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TOM TAT

Do bong bé miat dong vai trd quan trong ddi véi chat luong clia san pham. Do do, cai
tién dé ting do bong bé mat 1a mot nhu cau can thiét trong cac san phim cong nghiép. Dé cai
tién d6 bong bé mit cua kinh quang hoc, mot vai phuong phap thong dung di dugc st dung
nhu: mai, mai nghién. Tuy nhién, d6 bong bé mit ciia kinh quang hoc van khong cai thién
dang ké khi st dung cac phuong phap trén. Vi vay, nghién ctru qua trinh danh bong kinh
quang hoc bang dung dich hat mai 1a rat can thiét. Dua vao két qua thi nghiém theo phuong
phap Taguchi va ty sé S/N, cac thong sO danh bong tdi wu dugc xac dinh, gom vat liéu hat
mai [a nhém oxit (ALLO;), nong do hat mai 20%, gdc tac dong la 40°, khoang cach tir voi
phun dén bé mat mau danh bong 1a 12 mm, ap suit phun la 5 kgf/cm?, thoi gian danh bong 1a
45 phut. B§ nham bé mat (R,) cua mau thi nghiém dugc cai tién tir 0,35 um dén 0,018 pum
khi str dung cac thong sé danh bong tdi uu.

Tir khéa: Panh bong, dd nham bé mat, phuong phap Taguchi, Anova, kinh quang hoc.

1.MO DAU

Ngay nay, kinh quang hoc dugc st dung rong rdi va dugc Gng dung trong nhiéu san
pham cong nghiép, nhu kinh lip, kinh hién vi, kinh thién vin, kinh deo mét va cac thau kinh
mg dung trong vii tru. Ngoai ra, nhiéu may hién dai str dung thau kinh nhu may tinh, may
chup hinh k¥ thuét sb va trong nganh cong nghiép 6 t6. D6 bong bé mit 1a mot trong nhimng
thong s6 quan trong dé danh gia chat lugng thau kinh ciing nhu chat lwong kinh quang hoc.
Cac qua trinh gia c6ng tinh nhu mai, mai nghién, ddnh bong thong thuong duoc thuc hién dé
cai tién do bong bé mit ctia san pham.

Trong nhitng nim gan day, nhidu nghién ctru da dugc tién hanh dé cai tién do bong bé
mit kinh quang hoc. Fihnle et al. da phat trién k§ thuit danh bong bang dong chit long dé
giam d6 nham bé mit cua BK7 tir 350 nm xudng 25 nm [1]. Nghién ctru ctia ho chimg minh
rang c6 thé str dung phuong phap danh bong bang dong chat 16ng cho vat liéu kinh BK7. Booji
da khao sat danh bong bang dong chat 1ong trén vat liéu thay tinh [2]. Nam 2010, Li e al. da
nghién ctru Iy thuyét dé phan tich va mé phong qua trinh danh bong bang dung dich hat mai
trén vat li¢u kinh BK7, nghién ctru cho théy bién dang cua qua trinh boc tach vat ligu phy
thudc vao goc tac dong va qua trinh quay cua mau thi nghiém [3]. Thiét bi dugc su dung
trong qua trinh danh bong bé“lng dung dich hat mai 1a may CNC 3 truc [4-5]. Vit liéu duoc st
dung trong phuong phap danh béng bang dung dich hat mai 1a CVD diamond films, kinh
quang hoc, gbm, thép khong ri, thép lam khuén va hop kim Titan [6-7]. So sanh voi cac ky
thuét danh bong truyén thong thi danh bong bang dung dich hat mai c6 nhiéu vu diém, nhu:
it zn mon hé thong, khong tiép xuc giita dung cu va bé mit chi tiét, c6 kha niang danh bong
céc chi tiét co bé mat phuec tap, dung cu danh bong dugc 1am mat, loai bd cac manh vun phoi
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trong qua trinh danh béng, giam chi phi gia cong va chi phi moi truong [6]. Tuy nhién, c6 rat
it cac nha nghién ctru khao sat vé mdi quan hé gitra cac thong s6 danh bong va do bong be
mit kinh quang hoc. Do d6, bai bao nay nham muc dich khéao sat cac thong sé danh bong tbi
wu dung k¥ thuat danh bong bang dung dich hat mai sir dung phwong phap Taguchi dé lam
tang do bong bé mat kinh quang hoc.

Thiét k& va ché tao dung
cu danh bong

Thiét ké va ché tao dé g4
kep chit chi tiét

l

Lwa choncacthing 54 va cac
mirc cho thi nghiém Taguchi

Tién hanh
thi nghiém
Taguchi

Bo da béngbé mat cua m iu

Tinh toanti sd $/N, phantich
Anovava xac dinh cac thing
=0 danh bong tdi wtu

I

Sit dung céc théng sa danh
bong téi vu tign hanh thi
nghiém kitm ching

|

Blitu kisn dinh bong tai
1 dwoc xac dinh

Hinh 1. Qué trinh x4c dinh céc thong s6 tdi wu cua ky thuat danh bong bang dung dich hat mai

Trinh ty xac dinh cac thong sb danh bong trong nghién ctru nay dugc minh hoa ¢ Hinh 1.
Thoi gian danh boéng, n(‘Bng dd hat mai, vat liéu hat mai, khoang cach voi phun (s), duong
kinh voi phun (d) va goc tac dong () 1a nhitng théng sé quan trong trong qué trinh dénh
bong bang dong hat mai dugc minh hoa & Hinh 2. Huéng danh bong tir phai sang trai.
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Hinh 2. So 6 nguyén 1y qua trinh danh bong bang dung dich hat mai
2. NOI DUNG THi NGHIEM

2.1. Thiét ké va gia cong dung cu danh béng

Trong nghién ctru nay, dung cu danh bong duoc thiét ké méi va gia cong cho qué trinh
danh bong. Cac bg phan ctia dung cu danh bong, bao gém: chuoi dung cuy, thm kep, voi phun,
bd kep voi phun (Hinh 3). Trong subt qué trinh danh bong, chuo6i dung cu dugc kep chit trén
tryc chinh mdy trung tdm gia cong. Dé diéu chinh goc tac dong, tam kep dugc thiét ké 2 hang
16 gém 16 15 va cac 15 nay duoc su dung dé kep voi phun bang cac bu long. Nhu vy dung
cu danh bong dé dang diéu chinh goc tac dong tir 20° - 90°. Vi tri ciia voi | phun co6 thé diéu
chinh duoc trén bo kep voi phun, khoang cach ctia voi phun dén bé mit mau thir ¢6 thé thay
doi tir 5 - 30 mm.

Chudi dung cu

Tamkep

W 15 ditu chinh goc tic déng

B6 kep voi phun

Voi phun
Hinh 3. Hinh anh céc bd phén cua dung cy danh bong

2.2. Vit liéu

Kinh quang hoc N-BK7 dugc st dung 1am mAiu thi nghiém (Hinh 4). Kinh thudc cla
mau tho N-BK7 ¢6 duong kinh $90 mm va d6 day 12 mm. Thanh phan héa hoc va tinh chat
co hoc cua mau thi nghiém dugc minh hoa trong Bang 1 va 2. Ngoai ra, do nham bé mat (R,)
trude va sau qua trinh danh bong duoc do boi thiét bi Color 3D laser scanning microscope
loai Keyence VK-9700. P nham bé mat (R,) clia mau thi nghi€ém trudc khi danh bong 1a
0,35 um.
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Hinh 4. Kinh quang hoc N-BK7

Bdng 1. Thanh phan hoa hoc ctia kinh quang hoc N-BK7 [8]

Thanh phan hoéa hoc Cong thitc hda hoc | Ham Iugng (%)
Silicon dioxide Si0, 60-70
Boron oxide B,0; 10-20
Potassium oxide K,O 5-15
Sodium oxide Na,O 1-15
Barium oxide BaO 1-10
Antimony trioxide Sb,0; <1
Calcium oxide CaO <1
Titanium oxide TiO <1
Zinc oxide ZnO <1

Bdng 2. Tinh chit co hoc ctia kinh quang hoc N-BK7 [8]

Tinh chét co hoc Gia tri
Pham vi truyén (Transmission Range) 350 nm - 2,5 pm
Mat d6 2,51 glem’
Diém néng chay 557°C
M6 dun Young (E) 82 GPa
M6 dun Bulk (K) 34 GPa
Céu triic Thiy tinh vo dinh hinh
Do hoa tan Khoéng hoa tan trong nuéc
Do cung 610 Knoop

2.3. Thiét 1ap thi nghiém

Hinh 5 mé ta so do thi nghiém cua phuong phap danh bong bang dung dich hat mai.
Mau thi nghiém dugc kep chit trén dd ga dit trong hop mica. Hé théng cam bién luc duogc
két ndi voi may tinh dé do lyc danh bong trong subt qua trinh danh bong bang dung dich hat
mai. Dung dich hat mai bao gdm hat mai va nuéc duoc khudy déu trong mot thung chira nho
mot may khudy. Mot may bom c6 thé didu chinh 4p suit phun duoc sir dung dé hit dung
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dich hat mai tr thung chira. Dung dich hat mai dugc bom tir thung chira va chay qua duong
dng dén voi phun. Tir miéng voi phun dong dung dich hat mai phun 1én bé mit mau thir va
sau d6 quay lai thing chira dé tai sir dung. MAu thi nghiém dugc danh bong trén may trung
tam gia cong, loai MV-3A dugc trang bi h¢ diéu khién Fanuc. Chuong trinh diéu khién so
dugc tao va m6 phong boi phan mém MasterCAM va sau d6 chuong trinh nay dugc dua vao
hé diéu khién sé ciia may trung tim gia cong thong qua cong giao tiép RS232.

Trung tdm gia cong MV-
3A

Chubi dung cu
Bo diéu khién
NC
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kep 7; \\ @ B 2r2 ‘ trinh NC
|
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Dung dich hat mai
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Hinh 5. Thiét lap thi nghiém cho qué trinh d4nh bong bang dung dich hat mai

Thung chua

2.4. Ciu hinh mang true giao Taguchi (Configuration of Taguchi’s Orthogonal Array)

Anh huéng cua cac thong s6 danh bong 1én d6 bong cua N-BK7 dugc xac dinh bing
cach thuc hién cac thi nghiém ma tran st dung mang truc giao Taguchi [9]. Trong qua trinh
danh bong bang dung dich hat mai, cac théng sé danh bong anh huéng dén d6 nham bé mat
ctia mau thi nghiém d6 1a vat liéu hat mai, ndng do hat mai, goc tac dong, khoang cach cua
voi phun, ap suét phun va thoi gian danh bong. Nhing thong s6 nay duoc xac dinh st dung
phuong phap Taguchi va phan tich Anova. Cac thong s6 c6 dinh va cac thong s6 diéu khién
duoc minh hoa trong Bang 3 va Bang 4. 6 thong so0 va 3 muc dugc lya chon cho thi nghiém
danh bong, do d6 mang tryc giao L;g duoc lya chon dé thuc hién céc thi nghiém ma tran
nham xac dinh cac thong s6 danh bong tdi wu. Nhu vay, 18 thi nghiém riéng biét duoc thuc
hién dua theo cAu hinh ciia mang truc giao Ls.

Bdng 3. Thong s6 ¢b dinh trong thi nghiém danh bong

Thong sb ¢b dinh Gia tri

3 mm
CeO,; (duong kinh: 2 um)
Al O; (duong kinh: 2,7 pm)

Puong kinh voi phun (Vat lidu: Dong)

Kich thudc hat mai

Chit thém vao Nude
Phoi (miu d4nh bong) Kinh quang hoc N-BK7
Tbc d6 quay canh khudy 100 (vong/phut)

Dién tich danh bong

6 mm X 6 mm
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Bdng 4. Céac thong sb didu khién va cac mirc trong thi nghiém danh bong

Théng sb didu khién Mue

1 2 3
A. Vit liéu hat mai CeO, AlO;
B. Nong d6 hat mai (%) 10 15 20
C. Goc tac dong (°) 40 50 60
D. Khoang cach voi phun (mm) 6 9 12
E. Ap suit phun (kgf/cm?®) 3 4 5
F. Thoi gian danh bong (phut) 15 30 45

Thiét ké thi nghiém c6 thé dugc chia thanh cac loai sau: “Nho hon - tét hon” (the-smaller-
the-better), “Trung binh - tot nhat” (the nominal-the-best) va “Ldn nhit - tot nhat” (the-larger-
the-better) [10]. Ty s6 S/N (The signal-to-noise (S/N) ratio) dwoc xem nhu ham muc tiéu cho
thiét ké qué trinh. P6 nham bé mit (R,) cua miu thi nghiém dugc danh béng phai nhé hon gia
tri ban dau. Nhu vay, qua trinh d4nh bong bang dung dich hat mai 1a mot trudng hop cia bai
toan “nho hon - tt hon”. Ty s6 S/N (1) duoc tinh toan bang cong thie sau [10]:

1 n
n =-10log,, |:;Zy,2} (dB)
i1

n: s6 cac thi nghiém trong 1 mau th.

(1

yi: Gia tri d6 nham bé mit cla céc thi nghiém thr i trong 1 mau thir.

Muc tiéu téi wu cua bai toan “nhé hon-tdt hon” 1a chon gia tri l6n nhét cua 1 cho mdi
thong s6 danh bong. Nhu vay, diéu kién tdi wu cho qua trinh ddnh bong bang dung dich hat
mai dugc xac dinh. Gia tri cua ty s6 S/N trong diéu kién t6i vu ki hiéu 1a Nopt dugc tinh béng
phuong trinh sau [9]:

=+ () &

Nopt: ty 5O S/N dudi diéu kién tdi uu; m: téng cac gia tri trung binh cua ty so S/N (m);
m;: la gia tri ty sO S/N duéi diéu kién tdi wru cho thong sb thir i. Néu gia tri Nopt gan bang gia
trj ty s6 S/N cua thi nghiém kiém tra (xap xi 90%) thi c6 thé xem céac thong sé doc 1ap véi
nhau khong anh huong tac dong vai nhau.

3. KET QUA THi NGHIEM VA THAO LUAN

3.1. Sw két hop mirc t6i wu cho mdi thong sb

Dua vao két qua thi nghiém Ly cho qua trinh danh bong bang dung dich hat mai, Bang
5 thé hién gia tri 46 nhdam bé mat (R,) cta cac mau danh bong va tinh toan gia tri ty s6 S/N
dwa vao phuong trinh 2. Bang 6 biéu thi két qua trung binh ty s6 S/N cho mdi muc cia 6
thong sb. Gia tri trung binh cua ty s6 S/N dwoc minh hoa béi Hinh 6. Mirc tdi wu cho mdi
thong s6 c6 gia tri ty sé S/N (1)) 16n nhat va sy két hop cua cac mirc toi wu cho 6 thong sd 1a
A,B;C D;E;F; dugce minh hoa trong Hinh 6. Nhu vay cac thong sd ti wu cho qua trinh danh
boéng béng dung dich hat mai la vat liéu hat mai Al,O; véi duong kinh hat 2,7 um, néng do
hat mai 20%, goc tac dong 40°, khoang cach voi phun 12 mm, ap suit phun 5 kgf/cm?, thoi
gian danh bong 45 phut dugc minh hoa trong Béng 7.
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Bdng 5. Két qua thi nghiém ctia bé mat danh bong N-BK7

Théng s6 diéu khién Gidtri do R, (um) | 0 trIu{ralg

STT binh
A B C D E F 1 2 3 (dB) | (um)

1 1 1 1 1 1 1 ]0,177 | 0,148 | 0,145 | 16,0638 | 0,157
2 1 1 2 2 2 2 0,152 0,148 | 0,139 | 16,6871 | 0,146
3 1 1 3 3 3 310,125 | 0,126 | 0,120 | 18,1530 | 0,124
4 1 2 1 1 2 210,095 | 0,098 | 0,091 | 20,4721 | 0,095
5 1 2 2 2 3 310,102 | 0,105 | 0,099 | 19,8255 | 0,102
6 1 2 3 3 1 1 10,185 | 0,190 | 0,194 | 14,4385 | 0,190
7 1 3 1 2 1 310,137 | 0,131 | 0,145 | 17,2159 | 0,138
8 1 3 2 3 2 1 ]0,145 | 0,172 | 0,153 | 16,0778 | 0,157
9 1 3 3 1 3 210,079 | 0,075 | 0,081 | 22,1167 | 0,078
10 2 1 1 3 3 20,071 | 0,079 | 0,080 | 22,2959 | 0,077
11 2 1 2 1 1 310,191 | 0,208 | 0,196 | 14,0465 | 0,198
12 2 1 3 2 2 1 10,131 | 0,129 | 0,134 | 17,6314 | 0,131
13 2 2 1 2 3 1 10,035 {0,028 | 0,030 | 30,1338 | 0,031
14 2 2 2 3 1 2 10,061 | 0,074 | 0,072 | 23,1933 | 0,069
15 2 2 3 1 2 310,054 | 0,058 | 0,056 | 25,0325 | 0,056
16 2 3 1 3 2 310,020 | 0,028 | 0,025 | 32,1968 | 0,024
17 2 3 2 1 3 1 10,057 | 0,050 | 0,053 | 25,4475 | 0,053
18 2 3 3 2 1 2 10,089 | 0,084 | 0,085 | 21,3073 | 0,086

Bdng 6. Trung binh ty s6 S/N béi cac mirc théng s6 (dB)

Thong sb A B C D E F
Mt 1 17,895 17,480 23,063 20,530 17,711 19,966
Mt 2 23,476 22,183 19,213 20,467 21,350 21,012
Mtc 3 - 22,394 19,780 | 21,059 22,995 21,078
Trung binh 20,685

Bdng 7. Thong s ti wu clia qua trinh danh bong bang dung dich hat mai

Théng sb Gia tri
A. Vit liéu hat mai Al,O5
B. Nong d6 hat mai (%) 20
C. Goc tac dong (°) 40
D. Khoang cach voi phun (mm) 12
E. Ap suét phun (kgf/cm?) 5
F. Thoi gian danh bong (phut) 45
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Hinh 6. Ty s6 S/N cua cac thong sd diéu khién trong qua trinh danh bong

3.2. Thi nghiém kiém chirng

Pé kiém tra do tin cay c1:1a két qua thl" nghiém Taguchi, 3 thi nghi€ém kiém ching dugc
thyuc hién st dung cac thong s6 danh bong toi wu. Bang 8 minh hoa gid tri trung binh d6 nham
bé mat (R,) ciia cac mau thir sau thi nghigf:m kiém chung 1a 0,018 pum. th' ng, d0 nham bé
mat cua N-BK7 sau qua trinh ddnh bong bang dung dich hat mai duogc cai tién xap xi 94,8%.

Bdng 8. B6 nham bé mat cta cac mau thir duge danh boéng sau thi nghiém kiém chung

. Gia tri R, (um) .
SO thir tu | 5 3 Ty s0 S/N (dB) | Trung binh (um)
1 0,017 0,019 0,019 34,724 0,018
2 0,018 0,020 0,019 34,417 0,019
3 0,018 0,017 0,019 34,886 0,018
Trung binh 34,675 0,018

Hinh 7 va 8 minh hoa bé mit cia N-BK7 trudc va sau qué trinh danh bong bang dung
digh hat mg‘xi trong ving di@n tich do 70,7 pym x 80 um. Dya vao Bang 8, gia tri ne, dudi
di€u kién toi vu dugc tinh bang phuong trinh (2) nhu sau:

N =m+ 2 (m; —m) =30,111 (dB)

Gia tri Moy = 30,111 (dB) rat gan véi gia tri ty s6 S/N cua thi nghiém kiém ching
n = 34,675 (dB) (Bang 8). Do d6, c6 thé xem cac thong s6 lwa chon doc 1ap lan nhau.

0. Oum 0. Oum

Hinh 7. Anh minh hoa d¢ nham bé mt cua
N-BK?7 trude qua trinh danh bong

Hinh 8. Anh minh hoa d¢ nham bé mit cua
N-BK?7 sau qué trinh danh béng
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3.3. Phén tich Anova

Dua vao két qua thi nghi€ém Taguchi, phan tich Anova dugc tién hanh dé nhan dang céc
thong s6 diéu khién anh huong nhiéu nhat dén do nham bé mit ctia mau thir N-BK7. Béc tu
do cua thong s6 12 2 va bac tu do cua d6 sai 1éch pool (pooled to error) la 10. Dya vao bang
phan ph01 F [10], gia tri cta Fy s, 2, 10 la4,1. Cac thong sO ¢6 gia tri F 1on hon 4,1 dugc xem
1a thong s6 ¢6 anh huong dang ké dén d6 nham bé mat cua N-BK7. Theo két qua ¢ Bang 9,
vat liéu hat mai, nong d6 hat mai, goc tdc dong va ap suét phun 1a cic thong s6 anh hudng
nhiéu dén d6 nham bé mit cua mﬁu thir N-BK7 trong qué trinh danh bong bang dung dich
hat mai.

Bdng 9. Bang phan tich Anova d6i véi ty s6 S/N

Théng sb Baéc tu do T;)}Illlgr:éligh Btlrnlﬂlg}ggﬁg Giatri F Fo.052.10
A 1 51,85 51,85 7,15 4,10
B 2 140,20 70,10 9,67 4,10
C 2 92,62 46,31 6,39 4,10
D 2 1,27 - - 4,10
E 2 87,75 43,88 6,05 4,10
F 2 4,68 - - 4,10
Do sai léch 6 66,54
Tong 17 44491
Sai s 10 72,49 7,25

4. KET LUAN

Nghién ciru ndy dé xudt qué trinh danh bong bang dung dich hat mai dé cai tién do
nham bé mit kinh quang hoc N-BK7. Dua vao két qua thi nghiém Taguchi L, cac théng sb
danh bong t6i wu duoc xac dinh nhu sau: vat liéu hat mai AlLO; véi duong kinh hat 2,7 um,
nong do hat mai 20%, goc tic dong 40° , khoang cach voi phun 12 mm, ap suat phun
5 kgf/cm thoi gian danh bong 45 phut. Ngoal ra, két qua thi nghlem cho thay qua trinh danh
bong bang dung dich hat mai trén may trung tim gia cong co thé cai tién dang ké d6 nham be
mit cua kinh quang hoc N-BK7 tir gia tri 0,35 pm xudng 0,018 pm st dung cic thong sb
danh bong tdi wu. Ngoai ra, vat liéu hat mai, néng do hat mai, goc tac dong va ap suét phun
1a cac thong sé anh hudng nhiéu dén d6 nham bé mit cia mau thir N-BK7 trong qué trinh
danh bong bang dung dich hat mai.
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ABSTRACT

SURFACE ROUGNESS IMPROVEMENT OF OPTICAL GLASS
USING ABRASIVE JET POLISHING

Pham Huu Loc*, Trinh Tien Tho
Ho Chi Minh City University of Food Industry
*Email: locpham80@gmail.com

Surface finish plays an important role in product quality due to its direct effects on
product appearance. Hence, improvement of the surface finish is an essential requirement in
industrial products. In an attempt to improve the surface finish of N-BK7 optical glass
material, some common methods have been used, such as grinding and lapping. However,
the N-BK7 optical glass surface finish has not yet been significantly improved by using these
methods. Therefore, this study proposes abrasive jet polishing (AJP) process that can
considerably improve the N-NK7 optical glass surface finish. In addition, this study also
takes into account optimal parameters for the AJP. Based on the Taguchi’s L, orthogonal
array experimental results and the signal-to-noise (S/N) ratio, the optimal parameters for the
N-BK7 optical glass are found. These optimal parameters are to be as follows: a pressure of
5 kgf/cm’, an impact angle of 40°, a standoff distance of 12 mm, the abrasive material of
AlLOs, an abrasive concentration of 20%, and a polishing time of 45 min. The surface
roughness (R,) of specimen is improved from 0.350 um to 0.018 um by using the optimal
AJP parameters.

Keywords: Abrasive jet polishing, surface roughness, Taguchi method, ANOVA, optical glass.
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