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Tom tit

Tur khoa: Thiét bi do bién dang 3D sir dung phuong phap quét laser truyén qua
Quét nhanh bién dang 3D; Quét (Proﬁl’e. 3D 1ase’r scan r.nAlcrometer) la m(_)t ph}l;(mg, Ph?p df) bién dang
i AL . 3D méi cho phép do bién dang 3D céc chi tiét vdi toc ¢ do nhanh,
bién dang chi tict tron xoay; Quét 6 phan eidi va d6 chinh x4 -
bién dang do chinh xac cao; Thiét O phan glaiva ¢ chinf Xac ao co vat jum, .
: : ’ Bai bao nay trinh bay két qua thict ke, che tao thiét bi do bién dang

bi quét laser 3D. 3D chi tiét tron xoay sir dung phuong phap quet laser truyén qua co
pham vi do duong kinh (0 dén 30) mm, chi€u dai (0 dén 300) mm, do
phan giai 0,001 mm va d6 chinh xac dat dugc +0,008 mm.
Abstract

Keywords: The 3D Laser Scan Micrometer (3D Laser Scan Micrometer) is a new

3D metering method that enables 3D measurement of details with fast
measurement, resolution and High accuracy size several pm.

This paper presents the results of the design and manufacture of 3D
profile circular detail instruments using the laser scanning method
with a diameter range of (0 to 30) mm, distance range of (0 to 300)
mm, resolution of 0.001 mm and accuracy of + 0.008 mm.

Scan 3D profile fast; Scan profile
circular detail ; Scan profile hight
accuracy; Device 3D scanning
laser.
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1. GIOI THIEU

Trong nhimng nam gan day phuong phap do luong bién dang 3D st dung laser quet duoc
mg dung rét nhiéu trong do ludong cong nghiép do két hop duoc nhitng wu diém vuot troi clia
phuong phéap do khong tiép xtc va toc do do nhanh, do chinh x4c cao cia laser.

Hién nay, cac nghién ctru tap trung nhiéu vao céc thiét bi do 3D theo phuong phap phin
tich chum laser phan xa lai tur bé mat chi tiét do. Trén co s& céc nghién ctru d6 cac hang san
xuét thiét bi do cling dua ra rat nhiéu san pham tng dung do nhanh 3D chi tiét trong san xuét
cong nghiép. Phuong phap do nay cho toc d6 do nhanh nhung d¢ chinh xdc con han ché ¢ vai
chuc micromet. Pbi v6i cac chi tiét yéu cau do chinh xac cao thi ngoai tbc do do nhanh thi do



HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

chinh xac ciing duoc quan tdm. Phuong phap do bién dang 3D sir dung laser quét truyén qua la
mdt giai phap mai khic phuc duoc han ché trén. Do vay, nghién ciru thiét ké va ché tao thiét bi
do loai nay 1a can thiét nhim ting budc lam chu cong nghé do 3D véi tbe do nhanh va do
chinh xac cao.

2.CO SO LY THUYET/PHUONG PHAP NGHIEN CUU

2.1. Co sé phwong phép do bién dang 3D chi tiét tron xoay sir dung laser quét truyén qua

Puodng kinh chi tiét tron xoay (Di) dugc xac dinh bang phwong phap quét laser (Laser scan
micrometer - LSM) két hop véi chuyén dong xoay (goc quay Ai) va chuyén dong tinh tién
(khoang cach Xi) ta xay dung dugc bién dang chi tiét tir dam may diém (Di, Ai, Xi) nho phan
meém xay dung bién dang 3D.

Duong kinh chi tiét Di
(Laser scan micrometer) Céc sai léch bién dang: do
— tron, do tru, do con, ...
| Goc quay chi tiét Ai I > Pl_1han K
bién dang 3D

Bién dang 3D

| Dich chuyén doc truc Xi I—

Hinh 1. Nguyén 1y phuong phép do bién dang 3D chi tiét tron xoay sir dung laser quét truyén qua

béng co tao
chuyén déng quay

Dong co tao
: t - g |
chuyén ddng tinh tién

Hinh 2. So dd két ciu thiét bj do bién dang 3D chi tiét tron xoay st dung laser quét truyén qua

2.2. Phwong phap xic dinh dwong kinh chi tiét tron xoay bing quét laser truyén qua (Laser
scan micrometer - LSM)

Chum laser duoc chiéu 1én guong da gidc lap ¢ dinh trén truc dong co (Piém nay tring
v6i vi tri tiéu diém cua thiu kinh chuén truc TK1). Guong quay tao thanh chum tia laser quét va
sau khi di qua thau kinh TK1 tr thanh chim song song. Thau kinh TK2 c6 tac dung hoi tu chum
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tia song song ndy vé mit Photodiode. Khi dit vat do vao ving laser quét giira hai thiu kinh TK1
va TK2, chim laser bi che khuat mot khoang thoi gian (t) ty 1& véi kich thude cua vat do (D).
Sau khi str 1y tin hidu thu tir Photodiode ta xac dinh thoi gian che khuat va tinh duoc kich thudc
duong kinh vat do.

KA T
A\
F‘\I ( ‘l Photodiode
Z B
e S j ]
Béng co quay |I | | Mach xi Iy tin hiéu
<:\ W UI
Ngudn laser =9

Hinh 3. Nguyén ly phuong phép xéc dinh dudng kinh chi tiét tron xoay bang quét laser truyén qua

Thau kinh TK1 i, 4 Thaukinh TK2
\\\ Chi tiet do

F F

mal
{3&\
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Hinh 4. Puong kinh chi tiét do ty 1¢ voi thoi gian chum tia laser bi che khuét

Kich thudc D cua chi tiét tuong tmg v6i goc quét ¢: D = 2. .tg(¢/2)
Khi ¢/2 1a gbéc nho: tg(9p/2) = ¢/2 — D =f.o=f.on.t = 2.£ 0.t = 4m.fin.t

O day thoi gian t duoc xac dinh bang phwong phap dém xung: t= —

A \ , D, A \ N
Vay duong kinh chi tiét can do 1a: D = 4n.n.f.—
t
Trong d6: n 13 van téc quay ciia gwong da giac (vong/s)
fla tiéu cu cua thau kinh TK1
fi 1a tan s6 phat ctia xung chuan
N 12 s6 xung ma may dém tan s6 do dugc.

2.3. Phwong phap tao chuyén dong quay va tinh tién

Dé tao chuyén dong tinh tién v6i d6 chinh xac cao, 6n dinh st dung co cau Vit me - dai bc
bi. Tiép xiic giita vit me va dai ¢ bi co 1 duong ranh dugc lip day boi ‘nhing vién bi thép. Khi
truc vit xoay, nhitng vién bi lan tron trong moi ren cia tryc vit va dai 6c. Diéu nay nhim giam
ma sat cia chung lam cho lyc day cua dai 0c nhe nhang, 6 on dinh va chinh xac.

Chuyén dong quay duogc tao bai dong co quay vo cip c6 do 6n dinh va do chinh xac cao
két hop v&i bd d6 ga chinh tam.
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Hinh 5. Chuyén dong quay va tinh tién ciia chi tiét do Hinh 6. Vit me - dai dc bi

3. KET QUA VA THAO LUAN

3.1. Két qua thiét ké, ché tao thiét bi do bién dang 3D chi tiét tron xoay sir dung phwong
phap quét laser

Thiét bi do bién dang 3D chi tiét tron xoay st dung phuong phap quét laser truyén qua
du(_yc7céu thanh tir cac bc}’ phéan co bé}n nhu: cum phét lqser, cum thu‘ tin hiéu, hé co khi tao
chuyén dong quay - tinh ti€n cho chi tiét do, mach diéu khién va phan mém do 3D.

3.1.1. Cum phat laser

Cum phat laser ¢6 tac dung tao ra chim tia laser quét song song véi tbc dd quét Iya chon 1a
656 lan/giay.

L - Ngudn laser sir dung 1a laser khi He-Ne c6 budc song
Guong da gidc = A =650 nm
- Théu kinh TK1 1a thiu kinh ghép d6i mat tiép co cac
. thong s k¥ thuat:
+ Tiéu cu: f 1= 90 mm
+ Puong kinh dong tir vao: Dv = 32 mm
Mgudn nudi , s A 0
dérgco + Goécmo vat: o= -1
Nodnme] S + Ban kinh cong (mm): r; = 59; 1, = -61,92; 13 = -155,02
- Guong da giac dugc tinh toan va lya chon nhu sau: )
Hinh 7. Cum phat laser canh la 8, khoang cach gitra 2 mat dbi xung 20 mm, kich

thude 1 mat 8 mm, duong kinh vong tron bao @16 mm.
- Bong co quay 12 V ¢6 do chinh xac gbc quay cao, toc dd quay 82 vong/giay.
3.1.2. Cum thu tin hi¢u

~Cum thu tin hi¢u giap dua chum laser song song hoi tu tai Photodiot. Thiu kinh TK2 chon
1a thau kinh guong c6 cac thong s6 k¥ thuat: Ti€u cu: f; = - 30 mm; Bén kinh: r = -60 mm:
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Thiu kinh TK2
-,
7 Rénh hiéu chinh
7 R Thau kinh, TK2
Z

Hinh 8. Cum thu tin hi€u

3.1.3. H¢é co khi tao chuyén dong quay va tinh tién

A ANANANNARDNANNANNNT=
True X

Hinh 9. Hé co khi chuyén dong va dd ga chi tiét

Chuyén dong tinh tién theo truc X: (0 dén 300) mm; d6 phan giai 0,001 mm

Chuyén dong quay tron theo truc A: (0° d&én 360°) va Vmin = 0,1 vong/gidy

Dé dam bao chi tiét on dinh khi quay cin c6 do g chéng tdm. Tuy nhién dd ga niy can co
co cAu hiéu chinh theo 2 chiéu dé chi tiét ludn vudng goc vai chum tia quét.

3.1.4. Mach di¢n diéu khién

- Mach khuéch dai: Su dung mach khuéch dai thuat toan LM6361N.

- Mach stra xung: Chon mach loc tich cuc sir dung LM6321.

- Tin hiéu sau khi duoc khuyéch dai va loc nhiéu duoc chuyén qua mach vi xt ly
LMA4F120XL xac dinh chu ky xung T va thoi gian t ma vat do che khuat chum tia laser.

- Mach diéu khién chi tiét chuyén dong theo truc X va truc A st dung Board Arduino Uno
R3.

- Pidu khién dong co str dung Driver TB6560.

3.1.5. Phin mém do 3D

Phan mém dugc viét bang ngdn ngit 1ap trinh Visual Studio 2017. Chirc ning chinh cta
phan mém:
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- Nhap thong tin vat do: tén miu, ngay do, nguoi yéu cau, nguoi do, ...
- Cai dat cac thong s6 dau vao cua thiét bi.

- Xac dinh céc sai l¢ch bién dang: do tron, do try, ...

- V& 2D va 3D chi tiét do.

- Hiéu chuan gia tri do cua thiét bi.

- In 4n, Iuu thong tin vat do va két qua do.

B LSM-vKCPH

= Ee ==
| Setup Control | Export I Visual |
Digu khi&n truc X Bigu khign d8ng théi
Van t&c dai Vitri dich Witri tlic thdi
{mm.'s) {mm) ) {mm} Chay truc X I l V& gic I Chay d&ng thdi ‘
Digu khign truc A
Van téc goc S8 wang quay Sd wong quay tdc thdi
{vang/s) (wang) 0 {vbing) | Chay truc A l Diing quay ‘ l Diing khan cép ‘
Thang ke
TON_Q TON_1
00000 00000 5 ;
TOFF_DELAY TOFF
LLLLT] 00000
Period
. 4 J
00000
Vitri do Goc Alpha Bluidng kinh
0 ] 0 2 ]
B0 NGANG TRUC
Sailéch détrdn  Dmin Dimax
0 0 ] 0
2 g
B0 DOC TRUC
Sai sd doc truc Dmin Dimax
0 0 1]
Chigu dai D11 D22
0 ] 1]
Bd con tuyst ddi B con tudng ddi
0 0 0 t
1] 2 4 5

Hinh 10. Phan mém bién dang 3D

3.2. Thio luan

Thiét bi sau thiét ké, ché tao co cac thong sé k¥ thuat:
- Pham vi do:

+ Puodng kinh quét: (0 dén 30) mm

+ Chiéu dai quét: (0 dén 300) mm

+ Goc quét: (0 dén 360°)

- b6 phan giai:

+ D6 phan giai duong kinh va chiéu dai: 0,001 mm

- B0 chinh xac: + 0,008 mm

- Téc 6 quét duong kinh: 686 1an/giay.
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Hinh 11. Thiét bj do bién dang 3D chi tiét tron xoay sir dung phuong phap quét laser truyén qua sau thiét ké, ché tao

4. KET LUAN

Qua trinh thir nghiém cho thdy thiét bi do bién dang 3D chi tiét tron xoay su dung laser
quét truyén qua sau thiét ké, ché tao dap ung yéu cau dit ra ban dau. Thiét bi lam viéc 6n dinh
va tin cdy. Pay 13 co s¢ dé phat trién thém cac tinh ning nhim hoan thién hon nita thiét bi do
loai nay.

LOI CAM ON

Nhém tac gia cam on sy hd tro ciia Bo moén Co khi chinh xac va Quang hoc - Vién Co khi
- Truong Pai hoc Bach khoa Ha Noi trong qua trinh nghién ctru thiét ke, ché tao thiét bi.
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