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Sub-aperture generating method for grinding hemispherical and hyper-
hemispherical optical dome

YE Sizhe'?, WANG Peng’, ZHANG Hao’, HUI Changshun’

(1. Xiamen Institute of Rare Earth Materials, Haixi Institute, Chinese Academy of Sciences, Xiamen 361021, China;
2. Xiamen Key Laboratory of Rare Earth Photoelectric Functional Materials, Xiamen 361021, China; 3. Tianjin
Institute of Jinhang Technical Physics, Tianjin 300380, China)

Abstract: In order to overcome the molding technology of high-steep spherical optical parts, a sub-aperture
grinding method was proposed, taking the hemispherical and hyper-hemispherical infrared optical domes as the
research object. The traditional generating method grinding forming theory is expanded, the spherical surface
is discretized into a series of sub-aperture rings, the grinding wheel "steps" along the ring, and a complete
spherical surface is obtained by splicing and forming. In this paper, the transformation relationship between the
forming spherical surface and the position coordinates of the three-axis machine tool was analyzed, the
machining motion trajectory was simulated, and the radius error compensation verification experiment and the
variable feed parameter optimization experiment were conducted. A method of variable radius grinding
was proposed to solve the problem of over-cutting of hyper-hemisphere machining materials. The forming
process test was carried out on the hot-pressed zinc sulfide and magnesium-aluminum spinel spherical dome
with the aspect ratios of 0.5 (hemisphere) and 0.55 (hyper-hemisphere) respectively, the sag height difference
of each point on the processing surface <4 um, and the surface roughness Ra<1.5 pm. The results show that

the method is feasible and can provide an effective solution for deep high gradient spherical processing.

Key words: optical processing; grinding; generating method; hyper-hemisphere
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Fig. 1 Technical route of sub-aperture grinding
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Fig.3 Simulation of grinding trajectory by generating
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Fig. 5 Simulation of grinding trajectory using sub-aperture

generating method
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by variable radius grinding method

3 LIGRIE
31 TERHAASHMMUIR

TALAR BB 5 A 0 30 i B S 11 25 S e T ik
I, LG R B S I AR I E 4, AL
Vi R SR Bk 0 R 4, R I AL G B I i T E 2 S EOR
— BT LR, A E IR LR B
PR S BAALSE I, Sk g R, AR ST
TR )k 2 i £, i 12 froR o R 12w AR
120 Ry s E 4 R 2R 2 4l R e AL R4
355 4 U R BRI EF LS Lk, AN
(&5 3 e RIa &, A 4 LA . A & T
R ASCI 0 T R TURLRE B, AT R S
TN T2 T T 4 56 AR, AT AR B 3 A T R il 2k

e,



.+ 1368 - AP S 44 4 5 6 )
10 i 2 000 /rpm, = {F % 3 10 /rpm, 2% 5 R 0.05 mm,
08 HE 45 A A PR SO IR E 25 R £k 4 R AT . S

HEZR T
[=]
[=2)

S| ‘ e ra
T 0.4 foof T
g / _;"'I*
02 -!; ',,*"** B Hﬂgjz 1
T k2
N E
o ke : ; oo 4
0 0.2 0.4 0.6 0.8 1.0
%% VA — P B X SRR

B 12 THARE AL

Fig. 12 Variable feed rate test curve

EE X g 4 Fdh 7 3 R PR T8 BRI, SR FH
2RIk, Bt 4 R A Ah, KRS B0
W, RSB EERME 2R, WNE 2 LE
DR rp o 5 i 2 3 ThHLRS JE 22 574 T A
WA, 575 1 4130 2 mDHLRE B2 35 21 18.5 pum, 5
ZRER, W B KT G =4, HRRWEGL %
W H I8 s J5 —d o 5% R AK,
PLSE 3 2H B A 3% T REURE & S5/ s % Tms[ap, LA
55 44U TR, 2R 1 RIS 2 IR, PR
MHZEANZ, 83 AT RHa R . 3T L ERss
W, 7 UE 5 Sms e L, A1 X HL A Y sl R = e
PR R, TTERRAE 4 Ak E . ARSI T B
SR R SO, AT REREAE 3 dliE A I ZIE

®2 HNEHR/EEHRBERRER
Table 2 Variable feed speed grinding test results

myﬁwr%%j_EL%ﬁﬁ*bﬁm

]E/Fll_
rpm  rpm mm Ra/um Ra/pm
1 60 18.5 6.9
2 S0#Em 65 8.8 9.2
FEBELS4 1200 10 0.1
3 NI b5 83 7.4 7.9
4 42 9.2 9.8

3.2 AREBIISIESEIES

16 [# 7= MKB300 4t 5 #L F1 £ = LOH GI-3P %t
BE B 0 ) FF J B s U S 55 . H b MKB300 4
FEPLIR S TP 5 7] HLh b, 52 BR T R KA A,
HAETF 2 BRBE B 525G . GI-3P BEBE ML M 37 15 20
BUR, S T 25 4l b, JF e 458 0 il 2 8 > Bk
Sy LI RERR K AR R 0.5 AR B AL AR
PRE&R L) K AR L 0.55 IR FR A il Ao 8 2 Bk
B,

BRI S0 TRk RV RS RLEE A 1204, HREE A 100%
) 4 Jd 45 6 R & WA Rb B, BE S S8 D e i il

it R AE 13(a) ., 13(b) fim; 58 TR AL BBk
T 4% A5 2% 1 22 /0 T 0.004 mm, 22 5 41 B4R % 55
2 /T 0.003 mm, WA 13(c) ., 13(d) fi; &5
TR 13(e) | 13(F) fiR . i A Talysurf PGI-
2540 % J5E A6 Z A4 T i A CRAE 20 mm, 56 B i 2
0.3 pum) I 45 2 REUBE B, S5 L an&] 13(g) | 13(h)
Fion, Ferf 34K ZnS BURE BE Ra=1.36 pm, 23 i A L
BEBE Ra=1.49 pm, ¥ 2 R FEPRER . Bk
T 2 2R 5 A% G 3 A I B N T Bk TR B AH
MBI A TR S S P I 7 i R A
Frp— TR,

(c) ZnS FER B 55 20 1t

(d) IR A 2 A U 5. o 2200 i

(€) ZnSFERFE L 58I

ég ”\H\r«’mﬁf {JMM\WW J\/meVLWM{W %

(@ Znsﬂﬁﬁﬁﬁ*ﬁhr U”lJ A



RLFDES 2023, 44(6) W, 45 FALAR ML UL SIS 2 Bk KR 2 OG- R .« 1369 -
o e ical silicon dome [J]. SPIE, 2007, 6665: 666502.
E (S)i :S (4] i EREBOG B ARSI 4 B HAR L. R
g -5 s KBRS T 20 (1], 2t TR, 1978(1): 5-7.
%:12 ::(5) Optical Workshop Technical Group, Institute of Optoelec-
' jg :2(5) tronic Technology, Chinese Academy of Sciences. Test of
~4-20 24 6 810 12)1344%[2;20 2224262830323436 fine milling technology by generating method[J]. Opto-
= —_— T Electronic Engineering, 1978(1): 5-7.
(0 AP R (5] e, 4000, 0, 4. R 547 B L AR
13 FAEREFKRBFEILBRER L1 R, 2006, 32(4): 636-638.
Fig. 13 Experiment and results of sub-aperture grinding XU Yan, LI Caishuang, SUN Qiang, et al. Study on man-
hemisphere and hyper-hemisphere ufacturing technology for hemisphere sapphire dome[J].
Optical Technique, 2006, 32(4): 636-638.
4 Zhig [6] WU, A, BRI T U R A 0 5O I
AR FETF IR RS, T — sk HHT]. o224, 1984, 4(3): 252-256.

BRI G E AL BIS S B I T 7. A PAN Junhua, WANG Jianguo. Mathematical principle for

b A7 B AMETE R T R EEBR R AR IR 2 e, 4 generating second order aspherical surfaces[J]. Acta Op-

i B 20 BR R, R A 2 5 B B R A ot 1) R tica Sinica, 1984, 4(3): 252-256.

G FETE b, JF R A0 2 A2 06 4F 52 06 J% A5 (7] o an 2. FHTRCl O R A i B 1 M R THT

TR 28 R BE S B AL Sy, Sl i T AR A J5UH AR JE 23 A (0. 0 50t T % 30 L 2009,

H0.5 F10.55 (1 5k B BRL 51 12 52, W 46(12): 23-26.

BTN T R & S 2 <4 um, 55 T MBS B Ra< GAO Bilie. The principle and precision analysis of

1.5 um, Wi E S SN TR, WiiE T A SC4R i T milling convex and concave aspheric surface with im-

LA e BB R0 7 P A 2 proved and expanded forming method[J]. Laser & Opto-

e AL B T LTS K00 5 TR 2 4 electronics Progress, 2009, 46(12): 23-26.

PN T B A 25 R 5 T e b L B I e (8] k. MR B4 P I ek e (] o 70 548

51 BRI P T | T RR I B BLIK AL 2014, 28(11): 1245-1253,

L — Ak A T A . XUAN Bin. Generation method of oblate spheroid with
)?Z[;;j—: %ZZ?%;&Z;\E%:: %riﬁ%iilﬁi‘*gé non-CNC machine[J]. Journal of Electronic Measure-
. X . ment and Instrumentation, 2014, 28(11): 1248-1253.

T B 85 T L4 R e R T 2 7 P 0 e R

Tt SE T - A iﬁﬁﬁﬁﬁf&% iiﬂ;”i;:[;f: i‘ PR

> E R e , ) : 55-59.

Eﬁ o T 58 22 9 A R PR L o R 7 35 A CHEN Xi, DAI Zhuocheng, GUO Peiji, et al. Study on

EH generating method for off-axis aspherical mirror grinding

based on five-axis machining center[J]. Optical Tech-

£ 3CHk: nique, 2022, 48(1): 55-59.

(1] &R, B, TKiank, 5. £05has 25 o i S AR 1y (10 ] #53. BRIAG I B B — 8 i 38 100 A 4 T DRORS 2
Bt 1], fias S5 %, 2008(2): 24-27. AIHT (0], 622441, 1981, 1(3): 249-257.

MENG Qingchao, DUAN Meng, ZHANG Yungiang, et YANG Li. General principle of the precise spherical gen-
al. New development on dome of infrared air-to-air mis- eration and the accuracy analysis of the resulting surface
sile[J]. Aero Weaponry, 2008(2): 24-27. shape[J]. Acta Optica Sinica, 1981, 1(3): 249-257.

[2] SHARMAG K, DIMRI G P, NEGIANDR U S. Tech- (11 ] BRELSS, §A0E4:, B t, 45, Il R MRS 2 S W) 3R 98
nique for the fabrication of an optical dome[J]. Journal of HARZERERI (1], il A 5P, 2009(1): 105-108.
Optics, 1994, 23(3): 109-112. WEI Chenjun, HU Dejin, YANG Xuchua, et al. Spherical

[3] BENDER M J, GUYER R C, FENTON T E. Design and precision grinding system and error modeling[J]. Manu-

test of an airborne IR countermeasures hyper-hemispher-

facturing Technology & Machine Tool, 2009(1): 105-


https://doi.org/10.3969/j.issn.1673-5048.2008.02.006
https://doi.org/10.3969/j.issn.1673-5048.2008.02.006
https://doi.org/10.1007/BF03549274
https://doi.org/10.1007/BF03549274
https://doi.org/10.13741/j.cnki.11-1879/o4.2006.04.048
https://doi.org/10.13741/j.cnki.11-1879/o4.2006.04.048
https://doi.org/10.3321/j.issn:0253-2239.1984.03.014
https://doi.org/10.3321/j.issn:0253-2239.1984.03.014
https://doi.org/10.3321/j.issn:0253-2239.1984.03.014
https://doi.org/10.3321/j.issn:0253-2239.1984.03.014
https://doi.org/10.13382/j.jemi.2014.11.010
https://doi.org/10.13382/j.jemi.2014.11.010
https://doi.org/10.13382/j.jemi.2014.11.010
https://doi.org/10.13382/j.jemi.2014.11.010
https://doi.org/10.13382/j.jemi.2014.11.010
https://doi.org/10.3321/j.issn.1002-1582.2022.1.gxjs202201009
https://doi.org/10.3321/j.issn.1002-1582.2022.1.gxjs202201009
https://doi.org/10.3321/j.issn.1002-1582.2022.1.gxjs202201009
https://doi.org/10.3321/j.issn.1002-1582.2022.1.gxjs202201009
https://doi.org/10.3321/j.issn:0253-2239.1981.03.012
https://doi.org/10.3321/j.issn:0253-2239.1981.03.012
https://doi.org/10.3969/j.issn.1005-2402.2009.01.034
https://doi.org/10.3969/j.issn.1005-2402.2009.01.034
https://doi.org/10.3969/j.issn.1005-2402.2009.01.034

1370 -« N H

a4 5 6 )

[12]

[13]

[14]

108.

TS, PhER, B, . AR AEE RS TS
PALBEFE V], A RIEHOR, 2021, 64(7): 90-94.
WANG Yaji, SUN Yuli, MO Honglei, et al. Study on the
optimization of grinding process parameters of monocrys-
talline silicon lens[J]. Aeronautical Manufacturing Tech-
nology, 2021, 64(7): 90-94.

WRIGEE, Xttty AR, S5, O K s BEBRIE 2 B at
AT L], THAOR, 2021, 55(6): 52-56.

CHEN Xiaolei, LIU Jianmei, CUI Yan, et al. Experiment-
al study of mill-grinding high-precision spheroidal work-
piece in aerospace[J]. Tool Engineering, 2021, 55(6):
52-56.

AR, A S, AU, . RO AR M AR BRI T
JrEWRE ], DG, 2016, 9(3): 364-370.

XU Le, ZHANG Chunlei, DAI Lei, et al. Research on

[15]

[16]

manufacturing method of non-rotationally symmetrical as-
pheric surface with high accuracy[J]. Chinese Optics,
2016, 9(3): 364-370.

. 4 WA TR R0 T A Bk LR 5 [D].
R AL B RS R R, 2017.

FENG Wei. Fundamental research on high efficiency ma-
chining of sapphire dome with diamond tools[D].
Nanjing: Nanjing University of Aeronautics and Astro-
nautics, 2017.

e G, TR M, 2530, 2%, @420 mm i ARBR A 5 5L
AN TS A I [0]. D24 % TR, 2016, 24(12): 3068-
3075.

MENG Xiaohui, WANG Yonggang, LI Wenqing, et al.
Fabricating and testing of @420 mm high-order aspheric
lens[J]. Optics and Precision Engineering, 2016, 24(12):
3068-3075.


https://doi.org/10.16080/j.issn1671-833x.2021.07.090
https://doi.org/10.16080/j.issn1671-833x.2021.07.090
https://doi.org/10.16080/j.issn1671-833x.2021.07.090
https://doi.org/10.16080/j.issn1671-833x.2021.07.090
https://doi.org/10.3788/co.20160903.0364
https://doi.org/10.3788/co.20160903.0364
https://doi.org/10.3788/OPE.20162412.3068
https://doi.org/10.3788/OPE.20162412.3068

	引言
	1 基本原理
	1.1 传统范成法原理
	1.2 子孔径范成法成型原理及仿真

	2 工艺参数分析
	2.1 子孔径铣磨数控坐标求解
	2.2 子孔径铣磨球半径误差补偿
	2.3 子孔径铣磨超半球方法

	3 实验及验证
	3.1 变速进给参数优化实验
	3.2 成型验证实验

	4 结论
	参考文献

