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Abstract This paper presents the results from development of multitude structures variants for network 
model for hot billets automatic-loading system for production of aluminum profiles. For this purpose on 
the base of the system approach was built functional model of the system and were designed elementary
executer devices which execute the partial function of the system. Compatibility between them is defined, 
this is, the possibility for collaboration in joint structure. The multitude of structure variants is present 
through network model. 
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1.  INTRODUCTION  
 

The first task in the design process of the systems for 
automation on technologicals processes was created of 
the multitude structures variants. These systems contain 
collectivity from executer device, called conditional ele-
mentary, which serve different operation in technological 
process. 

In this case, an automatic system for loading hot bil-
lets into presses for production of aluminum profiles was 
built. Additionally, it must work synchronically with the 
remaining executer devices and mechanisms. We will 
use this system to transport the hot aluminum billets with 
5000 C temperatures from oven into presses for extrusion 
of aluminum profiles (Fig.1) and loading the billets into 
the presses. This system is a part of flow line for produc-
tion of aluminum profiles. 

In the process of creating of the possible structures 
variants of elementary executer devices, which are exe-
cuting the particle function of the system, were taken into 
consideration the specific of the extrusion process [4] 
and the following technical characteristics of the system: 
•  Parameters of the billet:  

− weigh maximum − 20 kg. 
− size − Ø130 × 240÷ 400 mm. 
− temperature − 480 С ° ÷ 500 С °. 
− positioning  precision − ± 2  mm. 

 

 
 

Fig. 1. Relation between the oven and extruder. 

• Occupied area of the system, considered with the free 
area of 3.78 m2 between the oven and the extruder. 

• Transport distance of the billet − ~2 600 mm with 
adjusment possibility. 

• Operating range from 30 to 80 sec depending on pro-
file’s type and billet’s size.  

 
2.  NETWORK MODEL OF THE STRUCTURES 

VARIANTS MULTITUDE 
 

In the solution process of choosing the optimal struc-
ture variant of the system, we used network model of the 
structures variants multitude, shown on Fig. 2. The net-
work models comprise 18 elementary executer devices, 
which are arranged in five columns depending on the 
functions that they execute and the relations between 
them. From this multitude, using the methods for multic-
riteria optimization, the optimal one is defined [1]. 

The three main partial functions of the system are, as 
follows: 
• Taking out the billet from the oven and its axial 

transportation. 
• Transportation of the billet and its positioning with 

the axis’s matrix. 
 
 
 

 
 

Fig. 2. Network model of the structures variants multitude. 
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• Axial transportation of the billet until it contacts the 
matrix and the contact is supported until a defined 
closing stage of the container. 
The columns number is larger than the number of the 

partial functions, because additional manipulations with 
the billet are necessary. 

The elementary executer devices in the network 
model are registered with , where n is the number of 
the column and l is the consecutive number of the device 
in the column. 

l
nx

 
3.  DESCRIPTION OF ELEMENTARY 

EXECUTER DIVICES 
 

Because the multitude of structure variants is very 
wide and capacity of the paper is limited, only portion of 
the elementary executer devices will be shown. Different 
variants for system for automatic system loading hot bil-
lets into presses for production of aluminum profiles are 
created, taking into consideration the specifics of the 
extrusion process [4] and the peculiarity of the automa-
tion and robotization of specific technological processes 
[2, 3, 5]. 

The elementary executer device  shown on Fig.3 is 
located in front of the oven. In this case, the griper takes 
the billet from the face site. The system is insured by 
supporting rollers, because of the high billet’s mass and 
small contact surface with the griper.  

3
1x

The process begins when oven door is opened and the 
hot billet comes out. Then the device takes the billet and 
extracts it from the oven. The device is built from two 
round guide bars and it is driven by pneumatic cylinder. 

The elementary device  is shown on Fig.4. This 
device is gravity roller transportation. When the hot billet 
comes out of the oven, it is carried out by the billet ex-
tractor conveyor and it is stopped by the stopper at the 
end of the conveyor. Once the billet is stopped, it can be 
transported by gravity transportation or manipulator. The 
specific in this case is that oven’s billet-extractor must 
have stroke length as much as the billet length. In previ-
ous case , ,  the extractor stroke length is inde-
pendent from the billet length. 

4
1x

1
1x 2

1x 3
1x

2
1x  is elementary executer device serving for translo-

cation in lower level in vertical direction, as shown on 
Fig. 5. This operation is necessary for easier transmission 
of the billet to next devices. This device is built by col-
umn and round guide bars and is driven by pneumatic 
cylinder. The elementary executer devices ,  and 

 can be easily fastened to the . 

1
1x 2

1x
3
1x 1

2x
 

 
 

Fig. 3. Elementary device . 3
1x

 
 

Fig. 4. Elementary device . 2
1x

 

 
 

Fig. 5. Elementary device . 1
2x

 

 
 

Fig. 6. Elementary device . 1
3x

 
The elementary device , shown on Fig.6, carries out 

the main operation of the mechanical arm from the oven 
door’s axis to the matrix axis in the press. In this task, the 
distance between these axes is 2 600 mm with adjusment 
possibilities. 

1
3x

The device is built on the base of DGPL-63-2800 of 
the firm FESTO with the following features: stroke 
length 2800 mm, piston diameter 63 mm, position sens-
ing, without piston pin, mechanical coupling between the 
piston and the slide, adjustable end-position cushioning 
systems and plain bearing guide.  

We have chosen this element, because it fulfills the 
requirements of the system. 

The main operation of the billet is combination from 
the oscillation motion of the arm direct-coupled of the 
output shaft of the gear-motor, which rotates on 180 de-
grees toward the inception position and the translational 
arm end. The gear-motor is made by firm SEW-
Eurodrive SDFT90L8 / RM67_Fl300.  

The motor has a built in electromagnet break, feed-
back system in position, frequency inverter for ease 
speed control. The gear is with extended output bearing 
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hub, which is a special type of helical gear-motor. The 
hub was designed especially for agitating applications 
and allows high overhung, axial loading and bending 
moments. The gear motor is mounted to the frame of the 
manipulator through flange. The translational arm end is 
driven by pneumatic. This elementary executer device 

 is shown Fig.7.  2
3x

The elementary device , shown Fig.8, consists of 
big rotate arm, which is mounted through bearing to the 
flange on the gear motor DFTE90C/R87F and is direct-
coupled on output shaft. The small rotate arm is mounted 
through elementary executer device  (Fig. 12) to the 
big rotate arm and it can operate in radially and axle di-
rections.  

3
3x

2
5x

The kinematic relation between the big rotate arm and 
small rotate arm is realized through passively roller chain 
with selected suitable gear ratio for optimal transport 
trajectory. This decision allows both rotate arms to 
operate with one gear motor, located in the manipulator 
bottom which relieves the dynamic processes during ma-
nipulator motions and simplifies the control. 

The elementary executer device , shown on Fig.9, 
is gravity transportation. The device is installed on ele-
mentary executer device  considered below. It can 
work with , ,  devices. It is chute-conveyor built 
of two semi-chutes as one of them is mounted on the  
device while the second one is installed on the first one 
by two round guide bars and is driven by pneumatic cyl-
inder.  

4
3x

5
4x

2
1x 3

1x 4
1x

5
4x

This allows adjustments of the chute-conveyor ad-
justment to different billets size. The transport is simple 
− the billet rolls out itself and is stopped by the stopper at 
the end of the conveyor. 

The task of elementary device , shown Fig.10, is to 
transport the hot billet in conjunction with executer de-
vice  to press’s center for future manipulation with the 
billet. 

5
4x

4
3x

The elementary executer device is driven by linear  
drive  DGPL−63−530 made by firm FESTO with stroke 
length 530 mm, piston diameter 63 mm, position sensing, 
without piston pin mechanical coupling between the pis-
ton and the slide, adjustable end-position cushioning sys-
tems and plain bearing guide. 

 

 
 

Fig. 7. Elementary device . 2
3x

 
 

Fig. 8. Elementary device . 3
3x

 

 
 

Fig. 9. Elementary device . 4
3x

 

 
 

Fig. 10. Elementary device . 5
4x

 

 
 

Fig. 11. Elementary device . 1
5x

 
The executer device  (Fig. 11) is mechanical arm 

with griper. The contact between the billet and the griper 
is in four points only, in order not to deprive of billet’s 
temperature. The device executes the axial transportation 
of the billet until it contacts the matrix and the contact is 
supported until a defined closing stage of the container. 

1
5x

 



106 

different variants carried out through the model arcs; 
create good visualization of the connections between the 
elements of the system and the compatibility between 
them; facilitate the formalization on the process of opti-
mal variant search; easily supplement and/or reduction 
on the partial function and elementary executer devices. 

 

For the concrete example are created following ele-
ments of the design process: 
•  System variants variants for hot billets automatic-

loading system for production of aluminum profiles, 
are created, taking into consideration the extrusion 
process specifics and peculiarity with automation and 
robotization of specific technological processes. 

 
Fig. 12. Elementary device . 2

5x
•  A network model of multitude structures variants for 

hot billets automatic-loading system for production of 
aluminum profiles, is created, which comprises ele-
mentary devices for executing the particle function 
and the connections between them. 
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4.  CONCLUSIONS  
 

The created variants for hot billets automatic-loading 
system for production of aluminum profiles, presented in 
this paper, contribute wide possibility for solutions of 
one complicated problem like automation transport of the 
hot billets into presses for production of aluminum pro-
files. 
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The usage of network model has priority over the re-
maining presenting methods of possible structures vari-
ants like description, table form, etc. The priorities are: 
high compactness, which every device executing defined 
partial  function  to  be  written only once; its inserting in  
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