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Abstract—This paper presents a novel algorithm for 

placement of circular cutting bits on a 141.36 inch circular 

trencher blade for hard rock cutting to be able to lay fiber optic 

cable of varying width. The blade is divided into 6 x segments of 

60 degree each. The spiral algorithm calculates the exact angle of 

hit, no. of bits and the angle of exposure to precisely cut the 

required width of hard rock patch for fiber optic cable lying. 

With the no. of bits and angle known the best cutting blade speed 

and speed of wheeled machine can be calculated to obtain 

précised outcome. Given the type of material to cut the algorithm 

can also estimate based on the above mentioned parameters the 

running cost of trenching blades/ km in terms of bits replacement 

to forecast the exact cost of trenching. 

The algorithm simulation on hard rock shows as the no. of 

bits are reduced on the circular trencher blade the bits 

replacement rate / km increases, the effect is even worse if 

simultaneously the bit ground penetrating angle is made wider. 

The effects are inversely proportional if the no. of bits is 

increased and the bit ground penetrating angle is made 

narrower. But there is a limit the n. of bits can be increased and 

the angle can be made narrower, beyond that limit the effect is 

not optimized. 

An already existing micro trencher by Ditch witch has been 

studied as a case study to compare the on ground performance 

and simulation performance. The test was conducted at CPEC 

route in Gilgit Pakistan. 

Keywords—Component, Trenching, cutting bits, circulat 

blade, rpm, speed, Micro trencher, Mean Time to Failure ( 

MTF). 

I. INTRODUCTION 

A trencher or micro trencher is a type of equipment in 
construction industry to dig trenches for laying of cables, pipes 
etc. The trencher can also be used in the trench warfare 
preparation. Based on the requirement the trenchers vary in 
sizes and based on the area of operation the trencher varies in 
the type of mobility i.e wheeled or tracked. A trencher can be a  
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self-propelled unit or use a prime mover to carry out the task 
[1]. A circular or saw of wheeled carries some cutting bits 
placed along the circumference of the when at different angles. 
The other type is a saw type trencher which is used for soft 
soil, being used in soft soil it has less operating cost [2][3]. For 
wheeled trencher the cutting wheel works by clearing the soil 
as is done in case of bucket-wheel. Consequently, it will be less 
sensitive to the presence of blocks in the soil [8][9]. Wheeled 
trenchers are also used to cut pavement for road maintenance 
and to gain access to utilities under roads. Wheeled trencher for 
micro trench widths which range from about 30 to 130 mm (1.2 
to 5.1 in) with a depth of 500 mm (20 in) or less are termed as 
micro trencher. With a micro trencher, the structure of the road 
is maintained and there is no associated damage to the road[4]. 
Owing to the reduced trench size, the volume of waste material 
excavated is also reduced. Micro trenchers are used to 
minimize traffic or pedestrian disturbance during network 
laying[5]. A micro trencher can work on sidewalks or in 
narrow streets of cities, and can cut harder ground than a chain 
trencher, including cutting through solid stone. They are also 
used to cut pavement for road maintenance and to gain access 
to utilities under roads. 

Due to its design the wheel may reach variable cutting 
depths with the same tool, and can keep a constant soil working 
angle with a relatively small wheel diameter[6][7] (which 
reduces the weight and therefore the pressure to the ground, 
and the height of the unit for transport). 

The cutting bits (6 to 9 depending on the diameter) are 
placed around the wheel, and bear the teeth which are more or 
less dense depending on the ground they will encounter. These 
tools can be easily changed manually, and adjusted to allow 
different cutting widths on the same wheel. The teeth are 
placed in a semi-spherical configuration to increase the 
removal of the materials from the trench. The teeth are made of 
high strength steel (HSLA steel, tool steel or high speed steel) 
or cemented carbide. Under heavy use the teeth’s are required 
to be replaced periodically. This counts for the running cost of 
the trencher. 

II. DESIGN EVALUATION 

A. Design Parameters 
For designing a micro trenching machine, there are few 

parameters as enlisted below which play a vital role in the 
designing and optimized application of the bits placement 
algorithm on the circular wheel.  

Efficient Spiral algorithm for Cutting Bit 

mapping on the Micro Trencher Blade 

[Aqib Perwaiz, Almas Anjum, Anees Ahmad and Sheraz Mehfooz] 



 

7 

 

Proc. of the Sixth International Conference on Advances in Mechanical and Robotics Engineering - AMRE 2017. 
                      Copyright © Institute of Research Engineers and Doctors. All rights reserved.  
                                ISBN: 978-1-63248-140-5 doi: 10.15224/ 978-1-63248-140-5-35                           

 

 Type of hard rock to cut (material testing of the hard 
rock is required to dictate the no of bits in each 
segment) 

 Lay Depth of the cut 

 Width of the cut  

 Cutting speed 

 Forward moving speed  

 Working road conditions 

 Inclination of road 

B. Mathematical Model of Micro 
tencher Blade 
The general shape (360 degree view) and geometry are 

shown in fig 1. The micro trencher is attached with a wheeled 
machine moving with a speed of V m/s and the micro trencher 
is mounted on a pivot point at a height H from the ground. The 
micro trencher has six segments over the circular wheel (23.56 
inch). 

 

 

  

  

 

Figure 1 Force diagram and geometry of a circular micro trencher blade 

 

Within each 60 degree of the trencher blade there can be 6 
– 9 bits in different orientations. The different bit orientation 
settings give us a room to maneuver between the trench width, 
MTF and cutting depth. Exact width can be trenched to control 
the decrease the refilling of concrete after the cable laying. The 
refilling has been an important point as it incurs extra cost on 
the contracting agency. Precise cutting can save this extra cost. 

III.  CUTTING BLADE BITS PLACEMENT 

SPIRAL ALGORITHM 

The strength of the material undercut dictates the strength 
and placement of the bits. The circular diameter of the blade is 
also related with the bit placement algorithm. The material to 
be trenched (hard rock in our case) was tested and it revealed 
that the strength of hard rock is nearly 4 x Tons and an 
equivalent  force is required to initiate the process cutting 
process, the algorithm also widens the bits gap by adjusting the 
bit angles to meet the trench width requirement. As a thumb 
rule the half diameter of the trencher blade represents the 
approximate depth of cutting. The bits used in the cutting 
process are as shown in Fig 2. The bits are mounted on a base 
which sets the direction and angle of impact on the 2 d plane. 
The bits are spring loaded from sides for tight fitting into the 
base.  The bit is designed to give point impact at the surface. 
The bit placement is so done so that at the end the whole wheel 
is balanced i.e the positive and negative oscillations in each 
segment are balanced out for optimum performance and 
alignment of the trencher blade. 

 

 

Figure 2 Cutting Bit with Base 

The placement of 6 – 9 bits was done using the slightly 
modified equiangular spiral algorithm 

The equation of Equiangular (or logarithmic spiral in Polar 
Coordinates is given by 

br ae                                                                         (1) 

where r is the distance from the Origin, θ is the angle from 
the x-Axis, and a and b are arbitrary constants. It can be 
expressed parametrically using 
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which gives 

 

cosx r  cos ba e                                                (3) 

siny r  = sin ba e                                                  (4) 

 

The logarithmic spiral can be constructed from equally 
spaced rays by starting at a point along one ray, and drawing 
the perpendicular to a neighboring ray. As the number of rays 

Pivot 

height H 

from 

ground 
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approached infinity, the sequence of segments approaches the 
smooth logarithmic spiral. 

The rate of change of radius is given as under:- 

bdr
abe br

d




                                                          (5) 

and the Angle between the tangent and radial line at the 
point is (r , θ) is defined as   

1 1 11
tan tan cot

r
b

dr b

d





  

 
   

     
  

 

                 (6) 

 

2b o




                                                                     (7) 

As b o   the spiral approaches a circle. The random 

evaluation bit pattern of trencher blade is shown in fig 3. 
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Figure 3 Random bit pattern of bits on trencher blade 

There are 2 x spirals origination from the same start lagging 
the spiral 1 by a certain degree to map the bits on the circular 
cutting blade segment. With in the 360 degrees of circular 
cutting blade there were 6 segments of 60 degree each i.e the 
random bit pattern is to be replicated six times. With in each 
segment there is a gap on 0.125 inch.  With in each segment of 
60 degree there have been 6 – 9 bits simulated as shown in fig 
4. 
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Figure  4. (a) 6 bit pattern on 4 inch width (b) 8 bit pattern on 3 inch width 
(c) 9 bit pattern on 3 inch width 

The blade dia is 141.36 inches and the length of each 
segment is 23.56 inches and width is 3 – 4 inch. The degree of 
cutting bits map on the width of the trench, for multiple design 
the starting degrees vary from 12-13 degrees. The Spiral shown 
in Fig 1 is stretched across the surface of the trencher blade to 
map the bits.  Based on the requirement the width of the blade 
top segment is designed. Same blade can house multiple widths 
top segments as well. Multiple widths will indicate multiple 
trench width requirements  

IV. HARD ROCK TESTING 

Hard rock testing is an essential part of the design as the 

testing report will dictate the outcome of the design. Concrete 

having a strength of 40000 psi was simulated and the results 

reveals some facts and design considerations. The results are 

shown in Table 1. 

TABLE I.  PER KM RUNNING COST 

Design 

Per Km Running Cost 

BIT MTF 

BIT 

unit 

Cost $ 

Total 

BIT 

cost $ 

Running 

Cost/Km 

Fig4(a) 

After 75 meters 12-16 

bits were damaged 
12 

144-

192 

1920-

2559.36 

Design 

Per Km Running Cost 

BIT MTF 

BIT 

unit 

Cost $ 

Total 

BIT 

cost $ 

Running 

Cost/Km 

Fig4(b) 
After 200 meter 7-10 
bits were damaged 

84-120 
420-600 

Fig4(c) 
After 500 meter 5-7 

bits were damaged 
60-84 

120-168 

 

 

For the simulation the cutting was carried out at 20 inch depth 

@ 120 yards/ hr. Adding more no. of BITS in Fig4(c)  design 

yield to rock parts striking among the bits there by increasing 

the failure rate. 

V. RESULTS  

The results show that for hard rock or concrete having 40000 

psi strength the best and economical design is having 9 bits 

placed as per fig 4(c), this will give a robust design option for 

long term use before a failure occurs. 
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