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  ملخّص  

 (MATLAB-2014b) 
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14.5%90 kw77kw

284.2 Kpa198.9 Kpa30%
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  ABSTRACT    

In this research, the performance of a double-tilled excavator plough was 

evaluated compared to a single-tilled excavator plough in clayey soil: a modeling and 

simulation study. An integrated mathematical model was developed using MATLAB-

2014b and the stress distribution was simulated using the Mohr-Coulomb failure 

criterion. Then, analyzed the pull, shear and compression forces for both designs and 

studied the effect of speed (5-8 km/h) on energy consumption. 

The results showed that the pulling force decreased for the traditional toggle 

from (85.3 kN) to (72.9 kN) for the proposed double toggle, i.e. saving (14.5%), the 

energy consumption of the pulling machine decreased from (90 kw) to (77 kw), i.e. 

saving (14%), and the maximum stress decreased from (284.2 kpa) to (198.9 kpa), i.e. 

saving (30%). There was a noticeable improvement in regularity and balance resulting 

from the stress distribution. 

The research proves the superiority of the dual design in performance and 

efficiency, making it a better choice for clay soils from a technical, economic and 

environmental standpoint.
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 . 

 . 

 . 

 . 

 (Hardpan) 

 

(Shear Resistance)  . (Chen 

et al., 2021). 

: 

 (Mohr-Coulomb) 

(Das,B.M.&Sobhan,K. 2013  

(1)       )ϕ(tan⋅nσ+c=τ 

: 

:τ  (kPa) 

:c  (c=25-30kPa)  .(Kumar & Singh, 2022) 

 nσ:. (kPa) 

 :ϕ ) (ϕ=10−15∘) ( 

: 

 (Godwin-Spoor) :Godwin,R.J.& 

Spoor,G. 1977)

 

 𝐹𝑑 =(ϒ⋅𝑑2⋅𝑁𝑦+c⋅d⋅𝑁𝑐+q⋅d⋅𝑁𝑞)⋅(𝑤1 + 𝑤2)(1 − 𝛼)+𝐹𝑓= 

(ϒ⋅𝑑2⋅𝑁𝑦+c⋅d⋅𝑁𝑐+q⋅d⋅𝑁𝑞)⋅w (1-𝛼)               (2)

:

•  : 𝐹𝑑  (kN) 

•  :γ  (kN/m³) 

• :d  (m) 

• : 𝑤1, 𝑤2 

w. 
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• 𝐹𝑓( 

• : 𝑁𝑦,𝑁𝑐, 𝑁𝑞 . (Terzaghi, 1943) 

• 𝛼: 0.05-0.25

2

2 

: 

 (FEM)  (Von Mises) 

:Single plow284.2 kpa0.1-

0.2 m0.6-0.7 m

Double plow198.9 kpa
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 Hunt,D.2001

(3)     v⋅dP=F

: 

•  :P  (kW)  

•  :v  (m/s) 

3Single plowDouble 
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1

✓ kN78.8978.30 KN

 .(Abbas et al., 2022) 

✓ kPa26.9025.95 KPa

 (Chen et al., 2021) 

 

•  

•  

✓ 262.96 KPakPa256.48

(Kumar & Singh, 

2022)

2

78.3078.890.74

25.9526.903.54

256.48262.962.46

0.74

 kW kW

Kw>KW> 

2261 KW263 

KW

•  

• 

(Chen et al., 2021) 
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