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Abstract Re-coating of the mirror is one of the important things to maintain the performance of a
telescope. The metal coated on the mirror reflects light, and if the reflectance decreases, then the
telescope's performance decreases, so the mirror must be periodically recoated. It is important to predict
re-coating cycles for military telescopes and to develop maintenance plans not only for performance, but
also for the telescope's availability for missions and the maintenance costs for long-term use. However,
most similar telescopes used for astronomy research determine recoating cycles based on experience
and operating conditions, and not for prediction of recoating. Therefore, this study predicts the cleaning
cycles and re-coating cycles of a military telescope's mirror by using simulation. First, this study analyzed
similar cases of domestic and foreign astronomy research institutes and the study also reviewed the need
for re-coating and predicting re-coating cycles. Second, this study developed simulation for predicting
cleaning and re-coating cycles according to data analysis and modeling. Finally, the study predicts
cleaning cycles and re-coating cycles according to varying reflectance reduction (5%, 10%, 15%, 20%) and
cleaning conditions (per 3 months, 6 months, 1 year and 2 years). As a result, this study suggests

reference criteria to develop the planning for military telescopes and their maintenance.
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Fig. 1. Bohyunsan Telescope's Mirror[1]
(a) Before Re-Coating (b) After Re-Coating

GN M2 Reflectivity, from Aug 2008 until Aug 2013
(Coating on Jan 6th, 2012 )
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Fig. 2. Reflectivity Graph Gemini Optics's GN
Telescope's M2 Mirror|[2]
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Table 1. Reflectivity Data Gemini Optics's GN
Telescope’s M2 Mirror[2]

Date Reflectivity Event
7-Aug-2008 0.8832
20-Aug-2008 0.8870
3-Sep-2008 0.8971
23-Oct-2008 0.9187 After Re-Coating
25-Nov-2008 0.9203
17-Sep-2009 0.9148
22-Oct-2009 0.9140
5-Nov-2009 0.8964
18-Nov-2009 0.9132
9-Dec-2009 0.9129
1-Feb-2010 0.9054
22-Feb-2010 0.9048
11-Mar-2010 0.9091
18-Mar-2010 0.9140
7-Apr-2010 0.9041
6-May-2010 0.9100
12-May-2010 0.9117
2-Jun-2010 0.9041
17-Jun-2010 0.9097
26-Jan-2011 0.8960
6-Jan-2012 0.8697
7-Jan-2012 0.9310 After Re-Coating
16-Feb-2012 0.9273
23-Aug-2012 0.9244
12-Sep-2012 0.9160
19-Dec-2012 0.9192
13-Mar-2013 0.9216
10-Apr-2013 0.9239
10-Jul-2013 0.9164
15-Aug-2013 0.9142
4-Apr-2014 0.9106
29-Oct-2014 0.8849

9-Feb-15 0.9053
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R=(W1—W2)/ Wl x100 (1)
Where, R denotes Corrosion Rate, W1 denotes
metal weight before exposure, W2 denotes metal

weight after exposure

Table 2. Corrosion Rate(%) of Aluminum, Steel,
Copper in KOREA[4]

Corrosion Corrosion Corrosion
Region Rate(%), Rate(%), Rate(%),
Aluminum Copper Steel
Incheon 1.8901 2.3897 17.3245
Busan 1.9498 1.8102 18.4234
Yeocheon 1.5233 1.6919 19.1005
Sindorim 1.6024 1.5002 15.2318
Ulsan 1.9005 2.6498 19.2538
Daegu 1.4932 2.8672 17.1824
Jeonju 1.4821 1.0808 15.8976
Kwangju 1.3918 1.3887 143157
Daejeon - - -
Cheonju 1.4439 1.4312 14.9725
Hankookilbo 1.7396 1.6012 14.4197
Chuncheon 1.6214 1.1952 15.6872
Pocheon 1.4027 1.3296 14.9094
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Table 3. Cleaning Experiment Witness Mirrors[5]

Case |Witness Mirror Cleaning Treatment
1 T30DA Pl‘—otecte'd standard, )
stored in desiccated container
2 Cl Never cleaned, exposed in dome
CO2 clean every month,
3 C2 ;
exposed in dome
Wash clean every month,
4 c3 .
exposed in dome
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Table 4. Reflectivity Degradation Data by Witness

Mirrors
Month Case 1 Case 2 Case 3 Case 4
1 89.5 89.5 89.8 89.6
2 89.5 89.2 87.2 87.6
3 89.5 89 89.9 90.4
4 89.5 89.2 89.9 90.2
5 89.5 88.8 89.7 89.6
6 89.5 88.2 89.2 89.7
7 89.5 88.1 89.2 89.6
8 89.2 88.1 89 89.9
9 89.2 88.1 89.2 90
10 89.2 87 88.7 90.2
11 89.2 86.8 87.7 89
12 89.2 86.6 86.9 88.2
13 89.2 87.1 87.5 90
14 89.2 87.5 88 90.5
15 89.2 86 86.9 90.1
16 89.2 85.6 87.5 90.1
17 89.2 84.6 86.2 89
18 88.8 83.6 84.6 88.2
19 88.8 83.3 84.2 88.5
20 88.8 84.8 86 90.3
21 88.8 83.7 85.5 88.3
22 88.8 82.2 833 89
23 88.9 83 84 89
24 88.9 81.9 84.5 89.3
25 88.9 82.1 85.3 914
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X(t+1) =06+ X(¢) + W(¢)
Where, t

constant, x(t) denotes reflectivity, W1(t) denotes

)

denotes time(month), ¢ denotes

Air-Cleaning variable
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X(t+1) =0+ X(t) + v2(t)
Where,
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R = Reflectivity (%)
M = Reflectivity for Re-Coating(%)
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Fig. 4. Simulation Model
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Table 5. Simulation Condition

Reflectivity
Degradation
Rate(%)
for Re-Coating

Air-
Cleaning

Wash-
Cleaning

Case
Number

per 3 month
per 6 month
per 12 month
per 24 month
per 3 month
per 6 month

—

month

10 per 1 month

per 12 month
per 24 month

per 3 month
per 6 month
per 12 month
per 24 month
per 3 month
per 6 month

15

month

'\

20 per 1 month

per 12 month

per 24 month
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Table 6. Simulation Result of Case 1

Reflectivity Re-Coati
Case Degradation Wash- Average ¢ c Z?emg
No. Rate(%) Cleaning (Year) (YY' )
for Re-Coating car
per
3 month 265 z
per
2.38 2
1 5% 6 r;l;)rnth
12 month 234 2
per
24 month 2.26 2
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g2 Q32" 7] dF diE 4G5k

Table 7. Simulation Result of Case 2

Reflectivity Re-Coatin
Case Degradation Wash- Average c .la g
No. Rate(%) Cleaning (Year) (er(;f)
for Re-Coating
per
3 month 6.56 6
per
5.73 5
2 10% 6 “;zfth
12 month >10 >
per
24 month >.00 >

Case 3 ¥ Case 42| ZA3t= 717} Table 83} Table
904 & &= Slth. Case 29| A7} FAISHA 3704 Wt
t} Wash-Cleaning sk= Zlo] T8 7|7+ Z2A 714
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Aol g & glZ ZACoE st A sttt F 2
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Table 8. Simulation Result of Case 3

Reflectivity Re-Coati
Case Degradation Wash- Average eC O? 1ng
No. Rate(%) Cleaning (Year) (erc f)
for Re-Coating a
per
3 month 10.76 10
per
8.85 8
3 15% 6 ?thh
12 month 8.00 8
per
24 month 7.65 7
Table 9. Simulation Result of Case 4
Reflectivity ~ .
Case Degradation Wash- Average Re CC(;?;mg
No. Rate(%) Cleaning (Year) (YY )
for Re-Coating car
per
3 month 14.5 14
per
11.37 11
4 20% 6 ?Zrmh
12 month 11.09 11
per
24 month 1063 10
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Frequency and Re-Coating
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Table 10. Prediction Result

Reflectivity Re-Coating
Case Degradation Air- Wash- Period
No. Rate(%) Cleaning | Cleaning (Year)
for Re-Coating

1 5 - 2

2 10 per 1 per 6 5

3 15 month month 8

4 20 11

Table 100142] ABeol4 o)% 2o Table 4]
Ae] G4 elolel Btk Algalo]dolA cZst
1A} She 2203 FUT A4 Hojest gonz g
fARE et Holt Holeet vlwste] 1 oju|g £
4319y, A4 dolol WAkl 10% ol dast
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Table 11. Comparison between Real Data and
Simulation Prediction Result

Comp'arison Real Data Simulation Result
List
Reflectivity
Degradation Rate(%) 5% 5%
for Re-Coating
Air-Cleaning per 1 Month per 1 Month
Wash-Cleaning - 3, 6, 12, 24 Month
Re-Coating Cycle 1.5 year 2 year

AA| dlolEl9] A9 AzH A]Z*o] 1.540]9a1, A&
gold9] Axte 2yo|git). E4A1H 859 Ajolof wh
2} 5%0°]st= HhARgo] sk Aol H &oid Ao
2 24 & £ Qlth 10% ol Ak 99 dolH
= Hl %# XIUP Table 119]49] 27= £35] &

F71E BA 7HAZ &= dve= A

W vle) 4%
17;4 6744 vt
, 15%, 20%
%712 Az
sigtek = 4ol %*g i 287185
2850 P4 AT 2UEHAZ FAHoF o]
o) ASe A9t Ho] Tj§ Fashh. uted
;Lh T A0 AgE FUHY A AL A
| 4271 SUT A= B4 7 Sl
7 dlolet BEST APE WS U B
Ao} Bt AV S of ¥l ] WA

I

o
[
-

4
gﬂ
i

o oy
e B
)
o &

£ L
=
_‘—{O

Sl

o rl
rrﬂ

II

ru>j

l‘

@7 Hole] £9g Aaste] A8 Hojeg ustn
HEARE A9 R A 9] HlolE BA4E o 7

2~ 0]lQo
T oRx=

A
o
7¥ste] 2~304
& 7 a1

Azt &
F7¥tod

::]E]o 27] =

Aolet. The AFAAE o] HlojeE
AgF ol Bde Fof o Bt A
% 91& eIt 1] 7 %
283 o] Halo] 28Hu] 4
Ago]et.

=3} Q =2

o T

=
7r



AETolAS B3 48 T4 v dFvE I8 F7] 45 A+
References
8t & 2Jun-Su Park) [Hal2l]
[1] Korea Astronomy and Space Science Institute,
Operating Project for Astronomical Equipments, « 20134 29 : Stokdisky AlA
Research Report, Korea Astronomy and Space Science o) LKA
Institute, Korea, pp.94-96. _}f]_}l—l) . el
* 20139 1€ ~ &R : LIGYA
[2] Gemini Observatory, Gemini Optics Reflectivity Data, 5 ol f:
Gemini Observatory, 2015 April 22, Available From: [LSA74 Addd+4
https://www.gemini.edu/sciops/telescopes-and-sites
optics
[3] National Optical Astronomy Observatory, Mirror
Cleaning, National Optical Astronomy Observatory,
Last updated on 14® of July 2010, Available From : o
https://www.ctio.noao.edu/telescopes/opteng/optics.h HAEOR
tml =5}/3}5}, dloleliA], B3t
[4] Y. S. Kim, T. S. Park, W. W. Choi, E. H. Jeon, S. J.
Keum, A Study on the metals corrosion by air
pollutants, Research Report, Korean Federation for
Environmental Movement, Korea, pp.19-26. ol X & x4
| M &(Jung-Hoon Lee) (™31
[5] B.Magrath, “Reflectivity Degradation Rates of Aluminum
Coatings at the CFHT". Publications of the Astronomical . 9 89 : stokstm AEA
Society of th Pacific, pp.303-306, March 1997 2006 o P e YR
DOL: https://dx.doi.org/10.1086/133891 e T
. 1§ 89 : slokisly kel
[6] Dewei Wang, Time Series Analysis, Lecture Notes, 20084 B SE" geta et
Department of Statistics University of South Carolina, ArAEEHZ 4D
United States of America, pp.9. « 20084 7Y ~ EA : LIG 9AY
[71 Gemini Observatory, Coating Gemini's Mirrors With A1

Protected Silver, Newsletter #29, Gemini Observatory, pp.13

%l § F(Hyo-Jun Choi) [H3|2]

< 20119 89 : ISR AFGA
AEIA 5 Z2taHEAD)

+ 20119 89 ~ 20149 79¥ : A4
SDS

£ 201549 1€ ~ @4 : LIGYAY
[LSATFA AAATY

i

X/

HAEP

=g/35), FH8), HolgE4, Aledeld

TAEoR
=g/}, SA/EE, A4

2 ¥ 2(Young-Il Oh) (=5

Skal

A

<l

A

+ 20049 2€ : ST all
A5 8HSHAD
* 20044 49 ~ dA : LIGHIAY

LS4 4 A7

7]

447



