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Rotating Bending High Cycle Fatigue 
Property of Handheld Laser Peened 
A7075BE-T6511 Alloy 

Kiyotaka Masaki, Yuji Sano, Yoshio Mizuta, and Satoshi Tamaki 

Abstract Laser peening (LP) processing is one of surface technologies in which a 
metal material placed in water is irradiated with a pulse laser and peened by the gener-
ated shock wave. Since conventional laser peening requires large-scale and high-cost 
laser equipment, smaller and cheaper pulse laser oscillators have been desired for 
further industrial applications. In recent years, some handheld pulse laser oscillators 
have been developed by the ImPACT Program in Japan. In this study, in order to inves-
tigate the effectiveness of the new handheld laser device for LP treatment, rotating 
bending high cycle fatigue tests were conducted on A7075BE-T6511 aluminum 
alloy. As a result, the high cycle fatigue properties were significantly improved by 
LP treatment. The fatigue strength at 107 cycles is improved by about 1.5 times, and 
the fatigue life is extended by about 100 times than those of base metal specimens. 
In this study, the improvement of fatigue properties by laser peening treatment with 
a handheld laser oscillator was investigated from the viewpoint of peening effect and 
fracture mechanism. 

Keywords Aluminum alloy · Handheld laser oscillator · Rotating bending high 
cycle fatigue · Laser Peening
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Fig. 1 The newly developed 
handheld pulse laser 
oscillator on a robot arm 

1 Introduction 

Laser peening (LP) processing is one of surface modification technologies. In this 
process, a pulse laser is irradiated to a metal material placed in water, and the metal is 
peened by the generated shock wave [1]. At that time, since conventional LP treatment 
requires large-scale and expensive pulse laser oscillator, smaller and cheaper pulse 
laser oscillators have been desired for industrial applications [2, 3]. Recently, new 
handheld pulse laser oscillators as shown in Fig. 1 have been developed by the 
ImPACT program in Japan [4, 5]. If it turns out that this device can be used as an LP 
treatment device, there is a possibility that LP treatment can be applied to various 
industrial fields. In this study, in order to investigate the effectiveness of the newly 
developed handheld pulse laser oscillator for LP treatment, rotating bending fatigue 
tests were conducted on Al–Zn–Mg–Cu system aluminum alloys treated by LP. 

2 Experimental Methods 

2.1 Material 

The material used in this study is A7075BE-T6511 aluminum alloy. After extruding 
into a bar with a diameter of 15 mm, T6511 heat treatment was applied, namely, 
solution heat treatment, residual stress relief treatment and artificial aging treatment. 
It is a commercially available material, and detail of the heat treatment conditions are 
unknown. The chemical composition and the mechanical properties of the material 
are shown in Table 1 and 2. The microstructure is shown Fig. 2. In this material, an 
oriented texture is well developed in the axial direction. 

Table 1 Chemical composition of the material (%) 

Si Fe Cu Mn Cr Zn Ti Ti + Zr Al 

0.08 0.19 1.6 0.04 2.6 5.8 0.01 0.02 Bal
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Table 2 Mechanical properties of the material (experimental data) 

Tensile strength 
σB MPa 

0.2% proof stress 
σ0.2 MPa 

Elongation 
δ % 

Reduction of area
� % 

Hardness 
Hv 

685 631 12.6 23.4 189 

50m 50m 

25m 

111 

001 101 

RD 

TD 

(a) (b) (c) 

Axial direction (RD) 

Fig. 2 Microstructure of material a cross section b longitudinal section c EBSD analysis result (IP 
Map) 

2.2 Specimen and Fatigue Test 

The shape of the test specimens in this study is shown in Fig. 3. The stress concen-
tration factor of this shape is 1.074 [6]. The LP treatment was applied only to the 
notch area. The laser device used in this study was a prototype handheld pulse laser 
oscillator provided by OPTOQUEST Co., Ltd. The pulse width of this oscillator is 
1.3 ns. An over-view of the laser peening system is shown in Fig. 4. The LP treatment 
was performed under the following conditions; an irradiation energy of 1.68 mJ, a 
spot diameter of 0.3 mm, a repetition rate of 50 Hz, and laser irradiation densities 
of 400 and 800 pulse/mm2. The LP-treated specimen with under the condition of 
400pulse/mm2 is called 400pls, and the one with under the condition of 800pulse/ 
mm2 is called 800pls. Cantilever type rotating bending fatigue test was carried out 
with a rotating speed of 4000 rpm in the air at room temperature. 

(unit:mm) 

Fig. 3 The shape of fatigue test specimen
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Fig. 4 Over-view of laser 
peening system 

Laser Oscillator 

3 Experimental Results and Discussion 

3.1 Fatigue Results 

The S–N curves of the rotating bending fatigue testing result are shown in Fig. 5. The  
fatigue properties of A7075BE-T6511 were significantly improved by the handheld 
LP treatment. The difference in fatigue properties between 400 and 800pls was not 
significant. The handheld LP treatment improved the fatigue strength at 107 cycles by 
about 1.5 times and extended the fatigue life by about 100 times compared to those 
of the non-peened materials. These fatigue results indicate that the newly developed 
handheld pulse laser oscillator can be used for LP treatment. Typical fatigue fracture 
surface models are shown in Fig. 6. These surface modeling images were obtained 
from 3D models constructed by X-ray CT observations. There was a big difference 
between the non-peening specimens and the LP specimens. The fracture surfaces 
of all the non-peening specimens were on a flat plane perpendicular to the axial 
direction as shown in Fig. 6a. On the other hand, most of the fracture surfaces of 
the LP specimens have a slant part as shown in Fig. 6b, c. From the fracture surface 
observation results by optical microscope and scanning electron microscope, it was 
suggested that this slant part was not the final fracture site but the fatigue crack 
initiation site. The angle of the slant part to the cross section of the specimen was 
about 55–60°. From the results of crystal orientation analysis (EBSD analysis), it 
was clear that this material had an oriented texture in the axial direction in which 
the (001) plane of the fcc crystal structure coincides with the cross section of the 
specimen. The angle of the slant part agrees with 54.7 degrees which is the angle of 
the slip system {111} < 110 > for the cross section of specimen.
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Fig. 5 S–N curves obtained 
by fatigue testin 

Fig. 6 Surface modeling 
images of fracture surfaces 

(a) Non peening

 (280MPa) 

(b) LP400pls 

(372MPa) 

(c) LP800pls  

(372MPa) 

3.2 Peening Effect and Fracture Mechanism 

Hardness and residual stress, which were the main peening effects of fatigue property 
improvement, were investigated. The hardness distributions of the LP specimens are 
shown in Fig.  7. Strain hardening due to the handheld LP treatment is slight. Only 
the condition of LP800pls shows a slight increase in the surface hardness value. The 
thickness of the hardened layer is about 50 μm and the increase value is about 20Hv. 
The residual stress distributions of the LP specimens are shown in Fig. 8. The  LP  
specimens have a large compressive residual stress near the surface layer despite a 
small increase in hardness. This phenomenon is one of the characteristics of handheld 
LP treatment. Although it is not clear from the hardness distribution, it is thought 
that the microstructure at only the specimen surface is in a significantly hardened 
state or in a highly strained state. It is considered that the generation and propagation 
of surface cracks are prevented by the high compressive residual stress and special 
surface state. The reason for the formation of this special surface state is thought to
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Fig. 7 Hardness 
distributions of LP 
specimens 

Fig. 8 Residual stress 
distributions of specimens 

be related to the fact that the pulse width of the handheld pulse laser oscillator is 
less than 1/10 that of conventional pulse laser oscillators. We plan to investigate the 
details in the future. Even if the fatigue crack can be generated at the surface, the 
fatigue crack cannot grow in mode I, which is the crack open mode. More than that, 
the large-scale glide plane decohesion occurred inside the test specimen due to the 
influence of the developed texture in a triaxial stress state. 

4 Conclusion 

In order to investigate the effectiveness of the newly developed handheld pulse laser 
oscillator as a laser source of LP treatment, rotating bending high cycle fatigue tests 
were conducted on A7075BE-T6511 material used for aircraft components. The 
fatigue strength at 107 cycles is improved by about 1.5 times, and the fatigue life is 
extended by about 100 times than those of the non-peening material. It is clarified 
that the newly developed handheld pulse laser oscillator can be used for LP treatment 
and that it can be applied in a wide variety of industrial fields. 
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Developing Domeless, Circular Vibratory 
Finishing for Aerospace Applications 

Jeremy Weng Keong Ho , Kai Liang Tan , and Swee Hock Yeo 

Abstract This paper proposed a vibrofinisher with a unique design—domeless, 
non-elevating and circular bowl vibrofinisher to be used for the aerospace industry. 
Compared to conventional circular dome vibrofinishers, this new setup could be 
more effective for material removal and surface roughness improvement than current 
industrial practices because of its better accessibility to annular geometries. There 
was limited literature to support this statement. In this paper, a model of a cuboid-
body vibration system was proposed and a numerical analysis of this design with 
reference to past papers of standard design was conducted. The theoretical analysis 
showed a high potential for faster material removal rate due to an increase of 80.5% in 
the excitation force and excitation moment of up to 144.6%. Both displacement and 
rotational angle increased by 68% and 47% respectively, which suggests a higher 
amplitude. Using the theoretical results, the law of abrasive law and a roughness 
model was used to substantiate the effectiveness of the domeless bowl as a potential 
replacement to both the trough and dome bowl. 
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1 Introduction 

Aerospace components, such as turbine blades, fans, vanes, stator rings, and blisk or 
integrally bladed rotors, play a critical role in aircraft engines, ensuring aerodynamic 
efficiency and service life. Surface integrity, both in terms of surface and sub-surface 
characteristics, is vital for their performance and safety. Vibratory finishing, a popular 
mass finishing process, is widely used in the aerospace industry due to its versa-
tility in handling components of various sizes and meeting production schedules. 
Different machine variations and shapes, including domeless round vibrofinishers, 
are employed to target specific geometries and enhance the interaction between the 
media and the components. However, there is a lack of research on the applica-
tion of domeless round vibrofinishers for annular aerospace components, warranting 
further investigation. This paper aims to conduct a theoretical study on a domeless, 
circular vibrofinisher and compare its performance to a conventional dome round 
vibrofinisher using numerical and economic analysis. 

2 Theoretical Analysis Methodology 

The domeless, circular vibratory finishing machine can be modelled using a spring-
dampening-load dynamic system in x–y–z axes as seen in Fig. 1. 

With reference to the model of the dome vibratory finishing machine by Hashimoto 
and Johnson [1], we can simplify the bowl as a charged cuboid-body with mass, M, 
representing the total mass which includes the mass of the bowl, media, component,

Fig. 1 Dynamic Model of domeless vibratory finishing bowl with indicative position of eccentric 
weights attached under the bowl 
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fixture, liquid compound, and water. This mass M is induced with forced vibration 
by two eccentric plates with attached flyweights along two ends of a motor shaft. 
The motor rotates and generates a centrifugal force to trigger the forced vibration. 
At the same time, a moment of inertia J is generated from the centrifugal force. The 
two eccentric plates are labelled top and bottom plates and are respectively labelled 
as mt, mb, with their rotational movement along the motor shaft as angular velocity,
Ω. The alignment angle between the two masses will be labelled as the phase angle, 
ϕ. The distance from the centroid which is the motor axial shaft to the centroid of 
the flyweights is labelled as r. 

Similar to Fig. 1, the springs supporting the mass, M, are consolidated into 4 
spring/dampener at the corners on the body vertically (z-axis) while horizontally (x– 
y-axes) supported by 4 spring/dampener as well. To which the springs are labelled 
as kh and kv in the horizontal and vertical direction respectively, and dampeners 
labelled as ch and cv in the horizontal and vertical direction respectively as well. 

The distance of the vertical springs from the centroid of M is labelled as L. 
Finally, mass M is understood to rotate along the x and y axes but not along the z 
axis. Therefore, there is a rotational angle along x and y axes, θx and θy respectively. 
The full representation is drawn in Fig. 2. 

A set of parametric equations can be used to explain the model, as represented in 
Fig. 4 Schematic drawings of estimated positions and dimensions of Lt and Lb of 
(left) dome and (right) domeless Fig. 3. By using Newton’s Second Law, the forces in 
a mechanical vibration system in the x–y-z coordinate can be established as follows: 

Fx = M ẍ + Ch ẋ + Khx (1) 

Fy = M ÿ + Ch ẏ + Kh y (2)

Fig. 2 Domeless vibratory finishing machine modelled as a mechanical vibration system 
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Fz = M z̈ + Chz + Khz (3) 

With the nature of the bowl vibration, we can assume small values for θx and 
θy which approximated as sin θx ≈ θx , cos θx ≈ 1, sin θy ≈ θy and cos θy ≈ 1. 
Therefore, Fz can be equated as:

Fig. 3 Schematic drawing of dome and domeless, top view represented similar for both designs, 
while front view vary in terms of positioning of eccentric plates 

Fig. 4 Schematic drawings of estimated positions and dimensions of Lt and Lb of (left) dome and 
(right) domeless 
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Fz = Fx θx + Fyθy (4) 

The angular motion equations are established as follows: 

PX = J θ̈x +
(
Cv L

2)θ̇x +
(
Kv L

2)θx (5) 

Py = J θ̈y +
(
Cv L

2
)
θ̇y +

(
Kv L

2
)
θy (6) 

Pz = J θ̈z = 0 (7)  

where Cv = 4 cv , Kv = 4kv , Ch = 2ch , Kh = 2kh . 
Using Fig. 2 to establish the dynamic positioning of top and bottom eccentric 

masses mt and mb during processing, we can establish the linear and rotational 
forces along x–y axes as: 

Fx = rΩ2 [mt cosΩt + mb cos(Ωt + ϕ)] (8) 

Fy = rΩ2 [mt sinΩt + mb sin(Ωt + ϕ)] (9) 

PX = rΩ2 [mt Lt sinΩt + mb Lb sin(Ωt + ϕ)] (10) 

Py = rΩ2 [mt Lt cosΩt + mb Lb cos(Ωt + ϕ)] (11) 

Finally, the motion Eqs. (1)–(3), (5) and (6) can be solved to yield free and forced 
vibrations. A general solution of the second order differential equation of each of the 
Eqs. (1)–(3), (5) and (6) can be summated by the auxiliary solution with subscript c 
to label the free vibrations equations and particular solution subscript p to label the 
forced vibration equations. This is to follow the model of Hashimoto and Johnson 
[1] to enable comparison in the next chapter. Therefore, x = xc + xp, y = yc + yp, 
z = zc + z p, θx = θxc  + θxp  and θy = θyc + θyp. 

It is also noted that is a slight variation to Eqs. (10) and (11) for a domeless-type 
due to the change in direction of Lt as compared to a dome-type. Hence, the free 
vibrations in the x–y–z coordinates and their rotational axes, with the exception of 
rotation along z axis, are represented by the following equations: 

xc = A1e
−ζhωnht sin(ωdht − ψ1) (12) 

yc = A2e
−ζhωnht sin(ωdht − ψ2) (13) 

zc = A3e
−ζvωnht sin(ωdvt − ψ3) (14)
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θxc = A4e
−ζhωnht sin(ωdht − ψ4) (15) 

θyc = A5e
−ζhωnht sin(ωdht − ψ5) (16) 

where A1—A5 are arbitrary constants, ψ1 to ψ5 are alignment (phase) angles 
determined by arbitrary constants. ζ represents the damping factors, ωn represents 
natural frequency and ωd represent damped natural frequency, with all three having 
subscripts to represent their directions—v for vertical, h for horizontal and θ for 
rotational. Each of them can be calculated with the following equations: 

ζh = Ch 

2 
√
MKh 

(17) 

ωnh =
/

Kh 

M 
(18) 

ωdh  =
(/

1 − ζ 2 h
)

ωnh (19) 

ζv = Cv 

2 
√
MKv 

(20) 

ωnh =
/

Kv 

M 
(21) 

ωdv =
(/

1 − ζ 2 v

)
ωnv (22) 

ζθ = Cv L 

2 
√
MKv 

(23) 

ωnθ = 
/

Kv L2 

J 
(24) 

ωdθ =
(/

1 − ζ 2 θ

)
ωnθ (25) 

The forced vibrations generated by the rotational angular velocity Ω of eccentric 
masses mt and mb are represented by the auxiliary equations of Eqs. (1)–(5) in the  
x–y-z coordinates and their rotational axes, with the exception of rotation along z 
axis, by the following equations: 

xp = Gx cos(Ωt − �1) (26)
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yp = Gy sin(Ωt − �1) (27) 

z p = constant (28) 

θxp  = Ex sin(Ωt − �2) (29) 

θyp  = Ey cos(Ωt − �2) (30) 

where � is the alignment or phase angle and variables G, E are variables, with 
their subscripts to represent their directional axis, are determined by the following 
equations: 

Gx = Fx √
(ChΩ)2 + (Kh − MΩ)2)2 

(31) 

Gy = Fy √
(ChΩ)2 + (Kh − MΩ)2)2 

(32) 

Ex = Px √
(Cv L2Ω)2 + (Kv L2 − JΩ)2)2 

(33) 

Ey = Py √
(Cv L2Ω)2 + (Kv L2 − JΩ)2)2 

(34)

�1 = tan−1 ChΩ

(Kh − MΩ2) 
(35)

�2 = tan−1 Ch L2Ω

(Kh L2 − JΩ2) 
(36) 

The Eqs. (1)–(36) will be used as reference with Hashimoto and Johnson’s [1] 
dome model to be described and comparatively plotted. 

2.1 Comparison to Dome, Circular Vibratory Finishing 

According to Hashimoto and Johnson’s mechanical vibration model [1], the domeless 
machine can be drawn as another re-representation from Fig. 2 to create a direct 
comparison of between a dome and domeless schematic as shown in Fig. 3. 

The key different difference between a dome and domeless vibratory finishing 
machine is the position of the eccentric plates. Parameters are taken from the paper 
from Hashimoto and Johnson [1] and scaled accordingly to have a fair comparison 
between dome and domeless type. A parameter table is established in Table 1.



18 J. W. K. Ho et al.

Table 1 Parameters to be used for comparison 

Parameter Symbol Dome Domeless 

Phase angle (alignment angle between eccentric plates) ϕ 90° ≈ 1.5708 rad/s 
Angular velocity Ω 146.9 rad/s 

Spring constant—vertical kv 39.2 N/mm 

Spring constant—horizontal kh 15.9 N/mm 

Damping constant—vertical cv 0.0055 N s/mm 

Damping constant—horizontal ch 0.0222 N s/mm 

Damping factors—vertical ζv 0.0031 

Damping factors—horizontal ζh 0.0014 

Damping factors—angular ζθ 0.0031 

Natural frequency—vertical ωnv 44.6 rad/s 

Natural frequency—horizontal ωnh 20.1 rad/s 

Natural frequency—angular ωnθ 45.1 rad/s 

Damping frequency—horizontal ωdv 44.6 rad/s 

Damping frequency—vertical ωdh 20.1 rad/s 

Damping frequency—angular ωdθ 45.1 rad/s 

Horizontal length of vertical springs to mass M centroid L 180 mm 

Horizontal length of eccentric plate to mass M centroid r 50 mm 

Vertical length of top eccentric plate to mass M centroid Lt 145 mm 200 mm 

Vertical length of bottom eccentric plate to mass M 
centroid 

Lb 255 mm 300 mm 

Top eccentric plate and flyweight (pre-assigned) weight mt · g 8.4 N 8.4 N 
(2 plates*) 

Bottom eccentric plate and flyweight (pre-assigned) 
weight 

mb · g 9.3 N 21.0 N 
(5 plates*) 

Ratio of top eccentric plate and flyweight and bottom 
eccentric plate and flyweight 

mt
/
mb 1 (round 

up) 
0.4 

Body weight M · g 772.3 N 816.1 N 

*Based on weight referred from study Hashimoto & Johnson [1] and industrial practice for top/ 
bottom flyweights’ setup to be 2:5 

To ensure a proper baseline comparison, machine setups that are similar in nature 
for both types such as springs, and dampeners will be kept constant. The process 
setup such as alignment (phase) angle and angular velocity will also be set similar. 
Additionally, natural constants and factors will be set similar. Therefore, the similar 
values are as follows: ϕ, Ω, kv, kh, cv, ch, ζh, ζv, ζθ, ωnh, ωnv, ωnθ, ωdh, ωdv, ωdθ, L,  
and r. 

The key difference between the two bowl types will be on the masses and their 
relative locations. For eccentric masses mt and mb, a baseline qualitative ratio of 
mt and mb was used depending on the number of flyweights are attached to them.
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Additionally, the flyweight quantity will be selected based on the dome and domeless 
current best practice to achieve an equal frequency and amplitude. This is done 
by using reference of ERBA EVP-250 dome and ERBA EVP-250 CL domeless 
equipment. For a similar setup between dome and domeless-type, a 4.5 mm amplitude 
and 70° lead angle for the feed frequency will require to have two flyweight at the 
top and bottom plates respectively for a dome-type. This makes the ratio of mt/mb 

1:1. In a domeless-type setup, it is two at the top and five at the bottom, making the 
ratio 2:5. To summarise, the values of 1.0 for dome and 0.4 for domeless is used. 

The difference between dome and domeless types for positions Lt and Lb are 
mainly that direction of Lt is under the bowl and therefore opposite in direction as 
opposed to dome type, and that Lb is further from the centroid M as compared to 
dome type due to the lowered placement of the motor. These observations of domeless 
type with comparison were based on the difference in EVP-250 CL domeless and 
EVP-250 dome type machines, respectively. Based on these pointers, for domeless 
type eccentric weight positions, Lt and Lb, will be estimated based on the study’s 
machine specification [1] and also with industrial best practices, are placed at the 
values 200 mm and 300 mm as drawn in Fig. 4. 

For body mass M of dome machine will be calculated based on similar media 
(Al2O3 spherical dia. 5 mm) of density 1.43 g/cm3 and component mass (hardened 
steel cylindrical roller of dia. 15 mm x L22 mm, HRC62) from the paper. As the 
mass M of dome type will account for the additional volume due to the lack of a 
dome by a calculated approximation of 3.123L, which is the volume of the dome. 
Using this additional volume to calculate the weight from the additional media, the 
weight of the bowl (assume weight is similar for domeless-type as dome is hollow 
therefore weight is negligible), and weight of the component, will amount 816.1 N. 
The detailed calculations are appended in Appendix A. 

3 Theoretical Comparison Results 

Figure 5 show a comparison of dome and domeless type of the external forces in x and 
y axes, which are the sources of the vibration motion during machine operation with 
an amplitude of 1400 RPM. This is calculated by Eqs. (8) and (9). The results show 
that the domeless type has its excitation force amplitude peak higher than dome type 
at 2.44 kN, compared to domeless type at 1.352 kN, a difference of around 80.5%.

Figure 6 shows a comparison of dome and domeless type of the external moments 
in x and y axes. This is calculated by Eqs. (8) and (9) for domeless type and cited 
from the study for dome type [1]. The results show that the domeless type has its 
excitation moment amplitude peak higher than dome type at 703.5kN, compared to 
domeless type at 287.7kN, a difference of 144.6%. It is also noted that there is a shift 
in frequency by almost 50%.
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Fig. 5 Theoretical comparison between dome and domeless-type by the external forces causing 
the forced vibration in a horizontal and b vertical direction

Fig. 6 Theoretical comparison between dome and domeless-type by the external moment causing 
the forced vibration in rotational directions in horizontal axes along a X-axis and b Y-axis 

4 Discussion 

Based on results shown in Figs. 5 and 6, there is an agreement to qualitative reasoning 
of a higher processing capability. With the absence of the dome, there is a larger 
radial roll which allow longer displacement of component-media contact. This in 
turn provides a longer exposure for material removal. To validate this statement, the 
law of abrasive wear [2] can be used: 

Vs = 
ks N L  

H 
(37) 

Vs wear volume
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ks wear coefficient 
N normal load 
H hardness of worn surface 
L media sliding distance 

In this equation, the normal load (N) is the perpendicular force acting on the 
component surface and thus is directly proportionate to the wear volume (Vs). From 
an energy standpoint, the larger radial roll caused by an increased excitation forces 
from the bowl vibration will cause an increased energy transfer from the bowl vibra-
tion to media and finally onto the component surface. Hence, this implies a higher 
material removal due to higher excitation forces from the bowl. 

Illustrated in Fig. 7, a micro view of a component-media contact point can be used 
to show a conversion of the law of abrasive wear into a steady-state abrasive wear 
per unit area. Thus, wear volume (Vs) is converted into wear depth per unit time, 
δhsδt and normal load (N) is converted into normal specific load (pg) per unit area, 
pgδ A. This allows a roughness model to be derived as done by Wan et al. [3]): 

Ra = (Ri − RE ) · e− kT pg vs 
H t + RE (38) 

Ra Current Roughness 
RE Roughness at saturation 
Ri Initial Roughness 
vs Velocity along unit area 
kT wear coefficient 

By making time (t) the subject: 

t = 
−H · ln

(
Ra−RE 
Ri−RE

)

kT pgvs 
(39) 

The Eq. (39) shows that the normal specific load (pg) is inversely proportionate 
to time (t). As earlier described, the higher excitation forces caused by a domeless-
type as compared to a dome-type will cause an increase in energy transfer from the

Fig. 7 Illustration of media 
contact to component surface 
with a micro illustration of 
surface roughness per unit 
area 

N 

Component 
Surface 

Media 

Profile of asperities on a 
unit area to illustrate 
surface roughness. 
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bowl to component-media interaction via the point contact. This point contact is 
referred as the normal specific load ( pg), which essentially proves that time taken for 
surface finishing will reduce. Hence, a potentially faster surface finishing by using 
domeless-type. 

5 Conclusion 

This paper proposed a new vibratory finishing machine with a unique design— 
domeless, non-elevating and circular vibratory finishing bowl—to be used for the 
aerospace industry. A study on current industrial best practices such as machine-
component pairing was conducted, and it was determined that this proposed machine 
could be more effective than current industrial practices. 

A review of existing vibratory finishing models was conducted, and a model 
of a cuboid-body vibration system was adapted. Through a theoretical comparison 
with a dome-type, the domeless-type showed a higher processing potential than 
dome type vibratory finishing due to the increase in excitation forces by 80.5%. 
Additionally, the increased distance between the motor and two eccentric plates to 
the centroid of the bowl mass augmented the forced vibration component of the bowl 
and increased the excitation moment by up to 144.6%. This suggests that a domeless-
type allows a larger roll radius due to the absence of the dome. The displacement 
value showed an increase of 68% and rotational angle increase of 47%. This suggests 
that a domeless-type could result in a higher bowl amplitude. Overall, these results 
showed higher processing potential and were substantiated through an inference to 
the law of abrasive wear and a roughness model by Wan et al. [3]. 

References 

1. Hashimoto F, Johnson S (2015) Modeling of vibratory finishing machines. CIRP Ann Manuf 
Technol 64:345–348 

2. Hutchings IM (1992) Tribology: friction and wear of engineering.Materials, London 
3. Wan S, Liu Y, Woon K (2016) A simple general process model for vibratory finishing. Int J Adv 

Manuf Technol 86:2393–2400


