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1. Introduction 

 
 
 
Modern production processes require inherent state-of-the-art surface techno- 
logies. (Tillmann, 2006) Advances in technology would not have been possible 
without the presence of mechanical surface treatments, especially in the auto-
motive and aerospace industries. (Schulze, 2006). Generally, the choice of man-
ufacturing processes is based on cost, time and quality. The quality of a surface 
is usually based on two criteria: dimensional accuracy and surface roughness. 
The importance of fine-tuning and finishing methods in the engineering indus-
try has increased considerably in terms of product quality requirements, preci-
sion and surface roughness requirements. A surface must be within certain lim-
its of roughness. More often metal components need to be manufactured not 
only with high dimensional and geometrical accuracy, but also with a high-qual-
ity surface finish. The surface finish has a vital role in influencing functional 
characteristics such as wear resistance, fatigue strength, corrosion resistance, 
and power loss resulting from friction (Rao, 2010; Bednarski et al., 2013; Shan-
kar et al., 2017). Moreover, a smoother surface has a high wear resistance and 
better fatigue life, i.e. it has a longer cycle life as a result of this compressive 
stress action (Brinckmann et al., 2007; Salahshoor et al., 2011). 

 
Conventional methods, such as grinding, are widely used finishing processes 

in applications that require an excellent surface finish and dimensional accu-
racy. However, the quality of the finished surfaces of mechanical components is 
increasingly becoming a significant factor in engineering solutions, and high-
quality properties are more difficult to achieve with traditional processes (Rao, 
2010). Microstructural damage or poor surface quality can cause critical failure 
of one part of the assembly, and in the worst case, the whole assembly can be 
damaged because of one part. With this in mind, it is very important to choose 
the optimal finishing method to keep down the total cost of the finishing process 
and to obtain the desired surface quality and other required quality features for 
the piece. Burnishing is one finishing technique that serves as an alternative to 
traditional grinding processes. Burnishing is considered as a cold-working fin-
ishing process, differing from other cold-working surface -treatment processes 
such as shot peening and sandblasting in that it produces a good surface finish 
and also induces residual compressive stresses in the metallic surface layers 
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(Hassan, 1997). Burnishing has the potential to improve the productivity, cost- 
effectiveness, and quality of products. These are achieved without expensive 
equipment or long processing times. Moreover, ball burnishing is a rapid, sim-
ple, and cost-effective mechanical surface treatment (Rodríguez et al., 2011). 
Ball burnishing, a plastic deformation process, is becoming more popular as a 
finishing process (Rao, 2010). The methods are mainly used on rotating com-
ponents that have high-quality requirements, such as automotive crankshafts, 
bearing parts, or axles, taper seats for hydraulic cylinders, grease pit lifts and 
hydraulic elevator cylinders, hydraulic pistons (Swirad, 2011; de Lacalle et al., 
2005; Kumar  et al., 2016).  

 
Ultrasonic burnishing is one surface treatment method. There are some other 

distinctly different burnishing processes: ball burnishing, roller pressure bur-
nishing, and diamond burnishing. Ultrasonic burnishing is a “new” and prom-
ising surface treatment process, in which the tool is set with constant force 
against the surface to be treated and forges the surface at an ultrasonic fre-
quency. Diamond burnishing is another relatively new finishing method. The 
kinematics of the diamond burnishing process are similar to more common 
roller pressure burnishing processes, though the contact in diamond burnishing 
is sliding instead of rolling. The diamond burnishing tool is usually used in lin-
ear applications, i.e. on cylindrical workpieces. The diamond tool is set by the 
tool holder at an orthogonal angle to the surface to be treated. None of the bur-
nishing methods removes material from the surface. The cold plastic defor-
mation caused by the tool on the surface layer of the component yields the re-
quired surface integrity properties: surface roughness is reduced, hardness in-
creases, and compressive stresses are formed on the surface of the workpiece. 
Slide burnishing does not require any complex equipment and is simple to im-
plement (Korzynski et al., 2010). 

 
Traditionally, finishing the contoured surfaces of tracks is expensive, slow, 

and time-consuming. Ultrasonic burnishing has traditionally been used to fin-
ish hard and brittle materials because ultrasonic processing is not affected by 
material hardness. The ultrasound utilized in finishing has mainly been per-
formed with manual ultrasonic machines that have been used to finish pieces of 
material with a small surface area. The study examines the applicability of ul-
trasound burnishing as a finishing method. The range of suitable burnishing 
methods for finishing is wide and the methods are constantly being studied and 
developed in order to achieve a better surface roughness or hardness.  
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1.1 Background and research gap 

 
It is generally accepted that burnishing processes are effective methods for 

improving in surface finish. A literature survey shows that several studies have 
been carried out on burnishing (e.g. Basak et al., 2017; Maheshwari et al, 2017; 
Chomienne, 2016; Stalin John et al., 2011b; Korzynski et al., 2010; El-Axir, 
2000; Hassan, 1997). These studies show that the surface integrity (surface 
roughness, residual stress, microstructure, and hardness) of a mechanical com-
ponent improves after burnishing. Revankar et al. (2014), Chomienne (2016), 
and El-Axir (2000) reported that burnishing brought about an improvement in 
surface quality. Moreover, increased maximum residual stress in compression 
has been pointed out by e.g. Hassan et al. (1996), Hassan (1997), Fattouh et al. 
(1989), and Chomienne (2016). The effect of the machining parameters on sur-
face properties in burnishing has been reported by e.g. Nestler et al. (2015) and 
Loh et al. (1989). Moreover, on this basis, several studies have been conducted 
with a view to gaining an understanding of the influence of burnishing on ma-
terial. While a number of studies have investigated burnishing methods, most 
of the experimental studies were carried out using the ball or roller burnishing 
methods (Mahajan, 2013). 

  
Little research work has been done on surfaces that have been finished espe-

cially with ultrasonic burnishing. The present work aims to study the effects of 
ultrasonic burnishing on surface integrity, especially the residual stresses, hard-
ness, and surface roughness of metal surfaces. Few studies have been done on 
residual stresses when using burnishing methods, especially ultrasonic burnish-
ing methods. Surface roughness and microhardness are the popular measured 
variables in previous ball burnishing- related research, according to Mahajan 
(2013). However, research work on the effects of ball, roller, or diamond bur-
nishing on surface integrity has previously been done, but there are no research 
results concerning the effects of ultrasonic burnishing on surface integrity.  

 
There is a gap in the current literature, especially in the knowledge of the ef-

fects of ultrasonic burnishing on surface integrity. Moreover, many researchers 
have investigated the influence of burnishing using different parameters for fin-
ishing rotating parts, but there are only a few studies that investigate its influ-
ence on out-of-roundness or the final diameter. In this context, this dissertation 
focuses on examining the effects of ultrasonic burnishing on the residual 
stresses, hardness, and surface roughness of metal surfaces. The present study 
adds new knowledge related to using ultrasonic burnishing as a finishing 
method by investigating how ultrasonic burnishing affects surface integrity and 
the final diameter of workpieces. The test equipment used in this study was a 
prototype version. By redesigning equipment for ultrasonic burnishing it is pos-
sible to use burnishing e.g. for shafts or axles in different applications.  
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1.2 Objectives and research questions 

 

The main motivation for this thesis was to investigate the effects of ultrasonic 
burnishing on surface integrity. The main research question of the dissertation 
is as follows: 
 

What are the effects of ultrasonic burnishing on surface integrity? 
 
 

The question is important since it helps to answer how the ultrasonic method 
can be used to produce surface with high-quality textures and how effective a 
method it is for improvements in surface finishing, for example compared to 
other burnishing methods such as ball, diamond or roller burnishing methods. 
In other words, the dissertation clarifies the characteristics of ultrasonic bur-
nishing methods and what benefits there are in ultrasonic processes for metallic 
surface layers. This research investigates the residual stresses, surface rough-
ness, hardness, and out-of-roundness effected by ultrasonic burnishing. The 
findings of this research are gained through experimental work. 

 
In Part I (Publications I, II, and III) the residual stresses, surface roughness, 
hardness, and out-of-roundness caused by ultrasonic burnishing are investi-
gated. In brief, Part I addresses the following questions: 

 
How does ultrasonic burnishing affect the residual stresses?  
What impact does ultrasonic burnishing have on surface roughness and 
hardness? 
How does the method affect the dimensions of a workpiece? 
What are the differences between the effects of ultrasonic and diamond 
burnishing processes on residual stresses? 

 
Part II (Publication IV) researches the effect of process variables on the surface 
quality of AM burnished materials. Part II addresses the following questions for 
ultrasonic burnishing: 

 
How does ultrasonic burnishing affect the surface roughness and hard-
ness of AM metallic materials ? 
What are the most critical process parameters for burnishing AM metal-
lic materials in terms of surface quality? 

 

1.3 Structure of the dissertation 

The dissertation consists of four original research papers and this compiling 
part. Publication I examines the effects of ultrasonic burnishing on the stress 
state, surface roughness, and hardness of two workpieces made of 34CrNiMo6 
tempering steel with different qualities. On a larger scale the research in Publi-
cation I answers the question of how ultrasonic burnishing affects the surface 
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integrity. Publication II follows a similar line of investigation, but with a partic-
ular focus on the influence of the ultraburnishing technique on the change in 
diameter and its effects on the out-of-roundness of rotating shafts made of dif-
ferent materials: aluminium, 34-CrNiMo6 tempering steel, and S355J2 struc-
tural steel. Publication II also investigates the magnitude of the surface rough-
ness after using ultrasonic burnishing in different pre-machined surface rough-
ness zones. Publication III moves away from ultrasonic burnishing to the dia-
mond burnishing process to broaden the examined effects of both diamond and 
ultrasonic burnishing on the residual stresses, hardness, and surface roughness 
of metal surfaces. The research objective was to determine the impact of the 
methods on the residual state of the material. The novelty lies in the examina-
tion of the characteristics of two different types of burnishing methods on the 
same material. Publication IV investigates how the ultrasonic burnishing 
method affects the surface roughness and hardness of AM metallic materials 
such as Co-Cr and 316L stainless steel. The publication also finds out the opti-
mal values for the process parameters for AM metal components. The novelty 
lies in using AM test materials and finding out how the method affects surface 
quality and hardness. A graphical outline of the thesis is shown in Figure 1.  

 
 
 
 
 

 
 

Figure 1. Graphical outline of the thesis. Primary research question of the dissertation. The ar-
rows represent the linkages between the main themes of the dissertation. 

 

Effect of ultrasonic burnishing on
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This dissertation is divided into six chapters. After this introduction to the the-
sis, Chapter 2 provides a brief description of burnishing methods and surface 
integrity in theory and covers the theoretical foundations of the field of burnish-
ing. Chapter 3 presents the materials and methods used. The main results and 
findings of Publications I–IV are presented and discussed in Chapter 4. These 
results and their contribution to the existing knowledge of the field are dis-
cussed in Chapter 5. Conclusions are drawn in Chapter 6, where future work to 
be done is also outlined. The four publications are appended in the latter part of 
the dissertation.  

The whole research was experimental, and it was carried out at Aalto Univer-
sity’s Department of Mechanical Engineering. 
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2. Related Work and Theoretical Foun-
dations

The importance of the surface of a machined component with regard to func-
tional performance is vital. The constant need for improved surface integrity 
and enhanced functional performance of manufactured components has long 
acted as a driving force in the development of new production methods and 
high-performance manufacturing technologies. Mechanical surface treatments, 
especially burnishing, are effective techniques to improve surface integrity. Be-
sides producing a good surface finish, the burnishing process has additional ad-
vantages over other machining processes, such as increased hardness, corrosion 
resistance, and fatigue life, as result of the compressive residual stress that is 
produced.   

 
There are several different types of burnishing processes, such as ball burnish-

ing, roller burnishing, diamond burnishing, and ultrasonic burnishing, which 
are shown in Figure 2. The most common are roller burnishing and ball bur-
nishing. In both cases, a burnishing tool runs against the workpiece and plas-
tically deforms its surface. 

 

 

Figure 2. Schematics of different burnishing process: a) ball burnishing, b) roller burnishing, c) 
diamond burnishing, d) ultrasonic burnishing.  
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The kinematics of the diamond burnishing process are similar to those of more 
common roller pressure burnishing processes, though the contact in diamond 
burnishing is sliding instead of rolling. The diamond burnishing tool is usually 
used in linear applications, i.e. on cylindrical workpieces. The diamond tool is 
set by the tool holder at an orthogonal angle to the surface being treated. In 
ultrasonic burnishing, the tool is set with constant force against the surface be-
ing treated and forges the surface at an ultrasonic frequency. None of the bur-
nishing methods removes material from the surface. 

 
 

 
Surface integrity 

 
Surface integrity (SI) is a term that combines different attributes of a surface. 
The attributes shown in Figure 3, such as hardness, surface quality, structure, 
and chemistry, affect the mechanical and chemical behaviour of a material. It is 
known that surface finishing and the complex combination of surface rough-
ness, residual stress, cold work, and even phase transformations greatly influ-
ence the service behaviour of manufactured parts, such as resistance against fa-
tigue, stress, and corrosion. Surface integrity is of great interest regarding com-
ponents that are e.g. highly stressed, require prime reliability properties, and 
operate in severe environments. (Astakhov, 2010; Buchkremer et al., 2017) 
 

 

 
 

Figure 3. Surface integrity parameters (Chomienne et al., 2016). 

 

2.1 Residual stresses 

Residual stresses are stresses that remain within a material or body after exter-
nal forces or thermal gradients caused by manufacturing and material pro-
cessing have decreased to zero (Rossini, 2012). Stresses are caused in processes 
involving thermal loads such as casting and processes that have a powerful de-
forming effect on the material, such as machining and forming (Whitehouse 
2003). Residual stresses are probably the most important aspect in assessing 
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integrity because of their direct influence on performance in service; compres-
sive residual stresses generally improve component performance and life be-
cause they reduce service (working) tensile stresses and inhibit crack nucleation 
and propagation (El-Khabeery et al., 2001).  
 
The effect of roller –burnishing, e.g. on the residual stress of 6061-T6 alumi-
nium alloy, was investigated by El-Khabeery et al. (2001). They argue that the 
roller burnishing process produces compressive residual stresses in the surface 
region. Moreover, they also point out that the increase in the deformation action 
of the roller burnishing tool at low speed induces high plastic deformation of the 
burnished surface, which leads to compressive residual stress. They also studied 
mathematical models correlating three process parameters: the burnishing 
speed, depth of penetration of the burnishing, and number of passes. 

 
Bougharriou et al. (2010) used finite element modelling to provide a funda-

mental understanding of the roller burnishing of an AISI 1042 workpiece. They 
showed with finite element analysis that the roller burnishing process produces 
a compressive residual stress in the surface layer. Moreover, they stated that the 
FEM results are in agreement with the experiments. 

 
Chomienne et al. (2016) present an overview of past research on residual 

stresses and point out that burnishing has an influence on residual stresses. 
From the residual stress standpoint, their publication provides an assessment 
of the current state of the art, especially with respect to the residual stress profile 
after burnishing. They show that the ball burnishing process has a significant 
influence on the residual stress state. Moreover, they also report that the influ-
ence of the burnishing parameters on the residual stress profile is very signifi-
cant. They showed that the normal force is a key parameter of the residual stress 
profiles. 

 
Zhang et al. (2015) studied the ball burnishing process with a focus on obtain-

ing predictable models of surface roughness and residual stresses based on ex-
perimental data. They stated that roller burnishing transforms tensile residual 
stresses into compressive residual stresses in which pressure plays an important 
factor. Moreover, they point out that the maximum residual stresses, which are 
very common in the burnishing process occur in the subsurface. 
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2.2 Surface roughness 

According to the ISO 4287:1997 standard, Ra is the arithmetical average of the 
absolute value of the height of roughness irregularities from the mean value 
measured. It can be described in a mathematical function as 

 
     (1) 

    
where yi is the height of roughness irregularities from the mean value and  
n is the number of measured points in a sampling length. The value of Ra can 
be calculated from the mean height. 
 

Surface roughness (Ra) is a widely used index of product quality and in most 
cases a technical requirement for mechanical products Whitehouse (2003). 
Achieving the desired surface quality is of great importance for the functional 
behaviour of a part (Benardos et al., 2003). As Figure 4 shows, ball burnishing 
significantly improves the surface roughness values from Ra 1.2 m to 0.15 m, 
meaning an 88% improvement (Chomienne et al., 2016). It also shows the dif-
ference in surface roughness profile before and after ball burnishing. 

 
 

 
 
 

Figure 4. Surface roughness profiles obtained after turning and turning+ ball burnishing. Figure 
modified from Chomienne et al. (2016). 

   
Revankar et al. (2017) point out that the ball burnishing method improves the 
surface finish (77%) and hardness (17%) of titanium alloy (Ti–6Al–4V). Moreo-
ver, they found that during the burnishing of titanium alloy, the surface rough-
ness decreases a fairly low burnishing force, whereas the surface roughness 
started to increase with a higher burnishing force. The results obtained indicate 
that the process they presented effectively enhances both finishing quality and 
fatigue strength. Hassan and Aiman (1996) investigated the effects of both ball 
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burnishing and roller pressure burnishing on the surface roughness and hard-
ness of non-ferrous metals and showed that the burnishing process increased 
surface hardness and reduced surface roughness. Moreover, they obtained Ra= 
0.1 m after burnishing. Nemat et al. (2000) showed that ball burnishing can 
improve surface roughness by up to 70%. Stalin John et al. (2011a) studied the 
effect of the roller burnishing process on tool steel material. They obtained a 
minimum Ra= 0.153 m after burnishing. Dwivedi et al. (2014) studied the ef-
fect of the roller burnishing process parameters on the surface roughness of an 
A356/5%SiC metal matrix composite. The authors found that the roller burnish-
ing process reduced the surface roughness of the A356/5%SiC metal matrix 
composite by 66.98%. Moreover, they obtained a minimum value of Ra= 0.086 

m. Kumar et al. (2016) showed that the surface roughness of C40E steel could 
be reduced by up to 0.129 m after roller burnishing. That improved the surface 
roughness by approximately 40%. Stalin John et al. (2011b) investigated the 
surface characteristics of HCHCr material treated with roller burnishing on a 
CNC lathe. They showed that the surface roughness decreased by 88.8% after 
roller burnishing. They obtained Ra= 0.173 m after roller burnishing. Yuan et 
al. (2016) obtained a reduction in roughness of 63% after roller burnishing of a 
TA2 alloy.  

 
Yu et al. (1999) studied the effect of various parameters on the surface rough-

ness in the burnishing of aluminium alloy with a diamond tool and point out 
that the surface roughness of the workpiece was reduced to Ra=0.026 m from 
the original 0.5 m. Korzynski et al. (2009) showed that it is possible to get a 
roughness of Ra= 0.07 m after slide diamond burnishing. Bednarski et al. 
(2013) investigated the effect of slide burnishing on metal matrix composites 
(A6061 + Al2O3 and AlMg1SiCu + Al2O3). They showed that burnishing signif-
icantly improved the surface topography of the test materials. Moreover, they 
noted that the surface hardness increased by approximately 30%; likewise, they 
obtained a minimum value of Ra = 0.15 m after burnishing. Hokkanen (2006) 
pointed out that ultrasonic burnishing significantly improves the surface rough-
ness values e.g from Ra 0.623 m to 0.012 m for 42 CrMo 4 steel, and from Ra 
0.732 m to 0.015 m for 16 MnCr 5 steel.  

 
The literature review indicates that earlier investigations concentrated on the 

effect of the ball, roller, or diamond slide burnishing process by dealing mostly 
with surface finish and surface hardness. Overall, there seems to be evidence to 
indicate that burnishing improves the surface roughness very effectively. But 
very little research related to ultrasonic burnishing was found in the literature.  
 

2.3 Surface hardness 

 Hassan (1997) and Hassan and Aiman (1996) showed the effects of both ball 
burnishing and roller pressure burnishing on the hardness of non-ferrous met-
als and found that the burnishing process increased surface hardness by 60%. 
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Korzynski et al. (2010) found a clear increase in surface microhardness by as 
much as 29% of the untreated value after slide diamond burnishing of 42CrMo4 
alloy steel. Stalin John et al. (2011a) investigated the effect of the roller burnish-
ing process on tool steel material. They reported that the hardness was im-
proved by 33.13%. Bednarski et al. (2013) assessed the effect of slide burnishing 
on metal matrix composites (A6061 + Al2O3 and AlMg1SiCu + Al2O3). They 
obtained an increase in the surface hardness by approximately 30%. 

 
  Kumar et al. (2016) stated that the roller burnishing process increased surface 
hardness by 38%. Stalin John et al. (2011b) showed that hardness improved by 
55.5% after roller burnishing of HCHCr material. Yuan et al. (2016) stated that 
the roller burnishing process can obviously enhance the surface performance. 
They obtained an increase in microhardness of 28% compared to pre-machined 
surfaces for a TA2 alloy. Also, Chomienne et al. (2016) showed that surface 
hardness increased after ball burnishing compared with the bulk hardness of 
15-5PH martensitic stainless steel. 
    

The studies presented above thus far provide evidence that ball, roller, and-
slide burnishing methods increase the surface hardness of workpieces made of 
different materials when compared to pre-machined surfaces, which improves 
wear resistance. Hassan and Aiman (1996) reported that burnishing also im-
proves fatigue strength by inducing residual compressive stresses in the surface 
of the workpieces and increases the corrosion resistance. Konefal et al. (2013) 
studied the effect of slide diamond burnishing on the resistance of 
X6CrNiMoTi17-12-2 alloy steel. They concluded that the best corrosion re-
sistance was found after burnishing.  

 

2.4 Out-of-roundness 

Circular forms are common in industrial components and are used in various 
applications, such as bearings and rotating shafts. Out-of-roundness is the ra-
dial deviation of the actual profile from the ideal roundness, where the out-of 
roundness value is the difference between the smallest and largest radius of the 
profile (El-Axir et al., 2008). Roundness measurement is needed across all in-
dustries which use circular parts. It is important to measure and know the ef-
fects of finishing methods on out-of-roundness and final diameter. Many re-
searchers have previously investigated the influence of ball burnishing using 
different parameters for finishing rotating parts, but there are few studies that 
investigate its influence on out-of-roundness or the final diameter. El-Axir et al. 
(2008) pointed out that the out-of-roundness is considerably reduced as a result 
of internal ball burnishing for aluminium alloy 2014 material. However, Hok-
kanen (2006) mentioned minor affect to out-of-roundness after ultrasonic bur-
nishing of test material. 
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2.5 Burnishing parameters 

Mahajan et al. (2013) showed that work on the ball burnishing process has been 
conducted by many researchers. Moreover, the process also improves the prop-
erties of metallic components, for instance: increased hardness, improved sur-
face quality, increased maximum residual stress in compression, and higher 
wear resistance (Mahajan et al., 2013). Loh et al. (1989) showed that ball bur-
nishing parameters have an influence on the wear resistance of a burnished sur-
face. Figure 5 shows the parameters affecting the surface finish and which pa-
rameters have the greatest effect. It can also be seen from Figure 5 that the bur-
nishing force, speed, and feed are the most important parameters in ball bur-
nishing process.  
 

 

Figure 5. Effect of importance of parameters in ball burnishing. Percentage (Mahajan et al., 2013) 

 
 
Previous research has indicated that the parameters of ball burnishing have 

an impact on surface quality. Yu et al. (1999) point out that the reduction of 
surface roughness values can be maximized by using a small feed and a diamond 
tool with a larger spherical radius. Nestler et al. (2015) reported that the slide 
diamond burnishing of a aluminium matrix composites leads to a significant 
reduction of surface roughness values and that the main variable influencing the 
surface roughness is the burnishing feed. They also stated that a very high force 
and the resultant contact pressure lead to a scaling of the surface caused by ma-
terial fatigue. Varga (2014) showed that force has a greater impact than the bur-
nishing rate and feed rate on the improvement ratio for surface roughness in 
diamond burnishing. Hokkanen (2006) revealed that cutting speed has a great 
effect on surface roughness. Moreover, the result showed that cutting speed in 
turning can increase to some extent so as to obtain very good surface quality 
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after ultrasonic burnishing without any negative effect on surface roughness 
values. Shirsat et al. (2017) stated that the burnishing force has more dominant 
effect on the surface finish as compared to speed, feed, work piece diameter, and 
ball diameter. 

  

2.6 Microstructure 

 
On the basis of previous literature, e.g. Hassan et al. (1996), Chomienne et al. 
(2016) reported that there is an elongation in the grain near the surface of  work-
piece burnished using the ball burnishing process. Chomienne et al. (2016) 
showed that ball burnishing increases the affected layer after ball burnishing. 
Moreover, a finely recrystallized layer with a thickness of about 2 m was 
formed near the ball burnished surface. This layer is harder compared to the 
initial surface. Chomienne  et al. (2016) showed the microstructure before and 
after ball burnishing (see Figure 6). Moreover, Hocheng et al. (2002) investi-
gated the effects of ultrasonic polishing on mould steel. They stated that the 
rough and uneven surface produced by EDM is significantly improved by ultra-
sonic polishing. 
 

    

Figure 6. Microstructure of 15-5PH martensitic stainless steel beneath the surface obtained after 
turning (a + c) and turning + ball burnishing (b + d) with the reference conditions. 
(Chomienne et al., 2016). 
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Huuki (2008) found out that ultrasonic burnishing affects hardened layer in the 
aluminium test material presented in Figure 7. Thus it can be assumed on the 
basis of previous research that ultrasonic burnishing affects the hardening of 
material, although it is not researched in this thesis. 

 

 
 

Figure 7. Microstructure of Alumec AA7075-T65 beneath the surface obtained after ultrasonic 
burnishing (Huuki, 2008). 

 

2.7 Summary of the literature survey 

 
 

The above literature survey shows that work on ball, roller, and slide burnishing 
has been carried out by many researchers. According to Sections 2.1-2.4 and as 
is generally acknowledged, the burnishing process is said to improve the prop-
erties of the parts: it increases surface quality and surface hardness, leads to 
higher wear resistance, produces compressive residual stress in the surface 
layer, and considerably reduces the out-of-roundness. Moreover, previous stud-
ies outlined that surface roughness improved by from 40% to 90% and surface 
roughness improved by from 28% to 60% after burnishing of different materi-
als. The data from several previous studies shows the importance of the param-
eters of the burnishing process on surface quality. Thus, on the basis of a review 
of the literature, it can be concluded that the question about the effects of ultra-
sonic burnishing on surface integrity is still open. 
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3. Experimental, materials and methods 

A brief summary of the materials, experimental methods and techniques used 
in this thesis is given in this chapter. More detailed descriptions of the work 
done can be found in the publications appended to this thesis. 
 

3.1 Materials  

In total five different materials were used in the research. Two of the test mate-
rials were made by additive manufacturing (AM). The materials that were cho-
sen are mentioned below and were mainly chosen because of their importance 
in industry and the fact that they are commercially available. The following ma-
terials for workpieces were used in the research: 
 

chrome-based 34CrNiMo6 tempering steel  
(AW 6082 T6) EN 573-3 aluminium alloy 
S355J2 /1.0577 a structural steel 
post-processing of 316L stainless steel. It was manufactured from pow-
der using EOSINT M 280 equipment.  
post-processing of SP2 (Co-Cr) cobalt chrome. It was manufactured 
from powder using EOSINT M 270 equipment. 

 
The designations and typical compositions of the test materials used are shown 
in Table 1. 
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Table 1. Chemical compositions (wt%) of the work materials tested. 

 

 
 
 

3.2 Ultrasonic burnishing equipment  

In the ultrasonic burnishing process, a low-frequency electrical signal is applied 
to a transducer, which converts the electrical energy into high-frequency ( typi-
cally ~20 KHz) mechanical vibration. Schematic illustration of the ultrasonic 
burnishing system is shown (Figure 8). 
 
 
 
 
 
 
 
 

34CrNiMo6material according to 1.6582
C Si Mn Ni P S Cr Mo

0.30 0.38 max 0.40 0.50 0.80 1.30 1.70 max 0.025max 0.035 1.30 1.70 0.15 0.30

AW 6082 T6material according to EN 573 3
Si Fe Cu Mn Mg Cr Zn Ti Others

0.70 1.30 max 0.50 max 0.10 0.40 1.0 0.60 1.20 max 0.25 max 0.20 max 0.10 max 0.05

S355J2material according to 1.0577
C Si Mn P S Cu

max 0.22 max 0.55 max 1.6 max 0.03 max 0.03 max 0.55
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Figure 8. Schematic illustration of the ultrasonic burnishing system. The mechanical energy is 
transmitted to the tool. The tool forges the surface of the workpiece. 

             
A general view of the apparatus for the lathe and a schematic of the ultrasonic 
burnishing equipment is presented in Figure 9 (Publication I). An ultrasonic 
transducer converts electrical energy to mechanical energy. Thus ultrasonic 
transducers convert high-frequency electrical power into ultrasonic mechanical 
vibration. The generator supplies an ultrasonic frequency current to the work-
ing head transducer, where a magnetostrictive converter converts it into me-
chanical oscillation. The vibration is guided through an acoustic amplifier. The 
equipment forges the surface of the workpiece with a solid carbide point tool at 
more than 20,000 impacts per second. Cutting fluid is used to cool the con-
verter. The cutting fluid is filtered through two filters, a coarser prefilter and a 
fine filter, to filter out possible impurities.  

 

Ultrasonic
burnishing
phase

ToolStatic load Vibration

Ultrasonic
burnishing
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Figure 9. A general view of the ultrasonic burnishing apparatus for the lathe (a) and a schematic 
of the burnishing equipment (b). (Publication I, www.Hiqusa). Modified. 

 
 

3.3 Characterisation methods  

The surface integrity of the workpieces was examined by measuring the residual 
stresses, hardness, roughness, out-of-roundness, and diameter of the burnished 
surfaces and of the unburnished surfaces for reference data. The methods listed 
below were used in the research.  

 

3.3.1 Residual Stress Measurement System 

The residual stresses were measured by the hole drilling method using two dif-
ferent measurement systems: the SINT technology srl MTS3000 automatic re-
sidual stress measurement system shown in Figure 10 and the Stresstech Oy 
Prism residual stress measurement system based on hole-drilling and electronic 
speckle pattern interferometry (ESPI). 
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Figure 10. The HBM MTS300 hole drilling measuring system (SINT Technology).  

 
The hole was drilled in the centre of a strain gauge rosette, by means of which 
the strain was measured. An integral method was used as a mathematical for-
mulation to calculate the stress from the surface deformation. The workpiece 
was clamped onto a steel base, the drilling equipment was supported by three 
brass legs, the drill included an optical aligning lens, and the strain gauge was 
glued onto the workpiece. According to the integral equation of Schajer et al. 
(2010); the relationship between the measured displacement data and the re-
sidual stresses for the slitting method has the form of an integral equation:  
 

  (2) 

 
where d(h) are the measured displacements when the slit is cut to a depth h. The 
stresses (H) act perpendicularly to the slit, and are uniform over the length of 
the slit. The kernel function g(H,h) describes the displacement response result-
ing from a unit stress at the depth H within a slit of depth h. This function de-
pends on the geometry of the slits and the specimen (Schajer et al., 2010). 

 
In the hole drilling method (Figure 10) a relatively small hole (usually 1-4 mm 
in diameter) is drilled into the surface with small increments and the elongation 
is measured around the hole after every increment. 
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3.3.2 Hardness Measuring 

The hardness was measured at three different points in both finished and un-
finished surfaces with a Brickers 220 hardness measuring device by the Vickers 
method. The SFS-EN ISO 6507-1 standard was used to correct errors in the 
hardness values resulting from the cylindricity of the workpieces.  

 

3.3.3 Surface Roughness Measuring 

Surface roughness was measured with a PERTHEN perthometer M4P measur-
ing device. The device uses a touch probe to measure the topology of a line on 
the surface. The measurements are in Ra values, which refer to the standard 
deviation of the surface profile in m. 

 

3.3.4 Coordinate Measuring 

The diameter of the workpieces was measured with Johansson Ruby 4-4-4 nu-
merically controlled coordinate measuring machine with the JoWin measure-
ment program. A Renishaw ballpoint head was used as the measuring head.  

 

3.3.5 Out-of-roundness Measuring 

The out-of-roundness was measured with a Talyrond 31C measurement device 
with a Talymin linear variable differential transformer. The device resolution is 
0.01 m. The measuring head was a sapphire ball. 
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4. Results 

 

This chapter summarises the results of the four publications that were created 
during this thesis. The main findings of this study broaden the knowledge about 
the effect of the ultrasonic burnishing method on the surface integrity of mate-
rial. The publications answer specific research questions (see Chapter 1.2 “Ob-
jectives and research questions”). The last section of this chapter summarizes 
the results.  
 

4.1 Integrity of surfaces finished with ultrasonic burnishing 

 
The first paper focused on studying the influences of ultrasonic burnishing on 
the residual stresses produced in two tempering steels with different hard-
nesses. The aim was to find out the magnitude of the stresses and their direc-
tions before and after the ultrasonic burnishing using the hole drilling and elec-
tronic speckle pattern interferometry methods. Moreover, the first paper also 
investigates at the hardness testing, surface roughness measurements, diameter 
measurements, and out-of-roundness measurements, which belong generally 
under the term ‘surface integrity’. 
 
The results showed that ultrasonic burnishing treats the material on the surface 
efficiently but also deforms the material more deeply, producing compressive 
residual stresses in the workpiece. Furthermore, the hardness increases after 
finishing, as shown in Table 2 and the surface quality improves significantly 
which can be seen from Table 3. The results also showed that the roundness of 
the workpiece is improved and the dimensional changes in the test pieces after 
ultrasonic burnishing are minor.  
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Table 2. Hardness measurements of 330 HV workpiece (Publication I). 

 

Nr. Premachined surface (HV) Dev. Finished surface (HV) Dev. 

1 338 7 345 2 

2 344 1 344 3 

3 354 9 350 3 

4 340 5 356 9 

5 348 3 340 7 

avg. 345 
 

347 
 

 
 

Table 3. Surface roughness of 330 HV workpiece (Publication I). 

 

Nr. Premachined surface ( m) Dev. Finished surface ( m) Dev. 
 

 

1 1.45 0.13 0.07 0.03 

2 1.64 0.06 0.15 0.05 

3 1.64 0.06 0.11 0.01 

4 - - 0.06 0.04 

avg. 1.58 
 

0.10 
 

 
 
The results in Publication I showed that with ultrasonic burnishing the HV max-
imum compressive stress increases by 600 to 900 MPa and the minimum com-
pressive stress increases by 300 to 600 MPa for a 41o HV workpiece (34CrNi-
Mo6 tempering steel); they are presented in Figure 11.  
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Figure 11. Maximum (above) and minimum (below) residual stresses of 410 HV (Publication I). 
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For the 330 HV workpiece, the maximum stress increases by 1200 to 1400 MPa 
and the minimum stress increases by 800 to 900 MPa, which is shown in Figure 
12.  

 
 

Figure 12. Maximum (above) and minimum (below) residual stresses of 330 HV (Publication I). 
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In addition, the ultrasonic burnishing increases the hardness of the workpieces 
by 10% and the surface roughness values generally declined by 90%. Moreover, 
the results showed that the out-of-roundness of the workpieces is improved by 
38% on average after ultrasonic burnishing and there is only a minuscule influ-
ence on the change in the diameter after burnishing. These results in Publica-
tion I offer indisputable evidence, that the ultrasonic burnishing method im-
proves the surface integrity effectively. Thus, the ultrasonic burnishing method 
represents a viable innovative alternative to conventional finishing. Moreover, 
these findings enhance our understanding of the ultrasonic burnishing process. 
 
  
 

4.2 Influence of ultrasonic burnishing technique on surface qua- 
lity and change in the dimensions of metal shafts 

 

It is well known that surface quality is an important factor by which the quality 
of a machined component can be evaluated. In the process of mechanical design, 
the dimensioning of components and assemblies plays a major role in retaining 
control over the design. The out-of-roundness and surface microhardness of 
surfaces play an important role in the efficiency of any rotating mechanical part 
(El-Axir et al., 2008). 

 
The main objective of Publication II was to study the effects of ultrasonic bur-
nishing on the out-of-roundness and final diameter of a workpiece. Moreover, 
this study examines how the initial surface roughness affects the finished sur-
face in different materials.  

 
The effect of ultrasonic burnishing on the surface roughness values in different 
starting premachined surfaces is shown in Table 4. It is interesting to see that 
the surface roughness values decreased by an average of 88%. It can be stated 
that the material and initial surface roughness did not have a remarkable effect 
on the outcome, as we can see from the results shown in Table 4. However, the 
burnishing process improves the surface finish by reducing the peak-to-valley 
height of the surface asperities.  
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Table 4. Surface roughness results (Publication II). 

Material Pre machined
surface [μm]

Finished sur
face [μm]

Difference
[μm]

Relative [%]

S355J2
1.7 0.3 1.4 82.4
3.5 0.35 3.15 90.0
6.2 0.45 5.75 92.7

34 CrNiMo6
1.7 0.3 1.4 82.4
2.6 0.4 2.2 84.6
5.6 0.45 5.15 92.0

Aluminium
1.5 0.2 1.3 86.7
3.26 0.3 2.96 90.8
5.3 0.45 4.85 91.5

Average: 0.36 88.1
 
 
The results show that the quality of the pre-machined surface did not dramati-
cally affect the outcome of the diameter. The effect of ultrasonic burnishing on 
the diameter values of different starting premachined surfaces is shown in Table 
5. This fits well and also confirms our earlier findings in Publication I that ul-
trasonic burnishing causes a slight decrease in the diameters of turned products. 
These results extend our knowledge of the effect of different materials and ini-
tial surfaces on the results; as we can note from Table 5, the softer and rougher 
the material, the greater the decrease in the diameter.  
 

Table 5. Diameter results (Publication II). 

 
Material Pre mac

hined sur
face Ra
[μm]

Pre mac
hined sur
face [mm]

Finished
surface
[mm]

Differ
ence
[mm]

Relative
[%]

Aluminium
1.7 87.51 87.5 0.01 0.0114
3.5 87.53 87.51 0.02 0.0228
6.2 87.56 87.53 0.03 0.0343

S355J2
1.7 71.155 71.145 0.01 0.0140
2.6 71.165 71.155 0.01 0.0140
5.6 71.185 71.155 0.03 0.0423

34 CrNiMo6
1.5 87.99 87.985 0.005 0.0057
3.26 87.99 87.985 0.005 0.0057
5.3 88.04 88.02 0.02 0.0227
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The results provide further evidence that the material and initial surface rough-
ness did not have a remarkable effect on the outcome of the out-of-roundness 
of the workpieces. The extent to which the diameter and the out-of-roundness 
are affected correlates with the initial surface roughness. The results of this 
study indicated that the ultrasonic burnishing process does not significantly af-
fect the geometrical form of the burnished workpiece.  
 

Another important finding in Publication II was that the surface roughness of 
the pre-machined surface did not dramatically affect the outcome of the surface 
hardness after ultrasonic burnishing. As explained in Publication II, it is obvious 
that plastic deformation takes place when a metal/alloy is continually moving 
over a surface. This in turn produces a work-hardening effect and creates a 
harder surface (Revankar et al., 2017). However, on the basis of the findings in 
Publication II, it is possible to conclude that ultrasonic burnishing improves the 
quality of the workpieces. 
 

4.3 Surface improvement of shafts by the means of the diamond 
burnishing and ultrasonic burnishing techniques 

Grinding is a commonly used finishing process in applications that require a 
very good surface finish and dimensional accuracy. Burnishing is one finishing 
technique that serves as an alternative to traditional grinding processes. The 
burnishing methods are mainly used on rotating components that have high-
quality requirements, such as automotive crankshafts, bearing parts, or axles 
(Swirad, 2011). There are three clearly different burnishing processes: roller 
pressure burnishing, diamond burnishing, and ultrasonic burnishing. Ultra-
sonic burnishing is a new and promising surface treatment process. Diamond 
burnishing is another relatively new finishing method. 
 
The purpose of the third publication was to find out how both the diamond 
and ultrasonic burnishing methods affect aspects of the surface integrity like, 
such as the residual stresses, hardness, and surface roughness, of 34CrNiMo6 
steel. A further aim was to find out the differences between the diamond and 
ultrasonic burnishing methods in terms of how they improve the surface qual-
ity of the material. 
 
The results showed that the surface roughness declined by 78% after diamond 
burnishing to the value of 0.39 μm, and by 94% after ultrasonic burnishing to 
the value of 0.1 μm. The results, as shown in Figure 13, indicate that with both 
burnishing processes, the average compressive stress increased compared to the 
pre-machined surface. The increase was 99% (230 MPa) with ultrasonic bur-
nishing and 153% (360 MPa) with diamond burnishing. 
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As Figure 13 shows, there is a highly significant difference between the two pro-
cesses, in that ultrasonic burnishing causes very high compressive stresses in 
the outermost surface layer of the workpiece from 0-0.1 mm, reaching up to 
1800 MPa and then levelling out to 400 MPa. This finding confirms that the ef-
fect of the methods on compressive stresses in the surface layer of the workpiece 
is clear. 
 

 

Figure 13. Averaged stresses of the references (grey), diamond burnished (red) and HIQUSA 
ultrasonic burnished surfaces (blue) (Publication III). 

 
The results in Publication III indicated that the burnishing methods effectively 
improve both the finishing quality and the compressive stress in the material. 
The processing time was faster with diamond burnishing processes than with 
ultrasonic burnishing. The results of this study showed that with these burnish-
ing processes the surface treatment increased the hardness of the surface of the 
workpiece when compared to pre-machined surfaces by 6.8% after diamond 
burnishing and 11.8% after ultrasonic burnishing. Similar results can be found 
in Publications I and II. Furthermore, these results in Publication III confirm 
that the burnishing methods significantly improve the surface quality of the ma-
terial. 
 

4.4 The ultrasonic burnishing of cobalt-chrome and stainless 
steel surfaces made by additive manufacturing 

Generally, the Additive Manufacturing (AM) industry requires improved sur-
face finishes to enhance component performance. Previous studies such as 
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Horizon 2020 and Ituarte have reported that the geometrical stability and sur-
face quality of AM metal components have to be improved to reach the high 
requirements of engineering applications. 
 
Publication IV studied the impact of ultrasonic burnishing post-processing 
methods on the surface roughness and hardness of AM metal components. The 
aim of the study was to investigate the post-processing of Co-Cr and 316L stain-
less steel components made by additive manufacturing (AM) using ultrasonic 
burnishing. A further aim of the study was to define the effect of process varia-
bles on the surface quality of burnished AM materials. 
 
The results presented in Publication IV showed that surface roughness (Ra) de-
creased to 0.18 m for as-built Co-Cr and 0.55 m for as built 316L stainless 
steel after ultrasonic burnishing. Moreover, the relative increase in the average 
hardness of as-built Co-Cr was 47.4% (i.e. 551.07 Hv) and 70.7% for as-built 
316L stainless steel (i.e. 338.17 Hv). The results presented in Publication IV 
point out that ultrasonic burnishing increases the surface quality and surface 
hardness of AM metal components remarkably. According to Publications I–III, 
the surface integrity of the material can be improved by ultrasonic burnishing. 
Another important finding in Publication IV was that the surface roughness in-
creases with an increase in the spring compression, as well as the table feed 
speed. The main effect on for surface quality for Co-Cr AM material is shown in 
Figure 14 and the Pareto chart in Figure 15. Moreover, Pareto chart describes 
the most influential process parameters, as well as possible interactions be-
tween feed and spring compression (Publication IV). The results show that, the 
optimal process parameters for post-processing Co-Cr material are around 0.05 
mm/r for the feed and 1.5 mm for the spring compression. 

 
 

 
 

Figure 14. Plot of main effects for Co-Cr (Publication IV). 
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Figure 15. Pareto chart for Co-Cr (Publication IV). 

 
The main effects on the surface quality for 316L AM manufactured material with 
different variables are shown in Figure 16 and the Pareto chart in Figure 17 
(Publication IV). 
 
 

 
 

Figure 16. Plot of main effects for 316L (Publication IV). 
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Figure 17. Pareto chart for 316L (Publication IV). 

 

Summary of results 
 
The results of this study above confirm that the ultrasonic burnishing process 
has a significant effect on the surface integrity. This study showed effectively 
that the surface roughness values decreased by an average of from 88% to 
97.4%, the increase in the relative hardness was from 5% to 70.7%, and the av-
erage compressive stress increased by an average of 99%. Moreover, the results 
showed that diameter of the workpieces decreased within a range of 0.005-0.03 
mm. The current study found optimal process parameters for Co-Cr and 316L 
stainless steel components made by additive manufacturing using ultrasonic 
burnishing to achieve appropriate values in hardness and surface quality, which 
are shown in Table 6.  
 
 
 
 
 
 
 
 
 
 
 
 

Term

BC

ABC

AC

C

A

B

AB

2,01,51,00,50,0

A Side Shift (mm)
B Feed (mm / min)
C Spring Compression (mm)

Factor Name

Standardized Effect

2,013

Pareto Chart of the Standardized Effects
(response is Surface Quality (Ra);  = 0,05)
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Table 6. Summary of results. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Publication Workmaterial Process parameters
andMachine

Measured variable Analysis method Key findings

I 34CrNiMo6 Force, speed, feed
rate, lubricant
Lathe

Experimental Residual stresses,
hardness, surface
roughness (Ra),
diameter and
roundness.

Surface roughness improved
generally by 90%. Residual
stresses in workpiece increases
significantly; 400% by average

II Aluminium(AW6082
T6), 34 CrNiMo6
tempering steel and
S355J2 structural steel

Force, speed, feed
rate, lubricant
Lathe

Experimental Hardness, surface
roughness (Ra),
diameter and
roundness.

The quality of the pre machined
surface did not dramatically
effect on the outcome of surface
roughness. The diameter
decreased within a range of 0.005
0.03mm

III 34CrNiMo6 Force, speed, feed
rate, lubricant
Lathe

Experimental Residual stresses,
hardness, surface
roughness (Ra)

The increase was 99% (230MPa)
with ultrasonic burnishing and
153% (360MPa) with diamond
burnishing.

IV Co Cr and 316L
stainless steel (AM
parts)

Force, speed, feed
rate, lubricant
Lathe and machine
centre

Experimental, ANOVA Hardness, surface
roughness (Ra),
process
parameters

The average surface roughness
(Ra) of Co Cr was 0.18 m and
0.55 m for 316L stainless steel.
The relative increase in the
average hardness of Co Cr was
47.4% and 70.7% for 316L stainless
steel after ultrasonic burnishing.
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5. Discussion 

The importance of the surface of a machined component with regard to func-
tional performance is central. It is generally known that burnishing processes 
are very simple and effective methods to improve the surface integrity. Moreo-
ver, it is clear that information concerning the surface integrity (surface quality, 
surface microhardness, and residual stresses) of the burnished surface region 
will be very valuable in the design and manufacture of parts (El-Khabeery et al., 
2001). The principal aim of this study was to determine the effect of ultrasonic 
burnishing on the surface integrity of material. The Publications answers to the 
general research question of this thesis “What are the effects of ultrasonic bur-
nishing on surface integrity?” Very little related to that question was found in 
the previous literature, and thus this study is the first attempt to enhance the 
knowledge of the impact of the ultrasonic burnishing method on surface integ-
rity. The overall results from the peer-reviewed publications in this study are 
summarized in this section.  
 

Publication I studies the influences of ultrasonic burnishing on the residual 
stresses produced in two tempering steels with different hardnesses. Moreover, 
the publication also investigates the hardness testing, surface roughness meas-
urements, diameter measurements, and out-of-roundness measurements. The 
results of this study show that ultrasonic burnishing impact affects the stress 
state, surface roughness, and hardness of a workpiece. These results are in good 
agreement with a previous study (see Section 2.1-2.3) of different burnishing 
methods and their effects on e.g. residual stresses, surface roughness, and hard-
ness. In this study higher values for compressive stress were obtained than El-
Khabeery et al. (2001) found in their study. This may indicate that the vibrations 
of the tool at ultrasonic frequency have a primary role in the mechanics of the 
formation of a surface. These results offer indisputable evidence that the ultra-
sonic burnishing method improves surface integrity effectively. 

 
Publication II set out with the aim of assessing the effects of ultrasonic bur-

nishing on the out-of-roundness and final diameter of a workpiece. In addition 
the study also examines how the initial surface roughness affects the finished 
surface in different materials. The results obtained are in line with previous re-
sults (Hokkanen, 2006) and Publication I. Thus, ultrasonic burnishing causes a 
slight decrease in the diameters of turned products. These results further extend 
our knowledge of the effects of different materials and initial surfaces on results. 
Another important finding was that the quality of a premachined surface did not 
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dramatically affect the surface roughness value that was obtained (see Section 
4.2). These findings highlight the usefulness of ultrasonic burnishing for im-
proving the quality of workpieces. 

 
  The first question in Publication III sought to determine how both diamond 
and ultrasonic burnishing methods affects the surface integrity, e.g. the residual 
stresses, hardness, and surface roughness. Another important aim was to study 
the differences between the diamond and ultrasonic burnishing methods. The 
results in Publication III indicated that the burnishing methods effectively im-
prove both the finishing quality and the compressive stress in material. Thus, 
this fits well with previous findings in the literature, e.g. Korzynski et al. (2010); 
Bednarski et al. (2013), and also confirms earlier findings in Publications I and 
II. The most interesting finding in Publication III was that the ultrasonic bur-
nishing method caused quite high compressive stresses in the outermost surface 
layer of the workpiece compared to diamond burnishing (see Section 4.3). 

 
Publication IV studied the impact of ultrasonic burnishing post-processing 

methods on the surface roughness and hardness of AM metal components. The 
purpose of the study was to investigate the post-processing of Co-Cr and 316L 
stainless steel components made by additive manufacturing (AM) using ultra-
sonic burnishing. Additional aim of the study was to define the effect of process 
variables on the surface quality of AM burnished materials. Publication IV offers 
considerable insight into the impacts of ultrasonic burnishing on AM metallic 
materials. The experimental work in Publication IV confirms previous research 
in Publications I-III that shows that the ultrasonic burnishing process improves 
surface quality and increases the hardness of material and that the method is 
also suitable for use for AM metallic materials. Another important finding in 
Publication IV was that surface roughness increases with an increase in the 
spring compression, as well as the table feed speed. The study shows that differ-
ent machining parameters had a remarkable impact on the outcome (see Sec-
tion 4.4). 
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6. Conclusions and recommendations 
for further research 

The dissertation consists of a compiling part and four original research papers 
that all focus on mainly ultrasonic burnishing to improve the final quality of a 
workpiece. The whole study was experimental work. The general aim of this the-
sis has been to examine the effects of ultrasonic burnishing on aspects of surface 
integrity such as residual stresses, hardness, and surface roughness in particular 
by experimental work with a view to understanding the characteristics of the 
methods and their impacts on metal parts made of different materials. A further 
aim was extended to investigate effects of the method on out-of-roundness and 
the changes in the diameter of material and find out the optimal process param-
eters. Overall, this thesis is the first step towards enhancing our understanding 
of the use of the ultrasonic burnishing method for finishing different metal 
parts. 

 

6.1 Conclusions 

 

Publication I investigated residual stresses in two 34CrNiMo6 tempering steel 
with different hardnesses. On the evidence of the outcomes described in Publi-
cation I ultrasonic burnishing treats the material on the surface efficiently but 
also deforms the material more deeply, producing compressive residual stresses 
in the workpiece. Moreover, this publication also shows that hardness increases 
and surface quality improves significantly after burnishing. The roundness of 
the workpiece is improved and the dimensional changes are minor. The findings 
of this research show clearly that the method improves surface integrity effec-
tively.  

 
Publication II focused on examining the impact of ultrasonic burnishing on 

the change in diameter and its effects on the out-of-roundness of rotating shafts 
made of three different materials: aluminium, 34-CrNiMo6 tempering steel, 
and S355J2 structural steel. Publication II indicates that the method has an im-
pact on the surface roughness, out-of-roundness, hardness, and diameter of the 
test materials. The results show that the surface roughness value of a prema-
chined surface did not affect the surface roughness value that was obtained.  
  Publication III examines the effects of both diamond and ultrasonic burnishing 
methods on the residual stresses, hardness, and surface roughness of metal 
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workpieces made of 34CrNiMo6 steel. The results indicate that the processes 
presented in Publication III effectively improve both the finishing quality and 
the compressive stress. To sum up, the study reveals that the most significant 
difference between the two processes was that ultrasonic burnishing caused 
quite high compressive stresses in the outermost surface layer of the workpiece.  
  
   Publication IV investigated the post-processing of Co-Cr and 316L stainless 
steel components made by additive manufacturing (AM) using the ultrasonic 
burnishing method. Moreover, this publication also characterizes the impact of 
process variables (e.g. the relative displacements of the machine and workpiece 
and spring compression) on the surface quality of burnished AM materials. The 
findings of this study show that ultrasonic burnishing improves the surface 
quality of metal AM parts; for example surface roughness improved significantly 
and the surface hardness increased after burnishing. Moreover, the experi-
mental results confirmed the effectiveness of the ultrasonic burnishing method 
for enhancing the surface finishing of AM parts. 

 
  Overall, the results of this thesis improve the level of knowledge about the ul-
trasonic burnishing processes and its effect on surface integrity of material. To 
this end, the thesis has provided clear further evidence of the value of ultrasonic 
burnishing for improving the surface finish of metal materials. The findings in 
this thesis may help to tackle the previously common lack of knowledge about 
ultrasonic burnishing. We have obtained comprehensive results showing that 
the ultrasonic burnishing method improves surface integrity effectively and 
thus the objectives of the thesis have been achieved.  

 

6.2 Further research 

 
 One suggestion for future work related to finding the optimal parameters for 
the burnishing process. In fact, incorrect parameters led to a poor surface. Fur-
ther research on different parameters and different test materials, i.e. AM, is 
recommended. More research should be done to predict the surface integrity of 
different materials and microstructural changes in the workpiece should be in-
spected. Research on finishing double-curved surfaces would help shed further 
light on the capabilities of the methods with workpieces of different contours. 
The investigation of the effects of different ultrasonic burnishing tools on sur-
face quality in different materials is another interesting topic for future re-
search. Overall all this should encourage the greater use of ultrasonic burnish-
ing in different industry field in the future. 
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