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Tom tit:

Tai Viét Nam, cong nghé gia cong bé mit ciu ciia cac thau kinh thity tinh bing phwong phip mai nghién ding bot
mai khong lién két da dwoc nghién ciru va ap dung rong rii. Tuy nhién, phwong phap nay gip nhiéu khé khin dbi
v&i bai toan mai béng quang hoc gwong cu lam tir vat liéu thep hgp kim. Bai bao gid¢i thleu mot 50 két qua ban dau
trong nghién ctru cong nghé¢ mai bong quang hoc guong cau vat liéu thép hop kim, bao gom cac van dé: lwa chon
phuong phap va thiét bi gia cong, thiét ké dung cu bd tro’ va dung cu gia cong, thir nghiém va thiét 1ap quy trinh gla
cong, danh gia chit lwgng san pham Guong cau trén nén vat liéu thep hop kim, dlm’ng kinh 50 mm, ban kinh cau
70 mm da dwgeec mai danh béng quang hoc thanh cong. Két qua do kiém cho thay, mau gwong dap wng cac yéu ciu
dé ra doi véi san pham quang hgc (N=1, AN=1, dj) nham bé mit Rz=0,05 pm).

Tir khéa: danh bong, gwong ciu thép hop kim, mai quang hoc.

Chi s6 phén loai: 2.3

Bé mit cau la bé mit co ban cua hau hét cac thiu kinh,
guong - phan tir co ban ctia moi dung cu hay hé théng quang
hoc. Cong nghé ché tao cac bé mit cau di dugc nghién curu,
phat trién tir rat 1au. Hién nay, cong ngh¢ ché tao mat clu cb
thé duogc phan ra 4 nhém: mai nghién ding bot mai khong
lién két [1], mai ding bot mai lién két (d4 mai) trén may
phay chinh xac [2], mai trén may tu dong diéu khién sb
(mdy CNC) st dung da mai kim cuong [2], tién kim cuong
(Diamond turning) [3].

Tai Viét Nam, tir hon 50 nam tr¢ lai day, phuong phap
mai nghién quang hoc ché tao cac thau kinh thuy tinh di va
dang duoc ap dung rong rii tai cac co so san xuat thiét bi
quang hoc. Céc uu diém chinh ciia mai nghién 1a: cong nghé
don gian, chi phi dau tu khong 16n (may mai, dung cy, vat
tu), ché tao dugc cac thiu kinh c6 kich thude trong dai rong.

Trong khi d6, trén thé gidi cic nha may san xudt thiét b
quang hoc di chuyén sang 4p dung quy trinh cong nghé mai
bang d4 mai va cong nghé mai trén may CNC. Uu diém cia
cac cong nghé nay 14 tao ra ning suit cao hon, gia thanh gia
cong ha, san xut linh hoat theo cic don hang véi sb luong
san pham khac nhau. Mic du cic cong nghé nay da rat thanh
cong véi cac thau kinh thity tinh, nhung véi cac bé mat kim
loai hay hop kim thi hau nhu chua duogc cong bd trén an
pham dai chiing.

Trong bai viét nay, chung t6i gii thidu két qua nghién
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ctru ing dung quy trinh cong nghé mai dung bot mai lién két
trén may mai toc do cao, phuc vu mai va danh bong quang
hoc mit cau cia guong lam tir thép hop kim, tao tién dé cho
viéc ché tao cac hé quang hoc dac biét, hoac ché tao khuon
ép phun thau kinh plastic do chinh xac cao.

Thuc nghiém
Chi tiét gwong cau

Guong cau (hinh 1) c¢6 bé mat cau ban kinh R70,15 mm
duoc mai danh bong quang hoc.
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Hinh 1. Chi tiét guong ciu.

Vit liéu nén cta chi tiét 1a thép hop kim (thanh phan
thép: Fe 51%, Al 10%, Co 14%, Ni 18,5%, Cu 4%), d6 cing
bé mat 52 HRC. Bé mit cau ban kinh R=70,15 mm can
duoc mai dat do chinh xac ban kinh 0,05%, duwgc mai min
danh bong dat d¢ chinh xac quang hoc (N=1; AN=1), do
nham bé mit Rz=0,05 pum.
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Abstract:

In Vietnam, the technology of fabricating spherical
surfaces of glass lenses by the loose abrasive grinding
method has been researched and widely applied.
However, this technology does not really match the needs
of grinding and polishing optically the sphere on the basis
of alloy steel. This paper introduces some initial results
in researching the technology of optical mirror polishing
of alloy steel materials. The issues studied include the
selection of processing methods and equipment, design
and manufacture of auxiliary tools and machining
tools, testing and setting up machining processes, and
the methodology for characterisation product quality.
A spherical mirror of 50 mm in diameter, 70 mm in
spherical radius, based on alloy steel material has been
optically polished. Test results show that the sample
meets the requirements for optical products (N=1; AN=1,
surface roughness Rz=0.05 pm).

Keywords: alloy steel spherical mirror, optical grinding,
polishing.
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Nguyén ly mai va danh bong mdt cau
B¢ mat cau ctua guong dugc gia cong theo cac bude sau:

Bue I - Mai tinh mdt cau (hinh 2): may phay duogc ding
dé tao hinh bé mat cau cta phoi. Dung cu mai 1a ¢4 mai co
gin cac hat mai kim cwong, dugc gin chit véi truc chinh
ctia dau phay, chi tiét gia cong dugc gan trén truc chinh cua
may Truc quay cua dung cu di qua tam bé mit cau cia chi
tiét va tao voi truc quay cua chi tiét mot goc a. B4 mai kim
cuong c¢6 dang hinh try dé: phay mit cdu 16i theo so dd (2B),
phay mit cau 1dm theo so d6 (2C).

Ban kinh cong R ctia mat cu duge xéac dinh theo gbc
nghiéng o cta truc dao theo cong thuc (1) va (2):

+ Mit cau 10i: sina = % ()

< A qx_ ... _ D
+ Mat cau 1dm: sina = 2

Trong dé: a 1a goc nghiéng gitra truc dung cu va truc chi tiét;
D la duong kinh ngoai ctia dung cy; d 1a duong kinh trong
cua dung cy; R 1a ban kinh ctia mét cau chi tiét.

Hinh 2. So' dd mai tinh mit cAu trén may phay. (A) Hé toa d6 khi phay;
(B) Phay mit cau 1i; (C) Phay mit cau 15m.

Budc 2 - Mai min quang hoc: mai min quang hoc la
budc gia cong tiép theo ciia mai tinh, dugc thuc hién theo so
dd hinh 3. P4 mai min (ném mai) ¢6 hinh nAm cau, ban kinh
cdu ciia mit ndm bang ban kinh ctia chi tiét guong cau. Bé
mit nAm cau duoc phu vat liéu composit gém: hat mai kim
cuong dugc két dinh bang vat liéu lién két (nhya, hodc kim
loai). NAm mai c¢6 than tru dé lip 1én truc chinh may mai tc
d6 cao HSCPM-4. Chi tiét guong cau duoc dat ap 1én mat
trén cia niam cau, tu xoay quanh truc cua noé va di chuyén
qua lai nho co cdu canh tay dé ép tir trén xubng.

Mai min quang hoc dugc thyc hién trén mdy mai quang
hoc téc d6 cao HSCPM-4 (hinh 4), gdbm 5 budc tir 1 t6i 5,
sir dung 5 ndm mai kim cuwong (hinh 5) tir N°1- N°5 véi kich
thude hat kim cuong tuong tng (bang 1).
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Chuyén

/

(A) (B)
Hinh 3. M4y mai min va danh béng. (A) So d6 nguyén 1y; (B) Anh chup
nim mai va guong ciu.

Théng s6 cong nghé ctia qua trinh mai min va danh bong
quang hoc gém: téc do truc chinh gi ndm mai, toc do lic
cua truc dung cu, goc lac cua truc dung cy, ap luc mai, thoi
gian mai. Cac thong sb cong nghé nay duoc thiét 1ap dua
vao thong s6 co ban ciia may mai va didu chinh thuc nghiém
thanh bo thong s6 cong nghé ghi trong bang 1.

Bang 1. Cac bwéc mai min quang hoc va dung cu.

Nim mai/Kich
thwée hat [pm]

DPd nham bé mit

TT Tén budc mai min dat dwgc [Rz])

1 Maiminquanghoclan1  N°1/100 1,25
2 Maiminquang hoclan2  N°2/60 0,8
3 Mai min quang hoc 1an 3 N°3/40 0,6
4 Mai min quang hoc lan 4 N°/20 0,25
5 Mai min quang hoc 1dn 5 N°5/8 0,1

Budc 3 - Mai bong quang hoc: mai boéng quang hoc
dugc thuc hién trén may mai bong quang hoc tbe do cao
HSCPM-4, str dung ndm nhua danh bong (trén bé mit nAm
cau kim loai ¢6 phu vat liéu nhya danh bong) va bt danh
bong kim cuwong khong lién két, kich thuéc hat 0,5 pm.
Thong sO cong nghé can thiét 1ap gém: tdc do truc chinh,
tdc do lc, gbc lc, ap lyc mai, thoi gian danh bong.

Thiét bi va dung cu gia cong

Céc budc gia cong tr mai tinh quang hoc - mai min
quang hoc - mai béng quang hoc dugc thyc hién trén 2 thiét
bi may phay mit ciu CG-2 va may mai danh bong quang
hoc tdc d6 cao HSCPM-4 (hinh 4). Cac thiét bi nay dugc
ché tao boi Cong ty Sidai Precision, Han qudc. Dung cu gia
cong gdbm: d4 mai kim cwong sir dung cho may mai ciu CG-
2; cac ndm mai kim cuong (hinh 5) lip trén HSCPM-4 cho
cac budc mai min quang hoc (bude 1 - budc 5); nédm nhua
danh bong cho budc danh bong quang hoc. Tat ca cac dung
cu nay duoc ching to6i tinh toan, lya chon va diéu chinh cho
phu hop véi muc tiéu dat ra.
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Hinh 4. Cc thiét bj mai danh bong quang hgc. May mai cdu CG-2 (bén
trai); may mai bong quang hoc tc dd cao HSCPM-4 (bén phai).

N4m mai min R70 1a chi tiét hinh nim cau vé6i ban kinh
mit cau 70,15 mm, c6 than try duong kinh ®18 dé lap lén
may mai tdc do cao HSCPM-4. Trén bé mit nim cau phu
16p vt liéu composit gdm hat mai kim cwong dugc két dinh
bé“mg vat liéu lién két (nhya, hodc kim loai). Lop vat liéu
composit cd chiéu day 2 mm. Bé mit nAm mai dugc tao cac
rinh thing hudng tim hodc xodn huéng tim tuong tmg véi
ting nguyén cong mai min. C6 5 loai ndm mai khac nhau
tuong Gng vdoi 5 nguyén cong mai min tur 1 tdi 5.

Hinh 5. NAm mai kim cwong (5 loai ndm mai khac nhau tuong Gmg véi
5 nguyén cong mai min tir 1 t6i 5).

Théng sé cong nghé mai/dinh bong

Trén co s& tham khao tai liéu [3] vé cac thong sd cong
nghé (toc do quay truc chinh, tbc d6 lic cua truc ga chi tiét
va ap luc mai) va cac thir nghiém thuc té (goc truc nim
- tryc ga chi tiét, ap lyc mai, thoi gian mai) trén thiét bi
HSCPM-4, b 5 thong s6 cong nghé cho cac qua trinh mai
danh bong cac mau guong cau di duoc thiét 1ap (bang 2).

Bing 2. Thong s6 cong nghé mai/danh béng.

Théng sb Bugcl Buwic2 Bu6e3 Buic4 Buwée5 Buic6

Tdc 9 quay cita truc ndm

i (véng/phtt) 1400 1400 1400  1.400 1.400 100

Tdc df lac cua tryc ga chi

o 30003 3% 3% 3 3
Gée truc ndm -tryc ga chi

P 515 1515 50

Ap lye m [atm] 3 3 212 12 02
Thas gian méi 60gily 60gidy 60gidy 60gidy 60gidy 20 phit
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Luu y: thong sé cong nghé ap lyc mai (bang 2) duoc
diéu chinh giam tir 3 atm xudng 1,2 atm bat dau tai budc 2
t6i bude 5 nham giam tdc d6 mai mon bé mat, dam bao do
chinh x4c hinh dang bé mat yéu cau tai cac budc tuong ing.
Ciing voi ly do tuong tu, tai budc 6 (mai bong quang hoc),
toc do quay truc chinh giam tir 1.400 xudng 100 vong/phit,
ap luc mai giam xudng 0,2 atm, thoi gian mai bong tang 1én
20 phaut.

Keét qua va ban luan

Ba miu guong cu di duge mai danh bong hoan chinh
theo quy trinh cong nghé da duoc thiét 1ap gdm: cac bude
gia cong (bang 1), bo thong s6 cong nghé (bang 2). Chat
lwong bé mit guong ciu dugc kiém tra, danh gia theo 3 chi
tiéu: ban kinh cong bé mat cau, do chinh x4c hinh dang bé
mit cau va dd nham bé mat cau.

Ban kinh cong bé mdt cdu (Surface radius) va dj chinh
xdc hinh dang bé mat ciu (Surface number)

Viée xé4c dinh cac thong s cta ban kinh cong va hinh
dang bé mit duogc kiém tra bang phuong phap dudng kiém
quang hoc [1]. Dudng kiém quang hoc 1a mét khéi thuy tinh
quang hoc co bé mat 1di ban kinh R=70,15 mm, dugc ché
tao voi do chinh xéac cao cia ban kinh bé mit cau, sai léch
cho phép cta ban kinh dudng kiém so véi gia tri danh dinh
1a: 0,01+0,15%. Ban kinh cau cua dudng kiém quang hoc
duogc do bang dung cu ciu ké (spherometer). Trong nghién
ctru ndy, cau ké duoc str dung 1a thiét bi SpheroCompact ctia
Cong ty TriOptics - CHLB Dbtrc (hinh 6).
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Hinh 6. Thiét bi do ban kinh cAu SpheroCompact.
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* CERTIFICATE OF MEASUREMENT *
= P
R R R R K R R R K R R K K K R K
Company : Trioptics GmbH
Date : Friday, April 10, 2020 10:00:04 AM
serial No. : SST eaa
Ring : Ring D 38mm SN 2666 (38.009594)
Measured with : Super Spherotronic HR - Trioptics
MEASURING PROGRAM : Lenses
wmEmEEEEEE C O N Y E X FEEEERExEmsxEamEEEEEE C g N C AV E FEEEEEEmmwE
No. saggita[] Radius[] | No. sSaggita[] Radius[]
1 2.54830 70.14116 |
2 2.54820 70©.14389 |
3 2.54820 70.14389 |
a 2.54820 70.14389 |
5 2.54810 70.14662 |
6 2.54820 70.14389 |
7 2.54820 70.14389 |
8 2.54810 70.14662 |
|
————————— Measurements: 8 -------------- Measurements: @ ------
Mean val: +2.54819 +70.14423 +0.00000 +0.00000
std Dev: °.00006 ©.00175 .00000 ©.00000

©.0000
0.0

Interference Rings: 124437.4
: NO

|
|
saggita piff.(mm) : 33.9714 ]
|
Tolerance? : NO ]

Maximum Tolerance ©.020% according to: DIN 58161-2

Hinh 7. Két qua do ban kinh chu.

Két qua do (hinh 7) cho thay sai s ban kinh cong cua bé
mit cdu da ché tao dat 0,005 mm. Khi do, bé mt 16i R70,15
cta dudng kiém duoc ap véi bé mit 16m cua guong cau,
néu do chinh xac bé mat cta guong ciu di cao, twong ting
1a khe ho khong khi giita bé mit cau 16m va dudng cau 16i
da nho, ta s& quan sat thiy cac van giao thoa. Trong nghién
clru ndy, yéu cau sé luong van giao thoa (vong quang) khi
do chi dugc phép nho hon 1: N<I vong quang (1 van giao
thoa twong duong voi khe ho giita bé mit san pham va bé
mat dudng l1a A/2, tuc 1a ~0,25 pm).

Céc vong quang co thé xuat hién dudi nhiéu dang hinh
khac nhau, vi du: vong quang tron thi bé mit kiém tra 1a
bé mit cau; vong quang co hinh elip thi bé mit kiém tra s&
1a phi cau... Mirc d6 phi ciu duoc danh gia bang gia tri sai
s6 hinh dang (AN). Gia tri AN 1a hiéu s6 vong quang doc

hti;:; 0,001 }—

Di2

(D/2)2 +S2

= +d/2
B 28
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dugc trén hai phuong vudng goc v6i nhau. Két qua do bang
dudng kiém quang hoc dat gia tri: N=1; AN=1.

Dy nham bé mdt (Surface roughness)

Do nham 4 thong s6 quan trong, anh huong t6i hé s6
phan xa cua bé mit guong. H.E. Bennett [4] d4 nghién ctru
va xdy dung biéu thirc lién hé giita d6 nham cua bé mat
phing voi hé s6 phan xa goc tai goc phap tuyén va da kiém
chimg bang thyc nghiém:

R =R exp[-(4nc)>. M 3)

T’rong do: R lahe ) phén xa goc cua bé mat nham; R, 1a hé
s0 phan xa goc cua bé mat 1y tudng cua cung vt liéu; o 1a
d6 nhédm binh phuong trung binh; A 14 budc séng anh sang
chiéu t6i bé mat. Cac biéu thirc c¢6 nghia trong trudng hop
khi d6 nham trung binh binh phuong nhé hon so véi budce
song anh sang.

Trong nghién cuu nay, d6 nham bé mat duoc do dac
bang phuwong phap giao thoa anh sang tring [5] (White light
interferometry) trén thiét bi 3D Optical Profiler-ZeGate™
Pro ctia Cong ty Zygo (hinh 8).

Rz:
Slice 1: 0,019 pm
Slice 2: 0,013 pm
Slice 3: 0,019 pm

<ol |

Hinh 8. Két qua do dd nham bé mit gwong ciu sau danh bong trén
thiét bi Optical Profiler-ZeGate™ Pro.

Két qua phép do do nham trén thiét bi 3D Optical
Profiler-ZeGate™ Pro cho cac mau c6 gia tri Rz tir 0,013 toi
0,019, nhé hon Rz=0,05 theo yéu cau ky thuat dit ra ddi véi
san phdm mat cau 1om.
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Keét luan

Trong bai bao nay, mét quy trinh cong nghé mai danh
bong guong cau lam tir thép hop kim da duoc nhom nghién
ctru thir nghiém. Quy trinh cong nghé gém: cic budc gia
cong (bang 1) va dung cu gia cong tuong Ung (cac dung
cu da duoc thiét ké ché tao: cac ndm mai, bd dudng kiém
quang hoc, cac dung cu gé kep), cung voi bo thong sb cong
nghé (bang 2). Trén co s¢ quy trinh nay, 3 chi tiét guong
cau lam tir thép hop kim da dugc gia cong tinh bé mat cau,
mai min va danh bong quang hoc dat thong s6: do chinh xac
ban kinh cau nhé hon 0,05%R; d6 nham bé mat Rz: 0,02;
56 vong quang N: 0,5-1,0; sai sO vong quang AN: 1. Két qua
thuc nghiém va do kiém cho thdy, san pham dap tmg yéu
cau k¥ thuat dé ra. Bén canh d6, cac tac gia da nghién ctru
xay dung quy trinh cong nghé gia cong bé mat cdu 16m (quy
trinh gia cong, bo thong sd cong nghé...). Pay 1a tai liéu tot
cho gia cong céc loai guong cau kim loai ¢6 duong kinh tir
10-100 mm trén may HSCPM-4. Cé4c bé mit cu trén nén
thép hop kim, ngoai img dung ché tao gwong ciu quang
hoc, con c6 thé ung dung ché tao khudén ép thau kinh plastic,
hodc ché tao van bi cau...
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