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The demand for satellite production and utilization has been increasing with the rapid space industry development;
especially, the performance of optical satellites for Earth and space observation is closely related to opto-mechanical
component manufacturing technology. Depending on the shape of the optical parts, limitations may arise during mechanical
cutting processing. To solve this problem, research is being conducted on the use of 3D printing technology manufacturing.
Therefore, in this study, to confirm the feasibility of manufacturing and utilizing opto-mechanical parts for microsatellites, we
performed an analysis of the optical surface void defect rate, surface roughness measurement, and reflectance
measurement according to the densification of 3D printed specimens before and after the HIP process. An average
roughness of 6 nmRa was obtained and it was confirmed that the reflector can be used in the infrared optical system of
the microsatellite currently in operation. The reflector after ultra-precision processing achieved a form accuracy of 32.39
nmRMS, which is the target value range for optical design. In conclusion, the possibility of manufacturing ultra-precision
reflectors using 3D printing technology was confirmed, and further research will be conducted on the development of

processing technology to improve surface roughness.
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Fig. 1 3D printing metal mirror process
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Fig. 2 Materials for basic experiments

Table 1 3D printing conditions

Powder size [um] 15-63
Laser power [W] 370

Laser speed [m/s] 1,200
Spot size [um] 140
Hatching distance [pum] 130
Layer thickness [pm] 60

Table 2 HIP conditions

Pressure [MPa] 100
Temperature [°C] 510
Running time [min] 180
Cooling type [°C gas] 93

ool Azol 7hsiA7] whiZell AHEWRY =
7R A& H|SetA| 5k Aol oJsl AT 7.8].
HIPS| 79 wj & ejAof] #LstA Shelo] 2-8-ste] 719f5-2] 3
& 27] gAY A 9] Fdt & HF ol A7IA Yot AlE A2
&e] Aofo] vl A A Zlo] & E4olth. HIP EA2] &7l
+ QUINYTUS A}e] QIH 32 #H|E &-8st3oH, HIP 374
Z AL Table 29} 7t}

o] &g uj

=

FEE U 7hete RS 1R thololRE &5
o]-g5to] U whelo] FAF AUret xHAMYE 4 ks
%t DT (Diamond Turning) 71552 A5t DT AH]+= 1
Ae BEEY A S USAE 4 olaL, Bl 7k
frie W 7REEETE Spste] viEEEe] 2 v Al
= FIRt el Abdel de] 2-8-Har ITHI)

DT ZA-& Table 39] 2o & 43§39 o, Fig. 31} Zo]
AAAZS Y] =AY A4k 71g7]2] Nanotech 650 F6 v2
7] Spindle®] MFA o 25 A AFste] 7S Y5t
c}.

32



a

THLUISEX M4 H25

February 2024 /119

Table 3 Experimental condition (DT)

Parameters Conditions
Spindle speed [RPM] 1,500
Feed rate [mm/min] 2
Depth of cut [um] 2

Fig. 3 Diamond turning machine setting
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(b) SEM image before/after HIP

Fig. 4 Surface of AlISil0Mg part before and after HIP

25 21.2

B B:lore HIP
B Aler HID
[ Aleo61-T6

20 A

11

Surlace Roughness, nmRa

Before HIP

After HIP Alo061-To

Fig. 5 After DT processing roughness measurement
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Table 4 3D printing mirror roughness data

Before HIP After HIP Al6061-T6
#1 R, [nm] 14.45 6.01 1.86
#2 R, [nm] 22.53 5.78 1.77
#3 R, [nm] 14.23 6.41 1.85
#4 R, [nm] 24.39 6.38 1.79
#5 R, [nm] 30.42 542 1.80
Aver R, [nm] 21.20 6 1.81
Before 111P
After HIP
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Fig. 6 IR(1,000-2,300 nm) band reflectance measurement
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Fig. 8 3D printing mirror
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Fig. 9 3D printing mirror form accuracy measurement

Table 5 3D printing mirror shape accuracy data

Pvt [um] 0.15
Smn [min] 0.84
Xp [mm] -10.99
RMS [nm] 32.39

Slpe rms [sec] 4.05
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