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Abstract - Friction welding is one of the solid – state 

welding, and this welding technique does not involve any 

other material like filler when the process is executed. This 

experiment is aim to inspect about the normalizing post 

weld heat treatment (PWHT) on the rotary friction welded 

joint of JIS S45C steel, with particular attention to the 

modification of the joint interface microstructure and the 

correlation with mechanical characteristics. At 900
o
C for 

74 minutes with room temperature cooling rate, the 

normalizing treatment were administreted. Two 

mechanical testing like tension testing and Vickers 

microhardness were accomplished. The treatment 

specimens exhibited an ultimate tensile strength of 714.95 

MPa, corresponding to the joint efficiency of 96.80% and 

undergo escalate in percentage of elongation as big as 

5.73%. In opposition, the as – weld specimen have 101.28% 

efficiency joint compared to the base metal and all of 

variety of tensile specimen test failure at the base metal. 

Normalizing treatment make the distribution of hardness 

value decrease and make it more homogent in all area, 

while in the as – weld condition, the hardness values roses 

sharply in the contact area and it surroundings. Base on 

the microstructure characteristics, the normalizing 

treatment make the grains more coarser, and eliminate all 

of the differences in zone compared to the as – weld 

condition because of the softening phenomenon. 

Keywords: Friction Welding, JIS S45C, Microstructure, 

Normalizing, Post – Weld Heat Treatment, Tensile Strength. 

I. INTRODUCTION 

One of the most have wide application in the industrial 

word is carbon steel[1]. JIS S45C (equivalent to AISI 1045) 

carbon steel is a medium-carbon steel containing 

approximately 0.45% carbon, commonly used in machine 

components such as shafts or boiler due to its high strength and 

hardness[2], [3], [4], [5], [6].  Because of the higher carbon 

content, it is hard to joint it using traditional welding, and 

higher carbon make pronounce to cracking during the process 

because of the brittle nature[7]. There is other option like 

friction – welding technique, that is more suitable for material 

that have higher carbon content[8], [9], [10]. 

Friction welding is a solid-state joining process that does 

not involve material melting and is particularly effective for 

cylindrical components[11], [12], [13]. It utilizes heat 

generated by friction and axial pressure between contacting 

surfaces[14]. Compared to conventional fusion welding, 

friction welding offers advantages such as the absence of filler 

materials and the formation of a narrower heat-affected zone 

(HAZ), thus minimizing thermal distortion and causing a hint 

of modification in the microstructure[15]. 

Even though it is only a little change in the microstructure 

in nearest spot of the contact joint, there is still residual stress 

formation[16], [17]. This change will make the structure more 

harder and brittle in carbon steel, and with assumptionthis 

microstructure will reduce the ductility and endurance joints to 

impact[18]. Hence, additional heat treatment needed in order to 

restore the mechanical properties of the material to its initial 

condition or even improve them[19]. 

Eka Susanto et al., doing research about the effect of 

stress relieving treatment on mechanical properties and 

microstructure of friction welded joint of medium carbon steel 

JIS S45C. Base on the results, there is a slightly decline in the 

tensile strength, and yield strength but instead it is increasing 

the ductility properties of the joints. The reason is because of 

the coarsening microstructure on the relieving treatment. Also, 

the treatment contributing decreasing the distribution of 

hardness value, especially in the weld center zone (WCZ) area, 

and heat affected zone (HAZ)[20]. In addition, this researcher 

doing some evaluation of the full annealing impact on the 

integrity of rotary friction welded joint AISI 1018. From the 

results, because of the welding parameter not good, there is 

significant decrease in the tensile test properties and hardness 

of the welded sample, and when the sample is subjected to full 
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annealing post weld heat treatment (PWHT), it will further 

reduce the valuebecauseon the microstructure, there are 

softening phenomenon on the grains[21]. Friction stir welding 

(FSW) DP780 steel is done by Chaudry et al.,the sample were 

subjected to annealing PWHT at a temperature range of 450
o
C 

– 650
o
C for 1 hour.  It was found all of the ruptured sample 

specimen tensile test at the HAZ, this is the indication the 

welding parameter is not perfect.There is significance 

depletion in the tensile and yield strength in all PWHT 

samples, except that the sample subjected at 500
o
C 

experiencing an increase in the percentage of elongation[22]. 

On the other hand, many experiment about dissimilar 

friction welded material also initiated. According to Dong et 

al., when TiAl alloy was friction welded to 40Cr steels, TiC 

will emerge, causing aggregration of C at the weld interface. 

The aggregation of C vanished and the joint strength is rose as 

result of PWHT. PWHT may therefore help to improve the 

mechanical characteristics of a joint by homogenizing the 

microstructure, particulary at the weld interface[23].Navasingh 

et al., doing an experiment about microstructure evolution and 

corrosion resistance of friction welded dissimilar AISI 

1010/D3 steels joint. For the as – weld sample the 

microstructure was formed ultrafine ferrite grains at the 

interface. After PWHT was performed it is changed the 

distribution of microstructure secondary carbides and dissolved 

primary carbides to assist homogenize the microstructure. 

PWHT also helped the corrosion behavior in joints between 

this material[24]. When Cu interlayer was applied during 

friction welding of Inconel 600 and stainless steel 316L 

interface, Mishra et al., found 10.8% improvement in strength 

above the weld generated without interlayer, which is 

increased by 14.2% following PWHT. When compared to 

joints formed without interlayer, refined grains made with 

interlayer assumed to have stronger joint[25]. 

From the authors knowledge and according on the 

literature review, there  isnot many research using 

normalizing treatment on the friction welded joint of JIS S45C 

carbon steel. Many research using stress relieving or annealing 

type PWHT on the friction welding joints. To narrower the 

gap, this experiment will be focused on the friction welded 

joint fabricated using modified lathe machine with normalizing 

treatment after welding was done and performing mechanical 

testing for more better understanding. 

The main objective of this present experiment is to 

evaluate the impact of normalizing treatment on the 

mechanical properties like tensile test properties, and 

microhardness Vickers distribution value of friction welded 

joints of JIS S45C carbon steel. For analyzing the data from 

mechanical properties, observation microstructure will be 

conducted and it will be connected together. 

II. MATERIALS AND METHODS 

The raw material that was used in this experiment is JIS 

S45C structural carbon steel, and it is in circular shape,also it 

was earned in hot – rolled condition with 14 mm diameter. 

Table 1 showing the chemical makeup of S45C carbon steels 

according to JIS G 4051[26]. The mechanical properties of JIS 

S45C carbon steels can be seen visible in Table 2. 

Table 1: Chemical makeup of JIS S45C carbon steels (wt.)[26] 

C Mn P Si Ni Cu S Ni + Cr Cr 

0.42 – 0.48 0.60 – 0.90 0.03 max. 0.15 – 0.35 0.20 max. 0.30 max. 0.035 max. 0.35 max. 0.20 max. 

 

Table 2: Mechanical properties of JIS S45C carbon steels 

Yield 

Strength 

(MPa) 

Tensile 

Sterngth 

(MPa) 

Percentage of 

Elongation (%) 

Reduction of 

Area (%) 

405 665 22 40.5 

Before the friction welding will be executed, the surfaces 

of two materials to be joined are faced on lathe and aligned. 

This experiment involved friction welding process on the 

modified lathe machine, like in Fig. 1. To make the ensure, it 

can control the parameters like pressure and time during 

jointing process control device were connected to the machine. 

In order for the stationary specimen to be pushed, the 

stationary chuck is connected to metal sleeve. This metal 

sleeve also connected to the hydraulic system which is the 

main source of its propulsion for this machine[27].In this 

experiment, friction load was set at 40 Bar for 5,5 seconds, and 

the forging load setted at 45 Bar for 5,5 seconds, the rotation 

speed of the spindle setfixed at 1330 rpm. The output of the 

friction welding joint shown in Fig. 2. 

 

Figure 1: The modified lathe machine for rotary friction welding 

[27] 
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Figure 2: The outcome of the friction welded joint 

Normalizing treatment managed after the process of 

joining was finished and it was executed inside furnace. The 

normalizing treatment performed at 900
o
C for 74 minutes, and 

it was cooled relative fast at room temperature[28]. To make 

sure temperature reached 900
o
C, a thermoucouple was placed 

into the furnace and place it near the specimens. After that, the 

specimen is machined so that it can be shaped into aspecimen 

that is ready for tensile testing, microstructural observation, 

and microhardness Vickers. It was machined with conventional 

lathe machine and low speed rotation revolution (900 rpm) are 

used during the turning process, moreover antifreeze fluids 

also used. This low rotation and antifreeze fluids are used to 

ensure that was no white layer arise during machining 

process[29]. The specimen is surface finished by using 

sandpaper and after that metal polish paste is used. 

All of the tensile testing method conducted according to 

ASTM E-8 standard and in Fig. 3 showsthe complete 

dimesions of tensile test specimen. 50 Ton universal testing 

machine (JTM – UTC 6604, Taiwan) is used to obtain the 

tensile mechanical properties of each type specimens. This 

machine crossheads speeds set at 2 mm/min, because there is 

no extensometer attached on the universal machine, the strain 

rates determined using the starting of gauge length, as the 

specimens was tested for longer period times, the strain rate 

may decrease. This test was carried at temperature room, 

approximately at 28
o
C – 36

o
C[30]. 

 

(A) 

 

(B) 

Figure 3: Tensile testing specimens; (A) Dimensions; (B) The 

specimen 

Before the microstructure observation and microhardness 

Vickers test were performed, preparation for the specimen is 

carried out according to standard ASTM E-3[31]. The 

specimen is grinded using metallography cutting machine at 

the cross sections area, andthen, the specimens mounted with 

black powder resin in the mounting machine. Sand paper and 

polishing metal paste used to make sure there is no excrement 

on the surface and making it smoother. To reveal the 

microstructure, chemical etchant like 1 - 5 mL HNO3 + 100 mL 

C2H5OH is used to soak the specimen surface for 50 

seconds[32]. Then, the specimen surface washed with ethanol. 

After etching, the specimen was inspected under optical 

microscope (Metallurgy Union model,Japan). This inspection 

helping to understand the shape and makeup of the 

microstructure. Following that, to obtain the idea of hardness 

distribution value each zone, Vickers microhardness were 

performed out on the Vickers hardness machine (Mitutoyo HM 

- 102, Japan). In agrees with ASTM E-384, 0.987 N test 

forceused on the surface for 15 seconds, and 0.1 mm spacing 

between indentation was used and it was measured at 

centerline axis[33]. 

III. RESULT AND DISCUSSION 

Tensile Properties Results 

Engineering stress and strain, also the tensile properties of 

all type specimens are given in the Fig. 4. Base on the Figure, 

there is no discernible difference exist in the mechanical 

properties between base metal specimen and as – welded 

specimen, only slighty improvement on the tensile strength, 

and slightly reduction with the elongation. Overall, the as – 

welded condition provides the highest tensile strength with 
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737.16 MPa, compared with base metal there is improvement 

about 2.5%, but dropping 5.5% in the elongation. On the other 

hand, there is also slightly reducing in tensile strength of 

normalizing treatment (714.95 MPa) in amount of 4%, and 

increasing in ductility with 6% compared to as – welded 

condition. The increasing in elongation value reflecting 

improvement in ductility, and the yield strength of the 3 types 

specimens does not change dramatically. Whereas the 

normalizing condition offers more balanced combinations of 

strength and ductility, making it more suitable for the 

applications that requiring enhanced thoughness and 

formability [34]. The similar trend on the improvement of the 

tensile strength on the as – weld condition also reported by 

Firmanto et al. [35]. 

 

(A) 

 

(B) 

Figure 4: Outcome of tensile test; (A) mechanical properties of all 

specimens; (B) engineering stress – strain graphic 

To determine the joint integrity, joint efficiency 

calculation was performed, by dividing tensile strength of the 

as – welded joint or the treatment conditions with tensile 

strength of base metal or as – welded specimen [36], it was 

shown in Eq. (1): 

Joint Efficiency =  
tensile strength of the as −  welded joint or the treatment conditions

tensile strength of base metal or as −  welded specimen
× 100% (1) 

From the calculation, the joint efficiency of as – welded 

metal achieved on 102.42%, this improvement somehow 

related to grain refining in the joints without forming 

martensite [37], and when the specimen subjected into 

normalizing treatment it was decreased to 96.98%. The There 

is a slightly reduction in this efficiency calculation. Again, the 

value remains above 75%, it is still considered as a good 

joint[38].Due to the grain at base metal (BM)more coarser 

(displayed in Fig. 7), all of the tensile specimens ruptured at 

the base metal, and it can be seen in Fig. 5. In addition to prove 

there is coarsening on the BM area, the hardness value on the 

BM was the lowest among other areas [39], like in Fig. 6.Also, 

as stated by Ates et al., to make the friction welded joint 

ruptured far from contact zone/interface, an optimal welding 

parameter like friction time is needed to create mechanical 

bonding and diffusion[40].All of ruptured specimen indicated 

with necking case, it implies the specimen have ductility 

properties, either in as – welded condition or with addition 

normalizing treatment [41]. 

  
(A) (B) 

Figure 5: Ruptured tensile test specimens appereances; (A) as – 

welded specimens; (B) normalizing treatment specimens 

The Distribution of Microhardness Vickers Value Results 

The hardness distribution over the welded joint is shown 

in Fig. 6, which contrast the as – welded and normalizing 

treatment conditions. The cross – section between one side of 

the base metal, the weld center zone (WCZ), and the opposing 

base metal represented by the distance (mm) on the x – axis. 

Vickers hardness (HV) values are displayed on the y – axis. 

Compared to base metal hardness of about 200 HV, the as – 

welded condition shows a substansial rise in hardness values 

within the welded center zone (WCZ), peaking about 299 HV. 

Grain refining because of dynamic recrystallization in the 

contact zoneare the examples of localized microstructural 

changes brought on by welding that are indicated by this 

dramatic rise, the grains on TMAZ also got refined[42]. The 

hardness values changes between the base metal and the weld 

center occur gradually in the surrounding areas, such as the 
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heat – affected zone (HAZ) area and thermo – mechanically 

affected zone (TMAZ) area. On the TMAZ and HAZ area, the 

hardness on HAZ reduced to 228 – 256 HV, and on the TMAZ 

side 246 – 265 HV, due to the grains become more coarser 

rather than in the WCZ area[43]. In the BM area, the hardness 

continue decrease even more to 205 – 208 HV, because in this 

area does not undergo microstructural change. Microstructural 

change during welding process was reflected in this hardness 

value, with each areas shows distinctive features resulting from 

collaborative influence of welding heat and mechanical forces. 

Several experimental studies also displaying this behavior from 

friction welded joint[44], [45], [46]. 

 

Figure 6: The distribution values of all specimens 

Normalizing treatment, on the opposite of the welded 

conditions, stabilizes the specimen at around 200 HV, which 

almost same to the base metal, and shows a considerably more 

uniform hardness distribution over the whole cross – section. 

This finding implies that normalizing treatment successfully 

removes the hardness gradient caused by welding, reduces the 

residual stress, and make the microstructure more uniform[47]. 

As a result of this uniformity, the hardness peak in WCZ and it 

in surroundings vanishes. This uniformity also proved in Fig. 8 

on the microstructure photograph, where the ferrite and pearlite 

looking more uniform. This demonstrates how normalizing, as 

a PWHT operations, may effectively restore the uniformity and 

ductility while minimizing hardness differences on the base 

metal[48].This phenomenon has also documented by Tan et 

al.[34]. 

Characteristic of Microstructure Observation Results 

In Fig. 7, the as – welded specimen joint displays clear 

microstructural transitions across different zone: base metal 

(BM), heat affected zone (HAZ), thermo – mechanically 

affected zone (TMAZ), and the weld center zone (WCZ). 

These difference draw attention to the intricate of the 

mechanical and heat effects that occurs during welding and the 

output in significant variations in the grain is distribution and 

structure throughout joint[49], [50]. The BM alone, maintain it 

original microstructure with fairly uniform grain size, whereas 

the HAZ (compared to the BM) gotten finer because of the 

heat exposure from the friction process during welding, 

however it has a higher amount ferrite. On the besides of HAZ 

region, there is TMAZ and WCZ that have combinations 

between plastic deformation + recrystallization, and in this area 

the microstructure become more finer[51], [52]. In the TMAZ 

area there is more ferrite rather than WCZ area, but the WCZ 

area have the highest volume fraction of pearlite (darker) with 

very little ferrite grain compared to other areas. The findings 

indicate that the area near contact surface underwent 

transformation into austenite [7], [53]. The grain refining 

phenomenon on these 3 areas, make the values of hardness 

distribution dived up rather than in BM area, this similar trend 

behavior was also proposed by a few researcher [39], [50], 

[54], [55]. In addition, this also makes the tensile test joint on 

the as – welded specimen has morehigher tensile strength 

rather than the base metal specimen with the sacrifice of the 

elongation properties and the grain refining also makes this 

condition specimen ruptured at the base metal[56], [57], [58]. 

 

Figure 7: Microstructure of as - welded specimen; (A) Gradation 

of all zone 50X; (B) BM area, 200X; (C) HAZ area, 200X; (D) 

TMAZ area, 200X; (E) WCZ area, 200X 



  

 

International Current Journal of Engineering and Science (ICJES) 

Volume 4, Issue 11, pp 87-95, November-2025 

ISSN (Online): 2583-7257 

Article DOI: https://doi.org/10.47001/ICJES/2025.411011                   

 

© 2025 ICJES All Rights Reserved                                         www.icjes.com                   92                                                                    
 

The normalizing treatment specimens, in stark constrast, 

exhibits a uniformity in the throughout microstructure. A 

consistent ferrite (light) with pearlite colonies (dark) can be 

seen in the Fig. 8. There is a complete recrystallization and 

grain growth (heated above upper critical temperature) 

followed by relatively slowly cooled in normalizing treatment. 

Which leads coarsening in the grains rather than the as – 

welded condition and promotes uniformity[59].  This slowly 

cooled method gives no times to the carbon atoms to diffuses 

out and make the pearlite become more finer rather than full 

annealing treatment [48]. Because of this, there is softening 

phenomenon on this treatment, in addition, this case also 

promotes relaxation on the residual stresses + the work 

hardening from the welding, eliminating all the differences 

between zones, and the production history (hot – working or 

casting)[21], [60]. This softening also makes the tensile 

strength, and the distribution hardness values decreased also 

make it more homogent compared to the as – welded 

conditions. Furthermore, it is also improving ductility 

properties with the proof rise of percentage elongation values 

[34]. From fotographic of this 2 types specimen, there is no 

void, crack, or inclusion were formed during welding. 

 

Figure 8: Microstructure of normalizing treatment specimen; (A) 

50X; (B) 200X 

IV. CONCLUSIONS 

Similar joint of JIS S45C carbon steels were fabricated 

through friction welding in this experiment. The impact of 

normalizing treatment after joining process was done was 

systematically studied, and the major conclusions can be drawn 

as follows: 

1. By applying friction welding followed by normalizing 

treatment, the joint still considered reliable and it ruptured 

at the base metal after tensile testing was done. The 

treatment led to improvements in the percentage of 

elongation. However, compared to the as – welded 

condition, the treatments make a slightly detoration on the 

tensile strength with increasing the elongation percentage 

values. 

2. The treatment also makes the distribution hardness values 

drop almost like the base metal and make it more 

uniform. It is also eliminating all of the differences in all 

areas. 

3. From the microstructure of normalizing treatment, the 

grain becoming more coarser and uniform, and from this 

microstructure type it can be concluded it is slightly 

affecting the mechanical properties. 
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