 

2.1.1. Parametric Equation 

The parametric equation of ditching plows with different type guide curves both could be 

expressed as: 
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Where, κ is the variable parameter, 0≤κ≤θmax-θmin; τ is the variable constant, 0≤τ≤1; θ is the angle 

between straight line and yoz plane,°; θmin is the minimum angle between straight-line and yoz 

plane,°. 

Coordinates of point B and B’ were as follows: 
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Where, L(κ) is the function of width for guide curve; H(κ) and H(L) is the function of height for 

guide curve; w is the width of plow, mm. Among them, the function H(L), H(κ) and L(κ) of ditching 

plow with different guide curves were shown in Table.1. 

Table 1. Expressions of functions in parametric equations. 

Function 
Type of guide curve 

Linear type Parabolic type Exponential type 
)(LH  La1  2

2La  13 −La
e  

)(κH  2κb  2κb  2κb  
)(κL  2

1κc  κ2c  )1In( 2
3 +κbc  

)1In(
;;

)(
;

)(
;)1In(;;: 3

minmax
22

minmax
12

minmax
3221

+
=

−
=

−
=

−
=

+
===

h

l
c

l
c

l
c

h
b

l

h
a

l

h
a

l

h
aNote

θθθθθθ . 

Combing Equation (1) and Equation (2), which resulted in: 
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2.1.2. Fundamental Quantity 

Differential equation I and II were the fundamental form, which could determine the geometric 

properties of ditching plow [30]. 
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Where, E, F and G are the first type fundamental quantity; L, M and N are the second type 

fundamental quantity. The fundamental quantity E, F, G, L, M, N could be calculated by Equation (3) 

and Equation (5). 
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2.2. EDEM Simulation Method 

2.2.1. Soil Simulation Model 

According to the measurement of actual soil section (repeat for 5 times), the average depth of 

tillage layer was 0 ~ 152mm and average depth of bottom layer was 152 ~ 400mm, as shown in Figure 

2a. The soil model was established based on EDEM2018 software (Engineering discrete element 

method, DEM Solutions Ltd.), as shown in Figure 2b. The tillage layer and bottom layer were 

consisted of spherical particles, which contacted by bonding model. The mechanical and geometric 

parameters of soil simulation model were shown in Table 2. 

  

(a) Actual soil section (b) Soil model 

Figure 2. Actual soil conditions and Simulation model. 

Table 2. Mechanical and geometric parameters. 

Parameter Unit 
Value 

Tillage layer soil Bottom layer soil Steel 
Poisson’s rate — 0.38 0.3 0.35 

Shear Modulus Pa 6×107 1×108 7.9×1010 
Density kg/m3 1280 1500 7860 

Particle radius mm 8 8 — 
Restitution coefficient of soil-soil — 0.6 0.6 — 
Static friction coefficient of soil-

soil — 0.5 0.5 — 

Rolling friction coefficient of 

soil-soil — 0.6 0.24 — 

Restitution coefficient of soil-

steel — 0.6 0.6 — 

Static friction coefficient of soil-

steel — 0.6 0.6 — 

Rolling friction coefficient of 

soil-steel — 0.35 0.13 — 

Normal stiffness per unit area N/m3 5×107 5×107 — 
Shear stiffness per unit area N/m3 5×107 5×107 — 

Critical normal stress Pa 3×105 5×105 — 
Critical shear stress Pa 3×105 5×105 — 
Bonded disk radius mm 9.5 9.15 — 

2.2.2. Resistance-Velocity Simulation 

To explore the optimal type of guide curve for ditching plow, the drag resistance characteristics 

of three type plows (linear type, parabolic type, exponential type) were investigated by resistance-

velocity simulation test. The structure of three type plows were shown in Figure 3, and their structure 

parameters both were as follows: Δθ=θmax-θmin=10°, θmin=40°, w=170mm, h=300mm, l=150mm. Tillage 
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depth of ditching plows were 200mm and forward velocity was set as 0.4m/s ~ 1.2m/s. Material 

parameters of ditching plows were defined as steel, as shown in Table 2. The total simulation time 

was 5s. Among them, soil particles were formed in 0~2.5s and ditching plow moved forward in 

2.5~5s. The grid element size was 3 times of particle radius. The variation regularity of average drag 

resistance for ditching plow could be obtain by EDEM analyst module. 

 

Figure 3. Structure of ditching plow with different type curves 

2.2.3. Parameter Optimizing Simulation 

To obtain the optimal structure parameters of ditching plow, the quadratic regression 

orthogonal rotation combination design was conducted, as shown in Table 3. The optimal type of 

guide curve could be determined by resistance-velocity simulation. As the single side ditching furrow 

system could only formed half of the furrow between adjacent seedbeds. According to the size of 

furrow, w was designed as 170mm. The forward velocity of ditching plow was set as 0.8m/s. 

Independent variables Δθ, θmin, h and l were denoted as A, B, C and D. The code levels of four 

independent variables were represented by -1.68, -1, 0, 1 and 1.68. Average drag resistance (Fd) was 

taken as the response value, and the target expectation was to reach the minimum value. 

Table 3. Experimental factors and levels. 

Independent 

Variables Unit 
Code Levels 

-1.68 -1 0 1 1.68 
A (Δθ) ° 5 7 10 13 15 
B (θmin) ° 35 37 40 43 45 

C (h) mm 250 270 300 330 350 
D (l) mm 100 120 150 180 200 

2.3. Field Experiment Method 

The field experiment was carried out in Dafu village, Xiaogan City, Hubei Province, China. The 

experimental field adopted rice-rape rotation planting pattern all the year round, which average 

compactness was 778.56MPa and average moisture content was 27.1%. The test instruments were 

resistance detection device and ditching-rotary tiller. The traction power of the device was LX954 

type tractor (YTO Group Co., Ltd.). 

To verify the accuracy of simulation model, the resistance characteristics of soil was investigated 

by resistance detection device, as shown in Figure 4. To ensure stress stability of the device, two 

symmetrical parabolic type ditching plows were detected. The structure parameters of parabolic type 

ditching plows were as follows: Δθ=10°, θmin=40°, w=170mm, h=300mm, l=150mm. The tillage depth 

of plows could be adjusted by depth wheel, which were set as 200mm. According to repeatedly 

adjusted the speed of tractor, the forward velocity of tractor were set as five levels (0.4m/s, 0.6m/s, 

0.8m/s, 1.0m/s, 1.2m/s). The drag resistance of plows were detected by Bk-5 tension-pressure sensor 

system (Beijing AVIC scientific instrument measurement and Control Technology Co., Ltd.). The test 

at each level was repeated 3 times, and the average value was taken as result. 
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Figure 4. Resistance detection device 

The ditching-rotary tiller was regarded as test instrument to observe the effect of optimized 

ditching furrow system. The structure parameters of four ditching plows were the same as the result 

of optimizing simulation. The forward velocity of tractor were set as 0.8m/s. According to repeatedly 

adjusted the hitch position of tractor, the ditching depth of plows were set as 200mm. 

3. Results and Discussion 

3.1. Verification Results of Simulation Model 

The average drag resistance of two symmetrical parabolic type ditching plows were simulated 

by EDEM and detected by resistance detection device respectively. The results of simulation and 

actual detected were shown in Table 4. The errors of drag resistance at each level both were within 

5%. It meat the soil simulation model established by EDEM could represent the actual physical 

properties of soil in rice-rape rotation field. 

Table 4. Average drag resistance of simulation and actual detected. 

Forward velocity / m/s 
Average drag resistance / N 

Error / % 
Simulation Actual detected 

0.4 421 437.4 3.9 

0.6 470.8 486.7 3.4 

0.8 541.6 567.2 4.7 

1.0 634.4 659.8 4.0 

1.2 794.6 828.3 4.2 

3.2. Optimal Type of Guide Curve 

The result of resistance-velocity simulation test was shown in Figure 5. Drag resistance of three 

ditching plows were both increased with the increase of velocity. Among them, the average drag 

resistance (Fd) was: exponential type (265.4N ~ 667.6N)> linear type (237.4N ~ 551.3N) > parabolic 

type (210.5N ~ 397.3N). The Fd value of parabolic type was 12.1% ~ 38.8% and 24.3% ~ 40.5% lesser 

than that of exponential type and linear type. When the simulation velocity was ranged from 0.4m/s 

to 1.2m/s, the growth rate of Fd value was: exponential type > linear type > parabolic type. In general, 

it could be concluded that the ditching plow with parabolic type guide curve had better drag-reduce 

characteristics than other types ditching plows. 
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Figure 5. Effect of velocity on drag resistance for ditching plow with different guide curve 

3.3. Relationship between Fundamental Quantity and Drag Resistance Characteristics 

3.3.1. Calculation Results of Fundamental Quantity 

The calculation results of fundamental quantity were shown in Table 5. For three type plows, 

the fundamental quantity F and N were the same, but other fundamental quantities were different. It 

indicated the differential geometric properties of ditching plow were determined by E, G, L, M. 

Table 5. Fundamental quantity of plow surface with different guide curves. 
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3.3.2. Results of Differential Geometry Analysis 

The fundamental quantity E, G, L and M of different type plows were shown in Figures 6–9. 

Variable constant τ could represent fundamental quantity value of plow surface in different 

positions. For each type plows, fundamental quantity E, G, L and M had the same variation trend 

when τ=0~1. Figure 6 shown that E value of each plows were monotone decreased with the increase 

of κ. When variable parameter κ= 0°~10°, the decay rate of E was: exponential type > linear type > 

parabolic type. Decay rate of E and growth rate of Fd value had the same order regularity. It could be 

concluded that decay rate of E could represent the variable regularity of average drag resistance (Fd) 

along with velocity growth. The lower decay rate of E, the better drag-reduce characteristics. 
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(a) τ=0.25 (b) τ=0.5 (c) τ=0.75 (d) τ=1 

Figure 6. Fundamental quantity E of ditching plow surface. 

   
(a) τ=0.25 (b) τ=0.5 (c) τ=0.75 (d) τ=1 

Figure 7. Fundamental quantity G of ditching plow surface. 

 

(a) τ=0.25 (b) τ=0.5 (c) τ=0.75 (d) τ=1 

Figure 8. Fundamental quantity L of ditching plow surface. 

(a) τ=0.25 (b) τ=0.5 (c) τ=0.75 (d) τ=1 

Figure 9. Fundamental quantity M of ditching plow surface. 

Figure 7 shown that G value of each type plows were monotone increased with the increase of 

κ. When variable parameter κ= 0°~5°, the growth rate of G was: exponential type > linear type > 

parabolic type. Growth rate of G and growth rate of Fd had the same order regularity. It could be 

concluded that growth rate of G could represent the variable regularity of average drag resistance 

(Fd) along with velocity growth. The lower growth rate of G, the better drag-reduce characteristics. 
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Figure 8 indicated the value of L was: exponential type > linear type > parabolic type, which was 

consistent with the order of average drag resistance (Fd) for different type ditching plows. It could be 

concluded that L could represent the magnitude of drag resistance. The smaller L value, the better 

drag-reduce characteristics. It was notable that function M of three types plows nearly coincide, 

which meant M had no significant correlation with drag resistance. 

3.4. Structure Optimization of Ditching Plow 

3.4.1. Design and Result of Parameter Optimizing Simulation 

Quadratic rotation orthogonal combination design was used to find the minimum drag 

resistance parameters. Experimental data including the design matrix and responses were shown in 

Table 6. The independent variables used in the design were Δθ = θmax-θmin, θmin, h and l. Average drag 

resistance (Fd) was the response. A quadratic regression fit analysis of drag resistance was performed 

in Design Expert 10.0.4 software to obtain the multiple quadratic regression equation: 

2222 88.321.101.319.364.346.926.2
26.507.326.257.898.515.1128.274

DCBACDBDBC

ADABDCBAFd

+++++++

++++++=
       (6) 

Table 6. Quadratic rotation orthogonal combination design with coded values and results. 

Std A(Δθ) B(θmin) C(h) D(l) Fd (Average drag 

resistance / N) 
1 1 1 1 -1 260.7 
2 1 1 -1 -1 248.7 
3 1 -1 1 1 284.3 
4 -1 1 -1 1 280.7 
5 1 -1 -1 1 266.8 
6 -1 -1 1 -1 320.2 
7 -1 1 1 1 307.9 
8 -1 -1 -1 -1 316.6 
9 -1.68 0 0 0 301.8 

10 1.68 0 0 0 264.3 
11 0 -1.68 0 0 292.6 
12 0 1.68 0 0 272.5 
13 0 0 -1.68 0 260.6 
14 0 0 1.68 0 294.3 
15 0 0 0 -1.68 281.2 
16 0 0 0 1.68 288.8 
17 0 0 0 0 274.4 
18 0 0 0 0 274.4 
19 0 0 0 0 274.4 
20 0 0 0 0 274.4 
21 0 0 0 0 274.4 

Table 7 provides the analysis of variance (ANOVA). Four independent variables (Δθ, θmin, h and 

l) have significant effect on average drag resistance (Fd). The R-squared (R2) was 0.9969, indicating the 

high correlation between predicted data and experimental data. The obtained Adj R-squared 0.9912 

shown a 99% correlation between selected independent variables on the variation of average drag 

resistance (Fd). The coefficient of variation (CV) was 0.62%, indicating an acceptable degree of 

precision between actual and predicted experimental values. The significance analysis of various 

factors in Table 7 was performed by F-test, and detailed results were referred to the “Prob>F” value. 

It is noticeable that the lower bound value of F-test was lesser than 0.05, indicating high significance 

of the model. 
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Table 7. Result of analysis for variance. 

Source Sum of squares df Mean squares F value P-value 

Prob > F Remarks 

Model 6956.22 13 535.09 174.90 < 0.0001 Significant** 
A 703.13 1 703.13 229.82 < 0.0001 ** 
B 202.01 1 202.01 66.03 < 0.0001 ** 
C 1001.95 1 1001.95 327.49 < 0.0001 ** 
D 28.88 1 28.88 9.44 0.0180 * 

AB 31.27 1 31.27 10.22 0.0151 * 
AD 91.74 1 91.74 29.99 0.0009 ** 
BC 40.95 1 40.95 13.38 0.0081 ** 
BD 296.78 1 296.78 97.00 < 0.0001 ** 
CD 105.85 1 105.85 34.60 0.0006 ** 
A2 151.74 1 151.74 49.59 0.0002 ** 
B2 135.37 1 135.37 44.24 0.0003 ** 
C2 21.76 1 21.76 7.11 0.0322 * 
D2 224.50 1 224.50 73.38 < 0.0001 ** 

Residual 21.42 7 3.06    
Lack of fit 21.42 3 7.14    
Pure error 0.000 4 0.000    
Cor total 6977.63 20     

R-squared 0.9969  C.V. % 0.62%   
Pred R-squared 0.9507  Adj R-squared 0.9912   
Adeq Precisior 51.504      

3.4.2. Analysis Results of Optimal Structure Parameters 

Response surface plots were made according to the regression Equation (6), as shown in Figure 

10. Figure 10a shown Fd decreased with the increase of Δθ or θmin when other factors were at 0 level. 

The growth of Δθ and θmin had contributed in turning over soil to prevent it blocking plow, which 

could reduce the drag resistance of plow. Figure 10b shown Fd increased with the increase of h or l 

when other factors were at 0 level. The stress area of plow surface was enlarged due to the growth of 

h and l, which would enhance drag resistance. In summary, Δθ and θmin had negative effect on drag 

resistance, but h and l were positively correlated with drag resistance. 

Figure 10c indicated the negative effect of Δθ on Fd was greater than positive effect of l. Figure 

10e indicated the negative effect of θmin was greater than positive effect of l when l was at lower level. 

But when l was at higher level, negative effect of θmin was lesser than positive effect of l. It could be 

concluded the negative effect of Δθ on Fd was greater than negative effect of θmin. Similarly, Figure 

10d,e indicated the positive effect of h on Fd was greater than positive effect of l. 

   
(a) Effect of Δθ and θmin on Fd at 

h=300mm, l=150mm 

(b) Effect of h and l on Fd at θmin=40°, 

Δθ=10° 

(c) Effect of Δθ and l on Fd at θmin=40°, 

h=300mm 
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(d) Effect of θmin and h on Fd at Δθ=10°, l=150mm (e) Effect of θmin and l on Fd at θmin=40°, Δθ=10° 

Figure 10. Response surface plots 

The minimum value of Fd could be obtained by Equation (7): 
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The optimal structural parameter values were obtained by solving Equation (7), which resulted 

in: Δθ=15°, θmin=45°, h=250mm, l=100mm. The minimum average drag resistance was 230.1N. 

3.5. Differential Geometric Properties of Optimal Plow 

Response surface could obtain minimum Fd value, but couldn’t investigate its variable regularity 

with the increase of velocity. According to the analysis of differential geometric properties for 

ditching plow surface, smaller L value and lower variation rate of E or G was benefited to reduce 

drag resistance. |dE/dκ| and |dG/dκ| could represent variation rate of E and G. For parabolic type 

ditching plow, fundamental quantity L, |dE/dκ|, |dG/dκ| could be expressed as: 
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Equation (8) shown that l had positive effect on L value. Figure 11 shown the effect of Δθ, θmin 

and h on L value when other independent variables were at 0 level. When τ was ranged from 0 to 1, 

Δθ and θmin had negative effect on L value, but h had positive effect on L value. Equation (9) and 

Equation (10) indicated l had positive effect on |dE/dκ| and |dG/dκ|, Δθ had negative effect on 

|dE/dκ| and |dG/dκ|. Figure 12 shown θmin had negative effect on |dE/dκ| and |dG/dκ|. In 

summary, Fundamental quantity L was obtained minimum value when Δθ=15°, θmin=45°, h=250mm, 

l=100mm. It was consistent with the optimal structural parameter values obtained by quadratic 

rotation orthogonal combination design. The |dE/dκ| and |dG/dκ| of optimal plow also could obtain 

minimum value, indicating its growth rate of drag resistance was the lowest within the experimental 

level. 
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(a) Effect of Δθ on L value (b) Effect of θmin on L value (c) Effect of Δθ and l on L value 

Figure 11. Effect of Δθ, θmin and h on fundamental quantity L 

  

(a) Effect of Δθ on |dE/dκ| (b) Effect of θmin on |dG/dκ| 

Figure 12. Effect of Δθ, θmin and h on variation rate of E and G. 

3.6. Operation Effect of Optimized Ditching Furrow System 

The operation effect of optimized ditching furrow system was shown in Figure 13. The machine 

had well trafficability during operation, and the furrows between adjacent seedbeds could be clearly 

observed. The average width of furrow was 316.8mm, and coefficient of variation was 3.8%. The 

average depth of furrow was 192.4mm, and coefficient of variation was 2.6%. It indicated the 

operation effect of optimized ditching furrow system could met the requirements of rapeseed sowing. 

  
Figure 13. Operation effect of optimized ditching furrow system. 

4. Conclusions 

In this study, the ditching furrow system of ditching-rotary tiller was optimized based on 

differential geometry analysis and EDEM simulation. The conclusions were as follows: 

(a) Resistance-velocity Simulation indicated drag resistance of each plows (linear type, parabolic 

type, exponential type) were increased with the increase of velocity. The plow with parabolic type 

guide curve had better reduce-drag characteristics than other type plows. 

(b) Differential geometry analysis indicated the geometric properties of ditching plow were determine 

by fundamental quantity E, G, L. decay rate of E and growth rate of G could represent the variable 

regularity of drag resistance with the increase of velocity. The L value could represent the magnitude 
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of drag resistance. M had no significant correlation with drag resistance. The smaller L value, decay 

rate of E and growth rate of G, the better drag-reduce characteristics. 

(c) Quadratic rotation orthogonal combination design shown Δθ and θmin had negative effect on 

drag resistance, but h and l were positively correlated with drag resistance. The optimal structural 

parameter values were: Δθ=15°, θmin=45°, h=250mm, l=100mm. The minimum average drag resistance 

was 230.1N. The analysis of the differential properties for optimal plow indicated L, |dE/dκ| and 

|dG/dκ| could obtain minimum value. The growth rate of drag resistance for optimal plow was the 

lowest within the experimental level. 

(d) The field experiment shown the depth and width of furrow were 316.8mm and 192.4mm, 

and coefficient of variation were both with in 5%. The operation effect of optimized ditching furrow 

system could met the requirements of rapeseed sowing. 

Differential geometry analysis and EDEM simulation would be helpful in design the plow. The 

analysis method used in this paper provided in-depth theoretical guidance for reduce-drag design of 

plow. 
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