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Abstract: Centrifugal melting casting technology has unique advantages in the manufacture of large
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aspheric mirror blanks. In this paper, the centrifugal casting process and the quality of the mold
embryo were studied in depth by using a self-developed shrinkage model experiment machine. In order
to obtain the required mirror blank, the processes of preparing the coating, heating, cooling and
preserving the heat of the mold were introduced in detail. The influencing factors of shape deviation in
the mirror blank production were studied by comparing simulation values with experimental results.
The influence of the coefficient of thermal expansion, cooling rate, diameter, and heating temperature
on the surface deviation was analyzed, and a mathematical expression relating these parameters to the
deviation was derived. The compensation of the deviation was then calculated in two iterations, thus
reducing the surface deviation from 84 to 33 pm. The compensation results met the design
requirements. Using centrifugal casting technology, the aspheric mirror embryo can be prepared to
meet the vertical deviation specifications of its upper surface in the range of 30~40 pm.

Key words: centrifugal melting casting; aspheric mirror blank; process; surface deviation; compensation

1 7]

qul

75 75 6] Bk 2 R ST AU, Rk 1 AR Al Bk i 4 B0
N ROz . RSCHIER N EER T E 4 h
BRI 1 m EREH &R 10 m 59, RO
W VISTA Big4i e EAnE 4.1 m L EH
AR LBT B 52 8. 4 m, # THEKRS
) Keck B 5T A9 £ 5 AR 10 m™ L, & AR R
AR 101 428 3F 2K 1 4% 0 75 K 2RI, Kk o
AR Bk i L B AR AR T AR T A R AT B 45
ik B R Yy gy AT K AR AR Bk BE i T T 2 0F
58, 1 E WA R K2EE T 11 A FHERAEK
PEE R 5 (2l B — R E R A
eI %, #2240 SO B A ok
B e K e S Bt

R A8 A R 1B 1 BRI AS B il £ Gn SRR T AE
S5 (N 7 vk IR AR R /N A2 B BRI 5 i T
FES I ELUI 0 K, Sh B & LI, 7= Az Uk TR
B WFES G K K S SR R BE AR TS Y
TC A e M I ) R /I DA PRI

B R T IN TOR 10 AR AR Bk B AT Ho 3
0 O B L B0 LM B B4 I T AR L el m] LS 3 BT R
TR B . % T2 HA R R R )
S ) 3 R TR 1 A K T B B L I T2 B TS
P, MBE R AP — R A

B R B A T B ek B
T P AL [ B i B R BB S AL S L L — 8
(1) 5t ST e A L AR — B ), AE 250 1 1
VEFR , 3% 38 Jis MR 08 v o Bl e B 2 11 10 1 O

T 2 v 10 2 S L B IR R LR L R R Ok
B EERILAAE Tl A TR D AR AR BRI S B
TR A 3, A R T R TR L 3 4 DR L o8 4
HREE 1 Hhy 2 ThT A A, 2 S B OR AR A R T 45 T
ATk Z—.

Il P A B B Al BT B2 B R D7 T I R B T
RGENMERIBETE BT LA BT X% R A TR G R 2 0]
IR A 9] G0 O e B B o F A TR RS R A £R
E PR R AT BB R T E S G B 5T A AR T AR
W B, BT LA 2 R LA B ST . A SO i 4
FIVe 2 T2 TF e S 3 F 52 o 8 0 I 8 T 205
i O JBE 1 000 6 s B VS THIJES fid 22 1) T 25 2 il
JEPEWF ST IR R AR T T B 22 ) BOR T B B0
Fs 4 AR S A B L

2 EHBEE D OB T L BRAEIRL

2.1 TZRERHZE

S R F AR 2F AR B R A VI ik R B0 2
BRI AR R EE 0 H-KOL BEES . Aok iy 35 2 4%
TERERR 1. B THRAERN 12 m BIEEKH
BB T4 AR SCBEIT T 1+ 80 AH HL Ay 5%
H. AR 150 mm, B H#m RS E 1 R,
ST i RSR B o=  E l N A
bR B R I R SRS IR R R
KL HE T R EBMRER & T, Bk
() T R KRR LA 1 2 2.8 (1 EL R
B BURORE Y 5] i vk R e A B R T R AR
1200 CHBEHE 0.5 h, HARR W B = | 58 1l T %
T 1% J2 B 45



57

TR0 BT L A5 ¢ 0 A P A R TR B B U TR T i 22 T 22 B U R 5 1721

P I /INAS — 119 35 1 B g e AL oh L O I )
4 RIS ALY IR BE . MR A IR AT VR T B
MR 44T e B RS R B N 2R (20 °C) T3
IR ASR BE (630 °CH By FE . R AT 10 °C/min Y
TR B 2%, 7E 630 ~ 1 200 C i1y if FE b, R
40 °C/minfl FHilk 3 F . 78 BRI ot 72 v, 3
B E R T E A 1 200 C R o FR. KR B
5123 min,

*1 H-KILBHR

Tab.1 Parameters of H-K9L QD]
NEAE i T AR T, WIRA T B4k T
530 560 630 720
AN I EGER AT . A
" wRER
I F1 ) 53 B B TH B N 7 A ST B
10
Foed

R200
60

H170

BT AR LA R T
Fig. 1 Sectional dimension of mould

R ELYR BE IR B 720 °C B B3RS AL S0
BIFHRIEAL A 2C)  ILEF B F L 6 rad/s %%
B . M F A 900 °C R, B B TOE AR AR, N
(b, M55 1 200 °C A, BE 6 25 5 WA,
mE (o), P FEERERE 2.5 h FJE PR
JUFHER . RIS TEGE B, L 3% 1 S 404 5% 1
mE Cdy, 7EBR kBB, i EE M 1 200 °C R F
560 C, LAAT IR o 0y 7 R 44 b 3R 1 i 47
R, YIEE LR AR 560 C L P T4 IR
BEHE OGP 55 . 20 A IR R AG AR B A 9 A
gE R R, 258 160 min, B 5846 IR B 3578 R 1
5109 560 °C o R T I BR3P 1 K AN ),
PR A AR AT R TR ORI T RE
560 CARIE 9 h,

(O BHRIZH

(a)Surface of glass was collapsed

(b) M Ak
(b) Melts rapidly

(o) B B

(¢)Forming and exhaust bubble process

(B R
(d)Forming end

2 BERpY R R

Fig. 2 Forming process of mirror blank
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Fig. 6 Surface deviation of mirror blank
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Tab. 2 Relationship between material of mould and deviation

2% /pm 242 /mm 0 10 20 30 40 50 60 70
A Zig SEAE —3.98 —8.34  —21.98 —43.24 —75.15 —115.13 —167.48 —226.54
15 FLAH —1.28 —4.36  —16.56 —37.54 —69.34 —109.37 —158.79 —217.59
A Zwsoeans SIE —2.94 —5.51  —14.29 —29.71 —53.06  —83.79 —118.01 —161.24
15 LA —1.61 —3.41  —11.27 —25.85 —48.19  —78.45 —112.46 —152.16
A Zggmwan SLIME —1.85 —5.58  —10.86 —18.49  —29.94  —45.92 —64.76 —84.95
5 FAH —1.52 —4.32 —9.31 —16.26 —27.25  —43.28 —61.37 —80.24
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Tab. 3 Relationship between cooling rate and maximum

deviation
BHIEAR/(C « min ') 1 3 5
I KA 22 SE A —92.21 —89.34 —83.94
/pm D5 EAH —87.46 —85.29 —80.79
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Tab. 4 Relationship between diameter and maximum deviation
2 /pm  HAE/mm 80 90 100 110 120 130 140 150
NZ STME —29.94 —35.17 —45.92  —53.64  —64.76 —72.99 —84.95 —91.08
15 BEAH —27.25 —32. 34 —43.28 —50. 31 —61. 37 —69. 95 —80. 24 —87.19
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Tab.5 Relationship between heating temperature and maximum deviation
TR S/ C
B KA 22/ pm
1 000 1110 1120 1130 1 140 1150 1 160 1170 1 180 1190 1 200
S —81.94 —82.72 —82.97 —83.17 —83.49 —83.78 —84.46 —85.14 —86.13 —87.56 —89.31
i & —80.76 —81.56 —81.71 —81.96 —82.21 —82.51 —82.86 —83.26 —83.76 —84.21 —85.05
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Tab. 6 Simulation value and measured value after two compensations
W 24/ pm H#/mm 100 110 120 130 140 150
!
YAV AT —41.78 —51.64 —62. 04 —73.99 —77.03 —91. 39
— AN SR —22.39 —23.58 —25.15 —26.43 —27.51 —32.5
AN 33.27 34.31 35.67 33. 95 34, 04 35. 64
M2 S5 S AR 32.04 33.49 33.94 31.97 32.78 32.94
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