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Tém tit:

Vi sw phat trlen cua khoa hoc va cong nghé, do lu’(rng quang hoc dang dwgc quan tim va trng dung rong rai nhim
dap @ng yéu ciu do nhanh va glam thiéu cac sai s6 trong qua trinh do kiém. Bai bao dwa ra két qua so sanh giira hai
phmmg phap do (bang anh sang cAu tric va bang thiét bl CMM) cho cic chi tiét phay CNC. Két qua thu dwge cho
thay, c6 thé u’ng dung phwong phap do bang anh sang ciu triic d6i véi cac chi tiét phay CNC c6 hinh dang phirc tap
va giam thiéu dwgec thoi gian do kiém tra trong qua trinh gia cong.
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Abstract:

With the development of science and technology, the
optical measurement technique is being interested
and widely applied to guarantee measuring speed and
minimise errors during the performance. The paper
presents a comparison between two methods: structured
light scanning and coordinate measuring machine
(CMM) for CNC milled parts. The result has shown that
the structured light scanning technique could be a good
application for checking the complex shape parts with
high measuring speed on the machining process.
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Ciing voi sy phat trién cua cac nganh khoa hoc ky thudt, cong
ngh¢ gia cong cling phat trién manh mg, kéo theo do 1a cac phin
mém dugc ung dung vao qud trinh tu dong hoa san xudt va ldp rap.
Viéc g dung cdc mdy dleu khién s6 CNC (Computer Numerical
Control) va cac phan mém vao san xuat cho phép nang cao d¢
chinh xéc gia cong, tang hiéu qua kinh té va ning suat lao dong,
dong thoi rat -ngan dugce chu ky san Xuét. Vi vay, hién nay rat nhicu
nudc trén thé giéi da va dang tmg dung rong rii cic may cong cu
CNC vao san xudt co khi.

Theo phuong phap truyén thong, dé do bién dang va kiém tra
hinh dang hinh hoc cua céc chi tiét phay thuong st dung thude
cap, panme, dudng do... Phuong phap nay chi do dugc céc chi tiét
¢6 hinh dang don gian, ndng suat do va hidu qua cong viéc thip, do
chinh xac khong qua cao. Khi can do nhing chi tiét co hinh dang
phuec tap, yéu cau két qua do c6 do chinh xac cao thi phuong phdp
do truyen thong khong hop 1y do qua trinh thao tac kho khan, can
tao nhiu do g4 va duong do khac nhau trén mdi mot be mit cua
san pham, dan dén gia thanh do cao, khong hi¢u qua v& ning suat
va khong dap tmg dugc toc do san xuat ctia ddy truyén cong nghiép
CNC. Vi véy, can phai hudng dén cac phuong phap kiém tra voi
tdc do do nhanh hon, do dugc ca trong qua trinh dang gia cong ma
khong can thao chi tiét ra khoi méy.

V6i su phat trién cia khoa hoc k¥ thudt, viée img dung may
tinh dé xur 1 cac s6 lidu do s& don gian, nhanh va hiéu qua hon.
Thiét bi do bién dang chi tiét bang anh sang cau triic da phin nao
dap g duoc mot s6 yéu cau nhu: két qua do thu duge khong chi
¢d d chinh xac cao ma con c6 thé tién hanh dbi v6i nhitng phép
do ma ding phuong phap truyén thong khong thé thyc hién dugc,
nhu do dién tich bé mat chia ct timg phan hodc thé tich; ¢6 thé
kiém tra ngay trong quy trinh déi véi nhimg san phim dang duoc
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ché tao, san xuét hay lap rap; co kha ning thu dugc sb lugng khong
gii han céc s do tuyén tinh va phi tuyén ciia céc chi tiét co khi;
dir liéu do nhan duoc c6 thé dugce sir dung nhiéu lan, luu trit lau
dai, ¢6 thé sira doi bat cr luc nao va chu dong kiém soat qué trinh
do va thong sb do; cho phép thu duge mot dinh dang sb ¢ thé tich
hop vao cac hé thong khic nhau mét cach nhanh chéng.

Cong nghé do hién dang hing anh sang cau tric

Phuong phap do bién dang 3D sir dung 4nh sang cu tric dua
trén nguyén ly tam giac lugng trong quang hoc. Trong qua trinh
do céc dbi twong st dung anh sang cdu tric hinh anh thu dugc
chira thong tin chiéu cao thong qua sy bién thién vé pha so vdi van
chiéu mau, do d6 qué trinh xir Iy can tinh toan céc pha diéu bién
bang phan tich anh véi ki thut phan tich van chiéu nhu: bién doi
Fourier, phuong phdp dich pha, phuwong phép xac dinh khong gian
pha... Nguyén Iy thiét bi do bién dang 3D sir dung 4nh sang céu
tric duoc thé hién 6 hinh 1.

Bdi tugng do

MEU Anh chigu
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W&y vi tinh

Méy chigu

Hinh 1. So' d6 nguyén ly thiét bj do bién dang 3D bang anh sang
cau truac.

Dé xac dinh ghinh xac toa do ,thuc cua aéi tugng do, cac thibt bi
do can hi€u chuan g& bo phan bo pha nham dua ra toa d6 3D thuc
cua doi tugng do, dugc xac dinh thong qua 4 budc theo so do 1.

Chiéu van va chup Dung pha

Hiéu chun Phén tich van

anh vén chiéu tuyét dbi

So d6 1. So d6 khdi ki thudt do bién dang 3D béng phwong phap
chiéu mau van.

Hiéu chuan

Qui trinh hiéu chuén 13 budc bat bude voi tat ca cac thiét b do,
viéc hiéu chuan nhim xéc dinh duoc céc thong s6 ciia hé thong dé
xdy dyng ddm may diém do. Ngoii ra, phuong phép hiéu chudn
con cung cap do chinh xac cua thiét bi do va cac yeu t6 can diéu
chinh dé tang d6 chinh x4c khi do va phu hop véi ddi tuong do.
Phuong phép do bién dang 3D sir dung 4nh sang cu tric dya trén
nguyén ly tam giac luorng trong quang hoc. Viée xac dinh céc diém
do phu thudc vao vi tri diém ma hoa trén anh chiéu va diém anh
thu dugc trén cam bién cua camera. Dé xac dinh chinh xé4c toa do
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diém anh st dung mo hinh toan hoc cho camera va may chiéu st
dung mo hinh camera 10 nho c6 tinh dén quang sai ctiia h¢ thong
ong kinh quang hoc.

Quy ude hé toa do ¢ hinh 2: O© X© Z© 13 hé toa d camera,
O,uv Ia h¢ toa d§ cam bién anh, OXYZ 1a hé toa do vat Iy c6 thé
quy udc la hé toa do ban may khi dung ddm méy diém dé xay dung
mo hinh toan hoc cho camera ciing nhu méy chiéu. Khi d6 O©
vudng goc va di qua tim cam bién trén O,uv.

Truc quang

Hé toa d6 camera Hé toa d trai dat

Hinh 2. Quy wéc hé toa dd camera 16 nhé.

Mot diém P(xp Yy zp) trong truong camera dugc tao anh trém
cam bién P’ va duoc Xac dinh nhu sau:

Chuyén d6i hé toa do ngoai khong gian vao hé toa do camera
xac dinh dugc:

[x(C) <« _© ]

p;p’Z

» = R[xp,yp,zp] +T (1)

Trong d6: R, T 1a ma trén quay va ma trdn chuyén vi.

Anh ctia diém P trén cam bién anh 1a P’(u, v) khi d6 theo toa do
camera toa do P’ duoc xac dinh bai:
[0, —1] = |20 20 5 k)
p Vpr 2O 50 50
Nhu vay, khi biét dugce toa do diém anh trén cam bién anh va
cac noi thong so clia camera, co thé xac dinh toa do diém P trén
hé toa d§ camera. D¢ chuyén doi toa do diém quy udc trén camera
sang hé toa d0 may can xac dinh ma tran quay R va ma tran tinh
tien T. Viéc xac dinh cac dai lugng ciia ma tran dugc thyc hién
thong qua cac bude hi¢u chuan [1, 2].

Hau hét cac phuong phap hiéu chudn dugc nghién ciru nhim
xéc dinh cac thong sb hé thong cua camera va may chiéu ciing nhur
vi tri twong quan gitra chiing. Phuong phap hiéu chuén c6 thé hiéu
chuan riéng 1é camera, méy chiéu thong qua cac phuong phap hiéu
chuan hogc c6 thé xac dinh dong thoi ca hé thng.

Chiéu van va chup dnh van chiéu

DPugc xac dinh thong qua cum cam bién ctia thiét bi do thuong
1a hé thong chiéu sing miu va camera. Cac mau chiéu dugc thiét
ké rat da dang, phu thudc vao sy ma héa cuong d§ hodc phuong
phap tao anh chiéu va cach chiéu cic anh miu 1én ddi tuong do
[3-5].

Ngay nay, hdu hét cac hé thong do luong 3D tu dong st dung

cac thiét bi chiéu c6 sin nhu thiét bj chiéu vi guong k¥ thudt so
(DMD) hodc cong nghé man hinh tinh thé 1ong (CCD). Do vay,
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viéc thiét ké diéu khién cc mau chleu st dung mdy tinh cho phép
c6 thé tao ra cac dang mau chiéu rit da dang, phuong phap chiéu
don gian va c6 hiéu qua cao.

Phan tich vin

Hinh anh thu dwoc tir camera duoc luu trir vao mdy tinh dé xur
1y, thuat toan phan tich van anh huong dén toc do do, do phan giai
do, d6 chinh xac do. Phuong phap phén tich van c6 thé theo thoi
gian hodc khong gian, viéc ap dung phuong phap phén tich van
nao phy thuge vao dbi twong do. Mot s6 phuong phap phén tich
dung dé do bién dang 3D cua chi tiét nhu: bién doi Wavelet mot
chiéu va hai chiéu [6], khoa vong 13p pha [6], phuong phap bién
d6i Fourier [7], cac phuong phép dich pha [5].

Dung pha tuyét doi

Trong phuong phap dich pha, cac diém do dugc ma hoa bai cac
gié trj pha. Theo Iy thuyét thi gia trj pha dugc xac dinh va ¢6 phan
b6 lién tuc. Tuy nhién, thyc té anh pha bi gidi han boi mirc 4o xam,
nhiéu xuét hién trén anh, d6 bong... va céc diém khong xéc dinh
khi gia tri pha c6 budc nhay 16n hon 27 [8].

Khi st dung cac phuong phap phan tich van, gia tri pha xac
dinh dugc thuong bi gidi han trong khodng [-x; +n] do hau hét cac
gi4 tri pha duoc tinh qua ham arctan. Qué trinh g& pha dé xay dung
anh pha tuyét ddi 1a budc quan trong, quyét dinh do chinh xac cia
phép do sir dung phuong phap dich pha. C6 nhiéu phuong phdp go
pha dugc nghién ctru dya theo mot s6 thudt toan tién tién da dugc
phat trién nhu: giai thuat dya trén bién doi Fourier [7], giai thuét
g6 pha thoi gian [9], giai thudt phan tich tan s6 van [10].

Phuong phap g& pha thong thuong dya trén déc diém ciia
phuong phép phén tich van, héu hét cdc phuong phép g& pha dugce
nghién ctru phat trlen dya trén hé thong hodc ddi tugng do xac
dinh. Véi cac chi tiét co khi thuong c6 hinh dang phuc tap, da
dang vé dic diém bé mat, do d6 xudt hién nhiéu nhidu trén cic anh
pha, dé ting d6 chinh xéc g& pha can 4p dung céc bién phap g
pha két hop.

Diic diém chi tiét phay CNC

Cong nghé phay chiém khoang 75% cac phuong phap gia cong
diéu khién s. Cong ngh¢ phay CNC c6 kha nang gia cong rat da
dang va c6 thé phay dugc nhiéu bé mit co bién dang phirc tap:
gia cong mit phing, mat nghiéng, mat cau, banh rang... Nhimg
chi tiét dugc gia cong trén mdy CNC dam bao dugc nhimg yéu
cau nhu do bong, do chinh xdc vé kich thude cling nhu bién dang,
dap tng duoc yéu cau vé niang suit va chit luong san pham bo
kiém tra cac kich thudc, bién dang phtrc tap ciia céc chi tiét dugc
gia cong trén may CNC néu ding cac dung cu truyén thong nhu
thudc cap, panme. .. thi s& khong dam bao do chinh xac, toc do do
cham hodc do nhitg bé mat ¢6 cung 16i, 16m néu dimg dung cu
do la dudng, thi phai 1am céc dudng khac nhau véi cac bé mat do
khéc nhau, din dén gia thanh cao, thoi gian kiém tra chét luong san
pham s& dai va khong dap g duoc vai toc do san xudt cia cic
may hi¢n dai duoc diéu khién theo chuong trinh s.

Chinh vi vy cdn nghién ctru phuong phap do bién dang chi tiét
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bing phwong phap anh sang cau tric nhdm dam bao do chinh xac,
tdc do do nhanh, d& dang cho viéc ty dong hoa san xuét, tao diéu
kién cho qua trinh khai thac va ing dung vao quaé trinh san xuat.

£ 2 by 2 a
Ket qua va thao luan

Chiing t6i da thuc hién phép do cho cac chi tiét mau phay CNC
bang 2 phuong phap: do bing may CMM va do bang phuong phap
anh sang cu trac véi s6 1an do dugc 13p lai trong cung mot diéu
kién moi truong nhiét do phong 25°C, anh sang moi truong dugc
giam t6i da dé loai trir cac tham sb khong dam bao cho phép do.
Sau d6 tién hanh so sanh két qua do duoc giita hai phuong phap.

Chi tiét phay 56 1

Do chi tiét phay s6 1 ¢ céc kich thudc danh nghia a, b, c. Sau
qué trinh do, xtr Iy hinh anh thong qua phan mém va dung lai kich
thude dugc thé hién nhu hinh 3, 4, 5.

il
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Hinh 3. Chi tiét phay s6 1. Hinh 4. Phan mém xi Iy anh
ma anh sang cau truc.
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tiet phay so 1. a.
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Hinh 7. Két qua do kich thwéec  Hinh 8. Két qua do kich thwéc
b. c.

Hinh 6, 7, 8 1a két qua do céc kich thudc chi tiét bang phuong
phép 4nh sang cau triic. Tir bang s6 lidu thu duoc sau qué trinh do
cho két qua do thyc té ctia cac kich thudc a, b, ¢ 1an luot 14 19,411;
51,637; 64,652 mm twong tng v6i d§ phan tan kich thude 12 0,215;
0,271; 0,210 mm; sai s6 tuong doi 16n nhét 1a 1,22%.

Chi tiét phay s6 2

Hinh 9, 10, 11 1a hinh énh sau khi da dwgc do va xir Iy hinh
anh thong qua phan mém sau khi do cac kich thudc a, b, ¢ & chi
tiét phay s6 2.



Hinh 9. Chi tiét phay s6 2. Hinh 10. Phan mém x@ ly anh
ma anh sang cau truc.
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Hinh 11. Anh dam may diém chi

tiét phay s6 2. thwoc a.
s o —cssosotom
DO 1éch chuan mﬂ
’ ’ Qol d ’ * S 1in do

Hinh 13. Két qua do kich thwée  Hinh 14. Két qua do kich
b. thwoc c.

Hinh 12, 13, 14 1a két qua do thu dugc bing phuong phap do
anh sang cdu trac. Tir bang s6 liéu thu dugc sau qua trinh do cho
két qua do thyc té cua cac kich thudc a, b, ¢ lan lugt 1a 19,647;
46,033; 95,060 mm tuong ing vdi do phén tan kich thudc la 0,075;
0,334; 0,411 mm; sai s twong dbi 16n nhat thu dugc 1a 0,73%.

Chi tiét phay 56 3

Hinh 15, 16, 17 1a hinh anh sau khi da do va xur Iy hinh anh
thong qua phan mém ddi véi chi tiét phay s6 3.

Hinh 15. Chi tiét phay s6 3. Hinh 16. Ph&n mém xt Iy anh
ma anh sang cau truc.
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Hinh 18. Két qua do kich
thwérce a.

Hinh 17. Anh dam may diém chi
tiet phay so 3.
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Hinh 19: Két qua do kich thwéc Hinh 20. Két qua do kich
b. thwéece c.

Hinh 18, 19, 20 14 két qua thu duoc bing phuong phap do 4nh
sang cau tric. Tl bang s6 liéu két qua do thue té ciia cac kich thudc
a, b, ¢ lan luot 13 19,447; 46,363; 94,577 mm tuong ung voi do
phan tan kich thudc la 0,075; 0,175; 0,072 mm; sai 36 twong adi
16n nhat thu duogc 1a 0,386%.

Chi tiét phay s6 4

Hinh anh do cac kich thudc a, b, ¢ ¢ chi tiét phay s6 4 sau khi
xu ly hinh dnh dugc thé hién trén hinh 21, 22, 23.

Hinh 22. Phan mém xt ly anh
ma anh sang cau truc.

—w—a=25.364 (mm)
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Hinh 23. Anh dam may diém
chi tiet phay so 4.

Hinh 24. Két qua do kich
thworce a.

—s—b=19,735(mm)

Do léch chuan D0 léch chuan
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Hinh 25. Két qua do kich thwée  Hinh 26. Két qua do kich
b. thwérc c.

Hinh 24, 25, 26 cho thay két qua thu dugce bing phuong phap
do anh sang cdu tric. Tir bang s6 liéu két qua do thuc té ciia cac
kich thuéc a, b, ¢ 1an luot 1a 25,364: 19,735; 39,652 mm tuong ung
voi d§ phan tan kich thude 12 0,263; 0,209; 0,200 mm; sai sd tuong
déi 16n nhét thu duoc 1 0,629%.

Chi tiét phay s6 5

Hinh 27, 28, 29 14 hinh anh do c4c kich thudc a, b, ¢ ¢ chi tiét
phay s0 5 sau khi xur 1y hinh anh.
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Hinh 27. Chi tiét phay sé 5. Hinh 28. Phan mém xi ly anh ma
anh sang cau truc.
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Hinh 29. Anh dam may Hinh 30. Két qua do kich thwéc a.
diém chi tiét phay s6 5.

——t=18520 (| i

1

Kich thude ¢ (mm)

Do lich chuan
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Hinh 31. Két qua do kich Hinh 32. K&t qua do kich thwéc c.
thwéc b.

Hinh 30, 31, 32 1a két qua thu duoc bing phwong phap do 4nh
sang cu trac. Tir bang s6 liéu két qua do thyc té ciia cac kich thudce
a, b, ¢ 1an lugt 12 149,599; 49,520; 8,349 mm tuong ung voi do
phan tan kich thude 1a 0,173; 0,223; 0,163 mm; sai s twong ddi
16n nhét thu duoc 13 0,297%.

Két luan

Qua két qua do céc chi tiét phay CNC bang anh sang cdu tric
cho thdy cac sb liéu do bién dang cua chi tiét phay gan ding véi

TAP CHI
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két qua do bang may CMM. Thong qua bang s6 liu do giita hai
phuong phap, két qua sai s6 twong ddi 1on nhét 1a 1,22%, nhur vay
viée do kich thudc chi tiét bing anh sang cdu trac dam bao két
qué do kich thude 14 tin cdy. Vi vdy co thé st dung phuong phap
do bing 4nh sang cau tric do kiém tra bién dang cac chi tiét phay
CNC ngay trong qué trinh gia cong nhim giam thiéu thoi gian gia
cdng va céc sai léch khi théo lap.
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