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Abstract; A novel manufacturing method of non-rotationally symmetrical aspheric surface with high accuracy
is proposed in this paper. First, a optimum fit sphere of non-rotationally symmetrical asphere is ground through
generating cutting, which is then polished through triditional polishing method in order to remove mid-spatial-
frequency errors that cannot be realized through sub-aperture polishing tool. Finally, bonnet polishing method
(IRP) is used for corrective polishing without generating exira mid-spatial-frequency errors in condition of
high-accuracy positioning measurement technology. This method is employed in the manufacuring of a third-or-
der aspheric surface with parameters of ROC =970. 737 mm, k= —1 and D =106 mm. After several polishing
iterations , the figure accuracy can be converged to 1/30A ( RMS). The correctness and feasibility of the manu-

facturing method are proved. This method would be meaningful in manufacturing non-rotationally symmetrical
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aspheric surface with small deviation in the future.
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1 7]

o

N T RIEAR 25 GRS R YR
bR GEEA LA B I R B 48 Tt B AIR R 48 AR
(9 B, 26062 R G0 TR iR R iR AR Bk, HiAe
X B2 R G NRE G B AR LA S5 B S i
TERRL L A B Tz TR IE
RGMTE, E BRI S B2/ 2. RS
H R A T R AEBR AT, 8 A % A g 5 e AR S
BRI FESA - T A 856 X AR 3 BR A T
B R

EBRTE TTAR T B L B | BE ) K b S A
FOMAL, XL Tk S R A R BIE
AR 20 5 B N A i, Eon T
FE R M R /iR Bl S RS B RO T T HL s 45
DR 2 T AR T AR R 22 5 TR T/ W6
T 105 B T TSR 2 25 5 2 Xk R G ) e P i
AR, DR I 5 30 2o 0 e A Xk T 4 o i
ATIEIE o 38 X3 I PR 22 i 48 1E J =Xk Wi
KRFEESL SREHL AR 454 T, (HER T2 T4
SRR X FR G A, 0 X 2 35 17 P T 1
AEBRT Y 77 325 2 RE S X6 BRI T 0 R 22 BEAT 18
ET

FE T 10 ) R A B T ) A X R A,
JSE P X BRI BR T 9 0 T 7 v R A AR
(B2 ) R A R T A A A PRI o AR SOl [
SERRAEER N T 05 0647 T BFST, S et B 55
TR 22 , P ik 1 8 A A 5 U e 1 Al [l 4%
SERRAEER TN T A R . e =l [ 5 3 Pk
BRTAT 38 385 R 2 —FP B f i T im A8
ik

2 Ap= AR AEsR @A Tk

WHEOCT , AF FH X ARARRR 1 AT LA R
LU

. = (&’ +y)
1+V1 = (k+ 1) (2 +9%)

al (797 + ()7 +BL() + (5)°]
(1)
ez MBI x oy 2 B AR ¢y T Bk il
Hk WHZRIARSE, D KT F42 o B
FUCTURRC ™ o IR B = 0, 0 & e AR B i g
LS R

+

2 2
cr

1+/1 = (k+ 1R T
H, 7 =27+ AR AT AE XA A BR 1
TR AT 2 XS R 45 4, DAL b il A e i MR e £ hn 1 7
AXRMEIE R Z A TEIE, Am= (1) A,
B0, B4 Y S AR Jid i X PR &5 44, F T ik ik
TTURHEL N T, W SR A IRP A 48 15 S A% [ A%
0 T TG T B 4 s 2 R vy R 1) HP B R 22
BB JC I S IR R B G 2F o R T N T (1/30A,
RMS) .

A SORGAE 15 X FRAEER 1 43Ry AT 4 64 T
NN TR ANF < 55— K AR BR 1A 1) X B
SN T5E e il FHROE AR (X (3) Fr 2,) , 2
e X FR &5 44, R e AT DL e i IRP R EE il
(BEAL SR SR R R PG ) 2 B 4% 5 ok 2 Hh i ok
MR TS (29 10 wm) |, SR ER IR N T4t
B BRI AR ZE (B HAR SN THCE,
TR Ry B e T A i 2 A T8 1k 31 B
R FREIE ; 55 Al mE iR 224 M 7 X,
TEASE I A5 2] 7 240 %) 15 22 P S Aty _E A (] 5 R
WATE R 22, il IRP X0 28 B8 Sk (il
3% F Uninap ) il T84 77 2045 21 Fr 2 4B % AR AEBR 1T
.

R T ARIEIN TARCR , 77k HO AR X AR AR BR
T BAF AN TR, R 7E R 38 — 25 b R
Uninap #l5CHR , e AR B9 45 2 A 2 5] A H
Be2s (JUHX 4 mm DL IB#E il R4F) H 2%
FRAICRAAI, PRIk an SR S (9] 2 X Ak 20 % 7 20
B R S A i R AR B i RICR

(2)

Z =




366 DA %9 %
ASCE AR BRI ZEn R 1 fis,
F1 AXEAWIBKESH
Tab.1 Parameters of aspheric surface in this paper
C k D @ B R ¢
-1/970.737 -1 53 0 0.001 2 53 101.4
Hp ROy TR, @ il 4z, JEERTH 0
X =3
TIRERTITRE(3) 50 X
z = (o’ +y7) + 30 0.6
L+V1 = (k+1) (2 +9)
X s ¥ 10 0.2
B + (3] (3) i .
LB B0 BRS04 0 T DR A B L i e
Mo F5% M E—AIROA, AT LR e AR BR1E 23 D % i .
FROURIE RIS HIE T RS 1E o S )y el % 0 %

PATHE AR 3 U sl 1 R, [R]AE
AT DATHEA Al ] %o BRI T T % 22, an &l 2 i
No FHUL AT UL, AE [l 5% %6 BR300 Y 5 22N
1.1 pum, B0 T 25 B dse K&y 2.2 pum,
A 3K TR UL M R, PR A I 0 ) A 2
E[3= TS S E N €y oalPu g a1 Ay B | AT 2
XFFRAEBRIA, I HAE [ 5 X5 FR 50k — 4~ 45° J5 17
ARALARE , PRI AGH I B IS A v IR A 7 2 7% , ik
Tk AT AR, AR s, HORgE R RO
Pl B8Ry e /DA A i N e 1 R ROt S Ry
TR O T RS D E B SR TN e

50

30

10

—10

—30

—50
—50 0

BL AR O ]
Fig. 1 Surface shape interferogram of even-order as-

pheric surface
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Fig.2  Surface shape interferogram of non-rotationally

symmetrical aspheric surface
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Fig. 3 Difference of surface shape interferogram be-

tween asphere and optimum fitting sphere
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Fig.4 Interferogram of fast polishing

2R N TN 8% 22 FEAR 2] 17304 W) v 43t
BRZEZWMI< /300, I Lk 8 vh g 251 A #dil
JERXTHARIR 2 HATIE IE . il SO fE T 3R 22
S 67.274 nm RMS, 1 ~3 mm 5 38 J§ J% 45 B N
0.903 nm RMS( 4 5(a) .(b) fran) o mZHIE

rms

(a) JelEdL e T

(a) Interferogram after smoothing polishing

(b) 1~3 mmif5i PEPELS
(b) Filter result of 1-3 mm bandpass
FS SBT3 A1 ~3 mm 2758 i 25 R
Fig.5 Inferferogram after smoothing polishing and filter

result of 1 —3 mm bandpass



368 o E A

9%

RZHFr N 17300, 80 21 nm RMS, Jij 1 ~3 mm
B R ARG TC T 2 bR A B, RIZ 00 B s —
HARHE TR LA, WA 1 ~3 mm 7l g8
25589k 0.903 nm RMS, £ £ % i% /N F 21 nm
RMS, [F L, BB 1~ 3 mm $i BEA 5 28 45 3L 5% 1)
BB T T —IE T,

H T AR R A Y, R IRP200 ) Uninap
SR, AR R R AS 25 | AW I Y o
W25, I HM TR R . fE Ll b, i T4
BRI A, PR A i T 5k R w2 SR ] o T #a
oz . AT LA T e L —ANIE
J7 1) B AR A IE J7 1) Ry FEHE IR B 53 2405
], X467 [ RN LR PR Z o —Fe I T, 7
I T At R SR BN T A 24T A UGE A it 4%
(4 7 A TN T AR TR FH A Tl B AN [R], H
ZERAAR AR R], SRR G LA AR 2 B i 5 T
WIAEIE, I HRERE S T BT HLURNE IR 224k 1

KR JUPZ A AT
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K7 mZ&WERE

Fig.7 Final error map of surface shape

G, SUAT L i F R ) fin L B AR R i 22 B o
H R AR R 22 I3 5185 (a) THIE
HEAT B 2345 3] IRP200 #EATEIERT IR 2K,
K 6f7n, I TRP200 FEA7 T8 TR 12 )5 1Y 45 2R
WK 7 s BT Fos T B 322204 18,224 nm
( <1/30M) , D &B RN R AEK,

4 #R5itR

AR [P X Bk AR TR AR 114 £ E X AR B
B, T EDEA S R AEXFRIE, B IRP =k 0
TEHLR SR HERT Lo 3 AR T 100 T RIS 00 )
TG R ZERG 20 I A AR BRI T 0 ASLTR
M ZYGO 112 ~F VWS AT e A, +
PR TSR FE N 0. 02 nm, PS¢ 42 9 2 4G
ZOR o ARG TGRSO RS A I 8 /- 1
A, e £ JEE Al 22 AN A £ 0. 2°, IRt R B8

() iEks0.2° HiTEIRAE
(a) Error map of surface shape rotated by 0.2°

0.968 nm

(b) ek —0.2° MBI
(b) Error map of surface shape rotated by —0.2°

P8 ANIm) e £ ik ity o A 2 22
Fig.8 Error map of surface shape rotated by different

angles

X N B R IR 2E I /N T i AR RR T T R
ZER TN FE A B EOR . WA 8 (a) L (b)



553 1 73

UKL G RN BE AR S X FR AR BRI T RS 369

Jin, &3 £ 0. 208 4% 5 5 )R B R 2240 25 PV
{5 RMS fi — %, 3+ H RMS {4 0.968 nm
<<1/30A , A it 2 D0 it o A b Hg T B X o
K RZEZLK .

T AR BE A 20 0 T e i 38 22 B [ I, A%
Ok b= T L S S D | e WY i o O TN (=P < s
— MR ERIR G S B MIERE(PV)
FBI T (RMS ) &5 T ZRAIE 19 2% 10 25 2 A BR 1
DA B B R (PSD) |, S B 255 4 B i L)
WERGETT R, & AT LA L i 5 BE ML B0 1
FIRRW G x— e e

b5 LB R THI G R 1) A5 TR 3 A1, DT 4% o2 T s
B BN TE RS2 . &9 g i 1A A] Uni-
nap PG T HTE K PSD 48, Uninap il )5
() M 2 ARTE N TR T J7, iX B4 Uninap XtF

7.51 Before polishing by Uninap |

6.51

5.51

After polishing by Uninap

s
—22 —18 —14 —10 —06
1g,, Spatial frequency/mm™"'

lg,, Power spectral density/(A? - um™")

&9 Uninap 0GR LHTS PSD i
Fig.9  PSD curves before and after processing by Uni-

nap

Sk

[1]  E30#k,

F BB BEA W 4 G ARVE T, S T e A
F8 [F) I K AR T B 2 1 2 18. 244 nm RMS, i it
PRSI S BT Uninap 56 BE 22 75 1 kA
AR 7 AT ARG SRS AR AR B 7 A 1 sy
i, EL AR B A m] DU TEAR A i JE o i kA
Uninap “HEIERHT B /i iy 107 it
TRIIETT D SR A 0 T, RO 05 AR
I 2 R BB Y B A8 A L ) B, X — o BT
AL BRA R A2 7 AR 1 [ A7 A0, PRI E] 9w i
TN EABE PSD 2T

5 4 ®

v b BE R [ 5 X FRAR KT I TN AR 2EX) T
PRI RGN T, 30 T XS 0 7y RS B X o . AR
SCHR R [ X PR AR 3K TR o, 48 HR i 2 AR Bk T
PEAIN T 5 58« RIS H B A0V 3R, T oty Bt
TR, i A A & 1 J R T B 3R
25 XA AL T A R, R T XU
BRAR T 25 B B T B2, DT G A2 o 2% D
w2 B R, R O L F RN
970.737 mm k= -1 F424 106 mm — K IE ] 4%
X FR AR BRI L A0 o oA B 6T M AR AR 543 A TH
TER2E N ARG X ERR 1C IR ] Uninap $il0':
JEAS 25 51 A8 i v R 22, e & 52 3 1/30A
(RMS) B R 25N 1L, 39k T A S0 T L2 1 IE
BRPEFIATATPE AT B ks B A [l e % R R
BRI T,

FE06, B ORI A S I THURI BT SR EE T ] B Auik 42,2004,15(2) :99-102.

WANG G L,LI SH Y,DAI Y F. Design method and accuracy analysis of aspherical optical compound machine tool[ J].

o E ML TR ,2004,15(2) :99-102. (in Chinese)

[2] HER,XE,3E,F. AR EIDOCE ARV IR ]. AR T A2 53] ,2012,48(23) :167-177.

YUAN J L,WU ZH,LV B H.,et al. .
Engineering ,201248 (23) :167-177. (iin Chinese)

Review on ultra-precision polishing technology of aspheric surface[ J]. J. Mechanical

[3] A, A IKRRAR, . A B GRAE 19 I B SRSt 5E [ ] R F 548 ,2009,38(7) :1679-1682.

PAN CH,CHEN ] B,ZHANG R F,et al. .

Study on principle and simulation of extending of depth of field with phase plate

[J]. Acta Photonica Sinica,2009,38(7) :1679-1682. (in Chinese)

[4] BEAUCAMP A,FREEMAN R,MORTON R,et al. .

Removal of diamond-turning signatures on X-ray mandrels and metal

optics by fluid-jet polishing[ J]. SPIE,2008,7018:351-359.

[5] GAO SH,KANG R K,GUO D M, et al. .

Study on the subsurface damage distribution of the silicon wafer ground by dia-



370

Hh DG 9%

(6]

[7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

mond wheel[ J]. Advanced Materials Research,2010,126-128.:113-118.
SURATWALA T I,WONG L L,MILLER P E et al. . Sub-surface mechanical damage distributions during grinding of fused
silical J]. J. Non-Crystalline Solids,2006,352(52-54) :5601-5617.
Ak, REF, 26 F /NS B NG moRs B BRE AR R 22 [T ] e 224k ,2013,33(8) 10822022.
ZHANG J,DAI L, WNAG F et al.. Restraint of mid-spatial-frequency aspheric surface by small-tool aptive polishing[ J].
Acta Optica Sinica,2013,33(8) :0822022. (in Chinese)
Sk, &, A, . IR A R EIRAEIRRR IR S [ T]. o5 4% £42,2013,21(8) :1929-1935.
GAO S T,WANG G W,ZHANG J,et al.. Correction of distortion in asphere testing with computer-generated hologram
[J]. Opt. Precision Eng. ,2013,21(8) :1929-1935. (in Chinese)
WX, R R, F . EERIR L AR BRI RO CREIR [ T ] % 2GE K F 4R ,2015,49(6) qyl-yT.
QU X T,WANG H Y,FAN CH,et al. . Uniform-overlap-rate spiral path for aspheric polishing[ J]. J. Xi'an Jiaotong Uni-
versity ,2015,49(6) ;yl-y7. (in Chinese)
Fgat, 208 MW, ORI PR ZE R D7 A — € KB IEIL [T ). 5 4% £42,2007,15(11) ¢
1668 -1673.
ZHOU X SH,LI SH Y,DAI Y F,et al.. Correcting errors indefinite area: a new method for controlling mid-spatial-fre-
quency errors in optical surface[ J|. Opt. Precision Eng. ,2007 ,15(11) :1668-1673. (in Chinese)
AR A TR FR S g AUV I BR R R K S [T ] 4o sh B i T42,2011,40(9) 1 1473-1478.
DENG W J,ZHANG F,ZHENG L G. Removal functionmodel and experiment of edge effect[ J ]. Infrared and Laser Engi-
neering ,2011,40(9) :1743-1748. (in Chinese)
FUERE, TR, ARSR, . BET UMAC I TARBREDE A2 PVT £ HUEHTTE )], KA T X 5 54,2009,
32(2) :196-206.
KONG F X,YU ZH L,PIAO CH H,et al.. J. Research on PVT control trajectory of processing aspheric optical parts
based on UMAC[J]. J. Changchun University of Science and Technology,2009,32(2) :196-206. (in Chinese)
P, R, T, FOLAICHE I T R Em S AR (] A 4k 52 4R 2014,43(11) :2929-2934.
HU CH L,BI G,YE H,et al. . Research on detection of subsurface damage on grinding optical elements[ J]. J. Synthetic
Crystals ,2014 ,43(11) ;2929-2934. (in Chinese)
GENIN F Y,SALLEO A,PISTOR T V,et al.. Role of light intensification by cracks in optical breakdown on surfaces
[J]. J. American Ceramic Society,2001,18(10) ;2607-2616.
E AR GEEM BRI OGS AR FE [ D] KV B B R 2 H AR K ,2002.
WANG G L. A study on key techniques in ultraprecision lapping and polishing for optical SIC materials[ D]. Changsha:
National University of Defense Technology,2002. (in Chinese)
Bk Je, R BEAE G E TN TR [T ], 4osh 5ok T42,42(6) :1485-1490.
MA ZH L,WANG J L. Ultra-precision optical fabrication technology[ J]. Infrared and Laser Engineering ,42(6) :1485-
1490. (in Chinese)

EZE N

B IR(1987—) B EMK AL ML BFFE 5L 51,2007 4F 2014 4E AU B TR 2R gk ig 24+
AR5 0, FENF ARG E N T A 5E . E-mail : xule198711@ 163. com





