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Abstract 

The analysis of the field of application of gripper is carried out. Are allocated perspective areas of 

development of a robotics. The main difficulties in the application of kinematic schemes for gripping devices 

with rotary finger movement are described. The prospective application of the kinematic scheme of the 

gripper with a straight-parallel plane-parallel motion of the fingers is proved when manipulating an object of 

the "shaft" type. A new scheme of a gripper with a rectilinear plane-parallel finger movement is presented. Its 

design is simpler and cheaper than known devices of this type. The capability of the gripper design in the 

engineering analysis environment has been fulfilled. Numerous computer studies of both individual design 

elements and pairs of objects that are in interaction have confirmed the operability of the developed design. It 

is established that the frictional force in the mobile components of the gripper design is insignificant, which 

will not create the prerequisites for a significant increase in size. 
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1. INTRODUCTION 

 

Modern industry and competitive production 

should ensure product quality and productivity. 

Thus, increasing the requirements to the quality of 

products strengthens the relevance of the 

introduction of modern digital technologies. 

Industry introduce mechatronic robotic systems in 

production primarily to increase their own profits 

by reducing labor. This causes a constant search for 

technological solutions for the development and 

justification of modern optimized capture system. 

An analysis of the multifold of modern machine-

building products has showed that about 30% of the 

production in Europe is corresponded for by the 

products of shaft-type parts from 30 to 80 mm in 

diameter. That is why the task aimed at developing 

and justifying the optimal gripping mechanism 

design for manipulating the "Shaft" part in a 

competitive production environment is topical. 

The modern industry needs the use of 

unbeatable manipulators and robotic arms and 

grippers with promising solutions in both the form 

of closure and force closure [1, 2]. The task of the 

gripping unit is the safe and accurate interaction 

with the environment while simultaneously 

contacting the object corresponding to the nature of 

the behaviour of the human hand [3]. 

 

 

 

2. ANALYSIS OF INFORMATION SOURCES 

 

The development of modern gripping units is 

implemented by both industry and research groups 

[4-6]. Robotization is one of the priority areas for 

the development of competitive manufactures. An 

analysis of the researchers works had made it 

possible to determine the directions of modern 

developments. 

In paper [7] gives a survey about forms of 

human–machine cooperation in assembly and 

available technologies that support the cooperation. 

In paper [8] presented keynote which starts with 

a classification of grasping phases, describes how 

different principles are adopted at different scales in 

different applications and continues explaining 

different releasing strategies and principles. 

The authors of the paper [9] presented a detailed 

work aimed at substantiating the application of 

various systems of capture and the principles of 

their management. 

In research [10] presents the comparison 

between serial and parallel manipulators. It 

was noted that the parallel manipulator can be 

defined as a closed loop kinematic chain 

mechanism whose end effector is linked to the base 

by several independent kinematic chains. The 

classification of various parallel manipulators is 

presented herewith.  

In work [11] was presented the advantages 

and disadvantages of robot-assisted spinal surgery, 
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as well as the most common applications and 

different types of robots used for spinal surgery. 

In review [12] aims to summarize the current 

state of the art from the heterogeneous range of 

fields that study the different aspects of these 

problems specifically in dual arm manipulation. 

In [13], a review of space robots was discussed. 

However, the analysis showed that most of the 

works has a review type. Existing solutions, in most 

cases, have an overpriced value, and information 

about their construction is presented in the aspect of 

advertising. In addition, the information provided 

excludes a deep analysis of the device design 

regarding its capabilities. 

The target of the presented work is to develop 

and substantiate the expediency of using a new 

design of a gripping unit for manipulation a type of 

"shaft" object. 

 

3. MATERIAL AND METHODS 

3.1. Justification of the perspective of developing 

a new constructive decision of the gripping 

device 

We have analyzed kinematic schemes of robots 

and manipulators that are used in the manufacture 

of rotational bodies [14]. It has been established 

that at least 60% of the variety of decisions is 

gantry-type robot. In fig. 1 shows a typical solution 

to this robot manipulator. 

 

Fig. 1. Kinematic scheme of gantry-type 

robot for manipulating the object "shaft" 

 

Such the robot manipulator is a complex 

mechanical system. The gripping device have to be 

a reliable and functional element that provides 

accurate and reliable retention of the object during 

manipulation and transport between the processing 

operations. 

During the analysis and constructional design of 

the gripping devices of industrial robots have to 

take into account many factors that affect their 

functionality: the shape of the part, the parts 

properties, the technological process, and so on [15-

17]. We have studied the basic requirements for 

gripping devices. Also, the analysis of the most 

widely used kinematic schemes of gripping devices 

was carried out by us. As a result, we have found 

that existing constructive solutions may not always 

provide reliable manipulation by object. The cause 

for this is that the object of manipulation, as a rule, 

changes its geometric dimensions in the passing of 

technological operations. It follows that the use of 

circuits with rotational movements of the fingers, 

when the tops of the fingers move along the arc of 

the circle, and the position of the gripper center 

depends on the angle of inclination of the output 

link of the transmission mechanism, is problematic. 

The reason for this is the offset of the gripping 

device center depending on the size of the object. In 

turn, this will lead to a complication of the 

programming code for robot running. In this way, 

we have concluded that the use of a circuit with 

straight-line plane-parallel motion of fingers is 

potentially productive. However, design solutions 

based on well-known circuits with liner plane-

parallel finger movements are too complex and 

have a large number of movable elements (toothed 

rails, gear wheels). This as a result increases the 

design of the gripping device. 

3.2. Development of the design of the gripping 

device with liner plane-parallel movement of 

the fingers 

The result of the search for a new constructive 

solution for the development of a schematic of a 

gripping device with liner plane-parallel movement 

of the fingers was the scheme which is presented in 

Fig.2. An analogue of the projected mechanism was 

the cam chuck of a metal cutting machine. The 

peculiarity of the design is the simplicity and the 

possibility of self-centering of the part in two 

planes (Fig.4d). The principle of this device is as 

follows: the wedge (position 1) moves downwards 

from the force of the drive (not shown in the 

figure), thereby pulling the drive lug (position 2) to 

the center. The drive lug is connected to the wedge 

through the T-groove and the interaction system of 

the objects moves along the slide guides. On the 

drive lug, the cams (item 3) are stiffly fixed, which 

have prismatic working surfaces for fixing 

cylindrical parts. 

 
Fig. 2. Kinematic scheme of the gripping device: 

 1 - wedge; 2 - drive lug; 3 - cam; c - grasping  

center point 

 

In accordance with the above, we will highlight 

the competitive advantages of this solution - a small 

number of elements and the independence of the 

center of the gripping device from the size of the 

part. 

It should be noted that from the wedge 

movement will depend on the overall dimensions 

and mass of the gripping device, so for the 

construction of the design, it is necessary to 

reasonably choose the optimal ratio of the wedge 

movement and the cam movement (Fig. 3). 
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Fig. 3. The graph of the dependence of the ratio i on the angle of the wedge θ and the passage of the wedge 

from its angle θ (h (θ) and i (θ)) 

                
a                                   b                                           c                                                d 

 

Fig. 4. Model of projected gripper: a - solid-state model, b - components of the model, c - model in the section 

 

From Fig. 3 it can be seen that with the increase 

of the wedge angle θ, the wedge movement h is 

reduced, with the gear ratio of the gripping device 

increasing. 

The results of computing and constructive 

solutions were our representation of the solid model 

of the projected gripping device (Fig. 4). 

The  computing model has the following 

characteristics: 

 gripping force - 1700 N; 

 оne cam movement - 10 mm; 

 nominal pressure of the operating environment 

(air) - 0,4 MPa. 

Work cams can be changed, this will increase 

the range of shaft diameters for manipulation. 

During running, such a design should ensure the 

reliability of the complete mechanism. 

However, it should be noted that in the 

gripping device the drive lug and the wedge will 

operate under constant friction relative to each 

other. 

It is also possible to get dirt on the friction 

surface, therefore it is recommended to put the 

following requirement on wedge and drive lug 

material (Table 1). 

Therefore, we have carried out numerous 

computer experiments in the SolidWorks 

Simulation integrated module, which have allowed 

us to optimize the design and assert that it is 

reliable and advanced. 

Table 1. Requirements for wedge and drive lug 

material  

The main requirements for the material of the elements 

of the gripping device design 

wedge, drive lug plunger, housing 

assembly 

jaw 

 hardness 

 wearability  

 low coefficient 

of friction 

 abrasion-

resistant 

 wearability 

 working under 

middle 

pressure 

 increased 

strength 

 ease machining 

 large 

coefficient of 

friction 

 wearability 

 ease 

machining 

 hardness 

 

4. RESULTS AND DISCUSSION 
 

To optimize and substantiate the operability of 

the designed structure, we used analysis based on 

the finite element method. The task was to test the 

following conditions for the operation of composite 

units and the structure as a whole [18]: 

• dimensional characteristics and strength 

characteristics of the elements; 

• the likelihood of swashs in the wedges when using 

the gripping device; 

• Investigations of friction in guidewais and wedge. 

As a result of a number of static computational 

investigation, it was determined that the elements of 

the designed construction satisfy the reliability 

requirements of the mechanism (Fig. 5, Table 2). 

https://www.multitran.ru/c/m.exe?t=586046_1_2&s1=%EF%EE%F0%F8%E5%ED%FC
https://www.multitran.ru/c/m.exe?t=580329_1_2&s1=%EA%F3%EB%E0%F7%EE%EA
https://www.multitran.ru/c/m.exe?t=557773_1_2&s1=%E8%E7%ED%EE%F1%EE%F1%F2%EE%E9%EA%EE%F1%F2%FC
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The von Mises stress (Fig. 5) or equivalent 

stress is the stress value calculated from the stress 

components. Despite the fact that the equivalent 

stress at any point determines the state of the stress 

at this point is ambiguous, it provides information 

sufficient to evaluate the reliability of the design for 

many plastic materials. 

The von Mises stress is calculated as follows on 

the basis of six stresses components (1): 
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Or, equivalently, based on the three main 

stresses 
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where 

SX – direct stress on the axis X; 

SY – direct stress on the axis Y; 

SZ – direct stress on the axis Z; 

TXY – Y intercept in the YZ plane; 

TXZ – Z intercept in the YZ plane; 

TYZ – Z intercept in the XZ plane; 

P1 – 1 main stress (highest), does not use the 

reference value: 

P2 – 2 main stress, does not use the reference value; 

P3 – 3 main stress, does not use the reference value. 

Thus, we analyzed the total stresses that occur 

with the maximum load of the structural elements 

(Fig. 6). It is established that the static total stresses 

do not exceed the maximum permissible stresses 

taking into account the safety factor According to 

the recommendations given above (Table 2), the 

material for the execution of the components of 

gripping device was assigned (Table 3). From the 

results of the research it is evident that the 

maximum stresses that have arisen in the places of 

the greatest concentration of applied force are 

permissible for each of the constituent elements. 

Investigation of the plastic flow of the elements has 

shown that the maximum value of such 

characteristic varies from 1 μm to 6 μm. It should 

be noted that, within the limits of the accuracy of 

the product, such movement will not affect the 

normal operation of the gripping device (Table 3). 

 

 
Fig. 5. Experimental study of the stress (von Mises stress) of structural elements for further optimization of its 

geometry 

 

Table 2. The results of numerous experiments to determine the reliability of the constituent elements geometry of the 

gripping device  

Element / Material Static stress (Von 

Mises stress) 

Resulting displacement 

(plastic flow) 

Component of strain - 

equivalent deformation 

(ESTRN), mm 

Assurance 

coefficient 

Wedge / material 

LH15 

Min=29.2 MPa 

Max=192,6 MPA 

Min=2 мкм 

Max=5 мкм 

Min=0,0000 

Max=0,0007 

Min=2.025e+000 

Max=1.334e+004 

Jaw/ material 

D 35 

Min=0,03 MPa 

Max=80,73 MPA 

Min=0 мкм 

Max=4 мкм 

Min=0,00021 

Max=0,24 

Min=2.562e+000 

Max=6.222e+003 

Drive lug/ material 

LH15 

Min=0,016 MPa 

Max=77,53 MPA 

Min=0.003 мкм 

Max=1,14 мкм 

Min=0,0000 

Max=0,003 

Min=5.030 

Max=24 338,908 

Piston / Material 

40H 

Min=0,024 MPa 

Max=52.97 MPA 

Min=0 мкм 

Max=5 мкм 

Min=1.537e-006 

Max=1.544e-004 

Min=1.473e+001 

Max=3.274e+003 

 

https://www.multitran.ru/c/m.exe?t=580329_1_2&s1=%EA%F3%EB%E0%F7%EE%EA
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Thus, the stiffness of the structure meets the 

reliability requirements. 

Based on the received data, we concluded that 

the design of the components part and the material 

of their implementation completely satisfy the 

requirements for the operation of the projected 

device. 

Equivalent deformation (ESTRN) is defined as: 

2

1

21

3
2 







 



ESTRN ,                  (3) 

where 

      222

1 5,0    EPSZEPSYEPSX ; 

      
4

5,0

222

1

GMYZGMXZGMXY 
 ; 

3

)( EPSZEPSYEPSX 
 ; 

where the strain components: 

EPSX - normal strain along the X axis; 

EPSY - normal strain along the Y axis; 

EPSZ - normal strain along the Z axis; 

GMXY – Y intercept in the YZ plane; 

GMXZ – Z intercept in the YZ plane; 

GMXZ – Z intercept in the XZ plane. 

 

 
a 

 
b 

 
c 

Fig. 6. Analysis of the construction to tilts in 

the wedges: a - wedge strain diagram; b - 

wedge stress diagram (yield stress σys=3,9∙108 

N/m2); c - assurance coefficient diagram of 

the wedge (minimum assurance coefficient 

3.7) 
 

In accordance with the result of the study, we 

conclude that, with adequate normal rated load and 

optimal construction of the gripping device 

elements, the deformations of the wedge will be 

small, and their magnitude can be neglected. 

At the next step of the projecting, we performed 

an analysis of the coupling of objects pairs systems: 

- drive lug – wedge (Fig. 7); 

- drive lug - shank guides (Fig. 8), (Table 3); 

 

 
a 

 
b 

 
c 

 

 
d 

Fig. 7. Analysis of the coupling of objects pairs systems 

(drive lug – wedge): a, b - load diagram; c - strain 

diagram; d - investigation of frictional force (1 - 

Fres=100N, 2 - Fres=111N) 

 

The conditions for the self-centering of the drive 

lugs of the gripping device were investigated. The 

results of the study confirmed the fulfillment of the 

task of self-centering while ensuring correct 

operating conditions for the mechanism (Fig. 9), 

(Tabl. 4) 
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a 

 
b 

 
c 

 
d 

Fig. 8. Analysis of the coupling of objects pairs systems 

(drive lug - shank guides): a - displacements profile; b - 

stress diagram; c - strain diagram; d - investigation of 

frictional force (Tabl. 3) 

 

Table 3. The distribution of force in the designed 

structure under the condition of self-centering by 

applying of trapezoidal guides in the B plane 

Contact 

position 

Force distribution, N 

Fx Fy Fz Fres 

1 0,0256 -0,143 0,00832 0,146 

2 1,38 -0,0109 -0,0407 1,38 

3 0,781 -0,239 -0,892 1,21 

4 -1,8 -0,104 -0,388 1,85 

5 4,99e-006 1,75e-006 -7,59e-007 5,34e-006 

 

Comprehensive research has been carried out. 

 

Fig. 9. Self-centering with trapezoidal guides in 

the B plane 

 
Table 4. The distribution of force in the designed 

structure under the condition of self-centering by 

applying of trapezoidal guides in the B plane 

Contact 

position 

Force distribution, N 

Fx Fy Fz Fres 

1 9,4e-006 67,3 18 69,7 

2 3,2e-005 -92,6 24,8 95,9 

3 0,000116 -101 26,9 104 

4  0,000138 3,7e-005 0,000143 

5  0,00118 -0,000317 0,00123 

6 1,02e-005 -71,1 -19,1 73,6 

7 3,95e-005 -99,7 -26,7 103 

8 0,000126 -107 -28,8 111 

9  1,76e-005 -4,71e-006 1,82e-005 

10  0,00573 -0,00154 0,00593 

11  0,0048 0,00129 0,00497 

 

To obtain a complete understanding of the 

interaction of the objects system of the proposed 

device, additional studies have been carried out 

(Fig. 10, Fig. 11). 

 

 
a 

 
b 

Fig. 10. Reaction of gripping device components 

during operation: a - reaction of slideway supports 

 (Table 5); b - reaction of the wedge guide supports  

(1 - Fres=1,12kN, 2 - Fres=1,01kN) 
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Table 5. The distribution of the force components in 

the investigation of the reaction of slideway supports 

Contact 

position 

Force distribution, N 

Fx Fy Fz Fres 

1 2,28e-006 13,2 3,54 13,6 

2 -5,07e-006 26 6,97 26,9 

3 -0,000112 21,1 5,67 21,8 

4 -2,13e-006 13,5 -3,63 14 

5 -4,36e--006 26,7 -7,17 27,7 

6 -5,12e-006 22,5 -6,06 23,3 

7  -0,00357 0,0614 0,0615 

8  -0,174 -2,99 3 

9  -0,217 1,23 1,25 

10  0,0013 0,0215 0,0215 

11  0,000299 0,00169 0,00172 

 

According to the results of the conducted 

research’s it is necessary to revert that the frictional 

force in the removable components of the gripping 

device is insignificant. This result indicates that 

there is no prerequisite for a significant increase in 

the size of the drive. 

Given the fact that the drive lug carries a large 

operational load, the strain analysis of the drive lug 

has been performed. 

 

 
Fig. 11. Strain analysis of the drive lug 

 

Researches have shown that the projected 

design has high operational properties and 

reliability. 
 

5. CONCLUSIONS 
 

Thus, using the capabilities of the CAE module 

of the SolidWorks Simulation to develop the 

optimal device design was justified. It is established 

that with variation by different engineering data, 

there is an absolute probability of finding the 

optimal model that allows to withstand the given 

loads. 

A large number of complex computer 

researches both separate elements and objects pairs 

systems that are in cooperation have confirmed the 

operability and reliability of the developed device. 

A further area of research for the projected 

gripping device involves the development of a 

clamping force monitoring system that will allow 

the design to be used when manipulating parts with 

reduced stiffness. 
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