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Проведя эксперименты, мы видим, что возни-

кает довольно большая ошибка измерения. Макси-

мальная погрешность для модуля сдвига алюминия 

составляет 6,7%. Причина в суммарной ошибке, ко-

торая складыватется из ошибки датчика, ошибки в 

измерений, трения в подшипниках, сопротивления 

воздуха и ошибки при обработке данных. 

5. ВЫВОДЫ 

В статье представлен метод измерения модуля 

сдвига различных материалов неразрушающим ме-

тодом через колебания. Принцип измерительного 

устройства основан на поведении консольной 

балки при возбуждении крутильных колебаний. 

Кроме того, в статье показано, как измерять, срав-

нивать и оценивать значения модуля сдвига некото-

рых материалов, измеренные с помощью этого обо-

рудования, и значения, измеренные другими мето-

дами. Результаты экспериментов показывают 

надежность оборудования, которое может исполь-

зоваться в обучении и исследованиях в области ме-

ханики материалов. В будущем планируется улуч-

шить устройство измерения модуля сдвига, повы-

сить его точность и улучшить способ обработки 

данных. 

References 

1. A. I. Lurie, A. K. Belyaev. Theory of elasticity. 

Berlin, Heidelberg: Springer, 2005. 

2. Finding Modulus of Rigidity of a Material 

Using Torsion Test Data. EngineersAcademy, URL: 

[https://www.youtube.com/watch?v=qZs9IkG179Y]. 

3. Gupta, R., Heck, L. R. and Miller, T. H. 

Experimental Evalution of the torsion test for 

determining shear strength of structural lumber. 

JTEVA, vol. 30, No. 4, pp. 283-290, 2002. 

4. W.J. Gottenberg, and R.M. Christensen. An 

experiment for the determination of the mechanical 

property in shear for a linear, isotropic viscoelastic 

solid. Int. J. Engng. Sci., vol. 2, pp. 45-57, 1946. 

5. Baltrukonis, J. H.; D. S. Blomquist and E. B. 

Magrab. Measurement of the complex shear modulus 

of a linearly viscoelastic material. Technical Report #5, 

Department of Engineering Mechanics, Catholic 

University of America, Washington, D.C., 1964. 

6. Crandall, Dahl, Lardner.An Introduction to the 

Mechanics of Solids. Boston: McGraw-Hill, 1959. 

7. Беляев Н.М. Сопротивление материалов. 

Москва: Наука, 1965. 

8. Spanos, Pete. Cure system effect on low 

temperature dynamic shear modulus of natural rubber. 

Houston: Rubber World, 2003. 

9. Nguyen Van Thang . RESEARCH, DESIGN 

AND MANUFACTURING OF THE SHEAR 

MODULUS G MEASURING APPARATUS OF 

MATERIALS. International Journal of Mechanical and 

Production Engineering Research and Development 

(IJMPERD). Vol. 10, Issue 3, Jun 2020, 10429-10434. 

 

IMPROVEMENT OF THE EXTRUSION LINE PULL MECHANISM FOR PRODUCING PLASTIC 

PIPES 

 

Mammadov R.K., 

Novruzova R.Z. 

Azerbaijan State Oil and Industry University, Baki, The Rebuplic of Azerbaijan,  

Assistant of the Department of Instrument Engineering 

DOI: 10.24412/2701-8369-2021-13-48-51 

 

Abstract 
The pull mechanism is one of the main devices of the extrusion line and is intended to remove the product 

from the forming head and move it through the cooling bath. If the melt is removed at a rate higher or lower than 

the melt exit rate, there will be a change in the pipe wall thickness and the pipe axial orientation. Longitudinal 

strength and transverse directions change. The precise and sensitive operation of the pull mechanism depends on 

many factors (slip, vacuum pressure, line length, the volume of raw materials produced by the extruder, etc.). The 

article examines each factor influencing the operation of the pull mechanism and a system for the passive control 

of maintaining the precise thickness of the pipe has been developed by correcting the speed of the pull mechanism 

and warning of deviations in the thickness of the pipe during production. 
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Plastic pipes have occupied a huge share of the 

world’s production. They are more economical, less la-

bor-intensive in production and less labor-intensive in 

installation. Plastic pipes are used both in stand-pipes 

for drinkable and industrial water, as well as in the sew-

erage system [1,2,3,4]. 

Along with the listed advantages, plastic pipes ex-

perience some difficulties in production. Reducing 

non-standard plastic pipes during production (defect, 

non-compliance with standards, deviations from eco-

nomic indicators) is the main task in developing mech-

anisms to eliminate these factors [5,6,7]. One of such 

important units, which more manifests itself in the oc-

currence of deficiencies during the production of plas-

tic pipes, is the pull mechanism. The work and principle 

of operation of the pull device are presented below [5]: 
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Figure 1.  

Technological scheme of the extrusion line for the production of smooth pipes: 1- screw press (extruder, 2- form-

ing head, 3- pipe calibrator, 4- cooling baths, 5- pull mechanism, 6- cut apparatus, 7- stopping device. 

 

 
8. Pipe 

12. Pipe center 

10. Caterpillars  

14. Gripper pistons 

18. Adjusting device for setting the pipe diameter 

 

The pull mechanism is intended to remove the 

product from the forming head and move it through the 

cooling bath. The most commonly used devices are cat-

erpillar type. Depending on the pipe diameter, its wall 

thickness, cross-sectional configuration of the pulling 

elements can be an endless belt with elastic straps or 

roller chains with tracks following the contour of the 

product. The number of such “caterpillar” can be 2, 3, 

4 or 6, also depending on the size of the pipe. The pull 

mechanism must be completed with a stepless control 

drive and a device for evaluating the linear speed of the 

retracted product. The latter is especially important be-

cause, firstly, it makes it possible to compensate for the 

swelling of the extrudate, and secondly, the so-called 

degree of pipe stretching and its properties in the longi-

tudinal and transverse directions depend on the ratio of 

the withdrawal rate of the product to the rate of extru-

sion of the extrudate [8]. 

If the melt is removed at a rate greater than the 

melt exit rate, the pipe wall thickness decreases and the 

pipe axial orientation increases. Strength in the longitu-

dinal direction increases, and it decreases in the trans-

verse direction. Accordingly, with shrinkage, every-

thing occurs conversely: the transverse one increases, 

while the shrinkage decreases significantly in the axial 

direction. 

The accurate and precise operation of the pull 

mechanism depends on many factors (slip, vacuum 

pressure, line length, the volume of raw materials pro-

duced by the extruder, etc.). Consider each factor influ-

encing the operation of the pull mechanism and develop 

a system for controlling and warning deviations in the 

production of plastic pipes. 

An automatic control system (PLC) receives infor-

mation from the extruder on the capacity of kg/h and, 

based on State Standard data, in order to maintain the 

precise thickness of the pipe, it maintains full control of 

production by adjusting the speed of the pull mecha-

nism. However, such factors as slip, excessive vacuum 

pressure, line length (long line, heavy pipe weight) 

make their own adjustments, which in turn unpredicta-

ble inferences in the production of plastic pipes. 

We offer our own control system to eliminate the 

above-mentioned problem. 
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Figure 3. Block diagram of the control at pull mechanism operation  

 

The work of the block diagram is as follows: 

PLC polls the extruder capacity in (kg/h), and then 

sets the required speed for the pull mechanism. The poll 

is performed every 2 seconds. If, during this time, the 

current sensor or the speed transducer of the pull mech-

anism change their values more or less, then the control 

system defines this as a deviation from the data speci-

fied by it for the pull mechanism. In this regard, PLC, 

depending on the changed object (current sensor or 

speed transducer), will react to this interference. For ex-

ample, if the current in the pull mechanism increases, it 

will be defined as an increase in vacuum pressure or 

other interference. If the speed transducer of the pull 

mechanism decreases, it will be defined as pipe slip in 

the pull mechanism. Parameters of data on increased or 

decreased deviations of sensors will be determined ex-

perimentally and entered into PLC by the user. Reac-

tions to interferences and errors can be different de-

pending on the nature of deviations (line stop, auditory 

message or light announcement without line stops, 

etc.). It is also possible to introduce vacuum unit con-

trol systems and other devices automatically for com-

plete control of the entire production cycle.  

The essence of this method lies in the fact that all 

data from the speed and current sensors of the pull 

mechanism should be polled during the interrogation of 

the extruder capacity for a complete collection of inter-

ference data. 

Since the current sensor and speed transducer are 

usually installed on the line of the pull mechanism and 

conduct passive control (visualization of current and 

speed), it is not difficult to activate these sensors for 

complete control of the process. The desired results can 

be achieved by making program changes to PLC. The 

block diagram below shows a fragment of the program. 

 
Figure 4. Block diagram of the algorithm of the program for controlling the operation of the pull mechanism 
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This system was implemented and tested at one of 

the plants for the production of plastic pipes in BAKU. 

 The test was carried out as follows. 

• Downloading the program onto PLC 

• Increasing vacuum to create slip of the plastic 

pipe in the pull mechanism. 

• Raising the hold-down tool pressure of the pull 

mechanism caterpillar to increase the current of the 

electric motor. 

The test showed the following. When the pressure 

of hold-down tool pressure of the pull mechanism cat-

erpillar increased, an increase in the rated current of the 

electric motor was observed, and an increase in the vac-

uum created a slip of the pipe in the pull mechanism, 

which preceded a decrease in the line speed. (the en-

coder readings did not match the initial automatically 

set speeds).  

Table1. 

The results are presented in the table. 

Test 

№ 

Setting protec-

tive current, А 

Factual 

current, А 

Setting protec-

tion speed, 

m/min. 

Factual 

speed, 

m/min. 

Preset time of the 

complete stop, 

min. 

Elapsed 

time, min. 

Protection acting 

reaction 

1 3 3,2 8 7,5 1 0,7 Siren worked out 

2 3,5 3,6 9 8,7 1 1,2 
Siren worked 

out/ stop line 

3 4 4,1 10 9,6 1 0,5 Siren worked out 

4 1 1,2 4 3,7 1 0,5 Siren worked out 

5 1,5 1,7 5 4,6 1 1,4 
Siren worked 

out/ stop line 

6 2 2,2 6 5,5 1 0,6 Siren worked out 

7 2,5 2,6 7 6,4 1 0,7 Siren worked out 

 

It can be seen from the table that upon the occur-

rence of the complete stop time, the line was automati-

cally stopped without the participation of personnel, 

which preceded smaller losses. In all tests, the results 

were expected, and the task is considered completed. 

The proposed system partially or completely controls 

the production process of plastic pipes. Having re-

ceived a warning siren about an error, the line, upon 

expiration of the error time, completely stops the line 

with the accompaniment of the siren to attract the atten-

tion of the line operators. 

Conclusions.  
1. This method frees line operators from the rou-

tine work of visual control over the process and assigns 

control to this system. 

2. A system has been developed warning the oc-

currence of errors (vacuum valve or pressure valve of 

the pull mechanism caterpillar), depending on the type 

of error, to create favorable conditions for the produc-

tion of plastic pipes. 

3. It is necessary to create a system that would 

itself regulate the error centers (vacuum valve or pres-

sure valve of the pull mechanism caterpillar), depend-

ing on the type of error, in order to create favorable con-

ditions for the production of plastic pipes. 
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