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Determination of the Construction Material for Phononic Band Gap 

Structures by Tribological Performance 

Highlights 

 AISI 303, 304, 316L and 420 specimens are compared in term of dry and lubricated wear tests. 

 AISI 420 stainless steel is found to be the highest wear resistant specimen for dry and lubricated tests. 

 In the lubricated condition, abrasive wear is the dominant wear mechanism. 

 Higher viscosity lubrication blocks the flow of the lubricant and semi-dry friction occurs. 

 Lower viscosity lubricant provided lower wear compared to higher viscosity lubricant. 

Graphical Abstract 

303, 304, 316L, and 420 grade stainless steels are evaluated for applying in the phononic band gap structures by their 

tribological performance. Dry and lubricated wear tests are applied, and it is revealed that mixed (adhesive and abrasive) 

wear behavior is obtained in the dry friction, while abrasive wear is observed for lubricated friction. 

 
Figure. Lubricated wear of the specimen and optical micrograph 

Aim 

The aim of the study is to determine the construction material of the inertial amplification induced phononic band gap 

periodic structures considering their tribological performances on supports.  

Design & Methodology 

The material determination process is conducted according to the tribological performance of stainless steel specimens 

in the dry and lubricated wear tests. 

Originality 

The wear behavior can change the operation properties of isolators and supports, but the tribological interaction between 

these periodic structures and supports is not studied yet in the literature. 

Findings 

It is found that viscosity is a crucial factor in the frictional interaction of lubricated wear. High viscosity lubricant can 

be an adverse property by lowering wear resistance of the material. 

Conclusion  

The lubrication lowers the wear related damage on the contact surface, however, the viscosity needs to be considered for 

a long service life. 
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 ABSTRACT 

This study investigates the tribological performances of commonly used stainless steel alloys (303, 304, 316L, and 420) to 

determine their suitability as construction materials for periodic structures designed for inertial amplification induced phononic 

band gap vibration isolators. Stainless steel alloys are extensively employed in engineering structures due to their ability to 

withstand large stresses and exhibit excellent cyclic loading properties. In this study, stainless steel specimens are examined by dry 

and lubricated wear test conditions. 420 stainless steel showed highest wear resistant properties for dry and lubricated conditions. 

Two grades of lubricants are compared in terms of viscosities, and it is revealed that higher viscosity blocked the flow of the 

lubricant so that semi-dry friction occurred. Low viscosity lubricant enabled less material removal due to friction. 420 stainless 

steel yielded the lowest wear rate by 2.7-1.3 times for dry, by 4.0~2.8 times for low viscosity lubrication, and by 1.19~1.33 times 

for high viscosity lubrication conditions. In terms of coefficient of friction, 420 stainless steels showed higher results about 

12.7~15.8% related to its structural properties. 

Keywords: Elastic metamaterial, inertial amplification, stainless steel, wear, lubrication. 

Fonon Bant Aralığı Gösteren Yapılar Için Yapı 

Malzemesinin Tribolojik Performansla Belirlenmesi 

ÖZ 

Bu çalışmada, yaygın olarak kullanılan paslanmaz çelik alaşımlarının (303, 304, 316L ve 420) atalet artırımının tetiklediği fonon 

bant aralığı gösteren titreşim yalıtıcıları olarak tasarlanan periyodik yapılar için yapı malzemesi olarak uygunluklarını belirlemek 

amacıyla tribolojik performansları incelenmiştir. Paslanmaz çelik alaşımları, büyük gerilmelere dayanma yetenekleri ve iyi 

döngüsel yükleme özellikleri sergilemeleri nedeniyle mühendislik yapılarında yaygın olarak kullanılmaktadır. Bu çalışmada 

paslanmaz çelik numuneler kuru ve yağlamalı aşınma testi koşullarında incelenmiştir. Çalışmada 420 paslanmaz çeliğin, kuru ve 

yağlı koşullar için en yüksek aşınma direncini gösterdiği görülmüştür. İki tür yağlayıcı viskozite açısından karşılaştırıldığında, 

yüksek viskoziteli yağlayıcının akışı bloke ettiği ve dolayısıyla yarı kuru sürtünme oluşturduğu ortaya çıkmıştır. Düşük viskoziteli 

yağlayıcının, sürtünme nedeniyle daha az malzeme kaybına sebep olduğu gözlemlenmiştir. 420 paslanmaz çelik diğer numunelere 

kıyasla, kuru sürtünme için 2,7~1,3 kat, düşük viskoziteli yağlama için 4,0~2,8 kat ve yüksek viskoziteli yağlama için 1,19~1,33 

kat ile en düşük aşınma oranını vermiştir. Sürtünme katsayısı açısından 420 paslanmaz çelik, yapısal özelliklerine bağlı olarak 

yaklaşık %12,7~15,8 oranında daha yüksek sonuçlar göstermiştir.   

Anahtar Kelimeler: Elastik metamalzeme, atalet artırımı, paslanmaz çelik, aşınma, yağlama. 

1. INTRODUCTION 

Stainless steel alloys are among the most utilized and 

manufactured structural materials in the engineering field 

[1,2]. Thus, when considering engineering structures 

which can both carry loads and deform elastically, these 

are the material of natural choice [3]. Since, they can 

withstand large stresses and they have great cyclic 

loading properties without failure, stainless steel alloys 

are also used in vibration isolation applications as the 

construction material. Traditionally, this is achieved via 

mass-spring type vibration isolators [4-6]. On the other 

hand, recently, as an innovative approach, periodic 

structures constructed with stainless steel alloys can be 

utilized as efficient vibration isolators, as well [7-8].   

Periodic structures that can inhibit vibration transmission 

for a certain frequency range are called elastic 

metamaterials or phononic band gap structures [9]. These 

structures are formed by periodically end to end attaching 

a repetitive building block called the unit cell throughout 

the entire frame. In the literature, there exist multiple 

studies that were conducted on periodic structures 

constructed with various stainless steel alloys, which aim 

to achieve vibration mitigation from the source to the 

target system [10-13]. In these works, a phenomenon 

called Bragg scattering [14] is utilized to attain vibration 

isolation for some frequency bands.  
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Besides, vibration isolation frequency bands can be 

created via a different method called inertial 

amplification [15], as well. In the literature, there are 

various experimental studies which investigate the 

vibration isolation properties of stainless steel 

constructed periodic structures of this type [16-18]. 

Since, periodic vibration isolators are stationed between 

the target and the source structures, their connections are 

achieved via supports. Moreover, the isolators can be 

replaced time to time, hence it is not practical to weld the 

connection positions of the periodic vibration isolators to 

the supports. As a result, roller boundary conditioned 

supports can be a suitable option for the design.  

When roller boundary conditions are considered, the 

interaction occurred as a result of continuous vibration 

between the base structures (i.e., target or source) and the 

isolator will lead to wear type of deformation. The extent 

of this wear behavior can alter the service life of both the 

isolator and the supports in a negative manner. Therefore, 

a designer should also take into account the wear 

behavior in construction material selection of a periodic 

vibration isolator structure. However, the interaction 

between these periodic structures and the supports has 

never been studied yet.   

To that end, in this study, various readily available 

stainless steel specimens are evaluated based on their 

tribological performances to determine the construction 

material of the inertial amplification induced phononic 

band gap periodic structures. 303, 304, 316L and 420 

stainless steel alloys are selected as the material of 

construction for the periodic structure [19-21]. Moreover, 

in the experimental wear studies dry, lubrication with low 

viscosity fluid and lubrication with high viscosity fluid 

cases are considered. This work’s outcomes will provide 

foresight to researchers on determining the proper 

construction material of phononic band gap structures for 

varied operation conditions in terms of tribological 

aspect. 

 

2. MATERIAL AND METHOD 

2.1. Specimens and Lubricants 

AISI 303, 304, 316L, and 420 stainless steel specimens 

are selected as substrate material for wear tests. Substrate 

material for test has a diameter of 30 mm and a thickness 

of 10 mm. Chemical composition of stainless steels are 

provided in Table 1. Commercial lubrication agents are 

determined based on viscosity values, and their 

properties are tabulated in Table 2. Lubricants of 5W-30 

and 80W-90 are abbreviated as L1 and L2, respectively. 

 

 

Table 1. Chemical composition of stainless steel specimens 

 C (%) Mn (%) Si (%) P (%) S (%) Cr (%) Ni (%) Mo (%) 

AISI 303 
Max. 

0.15 

Max. 

2.0 

Max. 

1.0 

Max. 

0.20 

Min. 

0.15 
17-19 8-10 - 

AISI 304 
Max. 

0.08 

Max. 

2.0 

Max. 

0.75 

Max. 

0.045 

Max. 

0.03 
18-20 8-10 - 

AISI 316L 
Max. 

0.03 
2.0 1.0 0.045 0.03 16-18 10-14 2.0-3.0 

AISI 420 0.30 
Max. 

1.0 

Max. 

1.0 

Max. 

0.04 

Max. 

0.03 
13.0 - - 

 

Table 2. Lubricant properties 

 Standard 
Value (5W-30) 

“Lubricant 1” 
Value (80W-90) 

“Lubricant 2” 

Density, 15°C, kg · L-1 ASTM D4052 0.850 0.890 

Viscosity, 40°C, mm2 · s-1 ASTM D445 55.6 180 

2.2. Test and Characterization Methods 

Tribological behavior of specimens are tested using a 

pin-on-disc tribometer. Sliding wear tests are conducted 

for 10 N loading and 25 mm·s-1 sliding speed condition 

for 200 m at room temperature. Alumina ball is selected 

as counterpart which has a diameter of 6 mm. Sliding 

wear tests are applied for dry and lubricated test 

conditions which is shown in Table 3. 

 

  



 

 

Table 3. Wear test conditions (conditions apply to all specimens) 

Specimen 

Applied 

load 

[N] 

Sliding 

speed 

[mm · s-1] 

Sliding 

distance 

[m] 

Wear 

condition 1 

Wear  

condition 2 

Wear  

condition 3 

303 

10 25 200 
Dry 

(D) 

Lubricated with 

lubricant 1 

(L1) 

Lubricated with 

lubricant 2 

(L2) 

304 

316L 

420 

2.3. Wear Rate Calculations 

Wear rate values (Eq. (2)) are determined based on 

volume loss calculations (Eq. (1)) [22]. Volume loss 

(Vloss) is calculated based on wear track radius (R), ball 

radius (r), wear track width (d); and wear rate (WR) is 

calculated by means of volume loss, sliding distance (𝐿) 

and applied load (𝑃). 

 

𝑉𝑙𝑜𝑠𝑠 = 2 𝜋 𝑅 [𝑟2 sin−1 (
𝑑

2𝑟
) − (

𝑑

4
) (4𝑟2 − 𝑑2)0.5]      (1) 

𝑊𝑅 = 𝑉𝑙𝑜𝑠𝑠  𝐿−1 𝑃−1                                                                        (2) 

 

3. RESULTS AND DISCUSSION 

3.1. Optical Microscope Investigations 

Optical microscope micrographs of 303 steel are 

illustrated in Figure 1. Harsh adhesive and abrasive wear 

mechanisms are observed for dry wear condition (Figure 

1a) in which specimens’ surface is damaged by abrasive 

ball and hard particles in the matrix are pulled off. 

Besides, ploughing mechanism also occurred on the 

edges of wear track. Debris is distributed over the wear 

surface so that stuck debris increased the severity of wear 

behavior. In terms of lubricated test conditions (Figure 

1b and 1c), mostly abrasive wear is dominant for both 

conditions as in [23-24]. Lubrication decreased the 

strength of wear and smooth surfaces are obtained. Wear 

resistance of 303 specimen is increased by applying the 

load in varied test conditions. However, comparing L1 

with L2 test condition, deeper grooves can be seen on the 

surface for the L2 test condition as in Figure 1c.  

 

 
Figure 1. Optical micrograph of 303 stainless steel after wear test; a) D, b) L1, c) L2 

 

The surface of 304 specimen after subjected to wear tests 

in different test conditions can be seen in Figure 2. As in 

303 steel specimen, a mixed friction regime of adhesive 

and abrasive behaviors is observed for the dry wear 

condition. Compared to 303 steel, abrasive wear is more 

dominant compared to adhesive wear mechanism which 

can be seen explicitly in Figure 2a. Grooves are formed 

due to scratches of debris and adhesive wear is 

overwhelmed [25-27]. A mild adhesive wear can be 

related with metal removal zones on the wear surface. 

Similar to 303 steel, lubricated wear condition eliminated 

adhesive friction mechanism and solely abrasive wear 

occurred. The severity of abrasive wear is less in L2 test 

condition compared to L1 which can be attributed to 

deeper grooves. 303 and 304 steel specimens have 

similarities in terms of wear mechanisms and surface 

observations. This similarity can be attributed to 

dominant chemical compounds in the matrix. Mostly, 

closer Cr-Ni composition can be a major factor in the 

similarity of wear behaviors.  

 



 

 

 
Figure 2. Optical micrograph of 304 stainless steel after wear test; a) D, b) L1, c) L2 

 

Wear track surfaces of 316L steel can be observed after 

wear test with varied conditions in Figure 3. The 

operative wear mechanism for dry test condition is 

adhesive wear. Hard structure of 316L steel resisted 

against abrasive friction and wear mechanism is occurred 

as adhesive. Spalling mechanisms and plastic 

deformation zones can be seen over the surface as 

encountered in the literature [28-33]. In the lubricated 

tests, effects of abrasive friction can be seen on surfaces 

in Figure 3b and 3c. The lubrication loosened the severity 

of the friction and abrasive wear related mechanisms are 

observed such as deep grooves, ploughings, and debris 

[34] which is a result consistent with the literature, as 

well. 

 

 
Figure 3. Optical micrograph of 316L stainless steel after wear test; a) D, b) L1, c) L2 

 

The optical micrographs of the surfaces of 420 steel 

specimens are shown in Figure 4. In Figure 4a, the wear 

surface of dry-worn specimens is seen in which 

particularly adhesive wear behavior is observed. The 

surface is comprised of plastic deformation zones as the 

result of removal of loose particles in the matrix and cold-

welding of fragments over the surface. In lubricated 

conditions, wear resistance of the surface is increased, 

and the friction mechanism is transformed to abrasive 

wear [35-36]. 

 

 
Figure 4. Optical micrograph of 420 stainless steel after wear test; a) D, b) L1, c) L2 

 

In dry wear condition, 303 and 304 steel specimens 

exhibited a mixed wear regime which is composed of 

adhesive and abrasive wear behaviors. 316L and 420 

steels had particularly adhesive wear behavior on the 

surface. This can be attributed to the internal structure of 

the steels in terms of chemical composition, dominant 

compounds, surface hardness, and microstructure. 316L 

and 420 steels have higher surface hardness values 

compared to 303 and 304 steels. The increase of strength 

in the mechanical properties revealed higher resistance 



 

 

against wear and lowered the severity of the friction 

mechanisms. However, micrograph observations showed 

that the dominant wear mechanism is abrasive for all 

lubricated conditions. The lubrication decreased the 

severity of friction on the wear surfaces, however in 

lubricant (L2) with high viscosity revealed poor 

resistance against wear. Deeper grooves are observed for 

L2 lubricant compared to lower viscosity lubricant (L1). 

Dry sliding condition enabled the microstructural 

properties to be dominant in terms of resisting the 

frictional forces while the lubrication mostly neutralized 

microstructural characteristics for all specimen in which 

the surface properties became vital. 

 

3.2. Wear Rate Evaluations 

Wear rate calculations are made using wear width values 

from optical microscope micrographs. Results are 

calculated based on Eq. (1-2) and given in Figure 5. It can 

be seen that the wear rate behavior of specimens acts in a 

similar pattern. Highest wear rate occurred for dry test 

condition while the lubrication increased the tribological 

performance so that wear rates significantly decreased. 

303 and 304 steels showed the poorest resistance to 

friction in the specimens for dry wear tests. Applying 

wear test to 316L and 420 steels, the wear resistance of 

specimens dropped in almost half and one third, 

respectively. The increased resistance against wear can 

be associated with dominant chemical compounds, such 

as chromium carbide, iron carbide, nickel chromium, 

austenitic and martensitic structures, and hardness [37-

44]. In the lubricated test condition, lower viscosity (L1) 

and higher viscosity (L2) lubricants are used, and test 

results showed that lower viscosity lubricant enabled 

lower wear rate and higher viscosity lubricant cannot 

lowered the wear rate. This can be affiliated with poor 

circulation of lubricant between the wear components. As 

the viscosity of the lubricant increases, the lubricant 

poorly circulates between the specimen and abrasive ball 

so that lubricating film formation is prevented. The poor 

film formation leads to semi-dry friction between the 

component [45-46]. This phenomenon is applicable for 

all specimens, and it is clarified that poor lubricant 

circulation on the contact surface of components 

decreases the wear resistance so that the wear rate is 

increased for tests in L2 lubricant. In the lubricated 

condition, there is not a significant difference for 303, 

304, and 316L specimens in terms of wear rate. However, 

420 steel has the highest wear rate resistance for dry, low 

viscosity and high viscosity lubricants among other 

specimens which depends on the martensitic 

microstructure. High strength and low ductile properties 

enabled enhanced anti-wear characteristics. Wear rate 

characteristics is also evaluated with wear behavior 

modes which has a dominant effect in the width and 

depth of the wear track. Abrasive friction forces damaged 

the wear surface more compared to adhesive wear for dry 

sliding. Austenitic microstructure enabled mixed wear 

mode with a more of abrasive wear while adhesive wear 

behavior is observed for martensitic microstructure.   

 
Figure 5. Wear rate values of the specimens 



 

 

 

3.3. Coefficient of Friction Evaluations (COF) 

The COF values of the specimens are provided in Figure 

6. As seen, dry friction provided a fluctuant COF for all 

steels. COF values of dry sliding wear is quite similar for 

303, 304, and 316L steels. However, a higher COF is 

recorded for 420 steel by 18.8%, 17.2%, and 14.5% in 

comparison with 303, 304, and 316L, respectively. It is 

seen that austenitic stainless steels enables a lower COF 

value compared to martensitic stainless steel. This can be 

affiliated with body centered tetragonal crystal lattice of 

420 steel. High strength and low ductility yielded 

increased COF values for dry sliding wear in which the 

martensitic microstructure harshly resisted against the 

frictional forces. Ductile characteristic of austenitic 

microstructure absorbed some of the frictional forces so 

that lower COF values are obtained. On the other hand, 

the effect of frictional forces is not absorbed, and higher 

COF values are yielded by martensitic microstructure. 

The rigid structure of 420 provided severe reaction 

against the abrasive ball so that a higher COF is recorded. 

In lubricated tests, COF values are dropped by almost one 

fourth compared to dry friction tests. COF values are 

almost the same for all steel specimens in all test 

conditions. There is a significant difference between dry 

and lubricated tests, while similar COF values are 

obtained among the lubricated tests. Beside wear rate 

values, it is not possible to evaluate the COF results in 

terms of lubricated condition. The lubrication of contact 

surfaces damaged the ability to evaluate the friction 

properties. Even the lubricants decreased the effect of 

frictional forces, the microstructure of 420 stainless steel 

provided the lowest COF values for lubricated test 

conditions. Lubrication neutralized most of 

microstructural properties. 

 

 
Figure 6. Coefficient of friction values of the specimens. 

 

4. CONCLUSION 

In this study, the most used stainless steel specimens are 

investigated in terms of determination of construction 

materials for phononic band gap structures. Evaluations 

are accomplished for tribological performance including 

dry and lubricated conditions and the major outcomes are 

provided.  

 Optical microscope observations showed that all 

specimens are worn by mild abrasive behavior for 

the lubricated tests, while 303 and 304 steels had a 

mixed wear (adhesive and abrasive), 316L and 420 

steels had severe adhesive wear for test in dry 

environment. 

 Wear rate evaluations reported that specimens had 

the lowest wear resistance in dry tests and the 

resistance against wear is increased significantly in 

the lubricated tests. However, the effect of viscosity 

on the lubrication showed that higher viscosity 

lubricant cannot flow to the contact surface easily so 

that semi-dry wear is occurred. Lower viscosity 

lubricant enabled higher wear resistance compared 

to higher viscosity lubricant. 



 

 

 COF values illustrated that lubricated friction 

enabled smoother wear in the tests, since material’s 

hardness and internal structure properties are crucial 

for friction of the contact surfaces. 

To sum up, considering the wear rate values obtained in 

this study, 420 stainless steel can be chosen as the 

construction material of the periodic metamaterial 

structures and low viscosity lubrication should be 

employed between the contact surfaces of the periodic 

structure and the supports. 
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