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Abstract 
  Aluminium is a popular material widely used in ultra-precision machining processes [1]. In this work, a novel ultra-precision 
lapping method was developed to remove the tool marks on an aluminum mould machined by Single Point Diamond Turning 
(SPDT). In SPDT process, tool marks are inevitably generated during the process, and these marks can affect the surface roughness 
and degrade the optical performance by generating distortion or scattering. However, conventional ultra-precision polishing 
methods cannot be applied to soft metals like aluminium and brass because it will scratch the machined surface. Therefore, a 
special lapping method was investigated by using a strand of hair to do lapping. The Taguchi method was used to determine the 
optimal parameters for the lapping process. Spectral Analysis was carried out to investigate the lapping performance. The results 
show the new lapping method has a good performance in lapping soft material. 
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1. Introduction  

Usually, the ultra-precision polishing process is used to 
remove the tool marks left on a machined surface due to Single 
Point Diamond Turning (SPDT), so as to reduce the surface 
roughness [2, 3]. However, traditional ultra-precision polishing 
methods cannot be used to polish soft metals like aluminium 
and brass because the large normal force applied by the 
polishing head can scratch and spoil the work-piece surface [4].  

In this study, a novel low pressure ultra-precision lapping 
method is proposed. Comparing to the conventional polishing 
head, the new lapping head contains two important features: 
1) a small normal force and 2) a large lapping force. A small 
normal force can avoid the grits in the slurry embedding and 
ploughing the surface, large lateral force with high friction can 
drive the grits rotating on the surface so that the tool marks 
could be bended and removed little by little without damaging 
the surface profile. In order to achieve these features, a strand 
of wool is used as the lapping head because it has a high 
Coefficient Of Friction (COF) with a low normal force when it is 
in contact with the work piece surface. The Taguchi method is 
used to investigate the important parameters in the lapping 
process [5]. The optimum results of Taguchi method are then 
analyzed and discussed based on spectral analysis. The results 
show that the new low pressure lapping method has a good 
potential for lapping aluminium. 

2. Methodology      

A schematic of the lapping process is shown in Figure 1(a). 
The work-piece is mounted in the beaker with the slurry. The 
brush is driven by a rotating spindle to lap the work-piece 
surface. The material of the work-piece is Al6061, machined by 
SPDT (Figure 1(b)). The surface roughness (Ra) was 20.27nm. 

A Taguchi array (L9) of four three-levelled factors (Table 1) 
was chosen for analyzing the main effects of each parameter. 
The results of every trial in the Taguchi array were represented 
by 3D arithmetic roughness parameter (Ra) measured by the 
Wyko NT8000 optical profiling system. Data were extracted 

from the 3D profile and transformed into spectral groups by 
Fast Fourier Transform (FFT). The spatial spectra are divided 
into 4 groups as shown in Table 2. 

 
Figure 1. (a) Experimental setup, (b) Work-piece machined by SPDT. 

Table 1. Factors and levels selected for the study 

Factors Level 1 Level 2 Level 3 

Rotational 
speed (rpm) 

500 1000 1500 

Grit size (nm) 15 72 1500 

Lapping time 
(min) 

5 10 20 

Lapping 
pressure (bar) 

0.0062 0.0124 0.0186 

Table 2. Spatial distribution groups 

Spatial 
Group 

I II III IV 

Spatial 
Period( m ) 

0.5-0.7 0.7-0.9 0.9-1.1 1.1-1.3 

3. Results and discussion 
The improvement of the surface roughness in the Taguchi 

array was first calculated ( ( )abef aaftRa R R   ). Based on the 

improvement, the effectiveness can be found by a simple 
formula % ( / ) 100%a abefR R   . Signal to Noise Ratios and the 

contribution of each parameter was then generated by Minitab 
software as shown in Table 3. It was found that material 
removal rate is much more sensitive to the grit size than the 
rotational speed of the spindle in the lapping process. After 
calculating the SN ratio, the main effects plot were generated 
as shown in Figure 2.  
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Table 3. Singal to Noise Ratios and the contribution of every factor 

Level Rotation 
speed 

Grit size Lapping 
time 

Pressure 

1 26.44 22.68 29.06 25.00 

2 28.36 29.92 25.45 31.68 

3 30.10 32.31 30.40 28.22 

Rank 4 1 3 2 

 
Figure 2.  Main effects plot of each factor 

Based on the main effects plot, the optimal condition can be 
determined (rotational speed: 1500 rpm, grit size: 1500nm, 
time: 20min, pressure: 0.0124 bar). Another group of lapping 
trials were conducted based on this optimal condition. From 
the results (Figure 3), it can be seen that the surface roughness 
decreased from 20.27 nm on 15.59 nm in the first lapping trial. 
The surface roughness in the same area decreased from 15.59 
nm to 11.71 nm in the second trial with almost no scratches or 
profile deformation on the surface.  

 
Figure 3.  (a) Work-piece surface before lapping (Ra: 20.27 nm), (b) 

Workpiece surface under optimum lapping conditions in the first trial 
(Ra: 15.59nm), (c) Workpiece surface under optimum conditions in the 

second trial (Ra: 11.71nm). 
Spectral analysis was then used to analyze the lapping 

performance. The Spatial Distribution of the surface profile was 
plotted by setting the Spatial Amplitude as the y axis and the 
Spatial Period as the x axis. The spatial group mostly affected 
was determined by the change of the Root Mean Square (RMS) 
value of the spectral profile. In Figure 4, it is shown that in the 
first stage, the spatial group mostly affected was group IV, and 
the rate of change was 23.40% larger than the other groups. 
However, as the lapping time increased, the spatial group 
majorly affected shifted to the lower frequency part. Figure 5 
shown that groups I, II, III were changed more compared to the 
first stage. Thus, it is in line with the microscopic examination 
that the rough surface on the tool marks (group IV) is 
preferentially lapped first after which the tool marks (group I, 
II, III) are lapped, because the proposed lapping process caused 
a relatively small normal force on the surface during the 
process. It is a different mechanism from the traditional 
polishing process. In the traditional polishing process applying a 
larger normal force could easily cause the grits and debris in 
the slurry either being embedded onto the metal surface or 
being forcibly driven to scratch the surface [5]. Thus almost no 

shifting phenomenon occurs during the traditional polishing 
process, all the spatial groups would be changing at the same 
time. The shifting of different spatial groups shows the low 
pressure lapping method has a higher tendency to improve the 
surface roughness on soft metals, without decreasing the 
reflectiveness. 

 
Figure 4.  Spatial distribution of surface profile comparison between 

original surface figure 3(a) and lapped surface figure 3(b). Most of the 
lapping work was done on group V (23.40%) 

 
Figure 5.  Spatial distribution of surface profile comparison between 
lapped surface in figure 3(b) and figure 3(c). Major change in spatial 
groups shift from long and short period (IV) to middle periods (I II III) 

5. Conclusions and future work     

In conclusion, this paper investigated a low pressure lapping 
method used on soft metals. The Taguchi method was used to 
conduct the experiments and to gain insight on the effect of 
the lapping parameters. The results showed that the low 
pressure method could lap soft metal material surfaces like 
Al6061 to nano-scale roughness. The possible mechanism of 
the low pressure lapping process is also discussed. Future work 
will focus on building a mechanism model for the lapping 
process. Different materials will also be tested in order to 
optimize the mathematical model. 
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