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Abstract. This paper presents a model of gripper designed for KUKA robot, together with a series 

of static and dynamic analyses for different loadings of it. Both the 3D design and static and 

dynamic analyses have been conducted using the design of Creo package with Parametric and 

Simulate the modules. The Gripper designed has in its composition a mechanism type rack-pinion 

type and a quadrilateral mechanism, for carrying out a parallel movement of jaw. It was determined 

the minimum force of actuation of the pinion-rack mechanism of gripper for maintaining the piece 

caught in gripper jaws, at the maximum speeds of rotation of the robot. 

Introduction 

A Kuka robot was purchased in the Department of Manufacturing Engineering from the 

Technical University of Cluj-Napoca, having the clamping device just for a particular form of 

pieces, this has determined the design of a clamping device and handling of parts with different 

forms by the robot. This type of gripper has been designed for new types of practical applications 

for this robot which was bought in the department. The structure and shape of the gripper must be 

suitable both for catching different types of pieces that has to handle the robot as well as different 

loading conditions of it. The gripper was designed for clamping part, weighing about 5 kg which 

must hold clamped in its jaws, throughout the rotation of the robot arm. This robot arm can rotate 

with the maximum velocity of rotation of 156
o
/s the vertical plane, with the angle of rotation of 

155
o
. 

For 3D modelling, mechanical analysis and the establishment the conditions of loading of the 

gripper, was used software package Creo, with the modules Creo Parametric and Creo simulated. 

The Creo Parametric module has been used for 3D modelling of the gripper, and Creo simulate 

module has been used for establishing conditions of loading and analyses. 

For the design and selection of the grippers clamping jaws must be taken into account the 

following and namely: the form of the parts to be handled, the material from which they are made 

and of surfaces of the parts to be clamped using the gripper. 

If the surfaces of parts to be clamped surfaces using gripper have a low roughness, then clamping 

must be carried out with jaws from the soft material, order to not damage the surface of clamping. 

Depending on the material it is made of parts, it must be taken into account and the couplers of 

material between the part to be clamped or manipulated by gripper and the material from which they 

are made clamping jaws. 

The form parts represent an important role and namely: if clamping parts is achieved on surfaces 

of rotation, then shape of the jaws should be adequate for clamping pieces rotation. If clamping part 

is achieved on plane surfaces, then jaws must be provided with plane surfaces. 
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Types of grippers 

The grippers are divided into for general categories and namely [1]: 

- Grippers impactive - these grippers are characterized by the fact that jaws gripper make direct 

physical contact with parts. 

- Grippers ingressive- these grippers have gripper elements in the form of needles (the grippers in 

this category are used in the textile industry and handling fiberglass). 

- Grippers astrictive - these grippers are characterized by the aspiration force applied to surfaces 

of objects. 

- Grippers contigutive-these grippers are characterized by the fact that the jaws make contact 

with the jaws by means of some adhesives. 

Design of the model gripper 

Model the gripper designed is presented in the Fig. 1a. This type of gripper is composed of a 

quadrilateral mechanism (2), and mechanism pinion-rack (3). Through these mechanisms, it realizes 

a movement parallel clamping jaws (1), by a rectilinear motion of the mechanism (4). In the Fig. 1b 

are presented components the grippers. 

                                                        
(a)                                                                           (b) 

Fig. 1. The model of gripper: (a) 3D model, (b) components of the gripper. 

1 - jaw of the clamping, 2 - quadrilateral mechanism, 3 - rack-pinion mechanism, 

4 - actuating system of rack-pinion. 

Definition of working conditions 

Weight parts handled influences the clamping force. For the handling part there are more forces 

involved, the most important is the friction force, between the surface of part and the surface 

clamping jaws. For precision clamping surfaces it is necessary to use the jaws made of material with 

a high friction coefficient. To avoid damaging the surface of the work piece clamping. 

The clamping force in static conditions is calculated with the following Eq. 1 [2, 3]: 

F=µ*W*n [N]           (1) 

F - the force necessary to clamping the parts, 

µ - coefficient of friction (between the surface of part and the surface clamping jaws), 

n - number of jaws, 

W -the weight of part, (w=m*g). 

Clamping force of the parts is influenced by the direction of movement of the robotic arm. When 

the part is moved upward (opposite gravitational acceleration) the clamping force is higher than the 

clamping force to move in the direction of gravitational acceleration (down) to the parts. 

Thus clamping force has the following Eq. 2: 

F=µ*W*n*k [N]           (2) 

k - the multiplication coefficient(which has the values 1, 2 or 3). 
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Multiplication coefficient [2, 3] has the value k = 3, if the part is moved opposite gravitational 

acceleration (moved up) has the value of k=2 if the part is moved in the horizontal direction and has 

a value of k=1 if the part is moved in the direction gravitational acceleration (moved in below). 

Clamping force of the gripper dynamic working conditions, must withstand not just the weights 

part, but also its speed and acceleration that appear during the rotational movement of the robot arm. 

The value of rotational speed of the arm in the around axis A2 is 156
o
/s and the angle value of 

rotation is +35
o
 -155

o
 (according to Table 1). 

Gripper used for clamping the part was situated at the distance of R=1465mm (see Fig. 2) to the 

axis of rotation A2 (see Fig. 3). 

Table 1 Values of angles and speeds of the rotation [4, 5] 
Axis The angle of rotation The rotation speed 

A1 +/-185º 156º/s 

A2 +35º/-155º 156º/s 

A3 +154º/-130º 156º/s 

A4 +/-350º 343º/s 

A5 +/-130º 362º/s 

A6 +/-350º 659º/s 

Working space of the robot KUKA KR6 is presented in fig. 4 and in the fig. 5 are presented 

rotation axes of the robot. 

          
Fig. 2. The workspace of the robot Kuka kr6 [5].                           Fig. 3. The axes of rotation [6]. 

Problems related to establishing the loads and constraints in the analysis 

An important problem in mechanical analysis is the establishment and the definition correctly of 

loads and the constraints (parts or assemblies) because these analyses need to simulate and to 

determine the conditions of reality [7]. 

In this paper are presented the problems that arise when establishing the loads and constraints 

between component elements of the gripper (clamping jaws), part of clamping and an element 

considered support table of the part. 

For the beginning are presented the problems related to constraint between two plane surfaces: a 

plane surface of the part (the part is considered a cylinder, plane surface was considered the end 

surface of the cylinder (1), and plane surface of the table (2), (see Fig. 4). By this constraint was 

wanted settlement the part on the work table, in order to be clamping by the gripper in during the 

simulation (see Fig. 5).This has not been done, because the constraint of the contact between plane 

surfaces cannot be realized. When you start running a simulation, account shall be taken of 

acceleration due to gravity and thus part starts to fall out (pass through the element considered 

support table of the parts). 
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Fig. 4. Constraining between plane surfaces.              Fig.5. Clamping of the part on the table. 

1 - Plane surface of the part,    2 - Plane surface of the table. 

Because of these problems, relating to constraint between plane surfaces may want to change the 

method of clamping. It was chose the variant of the clamping can establish the constraints of type 

contact, between the elements components of the simulation process. These elements, between 

which have been determined constraint, are: outer surface of rotation of the part (part being 

considered a cylinder (1) and clamping surface the jaws (2), (see Fig. 6). Was chosen this type of 

analysis because, between curved surfaces they can be established constraints of type contact, such 

part can be placed on the surfaces of the clamping jaws. 

 
Fig. 6. The method of clamping. 

1 - Surface of revolution of the part,   2 - Surfaces of clamping of the jaws. 

Static working conditions. 

For the calculation of clamping force, under static conditions were taken into consideration the 

coefficient of friction between steel and aluminum (considering piece made of steel and clamping 

jaws made of aluminum), the type of movement and maximum weight of the piece handled. Such 

clamping force was calculated using the equation (2): 

W- 49.05 [N] (W=m*a; 5kg*9.81 m/s
2
), 

µ - 0.61 (the coefficient of friction between steel and aluminum), 

n - 2, 

k - 3. 

By replacing the terms as they equation (2), clamping force has the following value: 

Fc=0.61*49.05*2*3 [N] 

Fc= 179.52 [N] 

Clamping force on a jaws is Fj = 89.76N 

Using the module Creo Simulate, from the package software Creo, has been determined the 

actuating force of the clamping mechanism of the part in the static working conditions (see Fig. 7). 

This force has the value of Fa = 460 N. 

       
Fig. 7. Clamping module                               Fig. 8. Distance of the part from the rotational axis 
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Analysis of gripper under dynamic working conditions 

Clamping force of part under dynamic conditions of working, has a value much higher than the 

clamping force in static conditions. Since the clamping force must withstand not only proper weight 

of the part as well as the speed and acceleration which appear in during rotation the robot arm. The 

aim of this paper is to estimate the minimum actuating force of the gripper mechanism for clamping 

part under dynamic conditions. For the analysis of dynamic conditions were considered the 

following maximum values: the rotation speed of 156
o
/s, the rotation angle of 155

o
, (considering the 

negative angle of rotation in Table 1) and the maximum distance R=1465mm, the robot arm (to be 

see Fig. 2). And the track is situated at a distance of 89mm from the end of the robot arm (see Fig. 

8). 

After running the analysis in dynamic conditions were determined the value of the actuation 

force of the clamping mechanism and the angle at which the part emerges from gripper to maximum 

rotation speed of the robot. These values are listed in Table 2. 

 

  Table 2. Values of the actuation force  

and the angle at which part come undone 

 

        
                                                                              Fig. 9. Values of the acting force of the  

                                                                                                  clamping mechanism. 

 

For a better understanding of values from Table 2, was conducted the graph from Fig. 9. 

From the graph presented in Fig. 9, it can be seen, for force value of 460 N, the part emerges 

from the gripper to 12.44 the angle degrees. To value force of 800 N the part emerges to the angle of 

14.43 degrees, in which robot arm rotates with the maximum speed of rotation. Starting at the value 

of the clamping force of 860 N, the part remains trapped in gripper on the entire distance of rotation 

of the arm. 

Actuating 

force [N] 

Angle at which the part 

emerges from the gripper [
o
] 

460 12,44 

500 12,31 

600 12,9 

700 13,50 

800 14,43 

900 155 

850 154,8 

860 155 

870 155 

880 155 

890 155 
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Fig. 10. The values of acceleration and speed the part. 

 

For the average value of the force of actuation of mechanism of 880 N, according to the graph 

presented in the Fig. 9, was determined acceleration and speed the part in the condition in which the 

robot arm rotates with maximum speed of rotation around the axis A2. These values of the 

acceleration and speed the part are presented in the graph from Fig. 10. 

It can be observed from the graph presented in the figure 10, for the period of 0-0,8s, the speed 

and acceleration the part have equal value "0", because this interval represents the clamping piece 

(dynamic analysis in static condition). After this period of time, the robot arm rotates with 

maximum rotation speed of 156
o
/s. 

Thus to maximum speed of rotation of the arm, the part has a maximum acceleration of 

63419,8mm/s
2
, and a maximum speed of 4264,33mm/s, after which acceleration decreases at an 

average value of 11500mm/s
2
, on rest of the time required the rotation of the arm. 

Conclusions 

Using the Creo software package, with the modules Creo Parametric and Creo Simulate, for 

design and simulation, has been modelled and analyzed in conditions static and dynamic the 

working a clamping device for a robot KUKA kr6 type. 

Has been determined minimum force of actuation of the clamping mechanism of the part with a 

weight of 5 kg, under the condition in which gripper is located at a distance of R= 1465mm from the 

rotational axis and the maximum speed of rotation of the arm being 156
o
/s. The value minimum of 

the actuation force is F=880N. 

Results of analysis in the working conditions static, in were further used for perform analysis in 

under dynamic conditions the working 

Mechanics analysis methods of the Creo software package, are effective for different working 

conditions. 
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