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TOM Tf{ T: Reverse Engineering (tam dich: ky thudt ngugc) la qud trinh tao mo hinh CAD tix
mét chi tiét ¢6 sdn B m ddu, nhu cdu nay xudt phdt tit mpt khé khdn thuong gdp trong thitc té
la nhidu chi tiét tor tai.ma khong cé mé hinh CAD tuong ung, nhdt la doi vdi nhiing chi tiét
duge ché tao da ldn, khdng ré xudt xit hodc nging sdn xudt. Ngay nay,ky thudt nguge duoc
iing dung nhu mgt phitong phdp thiét ké hién dai, nhdt la trong nganh khuén mau. Bai bdo nay
nhdm gidi thiéu qui trinh k§ thudt ngugc va két qud thit nghiém cia chiing 16i trong viéc tdi
tao hinh dang mét niiu chai nhua.

1.GIG1 THIEU

Thit ra c¢dng viéc tao md hinh CAD cta mdt chi ti€t c¢é sdn khong c6 gi mdi, trude
day ta vin thudng do cdc kich thudc quan trong va vé lai chiing béing cdc phin mém CAD
thong dung. Tuy nhién, d6i v6i nhiing bé mit tao hinh tif cdc phép bi€n dang va xit Iy tron
lang phiic tap thuting gip trong nganh khudn mau, viéc do kich thudc ctia ching trd nén khé
khin. Do d6 hién nay. ngudi ta thudng st dung nhiing thi€t bi chuyén diing “sao chép” lai
hinh dang cia chi tiét va chuy&n dang dif liéu cda ching thanh mé hinh CAD. Mt qui trinh
nht vy thudng gdm hai bude: ban ddu ding mot loai thi€t bi d€ ghi lai hinh dang cia vét,
day con goi 1a giai doan s6 hod (digitizing), dif liéu xuét ra & dang tdp hgp cic diém do ri
rac ¢6 toa dd (x,y.z) trong mdt hé truc toa dd xdc 1dp. Nhing diém nay chua phdi dang s
dung dugc va nhiém vu ciia budc ti€p theo 1a chuyén ching vé dang m6 hinh CAD ctia cdc
phin mém CAD/CAM thdng dung.

M5 hinh CAD 12 cin thi€t khi cAn phdi ch€ tao lai cdc chi ti€t ndy bang nhitng hé
th6ng sdn xudt hién dai ngay nay thay vi sif dung phuong phdp chép hinh nhu trude, ching
ciing gitip ta thuc hién cdc phep chinh sita, b3 sung dé cii ti€n thi€t k& so vdi nguyén miu
mot cdch don gidn va truc quan.

K§ thuit ngudc cling hitu dung trong viéc ki€ém tra sdn phdm bing cdch so sanh md
hinh CAD thu ducc cta sdn phim sau khi da ché tao vdi m6 hinh CAD nguyén gdc cfia nd.
Sai 1&ch gifta hai mé hinh nay s& dugc st dung dé diéu chinh qui trinh sdn xuat sao cho tao
ra san phdm chinh xdc. M hinh CAD thu dudc ctia sén phim ciing ¢6 thé tng dung trong
cdc phép thit 4o (virtual testing) nhu ng suit, va cham... bing phwong phdp phan tit hitu han,
nhu vAy han ché rdt nhiéu thdi gian thd sai 1am lai nhu khi ti€n hanh trén mau thit that.

2. GIAI POAN SO HOA

Thudng c¢6 hai phudng phdp dé€ quét (scan) hinh dang ctia vat: dang ti€p xic (contact)
va khong tiép xic (non-contact). Trong dang ti€p xuc, ta diéu khién mot ddu dd sao cho ti€p
xtic vdi b& mat cin do. M&i vi tri tiép xiic gitta ddu do va bé mit vt sé cho mdt di€m c6 toa
dd (x,y,z). Dich chuyén ddu dd d&€n hét bé mit va lién két nhitng toa d§ nay lai s& cho ta
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mot tip hop diém. Thiét bj ti€p xic thong dung nhat l1a mdy do toa dd CMM (coordinate
measuring machine). Mdy CMM tuong tu nhu mdt robot 3 bic tu do (tinh ti€n theo ba
phuong tryc giao X,y,z) trong d6 cd cdu chdp hanh mang diu do ti€p xdc 1én bé mit vat do
dat c6 dinh trén ban mdy (hinh 1). Chuyén dong clia ddu dd dugc diéu khién bdi ngudi van
hanh thong qua joystick hodc hoan toan bing mdy tinh (ding phin mém lap trinh nhitng
dang toolpath nhit dinh d€ quét hét bé mit vit do). Lgi diém ctia cdc hé thdng CMM la viéc
diéu khién chuyén déng twong ddi cla cdc truc don gidn va dit liéu ra't chinh xdc do st dung
cdc cd cu phdn hdi cho phép kiém sodt luc do, van tdc va vi trf ddu do.

Hinh 1 : M6 hinh mdy CMM va toolpath quét hinh ctia ddu do [3]

G dang khong ti€p xtc, dé thu dugc hinh dang ciia vt ngudi ta khong ding dau do ma chiéu
cdc chiim xung ndng lugng 1€n bé mit vat va thu lai phin ning Iugng sau khi phdn xa (nhu
khi ding tia sdng, séng...) hodc sau khi xuyén qua vit (khi diing tia X). Mdy quét laser 1a mét
thi€t bi tiéu bi€u cho phuong phap phan xa. Ngudn sdng, vt do va cdm bién thu dudc bd tri
thanh dang tam gidc nén cu tric ndy dugc_goi la optical triangulation (hinh 2). TAm cda tia
tdi phdt ra tit ngudn s& cho twong tng mot vi tri duy nha't trén cdm bign CCD thu tdy thude
vao dd siu ctia di€m trén bé mit. Hinh dang cda toan bg vét thé dudc ghi lai bing cdch dich
hay quay vit trong chiim dnh sdng hodc quét chiim dnh sing ngang qua vit.
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Hinh 2: Nguyén Iy hoat ddng khi scan bing laser: (a) Trong 2D, tia laser hep chi€u 1én bé
mat, tia phdn xa tao dnh trén cdm bi€n. (b) Trong 3D, dén phdt qua thau kinh hinh tru vach
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mot dai laser 1&n bé mat vét, vach phan xa dugc ti€p nhin bdi mot day cdm bi€n CCD tit d6
hinh thanh gid tri khodng cdch. (c) Hinh dnh thu dugc tif mdy quét laser 3 (b) khi cho vat di
chuyén 12 mgt tdp hdp diém. [4]

M3i phuong phap ti€p xic va khong ti€p xdic déu ¢ nhitng wu va nhuge diém riéng khi so
sdnh vdi phuong phép kia. N6i chung phudng phdp ti€p xidc cho do chinh xdc va viée xif 1y
m6 phdng bé mit d& dang hdn, trong khi phuong phap khong ti€p xdc lai d& dang diéu khién
tv dong va nhanh hon. Phuong phdp scan biing laser chi do dugc bé mit bén ngodai vat thé,
néu cin thu thip vé cdc dic diém bén trong, cdc 13... ta phai st dung diu do.

C4 hai phudng phdp déu cho dang dif liéu 12 mét tdp hdp cdc diém rdi rac trén bé mit
vat dude goi 1a ddm may diém. M6t vai loai thi€t bi nh mdy CMM cho phép thay vi dé cdc
diém mot cach rdfi rac, cdc di€m ndm trén mot toolpath s& dude ndi vdi nhau nhu mot duding
polyline vit ngang vat. Tuy nhién,ca 2 kiéu ghi dif liéu ndy déu khong thé hién tinh lién tuc
ctia b& mat vat nén nhiém vu cda giai doan ti€p theo 1a chuyén vé dang mé hinh CAD. Do
vay, dit lidu thudng dude ghi thanh cdc chuin thong dung nhy IGES, VDA-T'S, DXF hoic mi
ASCII dé sit dung cho cdc phadn mém chuyén xit ly di€m.

3. CHUYEN THANH MO HINH CAD

Piing d mitc do khai thac st dung, cong viéc nay thudng dudc thyc hién trén nhiing
phin mém riéng, doc lap vdi qud trinh s6 hod nhu Imageware, STRIM va Scan-Tools. Ciing
¢é mot vai cong cu nhu TraceCut cia Renishaw hay ScanPak cia Mitutoyo tich hdp ca 2
cong viéc 1a diéu khién thi€t bi va phi mat ngay khi dang quét hinh.

L&y vi du, Scan-Tools 12 mot module phuc vu k§ thudt nguge trong b6 phdn mém
Pro/Engineer. Scan-Tools bdt diu bing viéc nhip cdc di€ém dit liéu dudi dinh dang. IGES hay
bl va cung cdp nhitng cong cu hiéu chinh dé loai bd cdc diém do khong chinh x4c trong khi
s6 hod bé mit vat. Sau d6 né sé tao nhitng dudng thdng goi 12 “scan curve” di qua cic diém
dir liéu con lai. Nhitng dudng cong tron goi 1a “style curve™ s€ dudc xdy dung tir cdc “scan -
curve”, tuy nhién chiing khdng di qua tat cd cdc diém dif liéu d€ gidm nhe s6 diém phai xi
Iy. Cdc dudng “style curve” giao nhau hinh thanh nén mot vong kin d€ hinh thanh bé mit,
cdc bé& mit tao thanh sau dé s& duge k€t hdp vdi nhau d€ tao nén vat thé. Mo hinh tao thanh
sau d6 c6 thé st dung trong phan CAD ciia Pro/Engineer. Ta ciing ¢6 thé xuit md hinh nay
sang cdc phan mém CAD/CAM khidc nhu SolidWorks, SolidEdge, Mechanical Desktop,
SurfCam, Cimatron...
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Hinh 3 : Qu4 trinh tao mit bing cdch udn cdc dudng “style curve” theo 1 phudng (a) hoic 2
phudng (b)
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4. UNG DUNG THU NGHIEM

Trong thi nghi€ém ctia minh, chiing t6i st dung mdy CMM ctia Phong Thi nghiém lam
thi€t bi s6 hod. VAt miu thi nghiém '3 mot chai xit khit mdi bing nhwa ¢6 hinh dang kha
phtic tap vdi cdc gin tao hinh va bién dang cong. Vi tinh d&i xitng clia hinh dang chai qua
mit phin khudn nén ta chi cdn scan m6t nita chai.

Hinh 4: Mdy CMM sit dung

Pé tao qui dao chuyén dong cla ddu do, trudc tién ta phai scan bién dang cia chai
theo dudng phan khudn dé tao contour din huéng. Contour nay sé chita cic cip di€m diu va
diém cudi. Pau do sé dich chuyén tir diém diu cho tdi khi né gip diém cudi thi k&t thic mot
dudng contour vt ngang jua bé mit chai (hinh 5). Tudn ty tao ra lién tuc cdc duding contour
vit ngang nhu vy cho dur hét bé mit chai, § diy ching t6i chi scan cdc toolpath theo mét
phuong. Sau khi xtt 1§ bdng Scan-Tools ta s& thu dugc md hinh CAD nhu hinh 6.

Hinh 5 : Qu4 trinh scan dién ra § phin c8 chai
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Hinh 6 : Hinh 4nh ciia chai sau khi k&t thic s6 hod trén mady CMM,va sau khi tao mat bang
' Pro/Engineer

Hinh 7 : M6 hinh hoan chinh
dugc dem gia cOng trén may
phay CNC dé€ tao long khudn.

5.NHAN XET

Khi thuc hién theo k§ thudt ngudce s& riit ngin thdi gian thi€t k&. Vi dy véi chi tiét cé
hinh dang nhu trén khi do bing cdc phudng phép ci, dé tdi tao lai hinh dang ctia sin phdm c6
thé mat hang tudn véi do tin cdy khong cao. Trong khi d6 néu chung ta ding phudng phdp
trén thdi gian chi khodng 8 git vdi do chinh xdc cao hon. Do vdy phudng phdp thi€t k& nay
dudc ding nhiéu trong k§ thudt thi€t k€ hién dai.
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ABSTRACT: Reverse Engineering is the process of generating a CAD model from an
existing physical object. It was originally used to overcome the obstacle in engineering that
many components exist with no corresponding CAD model, especially when dealing with old,
out-of-production parts. Now, Reverse Engineering is being developed as a new method in
mold design. This paper will briefly outline the process of Reverse Engineering and introduce
our experiment on recreating the shape of a plastic bottle sample.
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