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ABSTRACT
The paper presents the general function, the division and the description of the main 
jig parts. It gives account of the basics and principles of a measuring jig structure us-
ing CAD applications. The main part delves into design of individual measurement 
jig options for measuring deformations of thin-walled robotic and conveyor compo-
nents. Tension and stress analyses for each option have been performed. Subsequent 
to stress analysis, a suitable option was selected, with a description of its main parts, 
the production process and the necessary production equipment. Finally, the jig pro-
duced for the purpose of measuring deformation of thin-walled robotic and conveyor 
components is presented.
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INTRODUCTION

At present, constant introduction of new 
products increases the requirements for produc-
tion process accuracy and speed. The acceleration 
and greater precision of the production process 
makes it possible to make work more productive 
and to increase the productivity of businesses. La-
bor productivity is enhanced by improving pro-
duction methods, tools, machine tools and other 
production equipment. 

Labor productivity of production equipment 
is established by the number of products manu-
factured over a certain time. In addition to reduc-
tion in running time of major cycles, greatly in-
fluenced by machine and tool performance, even 
the time cycles of all secondary activities are con-
stantly shortened, too. Particularly important is 
the reduction of time needed for secondary activi-
ties if the main cycle time is significantly shorter 
than the time required by the secondary activities. 

This fact becomes even more pronounced with the 
emergence of new technologies, especially high-
speed machining. One of the ways to shorten the 
time needed for secondary activities is jig deploy-
ment. In chip production of thin-walled compo-
nents designed for robotic structures, it is neces-
sary to monitor and eliminate the oscillation of 
cutting tools, which translates into reduced quality 
of their surface and thus their lifetime [1, 2].

Currently, progressive technologies for thin-
walled component production are gaining ground  
[3]. These include laser and waterjet machining [4].

Due to an ever-increasing range of products 
with simultaneous increase in small-batch and 
piece production, the importance of modular 
products increases, too. The use of modular ele-
ments significantly rationalizes the jig design and 
structure [5]. This advantage is further highlight-
ed by the possibility of using electronic catalogs, 
allowing for the necessary jig element to be read 
by the CAD system directly [6, 7]. Nowadays, the 
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CAD systems provide a comprehensive solution 
to a new product development and design stage. 
They are based on either a 2D or a 3D component 
modeling module [8].

Thin-walled components are used as struc-
tural elements of frames, pillars, various beams, 
roller seats, as well as movable elements such as 
press rollers [11,12] in the structure of trough and 
hose conveyors [9, 10].

Prior to jig assembly, CAD systems provide 
users with the option to run its geometric (ability 
to assemble the parts), kinematic (component in-
sertion and removal) and, if necessary, numerical 
(strength, thermal and deformation calculations) 
simulation [13]. Modeling, analyses and testing 
of virtual jig models are becoming a part of the 
engineering activities led by CA systems.

Aslany et al. evaluated the behavior of SWT 
columns by the Finite Element Model (FEM), 
including the effects of initial local imperfec-
tions and residual degrees of stress, using the 
commercially-available ABAQUS software. In 
addition, they also ran a comparison with the 
prediction of axial load capacity using the pro-
posed design model [14].

Fang et al. investigated and analyzed the load 
in a three-stage steel rim rolling, using the finite 
element method. They also developed the rolling 
process simulation for the ABAQUS software.

They studied the distribution of wall thick-
ness and the equivalent plastic deformation on 
the edge formed on the wheel, from which it is 
possible to summarize the role of three cylindri-
cal passages and rim formation characteristics. 
They analyzed the problems of cracking welds, 
developed a model of molding matrices with 
different inclination angles of shaping surfaces 
and described their impact on the formation of 
wheel rim results [15].

Johnsson et al. designed and analyzed the 
welded chassis beam from an optimized light-
weight welded structure for the articulated con-
veyor. He used a new class system for high-
strength steel welding. The requirements for stat-
ic strength and fatigue were met both met in the 
new chassis beam design [16].

Using the finite element method, Troive et al. 
analyzed a structural element of a vehicle made 
of high strength steel types. The use of this type 
of material significantly reduces the structural 
weight due to its notable durability. He introduced 
a new design of the spring, which depends mainly 
on the material used, but also on the particular 

shape of the manufactured component. Changing 
the shape of the spring helped to achieve the ref-
erence geometry of the whole structure [17].

Murčinková et al. analyzed the stress distribu-
tion in single / multilayer areas applied to machin-
ing tools. She presents an analysis performed on 
single-layer, double-layer and multilayer coatings 
using numerical models to detect enhanced stress 
distribution and the most stressed zones in these 
1-10-micron tombs. The paper describes the anal-
ysis of stress in thinner or superimposed layers of 
coatings up to structure breakage by comparing 
simulation methods and tracking of thin-walled 
robotic and conveying components produced in 
the process of rounded surface machining [18], 
[19]. When the finite element method is applied, 
it is also advisable to establish the degree of the 
risk of failure manifested as differences between 
the simulated and the executed process [20]. 

ALTERNATIVE PROPOSAL 

One of the jig design tasks is to come up with 
a solution and a concept of three different alter-
natives, from which the most appropriate will be 
selected and subsequently manufactured to be 
used in measurements. From the technical point 
of view, elasticity and strength are of extreme 
importance. This is clear to anyone who notices 
different construction, engineering or other struc-
tures and technical equipment. Therefore, a de-
signer must well understand structural materials. 
He must be well acquainted with their capabilities 
and properties, and he must be confident when it 
comes to their elasticity and strength. In addition, 
his intuition should guide him to the most suitable 
technical and design solutions. Flexibility and 

Fig. 1. Example of a thin-walled component for a 
robot or a conveyor
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strength is a designer‘s alphabet. Material defor-
mation is closely related to the interplay of inter-
atomic forces between the building elements of a 
given substance. Technological properties of ma-
terials are determined by interatomic interactions. 
Tested thin-walled components may be made of 
different materials and with different thickness of 
the wall Figure 1.

FIRST DRAFT JIG DESIGN ALTERNATIVE 
FOR MEASUREMENT

The basic part of the first alternative, Figure 
2, consists of a base with two milled grooves. The 
first, larger groove serves the purpose of clamp-
ing the thin-walled component by means of four 
screws to secure its position in the X, Y and Z axis 
direction. The lower part of the base features 
milled indentation for clamping the jig itself. The 
second, narrower groove serves the purpose of 
clamping the thrust plate. A protective washer is 
inserted between the thrust plate and the clamp-
ing screws to protect the thrust plate surface. 12 
threaded holes are made into the thrust plate to 
ensure variable directing of the thrust force onto 
the thin-walled component.
Advantage: 
•	 low price of the jig,
•	 fast, simple and solid fixation of the thin-

walled component, 
•	 higher stiffness of the thrust plate.
Disadvantage:
•	 smaller inaccuracies in fixating the material 

intended for measurement,

•	 fewer measuring options at different height 
clearances of thin-walled components, 

•	 greater labor intensity of jig production.

SECOND DRAFT JIG DESIGN 
ALTERNATIVE FOR MEASUREMENT

The basic part of the second alternative, Fig-
ure 3, consists of a base with only one milled 
groove, which serves the purpose of clamping the 
thin-walled component with four screws to secure 
its position in the X, Y and Z axis direction. The 
lower part of the base features milled indenta-
tion for clamping the jig itself. The thrust plate 
clamping is done by clamping screws without a 
protective washer. 6 threaded holes are made into 
the thrust plate to ensure variable directing of the 
thrust force onto the thin-walled component.
Advantage:
•	 low price of the jig,
•	 fast, simple and solid fixation of the thin-

walled component,
•	 lower labor intensity of jig production.  
Disadvantage: 
•	 smaller inaccuracies in fixating the material 

intended for measurement,
•	 fewer measuring options at different height 

clearances of thin-walled components,
•	 lower stiffness of the thrust plate.

THIRD DRAFT JIG DESIGN ALTERNATIVE 
FOR MEASUREMENT 

The basic part of the third alternative, Figure 
4, consists of a base with again only one milled 
groove, which serves the purpose of clamping 

 
Fig. 2. First draft jig design alternative for measurement

 
Fig. 3. Second draft jig design alternative for 

measurement
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the thin-walled component with four screws to 
secure its position in the X, Y and Z axis direc-
tion. The lower part of the base does not feature 
milled indentation. Rather, a jut is fastened there 
with a screw, for clamping the jig itself. Clamp-
ing of the thrust plate is done by the clamping 
screws with a protective washer. 24 threaded 
holes are made into the thrust plate to ensure 
variable directing of the thrust force onto the 
thin-walled component.
Advantage:
•	 greater accuracy of material fixation intended 

for measurement
•	 fast, simple and solid fixation of the thin-

walled component 
•	 greater thrust plate stiffness 
•	 more measuring options at different clear-

ances of thin-walled components
Disadvantage:
•	 higher jig price 
•	 greater labor intensity of jig production

SELECTING AN ALTERNATIVE 

Prior to selecting the jig option for subse-
quent production, all options were subjected to 

stress analyses. ZZ stress of 8000N thrust force 
Figure 5 and displacement Figure 6.

Option 3 was selected for further processing, 
namely the clamping of the thin-walled component 
into the jig with a movable thrust plate. This involves 
a more detailed jig processing as this jig ensures the 
stability of clamping and the clamping speed of the 
thin-walled component in the jig. The main factors 
are speed, accuracy, security of clamping and more 
options of directing the thrust force onto the thrust 

 
Fig. 4. Third draft jig design alternative for measurement

 
Fig. 5. Stress in ZZ for burdening force 8000N

 
Fig. 6. Displacement in axis Z for burdening force 

8000N

Table 1. Comparison stress and displacement of three alternatives

Burdening force 
[8000 N]

Stress max [MPa] Displacement max [mm]    
XX XY XZ YY YZ ZZ X Y Z

Alternative n.1 30,17 4,87 5,58 67,93 22,79 34,51 0,00352 0,0245 0,0867

Alternative n.2 24,74 4,06 4,87 52,85 19,69 31,27 0,00269 0,0184 0,0765

Alternative n.3 19,18 3,23 3,89 46,98 14,23 27,69 0,00151 0,0129 0,065
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plate Figure 7 and taking different degrees of stress 
and deformation into account Table 1.

To increase the stability of the thrust plate 
during the measurement, a special washer under 
the fastening screws was used Figure 8.

The jig base plate‘s clamping into the clamping 
device is ensured by the fastening plate Figure 9. 

The thin-walled robotic and conveyor com-
ponent deformation measurement jig Figure 10 
was made of C45 steel at the Pinnacle VMC 650S 
CNC machining center and the FNG 40 CNC 
milling machine. The saw blades used were made 
of LOGU030310ER-GM sintered carbide.

CONCLUSIONS

When designing a  control jig, one needs to 
consider the manner of part installment. It is nec-
essary to allow a damage-free assembly and dis-
mantling of a part inside the jig. From the quality 
point of view, each part of the control jig has to 
be labeled and identified. Such labeling cannot 
be applied to the functional surface. In addition 

 
Fig. 7. Pressure plate with grooves and tapping holes

 
Fig. 8. Special plate for pressure plate

 
Fig. 9. Fastening plate of baseplate

 
Fig. 10. Manufactured preparation for measurement 

of deformation thin – walled robotic or conveyor 
components
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to already mentioned parts, the control jig must 
also contain the parts necessary for the jig han-
dling. For smaller sized control jigs, those are 
usually holes drilled into the control jig structure. 
For handling larger sized control jigs, hinges are 
available on the structure. Current trends in the 
automotive industry emphasize constant cost cut-
ting, which also translates into the need to reduce 
the jig prices. Despite the fact that the price of 
control jigs often far exceeds the cost of con-
trolled parts, due to their relatively multiple num-
ber of use, the price is relatively low. Cost reduc-
tion in jig designing is achieved in particular by 
effective use of individual jig parts, thus reduc-
ing the number of parts from which the product 
is composed and by choosing the right material 
(material with the desired properties at an afford-
able price). Of course, price reductions must not 
affect the functionality, reliability and durability 
of the jig. Based on the results of stress and de-
formation analyses, the third alternative was cho-
sen for subsequent production, Figure 10, when 
a maximum stress of 27.69 MPa and a maximum 
deformation of 0.065 mm in the Z axis direction 
occurred under 8000N.
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