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of Similar AISI 1040 Parts Joined By Friction Welding
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Friction welding is one of the important joining methods widely used, es-
pecially for welding cylindrical parts, in many industries. In this study,
friction welding of similar material steel AISI 1040 cylindrical parts hav-
ing 12 mm diameter is successfully realised at different welding parame-
ters. In order to determine mechanical properties of welds, the tensile
strength and microhardness tests as well as microstructural analysis are
carried out and discussed. In addition, the comparison between parts
welded at different revolutions per minute (rpm) is made in terms of me-
chanical properties. Experimental results show that the highest tensile
strength is nearly 400 MPa, which is obtained at the parts welded
through 1500 rpm.

Key words: friction welding, AISI 1040 steel, mechanical properties, rota-
tion speed.

3BapOBAaHHA TEPTAM € ONHHM 3 BAXKJUBUX CIOCO0iB 3’€qHAHHSA, SAKUI M-
POKO BUKODPUCTOBYETHCS, 30KpeMa, [IJsA 3BapIOBaHHA IUWJIIHIPUYHUX JeTa-
JiB, y 6araThbox rajyssx OPOMUCJIOBOCTH. B maHiii po6oTi 6y/i0 BUKOHAHO
3BapPIOBAHHA TEPTAM IWIIHAPUUYHUX AETANiB AiaMmerpoM y 12 MM 3i craui
AISI 1040 za pisHux mapameTpiB 3BapioBaHHA. [l xapaKTepusarlii mexa-
HIYHUX BJACTMBOCTEHN 3BapHUX IMBIiB BU3HAYEHO MIITHIiCTh Ha PO3TAT 1 MiK-
POTBEPAICTh, a TaKOK BMKOHAHO MiKPOCTPYKTYpHY aHaxizy. Kpim Toro,
IPOBEJIEHO MOPiBHAJBbHY aHAJNidy MeXaHiuHMX BJAaCTHUBOCTEH AeTajliB, 3Ba-
PeHuX 3a pisHUX IIBUAKOCTeil obepTaHHs. Pe3yabTaTu eKCIepHMMEeHTIB Io-
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KasyThb, II0 MaKCHUMaJIbHA MiIlHicThL cTaHOBUTH O013bK0o 400 MIIa i mocs-
raetbesa npu 1500 o6/xB.

KarouoBi cioBa: 3BapioBaHHA TepTaM, ctaab AISI 1040, mexaHiuHI BIacTu-
BOCTi, MIBUIKiCTh oGepTaHHS.

CBapka TpeHHEeM SBJAETCA OJHUM M3 BasKHBIX CIIOCOOOB COEIMHEHUS, KOTO-
PBIA IIIMPOKO HCIIOJB3YeTCsA, B YACTHOCTU, OJA CBAPKU IMUJINHAPUYECKUX
merajyeil, BO MHOTUX OTPACJAX IIPOMBIILIEHHOCTH. B mamHOIT pabore Oblia
MpoBeleHa CBapKa TPeHUWeM IWJINHIPUYECKUX OeTajiell aumaMerpoM 12 MM
u3 craau AISI 1040 opu pasHBIX mapaMerpax cBapku. [Iad xapaKTepusa-
N1 MeXaHNYeCKUux CBOIICTB CBApPHBIX IIIBOB OIIPEeAEeJI€EHBbI IIPOYHOCTHh Ha pac-
TS)KeHNe 1 MUKPOTBEDPAOCTL, a TaKsKe BBIIIOJHEH MHKPOCTPYKTYPHBIN aHa-
aus. Kpome Toro, mpoBesiéH CPaBHUTENIbHBIN aHAIN3 MeXaHNUECKUX CBOMCTB
I[eTaJIefI, CBAape€HHBIX IIPDM PAa3/JIMYHBIX CHKOPOCTAX BpaIll€eHUdA. PeSy.TILTaTI:I
SKCIIEPUMEHTOB TOKAa3bIBAIOT, YTO MAaKCUMAaJbHAA IIPOYHOCTH COCTABJISAET
orosio 400 MIla u gocturaerca nmpu 1500 06/MmuH.

Karouessie cioBa: cBapka TpenueM, craiab AISI 1040, mexaHuuecKue CBOI-
CTBa, CKOPOCTH BpAIlleHUs.

(Received March 6, 2018)

1. INTRODUCTION

In friction welding process, joining is made by generating heat
through transformation of mechanical energy into thermal energy
at the interfaces of the parts while one part is rotating and the oth-
er one is pressing on the rotating part. In friction welding process,
the most important parameters are friction time, friction pressure,
upset time, upset pressure and rotation speed to attain strong join-
ings. Friction welding is a solid state welding method that has
many benefits, for instance, similar and dissimilar metals or alloys
can be successfully joined with low material consumption, low dis-
tortion, and high mechanical properties (Celik and Ersozlu, 2009;
Caligulu et al., 2015). AISI 1040 steel can be easily welded by ap-
propriate procedure. Welding of AISI 1040 steel parts in the
through-hardened or flame or induction-hardened circumstances is
not suggested. AISI 1040 steel is utilized for forged components
having suitable strength and toughness. AISI 1040 steel is used for
manufacturing of forged crankshafts and couplings.

Many studies on friction welding have been done. Ellis (1977) in-
vestigated the relationships between ‘friction time—workpiece diam-
eter’, ‘shortening—upsetting pressure’ and ‘carbon equivalent—
hardness variation’. Dunkerton (1986) studied on the effects of ro-
tation speed, friction pressure and upsetting pressure in the fric-
tion welding process for steel. Yilmaz et al. (2003) investigated in-
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terface properties of aluminium and steel friction welded parts.
Akata and Sahin (2003) examined the effect of dimensional differ-
ences in friction welding of AISI 1040 components.

In this study, friction welding of similar AISI 1040 steel bars
having 12 mm diameter was performed.

2. MATERIALS AND METHODS

Material used in this study was commercial AISI 1040 medium car-
bon steel bars having 12 mm diameter. Chemical composition of this
material is illustrated in Table 1. Friction welding of the same ma-
terial AISI 1040 medium carbon steel bars was made by using di-
rect-drive friction welding machine. Friction welding operations
were performed at constant forging pressure and at constant forg-
ing time for two different rotational speeds which given in Table 2.

Macrophotograph of the joints of welded specimens is presented
in Fig. 1. After friction welding operations, the welded specimens
were prepared in TSE 138 standard shown in Fig. 2 for tensile
tests. So, as to assess mechanical properties of friction-welded
joints, tensile tests were performed by Yuksel Kaya Machine and
microhardness tests on the weld cross-section areas at 0.5 mm in-
tervals were carried out.

Furthermore, in order to observe the microstructural variations
in the weld areas, adhesive SiC paper for cleaning and 1 micron di-
amond paste for polishing were used. 3% nital for etching opera-
tion was employed by applying 2 s. Later, weld interfaces were ex-
amined via scanning electron microscopy (SEM) and optical micros-
copy (OM). Macrophotograph of the welded interfaces is presented

TABLE 1. Chemical compositions of AISI 1040 material.

Tensile strength

. o . . o
Material|C, % |P, % |S, % |Mn, % [Si, % |Ni, %|Cr, % of materials, MPa

AISI 0.35

1040 0.44 <0.04<0.05 0.75 0.2 — - 520

TABLE 2. The process parameters used in the friction welding.

Welding parameters
Sample -y - :
No. Friction Friction Rotation Upset Upset
time, s |pressure, MPa| speed, rpm | pressure, MPa | time, s
S1 6 60 1500 120 12

S2 6 60 1700 120 12
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Fig. 1. Macrophotographic view of friction welded samples.
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Fig. 2. Dimensions of tensile test specimens.
in Fig. 3.

3. RESULTS AND DISCUSSION
3.1. Tensile Strength Analysis

Figure 4 shows the samples prepared for tensile test, and Fig. 5
shows samples after tensile test. Tensile strength of friction welded
S1 and S2 is given in Fig. 6. It can be seen from Fig. 6 that tensile
strength of S1 is about 400 MPa joined at 1500 rpm rotation speed
while tensile strength of S2 is about 360 MPa joined at 1700 rpm
rotation speed. Tensile strength of S2 is lower than tensile strength
of S1. The reason for lower tensile strength in S2 is that higher ro-
tation speed of S2 resulted in high temperatures, which caused
melting and removed plastic deformation in interface. In friction
welding process, since high temperatures and plastic deformations
and hardness changes occur in the weld interfaces of parts, mechan-
ical properties of parts change (Ozdemir et al., 2007; Maweja and
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Fig. 3. The macrograph of the weld joint interface of samples S1 and S2.

Fig. 4. Macrophotographic view of samples prepared for tensile test.

Fig. 5. Macrophotographic view of samples after tensile test.
Stumpf, 2006). Elongation of S1 is more than S2 and it is 9.52%.

3.2. Microhardness Analysis

Figure 7 indicates microhardness of friction welded joints. Micro-
hardness tests were carried out under load of 300 g and at 0.5 mm
intervals horizontally across the weld joint using Vickers Hardness
technique. It was found that hardness of base material is higher
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Fig. 6. Tensile tests results.

than the hardness of weld zone for both S1 and S2 that is approxi-
mately 255 HV.

It was determined that the hardness from base material to the
weld zone decreases. When S1 and S2 compared in terms of hard-
ness at the weld zone, S1 has a higher hardness value, which is at
the average of 180 HV. In addition, it was found that the hardness

D7 > FPDZ

BM\\

32
-

#250

W)

=200 N ./

¥ Nt ol

< —52

S8 6 -4 -2 0 2 4_6 &
Distance from weld centreline, mm

Fig. 7. Microhardness distribution.
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at the deformation zone (DZ) is slightly greater than full plastic de-
formation zone (FPDZ). It was determined in all the experiments
that the hardness of DZ is lower than the base material because of
thermal effect dominating at the weld interface (Seli et al., 2010).

3.3. Microstructure Analysis

The macrograph of the weld joint interface of samples S1 and S2 is
demonstrated in Fig. 3. The micrograph of the weld samples S1 and
S2 is presented in Fig. 8. Optical microscope photos of interface are
given in Fig. 9. Crack, gap, and unbound regions were not observed
at the joint surface of the components. Deformation flows revealed
obviously that there are no defects at the weld joints for S1 and S2.
Microstructure photos of base material (BM), DZ and FPDZ were
taken and then these microstructure photos were inspected. Grains
and grain boundaries can be seen clearly from microstructure pho-
tos. Both ferrite and austenite morphologies were observed at FPDZ
as seen in Fig. 8, b. and Fig. 8, c.

It was observed that the grain sizes at the DZ are smaller than

Fig. 8. SEM microstructure: BM (a), FPDZ (b, ¢), DZ (d).
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Fig. 9. OM photos.

those of FPDZ at both S1 and S2. Furthermore, the grain sizes at
the FPDZ of S1 are smaller than S2; the reason for this is improv-
ing rotation speed. In other words, when rotation speed increased
from 1500 rpm to 1700 rpm, the grain sizes at the DZ and FPDZ
regions grew as it can been seen from Fig. 8, ¢ and Fig. 8, d. In ad-
dition, as a result of increasing rotation speed causing an increase
in heat and more deformation, flash size got larger as shown in Fig.
3 and width of FPDZ got larger demonstrated in Fig. 9. It was
found by (Hazra et al., 2014) that upset pressure determines each
zone size and FPDZ microstructure has very fine grains owing to
the repeated recrystallization and maximum deformation at FPDZ.

4. CONCLUSIONS

The effect of rotation speed on tensile strength, microhardness and
microstructure in friction welding of similar material AISI 1040
were studied. AISI 1040 rods with a diameter of 12 mm were suc-
cessfully joined via direct-drive friction welding method. The fol-
lowing conclusions were drawn.

The tensile strength decreased approximately by 12% with in-
creasing rotation speed from 1500 rpm to 1700 rpm, and yield
strength decreased by 18%.

With increasing rotation speed from 1500 rpm to 1700 rpm, mi-
crohardness at both DZ and FPDZ areas dropped.

The grain sizes at both DZ and FPDZ became larger as a result of
increasing rotation speed resulting in more heat input. Also, FPDZ
width improved.

Flash size increased due to an increase in rotation speed as seen
clearly in Fig. 8.

When sample S1 is compared with S2 in terms of microstructure,
S1 has a more fine-grained structure than S2. Therefore, micro-



EFFECT OF ROTATION SPEED PARAMETER ON MECHANICAL PROPERTIES 1707

hardness and tensile strength value are higher in S1.
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