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The methods of friction welding of various materials have been studied, as well as the design and capabilities of
the device for friction welding have been determined. The design of the device for friction welding on the basis of a
lathe has been developed taking into account the established requirements and recommendations of machine-
building enterprises. To study the influence of technological factors on the quality of welded joint formation, a full
factorial experiment (FFE) of type 2° was set up according to the plan. The adequacy of the planned experiment
was confirmed by calculations (Fcalcul. = 1.1 <Ftabl. = 4.46.) on the basis of which a full-scale experiment was
carried out. According to the results of the experimental plan, it was found that the heating time of the work pieces
being welded has the most significant effect on the total length of the seam upsetting. The optimal mode with the
correct formation of the burr has been chosen. The convergence of the full-scale test results with the planning of
the Type 2 full factor experiment has been identified, resulting in the determination of the optimal mode.
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1 INTRODUCTION

Welding of reinforcing bars is increasingly used in industry and construction. Friction welding will remain the main
and most advanced technological process for obtaining an integral connection of parts and structures in modern
industrial construction as the most economical and productive process, the volume of application of which
continues to grow constantly. The use of friction welding of reinforcing bars of reinforced concrete structures makes
it possible to reduce the cost of the process, since expensive equipment, bulky machines, and a highly skilled
worker are not required for welding. All this will affect the construction process in Kazakhstan, which is gaining
momentum more and more every year. Friction welding is flexible, versatile, economical and affordable in repair
production, where universal lathes are available, which allows the widespread use of this type of welding [1].

2 EXPERIMENT SETUP

Considering the relevance of the study, the possibilities of friction welding based on a lathe were studied. In the
course of the study [2], the authors proved that friction welding of mild steel AISI 1040 and aluminum alloy AA6351
can be performed on a lathe both in the form of similar and dissimilar combinations with a diameter of up to 20 mm
at different spindle speeds, hardness in the heat affected zone was measured; friction welding was also applied to
round metal tube made of MS material, diameter 20 mm [3]. The rotational speed during friction welding ranged
from 700 to 900 revolutions per minute. The friction pressure was maintained at 7 MPa, and the friction time was
kept constant [3]; in operation [4], the manual force was measured with the help of a special device for a hydraulic
jack, welding of materials H.S.S M2 and S.S 316, diameter was 10 mm, spindle speed was 1700, 2700 and 3700
per min™, with pressure from 100-330 (kg/cmz); in work [5], the authors considered friction welding of stainless steel
070M20 and aluminum 2011-T3, studied the possibilities of performing friction welding on a lathe, and also
checked the reliability of the welded joint. In the course of a literary review [6] and a review of open Internet
sources, it was established and proved that friction welding can be performed on the basis of a lathe. The review
showed that friction welding of 35GS steel reinforcing bars for reinforced concrete structures has not been studied,
as well as the problems of this method, such as the development of a technological welding mode depending on
the composition of the material and geometric parameters.

Experimental studies were carried out at the laboratory base of the Faculty of Mechanical Engineering of
Karaganda Technical Universitynamed after Abylkas Saginov. The study used a physical experiment method to
confirm the possibility of using the existing machine park at enterprises for the possibility of performing a friction
welding operation without the cost of purchasing of specialized friction welding plants. The following materials were
used for the experiment: Struers Unitom 2 cutting machine, 1K62 lathe, friction welding device on a lathe, TL-30
laboratory timer, dynamometer DORM-3-1U 5178, caliper SHC-1-2000.05 .
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The purpose of this study is to conduct a full-scale experiment to confirm the choice of optimal welding modes of
reinforcing bars.

To achieve this goal, the design of friction welding equipment and the possibility of its use on a lathe were
determined [7]. The design of a friction welding device based on a lathe has been developed taking into account
the established requirements and recommendations of machine-building enterprises (Fig.1). Detailed drawings of
assemblies and devices were developed, on the basis of which parts and assemblies were manufactured. The
accuracy of the kinematic movement of the working bodies is ensured, the device has passed laboratory tests [8].

Fig. 14. The design of the device for friction welding on the basis of a lathe:
1-three-jaw chuck (GOST 2675-80); 2-base; 3-bracket; 4- welded blanks; 5- clamping equipment of the machine;
6- angular.

Welding of workpieces of different diameters and setting up equipment is simple and does not require much time.
At the beginning of work, the reinforcing bars of the workpiece under study are clamped in the chuck of the
machine 5 and a special device 1. Bring the device all the way to the end of the bars and hold it with the handwheel
of the manual movement of the caliper in order to increase the clamping force during the welding process.

The machine turns on, the rotation of the workpiece clamped in the chuck of the machine 5 begins. The workpiece
fixed in device 1 is stationary. At the points of contact of the workpieces, the color of the metal is observed, which is
a sign of the heating of the metal as a result of friction. After a certain time (t=25-30s), the metal in the contact zone
will glow brightly and begin to be squeezed out in the form of an annular formation beyond the dimensions of the
rods. At the moment of the brightest glow of the contact point, the machine must be turned off so that the metal of
the two workpieces sets. At the same time, the pressure gradually increases, which is controlled according to the
readings of the dynamometer DORM-3-1U 5178 at the junction of the bars, using the flywheel of the caliper. After
the glow stops, it is necessary to loosen the cartridge of the device 5 and take away a special installation 1. To
check for the absence of radial runout, the quality of friction welding, the machine is switched on again. If a radial
runout of more than 0.5 mm of welded workpieces is detected, it is eliminated by grinding the extruded grate in the
contact zone [8].

To plan the experiment, reinforcing bars made of 35GS steel (analog A3 (A400)) with diameters of 10mm and
14mm, length of 100mm were used as a blank (Fig.2, 3). The grades, chemical composition and properties of the
studied steels recommended by GOST 5781-82, GOST 2590-2006, mechanical properties are given in Table 1.

G-

Fig. 2. Dimensional reinforcing bar diameter 10 mm. Fig. 3. Dimensional reinforcing bar diameter 14 mm.
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Table 1. Mechanical properties of 35GS steel

Diametr [mm]

Yield strength, sT
[MPa]

Ultimate rupture
resistance, sv [MPa]

Elongation at break, 5 [%]

6-40

> 390

> 590

>14

The fittings of the periodic profile of the 35GS brand are used as welded products in construction for reinforcing
reinforced concrete structures. Weld ability without restrictions.

The initial data for the experiment are given in Table 2.

Table 2. Baseline data for experimental planning

Welding mode
Mode Sample no. diarﬁzgfl[fnm] heating time, spindle speed the total draught
th [s] n[rpm] length Al [mm)]
1 @10 35
1 2 @10 25 1600 5
3 @10 35
4 214 55
2 5 214 30 2000 5
6 214 45
7 210 6
3 8 210 30 1600 6
9 210 5.5
10 214 35
4 11 214 25 2000 35
12 214 0

To conduct the experiment on selection of optimal mode [9] three samples are considered in 4-modes of welding
(Fig. 4). During the experiment, the following factors were taken into account: heating time, spindle speed, the level
of which is determined by the following values affecting the total settlement length (Al, mm), they are: heating time
(th) in the accepted interval of 25-30 s and spindle speed (n) in the range of 1600-2000 rpm. The forging time in all
cases was t;, = 2 s, heating pressure P, = 4MPa, forging pressure Ry, = 7TMPa.

gl

Fig. 4. Welding of reinforcing bars on the basis of a lathe.

To investigate the influence of technological factors [10] on the formation of a welded joint, experiments according
to the FFE 2° plan were carried out, and each experiment was repeated three times (see Table 3). The following
factors were selected as influencing the total draught length y (mm):

Z;3- heating time (s), Z—=25, Z+=30;

Z, - spindle speed (rpm), Z-

=1600, Z+=2000.
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Then we need to construct a regression equation, taking into account all interactions of factors, test the resulting
model for adequacy and interpret it.

Table 3. FFE 22 original planning matrix

: Experimental results
Investigated factors
Experiment no. (the total draught Iength Al [mm])

Z; Z; Y1 Y2 Y3
1 + + 35 5 3.5
2 - + 55 5 4.5
3 + - 6 6 55
4 - - 35 3.5 0

The work is done in the following order [10]:
— encoding the variables;

completing the planning matrix in coded variables, taking into account paired interactions and supplement
with a column of average response values;

calculating the regression equations;

_ check of the calculated coefficients for significance, having previously determined the reproducibility
variance, and obtaining the regression equation in coded variables;

check of the resulting equation for adequacy;
_ carrying out the interpretation of the resulting model;
writing out the regression equation in natural variables.
1. For each factor, we find the center, the variation interval and the dependence of the coded variable xi on the
natural z;. The results are presented in the form of a table. (see Table 4).

Table 4. Coding of factors

Upper level Lower level Centre Variation interval, | Dependence of the
Factors + _ 0 A encoded variable on
Zi Zi Zi the natural
7z, — 27,5
7 25 30 275 25 =21
~ 1800
2, 1600 2000 1800 200 X, = ZZT

2. The average sample results for each experiment are calculated.

If to denote by yji the value of the result obtained in the i-th experiment (i = 1, ..., m) for the j-th experiment (j = 1, ...,
n), then the sample mean for each experiment is calculated according to the known formula:

1w
i = EZ Vi J =1Lmn;
i=

1 1
fi=5B5+5+35) =—==4

3
— 1 15
y2=§(5.5+5+4.5)=?=5; (1)

1 17.5

7= S (35+35) =~ =35

The planning matrix for all interactions and average feedback values, is shown in Table 5.
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Table 5. Planning matrix for processing results

Experiment Factors Interaction Experimental results Average of results

no _

X X X1 X Y1 y2 VA] Yi

1 + + + 35 5 35 4

2 + - 5.5 5 4.5 5

3 + - - 6 6 5.5 5.8

4 + 35 35 0 35

The regression equation is:

y=ho+D1X1+boxp+01 2X1 %o )

3. The coefficients of the regression equation are calculated by formula (3-5):

®3)

len -
= n&i=tY

1 n
- "7_' i = 1)k
225

1 n
b0=—z Xji, Xjp, 5, T <p,7 = 1LKkp=1Kk
=1

bo

by = (4)

b —124:_—1(4+5+58+35)—18'3—4575
0_4_1y"_4 ST T
e

1w 1 13
b0=ZZy,-le=Z(4—5+5.8—3.5)=T=0.325;
=

4
e 1 —o0.
by = Zz 7% =3 (4+5-58-35) = — = = ~0.075
i=1
4
1w 1 _3,
by = ZZ 7ixj1x =7 (4= 5—58+35) = — = —0825.
=1

The results of the calculations are recorded in Table 6.
Table 6. Coefficients of the regression equation

bo b1 b2 b3

4.757 0.325 -0.075 -0.825

4. Find the S{Zy} variance of reproducibility.

1 —_3\2 1 1 _\2 1
S{Zy} =~ hm-1 ZJn—l Zjnll(y]'i - y]') =5 ?zl(ngl(}’ij - Yj) ) = ;2}1:1 sz- (6)

where S,-2 are internal sums that are sample variances of experiment results for the j-th experiment (j=1,..., n). The
estimates are recorded in Table 7.

Table 7. Calculation of sample variances

j yi o |y2  |ys 17 (Vi ¥)° (V- ¥)° (vjs- ¥)° Sy?
1 3.5 5 3.5 4 0.25 1 0.25 0.75
2 5.5 5 4.5 0.25 0 0.25 0.25
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j Y1 Y2 Y3 Vi (Yir- 7)) (Viz- 7)) (Viz- 7)) Si?
6 6 55 5.8 0.04 0.04 0.09 0.08
4 3.5 3.5 0 35 0 0 0 0

The elements of the last column of Table 6 are summarized:
Y, S} =1.08

Hence the variance of reproducibility:

4
2 _1 2_1 —
St _ZZ Sf =+ 1.08 =027

Z, 7)
The square deviation mean of the coefficients is determined by the formula:
S = i = %27 6017 ~ 0.15
coeff —— 13 . . (8)

From the Student's distribution tables [11] on the number of freedom degreesn (m—1) =4 - 2 = 8, at a value
level a = 0.05 we find that t;;;. = 2.306.

Therefore, tuitc © Scoefr. = 2.306 - 0.15 = 0.3459~=0.35.

Comparing the obtained value of t.i. - Scoert ®0.35 with the coefficients of the regression equation presented
in Table 5, we confirm that the coefficients b0 and b1.2 are greater in absolute value than 0.35, but b1 and b2 are
less. Therefore, only the coefficients bO and b1.2 are significant. Assuming that bl and b2 are equal to 0O, the
regression equation in the encoded variables is got:

y=4,575-0,825x1x2 (9)

5. The resulting equation (9) is checked for adequacy according to Fisher's criterion [11]. Since the variance
of reproducibility is known, then to determine the calculated value of the criterion F, it is necessary to calculate the
residual variance Szres_. For this, the values of the studied parameter are determined according to the obtained
regression equation y;(j = 1,... 4), substituting +1 or —1 instead of x; in accordance with the number j of the
experiment from Table5:

V14 =4.575-0.825=3.75;
Y23 = 4.575 — 0.825(—1) = 5.4.

The residual dispersion 82res is calculated:

4
3 N2
Stes. = EZ(Y]' ~ %) = 0.6675 (10)
=1

The calculated value of the Fisher criterion F¢, is determined:

Secr. _ 0.6675
5 =

S{y} 0.2

The tabular value of the criterion (Fp) is found from the tables of the Fisher distribution [11] critical pointsat

the significance level a = 0.05 for the corresponding degrees of freedom: k1 =n-r=4-2=2andkl=n(m-1) =
4 (3-1) = 8:Fgy.=4,46. Since Feyc= 1,1 < Ftyye= 4,46, the regression equation is adequate [11].

6.Interpretation of the resulting model (9).

According to the equation, it can be seen that only a combination of factors x; and x, has the strongest effect
on the response (total drought length). We conclude that the heating time has a greater effect on the total drought
than the spindle speed.

7. The regression equation (9) is written out in natural variables, substituting instead of x; their expressions
through z;, which are taken from the last column of Table 3:

Fealc. = =~ 3.34. (11)
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Z1 — 27.5 Zy) — 1800)

y= 4.575—0.825( — —

Having transformed this equation, its form in natural variables is finally obtained:

y =2.97z, + 0.045375z, — 0.001652,z, — 77.1. (12)

Further, according to the planning results, a full-scale experiment will be set up and blanks will be weld from
35GS steel with diameters of &10mm, @14mm in the appropriate modes according to Table 1. As a result of
processing, the following welds were obtained (fig. 5-8).

Fig. 5. ©£10 mm sample welded in mode 1 (t,=25s, n=1600 rpm).

Fig. 6. ©14mm sample welded in mode 2 (t,=30s, n=2000 rpm).

Fig. 7. ©210mm sample welded in mode 3 (t,=30s, n=1600 rpm).
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Fig. 8. £14mm sample welded in mode 4 (t,=25s, n=2000 rpm).

For the tensile test, one sample was selected from each welding mode. Tests were carried out in accordance with
GOST 6996 in order to determine the strength of the weakest section of the butt welded joint by friction on a
machine for static testing of materials of type MUP-100, which confirmed the required physical and mechanical
properties of the resulting joint.

3 RESULTS AND DISCUSSION

The results of the study were applied to the production of steel fittings made of 35G steel with diameters of
£10mm, ©£14 mm with periodic profile.

The adequacy of the planned experiment was confirmed by calculations (Fcalc. = 1.1 <Ftabl. = 4.46.) on the basis
of which a full-scale experiment was conducted.

The results of the full-scale experiment converge with the results obtained during the planning of the experiment,
which confirms the adequacy of the accepted conditions and parameters of the experiment.

According to the results of a full-scale experiment, it was found that in order to obtain a high-quality seam, it is
recommended to weld blanks made of 35GS steel with a diameter of ©£10mm, under the following modes:th=30 s,
n=1600 rpm.

The obtained results prove that the developed installation allows the use of a lathe for welding reinforcing bars as
well as it provides high quality weld for 35GS steel in selected welding modes.

4 REFERENCES

[1] Yessirkepova, A., Sherov, K., Buzauova, T., Mikhailov, V., Mazdubay, A., Taskarina, A. (2020). Research of
ways of connecting reinforced bars in the production of reinforced concrete products. Journal of Applied
Engineering Science, vol. 18, no. 3, 372 — 377, DOI:10.5937/jaes18-24319.

[2] Rama, R., Kiran K., Sai K. (2015). Design and Fabrication of Rotary Friction Welding on Lathe Machine.
National conference on Developments, Advances & Trends in Engineering Sciences. p.20-24.
http://www.ijera.com/special_issue/NCDATES/MECH/PART-3/ME%20126-2024.pdf.

[3] Jagroop, S., Karamdeep, S. (2014). Fabrication of Friction Welding on Centre Lathe: A Case Study.
International Journal of Research in Mechanical Engineering & Technology. p.145-147.
http://www.ijrmet.com/voldissue2.2/29-Jagroop-Singh.pdf.

[4] Gourav, S., Ajay, L. (2013). Friction Welding on Lathe Machine with special Fixture. International Journal of
Innovations in Engineering and Technology, p.258-261. http://ijiet.com/wp-content/uploads/2013/07/41.pdf.

[5] Shah, K., Khurshid, H., Ul, H., Khurshid, N., Ali, Z. (2021). Conversion of a Conventional Lathe Machine into
a Friction Welding Machine and Performing Some Experimental Tests for its Operational Feasibility. Mehran
university research journal of engineering and technology, vol. 40, no. 3, 545-555, DOI
10.22581/muet1982.2103.09.

[6] Buzauova, T., Bahtybai, I., Mateshov, A. (2019). Analysis of the existing device and method of friction welding
based on a lathe. Materials of the international scientific and technical conference “Innovative machine-
building technologies, equipment and materials”, Part 2, p. 215-218.

[7]1 Sherov, K., Yessirkepova, A., Imanbayev, Y. Gabdysalyk, R., Buzauova, T. (2020). Friction-welding device
based on lathe machine. Patent No. 4676 of the Republic of Kazakhstan for utility model.

[8] Buzauova, T., Bahtybai, I., Sivachenko, L.A. (2022). On the Development of the Design of a Device for
Friction Welding of Dissimilar Materials on the Basis of a Lathe. Universitet Enbekteri — University
Proceedings, no. 2(87), 25-30. DOI 10.52209/1609-1825_2022_2 10.

734


http://www.engineeringscience.rs/
http://www.ijera.com/special_issue/NCDATES/MECH/PART-3/ME%20126-2024.pdf
http://ijiet.com/wp-content/uploads/2013/07/41.pdf

Toty Buzauova, et al. - Planning and experimental studies of selection the optimal welding mode by the
friction of fitting rods

Journal of Applied Engineering Science - Vol.20, No 3, 2022 -www.engineeringscience.rs

[9] Spirin, N., Lavrov, V., Bondin, A., Lobanov, V. (2003). Methods for planning and processing the results of an

engineering experiment. GOU VPO UGTU-UPI. Ekaterinburg.

[10] Spiridonov, A. (1991). Planning an experiment in the study of technological processes. Mashinostroenie,

Moscow.
[11] Bolshev, L., Smirnov, N. (1983). Mathematical statistics tables.Science, Moscow.

Paper submitted: 14.01.2022.

Paper accepted: 23.04.2022.
This is an open access article distributed under the CC BY 4.0 terms and conditions.

735


http://www.engineeringscience.rs/

	INTRODUCTION
	TEST OBJECT
	CONDITIONS AND TEST METHODOLOGY
	TEST RESULTS
	DISCUSSIONS
	CONCLUSIONS
	REFERENCES
	INTRODUCTION
	CURLI METHOD
	GRINDING PROCESS EXPERIMENTS
	MULTI-CRITERIA DECISION MAKING
	CONCLUSION
	References
	INTRODUCTION
	Methodology
	Results and Discussion
	Conclusions
	References
	INTRODUCTION
	Review Methodology
	Types of Irrigation
	Sprinkler Irrigation
	Drip Irrigation

	Monitoring and Controlling Strategies
	Microclimate based
	Water Quality-based
	Soil Moisture-based

	Artificial Intelligence in Irrigation System
	Decision Support System
	Fuzzy Logic Model
	Artificial Neural Network Model

	Future Opportunities and Challenges
	Conclusion
	References
	INTRODUCTION
	RESEARCH METHOD
	Geometric and dimension of rail tracks
	Material properties
	Cyclic loading
	Mechanistic approach

	RESULTS AND DISCUSSION
	Measurement of vertical compressive stress
	Measurement of strain component
	Measurement of deformation

	CONCLUSIONS
	References
	INTRODUCTION
	Materials and Methods
	Specimen
	Test sequence

	Results
	Conclusions
	Acknowledgement
	References
	INTRODUCTION
	MATERIALS AND METHODS
	Direction No.1 (Shopino):
	Direction No.2 (Novosadoviy):
	Direction No.3 (Razumnoye):
	Direction No.4 (Dubovoye):
	Direction No.5 (Mayskiy):
	Direction No.6 (Streletckoye):


	RESUITS AND DISCUSSION
	CONCLUSIONS
	REFERENCES
	Introduction
	Methodology
	Hypothesis development
	Results and Discussions
	Lean awareness
	Hypothesis testing


	Hypothesis 1:
	Lean Implementation
	Hypothesis testing


	Hypothesis 2:
	Benefits of Lean implementation
	Barriers in Lean implementation

	Conclusions
	REFRENCES
	INTRODUCTION
	Materials and methods
	Chair Shape Style Selection
	Numerical Analysis
	Geometrical Modelling
	Material Selection
	Meshing and Boundary Conditions

	RESULTS AND DISCUSSIONS
	Conclusions
	Acknowledgement
	References
	INTRODUCTION
	EXPERIMENT SETUP
	RESULTS AND DISCUSSION
	References

