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Research of the stress-strain state of the loaded assembly for
friction welded device

Abstract. This article presents the results of the study of methods for friction welding
of dissimilar materials and the calculations to determine the structural strength of the
most loaded part of a special friction welding device were made. The analysis showed that
the friction welding method has wide technological capabilities and it is used in various
industries. The designs of existing devices and machines for friction welding were also
investigated. It was revealed that the method of friction welding in the conditions of
machine-building plants of the Republic of Kazakhstan (RK) has not found application
due to the little knowledge and high cost of technological equipment. The authors have
developed a special device for friction welding of dissimilar materials. To optimize the
parameters of the parts, in particular the bracket part, the stress-strain state calculations
were performed using the ANSYS software package and the strength calculation by
determining the acting external critical loads. The results of the calculation showed the
applicability of the developed design of the bracket part.

Keywords: friction welding, dissimilar materials, stresses, structural strength, device,
torque.

DOI: doi.org/10.32523/2616-7263-2023-143-2-225-236

Introduction

Friction welding is a high-performance and economical process for joining parts of the
various materials. In which the mechanical energy supplied to one of the welded parts is
converted into thermal energy directly at the place of the future connection. Such a concentrated
heat release determines the main features of the friction welding [1].

In subsequent years, in many countries, the possibility of joining difficult-to-weld promising
materials by friction welding was investigated. One of the such material is cast iron. In Japan,
studies have been carried out on friction welding of the nodular graphite iron (NGI) FCD 450
with corrosion-resistant steels SUS 304 and SUS 430 [1,2,3]. A simplified model is suggested in
this research for determining the rate of heat input into dissimilar joints during friction welding
using a one-dimensional equation of thermal conductivity [2]. In [4], examples of the friction
welding application for joining cast iron and steel are given. These are critical welded units in
cars: a ferritic cast iron axle body and a combined steel part; cam camshaft welded from cast
iron and steel parts; elements of gas equipment (valves, gates) made of ferritic-pearlitic cast iron
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and steel. In Romania, experiments were carried out on friction welding of samples from Fgn
500-7 cast iron with steel 17MnCr10 [5]. Cylindrical samples had dimensions of 16 x 40 mm. It
has been established that high-quality joints can be obtained only in a narrow range of welding
parameters.

In Poland, a series of experiments on friction welding of the cast iron with unalloyed steel
and non-ferrous metal alloys were carried out. Welded pearlite NGI and low-carbon steel [6].
The resulting welded joints NGI + NGI and NGI + steel had low mechanical properties. The
destruction of all samples occurred along the joint plane. Also, technologies for friction welding
of NGI with a copper alloy and NGI with aluminum [3,7], i.e., such pairs of materials that cannot
be joined by other types of welding, were also studied.

The results obtained indicate the need for further experiments to optimize the chemical
composition and technology of the applying facing and intermediate layers, which ensure the
production of the high-quality welded joints of the cast iron with other metals and alloys [7].

From the listed varieties of the friction welding, the most widely used are: in Europe it
was conventional friction welding, in the USA it was inertial welding, in Japan they were both
varieties mentioned above. The remaining varieties in the industry are still of limited use, but
research work is still being conducted in many countries.

In many countries, friction welding is widely used in the manufacture of the automobile
parts, tractors, agricultural machines, modern aircraft, metal-cutting and other machine tools,
cutting tool blanks, electrical industry products, as well as products of metalworking enterprises
in a number of other industries, which belongs to the serial and mass type. productions.

The conducted studies have shown [8,9,10] that the considered method of friction welding
in the conditions of machine-building plants of the Republic of Kazakhstan has not found
application. The reason for this may be, in addition to the above, the following factors:

- little knowledge of the friction welding method;

- lack of the serial (or mass) production;

- inexpediency of the purchasing equipment for friction welding due to the high cost.

For the production conditions of Kazakhstan Republic, it is necessary to develop a technology
for friction welding of dissimilar materials that differs from the existing ones in high quality and
productivity, versatility, low cost, and at the same time, the design of the used equipment was
not complicated, but also easy to operate. For this purpose, studies were carried out to study the
existing designs of devices and machines for friction welding. The friction welding machine is
known for the “pipe-tube sheet” of the" heat exchangers, consisting of a rotation drive, a flexible
shaft, intermediate supports, a power drive, a movement mechanism, a control unit [11].

The disadvantage of the known machine for friction welding is the complexity of the design
and the high cost of manufacturing, as well as the possibility of welding parts only in a narrow
range of diameters. A known installation for friction welding of long and end parts, containing
a friction welding machine, on the frame of which a spindle assembly with a rotation drive
and a chuck for a rotated part is fixedly mounted, a clamping device with a hydraulic drive,
a mechanism and a unit for loading and unloading parts and finished products and welded
product are also installed on the frame [12]. Taking into account all the shortcomings and factors
identified during the study of the existing methods of the friction welding of dissimilar materials,
the authors are developing a new method of the friction welding of dissimilar materials and the
design of a special device for its implementation [13].

The main part

Figure 1 shows a complete lathe based friction welder.

226 Ne 2/2023  -H. Tymunres amvindazor EYY xabapuivicol. TexHUKarvik 2oiAbimMIap 5kaHe mexHOA02Us. CepusiCol
ISSN: 2616-7263, eISSN: 2663-1261



N. Abisheva, K. Sherov, T. Nasad, M. Usserbayev, D. Abulkhairov, I. Sagynganova, A.B. Yerzhanova

a —side view; b — view A; c — top view;
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Figure 1. A friction welding device based on a lathe

screws for fixing; 4 — welded

Calculation of the stress-strain state of the bracket part, which is the most loaded base part
of the device. To perform the calculation of the stress-strain state of the bracket part, we use
the ANSYS software package. The material of the part is the bracket steel 45. In the program
database, we determine the parameters of structural steel 45.

Table 1 shows the parameters of structural steel 45.

Table 1. Parameters of structural steel 45

Common Material Properties
Density 7.85e-06 kg/mm?®
Young’s Modulus 2e+06 MPa
Thermal Conductivity 0.060500 W/mm*°C
Specific Heat 4.34e+05 m]/kg*°C
Tensile Yield Strength 250.00 MPa
Tensile Ultimate Strength 460.00 MPa
Nonlinear Behavior False
Figure 2 shows the bracket part model.
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Figure 2. Model part bracket

The state in which internal changes in the metal lead to its destruction is called the limit
stress state. The conclusion about the reliability of the design should be made on the basis of
a comparison of the maximum stresses that may occur at the most dangerous point with the
maximum allowable values for a given material. The ultimate stress state of a structure is the
boundary beyond which its operation is unacceptable. The reliability of operation is the higher,
the farther from the limit state the level of actual stresses inside the material of the part. Using
the ANSYS software package to perform the analysis of the stress-strain state of a welded vertical
support makes it possible to obtain output results in the form of three values of the principal
stresses 0, which are the roots of the cubic equation determined by the components of the stress
vector:

o, —0gy 1/20,, 1/2d,,

x

1/20,, o0,—0y 1/20,.[=0

1/20,., 1/20,, o,—0

Principal stresses are denoted 0,, 0,, 0,. The principal stresses are ordered in such a way that
0, is the largest positive stress and o, is the largest negative. The voltage intensity is the absolute
value of the largest of the three differences: 0, -0, 0,-0,0ro,- 0, ie.

g, = max{|al - G-zlr |G-z - G'3||G'3 _Gj_lj

The von Mises stresses or equivalent stresses are calculated using the formula:
g, = (S[(o, — ;)% + (0, — 03)* + (o3 — 0,)*])*?

The calculation in the ANSYS software package is based on the method of permissible
conditional elastic stresses. The stress-strain state of the support is determined by the spatial
work of the calculation model under the action of combinations of the operational loads.

Figure 3 shows the load diagram of the support (bracket details).
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Figure 3. Diagram of the support load (bracket details)
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Figure 4 shows the results of the calculation of the support (bracket parts) obtained using
the ANSYS program at various time intervals.

Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit MPa

Time: 1
18.05.2021 12:07

. 78,315 Max
69,613
60,911
52,21
43,508

&= 34807

~— 26,105

17,404
I 8,702
0,00046237 Min

A: Static Structural
Equivalent Stress
Type: Equivalent {von-Mises) Stress
Unit MPa

Time: 1
18.05.2021 12.08

78,315 Max
. 69613
60,911
52,21
43,508
N 34,807
26,105

17,404
l 8,702
0,00046237 Min

Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1
18.05.2021 1212

78,315 Max
H 69,613
60,911
52,21
43,508
34,807
26,105
17,404
8,702
0,00046237 Min

a — is the initial period of load application; b — is after 60 seconds; c — after 300 sec
Figure 4. The results of the calculation of the stress-strain state of the support (bracket parts),
obtained using the ANSYS program at various time intervals
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Figure 5 shows a graph of the interpretation of the stress distribution results (o) along the
length (h) of the support section.
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Figure 5. Graph of results interpretation

Let’s calculate the structural strength of the bracket part. Let’s build a calculation scheme of
the acting forces on the bracket part in the process of work. Figure 6 shows the design diagram
of the acting forces on the bracket part.
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Figure 6. Calculation scheme of the acting forces on the bracket part
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The calculation scheme gives: P is resistance force; m is a moment; [, is the length of section
IT; [, is the length of section III; [, is the length of section I; L is the total length.

For the calculation, it is necessary to find and determine Ry Ry Hp
Solution:

and create a diagram.

ZFJ{I:G: P—Hy=0; Hg=P
ZFk.=l:l; R,+Rg;=0; R; =—Ry

Zmﬂ[F) 0; Rg*l,—m—Pxl;=0

m+PJ-'E

II section 0 = 2z = L

A ™ Z}r:l:]‘l le
( P,
Zx =0; N,=—P

M; 4 ZmD=G;M:=F*33+m;

= 111 section 0 = 73 = I

Z}’Zﬂi @3 = —Rp
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Figure 7 shows diagrams of the forces operating on the bracket.
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Figure 7. Diagrams of the forces operating on the bracket: a is a diagram of longitudinal forces; b- is
a diagram of transverse forces; c is a diagram of the bending moment

Discussion

In this example, the structural strength of a bracket fixed in two places is calculated. A
mount is attached to the supporting wall of the bracket. In the process of the friction welding,
it is affected by the opposite force (P) and torque (m) arising from the rotation of the workpiece
fixed in the three-jaw chuck of the machine.

Supports are movable (R,) and fixed supports (R;; H;). These supports provide stability to
the structure. As can be seen from the example, this design will be strong and stable, i.e. since the
force P is equal to the force H,, there is no danger of moving. Shear forces are evenly distributed
throughout the structure and therefore do not have a dangerous point. In the torque diagram,
the maximum torque does not exceed the strength condition for the steel material.

As we can see in the diagram, the longitudinal force N describes the forces acting along
the bracket, i.e. along the rod. Therefore, we see that the longitudinal force exists only in the
second and third sections of the frame. The transverse force Q characterizes the forces acting
perpendicular to the bracket rod. As you can see in the diagram, the first and third cross sections
are under the influence of a force. The moment of the force has the greatest value in the second
and third sections.

Conclusions

1. The results of the study showed that in many countries scientific research is being
successfully carried out to create and improve the technology of friction welding of dissimilar
materials. It was revealed that the method of friction welding has wide technological possibilities.

2. The results of calculating the stress-strain state of the bracket part using the ANSYS
software package and calculating the structural strength of the bracket part of a special device
for friction welding showed that the proposed design and parameters of the main base part
(bracket) of the device withstand a critical load during friction welding.
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YiikeaicrieH gsHeKepaeyre apHaafaH KYPbLAFBIHBIH XXYKTeAreH TOpaObIHbIH KepHeyai
AedpopMansiaaHFaH KYJiH 3epTTey

Anaatma. bya makazaga opTekTi MarepmaagapAabl YIUKeJiclleH AdHeKepaey oAicTepiH
3epTTey HaTmXKeAepi OepiareH KeHe YIKeaJiC JsHeKepaeyre apHaAfaH apHailbl KYPBLAFBIHBIH €H
KOIl JKYKTeAeTiH TOpPaOBIHBIH KYPBIABIMABIK OepiKTiriH aHbIKTay YIIiH ecernrTeylep >KacaAraH.
Taapay yiikeaicrieH JoHeKepaey 94iCiHiH KeH TEeXHOAOTMAABIK MYMKIiHAIKTepre me eKeHiH >KoHe
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9pTYpAi casasapia KOA4aHBLAATBIHBIH KepceTTi. CoHJali-aK YiiKeaicIleH JsHeKepaeyre apHaAraH
KOAJAHBICTAFbl KYPBIAFBLAAPD MEH CTaHOKTapAblH KOHCTPyKIusAapel 3eprreadi. Kasakcran
Pecrrybaukaceiabiy (KP) mammba >kacay 3aybITTapbl KargalibiHAa yiKedicIieH JoHeKepaey aici
6iaiMHIH a3ABIFbIHA XKOHE TEXHOAOTUAABIK KaOABIKTEIH JKOFaphl KYHBIHA OallAaHBICTHI KOAAAHBICHIH
TallllafaHBl ~aHBIKTaAAbl. ABropaap Oip-OipiHe yKcamaliThIH Marepuaajapabl — YilKeaicreH
APHeKep/Aeyre apHaAfaH apHallbl KYPBLAFBI 93ipaeai. Bealmekrepain, aTam aliTkaH4a KPOHIITENH
Oeairiniy rmapamerpaepin oHraitaanAepy yurin ANSYS GargapaamaabiK HakeTiH KOA4aHY apKbLALI
kepHey-deopManusl KyIiH ecernrey >KoHe 9peKeTTeri ChIPTKbI CBhIHM >KYyKTeMeaepai aHBIKTay
apKbplAbl OepikTik ecenrey Kypriziagi. Ecenrey HaTumokeaepi KpoOHIITeNH OeAiriHiH e3ipaenren
KOHCTPYKIMSACBIHBIH KOAAaHY MYMKIHAITiH KOpceTTi.

Tyiiin ce3aep: yiikeicrieH gsHekepaey, apTeKTi MaTepualjap, KepHeyaep, KyPBLABIMABIK
OepiKTiK , KYpPBIAFEI, allHaAy MOMEHT.

H.b. A6umesa’, K.T. lllepos**, T.I'. Hacaa?, M.T. Ycep6aes?, A.K. AGyaxanpos?,
I.K. Carbiarasnosa’, A.b. Ep>xanosa?

"Kapazanoumnciuti mexnuveckuii ynusepcumem um. A. Cazunosa, Kapazanoa, Kasaxcman
2Kasaxcwuti azpomextuyeckuil uccaedosamervckuil ynusepcumem um. C. Ceiipyaruna, Acmana,
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Uccaeagosanne Hanips>KeHHO-A4epOPMUPOBAHHOTO COCTOSHIS HAIPY>KeHHOTO y34a
YCTPOJICTBA AAs1 CBAPKU TpeHMEM

Annoraums. B gaHHOI cTaThe HPUBOAATCSA Pe3yAbTaThl MCCA€A0BaHUsS CIIOCOOOB CBAapKIU
TPeHMeM pa3HOPOAHBIX MaTepUaloB U BBIIIOAHEHBl pPacdyeThl II0 OINpeAeAeHMIO ITPOYHOCTU
KOHCTPYKLIMM CaMOI Harpy>kKeHHON JeTaAl CIeIUaAbHOTO YCTPOWCTBA AAsl CBApKU TpeHHeM.
Anaans 1okasaa, 94TO CIIOCOO CBApKU TPeHMeM MMeeT IIUPOKUe TeXHOAOTMYeCKre BO3MOXKHOCTH U
IPUMEHSeTCs B Pa3ANYHbIX OTPACASIX IIPOMBIIIAeHHOCTH. Takke ObLAYM MCCA€A0BaHbI KOHCTPYKITUU
CYIIeCTBYIOIIMX YCTPOMCTE M MaIllMH AAs CBAPKU TPeHMeM. Brrsisaeno, uTo criocod csapku TpeHneM
B YCAOBMSX MaIIMHOCTPOUTEABHEIX 3aB040B Pecrrybaukn Kasaxcran (PK) ne namrea nmpumeneHmst
13-32 MaAO¥ M3Y4eHHOCTM M BBICOKOM CTOMMOCTM TEXHOJOTMYECKOro obopysoBaHUs. ABTOpamMu
paspaboTaHo cHenuaabHOe YCTPONCTBO A4Sl CBApPKM TPeHUEeM Pa3HOPOAHBIX MaTepuaaos. Aas
ONTUMMU3AIUN TapaMeTPOB JeTadell, B YaCTHOCTU AeTaAM KPOHIITENH BBIIIOAHEHBl pacdeThl
HaIIPsKEeHHO-Ae(pOPMUPOBAHHOTO COCTOSHIS C MICITOAb30BaHMeM IIPOrpaMMHOTIO KomIraexkca ANSYS
U pacyeT Ha IIPOYHOCTDL IIyTeM OIpeeAeHNs AeVCTBYIOIIMX BHEIIHMX KPUTUYECKUX Harpys3oK.
PesyabTaTel pacuera okasaan IPUMEHUMOCTb paspabOTaHHON KOHCTPYKLINY A€TaAl KPOHIITEH.

KaroueBble ca0Ba: ceapka TpeHUeM, Pa3HOPOAHBIC MaTepMaAbl, HAIIPSKEHIUs, IIPOYHOCTD
KOHCTPYKIIUMU, YCTPOWCTBO, KPYTSIIINIT MOMEHT.
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