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Abstract  

 

Deburring after production is an important problem for machining, casting and plastic forming in the manufacturing sector. The 

main subject of this study is to design a deburring robot arm. In the study, deburring operation has been performed by integrating 

a deburring tool at the end of the robot arm. To control the trajectory of deburring tool and optimum deburring force are two 

critical situations in such a special robot arm design. Since the parts that need to be cleaned are often not of uniform geometry 

and so the distribution of the burr and trajectory of robot arm will not uniform. Therefore, the robot arm that can follow this 

trajectory must have enough degrees of freedom. On the other hand, the cutting force between the deburring tool and the work 

piece and the magnitude of the normal force is also important. This force must be small so that it will not affect the structural 

rigidity of the arm and not damage the part and at the same time it must be big enough for deburring. This robot arm designed 

for deburring can also be used for industrial purposes when parameters are changed. 
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1. INTRODUCTION 

 

Nowadays, even in high-tech machines, especially in 

machining, a burr-free manufacturing is often not possible. 

On the other hand, the burr is a risky formation both in terms 

of production quality and environmental damage. In addition 

to that, the burred parts not only cause problems in the 

assembly process, but also negatively affect the fatigue life. 

Numerous scientific studies have been carried out to 

optimize the process parameters in production to reduce 

burrs. However, it is still not possible to produce a 

completely deburred part. For this reason, the sensitive parts 

need to be subjected to an additional deburring process. This 

means an additional cost in production. A study in Germany 

reveals that the share of deburring costs in production costs 

is about 9% [1]. Since the method used for deburring directly 

affects the cost of production, many studies have focused on 

reducing this additional cost. Furthermore, deburring using 

conventional methods results in other problems, such as  lack 

of safety, not being able to achieve the desired cleaning of 

parts in complex geometries, as well as cost. The use of robot 

technology for this process significantly reduces these 

problems. However, the robot to be designed must have 

special features for that tasks. It is important that the 

trajectory tracked by the cleaning tool manipulated by the 

robot and the contact force between the tool and the part 

being cleaned can be controlled. For this purpose, studies on 

robotic arm design are remarkable in recent years. Ziliani et 

al. Have developed a 2-degree-of-freedom SCARA robot for 

deburring planar surface parts. The robot they developed is 

based on a force / speed based hybrid control algorithm. 

Although they successfully perform force and torque control 

in their work, there is no declaration of robot design [2]. 

Valente and Oliveira have proposed a new approach to tool 

path control in robotic deburring operations. In their study, 

they developed a correlation between the force value 

required to remove the burr and the tool path position and 

used the correlation they developed to control the system. In 

their systems, there is no robot that has been designed in a 

similar way since an ABB robot used as the manipulator [3]. 

In another study, they have developed an adaptive robotic 

system to correct position errors in castings and also to 

remove burrs. In this study, the dimensions of the workpiece 

surface were measured with the laser sensor in three 

dimensions and compared with the nominal dimensions and 

the excesses in the resulting faulty regions were eliminated 

[4]. Most of the relevant researchers have tried to develop 

different control algorithms for more precise deburring than 

existing systems [5-7]. In deburring, the control of the 

contact force between the tool and the workpiece is very 

important. This is because the excessive force will cause 

dimensional damage on the part, while the insufficient 
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contact force will not adequately remove the burr. For this 

reason, some researchers have focused on the control of 

contact force [8-13]. In the studies carried out on the subject, 

the hardware and control system mostly used is based on 

traditional technology. However, the point reached today in 

hardware, software, control algorithm and information 

technologies for the solution of the problem has brought 

many possibilities and ease. In contrast to other studies, the 

design of the robot arm is based on the creation of a prototype 

for the solution of the problem using new generation 

hardware, software and control technologies. In the study, 

firstly the formation of burrs and cleaning process are 

explained in general and then the design of the robotic arm 

for this purpose is started. Then, position control and force 

control were analyzed separately and the control system was 

designed. In the first part of the study, the studies in the 

literature are compared with the study conducted by the 

author. In the second part, the burr formation and the 

cleaning of the burrs are touched and in the third part, the 

workspace and kinematic equations of the designed robot 

arm are given. In the fourth chapter, the concepts of 

trajectory planning and force control are explained briefly 

and in the last chapter the results and the points that can be 

improved are discussed. 

 

2. BURR FORMATION AND DEBURRING 

  

In all production processes, burrs occur as an undesirable 

formation. Despite many efforts to eliminate the burr, a burr-

free production is almost impossible, and more or less 

burring occurs. Especially in the production of sensitive 

systems, burr is a very important problem and needs to be 

cleaned. On the other hand, burrs are formed in many 

different forms according to production type, material 

properties, cutting tool geometry and process parameters. 

The resulting burr forms for different machining processes 

are shown in Figure 1 and some tools used to clean them are 

shown in Figure 2. Deburring is usually done manually using 

various tools. However, mechanical deburring systems have 

been developed especially for products manufactured by 

mass production. However, each of these systems is for one  

certain type of burr and does not have the flexibility to be 

adapted to another type. 

 

 
Figure 1. Burr formation in drilling 

 

  
 

Manual deburring tools  

 

Automatic deburring tools  

 

Figure 2. Deburring tools 

 

Therefore, it is not possible to develop a mechanical 

deburring system that can address all types of burrs of this 

very different geometric nature and structure. To meet this 

need, the Robotic Deburring System stands out as the only 

flexible system that can adapt itself to variable situations. 

  

In recent years, studies in this direction have come into 

question and the issue is still up to date. This study aims to 

design an industrial robot arm in order to contribute to 

solution of this problem. This initial work is a prototype and 

is generally designed to deburr parts with prismatic 

geometry. However, by changing the parameter values used 

in the design, it can be used professionally for other 

production methods. 

 

3. DESIGN OF THE ROBOT ARM  

  

The designed robot arm has 3 degrees of freedom and 

features articulated manipulators. The robot arm consists of 

a motor rotating about the Y axis and 2 motors rotating about 

the Z axis and the chassis assembly connecting them 

together. The frame is designed to have a 40 mm axis offset 

between the first and second joints to avoid singularities. 

Thus, smooth and repeatable movement of the system is 

provided. Dynamixel AX-12A intelligent servo motors and 

Dynamixel Bioloid chassis components are used in the 

system. Figure 3 shows the movement axes of the robot arm. 

In the kinematic calculations of the arm, the deburring tool 

to be used was represented by cutting and sharpening the end 

points of the end member.  

 

 
 

Figure 3. Axial representation of robot arm 



Y. H. EL NASER                                                                            Academic Platform Journal of Engineering and Science 8-2, 304-309, 2020 

 

306 

 

3.1. Determination of the Limb Dimensions of the Robot 

Arm 

 

The limb sizes of the robot arm are determined by the desired 

working area and the geometry to be machined within this 

area. In this study, the working area of the robot is 400  x 400 

mm and the vertical distance from the base is ℓ = 100 mm. 

The robot arm lengths determined according to the working 

area are presented in Figure 4. 

 

 
Figure 4. Illustration of robot arm lengths 

(mm)  

 

When the robot arm is placed in the center of the working 

area, the sum of the second and third limb lengths (a, b) can 

be found as shown in equation 1.1; 

 

a +  b = ((
400

2
)

2

+ (
400

2
)

2

+  1002)
0,5

= 300 mm (1.1)   

at least.  

 

This value is the minimum value of the sum of the second 

and third limbs. If we show the second limb as a, the third 

limb as b, the inequality is obtained as in equation 1.2;  

  

a + b ≥ 300 mm                                                               (1.2) 

   

In this case, limb lengths can be arbitrarily selected so that 

their sum does not fall below 300, and access to the 

boundaries of the working area of the arm can be made 

possible, but it should not be ignored that a dead zone as 

much as the distance between the limb lengths will arise. 

Therefore, limb lengths should be chosen as close as possible 

to each other. 

 

 
(a) Maximum stroke of the robot arm 

                          

 
(b) Points out of reach 

 

Figure 5. Robot arm reaching points  

 

As a result of the above calculations, the 2nd limb length is 

selected as 160 mm and the 3rd limb length is 140 mm.  

 

3.2. Kinematic Equations 

 3.2.1. Obtaining Forward Kinematics Equations 

  

Denavit-Hartenberg methods were used in the analysis of 

forward direction kinematics of the robot arm. Accordingly, 

the D-H table obtained after the placement of the axis 

parameters is given in Table 1. 

 

Table 1. Denavit-Hartenberg parameters 

 

D-H  𝑎𝑖−1  α𝑖−1  𝑑𝑖  θ𝑖  

0→1  0  90  -ℓ  θ1  

1→2  0  -90  0  θ2  

2→3  a  0  d  θ3  

3→4  b  0  0  0  

 

The parameters a,b,c,d were selected as a=160, b=140, 

ℓ=100 and d=40 mm. Transformation matrices are given 

below. 

 𝑇1
0 =   [

c θ1 −s θ1 0 0
0 0 −1 0

s θ1 c θ1 0 0
0 0 0 1

]                                    (2.1a) 

𝑇2
1 =   [

c θ2 −s θ2 0 0
0 0 1 0

−s θ2 − c θ2 0 0
0 0 0 1

]                                    (2.1b) 

𝑻𝟑
𝟐 =   [

𝐜 𝛉𝟑 −𝐬 𝛉𝟑 𝟎 𝐚
𝐬 𝛉𝟑 𝐜 𝛉𝟑 𝟎 𝟎

𝟎 𝟎 𝟏 𝐝
𝟎 𝟎 𝟎 𝟏

]                                                   (2.1c) 

𝑻𝟒
𝟑 =   [

𝟎 𝟎 𝟎 𝐛
𝟎 𝟎 𝟎 𝟎
𝟎 𝟎 𝟏 𝟎
𝟎 𝟎 𝟎 𝟏

]                                                     (2.1d) 

 

Accordingly, when the homogeneous transformation 

matrices (HTM) are formed and multiplied respectively, sθ 

and cθ represents sinθ and cosθ, from base to end effector 

HTM is given in equation 2.1, robot tool coordinates are 

given in equation 2.2 and angle formulas are given in 

equations 2.3 and 2.4. 

 

3.2.2. Obtaining Inverse Kinematics Equations  

  

Obtaining inverse kinematic equations allows the burr 

cleaner to determine the angle values that the motors must 

rotate in order to perform work by hovering over the 

workpiece whose coordinates are known. These required 

angle values were found graphically and then transferred to 

LabVIEW environment to communicate with the motors. 

There are many studies on inverse kinematics subject in the 

literature [14, 15]. 
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3.2.2.1. Obtaining the angle of 𝟏𝒔𝒕 axis  

  

The parameters used to find the first axis angle values are 

shown in Figure 6. If the projection point 𝑃𝑥 and the 

projection z on the x-axis of the desired point to be reached 

are called, the values a = 160, b = 140, ℓ = 100, d = 40 mm 

symbolized above; 

 

 

 
 

Figure 6. Inverse kinematics parameters of 1st axis 

 

   

             

𝑇4
0 =   [

𝑟11 𝑟12 𝑟13 𝑎 ∗ c θ1 ∗ c θ2 − 𝑑 ∗ s θ1 − 𝑏 ∗ c θ1 ∗ s θ2 ∗ s θ3 + 𝑏 ∗ c θ1 ∗ c θ2 ∗ c θ3

𝑟21 𝑟22 𝑟23 𝑎 ∗ s θ2 + 𝑏 ∗ c θ2 ∗ s θ3 + 𝑏 ∗ c θ3 ∗ s θ2 + 𝑙
𝑟31 𝑟32 𝑟33 𝑎 ∗ c θ2 ∗ s θ1 + 𝑑 ∗ c θ1 − 𝑏 ∗ s θ1 ∗ s θ2 ∗ s θ3 + 𝑏 ∗ s θ1 ∗ c θ2 ∗ c θ3

0 0 0 1

]                                           (2.1) 

  

The robot arm end effector coordinates are;  

  

𝑃𝑥  = 160 ∗ c θ1 ∗ c θ2 − 40 ∗ s θ1 − 140 ∗ c θ1 ∗ s θ2 ∗ s θ3 + 140 ∗ c θ1 ∗ c θ2 ∗ c θ3 

𝑃𝑦 = 160 ∗ s θ2 + 140 ∗ c θ2 ∗ s θ3 + 140 ∗ c θ3 ∗ s θ2 + 100                                                                                                        (2.2) 

𝑃𝑧 = 160 ∗ c θ2 ∗ s θ1 + 40 ∗ c θ1 − 140 ∗ s θ1 ∗ s θ2 ∗ s θ3 + 140 ∗ s θ1 ∗ c θ2 ∗ c θ3  

 

α=𝑎𝑟𝑐𝑡𝑎𝑛2 (
√𝑃𝑥

2+𝑃𝑧
2−𝑑2

𝑑
),                            (2.3) 

β =𝑎𝑟𝑐𝑡𝑎𝑛2 (
𝑃𝑧

𝑃𝑥
),                                            (2.4) 

θ1 = 𝛼 + 𝛽 −
𝜋

2
  parametric value is obtained by simple 

geometric approach. 
 
3.2.2.2. Obtaining angles of 𝟐𝒏𝒅 and 𝟑𝒓𝒅 axis  

 
The parameters used to find the second and third axis angle 

values are presented in Figure 7. 

 

 

 
 

Figure 7. Inverse kinematics parameters of 2nd and 3rd axis 

 

If the perpendicular distance of the second and third axes to 

each other on the Y axis is symbolized by y, the 

corresponding angle values can be found in equations 3.1, 

3.2, 3.3 and 3.4; 

 

γ = 𝑎𝑟𝑐𝑡𝑎𝑛2 (
𝑦

√𝑃𝑥
2+𝑃𝑧

2−𝑑2

),                                  (3.1) 

δ = 𝑎𝑟𝑐𝑐𝑜𝑠 (
𝑃𝑥

2+𝑃𝑧
2−𝑑2+𝑦2+𝑎2−𝑏2

2∗𝑎∗√𝑃𝑥
2+𝑃𝑧

2−𝑑2+𝑦2

),                  (3.2) 

θ2 = γ + δ ,                                                          (3.3) 

 

ϕ = 𝑎𝑟𝑐𝑐𝑜𝑠 (
−𝑃𝑥

2−𝑃𝑧
2+𝑑2−𝑦2+𝑎2+𝑏2

2∗𝑎∗𝑏
),                 (3.4) 

 

θ3 =  𝜋 − ϕ respectively.  

 
The program interface used to transfer inverse kinematic 

equations to the LabVIEW environment is shown in Figure 

8. 
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Figure 8. LabVIEW interface for inverse kinematic 

equations 

 

4. DESIGN OF CONTROL SYSTEM  

 

In the robotic arm designed for deburring, the design of the 

control system is mainly based on position control and force 

control. The deburring tool must follow the respective edges 

of the part to be cleaned. This is only possible by determining 

the path to be cleaned, ie the trajectory and controlling the 

tool to follow the trajectory. Another critical situation is the 

cutting force that occurs at the point of contact with the 

deburring tool. As a result of this excessive force, the tool 

will damage the part together with the burr and will cause a 

part called negative chips, causing the part to break down. If 

the cutting force is lower than necessary, the burr will not be 

sufficiently cleaned. Therefore, an optimum force must be 

applied, and this is only possible by controlling the force. 

 

4.1. Position Control 

 

4.1.1. Determination of the Trajectory  

 

The robots are capable of repeating the trajectory that has 

been introduced to them once. What is essential here is the 

precise and accurate identification of the trajectory to be 

monitored and the control of its position. This position 

control and determination of the trajectory to be followed is 

an important issue in robotic applications. There are many 

parameters such as part geometry to be processed, physical 

limitations of robot chassis and complexity of the process to 

be applied. For example, when moving and sorting from one 

point to another within an empty work area, it is sufficient to 

know the coordinates of the two points from which the part 

is received and the part to be left. On the other hand, the 

modeling of the motion between these two points is often not 

important, but in industrial applications such as welding, 

deburring and dyeing, the geometry of the workpiece is 

continuously monitored as a route [16]. In this application, 

the trajectory is realized by determining the edges of the 

workpiece to be deburred by means of CAD file and 

coordinating these edges with the help of LabView program 

and passing these coordinates in a series of inverse kinematic 

equations respectively to find the necessary motor angles. In 

this trajectory, it is ensured that the contact between the burr 

cleaner and the workpiece is smooth and continuous and the 

non-contact between the burr cleaner and the burr cleaner 

can be prevented as a result of changing the force applied to 

the workpiece. 

 

4.2. Force Control  

 
4.2.1. Determination of the Optimal Force 

 

Deburring is carried out by applying a force to the deburring 

workpiece along the trajectory determined by position 

control with the deburring tool placed on the robot arm. The 

magnitude of the force varies according to the torque value 

produced by the motors used in the robot arm system, the 

density of the burr to be cleaned from the workpiece, the 

material of the workpiece and the deburring cleaner, the 

contact surface and geometry of the cleaner and the 

workpiece. [17] Therefore, it is necessary to maintain this 

force which will act normally and along the surface to clean 

the burr, and to maintain it at the optimum intervals 

determined. The force must be greater than the minimum 

force required for deburring on the workpiece, but also less 

than the maximum force that will not exceed the depth of 

burr desired to be cleaned and will not damage the workpiece 

and the cleaning tool [3]. Accordingly, the limits of the shear 

forces corresponding to the various types, dimensions and 

characteristics of the burrs are determined and compared 

with the feedback received in real time from the force sensor 

placed on the burr removal tool. When the maximum value 

of the specified range is exceeded, the deburring tool moves 

away from the contact surface until it reaches a value 

between the force limits, and when it falls below the 

minimum value, it approaches the contact surface. 

 

5. RESULTS AND FUTURE WORKS 

 
In this study, a robot arm design which is used for deburring 

is presented. The CAD model of the part to be cleaned was 

used to determine the trajectory to be followed by the 

deburring tool and this trajectory was used for position 

control. The interaction between the tool and the workpiece 

directly affects the cutting force. For this reason, a special 

deburring tool is used to obtain optimum force ranges by 

providing the necessary flexibility. Essentially, this team 

itself is a mechatronic system. Because, apart from the tool 

which performs the cutting process, it also includes a motor 

to provide cutting movement and a force sensor in which 

force measurement is performed. This robot arm, designed 

for deburring purposes, is a prototype and can be used for 

industrial purposes when the values of the parameters are 

changed. On the other hand, this study has the potential to 

form the basis for further studies. In the next study, artificial 

intelligence methods will be used to determine the type of 

burr as a result of detection of burr form and size by image 

processing method. In addition, the selection and 

replacement of the deburring tool for the specified burr type 
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will be performed automatically. In this way, it will be 

possible to perform all operations such as detection, analysis 

of burr form, selection of appropriate cleaning tool and 

necessary parameters by the developed system. 
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