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The basic idea of inertial confinement fusion is to use the energy 
provided by the driver to fuse the fuel in the target pellet, thus releasing 
a large amount of energy, which is regarded as the most promising 
fusion method. Laser beam is commonly used as a target shot driver. 
The fuel is heated and compressed by multi-channel laser to make the 
temperature and density of the fuel rise rapidly and fusion occurs. The 
National Ignition Project (NIF) in the United States, the Megajoule 
system in France, and the Shenguang-III project in China are all huge 
laser projects, which contain tens of thousands of flat and aspheric 
fused quartz optical elements. How to achieve batch and high-precision 
manufacturing of flat optical components is a major problem currently 
faced.

The manufacturing of traditional flat-panel optical elements mainly 
relies on processing techniques such as single-shaft machine, ring 
polishing and fine polishing, and the processed components meet the 
requirements of giant laser devices, but the whole processing process 
takes too long. The rapid polishing technology developed later improves 
the processing efficiency to a certain extent, but because of the 
structure of the machine tool, the upper and lower sides need to be 
polished separately, and the machining accuracy is difficult to be 
guaranteed at the same time. For this purpose, we designed a double-
sided rapid polishing machine based on the copying mechanism of 
surface precision and the principle of chemical mechanical polishing, so 
as to meet the manufacturing requirements of high efficiency and high 
precision of batch optical components.
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Figure 2. The motion relationship between 
the workpiece and the lower polishing disc

Figure 3. The motion relationship 
between the workpiece and the upper 

polishing disc

Figure 4.Simulation results of element shape.When the 
components are polished, the upper discs with different 
calibers can greatly improve the convergence efficiency. 
At the same time, the swing stroke of the upper plate has 
an important influence on the convergence direction of 
the element surface.

serial 
number

polishing disk 
diameter/mm

component 
speed/rpm

upper disk 
speed/rpm

eccentricity 
/mm

swing 
distance/mm

swing speed 
/mm·min-1

A1 390 9.9 10 10 0 /
A2 390 9.9 10 109 60 1
A3 390 9.9 10 109 60 5
A4 390 1.5 10 109 0 /
A5 390 1.5 10 0 109 1
A6 390 9.9 10 165 0 /
B1 200 9.9 10 100 104 1
B2 200 9.9 10 150 104 1
C 620 9.9 10 0 10 1

(a)A1                                       (b)A2                                              (c)A3                                    (d)A4

(e)A5                                       (f)A6                                              (g)B1                                    (h)B2

(i)C        

Table 1. Design of simulation parameters of polishing disk on the table

According to the structural characteristics of double-sided rapid polishing machine tool, the mathematical model between component removal efficiency 
and kinematic parameters is established, and the method to improve processing efficiency is obtained. Through the parameter design and simulation 
analysis of the upper polishing disk, the convergence law of the component surface is obtained, which provides theoretical guidance for double-sided 
rapid polishing. The 430 mm×430 mm thin plate planar optical element was processed by double-sided rapid polishing machine, and the accuracy of the 
surface shape of the processed element reached λ/2, which verified the effectiveness of the double-sided rapid polishing machine.

Figure 5. Effect of Swing Speed 
on Material Removal Uniformity

Figure 6. Effect of rotating speed 
ratio on material removal uniformity

Figure 7. Influence of eccentricity 
on uniformity of material removal

Figure 8. Double-sided polishing 
process flow

Figure 9. Accuracy of surface shape of 
large-diameter thin plate elements (PV=λ/2)

Combined with the theoretical analysis, the optimized polishing 
process is obtained, and the 430 mm×430 mm×10 mm thin-plate fused 
quartz element is polished, the transmission surface of the element 
finally reaches λ/2.

Figure 1. Principle of double-sided polishing process


