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ABSTRACT – Dimple machining is one of the surface 

engineering methods that has been studied for decades. 

It is derived through various machining processes and 

acts as a lubricants reservoir to reduce friction on 

sliding surfaces.  Dynamic assisted tooling milling 

(DATM) was developed to produce dimple on AI6061-

T6 material. In this paper, the consistency of dimple 

spacing was analyzed to determine low frequency (LF) 

method in producing dimple structure. The consistency 

of dimple spacing (Sd) was determined through dimple 

spacing percentage errors analyzed via analytical and 

mathematical model. Consistency Sd occurred at 6 Hz 

with error value range between 5.95% to 9.42 % for 

each feed rate. This proves that LFM can produce 

consistent dimple structure at 6Hz frequency. 

 

1. INTRODUCTION 

Surface engineering is one of the methods that has 

been widely studied for decades and proved could 

reduce friction on sliding surfaces. Researches showed 

that 25% friction reduction occurred on piston ring 

using tribo meter and pin tester on disks [1-3]. 

High frequency method was widely explored by 

earlier researchers. Xu et al. [4] studies on concerning 

material remover mechanisms, tools design principles 

and machining structure using 2D rotary ultrasonic 

texturing.  Kurniawan et al. [5], studies on analytical 

model of the cutting force corresponding   with the 

experiment data using elliptical vibration texturing. 

Prihandana et al. [6] discovered that extensive tool 

setting and expensive devices was needed to produce 

dimple in high frequency method.  Research on low 

frequency method was not widely done in dimple 

fabrication process.  Low frequency method was highly 

applied in aerospace manufacturing ie airplane wing 

drilling [7] compare other industries.  The objective of 

this paper, therefore focuses an analyzed the consistency 

of dimple spacing on flat surface via analytical and 

mathematical model 

 

2. METHODOLOGY 

Development of dynamic assisted tools to produce 

dimple with stable frequency and amplitude during the 

cutting process has become one of the research 

objectives. These two factors have impact on dimples 

formed on working material surface. Dynamic assisted 

tool developed was applied on Sajo UF-52 milling 

machine, Figure 1. 

  
Figure 1 Attachment DATM on milling machine. 

 

2.1 Machining experiment 

Machining experiment was conducted on AI6061-

T6 as a workpiece. Milling machining parameters used 

in the experiment are shown on Table 1.  In this 

research, cutting tool ball nose with diameter 0.3 mm 2 

flute was used to produce dimple structure. 

 

Table 1 Machining parameters. 

Parameter Unit Values 

Cutting speed, Vc          m/min 12 

Feed rate, fr                   mm/sec 6.37, 8.73, 12.75 

Depth of cut,doc            Mm 0.015 

Frequency, f                   Hz 4, 5, 6 

Amplitude, Amp             mm 3 

Diameter ball nose, d      mm 3 

No. Flute                          - 2 

 

2.2    Visual and measurement of dimple distance 

Distance between dimple Sdexpwas measured using 

Olympus SZ61 microscope and was compared with Sdt 

value.  By using an equation (1), distance between 

dimple, Sdt [8] can be calculated based on machining 

parameters. The outcome of results is as shown in Table 

2. 
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Whilst dimple spacing errors between theory and 

experiment can be calculated via equation (2)[6]. 
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3. RESULTS AND DISCUSSION 

Results of the experiment have shown that the 

distance between dimple is consistent. Feed rate 

(machine) and vibration (DATM) are the main factors 

affecting distance between dimple formed, Table 2. 

Frequency parameter is the dominant factor in 

determining distance between dimple. 

 

3.1  Relationship between feed rate and frequency 

with dimple spacing 

Table 2 shows a comparison between the 

experiment and the theory of dimple spacing. Nine 

samples of dimple were measured for validation of the 

mathematical model. Dimple spacing, Sdt and Sdexp were 

measured and compared via analytical model. The 

comparison showed that frequency and feed rate are 

dominant factors affecting dimple spacing. Consistency 

of dimple spacing occurred at 6Hz based on error value 

range of 5.84 % to 9.42%, Table 2. 

 

Table 2 Constant frequency with various feed rate. 

¦r(mm/s)    f(Hz)    Sdt(mm)   Sd. Exp. (mm)    e (%) 

 6.37           4          1.56           2.03                 30.13 

 8.73           4          2.14           2.40                 12.15 

 12.75         4          3.13           3.65                 16.61 

 6.37           5          1.31           1.56                 19.08 

 8.73           5          1.81           2.18                 20.44 

12.75          5          2.64           2.70                 2.27 

 6.37           6          1.01           1.09                 7.92 

 8.73           6          1.38           1.51                 9.42 

 12.75         6          2.02           2.14                 5.94                            

 

 
                                          (a) 

 

 
                                          (b) 

 

 
                                          (c)  

Figure 2 Dimple structure spacing with various feed rate 

and constant frequency = 6Hz (a) fr = 6.37 mm/s, (b) fr 

= 8.73 mm/s, (c) fr = 12.75 mm/s. 

 

 

 

 

 

 

 

4. CONCLUSION 

The result of the experiment proved that low 

frequency method could produce consistent dimple 

spacing on surface material. Consistency Sd occurred at 

6 Hz for each feed rate based on the error value range 

derived at 5.94% to 9.42%. It can be concluded that 

feed rate and frequency could determine the number of 

dimple structure needed on each surface based on 

lubrication regime tested 
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