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A Study on the Characteristics on Ultra Precision Machining of
IR Camera Mirror

Sun Choel Yang*, Gun Hee Kim*, Hyo Sik Kim*, Hyun Soo Shin* and Jong Ho Won**

ABSTRACT

This paper describs about the technique of ultra-precision machining for an infrared(IR) camera aspheric mirror. A
200 mn diameter aspheric mirror was fabricated by SPDTM(Single Point Diamond Turning Machine). Aluminum alloy
as mirror substrates is known to be easily machined, but not polishable due to its ductility. Aspheric large reflector
without a polishing process, the surface roughness of 5 nm Ra, and the form error of A/2 (A=632.8 nm) for reference
curved surface 200 mm has been required. The purpose of this research is to find the optimum machining conditions for
cutting reflector using Al6061-T651 and apply the SPDTM technique to the manufacturing of ultra precision optical
components of Al-alloy aspheric reflector.

The cutting force and the surface roughness are measured according to each cutting conditions feed rate, depth of cut
and cutting speed, using diamond turning machine to perform cutting processing. As a result, the surface roughness is
good when feed rate is Imm/min, depth of cut 4 /m and cutting speed is 220 m/min. We could machined the primary
mirror for IR camera in diamond machine with a surface roughness within 0.483 tm Rt on aspheric.
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Fig. 1 Photograph of the ultra precision machine

un 9,

tjololZE Hlo]EE AR & F glon, A¥
T5 Wy FHYgos FEHPo
shd el AXNAAAEE 025 /300 mm, 23]
FL 125 mY A%5E 71 flon, Mate] 3
+ A ¢600 m(125 kg), AN Z$ ¢300 m
7tA 7+Eo] Jhsdtth Fig 1& 238 713 A&
Hg Jedth

ZRY JIBAL 2E 20:1C, FE 40£5%,
Clean Room class 10,000 81 #2738 &9 AYEo|H,
Aule] AFHAE AT SPANTEREHN A
3l5-+ 3 Point Air Bag 2.2 A X €t}

£ AHEA EW AWr) 3L

4 £37] WYKO AF9] NT 2000 & A3}
gov FA7Y 72 x A2 EAPAE H
100 mnx100 mm ©}1, ¥o] Wake] ZAHATE
0.1 m~150 o)™, E&d5< 0.1 mol A%

SEER

A e

4 &34 gYoltl EHyAEZHORE HEA
71?91 Form Talysurf Series2 ¢} Laser interferometer
WYKO
Laser

R236 & &4stn

6000 & o833t} Fig
interferometer = A7 200 mn

Sl Aol

o [f

2
g0

Fig. 2 Measurement of a workpiece
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Fig. 3 Experimental devices of the SPDTM

Table 1 Experimental Condition

Item Cutting condition

Work piece Al 6061-T651

Nose radius(mm) 0.5

Cutting speed (m/min) {110, 150, 190, 220, 260, 300

Feed rate(mm/min) 1,2,4,6,8, 10
Depth of cut(zm) 1,2,4,6,8,10

Vacumm pressure(in.Hg) -20
Cutting fluid Air+EDM oil
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Fig. 6 & Al6061-T651 & HAETHE 47 4
d 29 A7V M8 2 220 m/min 9 BAE
T, A2 Qo] 4 mZ TASIT 1~10 mn/min 7}HA)
o ol¢&x wWzld Ui W AAY) A¥AHE
23 & 232 7t QolX 7HE

g wEHoz ojRoAL} oE&T
Y% HA HoloA ol EY Frtdl ul#Elo
g3 AR Frtste AEE Yl o o
2% ®EW AR Ao o4 EW AH
AMuAI FAEQ 134G o)%F B
o|sle 7lstEgHos AAHE ol&F EH AI
N\ Rua=f/8R)IS}  FAMGE AFE Yehiu dch
a8y AP} o3 W ARV #Fgs A
o]7} g, olgt T olfE A AlLH ¢
Fulg ggo] dAAoln, vlad AFEY &) &
A7l wj &l 7lEdEe 5 A-C] Y g3
g vAE Aoz WA} Fig 7 AANFRY
o2XRE @& NT2000 SFZATE 3D Yoz &
o &t}

Lo

Lo

47

Date: 08/2%/20

3D Plot Time: 18:48:47

H nm

H o~ 8344
i Surface Statistics:

Ra: 2.931m
Rg: 4.69m
Rz: 71.68nm
:RL 94.62 nm

70.00

- %8
55.00 %
;Sa—np Parumeters:
* Size: 368 X 240
- Sampling 820.31 ara

40.00

i Processed Options:
: Terms Removed:
Tt

Ftering
i None

2500

10.00

Title: B2 4
Note:

Fig. 7 Measurement of surface by NT2000

312 HoYH EH
aFuE FFY oldd W B BAYL

Fig. 8 ol 419} Zo] AA4 T 300 m/min, FA+ 20|
10 mZ, ol% &= Wt g dAAFY] 4
e A Jeld RHolt. olfol wE A
Moo Age BH, oFol B+% Ao 2
A Uehte, ol oldo] E4% A WA 3
7bat7] W Eolth
12
—8— Tangential force componert
z —&— Radid force component
< —A— Axal foroe comporent
g 094 Cutting speed 300 {mivin)
-.3 Depth of cut 10 (um)
o
[
€ 06 {]
& e
"6 n/l o/:/‘
g2 | e
£ 03-.4/‘
Q A
H
00 T T Y T T T d T
5 10 15 20 b3
Feed rate (mmiiin)
Fig. 8 Dynamic cutting force of A16061 according to
feed rate

Fig. 9 & €7 F5¥s< 45T 300 m/min,
ol$4EE 10 mo/min o) FAZHOA AHaF Zo]
Wste] WE F4 HFAEE £ Aol



Ycd - A28 JEY - AYS 9435 ALY ER A3 P A5
12 g $H4Ue) dade 33¢ Aotk B
~—8— Tangential foroe companent 7} #7138 HAAE S A E] F7}hsic)
g —e— Redal force component é/\té—;}:}q] m}.a} oé. QA w 11,3] :—7362'
z i o e A4 E 260 m/min o] FME AHEZHo] dAT}
: Fesdray o) A gk 260 m/min ol 4ol A AarHol FA3 Fe
€ . 3 998 F29 n£A0 @ A 59
5 oo JdRaQen A FHs Zststd Jehdo
; — o] Agog ZAWNEFIY ¢HAE Hu Hard
2l P— = @A 260 mimin AL L & Qo
£ . A . . .
<
32 HZA 200mm HTF FH oALE A &
A T T T AYE 53l Lolzl Al6061-T651 & HF 7}
Depthcfcat ) F20E Bt FE 236 m, BF 200 mo) T
774 78 wALAEE A s Vacuum chuck 9
Fig. 9 Dynamic cutting force versus depth of cut AF "’=‘}°ﬂ 2§ AEFY WHL wAE] Yo
% A0E AA Aol "oy, o4

B4 o) Mol wE FA Ao PP
HE, B4 Qolrt 35S
Wede A2 Fotse ol4RHE A9 wsl
& ueiiA ek ot aawel 37kd ue
24 @hol F7ss] wEelch 4 ¥g =9
F2Ee A4 ol 10 molstol N A W

37 A9 gley 10 mnOl*JOMh z‘:'él o] A
3l Qo) HiEHL 15 m7le HE¥Hor ZF7)
8 15 mol oM e AL b2 % 7hgto}. Fat
Aol 5 mollA FEFH 042 N, vj£8 03 N, o|%

2a 025N AEZ e

—&— Tangential force component
—e— Radial force component
—a&-—~ Axial force component

Feed rate 10 (mm/min)

Depth of cut 10 (um)

0.9 4

0.6+

/././ 7.4

L 2 ./

L
.

A

0.3 4 L]

Amplitude of dynamice force (N}

A

A

A A

0.0

T T T T T
100 150 200 250 300

Cutting speed (m/min)

Fig. 10 Dynamic cutting force versus spindle speed
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