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Abstract: Achain trenching machine is a construction equipment used to dig trenches, especially for 

laying pipes or electrical cables, installing drainage, or in preparation for trench warfare. The analysis of the process 

working of chain trenching machine and its performance have been developed. The performance of chain trenching 

machine depends on various factors, one of these factors is process ejection cutting soil to a belt conveyer, which conveys 

the soil far enough to the side so it will not fall back into the trench. 

When a chain trenching machine is digging a trench, its blades produce cuttings throughout their working sweep, 

and the working chain with cutting blades is mostly used as a inclined conveyer to remove the accumulated cutting soil 

and then eject the cutting soil on a conveyer. Process ejection spoil from cutting blade to the conveyer affects operational 

efficiency of chain trenching machine. If the cutting soil isn’t ejected completely, part of the soil will remain on the 

working chain and return to the working surface, creating additional load and reducing the performance of the machine. 

This paper deals with conditions to eject the spoil by the cutting blade to the conveyer. We study the relationship 

between drive sproket rotational speed ω, forces and other factors to formulate the conditions to clear the spoil so as to 

avoid returning cutting soil to working surface. Analysis is used to determine the effect the various factors have upon 

performance rate and suggestions are made for chain trenching machine design that might further improve the process 

ejection. 
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Chain trenching machine, cutting assembly and process ejection spoil 

The chain trenching machine (fig.1) consists of a steel frame, usually mounted on crawlers 2, 

which is supported on the front end the power unit and at the rear end a steel famework holding the 

cutting assembly. This cutting assembly consists of a series of cutting blades carried on an endless 

chain. The cutting blades are drawn up the end of the trench either vertically or at an cutting angle Φ, 

cutting a thin slice of earth from bottom to top. At the end of their up ward movement the cutting 

blades empty their spoil on the endless belt 4, which conveys the spoil far enough to the side so it 

will not fall back into the trench. 

 

 

 
Fig. 1 Chain trenching machine and its cutting assembly:  

1 – crawler; 2 – hydraulic cylinder; 3 – cutting assembly;  

4 – belt conveyer; d – cutting depth of trench; W – cutting 

wide of trench; Φ - cutting angle; ut - tangential  

tooth speed; U - traverse speed 

 

The cutting assembly usually consists of a maneuverable steel frame that carries the endless 

working chain. The endless working chain which carries cutting blades to cut the soil from working 

surface. The cutting blades on endless chain are laid out in a repeating pattern so that is symmetrical 

about the center line of the chain face. The free end of cutting assembly is known as the nose. The 

nose is usually the trailing end of the cutting assembly. The sprocket at the nose, which normally is 

not driven, is the nose sprocket.  
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When chain trenching machine is trenching, it is normally operated with the drive sprocket 

clear of the work and is rotating so as to pull the active side of the working chain towards itself in 

tension. The chain with cutting blades tends to cut and convey cuttings to the free surface, and process 

ejection of the spoil begins when the cutting blade begins rotating with the drive sproket (at point O 

fig. 2). When the spoil rotates with the drive sproket, on its acting forces such as centrifugal force, 

Coriolis force, gravity force, Friction force, reaction force (fig. 2) and sum of these five vector forces 

creates acceleration to slide the spoil along the leading face of the cutting blade until the point O1. 

From point O1 the spoil begins projectile motion and drops on the belt conveyer (fig. 2). 

 

Simulation model of ejection process 

 
 

Fig. 2 Simulation model of ejection process: ω - drive sprocket angular spee; R0- drive sprocket radius;  

R1 - outer radius of cutting edge trajectory; S –horizontal projectile distance relative to the closest  

point A of cutting edge trajectory;  α - rake angle, Φ – cutting angle,  L – length of leading face 

 

In order to establish a simulation model of ejection process, we offer 2 coordinate systems, 

which are described in the Figure 2 as follow: 

- The X0O0Y0 coordinate system is attached to the body of the machine, O0X0 and O0Y0 

directions are defined from origin O0 in the centre of drive sprocket, with the X0Y0 plane in the plane 

of  the bar and the O0X0 direction parallel to the traverse direction of the machine. 

- The XOY coordinate system, with OX and OY directions are defined from origin O. Origin 

O is located at the join point of the cutting blade and OX axis is laid on the front cutting blade face. 

Therefore, the XOY coordinate system is rotated with drive sprocket angular speed ω in relation 

to the X0O0Y0 coordinate system.  
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The forces acting on the soil particles 

- Centrifugal force F
e

�

 

2 2. . . . ( .cos ). .sin .
0 0

F m R m R X i R j
e

ω ω α α = = + −
 

� � � �
     (1) 

Where: ji
��

 ,  are the unit vectors of OX and OY axes, m is mass of a soil particle 

- Coriolis force 

2. .F m u
cr r

ω= ×
� � �

      
 

Where: u
r

�
is sliding velocity vector of the soil particle, relatively to coordinate system X0O0Y0. 
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Therefore: 

2. . 2 . . . 2 . . .F m u m X k i m X j
cr r

ω ω ω= × = × =−
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- Gravitational force 

.sin( ). .cos( ).G mg i mg jϕ α ϕ α= − + − +
� � �

      (3) 

- Friction force 

( ). .fF f N C i= − +
� �

         
(4) 

Where: C is soil cohesion 

- Reaction force of cutting blade: 

.N N j=
� �

           (5) 

 

The equation sliding motion of soil particle along leading surface: 
 

Substitute the (1), (2), (3), (4), (5) to form vector equation of sliding motion of soil particle: 

( )2
0 0. . . . ( .cos ). .sin . 2. . . . .sin( ). .cos( ). . . .m X i m R X i R j m X j mg i mg j f N C i N jω α α ω ϕ α ϕ α = + − − − + − + − + + 

� � � � � �� �
ɺɺ ɺ  

In terms of axes OX, OY we have the algebraic equation: 
2. . .sin . 2. . . . .cos( ). . 0

0
m R j m X j mg j N jω α ω ϕ α− − − + + =

� �� �
ɺ     (6) 

2. . .sin 2. . . .cos( )
0

N m R m X mgω α ω ϕ α= +ɺ       (7) 

Substitute equation(7) into the equation (6), we have: 

( )22. . .( .cos ) .sin( ) . . . .sin 2. . . .cos( )
0 0

m X m R X mg f m R m X mg Cω α ϕ α ω α ω ϕ α 
= + − + − + + + +  
ɺɺ ɺ  

( )22.( .cos ) .sin( ) . . .sin 2. . .cos( ) /
0 0

X R X g f R X g C mω α ϕ α ω α ω ϕ α 
= + − + − + + + +  
ɺɺ ɺ

 
(9) 

Where: φ - angular displacement is defined as: 

0. 90 .
0

t tϕ ϕ ω φ ω= + = − +
      

 

Equation (9) is the second order differential equation and we can solve it by numerical method 

with following informations: 

1. Starting moment of sliding motion: ( 0) 0; ( 0) 0;X t X t= = = =ɺ  

2. Ending moment of sliding motion: 1( )X t L X= =  

Where L is the long of the rake face of cutting blade (fig. 2). 

3. Ending of sliding velocity at point O1 - 1Xɺ , m/s 
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Velocities of soil particle in relation to coordinate system X0O0Y0 

Designating: u
�

 is absolute vector velocity u
�

of soil particle in relation to X0O0Y0; u
r

�
 is sliding 

vector velocity of the soil particle in relation to X0O0Y0; u
t

�
is tangential vector velocity of the soil 

particle in relation to X0O0Y0. 

Absolute vector velocity u
�

of soil particle in relation to X0O0Y0is defined as: 

u u u
r t

= +
� � �

          
(10) 

- Sliding vector velocity u
r

�
of the soil particle in relation to X0O0Y0  defined as: 

.cos( ). .sin( ).
0 0

u X i X j
r

ϕ α ϕ α= + + +
� ��

ɺ ɺ        (11) 

Where: 00  , ji
��

 are the unit vectors of OX0 and OY0 axes. 

- Tangential vector velocity of the soil particle in relation to X0O0Y0  is defined as: 

u R
t

ω= ×
���

.          (12) 

Radius vector R
�

in relation to X0O0Y0  is defined as: 

cos . sin . .cos( ). sin( ).
0 0 0 0 0 0 0

cos .cos( ) . sin sin( ) .
0 0 0 0

R O O X R i R j X i X j
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 (13) 

Substitute equation (13) into the equation (12) we have: 

{ }. cos .cos( ) . sin sin( ) .
0 0 0 0 0

    . sin sin( ) . . cos .cos( ) .
0 0 0 0

u R k R X i R X j
t
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Substitute equations(14) and (11) into the equation (10) we have absolute vector velocity u
�

of 

soil particle relatively to X0O0Y0 is defined as: 

{ } { }

.cos( ). .sin( ). . sin sin( ) . . cos .cos( ) . ;
0 0 0 0 0 0

.cos( ) . sin .sin( ) . .sin( ) . cos .cos( ) .
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u X R X i X R X j
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ɺ ɺ

 (15) 

 

Projectile motion of soil particle in relation to X0O0Y0   

In the figure 2, at point O1 the process sliding is finished and projectile motion is begining. 

The coordinates of soil particle at point O1 in relation to X0O0Y0  is defined as: 

cos . os( ); sin sin( )1 0 1 0X R L c Y R Lϕ ϕ α ϕ ϕ α= + + = + +      (16) 

Designating u1 is the initial projectile velocity of soil particle at point O1– u1 can be resolved to 

initial horizontal component ux and initial vertical component uy and they’re is defined as: 

. c o s ( ) . s in . s in ( )
0x 1

u X R Xϕ α ω ϕ α ϕ = + − + + 
ɺ ,    (17) 

.sin( ) . cos .cos( )
01

u X R X
y

ϕ α ω ϕ α ϕ = + + + + 
ɺ

.      (18) 

Displacement coordinates of soil particle in projectile motion are defined as: 

.
1 1

X X u t
x

= +           (19) 

2
.

1 1 2

gt
Y Y u t

y
= + −          (20) 

Where t1 is time of projectile motion. 

Designating te is total time of projectile motion, the coordinates of soil particle in the end of 

projectile motion are defined as: 

.
1

X X u t
x e

= +           (21) 
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2

.
1 1 2

gt
eY Y u t h

e y
= + − = −                                               (22) 

Total time of projectile motion te is defined as: 

2 2. .( )
1

u u g Y h
y y

t
e g

+ + +

=         (23) 

Horizontal projectile distance relative to the closest point of cutting edge trajectory A is 

defined as: 
2

1

1 1

2. .( )
.

y y

x

u u g Y h
S X u R

g

+ + +
= + −        (24) 

 

The illustrations of the solve numerical method results 

 
Fig. 3 Splotted against ω  

(For the given parameters: R0 = 0.2 m; L = 0.05 m; α = 450; φ = 400, h = 0,25 m) 

 

 
Fig. 4 S plotted against α  

(For the given parameters: R0= 0.2; L= 0.05 m; ω = 25 rad/s; φ = 400, h = 0,25 m) 
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Fig. 5 S plotted against Φ  

(For the given parameters: R0 = 0.2 m; L = 0.05 m; α = 450; ω = 25 rad/s, h = 0,25 m) 

 
Fig. 6 S plotted against the leng of leading face L  

(For the given parameters: R0 = 0.2; α = 450; ω = 250; φ =400; h = 0,25 m) 

 

DISCUSSIONS AND CONCLUSIONS 

- Figure 3 show the displacement of soil particle increase with the rotational speed ω. For the 

given parameters: R0 = 0.2 m; L = 0.05 m; α = 450; φ = 400, h = 0,25 m. If ω < 20 1/s, process ejection 

is not completed, part of the spoil remain on the working chain and return to the working surface. 

- Meanwhile, the figure 4 illustrates the displacement of soil particle decreases when the rake 

angle α increases, because of incline of leading face and create difficulties for ejection. For the given 

parameters: R0 = 0.2; L = 0.05 m; ω = 25 1/s; φ = 400 h = 0,25m, if α rake angle > 460, process ejection 

is not completed, part of the spoil remain on the working chain and return to the working surface. 

- The displacement of soil particle decreases when the cutting angle Φ increases, because of 

coinciding inclining the cutting angle and inclining of the leading face and create difficulties for 

ejection. For the given parameters: R0 = 0.2 m; L = 0.05 m; α = 450; ω = 25 1/s, h = 0,25 m.If cutting 

angle Φ > 410, process ejection is not completed, part of the spoil remain on the working chain and 

return to the working surface. 

- Figure 7 illustrates that, the length of leading face L increases, displacement of soil particle 

decreases, because sliding process along leading face is longer.  With some parameters: R0 = 0.2 m; 

α = 450; ω = 250; φ = 400; h = 0,25 m, if L > 52 mm, the part of the spoil remain on the cutting blade. 

Results of this analysis give us suggestions in design and choosing working parameters of 

endless chain trenching machine that might further improve the process ejection of cutting soil. 
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