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D1-1-DGMOI
BAN TU PANH GIA
VE TINH HINH THUC HIEN VA NHONG DONG GOP MO
CUA BE TAI KH&CN CAP NHA NUGC

1. Tén dé tai: Nghién citu ing dung cong nghé tur dong hoa vao gia cong chinh xac
trén co s ciac cong nghé tién tién nhu Laser, plasma va tia lira dién.vv...

¢ Maisa: KC03-05

2. Thuéc chuong trinh: Nghién citu khoa hoc va phdt trién cong nghé Tu dong hod, md sé
KC.03.05

3. Chu nhiém Pé tai: TS. P6Vdan Vii
4. Coquan chu tri Dé tai: Vién Mdy va Dung cu céng nghiép

5. Thoi gian thuc hién (BD - KT): 10/2001-3/2004
6. Tong kinh phi thae hién: 3.100 triéu déng
Trong do kinh phi it NSNN:2.000 triéu dong

7. Tinh hinh thuc hién dé tai

7.1 Vé mitc dé hoan thanh khoi lugng cong viée:

Noi dung nghién ciu:

- Nghién citu ing dung CAD/CAM tich hop va k¥ thuat diéu khién CNC dé thiet ke, lap
phdn mém diéu khién t6i wu thich dng cho céc thiét bi gia cong hién dai bang tia (Laser,
plasma va tia Ilra dién.vv... ) diéu khién CNC theo vi tri va quy dao gia cong.

- Nghién citu , thiét ké& va 1ap phdn mém t6i wu ché do gia cong co cho cdc mdy cét ¢6 su
dung cong nghé Laser, plasma va tia la dién.vv... nham dat do chinh xdc gia céng cao
nhat, @ing vdi cdc loai vat liéu va kich thuée khac nhau.

- Ung dung k¥ thuat diéu khién CNC, PLC, CC nghién citu thiét k€, ché tao b¢ didu khién
ty dong (gdm ca cac mo dun phén cing va phdn mém) dé duy tri khoang cich 6 wu gita

dung cu gia cong va chi tiét gia cong.



- Ung dung k¥ thuat diéu khién CNC dé tu dong hod qui trinh gia cong, ning cao nang
sudt, do chinh xdc va chat luong chi tiét gia cong trén thiét bi cat bang Laser CO, img voi

cac loai vat liéu khac nhau c¢é chiéu day trung binh va nhd.

Tat cd cac cong viéc thudce cdc hang muc dd dang ki néu trén cia dé tai déu di dugce thuc

hién nghiém tic va ddy di. Hoan thanh 100%

7.2 V€ cdc yéu cdu khoa hoc va chi tiéu co bdn ciia cdc sdn phdm KHCN :

T Tén san pham Yéu céu khoa hoc Két qué day duroc
1 2 3 4
1| Phdn mém CAD/CAM | (g dung ky thuat didu khién CNC,
tich hop diéu khien t6i | théng qua cac Modun chuyén daj, tich
uu vy tri va quy dao gia | hop CAD/CAM dé diéu khién vi tri dung
cang thich mg cho ¢ac | cy theo truc toa do nham dat duge do
thiét by gia cong hién | chinh xéc gia céng tuong duong sén
dai bang tia (Laser, pham ctia cac hang néi tiéng trén thé
plasmavatialta | gj6i nhu Heidenhain, Siemens (CHLB | Phdn mém CAD/CAM
dién.w... ) diéu khién | Dirc), ANILAM (My ), Fanuc (Nhat): Cu | IMI ver.1.0
CNC. thé la- Diéu khién 2 truc toa do.
- Xdc dinh vi tri dung cu theo 2 truc toa | - D0 chinh xéc dich
dé. chuyén dat :0.005mm/m
- D6 chinh xéc dich chuyén hénh trinh | Hanh trinh dich chuyén -
dat durge: 0.005 mm. + Trye X 2400mm.
- Hanh trinh dich chuyén: + Truc Yo 1200mm.
+ Truc X: 650mm.
+Truc Y. 320mm
Phén mém diu khién Uhg dung ky thudt diu khién CNC, Phén mém t6i uu hoa 05
2 | t6i uu ché dg cong PLC, CC dé trr dong didu khién cac yéu | théng s6 cong nghé
nghé gia cong nham | 6 cong nghé gia cong nhur téc do cat, | ntham néng cao do chinh
dat do chinh xac cao | chiéu rong ranh cét, t6¢ do dich Xac va chat lugng san
nhat, chuyén... thich tmg cho cac may citco | pham
str dung céng nghé Lase, plasma va tia
lira dién véi cac loai vat liéu, chiéu day
cat khac nhau nhdm tur déng hod qué
trinh gia cong, na‘ng cao dg chinh xac va
chét lrong san pham.
Thiét bi didu khién tr | Umg dung ky thuat quang dién t, thong | Thiét by tur déng duy tri
3 | déng duy tri khodng | qua cdc Modun giao tiép va Iap trinh khodng cach gitra dung
cach giva dungcuva | diéu khién PLC, CC dé xéc dinh va diéu | cy va chi tiét gia céng :
chi tiét gia cong. khién duy tri khodng céch gia cong - Duy tri khodng cach
Bao gom : chinh xac gitra dung cu va chi tiét gia theo truc Z




- Nguén phat va dau
cét bng tia Lase.

- B6 diéu khién tu déng
CNC {modun phan
ctng va phan mém
CAM).

- Céc phéan tir do.

- Hé truyén dén.

Lase tmg vai céc loai vét liéu gia cong
khac nhau c6 chiéu day trung binh va
nho.
Cu thé Ia;
- Céng sudt nguén Laser 1: 1,2 kw.
- Chiéu day chi tiét Ion nhét: 5 mm.
- Khoéng cach dich chuyén theo hai
fruc toa do: + Truc X=1.250 mm .

+ Truc Y =750 mm

- B diéu khién tr cdng nham dat durge do chinh xac gia | - D6 chinh xéc dich
déng PLC, CC (modun | ¢ong twong duang sén phédm cfa cac | chuyén hanh trinh dat
phén cimg va phan Iap | hdng nhur Siemens (CHLB Birc), Fanuc | dugc: 0.02 mm,
trinh). (Nhaf): - Khoang cach dich
- Céc phén tir do. Cuy thé la: chuyén : Z = 200mm
- Hé truyén dén. - Duy tri khodng céch theo 1 tryc toa dé.

- D6 chinh xéc dich chuyén hanh trinh

dat duroc: 0.05 mm.

- Khoéng cach dich chuyén : Truc Z =

200mm
Thiét by gia cong bdng | tmg dung ky thuét diéu khién CNC dé tir | Thiét by cat bang chum

4 | tia Laser diéu khién tr | dong hod qua trinh gia céng, ndng cao | tia Laser CO, LC1000-

doéng. nang sudt, dé chinh xéac va chét lvrgng | CNC:
Bao gom: chi tiét gia cng trén thiét by cat bang tia | - Cng sudt ngudn: 1 kw.

- Chiéu day chi tiét fon

nhat:: 5 mm.

- Khoang cach dich

chuyén theo hai truc toa

do: + Truc X= 2400 mm
+Truc Y =1200 mm

Trong bang trén, san phdm 1 va 2 la phdn ctng, 3 va 4 12 phdn mém. Trén co s tng

dung k¥ thuat diéu khién CNC, PLC, CC tu dong diéu khién dinh vi vi trf gia cong. cic véu

t6 cong nghé gia cong nhu téc do cat, 4p sudt khi , cong sudt, vv... nhom d€ tai da tién hanh

nhiéu loat thit nghiém va ché€ tao san phdm cong nghiép loat nhd. Chit lugng cha céc sén

phdm clia cua dé tai KC03-05 theo yéu cdu khoa hoc ké trén da dugc:

O

Kiém nghiém, nhat tri thong qua clia Hoi ddng nghiém thu timg san phim dé tai (c6

bién ban k&m theo)

Kiém nghiém, kiém chudn béi Trung tam Po ludng chat luong- Bd khoa hoc va

Céng nghé (c6 ching chi kém theo)

Ché4p nhan clia khach hang khi gia cong cho nhing san phdm tham gia hop dong
kinh t&€ (c6 ching nhan kém theo)

7.3/ Vé tién dé thuc hién: Hoan thanh tién do trong khuon khd cho phép cha dé tai

8. Vé nhitng déng gdp mdi cua Dé tai:
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Trén co s& so sanh nhimg thong tin di duge cong bd trén cdc 4n phdm trong va ngoai

nuéc dén thoi diém két thic dé tai, dé tai cé nhing diém mdi sau day:

8.1 Vé gidi phdp khoa hoc — cong nghé

Mady cdt bing tia Laser 12 mot thi€t bi cong nghé kha phd thong déi véi cdc nudc cong
nghiép phat trién, nhung d6i v6i nudc ta lai 1a mot san phdm rat méi. Viéc thiét k€ tich hop
cdc mo dun, ché€ tao phdn ban may va dic biét 1 tich hop bo diéu khién CNC- Laser c6 thé
néi 12 mot giai phdp chdp nhan duge d&i v6i thoi han va kinh phi dé tai duge cdp. Viéc lap
dL_mg va dua thiét bi cit Laser LC1000CNC vao hoat dong trong khuén khé thi nghiém va
cong nghiép loat nhé di tao nén nhiing kinh nghiém cho hudng nghién ctu phat trién cong

nghé gia cong bing cdc loai tia.

Thiét bi ti dong diéu khién chiéu cao, trén ngﬁyén If phdt nhan séng siéu am ¢6 thé ndi
12 mot giai phdp cong nghé mdéi trong hé thoéng gia céng vdi cdc loal tia. Trén co s& nghién
ctru, phan tich cdc cong nghé tr dong diéu chinh chiéu cao ddu cit kha pho thong theo
phuong phdp cadm bién va cdm img, phuong phap siéu 4m tranh duoc cac nhuge diém cua céc
loai trén. La mot phuong phdap do khong ti€p xdc, diéu chinh khoang cach véi tia Laser tranh
dugce kha nang ket vao phoi cia percrn“g phap cam Umg va ¢6 thé gia cong duoc cic vat liéu
kim loai va phi kim loai chit khong nhu phuong phdp dién dung chi gia cong duge vat liéu

kim loai.

Phdn mém CADICAM tich hop: Khong thé sanh vdi cic phdn mém CAD/CAM thuong
mai clia cdc Hing néi ti€ng trén thé€ gidi nhu Delcam, Pro/E hodc MasterCam, nhung phan
mém CADICAM Verl.0 IMI rat thich hop cho cédc thi€t bi CNC cit bing cdc loai tia (Laser,
plasma, tia lra dién). Dung lugng nhd, mang dic diém coa cdc phdn mém CAD/ CAM
thuong mai nhu ¢6 kha nang mé phong, c¢é kha nang bién dich sang nhiéu ngon ngit CNC
tuong thich (ma G, HEIDENHAIM, ANILAM), giao dién dep, CAD/ CAM Verl.0 IMI rat
dé sur dung vd dam bao ché€ tao chi ti€t hinh hoc phitc tap 2D bdt ki véi do chinh xdc cao
(Trung tam do ludng chat lugng — Bé Khoa hoc va Cong nghé). Ngoai ra CAD/ CAM Verl.0
IMI con cho phép nhap co sé& dif liéu va thuc hién cdc cong tdc quén If gia cong. Khong the
so sanh giai phap cta phuong phdp xay dung phdn mém CAD/CAM verl.0 v6i cdc san pham
thuong mai vi khong nha san xudt nao cong bo giai phap thuat toan hoc cua ho, nhung thong
qua cac san phdm dugc gia cong trén mdy cit Laserr CO2 LC1000CNC (c6 ching nhan kém
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theo), chéc chan phuong phap x4y dung phdn mém CAD/ CAM Verl.0 IMI 1a ding hudng.
Phuong phap luan x4y dung phin mém CAD/ CAM Verl.0 IMI s& 1a co s& cho viéc xay
dung céc phan mém cong nghiép khac.

Phdn mém diéu khién t6i wu ché d6 cong nghé gia cong nhim dat do chinh xdc cao nhat
12 phdn lién quan nhiéu nhét dén nghién ciu H thuyét. D€ thuc hién dugc phin mém nay
nhitng cong viéc phai thuc hién 1a nghién citu i thuyét cong nghé, thiét lap mé hinh todn hoc
va thuc hién t6i ru hod. Déi vai gia cong bang tia Laserr cic md hinh dugce cong bo rong rai
la cdc mo hinh nhiét. M6 hinh todn hoc vé cdc tham s6 ¢dng nghé dugc cong bd thudng bao
g0m moi quan hé cua mot vai tham s& . Viéc nghién citu 161 tu méi quan hé cua 7 thong so
cong nghé (vat liéu, chiéu day, cong sudt, toc do cat, 4p sudt khi cdt, dudng kinh ddu cit va
khoang cach ddu cit) ma vat liéu va chiéu day 1a ddu vao khong déi (trén mo hinh diah tinh),
5 tham s& con lai 12 5 tham s6 diéu khién duoc (théng qua cac gia tri trén chuong trinh NC)
duoc thuc hién bdi dé tai da tao nén mot giai phap khoa hoc cong nghé co sd mdi- Lién quan
dén cédc van dé quy hoach thuc nghiém, xay dung mo hinh todn hoc, thuat toin to1 wu. Phan
mém diéu khién t61 uu ché’ do cong nghé thuc chat 1a mot s6 tay co s dit liéu, cho phép nhap
dir liéu va xudt dit liéu gia cong theo diu vao 1a chiéu ddy va loai vat liéu. Phuong phdp xay
dung phin mém diéu khién nay c6 thé lam dinh huéng dé xay dung co s& dit liéu gia cong

cho tat ca cac thiét bi gia cong bang tia néi riéng va cdc mdy cong cu CNC ndi chung

8.2. Vé phiong phap nghién ciiu:

Ngoai nhimg phuong phdp nghién ciu thong thudng nhu tham khdo tai liéu qua céc
ngudn: thu vién, mang Internet, tai liéu trao ddi véi co quan déi tdc thi dé tai nay c6 nhimg
phuong phap nghién cifu bd sung sau:

o -Nghién citu thuat todn t61 uu |

o Nghién citu hinh hoc gidi tich va cic thuat todn dugc sir dung trong CAM va thuat
toan CNC thai gian thuc.

o Quy hoach thuc nghiém ~thi nghiém

o Kiém nghiém két qua (véi su trg gitp thi€t bi do luong ciia Trudng Pai hoc Bich khoa
Ha Nai)

o Khao sdt, phan tich két qua thi nghiém

o Kiém chimng vdi céc tai liéu cong bé



o Kiém tra san phdm (Trung tAm Do ludng chat luong- Bo khoa hoc va Cong nghé)

Pé xem xét kha nang gia cong cta thiét bi , tinh gia céng chinh xdc cla phdn mém
CAD/CAM Verl.0, kha nang tu dong diéu chinh chiéu cao cfia thiét bi diéu khién tr dong
khoang céch gitta bé mat phoi va ddu cat va xay dung phan mém t5i wu hod céc thc‘mé $0
cong nghé- cdc san phdm cia dé tai KC03-05.

8.3 Vé tdng cuomg cong tdc dao tao va nghién ciu khoa hoc
Cling v6i cdc phong thi nghiém tr dong hod, didu khién hé théng, cdc san phdm cla
dé tai KC.03.05 da duoc thir nghiém tai Trung tim nghién ciu cdc cong nghé dac biét cla
Vién IMI . Dat 12 not thuc tap, thuc hién cdc thi nghiém nghién ctru cong nghé méi, cong
nghe déc biét clia cdc nghién citu sinh, cdc k¥ su, cdn bg nghién cttu cha Vién IMIL.
Thong qua day:
- S8 cén b dao tao ti€n s¥, thac s§ : 02 ngudi ( 01 tién s§, 01 thac s¥).

- 86 cdn bd dao tao qua hop tdc qudc t& tir 03 thang trd lén: 01 ngudi

- S6 luot ngudi duge clr di trao déi , hop tac qudc t&€ vé KHCN: 12 ngudi (dao tao tai
Vién IMI bai cac chuyén gia, gido su clia cdc truong dai hoc va Hing cung cdp
nguén Laser -CHLB biic)
| Trong tuong lai véi chirc nang duge dao tao ti€n sy, thac sy, k§ su thuc hanh Vién IMI sé
¢ nhiéu can bd khoa hoc cong nghé méi truong thanh tir Vién ma trong dé ¢é mot phan

déng gop cia ket qua dé tai KHCN KC.03.05.

8.4. Nhitng déng gop moi khdc:

- La co sd cho nhitng nghién citu cho cdc cong nghé gia cong bing tia nhu gia cong vai t’ia
nudc dp sudt cao, gia cong véi plasma va gia cong vai tia lra dién

- Tién dé& cho hudng nghién ciu “cong nghé lai” gia cong bang tia laser dan hudng boi tia
nuéc, mot cong nghé rat hién dai méi duge nghién ciru trong mot vai nim gan day nham
tham nhap vao cong nghé san xuat ban dan va gia cong vat liéu siéu ciing

- Gop phan trong cong tac dao tao cdn bd nghién ciru va cdc nghién citu sinh tai Vién may

va dung cu cong nghiép.

9. Két ludn



Dé tai KC.03.05 “ Nghién citu itng dung cong nghé tu dong hbci vao gia cong chinh
xdc trén co so cdc cong nghé tién tién nhu Laser, plasma va tia lita dién.vv” da thuc hién
day du cac néi dung yéu cau cia hop déng nghién ctu khoa hoc va phat trién cong
nghé so: 05/2001/HD-DTCT-KC.03 ngay 25/10/2001 va cédc yéu cdu cia Bo'Khoa hoc Cong
nghé, Bo Tai chinh, Ban chti nhiém chwong trinh nghién citu khoa hoc va phat trién cong
nghé Tu dong hod KCO03. Co quan chil tri dé tai Vien Mayd va Dung cu Cong nghiép dé nghi
Bo Khoa hoc Cong nghé, cdc co quan quan ly cdp trén cho phép dugce bao vé dé tai theo qui
dinh.,

Nhoém dé tai xin chan trong cam on!

CHU NHIEM DPE TAI
(Ho tén va chit ky)

#

TS. PO VAN VU



Tén dé tai ” Nghién citu \ing dung cong nghé tr dong hod vao gia cong
chinh xdc trén co s& cdc cong nghé tién tién nhu lase plasma va tia lira dién..”

TOM TAT

Gia cong bing cdc loai tia (lase, plasma, tia nuéc va tia Iira dién...) 1a mot
trong nhitng xu hudng gia cong khong truyén thdng dang dwogc dic biét quan tam
phét trién. Nhimng wtu th€ vé kha ning gia cong, chit luong gia cong va tinh wr
dong hod cao di thdc diy nang luc img dung cong nghé gia cong bang cic tia
khong chi trong cdc nganh hang khong, vii try 6 t6 ma dac biét ca trong nganh

cong nghiép ché tao mdy .

Sau khi nghién citu tdng quan cong nghé gia cong bing céc loai tia, xét dén
su tuong déng vé cong nghé va thiét bi , moét nghién citu miu - cong nghé céit
bing tia lase da duoc thuc hién trong khuon khd dé tai KC03-05 ” Nghién ciu
tng dung cong nghé ty dong hod vao gia cong chinh x4c trén co s& cdc cong
nghé tién ti€n nhu lase plasma va tia lira dién..” . Mot hé thSng thi€t bi cat vdi tia
lase CO,cong sudt 1000W d3 duge nghién citu vi ché tao mot phan va ldp rdp tai
Vién Mziy va Dung cu cong nghiép. Thiét bi mdy cdt lase CO, c¢6 tén goi la
LCI000CNC cé kha ning cat thép ché tao d€n 6 mm, thép khong gi cing nhu
.mot s§ kim loai mau ¢6 chiéu day dén 2mm. M4y c6 ¢6 kha nang diéu khién gia
cong ty dong theo hai truc toa d0 dén X2400, Y1200 b&i bo diéu khién
TNC310, c6 tich hop diéu khién lase. D€ nang cao nang luc cho thiét bi trong
truc‘)‘hg hop gia cong tim mong vé-gia cong phoi cong vénh, mot b6 diéu khién
chiéu cao trén co s0 tia siéu 4m dugc nghién ctu va lap dit vao ddu cit. Bo diéu
khién twr dong chiéu cao duoc thuc hién theo nguyén tic so sdnh gid tri thiét lap
v6i gid tri thuc boi mot bé PLC,-thong béo véi TNC dé “quyét dinh” giit nguyén,
nang lén hay ha d4u cit xudng, duy tri khoang cdch c6 dinh gitta ddu cit va bé
mat chi ti€t gia cong.

Kha niang clia mdy cit LCIO00CNC khéng bi gidi han vé gia cong duong
bién phitc tap hinh hoc¢ 2D. Véi bo diéu khién TNC310, ngudi sir dung c6 thé
1ap trinh NC thii cong hoac sir dung cic phdn mém CAD-CAM thuong mai (néu
¢6) dé sinh wr dong chuong trinh NC chi tiét. Vi li do kinh t€ va ning cao ning

KC03.05



luc ndi dia, mot phdn mém CAD-CAM Verl .0 dd dugc xay dung. Trén co so
hinh hoc gii tich, tim hiéu thuat toin dugc sir dung trong CAD va thuat todn ndi
suy CNC thdi gian thuc phdn mém CAD/CAM Verl.0 d3 duge vi€t va cho dén
nay duge sit dung cho tat ca cdc chi tiét duge gia cong trén LC 1000CNC.

Dé hoan thién nghién cifu ct véi tia lase CO,, mot nghién citu tdng quan vé
cong nghé gia cong tia lase d2 dugc tap hop. Trén co s& d6, mot chuong trinh
quy hoach thuc nghiém cho mot s vat tu v6i chiéu day tir 1+7mm da duge thuc
~ hién, 1am cd s& cho viéc t6i wu hod cic thong s6 cong nghé gia cong véi tia lase
CO, , co s dit liéu cho thigt bi LC1000CNC. Phdn mém tra ciu ché do 161 uu
gia cong nham dat dugc do chinh Xdc cao nhét dd duoc tich hop véi hé thdng
CAD-CAM Verl.0 dé sir dung cit mot s6 san mau. _

Noi dung chi tiét vé 4 san phidm cla dé tai KC03-05 duoc thé hién trong cic
phan thuyét minh clia dé tai tir 1+4 . Céc phan nay két hgp thanh mét hé théng
gia cong cét bing tia lase CO, hién dat mang tdm cd hang hod cla cdc Hang san
Xuat cong nghiép. _

Nhimg nghién cttu trén 12 tién dé dé nghién ciru cong nghé gia cong véi cdc
loai tia va nhitng két nghién ciu buéc diu ndy sé din dugc hoan thién dé trong
k& hoach 2005-2010 nhim muc dich dua mdy cat lase CO, tr0 thanh mot trong
nhimg san phim thuong mai clia Vién M4y va Dung cu cong nghiép (IMI).

Vi nhimg muc tiéu nhu trén, quyén bdo cdo téng két dé tai KC03-05 dugc
thuc hién trén co s& k&t hop 4 san phdm thuc hién cla dé tai theo:

Phdn 1: My cét lase cos&

Phdn 2: B0 diéu khién chiéu cao

Phén 3: Phian mém CAD/CAM Verl.0 IMI _

Phan 4: TGi vu hod cdc thong s6 cong nghé trong gia cong cit véi lase CO2
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1 GIGI THIEU

Tir nhimg nam 1970 cdc phuong phdp cong nghé gia cong bing tia nhur tia Lase,

plasma, tia nudc , tia Ira dién ngdy cang dugc tap trung nghién ctru phar trién va
da phét huy diwge hiéu qua tng dung to 1dn trong cdc nganh céng nghiép. Tinh
chat dic trung:

- Chaét lugng kich thuée hinh hoc, hinh ddng va bé mat gia cong cao

- (6 kha nang gia cong da dang vat liéu, nhitg vat liéu khé gia cong theo
phuong phéap truyén thong

- Cb thé gia cong chi tiét siéu mong

- Kha nang ty déng hod cao |

- Gid thanh hop ly d6i véi gia cong don chiéc hoic sé lugng san phdm loat
nhé

- Khong phai gia cong lai ( slra ngudi ) sau khi gia cong

- Khong bi hao mon dung cu gia cong (trir tia Itra dién)

da tao nén nhitng vu the¢ dac biét cua cic phuong phdp gia cdng bang tia so vdi
cdc phuong phdp gia cong truyén théng. Véi dic diém sir dung ngudn nang
lugng tap trung dé gia cong vat liéu nhdm nang cao chat luong gia cong va nang
sudt, cdc thi€t bi gia cong véi cdc loai tia ngay nay luén hudng 161 kha nang wr
dong, linh hoat trong san xudt. Viéc tr dong hod d€ diéu khién vi tri gia cong,
ché€ d¢ gia cong t6i uu, tu dong duy tri khoang cach gia cong, diéu chinh cong-
sudt gia cong gilfa ngudn cip va dau tiéu thu nang luong, hé théng wr dong cdp
phoi va dinh vi phoi cling v&i cdc phuong phdp gia cong tién ti€n bing tia da tao
ra nhitng hé thong thiét bi gia cong hién dai dap ing duoc cdc yéu cau khit khe
vé d¢ chinh xéc, chat lugng bé mat gia cong va hinh dang hinh hoc gia cong
phtc tap trong cdc nganh cong nghiép , giai quyét dugc nhitng khé khan ma céc

phuong phdp gia cong bang dung cu cit got co khi trude day chua ddp ing dugc.

Trén co s& d6, dé tai KC03-05 thuc hién nghién ciu duoc trién khai theo dinh

hudng nhu sau:
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1) Nghién ciu co ban:

e Nghién citu tai liéu, mau sin phdm d3 c6 trén the gidi.

¢ Xic dinh m6i quan hé giita cdc tham s cong nghé bing khao nghiém thi
nghiém, xem xét cic quan hé gifra sai s6 gia cong v6i cic yéu 18 cong nghe,
dinh vi vi trf gia cOng vv...

e Nghién ciu phan tich nhu cdu cia thi trudng dé chon ra miu va ching loai
san phdm

2) Thiét k& va ché tao:

e Chon lya mo6 hinh va thiét k€ cdc mo dun .

¢ Chon mua mot s thiét bi do va dau phdt tia Lase hién dai cia CHLB Dic

o Thiét ké, ché tao cdc mo dun theo thiét k&€ da duge chon nhu:

o Ban mdy trong thiét bi gia céng bing tia Lase diéu khién tr dong trén co
s& sir dung ngudn phdt phat tia Lase hién dai nhap cila CHLB Diic .

o Mo dun giao dién diéu khién CNC-lase st dung dé diéu khién vi tri dung
cu theo truc toa do d€ gia cong chinh xéc chi tiét. ( Bo diéu khién CNC-
lase, phdn mém CAM).

o Thiét bi diéu khién ty dong (gém ca cdc mo dun phan cimg vi phin mém)
dé duy tri khodng cdch t6i vu gilta dung cu gia cong va chi ti€t gia cong.

o Thiét k&, lap phdn mém gia cong NC trén co s& ung dung CAD/CAM tich
hop va k¥ thuat diéu khién CNC, thich tng cho cdc thiét bi gia cong hién dai
bing tia (Lase, plasma va tia lra dién.vv... ) dé diéu khién vi tri vd quy dao
gia cong. |

o Thiét k&€ va 1ap phdn mém thu vién t6i wu ch€ do gia cong co cho cdc mdy cit
c6 sir dung cong nghé Lase, plasma va tia lda dién.vv... nhdm dat do chinh
xdc gia cong cao nhat, ing vdi cdc loai va chiéu vat liéu khac nhau.

e Ch€ tao mot s6 sin phdm mdu theo nhitng yéu cdu cu thé trén mAdy
LC1000W CNC (san phdm cta dé tai KC03-05

2) Chuyén giao két qud nghién ciou:

V&i nhimg két qua nghién citu vé cong nghé dé tai KC03-05 da:

¢ Dua ra quy trinh c6ng nghé san xuat san pham bing vat liéu nhua, gidy, thép

KC03.0%7



ch€ tao, thép khong gi...

e Chuyén giao dua sén phim vao tng dung trong san xudt cong nghiép: nhu cit
dai td mot sO chi tiét cho tram tron bé tong (phu luc IV.3), can déng bao cho
Cong ty C§ phan xay dung va thiét bi cong nghiép —CIE ( dé nghi xem x4c
nhén cia cdc co s& ng dung kém theo bdo cdo nay)

e Diotao cin bd k¥ thuaf str dung va bao hanh thi€t bi va thiét 1ap doi ngii k¥

thuat d€ dao tao va cai ti€én san pham cho Vién IMI.

Nhdn xér: Cac phuong phdp cdt bing cdc tia phu thuoc vao kiéu, chit lugng cta
tia mang ngudn nang lugng gia cong ma cé nhimg dac tinh rieng biét. Tuy nhién
nhimg dac diém vé kha nang ty dong hod gia cong thong qua thiét lap phdn mém
CAD/CAM; nghién ciu, x4y dung va lap rap bo diéu khién tr dong chiéu cao
vao mot mdy co s 1a nhu nhau. Su khdc nhau cua cdc phuong phdp chi yéu la &
co so dit liéu cua cdc thong s6 cong nghé gia cong. Tuy nhién phuong phdp luan
dé xay dung co s& dit liéu lai 13 gidng nhau. D6 13 If do ma trong pham vi gi6i
han vé théi gian, trong toan bo ndi dung nghién cu clia dé tai ” Nghién ciu dng
dung cong nghe tr dong hod vao gia cong chinh xdc trén co s& cdc cong nghé
tién ti€n nhu lase plasma va tia lra di¢n..” , cong nghé gia cong vdi tia lase CO,

dugce chon 1am cong nghé mau dé nghién citu.

2 TiNH HINH NGHIEN cUU TREN THE GICI
Hién nay trén th€ gidi c6 khd nhiéu Ha"mg san xuat cic thiét bi gia cong

bang c4c loai tia. Nhimg phwong phdp niy c6 nhitng dic diém cong nghé nhu
sau.
2.1 Ddc diém céng nghé cua cdc phuong phdp gia céng béng tia:
2.1.1 Gia cong vdi tia lase

Lase thuc chdt 1a mdt chiim tia sing c¢6 budc séng xac dinh va 13 hing s6 doi
v&i mbi mot hoat chat phat tia . Tia Laser ¢6 tinh dinh huéng rat cao, cé thé ding
cdc he théng quang hoc dé diéu khién hudng di clia tia Laser , tap trung né tai

mot dién tich rdt nho. Tai d6 v6i mifc do tap trung nang luong rat cao, lase ¢6 thé
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Trong cong nghiep ngudi ta cé thé mg dung cdc loai Laser sau dé gia cong
vat liéu:
- Laser rin gém: Laser Rubi, Laser thay tinh, Laser YAG: Nd™* (Laser tinh
thé)
- Laser khi gom: Laser CO,, Laser CO,..
- Laser l1ong gém: Laser mdu (Dyu Laser), Laser Chelate hitu co - dit hi€ém

Mbi mot loai vat liéu gia cong yéu cdu ¢é mot nang lugng, nhiét do néng
chay, boc chdy khac nhau do vay cdn phai cé mot ché€ d§ gia cong phit hop cho
timg loai vat liéu gia cong. Ngay nay gia cong bang tia Laser dang dugc ing
dung rat nhiéu trong cong nghiép, dic biét 1a trong nhiét luyén, han, cit, khac
khoan vv.... D8i v4i cong nghé cit bing tia lase, 3 phuong phédp sau thudng
“duge su dung :

- Cat bay hoi: phuong phdp yéu cdu cudng do laser cao va chat lugng tia t6t

- Cit néng chay: phuong phdp yéu cdu ning lugng khong cao bing cit bay
hoi. Nho sir dung khi tro thdi nén néu cing cuong do lase, phuong phép ¢6
toc do cit cao hon, mép cét khong bi 6 Xy hod.

- Cit bdc chdy: phuong phdp cit st dung O,, nh&r vay nang lugng lase yéu cdu
thdp nhdt so vdi cdc phuong phdp khidc nhd ¢6 ndng lugng bé sung clia boc
chdy O,. Tuy nhién V&t cit c6 thé bi oxy hod va kha ning cét bi han ché€ déi
v&i mot s6 loai vat liéu
Cdc dai lugng dnh huong chdt luong gia céng:

Péi véi mot loai lase, chét lugng gia cong vat liéu phu thudc vio cong suit,
toc do vat lieu, chiéu day, dp su4t khi théi , kich thudc ddu cat vv.. ..
2.1.2 Gia cOng vdi plasma

Plasma duogc dinh nghia 13 dang vat chit tha 4, 1a sy din dién cia cdc chat
khi. Nguyén 1y hoat dong clia Plasma [a dua trén hé quang nhiét cia dong
Plasma lam néng chdy ving gia cong. H quang nhiét clia dong Plasma c6 thé
chia thanh 3 vung, ving 156i nhiét 46 tr 18000 +<24000°K, vung chinh: 14000+<
18000°K va viing 2nh hudng nhiét tir 0+ 14000°K
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Ngay nay gia cong bing Plasma dugc img dung rat nhiéu trong cong nghiép
nhu cit kim loai td&m, han Plasma, Phun pht bé mit... Tuong tr nhu tia lase, cé
ngudi ta cé thé phan thanh nhiéu loai Plasma, su khédc biét 13 & méi chat st dung
vi du nhur : Plasma khi Gas, Plasma khi N,, Plasma khi Ag; Ag-N, .

Plasma st dung trong cong -
. Plasma
nghiép duoc thuc hién theo 2 A ~——
phuong thtrc, hinh 1: 1 l l l

- Transfered: khi nguén dugc néi
v6i dien cuc va phoi: phuong

phdp ndy chi gia cong dugc vat

liéu ¢é kha nang truyén dién TRANSFERRED NON-TRANSFERRES

- Non- transfered: khi nguén dugc Hinh1: Phuong thire hoat déng cda dong tia Plasma

ndi v6i dién cuc va ddu cat: Phuong phdp vé 1i thuyét c6 kha ning gia cong

moi loai vat liéu, (c6 nhiét do néng chay nhd hon 1800°K)
Cdc dai luong dnh hudng chdt luong gia cong:

boi véi rﬁ(f)t loai mai chat, dac tinh cia dong plasma phu thudc vao téc do
théi khi, ddng dién giita cdc cuc( dién dp cit V, dong dat (A) va kich thude dau
cat. Cdc dai lugng nay quyét dinh chét lugng va kha nang cit. Toc do cdt ciing
anh hudng ding ké dén chit lugng cat d6i voi cdc chiéu day vat ligu gia cong
khédc nhau.

2.1.3 Gia cOng véi tia nuée 4p - l
cao l
Gia cong vdi tia nudc 4p cao ]
) Bam o dp ::.l:.ﬂ’

cling thudc loai coOng nghé gia

cong khong truyén thong dang

dugc dp dung rong rii & cdc nufc owe

cong nghiép phit trién. Diéu kién

dé gia cong vdi tia nudc 1a phai c6

_Dandiein

ngudn dp cao- cdp niang luong va

KC03.05 a) Hat mai b} huyén phu
Hinh 2 C3t tia nuroc &p sudt cao co hat mai



nude. Khi duge cdp dp cao, nuée phun ra dudi dang tia mong nho (véi téc dé cuc

16m),c6 thé trds thanh cong cu cit. Tuy nhién néu sir dung tia nudc thudn dé cat

vat liéu kim loai , 4p yéu cdu cuc lén (c6 thé trén 10.000 bar). Néu tron phu gia,

4p sir dung c6 thé giam d4ng ké vi c4c phu gia nay c6 thé déng vai trod 1udi cit bé

sung dé cdt vat liéu. Hién nay trong cong nghé gia cong vat liéu, cét véi tia nude

c6 ap thudng duge sir dung dudi nhém:

l.

Cat vdéi tia nude thudn: thudng s dung dé cit vat liéu vat lieudd bén khong
cao nhu: gidy, g, thuc phdm vv....

Cét v6i hat mai khong gia dp: Hat mai duge dung & phiéu riéng, cdp vio ddu
cdt va chiu 4p cao cla tia nugc ra khéi ddu phun, déng vai trd 1a ludi cit. So
véi phuong phdp huyén phi, Phuong phdp nay cdn dp cao hon va lugng hat
mai nhiéu hon. Vat liu cit duge véi phuong phdp nay rat da dang ké ca céc

kim loai va phi kim loai

Cit huyén phu (v6i hat mai gia d4p khoang vai tram bar): Phuong phdp nay
cdn dp cdp thap hon va lugng hat mai cling it hon. So véi cdc phuong phép
khdc, kha nang gia cong clia phuong phdp nay cao hon va tinh than thién moi
truomg ciing duogc cai thién hon so véi phuong phép 2 |

Cdc dai luong dnh huong chdt luong gia cong:

Péi véi mot nhém cu thé thi nhitng dai luong sau anh hudng dén chat hwong

gia cong va kha nang gia cong chi tiét, d6 13, dp, luu lugng nudc, fugng hat mai

pha, khoang céch tia t6i

2.1.4 Gia cong bang tia lira dién

duogc thé hién nhu hinh 3. Ban chdt
vat 1§ va co ch€ hét kim loai bang tia
Ira dién 1a khi c6 dong diéndiqua2 | - — ——=T= - — — -

cuc (dién cuc — phoi) trong moi - - 1 L

So d6 gia cong vdi tia lir dién

Dién cyc

e

truong dung moi s€ hinh thanh pha Phoi

ddnh lia ; hinh thanh kénh phdng

Hinh 3: so dé gia cong bdng tia lita dién

KC03-05



dién ; néng chay va bdc hoi vat liéu.

Tai viing lan can cip dién cyc, dong ion c6 nhiét d rdt cao tir 6000 +
10000°C, t6¢ do clia dong chuyén dich dién tir va ion phu thugc vao ning lugng
dién va dac tinh cha chat dién méi, c6 thé dat d&n 1000m/s . Ciing nhu céc loai
tia khdc. chiéu rong cia luéng tia cang hep thi mat do ning lugng cang tang. Ban
chat cha qud trinh gia cong bing tia lira dién 12 bién ddi nang luong xung dién
thanh nhiét ning tap trung trén don vi dién tich cia bé mat gia cong lam mot

phin clia bé mat d6 néng chay va tich khoi kim loai nén.
Gia cong bang tia lira dién duoc chia thanh 2 phém chinh:

Gia cong véi dién cuc dinh hinh: héc gia cong sao chép hinh ding cta dién

cuc

Gia cong dién cuc day: hinh dang hinh hoc cta dudng bién gia cong dugc tao
nén bdi sy két hop chuyén dong clia day (dién cuc)

Cdc dai luong anh huong chdt luong gia cong:

Dai vai phuo‘ng phdp dinh hinh, cdc tham s& anh hudng chat lugng gia cong
la: dién dp ddnh lra U,, dong phdng dién I, thdi gian phéng dién t,, dién ap
phéng dién U, thoi gian tré danh lira t, va khoang cach xung t,. Ddi véi phuong
phdp dién cuc day t6c d6 quan day ciing la mot y&u td anh hudng dén chat lugng
gia cong

2.2 Sutuong déng vé thiét bi cong nghé cat

Pa s§ cdc phuong phép cit bing cic tia c6 su twong déng vé thiét bi cong
nghé (trir gia cong bing tia lira dién). Cic thiét bi gia c6ng (tia nudc, plasma,
lase) déu cdn ngudn (tao nang luong), mdy co sd dé€ chay bién dang gia cong, cic
bo diéu khién CNC c6 kha ning diéu khién gia cong hinh dang hinh hoc, quan Ii
gia cong déng thoi diéu khi€n ngudn. D6 12 1i do ma céc nha san xuat thiét bi tré
sau ndy nhu Frank laser &Fab systems (My), Farley laserlab cutting system (tic)
Brett GmbH (CHLB biic) thuong thuc hién tich hop cong nghé theo phuong
phép sau:
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* Mua nguén gia cong (plasma, laser hodc 4p cao cho tia nudc)
¢ Ché tao mdy co s&
e Phit trién co s dit 1iéu cong nghé gia cong tuong Gng

e Phit trién bo diéu khién gia cong CNC theo dic di€m cha timg Hang. Cic bo
diéukhién c6 thé ¢6 cic kha nang sau:
~ Tich hop diéu khién ngudn
— Tich hop ch€ d6 cong nghé gia cong
— Tuong thich vdi cic hé CAD/CAM thuong mai hoac kém phdn mém
CAD/CAM hd trg cha ban Hang
— Tuong thich diéukhién tu doéng chiéu cao (khoang cach tir bé mat phoi gia
cong dén ddu cir), d6i v6i nhitng phuong phdp cét do nhiét nhu piasma

hoic lase.

3 LUA CHON BOI TUGNG NGHIEN cUU

Su twong dong vé thiét bi cong nghé cho phép nhém nghién citu chon d6i
tugng céng nghé cdt bang tia lase 1am nghién ctru miu. Nghién ciu ndy bao gém
cédc hang muc:

1. Nghién ctru thi€t bi gia cong .
2. Nghién citu kha ndng tu dong hod ciia thiét bi bao gém:

o Gia cong véi sy trg giip cia CAD/CAM

o Tu dong diéu khién chiéu cao trong qué trinh gia cong
3. Nghién cttu cic ch€ do cong nghé gia cong thich hop:

o Quy hoach thuc nghiém- lap moé hinh todn hoc

o Téi wu hod cdc tham sO cong nghé gia cong

o Lap phdn mém tra ciu co s& dit lieu
Két qué cha phuong phdp thuc hién cdc nghién ciu ndy c6 thé sir dung lam
dinh hudng dé phat trién nghién ciu cong nghé gia cong vdi nhimg tia khic nhu

nudc 4p cao, plasma v...v ti€p theo.
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CHUONG I: TINH HiNH NGHIEN CcUU TREN THE GIOI
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Chi#u dai bugc song um
Hinh 1.1 So 3énh céc loei lese trén cogd
tng dung gia cong vét liéu

a} Cong suat da dat - budt song cia cac loai lase
b} So sanh gia dAu W /cong sudt dau ra
£) So sanh chi phi gia céng /cong sudt dau ra

Lase 1a tia nang lugng cao,
duge g dung nhiéu trong cic
nganh kinh t&€ qudc dan. Hién
nay trén thé giGi di phat trién
nhiéu loai lase, c6 thé chia
thanh cac loai chinh (theo tén
goi cua mai trudng kich hoat) 1a
lase thé rian: Nd-YAP, Nd-
YAG, Nd-YLF, Ti- Saphire...
lase thé khi: CO,; He-Ne.. ., diot
lase: GaAs, GaAlAs...; excimer
lase; lase long, lase mau vv.....
trong d6 loai thudong duge dua
vio ing dung gia cong vat liéu
(han, cat, khic, khoan 16 vv...)
l1a Nd-YAG va CO, vi kha nang
ddp tng cua chuing. So sanh cic
loai lase trén quan diém gia
cong vat lieu theo [1] dugc thé
hién ¢ hinh I.1.

Tir két qua so sdnh & bang 1 ta
nhan thdy rang chi phi ddu tw
cho lase CO, va Nd-YAG la

twvong duong nhau, tuy nhién chi

phi gia cong/cong sudt cla lase CO, thip ding ké so vdi Nd-YAG. D6 1a mot

trong nhimg li do Vién IMI chon nguén lase CO, dé ddu tu cho thiét bi cét trong

khuon khd dé tai KC03-05 ” Nghién ciiv tmg dung cong nghé tu dong hod vao

gia cong chinh xdc trén co sd cic cong nghé tién tién nhu lase plasma va tia lia

dién.

kal

KCO03.0%
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1.1 Téng quan
1.1.1 Nguyén li chung ctia ngudn lase

Lase CO2 hoat dong tai 10,6um dugc Patel phat hién nam 1964. Géc lase
CO2 ban ddu do Patel sir dung 1a CO2 thudn, tao dugc cong suidt 1mW, Nhing
he théng phét trién ti€p theo sir dung hén hgp CO, vA N,, di tao dugc lase cong
sudt 200mW. Ngay nay khi sir dung cho lase thudng 1&2 CO,:N,:He theo 0,8:1:7
va di cd thiét bi dat duge cong suit d&n 40KW

Giuong toan phin Giuong ban phin

1 Kich thich | Lam mat Hinh |.2; Nguyeén If hé théng lase

So do chung cua hé théng
He thong lase gém 4 bo phan chinh (hinh 1.2)':

1. Buéng cdng hudng Lase ma thanh phdn chi yéu 1a 2 guong phan xa:
guong phan xa toan phin cé hé s& phan xa dén 99,99% va mét giuong
phdn xa bdn phin c6 hé sd phan xa thdp hon (cdn goi 1a giuong truyén).
Cic girong nay cd thé 1am tlr germanium, zinc selenide, sodium chloride

hodc potassium chloride. Giita 2 phan xa 1a moi trirong kich hoat.

2. Moi truong kich hoat: thudng sir dung céc chit ¢6 kha ning kich hoat dugc
tao tia lase, trong trudng hop lase CO, thi d6 14 hén hgp khi CO,, N, va
He.

3. Bo phan kich thich hay bom: 1a bd phan cdp nidng luong dé tao duge su
nghich dao d¢ tich luy trén 2 mic 1am viéc cla lase. Tuy theo loai laser

khdc nhau ma ¢é phuong phdp khich thich pha hop.
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4. H¢ théng 1am mdt: Vi hé théng lase 1am viéc vdi nguén niang lugng cuc

16n, nén cdn hé théng 1am mat dé duy tri budng cong hudng & pham vi lam

viéc.

1111 Buong cong huong

Budng cong huong quang hoc clia Lase giit vai trd nhu mot dao dong tir. D6

la mot hé gébm 2 guong phan xa dit d6i dién. Giira ching 12 moi trudng kich

hoat. D6 c6 thé 1a cdc 6ng phéng dién chita khi,chat kich hoat . Cdc dng ndy ¢

thé 1 thiy tinh hoac thach anh, dudng kinh tir Imm dén vai centimet, chiéu dai

khoang vai chuc centimét dén vai chuc mét. U hai ddu 6ng thudng dat céc dién

cuc cd nhiém vu phat xa dién tir khi duge cdp dién . Catdt ¢6 thé 1a cardt oxuyt

a)

) Dang ngang tryc

Hinh 1.3 Kiéu hé thinglase CO,

KCO03.0%

hodc catot kim loai. Néu la phong
dién cao tan thi dién cuc duge bao
& ngoaj 6ng. Ong phéng dién phat
xa catdt dugc ché tao theo cong
nghé ché tao dién tr chan khong
(tic bom t8i chan khoéng cao rdi
mdl nap khi vao)). Khi hoat chat
(CO,+N,+He) bi kich thich, chiing
dugc khéch dai nhd sy phan xa

qua lai giita hai giuong phan xa

~ trong buéng cong hudng va khi dat

gidi han, tao nén bai su bdo hoa
cta khuyé&ch dai, mot phan lase c6
thé dugc thodt ra ngoadi qua givong
phan xa bdn phdn dé sir dung cho
mot muc dich nao dé.

Budng céng hiong cé thé phan
loai  theo nhitng néu chi khac

nhau, vi du:

16



- Theo kiéu girong: Guong phing, givong cdu ddng tiéu

- Theo kiéu chira hoat chit: budng tich cuc (active) néucé chira hoat chat,

buédng thu déng néu khong chira hoat chét (pasive)

- Theo hudng di chuyén ctia khi hoat chit: Trong img dung vao cédc thiét bi,
budng cong hudng lase thudmg dugc phéan chia thanh 3 loai theo liét ke dudi,
phu thudc vao dudng di chuyén cua dong hoat chat tuong dng véi né 1a cich

lam mdt hé théng. DS 13 hé thong:

+ Kin khit ngoai (sealed-off lase), hinh I.3a: trong dé dong hoat chat phéng
doc truc hé thdng. Loai nay cé uu diém 1a khong cdn ngudn cdp Kkhi lase hodc
hé thoéng diéu hanh khi. Tuy nhién ddu ra thudng khong Ién hon 50W va tdi tho
bi gi6i han do cé sy tich CO. thanh CO va O,.

+ Dong lase doc truc (hinh 1.3b) (axial flow laser) ddp itng duoc cong suat
lase cao hon va tudi tho cao hon. Trong két cdu nay, phdng lase duoc thuc hién
song song voi truc cua khoang. va khi hoat chdt théi cling chiéu . Day la kiéu
quy uSc cta lase CO, cOng suit cao thudng hay dugc thiét k& nhat . V&i viée
chiéu dai phéng mé rong hop 1i, diéu khién khi thdi va thiét k€ cdc cuc, hé théng
c6 thé ¢6 thé tao lase CW dén 4KW. C6 thé hoat dong & ché do xung (pulsse),
thuc hién xung kéo dai trong < 1ms Pau ra cla thiét bi lase kiéu niy thudmg i6n
hon 1KW, ¢6 thé duy tri hiéu qua dao dong mode TEM,,,. Trong ki€u budng nay
duoc chia ti€p thanh nhém: |

— Dong cham (slow flow laser —SF): dic diém ctia loai budng nay 12 1am mét
thong qua céc khoang tudmg. Thuong, téc ¢ dong khi hoat chat 20 lit/min.
-dong 1am mat khoang 7lit/phit va hé s¢ dat dugc khoang 50-10 OW/m

— Dong nhanh (FAF): D6i luu lam mat ddong khi (chat luu) truc ti€p qua viing
phéng. Téc do khi thdi dat 300-500 m/s. Hé s& dat dugc khoang S00W/m,
c6 thé cao dén 10 14n so v6i dong cham. K&t cdu nay rat gon, dugc sir dung

cho ngudn laser cong sudt cao.

+ Loai thiét bi véi dong khi hoat chat théi doc (transverse flow laser, TF-

hinh 1.3¢) Trong thiét bi ndy dong khi théi vudng géc véi truc dong laser. Két

KC03.05
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cau ndy co thé thuc hi'en tan nhiét dong (budng cong hudng) nhanh. Ngay khi riit
ra khoi budng cong hudng, khi c6 thé duge 1am lanh ; cdc chat gay 6 nhiém va
cdc thanh phin phan ly duoc co dic lai va gas ¢6 thé dugc dung lai. Hé thong
lase nay c6 thé cho cong sudt ddu ra rit cao  V6i mot cdu hinh gon, do trong hé
théng phai sir dung nhiéu thanh phén dién tr dé cé thé tao dugc dong chuyén
doc. Nhur vay so véi ki€u quy udc, loai dong vuong géc co c:‘iﬁ hinh phirc tap

hon va thudmg diing cho lase CO, cé cong sudt >2KW, ¢é thé sinh xung <200ns.

1.1.1.2 Bo phan kich thichk va hoart char

Lase CO, ngay nay thudng hoat dong trén co sd hén hgp CO,-N,-He. Cic
mic dich chuyén lase nim & cic mitc dao dong trong phan tir CO, con cic khi
khdc gilf vai trd dém, truyén ning lugng kich thich va 1am ting cong suit phat
cling nhur hiéu sudt lam viéc cia lase. Cong sudt thodt 16n nhit cua laser CO, ¢6

thé dat duoc dén 10°W & ché do lién tuc va hiéu sudt Iam viéc c& 15% +20%.

B¢ phdan kich thich 1a bo phan cung cdp nang luong dé tao dugc su nghich
ddo d¢ tich luy trong hai miic nao dé cua hoat chdt va duy tri sy hoat dong cla
Lase. C6 2 qud trinh x4y ra: Qua trinh hdp thu nang lugng dé chuyén nguyén tir
tr mitc nang luong co ban bén lén mic nang lugng kich thich, va qua trinh biic
Xa cudng bic. tifc phat nhiét khi quay tré vé muic co ban (hinh 1.4). D6i v6i Lase
CO, kich thich dugc sir dung 12 kich thich bang va cham dién tir, ¢6 thé thuc hién
dugc bing cdp dién 4p cho dién cuc kich phéng dién. Nang luong dién tr duge
gia t8c trong dién trudng duogc truyén s .
cho cdc hé nguyeén tir hoat chat nho qud ———m-~--¥~—wq ninghang ieb fhich
trinh va cham. Su truyén nang luong
kich thich nay sang dang nang lugng @@ - - — —— —
bic xa cla tia lase x4y ra phitc tap. Déi :
v6i cac hon hop khi nhu (CO,-N,-He),
hoat chit khi dLI(-_)'C chuyén lén trang Mo ning hangeo bin bén
thdi kich thich chit yéu nh¢ qua trinh va - .

cham cong huong. Hinh I. 4 : Qua trinh kich thich thich phén tr hoat chat

KC03.05
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Hoat chdt:

- Khi CO,: Day la trung tdm phan tr nhan duge su kich thich nhd su phéng
dién ciia bom di¢n trudng. C4c phan tir khi CO, dich chuyén gilta cic mitc dao
dong clia cling mot trang thdi dién tir ca phan tir hoic gifra cdc mifc dao dong
clia hai trang thdi dién tir khac nhau. Qud trinh kich thich bdng va cham dién tir
cua cic phan tr CO, dugc phan 1am 2 loai (Kich thich doc va kich thich ngang)
buéc séng phdt ra chit yéu & mic A =10,6um.

- Khi N, :Phan tlr N, cling dugc kich thich va do sy va cham coéng hudng
chiing truyén nang luong cho cic phan tit CO, dé chuyén chiing 1én trang thi
phan tir tich luy 00”1 va00°2. Qu4 trinh ndy 1am tang su dich chuyén giifa céc
mic 00°1 - 00°0..

- Khi He : Vai tro cla khi He trong Lase CO, 1a 1am giam d¢ tich luy niang

lugng & muc lase dudi hay qua trinh truyén nhiét trong céc phan .

1.1.1.7 He thong Lam maT

C6 nhiéu quan diém ring ban chat ca thiét ké lase CO, cong nghiép |2 thiét |
ké theo cach lam mat hdn hop khi Lase, theo cac phuong phap:

- Dong cham (SF): lam madt lase qua cdc bic tudng cua khoang budng codng
hudng. Hoat dong dac trung thuong la: tdc do 20lit khi /phit ; 7 lit/phit
dong 1am mat, nhiét d¢ Jam viéc 20° va dat duge khodng 30+40W/m. Kiéu
lam mdt nay thuong ng dung cho hé thdng dong lase song song truc

- Dong nhanh (FAF): 1a mat dat dugc bdng cdch déi luvu khi qua viing phdng
lase.. Thudmg dong khi théi 300 +500m/s qua budng coéng huéng Kiéu 1am
madt ndy cling thudng tng dung cho hé théng dong lase song song truc

- Dong ngang: D6i luu 1am madt thuc hién nhiéu cho hé théng dong hoat chat

phong ngang.

KC03.0%
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1.2 Mdy céat lase CO, CNC

Céc hé théng Lase (trong d6 c¢6 ca lase CO, ) c6 thé hoat dong & hai ché do

lién tuc va xung.

Sur két hop cla hé thdng lase v&i mot mdy co s& s€ tao nén hé thdng gia cong
vi du cat lase, han lase, khoan lase vv....Sau day I nhimg xem xét cho truong

hop cit laser CO,
1.2.1 Nguyén li thiét ké cau hinh may co so:

Nhimg ung dung da dang cla cong nghé {ase trong gia cong kim loai tdm
trén quan diém tr dong hod da hinh thanh mot s6 nguyén 1i hé théng va thiét bi.
Cic hé thong lase 2D duoc sir dung chl yéu cho cdc tdm phing va 3D cho céc
thanh phdn hinh hoc 3 chiu v d6 1a co sd d€ hinh thanh co so thiét k€& thiét bi
cat lase. Hinh 1.5 thé hién cau hinh mot mot s6 kiéu thiét bi dang c6 trén thi
trudng cla cac Hing san xuat ndi tiéng trén thé giéi . Can luu ¢ rang d6i véi cat
bang tia lase, thuc hién cit 3 D tuong d6i khé do do cing vilng cta dudmng din
tia v diéu chinh khoang cich. D6 1a ii do ma hdu nhu cdc mdy lase hién hanh Ia

2D. Cic mdy 3D dugc thuc hién béi cdc hing Ién. Trong diéu kién d6, ddu cit

3

3 ':;'3 [
Shoee

j’f 93, 6,

Kiéu 1 Kiéu 2 Kiéu3 - Kiéu 4 Kiéu 5
Hinh 1.5 Cdu hinh mgt sG méy cét bang tia lase
phai thuc hién cac truc diéu khién con lai, v6i nhitng dac diém thé hién nhu sau
Kiéu 1: May Lase 2D v6i hé théng quang hoc (cing ddu cit) thuc hién cédc
chuyén dong gia cong , ban mdy phang.
— Pdu cit di dong
~ Heé thoéng quang hoc 3D
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Kiéu 2: Mdy Lase 2D v6i hé théng quang hoc tinh. Ban mdy thuc hién dich
chuyén theo 2 phuong.

Dau cit tinh

Hé théng quang hoc 3 chiéu
Kiéu 3: Mdy Lase 3D gia cong v6i dfim chia.

biu cat di dong

He théng quang 5 truc.
Kiéu4: May Lase 3D gia cong vdi truc quay trén than dau cit. Phoi ¢6 thé cing
di dong theo 1 chiéu.

Dau cat di dong

Hé théng giwong quang: 5 truc
Kiéu 5: May Lase 3D gia cong véi cdng di dong.

Heé quang hoc di dong. Phoi ¢6 thé cling di dong theo 1 chiéu.

bdu cit di dong

Hé¢ thong givong quang: 4 truc
Nhu vay, trong mdy cét lase CNC, ngodi 3 trljc chinh X,Y.,Z, kha niang gia cong
thém céc truc khdc cia thiét bi phu thuoc vao két cdu cta ddu cit lase. Trén thi
fruong con cO may
lase 5 truc ( hinh 5
kiéu 5)

Nguyen 1 thiét bi
véi hé théng ddu cit
¢6 dinh ¢6 wu diém 1a
dudng di lase khong
-di dong sé& dam bao

dic tinh cha tia &n

dinh, tuy nhién phot Hinh 6: C4t lase 3D

chuyén dong lai c¢6 |

nhimg bdt lgi nhit dinh. Gidi phdp phoi chuyén dong (ban chuyén déng ) chi
thuc t€ cho nhimg chi ti€t dén mét trong lugng nao d6 vi thiét bi khong thé dinh
vi mot tron lugng bdt ki nhanh va chinh xdc. Giai phdp hé thdng ddu cit di dong

KC03.05
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(bay) c6 lgi thé€ 13 ¢6 thé cdt tdm nang (to) bl lai chat luong tia c6 thé bi anh
hudng vi sur di chuyén ddu tao nén su rung dong nhdt dinh. Mot giai phdp trung
gian, ddu cit vd ban mdy chia nhau thuc hién chuyén dong 3D. D6t véi gia cong
tam phang, hé théng thiét bi 2 chiéu da cé thé ddp Ung kha pang cit tdm rit t6t
vi khé ning diéu khién hinh hoc trong khéng gian 2D cia CNC. Nhimng thiét bi
cét lase 2D thudng c6 kha nang gia cong chi tiét i6n. Trén thi trudng di c6 loai
6 thé gia cong tdm dén 6000 x2000mm

Heé théng 3D duge sir dung dé gia cong chi tiét 3 chiéu. Cling nhu & hé théng
2D, dau lase duoc dinh vi vuéng géc véi bé mat phéi. Trudng hop phoi tinh, ddu

cét o thé thuc hién dén 5 truc .
1.2.2 Hé thong may cat lase

Nhitng nha san xudt mdy gia cong v6i tia Lase ndi tiéng va lau doi nhdt trén
thé gidi la tap doan ROFIN (CHLB Dbiic) va TRUMPF vv... . Tat ca thé hé thiét
bi cia cdc nha san xudt nay déu bao gém céc thanh phan:

- Maiycosd

- He thong Lase

- Heé théng givong din hudng va thdu kinh hoi tu+ ddu cit
- Heé théng diéu khién

Cédp do tién ti€n dugc thé hién & cong sudt mdy cao, cdu hinh mdy gon dep,
ning luc mdy 16n, va kha nang diéu khién da nang.

Mady co so can thoa man kha
nang chay truc theo diém 2.1

Mot trong nhimg dic diém clia
mdy cht lase 12 ban cit. Ban cit
thuoc mdy co sd. Ban cat cla mdy
lase c6 nhimg dic diém nhu hinh

[.7. Chi tiét dugce dat trén ban trong

qua trinh gia cong. Loar ban hay

Hinh L7 Ban cét clia méy lase

dung la mot khung kim loai trong dé

cdc ban dinh dung dimg tao thanh 18 ong dam béo giit dugc chi tiét kich thude

KCO03-05
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nhé. Viéc d& chi ti€t theo ti€p diém gidp cho bé mat ban trdnh bi hu hai khi tia
lase quyet (xdc xudt gip ti€p diém it hon). Dé c6 thé tan dung hét nang luc clia
ban, cdc két cAu ban cé thé dugc b sung vi du hé théng khi nén dé nang d& dich
chuyén phai. Mot he thdng gia cong c6 thé duoc trang bi 2 ban , nhu thé trong
khi mot ban dang thamn gia cdt thi ban cdn lai duge chat tai, chudn bi cho budc

gia cong ti€p theo.

Hé théng lase duge chon theo mot trong cdc cdu hinh duge miéu ta & diém
1.1.1.1

. Thau kirh
kém-Selenit

Miéng dau
cat

Hinh 8 : két cdu dau cét
Hé thong giuomg ddn va thdu kinh héi ty +ddu cdt: Muc tiéu chinh ciia he
givong din 1a dua dugc tia lase vé chum tai di€ém cdn ning luong. Phu thudc vao

cdu hinh clia mdy co s& ma s lugng va ching loai givong duge chon.

Ddu cdt ¢6 hinh déng k&t cfu nhu thé hien & hinh 1.8. DAu cht 12 thanh phan
trung tam ctia hé théng cat lase- dugc dat tai vi tri miit cui cha hé théng dé xust
tia lase t6i diém cdn tap trung nang luong. Ké&t cdu clia ddu cit tuy theo cdp do
ma c6 thé 12 don gian hon, vi du mot ddu cit ¢d dinh hodc phic tap hon vi du
nhu ddu cdt thue hién chuyén dong 3 truc (3 bac tr do- hinh L5 kiéu 5). Tuy
nhién t6i thiéu ddu cit phai c6 thanh phdn th4u kinh (k&m —selenit, sodium
chloride ho#c potassium chloride .....) vdi khoang tiéu cu duge cho theo tén thau
kinh vi du thdu kinh 2,5", 3,75”, 5”... dugc 1dp bén trong ddu. Dudng kinh ddu
cét ¢6 anh hudng nhat dinh dén chat lugng cit.

H¢ thong diéu khién:

KCO03-05
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Mot mdy cit lase phai thuc hién duge:

- Diéu khién hinh hoc: d6 12 kiéu di€u khién CNC ma céc bo diéu khién may
cong cu CNC thuong mai vi du TNC 310, ANILAM, SINUMERRIK v....v
déu c6 kha nang thuc hién

- Diéu khién cong suit lase: Cong suft cét sir dung phu thudc vio nhiéu thong
sO, vi du vat liu, chiéu ddy cét, t6c d6 cit, 4p khi théi vv.. .

_ Su twong quan giira diéu khién cong sudt lase v6i bién dang hinh hoc 12 mot
trong nhimg van d& ma céc nha san xuat mdy gia cong vdi tia lase quan tam giai
quyét. Su tich hop gilra diéu khién cong sudt va bién dang hinh hoc tao nén su
khég biét cha cidc bo diéu khién mdy cdt lase hién dang c6 trén thi trudng.
Nhiing nha san xu4t Idn c6 thé thiét k& ch€ tao ra nhing bo diéu khién tich hop.
Nhimg nha san xuét nhd c6 thé mua céc bo diéu khién thuong mai va b6 sung

cdc modun diéukhién clia minh.

CHUONG 2: NGHIEN CJU THIET KE CHE TAO MAY CAT.LASE
LC1000CN

Tir nhitng tinh hinh nghién citu ngoai nudc, sau khi da tham khao nhiéu méiu
mdy thuong mai cua céc hang ndi ti€ng, trén co sd tiéu chi:

- Khong thyc hién nghién cifu tir A-Z ma k€ thira nhitng nghién ciu d3
dugc cong bo va nhimg kinh nghiém ma Vien IMI da tich [uy duoc
trong linh vic mdy cong cu CNC

- Mua nhimg thanh phén thiét bi trong nuéc chua thé ché tao duoc nhr:

o Bo diéu khién CNC
o Ngu6n lase va bo dién cong suit lase
o Céc cum truyén dong cla miy co s&
o D4u cit lase
- Tu ché€ tao cdc bo phan khdc clia mdy co s& nhur:
o Than may
¢ Ban mdy,

o Heé théng din tia ngoai budng céng hudmg va
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o Céc chi tiét co khi khdc
So d6 thuc hién qud trinh nghién ciu trén khai c@a nhém nghién duc thé
hién nhy & luru d6 hinh [.9. Nhimg ndi dung nidy di tao nén thiét bi
LCIO00OCNC —IMI véi cac cum: hé théng lase, mdy cd s& va hé diéu khién CNC.,

Phan tich chon hra ciu hinh

L

Xic dinh cum/chi tiét can

+

Thiét ké tong théf thiet ke chi tiét

{ 4

San xnat trong nudc Nhap khiu cic bo phan
- Bé may, ban may, y 4. - Déng co servo
- Céc chi tét co khi khic - Vit me bi. bing din truot.
- Thift k& pMin mém didu khié - Phin cimg cic bo didu khign
Kiém tra chi tiét ché'tao , Kiém tra cdc chi riér nhip
> Liprip

r
Ki¢m tra hiéu chinh, van hanh chay thit

2.1 Mdy cédt lase LC1000CNC
Mdy cit lase LC1000CNC- CO, dugc thiét k€ va xay dung véi cac thanh

phan co ban sau:

2.1.1 Hé thong lase FEHA

2.1.1.1 DAac Tinh ky Thuar
Hé thdng lase duoc cdp 1a SM 1000 MC c6 céac dac tinh k¥ thuat:

Tham sé céng sudt

Cong suit ddu ra max: 7 930w
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Cong sudt tia-CW: 1000W

Pham vi diéu chinh cong sust CW : tir 60W
D6 6n dinh cua rcong suat tia ~CW (24 gid): +2%
Tham sé'tia:
Chiéu dai budc sdng: 10.6ps
Phan cyc): Thing trén mat phing tia
He 56 phdm chét K (K=1/M?) >0.8
Géc phan ki: " <1.5mrad
Tén s6 cuc dai: 1kHz

Puong kinh dong lase trong budng cong hudng:~ 13mm

Tham s6'buéng cong huong

Dudmg gap: 180°
S6 14n gap khuc: 51an
Chiéu dai cia méi trudmg hoat dong ~9,2 m

Cdc nhu cau vé khi

O, sach 99,90%

N, sach 99,90%

He sach 99,98%

Hén hop He-H, sach 99,98%
- Tiéu thu hén hgp trén ~ 35 lit/gid

Pham vi hoat ddng

D6 dm trong d6i 75% tai 28°C
Nhiét do hoat dong | 10°C -35°
Vi trf hoat dong ciia budng cong hudng Ngang
Niang luc ]am viéc 3 ca/ngay (sau =3 phiit nghi)
Nhiét d6 lam mat 16°C +19°C
dp nudc lam mdt so véi moi truedng: 500kPa+600kPa
khong khi xung quanh
KC03-05
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Chét lugng nudc: Khoang<150mg CaO/lit
Do din dien < 200..300 pS/cm
Nhiém chat kho6ng chira cic hat huyén phi

2.1.1.2 CAu hinh
Cau hinh He th6ng lase SM1000MC duoc chia thanh 3 kh6i riéng biet:
* Budng cong hudng .
* Th diéu khién
* Th lam mdt

Budng cong hudng (dau lase):

Budng cong hudng (ddu lase) duge thi€t k&€ theo nguyén 1i dong cham (SF),
c6 sing tao dé cai thién duoc dong phéng dai cong suit cao ma két clu gon,
dugc miéu ta thong qua so dé hinh 1.10. Budng dugc bao kin dé trdnh bui va
dam bao an toan van hanh.

Diu lase duoc n6i véi ngudn cp bdi dudmg cap (hai 6ng kim loai mém mot

~ chifa cdp néi véi nguén cip 4p cao vA mot chifa cidc dudmg néi t6i cac thanh phin
con lai). Dé thao réng bubng cong huéng, hé théng duoc néi bdi mot 6ng nhua
boc vai v6i bom hut chan khong (1dp & ving bd phan cap nuéc va khi)

Heé givong trong buéng cong hudng 1a 10 chiée dugc lip trén cdc d€ 3 chan
dé 6 thé diéu chinh sip dat. Heé givong gdém 1 givong phing phan xa todn phan
, 01 givong phang phan xa bin phén cho thoit tia, 8 givong 14i théng qua 4 lang

Gitrong ban phén

o W neuveesrem 11| N
k Tia lase

- < e J->
i=——c==

Giwang toan phan R~99,999

Guong lat tia

Hinh 1.10: So d6 Iap girang trong budng cong hutng
tru, st dung dé 14i tia qua 12 6ng phdng (sdp dit theo 3 hang 2 cot). Pudng tia

lase thodt qua giuong phan xa ra ngoai thong qua mét cira déng mé budng cong
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hudng, d6 14 mot givong phan xa toan phdn (goi 12 shutter ). Té’t ca céc giuong
va vO budng duge ndi tiép dat d€ dam bio an todn. C4c chi ti€t co va quang hoc
khdc duoc sdp dat tai nhitng vi tri hop li, thuan tién cho thyc hién chific nang va
cdc thao tdc khi cdn thiét. Khi théi trong céc dudng &ng <6 khi lam mat dugc
kich hoat khi an6t cia dng dugc cdp ngudn dién cao 4p. Day 12 mot két cdu kha
gon nhe. V&i nguyén li tao thé tich mode (na’L) 16n cho thu dugc ning luong
phat 16n, cdu hinh hé théng lase SM1000MC cho di tao mét L > kich thude
chiéu dai budng dé&n 3 lan, day 12 mot két cdu hop li. So d6 vé kich hoat laser

dugc thé hién & phu luc 1.1 hinh 1
Khi kich hoat dugce slt dung 12 CO,, N,, He va hén hgp He+H,0. Viéc bé

sung He+H,O gidp cho tai tao lai CO, nh& phén'li'ng hod hoc :

He 7
CO+H,0 = CO,+H,
Céc khi trén dugc cp tir cdc binh don, theo diéu khién tr dong véi i 1é duoc

diéu chinh trudc. So d6 vé hé thég khi duge thé hién & phu luc 1.1 hinh 2
Tu diéu khién
Tl diéu khién, thuc chat 13 ti cdp ngudn hoat dong cho budng cong hudng vi

chira toan bo phdn diéu khién cha hé th6ng lase. Ngoai ra cdn chia dung céc

thanh phan nhu ngudn cao dp, hé cung cdp khi-nudc (bom chan khong). Diéu

X
Cabinet cip nguon |

uong cdp
May tinh cha / /D
Ngudn cip dién 4p Cacég | Budng cong | Cécthanh
: hong tia . hén dién tlr
cao phong huéng phén di
. va nhiét
B phan cdp nudc va

khi
Hinh L11: So diéu khién cGa hé lase

khién he thong lase dugc thuc hién bdi cdc mo dun ,diéu khién theo nguyén 1i

xuli ,,chi-t§ voi:
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— M4y tinh chii: Diéu khién téng, didu khién cdc mdy ,,t6* va diéu khién xir li
dir liéu cong nghe.
— Mdy tinh ,,t6* 1: diéu khién cdp khi va cap nudc 1am mat
- Méy tinh W0 2: diéu khié€n budng cong hudng
— Maytinh ,,t6* 3: diéu khién ngudn/ mang cdp dién dp cao va thyc hién mot
s0 chifc nang gidm sdt khdc nhau
Hé théng lam mdt: thyc hién trao déi nhiét theo nguyén lf dong cham (di
duge dé cap & diém 1.13). Ddu vdo cia hé théng lam mdt 1a: chdt lugng nudc
lam madt , do sach bd loc, d4p yéu cdu (=3bar), nhiét do thiét lap , t6c 46 dong
vv....) So d6 1am mét hé théng lase duoc thé hién & phu luc 1.1-hinh 3 4.

2.1.1.7MAy c0 so

Sau khi nghién cttu cdc miu mdy
cla cdc hing san xudt ndi tiéng trén thé
gidi (theo diém 1) nhém nghién ciu di
chon cdu hinh mdy c6 hinh dang chit
(hinh 1.12) véi so dd k&€ hoach thuc
hién nhu hinh 9. Pay 1a giai phdp ddu

cit vi ban mdy chia nhau thuc hién
chuyén dong truc YX, trong d6 ddu cit
thuc hién chuyén dong Y, ban thuc 7
hién chuyén dong X. Xét theo nang luc clia bo diéukhién, may cét lase c6 thé

Hinfy .12 Sa dé cdu hinh méy ca s@

chuyén dong phéi hop déng thdi ca 3 truc X,Y,Z, Tuy nhién vi ddi véi nguyén i
cit tdm, quy dao chay dao chi cdn sir phdi hop cia 2 truc X,Y. Truc Z duge sur
dung doc lap dé diéukhién chiéu cao.

Kich ¢& mdy dugc chon lam ddu vao thiét k€, phi hgp véi ngudn lase cong
sudt 1000W, c6 thé gia cong céc loai thép tdim nguyén phoi thudng duge bdn trén
thi trudng dai X rong ~1,2 m x 2m, va c6 thé dat dugc trong khong gian ctia mot
phong thi nghiém (khong l6n 1dm) hoac phit hgp véi moéi trudng gia cong loat

nho.
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2.1.1.4Thier ke ky Thuan:
Ban v& thiét k& tdng thé va mot s cum chi tiét duge thé hién & phu luc 1.2

Khung mdy duoc thiét k€ véi do citng vimg, ddm bdo su di chuyén cha cdc
truc cit v6i do tang/ gidm tSc trong pham vi cho phép clia bo diéukhién (0,3s).
Do cing vimg clia cdu mdy co s& cho phép lip dit va van hanh ddu cit lase v6i
téc dd max 23m/phii tai truc X; 18m/phiit tai truc Y; 9m/phit tai truc Z

Bo truyén dong: Trén co so tinh todn tinh va dong hoc céc truc theo tinh todn

vi du cho truc X.:
Tinh todn thiét ké hé truyén ddn chuyén dong truc X

Cac co cdu truyén dong, gém:

- Dong co servo

- khép néi truc véi chét

- Vit me-bi-dai 6c¢

Tinh todn dong hoc theo so d & hinh 1.13. Pong co servo phai dam bao cép
moment quay tai cdc tdc do khdc nhau. Hau hét cdc dong co servo dugc sir dung
dé chay truc dn dao, chiing phai vuogt qua dugc tai trong tinh va ti trong dong
trong mdy cong tdc. Nguyén nhan gdy nén tai trong tinh la nhimg mat mat do
masdt gay ra trong dudng trugt va gdi do va cdc luc cit tic dung theo huéng an
dao clta bén mdy. Dong co ciing phai cdp moment dong du cao dé tang téc ban,
phoi va cum truc vit bi-dai 6¢ trong quing thdi gian ngin cho dén khi bd truyén
ddng dat dugc t8c do 6n dinh. Moment quay dong cho mét gid tri moment dinh
trong khoang 2-3 gidy (quy dinh bdi cdc nha san xuat). Dong co phai cdp pham
vi moment quay lién tuc, di cao va moment dinh da ciing nhu giai doan cﬁ;; dé

Vugt qua cdc tai tinh ciing nhu céc tai dong.
Cdc tdi trong tinh

Lua chon cdc théng s6 c6 dinh:
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VOng{ichén PR . = . -
: mﬂ_ i ] LX) SR,

Hinh 1.13: Mé hinh tinh hé truyén dan
- Tée do quay 1dn nhat cha dong co truc X: n,, = 1150 (v/ph)

- T6c do quay 16n nhat cia ddng co truc Y: ng, = 1800 (v/ph)
- Téc do quay 16n nhét clia dong co truc Z: n, = 1500 (v/ph)
- Ti s6 truyén : i = 1(ndi truc ti€p bang li hgp cé chot)

- Putmg kinh vit me bi : d, = 50mm

- Budc cua vit me bi truc X : t, = 20mm

- Khai lugng cua truc vit me bi : my = 25 kg,

- Mo men qudn tinh clia truc motor : J, =2,373x10” kg.m*

- Heée s6 masat: f=0.1 ‘

- Trong lugng ban X m =400 (kg)

- Trong lugng chi tiét max trén ban :m, 200 (kg)

- Tai gia cho vong bi chan Fb=5000N

- Té&c do chay nhanh max truc X=23m/phiit=0.383m/s

- Thoi gian quéd do cha dong co servo la 0,5s

Truc X:
Toc dé vong quay 161 da truc X:
ny = 1. ng =1. 1150 = 1150( v/ph )
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Téc do chay nhanh Fy,,, cua truc X la:
Fymu = 0x - §, = 1150 . 20 = 23.000 (mm/ph ) = 23 (m/ph )
Tdi tinh
Ngudn cta tai trong tinh [a masdt duong trugt, mit mdt do masat & cdc gdi d¥
bo truyén va cdc luc cdt. T so d6 dong hoc may (hinhl.13), ta tinh tai tinh tdng

tic dong 1én truc X tinh theo cong thic:

T=T,+T,+T3 (1)

Trong d6 :

- T, : M0 men can giy nén bdi masit dudng trugt

- T, : M0 men can do ma sdt cdc gi d& va céc tai dat truGe (nhu trong

lugng ban va nhitng thanh phdn co khi ma truc X phai mang
- T, : Mo men can do luc cét gay nén =0 (trudng hop gia cdng vdi tia
lase)

T, = f ((m+my)g+F.] @)
2T

Véi  £=0,05+0,1 12 he¢ sO masdt clia dudng trugt, 13y f=0,1 (thép-thép)
F, - luc céat vudng géc v6i mat ban, cit lase F,=0
m, trong lugng cla ban, mg; trong lugng chi tiét max. trén ban:
T, = 0,1*0,02*(400 + 200)*9,81/2*3,14
T,= 1,875 N.m

n=2pE R O

Véi f, =0,02 1a masét trugt ciia 4 d&

d,- dudmg kinh ctia 8 truc , d,=0,05 m

F- luc an dao Ién nhit, trong cét lase, F=0

Fp- luc tao nén boi cac tai dit trude & vong bi chian

T, = 0,02*0,05%5000/2 = 2,5N.m
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T,=1875+25+0 = 4375 N.m
Moment tinh tic dong lén ddng co:
T,~=T/i=4.375 Nm /1= 4.375 Nm

Tai trong dong

M4y cét lase yéu cdu moment gia tdc cao khi c6 su thay déi t6c do . Nhu vay
qudn tinh cia truc dong co bao gém qudn tinh cla ban, cla phoi , cla truc vit me
bi, ciia khép ndi va caa truc dong co.

- Tinh mémen quén tinh tdng J

I=1,+1,+1; (4)

Trong d6 :

J : M6 mem quén tinh tdng

J, : M6 men qudn tinh do ban va chi ti€t phan dnh 1én truc vit

J, : M6 men quan tinh do vit me bi gay nén

J;: qudn tinh tdng phan 4nh lén truc dong co

J, = (m+ m)*(t/2m)’ (5)

J, = (400+ 200)*[0,02/(2*3,14)F = 6,1 x10kg.m*

J, = (m* (dy/2)* )2

T, = (25%(0,05/2))/2 = 0,00781 kg.m?

J+J 107 ] 3
Ity g = SLIO +17’81 10 238107 =16,29.10% kg.m? (6)

J=

Mot moment qudn tinh nita cé trong hé thdng truyén din, ti 1& véi t6c 46 goi la
moment masit déo. Moment dong tdng yéu cdu dé ting t6c quan tinh I, va dé

VIOt qua moment masdt va céc tai tinh la:
T‘,=J]";—“’+Bm+r, (7
i

vai:

® - van téc gbc cua dong co

B- hé s6 masat dinh (B=0)

Gia toc thang clia dudng truot duoc tinh phép chia t6c do max v4i thoi gian qua
dé

a, = 0,383/0,3= 1,278m/s
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Gia t6c géc cha dong co la:

1,278

= 27 =400,87rad / s*
(t,/2x) 0,020

do/dt =

M0 men dong yéu clu tir cong thuc T, 12
T,= 0,01629* 400,87+ 4.375 =10, Nm

Chon dong co cho truc X

Cong sudt clia dong co cin thiét dé thuc hién thing moment tinh :

N)

Tn _ 4375x1150

== =0,516(kW )
9750 9750

Can cif vao cong sudt va mé men di tinh todn két hop v6i bang tra dong co cé

sdn cia Hang FUNUC-Nhat Ban, chon loai dong co cho truc X nhur sau:

Chon déng co DC Servo model 10M

* Type : AOB-0651-B012

¢ Cong sudt :N=1,1 (kW)
¢ M6 men :M=12 (Nm)

e VOng quay max :n=1500 (v/ph)

» Thoi gian qua dd max: 0,3 s

Tinh todn tuong ty ta cé k&t qua chon lya dong co cho truc Y va Z:

TrucY
* Type : AOB-0451-B012
¢ Cong sudt :N=0,5 (kW)
e MO men :M=29 (Nm)

¢ Vong quay max :n=2000 (v/ph)

+ Dudng kinh truc vit me: 20mm
Truc Z

o Type : AOB-0251-B012
¢ Cong sudt :N=0,1 (kW)
* Mo men :M=1 (Nm)

* Vong quay max :n=2500 (v/ph)
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e Dudng kinh truc vit me: 10mm

2.1.1.5 Che Tao & lap rAp

K&t cau co khi sau khi thiét k&, moét phan duoc gia cong ché tao, 1 phan ducc
dat hang, nhap khdu va sau d6é duoc lap rdp. Hinh 114 thé hién két c4u hoan
chinh phén co khi cia mdy LC1000-CNC. M6t s6 cum chi tiét dugc thé hién &
hinh 14. D6 1a cum truyén din chuyén dong 3 truc X,Y (Z); cum phan phdi khi
nén- g4 phoi va thdo phoi +ban mdy, hé théng cit hanh trinh.

Hinh 1.14:

Nhitng két c4u co khi trén tao ra nhing dic diém k¥ thuat phi hgp cho viéc
gia cong céc vat lieu dang tdm. Céc chiic nang hé trg viéc cip phoi, kep phoi wr
dong bang khi nén vi van chuyén phoi ciing nhu c4c san phdm nhod bing hé
théng bang tai ti€t kiém dugc ding ké thdi gian phu (thdo rd va ga dat phoi).

KCO3.05 35 '



Hé théng ddn huéng va truyén dong truc X
- Vit me dai &c i budc 20mm
- Bang din hudng thing
- Thudc dia (do t6¢c 39 quay) ROD

— Hé théng phdn phoi khi nén

— Cum chia khi cho cong tic dng

— Phan ph6i khi nén cho hé théng kep
phoi

— Phan phdi khi nén cho dong co ldy
phoi va chi tiét

Cum kep phoi
- Kep béng khi nén
- Céc chom cdu cho viéc tai phoi
déhon
— Co cdu kep c6 thé di chuyén
theo chiéu clia phoi

Hé théng cit hanh trinh

Bao gém cic cif nén va cit mém:
- Ngét hanh trinh theo truc X
— Ngét hanh trinh theo truc Y

— Ngét hanh trinh theo truc Z

Hinh 13: Minh hoa mot s6 cum cta mdy co s
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2.1.2 Hé truyén dan Tia lase +dau cit

Hé thdng truyén din chim tia Lase bao gébm cdc guong ldi phan xa toan
phan. Cic guong nay duge gd trén cdc co ciu co khi nhe cho phép vi chinh theo
cdc huéng khidc nhau trong khong gian, cho phép chinh déi hu(’;‘ng chum tia Lase
dua dén vi tf cla ddu cit va diém tap trung nang lugng (hoi tu). Cic phin tir
truyén din nay thuong duge dit vudng géc hodc nghiéng 45° so v6i dudmg truyén
clia chiim tia (Xem phu luc I. 2: mot s& thiét k& 13p dit hé truyén déin) .

Yéu cdu cua hé théng givong nay phai dam bdo:
- Dudng tia song song v6i truc X va tia ra ddu cdt vudng gée vai truc X (thir

kiém & tai c4c vi tri bién hanh trinh theo truc X)

- Cimg vimg khong dao dong (rung tia) khi ddu cit chay gia cong
2.1.3 Hé diéu khién CNC

Diéu khién hé théng gia cong 13 bo diéu khién TNC 310 HEIDENHAIN, sir
dung ngdn ngit lap trinh hoi thoai bac cao, ¢6 thé didu khién dén 4 truc, cé kha
nang tuong thich véi cic hé théng CAM thuong mai

He théng didu khién cia mdy cdt Laser SM1000MC chi cdn thuc hién chay
truc 2D nén TNC 310 ddp tng ddy di céac tinh chat cta lap trinh CNC theo
phuong thitc quy uéc 1ap trinh hoi thoai bac cao cha HEIDENHAIN. Vé dic
diém ngon ngit lap trinh , phuong thic 1ap trinh gia cong chi tiét nhu chuong
trinh NC, cdc cau lénh diéu khién va cdc qui trinh diéu khién, 14p trinh gia cong
d3 dugc giGi thieu ddy di trong cAc i lieu [4]. & day chi xin gi6i thieu cdc
nghién cifu tng dung céc chitc ning cla modun diéu khién PLC trong TNC310-
HEIDENHAIN dé diéu khién cong sudt va cdc tinh nang khéc cén thi€t phuc vu
cho thiét bi cét bing Lase.

2.1.3.1Giao dién vin hanh va cAc cAu Lénh md roNG

Bo diéu khién TNC310 HEIDENHAIN c6 giao dién nhu hinh L 15a va
bo diéu khién cong sudt lase SM1000MC cé giao dién nhu hinh 1.15b. Trong
mdy MC 1000CNC, hai bo diéu khién niy dugc két néi ma diéu khién téng 14 bo
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didu khién TNC 310. Dé thuc hién duge nhitng diéu nay, nhém nghién ciu da
thuc hién mot s6 thay déi va bd sung nhur sau.

Hinh 115

a) Giao dién vidn hanh b)Giao dién vdn hanh
cuaTNC310 SM 1000MC

1 Cdc nit diéu khién mé rong

Trén man hinh diéu khién TNC ¢6 7 nit diéu khién cdc chitc nang tro gitip mé
rong bang lap trinh PLC nhu sau:

CLAMP ON/OFF : D6ng va mo he thong gé kep phai

WOKPIECE DOWN/UP : Nang ha tdm phoi khi ga vao may

CONVEYER ON/OFF : Bat va tat bing tai phoi va chi tiét ré khoi viing gia
cong

OXYGEN ON/OFF : Bat tat van cap khi cho qud trinh cdt
SHUTTER OPEN/CLOSE : D6ng md thanh chin dong

FAST BEAM ON : Bat tia Laser

FAST BEAM OFF : Tét tia Laser

2 Phdn diéu khién cdc dén bdo tin hiéu

DRIVE READY : Dén sing khi truyén din ban X,Y,Z, sdn sang lam viéc.
CNC READY : Dén sdng khi mdy da chay FEF xong.

CNC START : Den sdng khi mdy da chay theo chuong trinh CNC.
LASER ON/OFF : Bat hodc tit t diéu khién Laser.

FAST BEAM ON : Dén sang bdo 1énh cho ra tia Laser
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Khi bo diéu khién laser dugc ghép néi véi bo diéu khién TNC 310 (qua gidc cdm
X321 va X324) thi diéukhién gia cong cé thé duoc thyc hién hoan toan tir bo
diéu khién TNC. Khi 4y cdc d&n bdo tin hiéu bén th Laser sing va cdc dén bdo
trén man hinh diéu khién cia th FEHA gém Laser start, HV, Beam, Shutter.
déu dugce khoi dong.

3. Cdc cong tdc phu:

ATOMAT Q0 : Cho chitc ning bat tit mdy doc lap véi ti dién cla mdy
Laser

AMPE DC PI : Hién thi ddong phdn ing dong co tién ban.

CONG TACS6 : Chon hién thi dong dién dong co X hoic Y hodc Z

NUT AN S3 : BO qua cif dién ciing an toin X,Y,Z khi bj ket

NGUON 220V : Cip ngudn cho mdy tinh ghép néi v6i TNC310

4 Lénh ldp trinh cong nghé cho ngudn phdt Laser

M04/M05 : Lap trinh cho chitc nang Fast beam on/off
MO8/M09 : Lap trinh cho Shutter on/off
MIO/MI-I : Lap trinh cho chifc nang oxygen on/off
T00...T99 : Lap trinh dao theo cdc cong sudt cit khdc nhau cho phép

dong thay ddi cong suat cit trong qua trinh cat

5 Cdc thong diép bdo 16i khi van hanh mdy

Khi van hanh sai qui trinh thi trén man hinh TNC310 s& cung c4p thong tin vé I6i

van hanh nay va chi ra cich khic phuc. |

EO0 : AIR compressor not ready : 4p huc clia khi nén chua di dé van hanh mdy

EOl :Z Axis index can’t out : chua khdi dong truc Z |

E02 : X,Y.Z limit swicht is over : Hanh trinh cha mdy d3 gidi han béi cic cit
cing

E04 : Laser kopf not ready : Cit an toan ctia ddu cit Lase da bi khod cdn khoi

dong lai
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E05 : Laser program invalid : chung trinh cua Laser khOng hop le cdn 1ap lai
trong setup

E06 : Laser not ready by autorun : Laser 16i trong qud trinh chay NC ty dong

FAS BEAM ON BY SHUTTER CLOSED : Ban da 1énh cho pﬁét Laser khi
chura md cira chan.

FAST BEAM ON BY OXYGEN OFF : Ban d3 1&nh cho phdt Laser khi chira mo
van cap khi oxy

2132  Ung dung CAM

TNC 310 cho phép xudt nhdp tép thong qua cdc chitc ndng theo huéng

ddn sau

| . : > P& xuit hoic nhap tép: nhan khod mém ENT, TNC cung c4p

mot s6 chiic  nang sau:

' TRANSFER
Poc tat ca céc File (F—(F

Chi doc nhimg file chon: dé chap nhan mot tép do TNC goi | [ Transrer
¥. nhin phim mém YES

Nhén phim NO néu kﬁéng chédp nhan tép

Nhap tép chon: ENTER tén tép

Xudt tep chon: di vét sang dén t¢p mong muén, Khing dinh | [ crer

vdi ENT
NP TRANSFER
Xudt tat ca cdc trép trong bo nhé TNC )
™C

DIRECTORY

Hién thi cdc thu muc cta thiét bi ngoai 1én man hinh TNC SHOW  EXT™,
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Sur dimg cng RS 232 va tinh nang xuit nhap dugc cuia TNC310 nhu trén,
ngudi str dung c6 thé diing may tinh PC v& chi tiét va lap trinh chuong trinh NC
thong qua 1hé théng CAD/CAM thuong mai hodc CAM Verl.0 (1 san phdm ctia
KC03-03), truyén dit liéu vao TNC310 va thuc hién gia cong véi chuong trinh
da dugc tr dong lap.

Mot mdy cat lase CNC phai thuc hién dugc:

- Diéu khién hinh hoc:

Diéu khién hinh hoc 13 kiéu diéu khién dinh vi ma cdc bod diéu khién mdy
cong cu CNC thuong mai vi du TNC 310, ANILAM, SINUMERRIK v...v déu
c6 kha ndng thuc hién. Thong qua cdc chuong trinh NC duge lap thi cong hoic
dugc lap véi su trg giup cla hé¢ CAD-CAM moi hinh ddng hinh hoc 2D déu c6
thé dugce giai quyet.

2.1.3.3 Dicu khién cong suaT lase

Diéu khién cong suat lase cia mdy LC1000CNC dugc thuc hién thong qua bod
chuong trinh ndm trong thu vién cong nghé gia cong. D4y la thu vién bao gém
cdc chuong trinh con dugc lap sdn va luon duge bd sung boi nhém "nghién clru
cong nghé. Cac chuong trinh con nay mo ta trang thdi ciia dong laser gébm: cong
suat, tdn sJ, thoi gian hoat ddng. Ching duge 1ap trén co s& dit liéu gia cong. Tuy
theo timg loai vat liéu, bién dang chi tiét, bo diéu khién CNC sé& goi cdc chuong
trinh tuong g tua nhu goi dung cu vao chuong trinh NC dé chay bién dang.

Bo lénh chuong trinh diéu khién cong suit lase thudmg c6 nhimg ché do :

CW : cho phép dong lase hoat ddng & ché do lién tuc, thuong duge sit dung
khi gia cong cdc bién dang c6 t6c do khong déi.

Puls : Ch€ do6 nay cho phép dong laser hoat
dong & ché€ do xung, ¢6 hinh dang ddu ra nhu
hinh 1.16. Khi & ch€ d¢ nay vat liéu nén duoc
“cat” theo ch€ do0 bGc hoi, rdt thuan tién cho

khoan méi dé gia cong cit bién dang ti€p theo.

Hinh 1.16: ddu ra Puls
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Trong cét lase CO, ch€ d6 puls can thi€t duge thue hién truéce khi chay bién dang

va thudmng duoc sir dung cho cac loai vat liéu dé chay nhu gé, nhua vv. . ..

Superpulse: Tao mot s§ xung dinh & thoi diém bit ddu,cé ning luc tuong

puls, duge st dung d€ khoan méi gia cong vat liéu khé gia cong nhu kim loai

inchv idechy : lénh diéu khién tang/ gidm cong sudt lase theo dong xéc dinh
(hinh L.17). Day la kha nang diéu khién cong sudt lase trong nhimg trudng hop
¢6 thay ddi t6c do dot ngdt nhu trudng hop bit ddu chay gia cong (cé su tang téc
dén t6¢ do én dinh- t6c 40 F khai trong NC), két thiic gia cong (cé su giam toc

do vé 0) va & urudng hop gia cong cic géc

nhon (c6 su giam din tdc 46 dén vi tri géc ! |
rdi tang dan t6¢c do dén mot thoi diém réi g L~ .
. o 3 dechv | inchv
gir khong déi). Cic thot diém bat ddu c6 su g L
dot bién vé 8¢ do duge CNC thong bdo cho L
bo diéu khién cong sudt théng qua mot giao - Thai gian, s

: . i . - . Hinh 117 ché 46 inchv /dechv
~dién giao u€p va s€ thuc hién ché do inchv © o nchy ideciv

hoac dechv . B9 dbc tang/ gidm cong sudt cang min khi d6 phan giai vé thoi
gian duoc 14y miu cang nhéd (kha nang ciia FEHA dén 250 14n).

Su twong quan giita diéu khién cong suat lase vgi bién dang hinh hoc 1a mot
trong nhimg vdn dé ma cdc nhi san xuit mdy gia cong vdi tia lase quan tam giai
quyét. Sy tich hop gitta diéu khién cong suit va bién dang hinh hoc tao nén su
khdc biét cila cdc bo diéu khién mdy cat lase hién dang ¢6 wrén thi truomg.
Nhimng nha san xust 16n cé thé thi€t k& ché€ tao ra nhing bo diéu khién tich hop.
Nhimg nha san xuét nhd c¢6 thé mua cdc bo diéu khién thuong mai va bd sung

cdc modun diéukhién clia minh.
2.1.3.4  Diév khién chiéu cao

Trong sudt qua trinh cét, ddu cirt laser dugc giit cdch bé mit gia cong mot
khoang ¢ dinh thudng trong pham vi 0.5-2.5mm, b&di mét bod diéu khién chiéu
cao. Bo diéu khién chiéu cao dugc thuc higén nhir mot mo dun doc lap va duge
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tich hop diéu khién bdi TNC310 . Bo didu khién chiéu cao duoc thuyét minh 1o
hon trong [6]

2.1.4 Phéan dién:

Phu luc .3 thé hién so d6 b3 tri so d6 dién/so d6 khéi cha:

¢ Tu dién :electric Box

e B0 diéukhién TNC két ni véi ta dién ( cdc dong co truc X, Y vA Z, céc thude
do dia (ROD)X,Y,Z ) va mdy laser : TNC10

¢ Giao dién két ndi mdy co s& v6i he diéu khién lase : Machine control panel, -
X324-laser

o Cic dong co servo truc X,Y,Z: X,Y,Z servo drive

¢ Cic mach xudt- nhap PLC :PLC input, PLC output

¢ Mach céc ti€p diém va van: contactor & valve

2.2 Quy trinh céng nghé lap rdp
2.2.1 Quy trinh ldp rap
Lap rap cic cum chi tiét

1. Lap duong truot lén ciac bé: cic dudng truot (X,Y.Z) duoc kiém do

khong song song clia hai duéng tuong g <0,01mm

2. Lap va can chinh vit me l1én ban truc Z

- Lap tdm dem giita dai 6c bi va ban truc Z

- Lap ga dai 6c bi vao ban truc Z

- Hiéu chinh d¢ song song tAm truc vit me bi v& dudng trugt .
- Xiét chat céc vit, luc xiét vit phai déu

- Kiém tra va hiéu chinh lai dé ddm bio dat yéu cdu

4. Lap va can chinh vit me 1én ban truc Y

- Lap tdm dém gitta dai 6c bi va ban truc Y

- Lap g4 dai 6¢ bt vao bantruc Y

- Hiéu chinh d6 song song tam truc vit me bi va du?:rr;g truct
- Xiét chit cic vit, luc xiét vit phai déu
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- Kiém tra va hiéu chinh lai d€ dam bao dat yéu cdu

5. Lap va can chinh vit me Ién ban truc X

- Lap tdm dém giita dai 6c bi va ban tryc X

- Lap g4 dai 6c bi vao ban truc X

- Hi¢u chinh dd song song tAm truc vit me bi va dudng trugt

Xiét chit cdc vit, luc xiét vit phai déu

Kiém tra va hiéu chinh lai dé dam bao dat yéu cdu

Lap rap tong thanh may

1. Lap dat khung may lén bé may

Budc |:

- Cdu bé mdy lén bé

- Bit gd tru mdy lén bé bing bu long

Budc 2:

- Hiéu chinh d¢ vuéng géc giita dudng truot truc X va 'Y

- Hiéu chinh ddi xing tam séng trugt truc X va truc Y bing cdch kiém tra

do d6i xing clia hai mat bén s6ng truot hai truc Z va Y |

Bude 3:

- Xiét chat cdc vit bt ctia khung mdy vao bé mdy( luc xiét phai déu )
- Kiém tra lai theo cdc buée 2 va hiéu chinh dé dat yéu cdu.

- Khoan va bt chét dinh vi

2. Lap ban truc X

Budc 1:

- C4u ban truc X ( ¢6 ca vit me bi ) vao bang truot.
.- Hiéu chinh d6é vuéng géc giira s6ng trugt truc X va séng truot truc Y bing

cdch hiéu chinh cdc cén
- Cao ra dé dam bao ti€p xtic déu giita cdc mit trugt

- Xiét chat vit bit can dam bao cho cdn & nguyén vi tri

KC03.05



Bugc 3:

- Kiém tra lai buéc 2 ( bd cong doan cao ra ) va hiéu chinh dé dam bdo dat
yéu ciu

L4p cum truc Z vao bang truot truc Y

Budc 1:

- C4u ban tryc Z ( ban g4 d4u cit ) lén bing trugt truc Y

Budce 2:

- Hi¢u chinh d¢ vuong géc gilra sdng trugt truc Z va song trugt truc X béng
cach hiéu chinh cic cin.

- Cao ra ¢é dam bdo t1i€p xtdc déu gilta cic mat truot

- Xiét chit vit bt can dam bao cho can & nguyén vi tri

Budce 3:

- Kiém tra lai buéc 2 ( boé cong doan cao rid ) va hiéu chinh dé dam bao dat
yéu cdu

Lap rap truyén dan cictruc X, Y, Z

)

Budc 1:

- Lap cdc vdng bi va & vio cdc ddu cdn thi€t cud méi truc vit me

- Hiéu chinh cao, thip, ngang tam clia truc vit me bing cidch cao-ri, hiéu
chinh bé day tAm dém dai &c¢ bi

Budce 2:

- Xiét chat 8¢ vit ghép é vdi than may

- Khoan, I4p chét dinh vi 8 véi than mdy

Budc 3:

- Lip cdc d4u ndi truc vao ddu dong co va vao truc vit me

Budc 4:

- Hiéu chinh d6 thing hang clia tAm truc vit me va tam truc dong co

- Lip d4du do céc truc
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- Kiém tra va xié€t chit cdc vit

Lap rap hé khi nén

Lap rap phan dién truyén dan, diéu khién

- Lap cdc bo truyén din, diéu khién cdc truc vio ta dién

- Lap man hinh hién thi

- Lép he théng cit an toan, diém chudn vio cdc truc

- Di day cdc hé théng truyén din, diéu khién

- Cai dat cdc thong s6 diéu khién CNC, lap trinh PLC

- Di day diéu khién heé khi nén

Hiéu chinh mdy, chay thir khong tai

- Chay thir cdc truc X, Y, Z, truc chinh

- Kiém tra, hiéu chinh d¢ song song, vuong géc gilta cdc dudng truot, giita
truc chinh véi cic duong truot

- Hiéu chinh lai hé thong cit dé dam bao an toan va hanh trinh theo thiét k&

Lip rap hé thong bao che
Chay thir c6 tai:
- Chay mdy cdt dudmg thang, duomg tron, hinh vuéng vi mot contur bat ky
- Hiéu chinh, cai dat cdc hé s6 bu
2.2.2 Quy trinh kiém sai so gia cong

Sir dung phoi c6 kich thuéc 1200x2400mm (hinh t&m mau kiém tra do chinh
xé4c PL-3a). C4c chuong trinh chay kiém dinh mdy duogc thé hién & phu luc 1.4

Kiém sai s¢ hinh hoc

1. Chay chuong trinh dudng tron 20 theo bang vé phu luc .5 (ban vé kiém tra
d6 chinh x4c gia cOng- vi tri da bi dé bdi dudng tron 16n hon gia cong theo
diém 2), |

— Cit dudng tron 1, 14y duomg rdon 1 kiém kich thudc hinh hoc va do khong

tron
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- Di d4u lase sang mot vi tri khdc va ding lai chuong trinh trén, cit dudng tron.

2, ki€ém dudng tron 2 xem cé giéng dudmg tron 1(kich thudc, sai s6 hinh hoc)

2. Ding chuong trinh cdt hinh tron ®©100 va ®160( phu luc L5, ban v& kiém

dinh d¢ chinh xac gia cong v ban vé€ kiém tra do chinh xdc gia cong )

— Cit 4 hinh tron tai cdc mit xa cla phoi

- Kiém kich thudc va sai s& hinh hoc clia timg hinh tron

— So sdnh chiing v&i nhau theo cap doc X, doc Y va chéo xem liéu ¢é nhu nhau

~ ~ Kiém tra sai s0 giira kich thudc 1ap trinh va kich thudce thuc t€

3. Hiéu chinh, cai dat lai he s& bl ro néu cdc gid tri kiém khong dat yéu ciu

Chay lai chuong trinh phu luc 1.4, kiém tra lai theo di€ém 3 néu cdn sai léch

ngoai yéu cdu thi 1ap lai diém 2 cho khi dat yéu cdu.

2.2.3 Quy trinh kiém tra do chinh xic cia may

Sir dung thiét bi do chiéu dai Laser HP5529A @€ thuc hién:

1. Do kiém chdn thudc thiét bi

2. Po kiém d6 chinh xdc dinh vj
3. Do kiém d6 chinh x4c lap lai
4

. Do kiém tra d6 chinh xédc gia cong chi tiét bang phdn mém CAD/CAM

Verl.0_IMI

Céc gid tri ki€ém dinh dugc thuc hién b&i Téng cuc do ludng, thé hién & phu

luc I.4..

2.2.4 DPac tinh k¥ thuat cia LC1000CNC

Tir chon lya cau hinh va tinh todn thi€t k€ mdy, may cong tdc LC1000CNC

duoc ché tao v6i dic tinh k§ thuat sau:

Kich thudc ban méy

Khoang cédch cdc chét ban chong
Hanh trinh truc X

Hanh trinh truc Y

Hanbh trinh truc Z

2700 x1524 mm
200 x 200 mm
2400 mm

1200 mm

200 mm
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S6 cip téc do truc
Dong co truc X
bong cotruc Y

Vo cap
DC- Servo -12 Nm
DC- Servo -2,9 Nm

Pong cotruc Z DC- Servo -1 Nm

Toc d6 chay nhanh truc X 23.000 mm/phut

T&c do chay nhanh truc Y 18.000 mm/phuit

T6c do chay nhanh truc Z 9.000 mm/phuit

Do chinh xic dinh vi 0,005mm

Do chinh x4c lap lai 0,01 mm

Trong lugng phoi 16n nhat 400 kg

Trong luong toan mdy 3500 kg

Kich thuéc may( dai x roﬁg X €ao) 5200x2200x1700 mm

Bo diéu khién CNC
Kha nang diéu khién 3 truc +1
Man hinh tinh thé 16ng

TNC-310 HEINDENHAIN

3 KET LUAN:

Vi viéc thiét k& , 13p dar va dua thiét bi cit bing tia laser CO2 1000W vao
cdc hoat dong nghién cttu trong khuén khé phong thi nghiém & Vien IMI, san
pham LC1000CNC cua dé tai KC03-05 dia mo khong nhitng mot huéng nghién
clru cong nghé m&i ma con la tiém ning cho cong tdc nghién cdu KHCN gia
cong véi cdc loai tia. Ngoai ra nghién ciu nay ciing goi mé mot huéng nghién
cifu ché tao san phdm thuong mai mdy cit lase CNC trong tuong lai clia Vién
IMI.
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CHUONG 1: TONG QUAN

1.1 Loimd dau

Gia cong vat liéu bang tia Laser dugc x&p vio nhém phuong phdp gia
cong khong truyén théng, phuong phdp nay st dung sy héi tu trén mot dién
tich rat nho clia chiim tia bifc xa c¢6 mat do tap trung niang lugng cao. Do d6
viéc giit cd dinh cdc thong s6 cong nghé trong qué trinh gia cong dé dam béo'
chat lugng bé mat chi tiét gia cong 12 rat cin thiét.

Trong nghién ciu cat bing laser cling nhu cat bang plasma hoic khi gas,
ching ta gap mot van dé - d6 13 tAm kim loai cdn cit s&€ bi cong vénh do bién
dang nhiét khong ddng nhat sinh ra do nhiét tai ving gia cong; hoic ban than
tdm phoi khong phing. Khi 4y khodng cdch tir ddu cit d&€n bé mat chi tiét gia
cong thay déi so véi thong s cong nghé diéu chinh truée (thudng di duoc
nghién citu dé tim ra gid tri t6i vu), khi€n mach cdt c6 thé bi thay déi ca vé
chat lugng bé mat 14n kich thudc va hinh dang hinh hoc. D€ tr dong duy tri
khoang cdch, nhdm dat chét luong vét cit én dinh, chiing ta phai do va diéu
khién ¢6 dinh duoc khodng cédch nay.

1.2 Gidi thiéu mét sé phuong phdp do chuyén vi va khoadng
cdch

Trong khi gidi quyét cic vin dé k¥ thuat va doi séng, ta gap rdt nhiéu
nhiém vu do khodng cdch va dich chuyén, & cdc mic d6 phic tap rit khdc
nhau. Tir nhitng nhiém vu do truc ti€p khoang cich nhu do muc nuéc, do
khoang cich dén muc tiéu,.:. cho d&n nhimg nhiém vy sir dung tinh todn lién
quan dén dich chuyén nhu do t6c do phuong tién, do luu téc,... dén nhiing
nhiém vu phic tap nhu téi tao hinh anh 3 chiéu,... Trong linh vuc co khi: céc
chuyén vi co khi c4n do 12 cdc dich chuyén tuong d6i giita cdc diém riéng biét:
diém A dich chuyén mot lugng nio d6 tuong quan véi diém tham chiéu hoic
di€ém mdc. Mot s6 coéng viéc doi hoi biét dich chuyén clia mét ma tran cic

diém, bao gém ban dé toan thé cung cdp thong tin vé dich chuyén cla t4i ca
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cic diém trong dudmg bao clia n6. Chiing ta cling gip r4t nhiéu nhitmg nhiém
vu cuéi cling lién quan t6i phan tich dng suit bing thuc nghiém. Khi 4y phai
stt dung k¥ thuat toan trudng (whole-field techniques) dé giai quyét van dé.

Hién nay ngudi ta sir dung khd nhiéu phwong phdp do chuyén vi. Céc k¥
thuat s dung dugc xem 13 cdc k§ thust nhay cdm vét dich chuyén
(displacement-sensitive). Theo [1], d6 la:

1.  Triét 4p con trg

2. Cam bién \ing sudt diing tro

3.  Thiét bi dién cam bién thién

4.  Bién thé vi phan

5.  Chuyén d6i dién dung

6.  Chuyén déi 4p dién

7.  Chuyén d6i dua trén hiéu ing Hall

Thong thudmg cdc chuyén déi (ddu do) cam ing, dién dung, 4p dién va tng
sudt chi thich hop véi chuyén vi nhé (vai micro inch t6i 1/4 inch). Ding bién

ap vi phéan c6 thé duge vugt dai trén, tir vai micro inch t&i vai inch.

Mot 16p cic chuyén déi chuyén vi quan trong khdc 1a cdc bd encoder.
Encoder nhan bi€t cdc chuyén vi hodc tuyén tinh hoac géc. Cic encoder quay
c6 do phan giai 1én t6i 20-100.000 xung. Encoder tuyén tinh cé d9 chinh xic

t6i vai phan chuc micro inch.

Chiing ta ciing c6 thé sir dung céc ky thuat quang (laser), séng 4m hoc
(siéu am) d€ do khoang céch va chuyén vi. Hon nita céc k¥ thuat nay con cho
phép xéc dinh topo bé mit 1a nhitng nhiém vu giai quyé&t phic tap hon nhiéu.

1.3 Lua chon phuong phap do

Trong nghién cttu cdt bing laser, plasma, khi gas, vin dé c6 thé xdy ra
la tdm kim loai cdn cit s& bi cong vénh do bién dang nhiét khong déng nhat
sinh ra do nhiét tai viing gia cong; hodc ban than t4m pho6i khong phang. Khi
4y khoang cdch tir ddu cit d€n bé mit chi tiét gia cong thay ddi so vdi thong
s6 cong nghe diéu chinh trudc (thudng 1a dugc nghién citu dé tim ra gié tri t6i
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vu), khién chat lugng mach cat thay ddi ca vé chat lugng bé mat 1an kich
thuéce va hinh dang hinh hoc. D€ tr dong duy tri khodng cich, nhdm dat chat
lugng vét cit én dinh, ching ta phai do va diéu khién c6 dinh dugc khoang
cdch nay. Cic bd diéu khién chiéu cao c6 thé thuc hién theo nguyén li ti€p
xtc hodc khong ti€p xic.

Heé ti€p xic: thudng 12 kiéu co khi, ¢6 két ciu gin lién véi ddu cdr va c6
chéan ti€p xdc véi bé mit phoi tao cit, khoang cach c¢d dinh giita ddu cét va bé
mat phoi. Hé théng niy c¢6 nhuoc diém 1a dé va dap vao doan bé mit déc diing

va dé bi ket néu gap gi ban ngugc.

Hé thong khong ti€p xuc: thudmg st dung cic sensor nhan biét khoang
cdch thiét 1ap d€ phan héi vé& bo diéu khién CNC (hinh II.1) . C4c sensor ndy
c6 thé sit dung nguyeén i dién cam, dién dung lase hoic siéu am. Cic phuong
phép khdc khé hoac khong phit hop, do hosic khé bd tri trén ddu cét laser, hodc
chiu anh huéng sai s6 manh béi nhiét dd moi trudng, hodc tdc d6 phan ing
cham khién qud trinh diéu khién bi tr& qud 1dm,. ..

K¥ thuat
do chuyén vi
dé ty dong
didu khién
khodng cach
d3u cit laser Hinh IL 1. sa 33 cac phuong phap
do khodng cach khéng tiép xUc
| | | i
Dién dung Pién cim Laser Siéu Am
- chinh xédc, nhanh - chinh xdc, nhanh - chinh xdc, nhanh - chinh xdc, nhanh
- xéc dinh ducc 1§ |- ding dugc cho cdq |- ding duge cho cdd |- ding duge cho ca kim
thing khi ket thiic loai vat ligw (cd kim [loai vat ligu (trir mot sq [loai va phi kim
- chi diing véi phoi kim{ [loai va phi kim) c6 he s6 phan xa thdp) | {- khong ti€p xtic
ioai, khong cho phi kim| |- ddu do u€p xiic trud |- khong ti€p xiic - an toan va khong s
- khong ti€p xic ti€p véi phoi - Iuu ¥ bao ho nhifu bdi ngudn lases
- chd ¥ budc séng chinh

Trén thé€ gidi, phuong phip dién dung va cam tng duoc si dung nhiéu
nh4t, nhiéu hang da tich hop sdn vao d4u cit cha minh nhu FEHA,.... Phiong
phdp dién dung c6 wu diém do nhay va t6c do phéan ing nhanh. Piém do tnrc
1i€p tai diém gia cong, lai c6 thé phét hien khi két thiic contour (thing).
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Phuong phdp cdm img ciing cho do chinh xéc cao, nhung khong truc ti€p
tai diém do va 1a phuong phép tiép xiic — dé ket, vdp trong qud trinh chay ddu
cét, nh4t 14 v4i t6¢ do cao nhu cia laser.

Laser ciing 12 phuong phdp duge dp dung t6t nhu trong cic thiét bi cua
Fahley do tinh ddp tng cao. Tuy nhién sir dung laser ciing c6 thé gap kho
khan trong khi cit mot s§ vat liéu c¢6 do phan xa qua thdp. Phai luu y bugc
séng khi chon ddu do trdnh bi nhiéu boi ngudn laser cit.

St dung ky thudt siéu dm c6 thé phat trién thanh mot phuong phdp do
chiéu cao dung dé diéu khién c6 dinh khodng cich trong cdc mdy ciét laser.
Phuong phdp nay c6 tinh van ning cao hon cic bo do bang dién dung , do
diung dugc ca v6i khi cét kim loai va phi kim. P4u do lai khong tiép xiic vdi
phoi nhu phuong phdp cam tng. Déng thdi né ciing khoéng bi han ché vé do
phan xa quang nhu laser. Hon nita, viéc tim mua cdc ddu do siéu am tai Viét
nam don gidn va ré hon tuong d6i so vdi cidc ddu phat laser hay cdac bd do
bing dién dung ban sdn. Lai c6 thé sir dung hé théng diéu khién 1a cic bo PLC
van nang lap trinh duge, nén don gian, tinh tuy bién cao, dé€ bao dudng, bao
hanh, thay thé nhanh.

1.4 Thiét bj diéu khién tu déng duy tri khodng cédch
1.4.1 Nhimg nghién ciru da dugc cong bo

Hién nay trén th€ gi6i cc ky thuat d€ duy tri khodng cdch da dure nghien
cifu ting dung rit rong rdi dac biét 1a trong cic inh vuc nhu: cic day chuyén
cdt vai, day truyén déng hop, gia cong vat lieu bing tia Plasma, Laser, Tia
nudc dp sudt cao...

Cic phuong phdp do khodng cdch bing siéu am, dién dung, dién cim,
héng ngoai, laser... da dugc cic Hing ché tao sensor do ndi tiéng trén thé gidi
nhu OMRON(Nhat Ban), SONARANGE (M¥), SIEMEN (Piic) ...nghién citu
va (mg dung vao trong san xudt cong nghiép.

Trong linh vuc gia cong vat liéu bing chim tia laser thi tily theo diéu kién

san xudt cia timg Hang ma ho chon ching loai thiét bi duy tri khoang cdch
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cho phi hop. Vi du, Hing FALEY (Uc) lya chon phuong phép tu dong duy tri
khoédng bing dién dung dang vanh, Hang FEHA(Piic) chon phuong phip tr
dong duy tri khoang cich béng dién cam va dién dung, Hing FANUC (Nhat
Ban) lya chqin phuong phap do khoang cdch bing laser...C6 thé nhan xét ring
phuong phidp dién dung dugce sir dung kha phd thong.Tuy nhién chi ding duoc
véi phoi kim loai (dan dién), vi tdm phoi déng vai trd mét cuc cia “tu dién”
trong phép do nay. Phuong phdp nay c6 thé dugc miéu ta rd hon nhu sau:

& phuong phép ndy phoi va ddu cit déng vai trd 2 dién cuc. Dién dung giita
hai cuc ti 1& nghich vdi khoang céch giita hai cuc(C~1/AZ). Dién dung ciing
tang khi dién tich bé mit A (bé miit cia mét cuc) tang. Dién tinh p cta vat liéu
cuc ciing anh hudng dién dung. Néu 2 cuc phing mat , cé dién tich A, cich
nhau c6 dinh khoang AZ , thi diéndung dugc tinh 13: C = p (A/AZ ). Nhu vay
dién dung quyét dinh miic tin hiéu dién dp ddu ra ctia cam bién. So sanh gid tri
nay vdi gid tri thiét [ap trude cho phép bo diéu khién diéu chinh kip thoi
khoang cdch AZ thiét lap trudc.

Phuong phdp dién dung cé mot s& nhuge diém: vi du su thay déi khong du
dodn trude cha cdc thong s6 p va A s& 1am thay ddi dién dung. Su thay déi clia
cc thong s6 nay thudng gap trong qué trinh cit laser, do ting cong sudt laser,
toc do cdt, hinh dang va thanh phdn phoi. Ngodi ra nhiét do va do 4m ciing
anh hudng dén sensor loai nay. Hon nita loai sensor nay chi ding dugc cho vat

liéu cdt 1a kimr loai.
1.4.2 Tinh hinh nghién ciu trong nuée

0 nudce ta cac phuong phdp duy tri khoang cdch bang cédc ky thuat do hién
dai ciing dd dugce dp dung tuong d6i rong rdi trong cac ddy truyén san xudt tu
dong nhu cic day truyén déng hop, do mic, bio mitc...Trong linh wirc gia
cong cat got thi phuong phdp duy tri khoang cdch chii yéu 1a bing co khi,
ciing ¢6 mét s§ cong trinh nghién ciu cla trudng Dai hoc bich khoa Ha Noi,
Vién Mdy va Dung cu Coéng nghiép nghién citu sit dung phuong phép dién
dung, dién cam dé tu dong duy tri khoang cdch va da dat dugc nhimg két qua
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ban ddu nhung cé han ché ia t6c do ddp ing cham, d6 chinh xdc giam khi tinh
chdt cla vat liéu gia cong 12 khong déng nhdt, khong sir dung dugce cho céc
vat liéu phi kim.

Phdn tich cdc phuwong phdp duy tri khodng cdch bdng cdc ky thudt do

C6 réat nhiéu phuong phdp dé diéu khién khodng c4ch giita ddu cit va bé
mat chi tiét gia cong nhu:
- Diéu khién bang co khi
- biéu khién bing dien dung cam ing
- Diéu khién bang séng siéu Am
- Diéu khién bang Laser séng ngén
Se sdnh cdc wu nhuc diém cia cdc phuong phdp do.
a. Do va diéu khién bing co khi
Uu di€m
- Don gian, dé ché tao
- Gi4 thanh thiét bi ré
- San xudt dugc trong nudc
Nhuoc diém
- - Khong thich img cho diéu khién & t6c do cit cao
- Khong nhan biét dugc sy thay ddi khoang trong cich nhé
- Kha ning tu dong hod thip
b. Do va diéu khién bing cim tng dién dung hoic dién cim
Uu diédm
DPon gian, d& ché tao
Gi4 thanh thiét bi ré
Thich hop cho diéu khién & téc d6 cao

Nhan biét t6t trong pham vi thay déi khoang cdch nhé

C6 kha nang tw ddng hod

Nhuoc diém

- _Chi thich hop diéu khién cho mot vai loai vat liéu nhét dinh
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Khong diéu khién duge cho cdc vat lieu phi kim
Po 6n dinh khong cao

c. Do va diéu khién bing séng siéu am

Uu diém

Thich hop cho diéu khién & t6c do cao

Nhan biét t6t trong pham vi thay déi khoang cich nhd
Kha nang tr dong hoa cao

Thich hgp diéu khién cho c4c loai vat liéu

Do 6n dinh khi 1am viéc cao

Nhuoc diém

Kha ning ndi ghép phiic tap
Phai nhap thiét bi phat tin hieu sieu am

d. Do va diéu khién bing Laser

Thich hgp cho diéu khién & t6c do cao

Nhan biét t6t trong pham vi thay déi khoang cdch nho
Kha niang ty dong hod cao |

Thich hop diéu khién cho céc loai vat liéu

Do 8n dinh khi 1am viéc cao

Nhuoc diém

Kha ning n6i ghép phiic tap

Khéng diéu khién duge cho céc vat liéu c6 hé s6 phan xa cao

Phai nhap thié€t bi phat tin hiéu va cic Card chuyén doi
Gid thanh thiét bi cao

Tiy thudc vio nhimg vu diém vé dic tinh k¥ thuat ciing nhu su can déi vé

gi4 thanh cia thiét bi ma lvya chon mot phuong phdp diéu khién khoang cich
phi hop
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1.5 Lua chon déi tuong nghién cuu

Phuong phédp gia cong bing chim tia laser ¢6 thé gia cong dugc hdu heét
cdc loai vat liéu (kim loai, phi kim...). Xét dac diém cong nghé nay cing cdc
diéu kién cong nghé gia cong nhu t6c do gia cong cao, khong sinh lyc cit, déu
dung cu cit chi 12 mot diém hoi tu rdt nhé cha chiim tia sdng ¢6 dudmg kinh
xac dinh...vv.. ta nhan thay c¢6 thé sir dung phuong phédp do bing laser hoic
séng siéu Am d€ diéu khién khoéng céch giita bé mat phoi va ddu cit. Trén co
s phan tich k¥ thuat do va cdc yéu cdu k¥ thuat, nhém dé tai sir dung phuong
phap do bing sang siéu am dé phat trién bo diéu khién duy tri tr déng khoang
cdch bing séng siéu am.

1.5.1 Gidi thiéu vé k¥ thuat siéu Am
Dai cuong vé phuong phdp do bang siéu ém
Am thanh siéu am c¢6 dic tinh ung xir nhu am thanh thong thudng
ngoai trir am thanh nay c6é cao d¢ 16n hon ma ching ta khong nghe thdy.
Ching ta nghe thdy am thanh véi tin s6 (s6 chu k¥ trong 1 gidy) thudéc pham

vi 20 Hz t6i 20 KHz. Am thanh siéu am duoc sir dung cho khoang c4ch thong
thudng tir 20 KHz t61 200 KHz (hinh 11.2)

Ndr x2 1302 Hinh I1.2: Ddc tinh cua tia siéu ém

weody AM Ty

Gidng nhu am thanh thong thudng, siéu am lan truyén du6i dang séng.
Khi séng nay dap vao vat rin (ir6 khdng am hoc), ti€ng déi s& dugc phin xa
lai tir muc tiéu. Am thanh dich chuyén nhir séng 4p suét, theo hinh ddng tuong
tu nhu gon séng trén mat nudce (hinh I1.3).

e o £f —oome Hinh I1.3: Tinh phdn xa déi édm thanh cia
= < 1A xa siéu dm
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Khodng cdch giifa ngudn va

vat c6 thé xdc dinh duoc bang Hink I1.4: Quy phdn xa siéu dm

cdch do thdi gian khi séng rdi vé thii gian
ngudn va khi ti€ng vong tro lai
tir vat (hinh I1.4). Hdu hét cdc
thi€t bi sieu am st dung
phuong phdp khodng thoi gian
ndy dé tinh khoang cédch tr

sensor dén vat.

1.5.2 Nguyén 1y do khoang cach bang siéu am

Ngudn phdt sieu am phdt di chim séng siéu am ¢6 dic tinh duoc biet
trudc, chim séng dap vao vat chan phan xa lai ddu thu. Thong qua thdi gian
do dugc gilta hai tin hiéu phdt va thu, véi téc d6 di chuyén cha s6ng trong moi
truong duge biét trude s€ tinh duge khoang cdch tlr ngudn phat dén vat thong
qua quing duong di cua séng siéu am (hinh 11.4).

| | 3 : !

__”..nmmmm)

Hinh IL5: Nguyén Ii su dung siéu dm do khodng cich

Théi gian truyén (TOF) dugc miéu ta thong qua hinh I1.5. Séng 4m dugc
truyén tir ngudn phét, gap dich phan vé, dugc bo nhan lip khong xa ngudn
phét, phat hién. Nguén phat va nhan cé thé duge 14p trén cing than cam bién.
Phén nhan ciing ¢é thé dugc 1dp ¢ dich. Théi gian truyén (TOF) duoc tinh khi
ngay khi bit ddu c6 su phan héi tin hiéu. Khoang cdch nay duoc x4c dinh 13 :
d=c.TOF/2 néu phin phat va nhan & cing mot vi tri so vdi dich, & day c 1a t6¢
do truyén séng (bi&t ring tdc do am- thanh trong khong khi 12 khoadng
0,305m/ms va tdc¢ do cha 4nh sdng 1a 0,305m/ns), hoic d=c khi phan nhan
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dugc gin véi dich.
1.5.3 Mot sé dic trung cia k¥ thuat siéu am

Truong siéu dm trong chuyén déi do

Trong k¥ thuat siéu am Doppler, ngudi ta khéng dung séng doc thuén tuy,
ma chim séng siéu am cang manh cang t6t trén chiéu sau cdn do. Hinh dang
hinh hoc cta trudng am thanh duge quyét dinh boi dudmg kinh D ctia bo phat
séng va budc séng clia séng siéu am A, - bing ty s& tdc do am thanh trong moi
trudng nghién citu va tdn s phdt. Hinh dang dién hinh cla trudng siéu am
duoc minh hoa & hinh I1.6 tuong iing véi 2 ving dic trung.

Hinh 11.6: Truémg siéu dm

Truong gdn

Trudng gan p?
Z = ——

Viing gdn mat mit ddu do dugc goi 1A trudng gin. O trudmg gan, truc‘n_ig
am thanh can ban 1a try, c6 dudng kinh nhinh hon dudng kinh bo phéat va
cudng dd séng.am dao dong truc chuyén déi do ludmg. Vi cdc khodng cich
dac trung cua dao dong nay nhd hon nhiéu kich thude clia am lugng do, ching
khong anh hudng ding ké dén théng tin Doppler thu nhan dugc & viing nay.
Chiéu dai trudng gin nay, Z - dugc xdc dinh béi vi tri cha diém cudng d6 am

thanh max cudi ciing.

Truong xa

Ving ndm sau Z duge goi 12 trudng xa. o] truong xa, cudng do cua séng

am thanh doc truc bi€n d6i ty 18 nghich véi binh phuong khodng cich tir ddu
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do va nhitg dao dong nhd xudt hién theo huéng kinh. Hiu hét nang Iugng am
thanh ndm trong hinh nén ma nira géc & cia né duge dic tnmg bdi budc séng
va dudng kinh b phit.

Am luong do

Trong k¥ thuat siéu am
Doppler, kich thudc doc
truc cua am lugng do duge
xdc dinh bing dung cu
phan tich cic phan hoi

Doppler vad ¢d ria cua

ching bot lugng 0308  Hinatr7: Kich thude dm thanh trong k3 thudt Doppler
lugng am thanh phan xa

bdi cic hat. Do su phu thuoc vé khong gian clia cudng d6 am thanh, kich
thudc ria cta am lugng do phu thudc vao vi tri cua né va dai dién bdi cic dia &
hinh I1.7.

Chim tia phdn ky 5 = sin(22x4

)

Su phan k¥ cia chim tia siéu am phu thudc vao dudng kinh bd phat tia va

g

% w38

Diarneter [mm]
E-

Frequency [MHz]

Hinhll. 8: Biéu d6 1dn s6 -dwomg kinh cita cdm bién siéu dm
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buéc séng. Su thoa hiép gifta 2 thong s6 niy duge thiét 1ap dé dat duge chum
tia manh nhit & mot khoang cich nh4t dinh. Bi€u d6 hinh I1.8 cép céc gia tri
Iy thuyét clia 1/2 géc & twong ing véi dudmg kinh va tdn s6 chuyén déi do.
Chi § ring tin s6 cao cho do phan gidi doc truc t6t hon nhung thudng 1am
s6ng siéu am suy yéu nhiéu hon.

Cdc ddc trung khdc cua siéu ém

Gdc chum tia (cén): S6ng siéu am md rong ra theo hinh nén tinh tir ddu
do. Nén nay cang I6n hay khoang cich cang xa ddu siéu am, sy anh hudng
clia méi truong xung quanh cang manh

Gidi khong hiéu luc Diu do siéu am gl di mot xung am thanh, sau dé6
chuyén qua ch& do nghe. Thoi gian cdn cho ddu do héi phuc tir khi truyén
xung am thanh dén khi né c6 thé nhan biét ti€ng vong c6 thé chuyén thanh
khoang cdch t6i thi€u tr ddu mit ddu do ma c6 thé nhan biét dugc vat.

Khodng cdch hiéu luc Khoang cdch 16n nhat d6i véi ddu do di cho
thudmg 13 khodng cdch c6 thé nhan biét dugc trong hdu hét cic diéu kién
thuan 1¢i (tinh phan xa cla vat,xap x€p thing tam,...). Theo théi quen, nén
lua chon sensor c6 pham vi 1am viéc bing 2/3 khoang cédch lén nhit. (C6
nghia Ia sensor 12 phit dung cho tng dung 8 phuit).

Téc do cdp nhdt: Vi cdc ddu do siéu Am phdi doi am lan truyén va quay
lai, ching bi gidi han khi phin tng v6i cdc thay déi qud nhanh. Mot sensor 5
phit khong thé cho phép mot 14n doc méi nhanh hon 100 ldn/ gidy. Sensor
100 phiit bi gi6i han 5 14n/ giay. (100 phiit di+100 phdt vé , 1000 phuit/giay).

1.5.4 Mot so img dung cua siéu am

Ung dung séng siém am dé do khoang cdch
xdc dinh vi trd, t6¢c d6 dich chuyén cita phdm

“trén dudng truyén
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Ung dung séng siém am dé€ kiém tra d¢ day,
d6 déng déu vé chiéu ddy, timg ra cic vét |:
khuyét tat clia san phdm dang tdm trong céc day

truyén san xuit

Ung dung siéu am dé do, kiém tra muc clia céc
chdt long nhu xang, ddu, nudc trong cic giéng

chifa sau, trong cac binh kin.

Ung dung d4u do siéu am trong linh virc kiém

tra sw c6 mat clia sin phdm trong cic moi trudmg

khong quan sat bing mit dugc

Si dung dau do siéu am dé xac dinh do vong,
do vong

CHUONG IIl: THIET KE CHE TAO HIE THONG DIEU KHIEN
CHIEU CAO CHO MAY CAT LASE MC 1000CNC

2.1 Thiét ké hé théng tu déng diéu khién khodng cdch dau cét

Trong bai todn cit vat liéu trén mdy cat laser, ngodi viéc tinh todn t&i vu
vé van t6c chuyén dong, lién quan dén cong suit cit, vét liéu, chiéu day con
c6 mot tham s6 anh hudng dén chat lugng khi cit san phdm, d6 12 khoang
cdch tir ddu cdt dén vat liéu cn gia cong trong qua trinh cét do bé mat cta vat
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liéu khi dua vio mdy cit c6 thé dao dong hoac xdy ra t.roﬁg qud trinh gia cong.
Do d6 bai todn dat ra 1 t6i uu khodng cdch tir ddu cit dé€n bé mat vat lieu.
Khoéng cich t&i wu tir ddu cdt d&€n mat phing gia cong 12 khoang dugc tinh
todn lién quan dén tiéu cuc cha thdu kinh ddu cat. VE li thuyét diém tap trung
laser phai luén luon ndm trén bé mat vat lidu gia cong. DE duy tri khoang céch
ndy, cdc gid tri thuc cla khodng cich giita ddu cdt va diém cit trén bé mat .
phoi phai luén dugc cap nhat. D€ thyc hién nhiém vu nay, ching ta phai lya
chon céc thiét bi sao cho phi hgp va thdéa man yéu ciu cia bai todn dit ra, tic
1a khi khoang cich thay déi, thi hé théng diéu khién tic dong vao ddu cit sao
cho khodng cdch giita ddu cit va bé mdt phoi 1 hing s6.

2.1.1 Nguyén li diéu khién khoang cich diu cit

Sau khi tim hiéu cdc tinh nang cia sensor siéu am, 191 dung tinh chat phan
héi nhanh cita am thanh, nhém nghién cttu da phat trién mot bo didu khidn
chiéu cao trén co bd cam bién siéu am. So d6 bod diéu khién chiéu cao sir dung
cam bién siéu am cha Vién IMI duoc thé hién & hinh 9. Vong diéu khién truc
Z dugc thé hién theo xich truyén CNC-Z -ddu cdt vdi bo diéu khién chiéu cao
tich hgp vA dudng héi qua PLC vé& bo didukhién CNC. V6i viec phan dai O

+5mm tuong duong véi 0V+10V,
DC, gid tri thiét 1ap 1a Z khoang

TNG 310 OC Semvo

chi€u cao cho phép cua khoang

cich ddu cAt- bé mat phoi (wong o :é__
W3] i <af

tng theo tiéu cu tia laser). Tin hiéu

diu vao PLC 13 cic dong trong

img v6i 3 truomg hop phan héi tir

sensor siéu am do Ja cic dong .
fuong (mg truomg hop >Z, = Z vA Hinhll. 9: sa dé hé thong diéu khién chiéu cao
<AZ. Pau ra cia PLC c6 3 tin hiéu twong ing Q0.1, Q0.2, Q0.3 & trang thai

thong bdo véi TNC trong img véi bang 1
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Bang ILL: bang trang thdi cic tin hi¢u vao vara PLC

Tin hiéu dau ra
Q0.1 Q0.2 Q0.3 Ghi chii
Tin hiéu dau va : 7

>7Z+8 1 0 0 | Trang thai 0 tirc khdng cb
7 0 0 { |tin higu. 1 la co tin hiéu

béo vé bod diéu khién TNC
<Z-3 0 1 0

Khi ddu ra QO0.1=1, PLC bdo cho TNC biét ring khoang cich dia vuot
duong gid tri thiét 1ap vd TNC sé diéu khié€n dong co servo truc Z quay theo
chiéu ha ddu cdt xudng , cho dén khi ddu cit vao viang Z, sensor sé& khong con
phan héi, tin hieu ddu ra PLC QO3 s& bing 1, thong bdo TNC ngat chuyén
déng cha dong co servo truc Z. Tuong tr khi sensor thong bio ring khoang
cdch ddu cit nhd hon gid tri thiét 1ap (Z), ddu ra twong dng Q0.2 =1 thong bdo
v6i TNC diéu chinh nang ddu cit vé viing khoéang cdch thiét 1ap. Day 13 mot

gidi phap diéu khién lién tuc dua trén céc tin hiéu tuong tu.

2.1.2 Céc thanh phan cita bo diéu khién chiéu cao
Céc thanh phédn duoc lua chon theo nhimg phan tich dé dam bao yéu cdu
sao cho d6 1a bo diéu khién theo k§y thuat diéu khién tw dong, thong qua céc
Modun giao ti€p va lap trinh diéu khién PLC, CC d€ x4c dinh va diéu khién
duy tri khoang cich gia cong chinh xdc giita dung cu va chi tiét gia cong, dat
dugc do chinh x4c gia cong cao nhit cu thé 1a:
- Duy tri khoang cich theo 1 truc toa d9. (truc Z)
- Do chinh xdc dich chuyén hanh trinh dat dugc: 0.05 mm.
- Khoang cdch dich chuyén : 200mm
Lua chon thiét bi phdn cing. "
1. Sensor do khoang cich (bdng séng siéu am)
2. PLC §7-200 bao gém:
e CPU 214 SIEMENS
* Modul analog (Cap nhat gi4 tri do clia sensor)
3. TD 200 dang dé giao dién giira ngudi va PLC
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Gidi phdp phan mém:
Dung phidn mém Microwin cia SIEMENS
2.1.3 Paic tinh k§ thuat ctia cdc mé dun cua bo diéu khién chiéu cao
o Sensor lua chon & day ¢é cdc déc tinh nhu sau:
- Model SRD(ST)
- Type A (khoang cich do tir 12.7-50mm)
- Té&c d¢ cap nhat 100/sec
- Paura0-5V
- Do chinh xdc = 2%
a PLC 8§87-200 véi cic thanh phin chinh:
¢ CPU 214: Bo diéu khién trung tam PLC, duing dé tinh todn va duva ra
tin hiéu diéu khién
* Modul m&d rong EM231 ding dé€ thu thap gid tri analog do sensor
gui vé
« TD 200 dung d€ tao dao dién giita ngudi va mdy
2.1.4 Thuat diéu Khién

Pé duy tri dugc khoang cdch gilta ddu cit laser va bé mat cdt thi ta phai

xdc dinh duge mién dao dong ciia bé mat (mién dé dugc chi ra nhu hinh [1.10)

Mién can bing

Q0.2 tac dong

et

Diém can bing I +5 {Dung sai duong)
{Khodng cach '

koo™ _{///////////////T s

- 8(Dung sai am)
e e e e D e e

0.1 14c dong
Hinhll.10: Mién dao dong bé méat phéi gia cong

Dinh nghia cdc ddu diéu khién nhu sau:
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Khoang cdch chudn Z: 1 khodng cich thiét 1ap, duge dit ngudng bdi bo PLC,
theo mé&i quan hé cua khoang céch tiéu cu cua givong (vi du givong 57 1a 127)
v kich thudc chiéu dai

Khoang cach vugt qué dung sai duong, tic >+8 , PLC dua ra tin hiéu Q0.1
(Ra ti€p diém) dé€ diéu khién ddu cit xudng phia dudi sao cho khoang cdch
tir ddu cét dén phoi gdn bang gid tri dat trudc & trén TD200.

Khi khoang cdch 16n hon dung sai am, tic < - § thi PLC dua tin hiéu Q0.2
diéu khién dong co servo dua ddu cét 1én trén vé khodng cich chudn da diat
trudc .

Trong qua trinh chuyén dong, khi ddu cit di chuyén vé vi tri thiét lap, do
quédn tinh nén dong co khong thé dimg ngay tic théi. Do vay cdn mé rong
phdn mién can bing dé thuc hién bl tré, nfc mot khi ddu cit nidm trong
mién can bang thi PLC dua ra tin hiéu Q0.2 dé bao cho dong co (Dong co
truc Z) ngimg chuyén dong. Mién can bing nay rit nhd c& khoang 1/100

mim

2.1.5 Thiét ké phan giao dién TD 2000 va PLC S7-2000

Dé€ thuan tién cho viéc nhap khoéng cich ddu do va calib sensor ciing nhu cap
nhat dir li¢u cdn thiét thuc hién thiét k€ giao dién trén TD200 va PLC.
Giao dién nay duoc hién thij:

- bit khoang cdch Max va Min cta d4u do (hinh II.11a)

Hinhll.11a

- Dat dién 4p dé hiéu chinh d4u do (hinh 11b)
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1D e

Hinh IL11b

Khoang cich tir ddu do dén bé mat phoi (hinhlIc).

0720 Canfigqirabinn Wiz d
e i B F e R G P 3 R ok

Hinhll. T1¢

- Xem két qua hién thi cia AD (hinh [1.11d)

o aeen 0N W

Hinh Il 11d

- Hudng dén thao tac trén TD (hinh I1.11e)

KC0305
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Hinh ll.11e

2.2 Ché'tao va ldp dit bé diéu khién

Phdn cimg :

He théng diéu khién khodng cdch ddu cdt bao gém c4c thanh phdn:

* Sensor siéu Am

¢ Bo diéu khién PLC

o Cic két n6i dién va két co khi vao Bo diéu khién TNC 310
Sensor siéu am va bo diéu khién PLC S7-200 Siemen duoc nhap khau . Cic

két ndi dién va co khi ciing nhu bao che cia bo

Ldp ddt ddu siéu ém

Di day, d4u 14p sensor v6i bo didu khién PLC duoc thé hién & hinh I1.12 va
k&t néi hé tr dong diéu chinh chiéu cao v6i bo diéu khién TNC & hinh 11.13

RED +24V +
= ‘ —| 24V Ngudn

Sensor 05V Bl K
GND

WHT/ -

CLR PLC
Qutput +
Hinh If. 12 So d6 déu day

KCO03-0%

Nguén cdp 1a 24V DC, Daura
sensor la ap trong pham vi 0 +5V
vao bo diéu khién quéd trinh PLC
hoac phan tr do dién dp khic.
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POVER . OC POWER
ERRAIER SUPBLY

SYHCEMABLE TONTROL
ZERRIER DEVICE

Hinh 13 Két ndi t& cdng diéu khién (control device)

2.3 L&p Phan mém:

Céc phdn mém dugc viét cho PLC:
thuc hién cic nodi dung thuc hién chia PLC nhu d€ ra trong bang trang théi :
— Nhap céac gid tri tir cdc phim F1-F4
— C4c gid tri nay 1a: khoang cich thiét lap, cic gidi han (dung sai) dudi, gid
han trén, hé s6 ti 18, dich chuyén ddu do t6i phoi ...
 Diéu chinh théng bdo sang TNC 310 dé thuc hién didu chinh dong co

phdn mém diéu khién ctia PLC dugc thé hién & list 1
o Thuc hién c4u hinh cho giao dién TD200 duoc thé hién & list 2

LiST1

ORGANIZATION_BLOCK MAIN:OB1
TITLE=PROGRAM COMMENTS
BEGIN

Network 1

LD M10

= V4.2

= V157

Network 2 // Network Title
I Network Comment

KCO03.0% 70



LD SM0.1
MOVW +0, VW14
MOVW +0, MWO
S V1431
S M0 1

Network 3
LD MO.0
0 MO1
0 Mo2

0 Mo3

R V1431

Network 4

LD M0

0 Vid4

A MOO

Vid 4

MOVW AIWO, VW175
R M1.0,1

LPS

EU

ANDB 2#1, MBO
LRD

A Vit

ANDB 2#11111101, VB171
S M0 1

R V1441

R MO0JO,1

Network 5
D Mo.1
= V145
LPS
EU
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R M1.0,1

ANDB 2#10, MBO

LRD

A V1362

S V1401

ANDB 2#11111011,VB136
R V1451

R Mo1,1

Network 6

LD V140

MOVB 16#B1, VB335
A V336.2

DTR VD338, VD616
/R 1000.0, VD616
MOVR VD138, VD620
MOVR VD138, VD624
+R VD616, VD624
-R VD616, VD620
ANDB 2#11111011, VB336
S M1.01

R V1401

Network 7

LD Mo.2

= Vi47

LPS

EU

R M10.1
ANDB 2#100, MBO
LRD

A V352

A V552
MOVR VD57, vD604
-R VD37, VD604
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ANDB 2#11111011, VB35
ANDB 2#11111011, VBS5
S V148, 1
R V147, 1
R Mo2 1

Network 8

LD V146

A V762

A V9.2

LPS

MOVR VDS8, VD600

-R VD78, VD600
ANDB 2#11111011, VB76
ANDB 2#11111011, VB96
AR<> 0.0, VD600

AR<> 0.0, VD604
MOVR VD604, VD608
/R VD800, VD608
LRD

S M0

R V1461

Network 9

LDR<> 0.0, VD608
MOVD +0, ACO
MOVW AIWO, ACO
DTR ACO, ACO
R 65520, ACO
‘R VD608, ACO
+R VD37, ACO
MOVR ACO, VD612
MOVR VD612 VD628
-R VD138, VD628
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Network 10

LD MO0.3

LPS

AR> VD612, vD624
= Q04

LRD

AR< VD612, vD620
= Q00

Network 11

LD MO0.3

= V144

R M0 1

MOVR VD612, VD277
MOVR VD628, vD297
EU

ANDB 2#1000, MBO

Network 12
LD MO.4
A MO3

S M0, 1
R MO031

END_ORGANIZATION_BLOCK
SUBROUTINE_BLOCK SBR_0:SBR0
TITLE=SUBROUTINE COMMENTS
BEGIN

Network 1 // Network Title

/ Network Comment
END_SUBROUTINE_BLOCK
INTERRUPT_BLOCK INT_0:INTO
TITLE=INTERRUPT ROUTINE COMMENTS
BEGIN

Network 1 // Network Title

KC03.05
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{l Network Comment
END_INTERRUPT_BLOCK

LIST 2

/IBEGIN TD200_BLOCK

VBG 'TD’

VB2 16#10 {ISet Language to English, set Update to as fast as possibie

VB3 16#E1 //Setthe display to 40 character mode; Enter key V3.1; Up key V3.2; Down key V3.3;
VB4 10 /fSet the number of messages

VBS 16#00 IfSet the Function Keys notification bits to M0.0 - M0.7, F-Keys configured to set
M-bits

VWG 24 //Set the starting address for messages to VB24

VW8 14 /1Set the starling address for message enable bits to VB14

VW10 3 {iGlobal Password {if enabled)

VW12 2 l{Character Set = Latin 1 (Bold)

IMESSAGE 1

{Message Enable Bit V14.7

VB24 'K_ach Min:'

VB35 16#18 /{Edit Notification V35.2; No Acknowledgement;Edit Requires Password;

VB36 16#D1 /[Real Double Word; 1 Digits to the right of the decimal; Automatic data edit

VD37 16#00000000 /Embedded Data Value: Move data for display here.
VB41 ' mmK_cach Max’

VB55 16#18 {fEdit Notification V55.2; No Acknowledgement;Edit Requires Password;
VB56 16#D1 /Real Double Word; 1 Digits to the right of the decimal; Automatic data edit
VD57 16#00000000 //Embedded Data Value: Move data for display here.

vB61 'mm’

IIMESSAGE 2

IMessage Enable Bit V14.6

VB64 'Dien ap Min:’

VB76 16#18 {IEdit Notification V76.2; No Acknowledgement;Edit Requires Password;
VB77 16#D1 //Reai Double Word; 1 Digits to the right of the decimal; Automatic data edit

VD78 16#00000000 /Embedded Data Value: Move data for display here.
VB82 'VDien ap Max!’

VB96 16#18
VB97 16#D1

I/Edit Notification V96.2; No Acknowledgement,Edit Requires Password;
/Real Double Word; 1 Digits to the right of the decimal; Automatic data edit
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VD98 16#00000000 /Embedded Data Value: Move data for display here.

VB102 'V

IMESSAGE 3

IMessage Enable Bit V14.5

VB104 'Khoang cach tu dau dd den phoi’'

VB136 16#10 IfEdit Notification V136.2; No Acknowledgement;No Password;

VB137 16#D2 /[Real Double Word; 2 Digits to the right of the decimal; Automatic data edit
VD138 16#00000000 //Embedded Data Value: Move data for display here.

VB142 16#00 IMNo Edit;No Acknowledgement;No Password;

VB143 16#00 /INo Data; 0 Digits to the right of the decimal;

IMESSAGE 4

/IMessage Enable Bit V14.4

VB144 'Gia tri dem hien taicua AD:'

VB171 16401 /Mo Edit;Acknowledgement Nofification V171.1; No Password;

VB172 16#40 Ifnsigned Double Word; 0 Digits to the right of the decimal;

VD173 16#00000000 //fEmbedded Data Value: Move data for display here.

VB177 ' counts'

{IMESSAGE 5

//Message Enable Bit V14.3

VB184 Vien May va Dungcu cong nghiep
IMESSAGE 6

/Message Enable Bit V14.2

VB224 'Xem_AD Dat_KC HChuan Ft F2 F3'

IMESSAGE 7

IMessage Enable Bit V14.1

VB264 'Do cao HT:'

VB275 16400 {/No Edit;No Acknowledgement:No Password;

VB276 16#52 {/IReal Double Word; 2 Digits to the right of the decimal;
VD277 16#00000000 //Embedded Data Vaiue: Move data for display here.
VB281 ' mmDo venh HT!

VB295 16#00 /MNo Edit:No Acknowledgement;No Password;

VB296 16#53 //Real Double Word; 3 Digits to the right of the decimal;
VD297 16#00000000 //Embedded Data Value: Move data for display here.
VB301 ' mm'

IMESSAGE 8
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/Message Enable Bit V14.0

VB304 'Dung sai cho phep cua be mat:'

VB336 16#11 IfEdit Notification V336.2; Acknowledgement Notification V3386.1; No Password;
VB337 164C3 {[Unsigned Double Word; 3 Digits to the right.of the decimal; Automatic data edit
VD338 16400000000 //Embedded Data Value: Move data for display here.

VB342 'mm'

IIMESSAGE 9

/Message Enable Bit V15.7

VB344 'Vao che do lam viec F4 '

IMESSAGE 10

{Message Enable Bit V15.6

VB384 ' '

fEND TD200_BLOCK

3 KET LUAN:

Li thuyét do trén co s& phan hoi séng siéu am di xay dung co sd thiét ké
cho bo diéu khién trén nguyeén li tr dong do va diéu chinh chiéu cao img
dung trén mdy LC 1000-CNC trong khuon khd dé tai KC03-05 “ Nghién cim
img dung cong nghé ti_r déng hoa vao gia cong chinh Xac trén co s& cic cong
nghé tién ti€n nhu Lase, plasma va tia Ida dién.vv...”

Bo diéu khién chiéu cao duge nghién ciu, thiét k& va l3p rip bdi nhém dé
tai phan nao di trg gidp duge qué trinh cir laser trén cic bé mat phoi cong
vénh trong qué trinh thyc hién thi nghiém. Nhimg b6 diéu khién trén nguyén
Ii nay con cé thé img dung cho thi&t bi cit bing tia Plasma. |

TAI LIEU THAM KHAO

{1] THOMAS G. BECKWITH, ROY D. MARANGONI, JOHN H. LIENHARRD
Mechanical Mesurement, Addision- Weley Publishing Company 1993
[2] MIGATRON CORP, Gidi thiéu sdn phd’m- sensor laser

{3] ROBERT H. BISHOP , the Mechatronics handbook, CRC Press 2002
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PHAN Iil

Phan mém CAD/CAM tich hgp cho cac
thiét bi gia cong hién dai bang tia
(laser, plasma va tia lira dién) diéu khién)

Chuong 1: hé thong CADICAM ..........coeoe e v e8]

Ll TONE QUAN: coveiiseeceeecietere e cae e tsas s raras s sas s s snsssessensse s e anss s 81
1.1.1  Phat trién hé thong CAD ..ottt e 81
1.1.2  PhAttridn he thENZ CAM w.ooooeeeeeeeeeeseeeeeeeeeee s eeseeesesese e reeeesseesees 83
1.2 Kién triic ctia hé théng CAD/CAM ......ooooeeeeeeeeeeeeeee e 85
2.1 PRAN CUNGI .ottt s 87
1.2.2  Phan mém Wng dUnZ:.....c.cocoiiiieriiiceece e eeee s cseeee e e 90
123 Xay dung mot hé thdng CAD/CAM ...cooevoveerereeeoeeeeresesererreceesseene 103
1.2.4 K&t cau chung 1ap trinh NC may.....ocoovecrieene e 106
1.3 Nhan xét phin tng QUAn ........c..ocvvveveececreererer e R 111

Chuong 2: CADICAM tich hop cho hé thiét bi gia céng voi cdac loai
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222  CO & Al liBU CUA AULOCAT: ....veoeeeeeeeeeeereeeseesse e sees s eeaes e seeeeens 116
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224 Qua trinh XU K et e 117
2.3 Phin mém CAMverl.0- Cédc budc thuc hién @....ccoooveiiieieeceee 119
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CHUONG 1: HE THONG CAD/CAM

1.1 TONG QUAN:

Cung v6i su phat trién cla cong nghé thong tin, quy trinh cong nghé gia
cong co khi di dugc cai thién ding ké. Tudn tr mot quy trinh phat trién co khi
truyén théng da dugc thay th€ can ban theo nhitng budc:

Thiét ké: tir thiét k€ tinh todn thong qua sir dung cdc sé tay todn hoc, sé tay
cong nghé dén vé k¥ thuat lén gidy nhd thudc —bang v&, com pa, eke vv... ngay
nay mot ban thiét k€ thuudng duoc thay thé bing tinh todn nhd cdc phdn mém
chuyén dung FEM (Finite Element Methode), FEA (Finite Element Analyse) va
vé k¥ thuat vdi sy trg gidp clia may tinh théng qua mot phdn mém CAD.

Che€ tao: Thay vi thuc hién cdc budc gia cong theo quy trinh cong nghé trén
mot cdc mdy cong cu truyén thong thi ngdy nay d€ tang nang sudt va weén hét l1a
ci thién chat lugng gia cong, ngudi ta dang dan su dung cdc mdy cong cu CNC.
Yéu t6 quyét dinh tinh gia cong tr dong trén mot mdy céng cu CNC la chuong
trinh NC. Chuong trinh NC ¢6 thé dugc lap trinh thd cong (thudng cho nhifng
bién dang hinh hoc don gian, bién dang 2 D) hodc dugc lap trinh véi su tro giip
ctia may vi tinh thong qua mat chuong trinh CAM, trén co s& hinh v& hinh hoc
(CAD) cua chi ti€t ma ngoén tir con goi 1a lap trinh mdy.(Hinh II1.1)

Thiét ké CAD LAP TRINH NC (CAM)
IGES | Bién déi dit Pudng Phit hgp CNC} c
liéu hinh hoc dao/cong nghé | Mdy CNC
(Preposcessor (Processor) (Posprocessor
Source program CLDATA ..

Hinh II1.1: Thiét ké -ché'tao I chi tiét

1.1.1 Phét trién hé théng CAD

He théng CAD dugc phét trién trén co sO giao dién d6 hoa may tinh do
MIT va Schetchpad phdt trién (1963)
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Céc hé théng CAD ban dau thudng 12 nhitlng hé thdng bién soan v&i cic ki
hiéy, thanh phan hinh hoc gi6i han trong dudng thing, cung trdn va su két hop
chiing. Su phat trién cdc dudng cong vi bé mat dang wr do nhu dang méng
Coon., Ferguson, Bezier, B-spline cho phép phdt trién sitr dung CAD dé thiét k&
céc dudmg tinh t€ v cic mat phing.

Heé théng CAD 3 chiéu cho phép ngudi thiét k& thé hién kich thudc thi 3. Do
mé hinh 3 chiéu (mo hinh-khéi niém triéu tugng vé dit lieu trong mdy tinh) chita
du thong tin cho lap trinh dudng di cla dung cu cét, ngudi ta nghi dén phat
trién mot két ndi giita he théng CAD va NC va nhy vay heé théng CAD/ CAM da
dugc trién khai dya vao khdi niém trén va trd nén quen thudc trong 1970 vi
1980.

Nam 1970 thé¢ k§ mdi ca CAD dugc ddnh d4u bang phiat minh mo hinh
solid (kh6i). Trong qud kh@ cic mé hinh kKhung (wire frame), 3 chidu (3
dimensional) chi thé hién mot vat thé bdi cdc canh bién cla né. Piéu nay khong
thuc rd rang vi mot hinh don ¢6 mot s6 cdch thé hién , hon nita khong cé gidi
phép thé hién thong tin vé thé tich. Cdc mo hinh solid chira di cic théng tin , vi
viy né khong nhitng thé hién hinh v& Ky thuat ma trén hét mé hinh con c6 thé
dung phan tich k§ thuat. Mot s6 hé théng mo hinh khéi di duge phat trién trong
thap ky 70 1a PADL-1, PADL-2 (1977), BUIL.D-1, BUILD-2 (1973), COMPAC,
EUCLID vv... Sau d6 mot s6 hé thdng thuong mai va hé théng nghién ctru duge
trién khai, tuy ring chi mot vai hé théng trong s6 dé dwa vao PALD va BUILD.
Di ring cdc phdn mém nay di 13 khd manh trong viéc thé hién hinh hoc, nhung
chiing vin cdn nhiéu nhugc di€m . Vi du Mot s6 phdn mém yéu cdu thoi gian
tinh 16n va bo nhd 16n; cich thé hién mo hinh vat thé khong theo quy udc va
chua c6 kha nang thé hién dung sai 13 tr& ngai 4p dl_mg CAD. Cho dén gifra
nhimg nam 80 mo hinh kh6i méi dugedua vao méi trudng thiét k&€ Ngay nay
chting dugc 4p dung rdng rai vao cic Ung dung v€ va md hinh khung.

Thuc hién CAD trén mdy PC d4 tao nén viéc st dung CAD rong rii. Diéu
nay 1am cho CAD phd bién. Ban ddu CAD duogc phit trién nhu fa cong cu cho
cong nghiép hang khéng. Nhung viéc dp'a cic géi PC CAD nhu Auto CAD,
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VersaCAD CADKEY da tao kha nang cho cic doanh nghiép va cic cd nhan s
dung CAD. Nam 1988 hon 100,000 PC CAD da dugc ban. Ngdy nay mo hinh
khéi trén co s& PC ¢6 bdn sin va trd nén quen thudc d6i véi ngudi sitr dung nho
c6 sy phat trién nhanh chéng cic vi mach diéu khién ¢6 phép cic PC thuc hién
tai tinh todn ning cédn thi€t cho mo hinh khdi ma khéng méc 16i . V4i giao dién
ngudi st dung- d6 hoa chudn (GUT), cdc he théng CAD cé thé truy cap qua lai
tir mdy ndy sang mdy khdc. Hiu hét cic hé théng CAD c6 thé thuc hién trén cdc
tram khac nhau. C6 rat it sy khac nhau giita cac hé thdng CAD trén co so PC hay

tram cong tdc, hodc may tinh 16n .
1.1.2 Phdt trién hé théng CAM

Khi hinh ding hinh hoc cla chi tiét di dugc hoan thién trong hinh vé, theo
phwrong phép cong nghé truyén théng, ban vé ndy c6 thé duge sir 1am ban vé thi
céng. Tir ban v€ nay quy trinh cong nghé dugc lap, cic nguyén cong ldn lugt

dugc thyc hién trén mdy cong cu tuong iing cho dén khi thanh san phim cuéi.

Néu sir dung mdy CNC gia cong chi tiét, hinh vé& s& duge sir dung dé lap
trinh NC.

Lap trinh NC la chuyén déi miéu ta hinh ddng hinh hoc chi ti€t va dit liéu
cong nghé thanh dang van ban, kiéu ma diéu khién s6 (CNC) cé thé hiéu. bién
dich dé diéu khién dung cu mdy thuc hién cdt got/ gia cong twong (ng. Theo
phuong thic thuc hién, 1ap trinh NC c6 thé thuc hién thi cong hodc thuc hién
V6l sy trg gidp cha mdy tinh: 1ap trinh v6i CNC hoic véi hé théng CAN/NC
(thdng qua mét phdn mém CAD/NC).

D6i v61 mot chi tiét hinh hoc don gidn, ngudi ta ¢é thé ldp trinh NC thi
céng, stt dung ngon ngir cha bo diéu khién, Iap trinh trén gidy hodc qua PC (nhu
viét mot vin ban) réi truyén vio bo diéu khi€n. Mot s6 chi tiét ¢6 hinh ddng hinh
hoc phtc tap, 1ap trinh dudng di dao (bién dang gia cong NC) thu cOng s€ rit
khé. Vi du, cic bién dang khong don thudn la cdc dudng thing duoc xdc dinh
bdi diém ddu diém cu6i ma 1a 2 diém ti€p xdc véi 2 dudng tron ndo d6, cdc bé

mit gia cong khéng song song vdi cdc truc chinh clia mdy cong cu v...v. Néu lap
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trinh thi cong, cdc diém ndy phii dugc biét thong qua tinh toan nhd cic cong
thitc/phuong trinh todn hoc lugng gidc va cé thé phai “bét cdu” theo mdt chubi
tinh todn tudn tu. M6i tinh todn 12 mot kha ning 1am ting sai s todn hoc. Tir tr
duy d6 cla tap trinh NC véi sy trg gidp cia mdy tinh dugc phét trién)

Ldp trinh chi tiét v&i sy trg gilip cida mdy tinh, thudng sit dung mdy tinh da
ning trg gitp trong lap trinh vA cdc ngon ngit 1ap trinh bac cao, chic ning
chuyén dung thuc hién céc tinh todn cdn thiét dé chudn bi chuong trinh gia céng,
thuc hién lap trinh gia cong cic chi ti€t ¢6 hinh ddng hinh hoc phic tap mot
' céch kinh £6. Cong viéc cua ngudi lap trinh gém:

1. X4c dinh hinh dang ctia phoi theo cdc quan hé véi cic cdu tir hinh hoc co s&

nhu cdc diém, dudng thing, dudng trdn, cic bé mat v..v.
2. Chi thi dung cu cit thuc hién cdc budc gia cong doc theo céc c4u tir hinh hoc

Theo budc phét trién cha lap trinh NC mdy, cdc ngon ngit lap trinh ¢6 kha
nang chay trong cic mdy tinh da ning dugc phat trién. D6 1a nhimg ngén ngit co
s& tiéng Anh véi cdc ki hiéu todn hoc dé sir dung, trong s6 d6 phai ké dén APT
(Automatically Programmed Tool). Loi th€ cia APT 14 ¢6 thé sir dung dé viét
chuong trinh ngudn, processor va postprocessor. Mac du da tao ra rit nhiéu loi
thé so v&i lap trinh tay, Tuy nhién phuong phdp 1ap trinh nay van c¢6 nhiéu tiém
ning mang 14i vi phai chuyén déi thoéng tin hinh hoc tir dang ndy (ban vé thiét
k&) sang dang khac (thdng tin gia cong).

Viéc tao chuong trinh NC tir bdn vé CAD cho phép nha lap trinh gidi phdp
truy cap nang lyc tinh todn cia mdy tinh théng qua giao dién hién thi ciia ban
vé. Cong cu lap trinh NC theo phuong phédp nay 1a hé théng CAD/NC (con goi la
CAD/CAM). Day 1a phuong phdp ning suit hon nhiéu, c6 thé thuc hién dugc
cho nhimg chi tiét hinh hoc phic tap 3D, tuy nhién phu thudc rit nhiéu vio tinh
chinh x4c cha ban vé& ciing nhu phim mém phat trién (CAM) dé xit I{ ban vé sinh
chuong trinh NC tir nhiing ban vé ay. |

Nhan thdy nhitng wu diém cla viéc 1ap trinh NC maéy. Tir 1986 trén thi
truong di xu4t hién cdc phdn mém CAM thuong mai. Trude day do su han ché
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clia cic mdy PC, cic phdn mém CAM thudmg dugc phét trién doc 1ap. Cic Nha
san xuit phdn mém CAM déu c6 ging twong thich hé théng clia minh véi cdc he
CAD thuong mai thong qua giao dién hé thOng trung gian nhu DXF (Drawing
Interchange File), , IGES (Initial Graphics Exchange Specification), VDAFS (Verband der

Automobilindustrie Flachensnittstelle), STEP (standard for the Exchange of Product Model
Data),). D6 Ia thoi ki cia cic H& CAD-CAM két hogp. Cic hé théng CAM loai

ndy luon cé giao dién d€ chdp nhan céc File dit liéu dudi mé rong néu trén.

Ngay nay v6i cac thé hé may tinh c6 dung lugng bd nhé trong va ngoai cao,
- ngudi ta c6 xu huéng 1am cdc hé théng CAD/CAM tich hop, D6 thudng 1a cdc
bé phdn mém khé d6 s6 , ¢ kha ning d6 hoa cao véi nhiéu tién ich cho mo dun
thiét k€, cdc mo dun sinh NC theo dic di€ém gia cong riéng biét (phay, tién, cit

tdm v....) vA c¢6 kha ning mo

phong d€ kiém 18i gia cong cho [}
mé dun CAM. Mic du vay, do

mong muén md rong kha ning

twong thich véi nhimg phin mém
thiét k€ nén nhitng hé thdng nay

N ; L. . 2 Chuong trinh ngudn
van ludn tich hop cidc giao dién {NC -Sourse program)

dang thiic trung gian (xem
phan....), Hon nita, do tinh chat

{ D lidy ludi cht

thuong mai nén nhitmg hé théng (CL DATA)

nay thudng dugc bao mat boi nhiéu

hinh thic. Vi vay phuong thic

thiét ké trén c4c h¢ théng CAD r6i Chuong trinh NC ]
(NC- part program)

truyén dir lieu thiét k€ sang hé

. N Hinhill. 2 C4c buoc phét tnén hé
théng CAM dé sinh chuong trinh théng CAD/CAM két ni va tich hap

NC vin 1a phuong phdp phé thong hon ci.

1.2 KIEN TRUC CUA HE THONG CAD/CAM

Mot hé thong CAD/CAM gém 3 phin sau:
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1. Phéin cing: Mdy tinh va cédc thiét bi nhip xuit (I/O)
2. Phdn mém hé théng

3. Phidn mém ung dung: CAD- CAM két hop hoiac CAD/CAM ftich hop

Phdn cimg dugc st dung dé trg cdc chic ning cia phdn mém. Phdn mém hé
théng 1a ciu ndi gita géi CAD/CAM va phén ctimg . N6 gidm sdt, quan If hoat
dong cla phdn cting va cung cdp cic chiic ning co s& nhu tao v chuyén cic
cong viéc diéu hanh , diéu khién tién trinh cong viéc , phan phéi phdn cing giifa
cdc cong viéc, cdp truy cip t6i cdc tai nguyén phidn mém nhu cdc tép, bién
soan, bién tip va cidc chuong trinh tién ich. Phdn mém heé théng can thiét khong
nhiing cho cic g6i CAD/CAM ma ca cho cic phdn mém mg dung khic. Phdn
mém ing dung 13 trdi tim clia hé th6ng. Mot hé théng CAD/CAM c6 thé i
CAD/CAM két hop hoic CAD/CAM tich hop . Su phdt trién ctia cdc hé théng
CAD/CAM la rat khdc nhau va van dang ton tai nhi€éu huéng. Cic budc phdt
trién CAD/CAM keét hop va tich hop c6 thé miéu t2 qua so d6 III. 2.

Phdn mém ung dung: CAD-CAM

Hé théng CAD-CAM c6 thé 1a Hé théng vin hanh
cdc goi rieng biét (hé thdng két hop) Phén mém img dung®
hoiac 1a mot géi dong bo (hé thong ).(

e .| ciaodie Tign ich d6 hoa 5 dit
tich hop). Nhimg déic diém riéng cua n;?a'se:: (céllcnchumg i ?gé%dou
dung con vé dé hoa) .
cdc g6t nay la: 7 ,.( g;‘:]g
. Trinh diéu khié
M6 dun CAD: bao gbm cic T ﬂnhmg- ub,- -

chuong trinh v&, 2D; 3 D phan tich k§ ma
thuat . Cdc chiic ning cua hé théng _ Tebiio
CAD dugc xay dung o trong cac pha'n Hinhlll. 3: Kién riic ctia mot hé théng CAD

mém ung dung. Phdn mém ing dung tao nén sy khic nhau cta hé théng CAD
nay vdi CAD khic. Cic phidn mém (ng dung thudng phu thudc vio hé thdng
diéu hanh. Dé chuyén d6i chay mot hé théng CAD trong hé diéu hanh ndy sang
hé diéu hanh khic cdn c¢6 phdn mém bién dich lai. Do vay cdn chii ¥ ca dén hé
diéu hanh. Kién tnic chung clia mot hé théng CAD dugc thé hién tron;; hinh
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IT1.3. Phdn mém img dung tai mifc cao nhat dugc sir dung d€ van hanh co s dir
liéu m6 hinh CAD. He théng tién ich d6 thi thuc hién chuyén déi hé théng toa d¢
, tao cdc clta s va diéu khién hién thi . Vi ¢6 mét s& thiét bi /O khdc nhau
dugce sir dung,k céc trinh diéu khién thiét bi duoc sit dung dé bién dich dit lidu
vao trong va ra khéi dang thifc dit liéu chuyén dung dugc sir dung bdi méi thiét
bi va diéu khién céc thiét bi . Hé théng diéu hanh chay nén sau dé phéi hop
diéu hanh toan bd . Cudi cing 12 giao dién két n6i hé théng va con ngudi.

Phdan mém CAM: c4&u triic thudng gém pre-prossesor xir 1i dit liéu hinh hoc
| cta tép CAD (hinh III.1), prossesor xir If dit liéu dung cu cat va cong nghé dé tao
ra t&p CLDATA; Postprossesor sinh ciac tép chuong trinh NC vé&i ngdn ngit
tuong thich bo diéu khién CNC sir dung trén mdy cong cu gia cOng chi tiét. Néu
12 mot hé théng CAD/CAM tich hgp, ngudi ta sé€ bd qua preprocessor nhd co sd
dit liéu tich hop vé gi4 tri hinh hoc va cong nghé

Cdu tric phdn x{r li, thé hién bing cdc phin (hé théng) mdu xdm 1a cong
viéc ctia nha viét hé thong phin mém ing dung sao cho dat duge nhitng két qua
thé hién trong cdc o tring (d4u ra cia méi hé théng).

1.2.1 Phan ctng:

1.2.1.1  May tinh:

Dé van hanh hé CAD /CAM, ngudi ta cdn phdn cimg gdm mdy tinh va thiét
bt nhap/xudt. Trudc day hé¢ théng CAD, CAM hoic CAD/CAM thudng dugc
chay trén cic mdy tinh dic biét. Ngay nay da s6 phdn mém CAD/CAM chay
dugc trén méy tinh thudng.

Phu thudc vao mirc phic tap cia géi CAD/CAM ma yéu cdu loai may tinh
(mainframe, microcomputer). Thudng mot phdn mém mg dung cé cang nhiéu
chifc nang, cang yéu cdu cdu hinh mdy tinh manh. Vi du: M6 hinh khéi 3 chi€u
yéu cdu kha ndng tinh todn cao hon hé théng 2D, do vay doi hoi mdy tinh manh
hon. Cic hé thdng cé tich hop ca phan tich k¥ thuat hodc cic goi mo phong
thudmg yéu cdu thao tic dién todn chuyén sau. May tinh manh khong chi dap
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tng CAD nhanh , CAD/ CAM tich hgp ma cdn ¢é thé trg gitp da sir dung ma
khong giam chat lwgng thuc hién cong viéc.
Mot s6 thong s& va thanh phin cua mdy tinh lién quan dugc xét la:
—~  Dung luong bé nhé RAM
- Dung luong 6 ciing
- B6 tang t6c dé hoa
chuyén dung

Piu ra
Piu vao H
— may vé
RAM 12 bo nho vat If cha B ph*mz;‘.%z ___.)

mot mdy tinh. BO nhd nho thi xi Phim 5§ 7] _.{:]

li cham do tdn sudt trao déi gitia Bang / \f_ May in 8
; h
bo nhé vat 1 va bé nhé 3o trén E . f:!!_ *
4 1\ ‘

dia cimg. Thao tic CAD-CAM 20%9h%
yéu cdu nhiéu bd nhé nén dung

lugng cua bd nhé la quan trong.

Hién nay hdu nhu tdt ca cic
mitc mdy tinh déu cé thé si ~ Bong Yn vét IChuot
dung hé thong CAD/CAM . PC

c&u hinh thﬁp Sit dung vé 2D , Hinhy .4 thiét by xudt nhdp ngoai vi cia mét hé

) B ) i _ théng CAD
loat m&1 ¢6 kha ning v€ cho

hinh khéi 3D. Cic tram cong téc 12 noi sit dung CAD hoic CAD/CAM nhiéu va
thudmg cho ngudi sir dung don trong mét mang cong tic. Cdc mdy tinh mi ni
thuong st dung hé¢ CAD/CAM da sir dung. Cic mdy mainframe dugc st dung
cho cdc hé thong CAD/CAM, da sit dung 16n dé trg mo phong thdi gian thuc va
phan tich k¥ thuat. Trong mot co quan, tit ca cdc mitc clia he thdng CAD cé thé
dugc cung thuc hién, cdc hé thdng nay duge két ndi véi nhau qua mot mang may
tinh phan quyén. Céc he théng CAM thi dic biét hon. Do lién quan dén van dé
san xudt/ lgi nhuan nén nhi€u nha san xudt phat trién CAM cho don st dung.
Theo tuy chon CAM cé thé duge cdp cho da sit dung, nhung thudng kém theo
nhitg diéu kién ngit ngheo d€ chéng vi pham ban quyén.
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1.2.1.2 Thiét bj nhdp /xodt

Thiét bj nhap (hinh IIL 4) thudng dugc sit dung dé truyén dif lieu o ngudi sit
dung vao thi€t bi chita g6i CAD. D6 c¢6 thé [a ban phim chuén ding nhap cic
dit lieu ki trr vdo hé théng, chudt, gay, bi ré sir dung dé di chuyéri, dinh vi tr6 dé
thi va chuyén ngugc thdng tin vi tri clia d6i tugng trén man hinh vao mdy tinh.
Nhung gay va bi ré it dugce sir dung do khong ddm bao d6 chinh xdc dinh vi.-

Chuét va hé théng menu tha duge sir dung rong rii.

C6 thé dung bit quang cho giao dién d6 hoa bing kich truc ti€p vao d6i
tuong trén man hinh, dua truc ti€p théng tin vi tri vé mdy tinh. Bidt sdng d duogc
phat trién ké tir khi ¢ giao dién dd hoa mdy tinh vA CAD, nhung phai dit biit &
mdt vi trf Khong gian, khong that thuan tién cho cong viéc vé trong thoi gian dai.

C6 3 giai phdp co ban dé nhap mot ban v& dang cé: Lam miu vat thé lén
hinh v&, S8 hod ban vé&; Quyet ban vé. S§ hoa thudng dé thuc hién hon miu ho4.
B9 s6 hod 1a thié€t bi chuyén d6i vi tri X,Y trén mot ban vé thanh tin hiéu s& va
cdp cho mdy tinh. Mdy quyét hinh (Scaner) quyet mot ban vé va chuyén déi né
thanh moét dinh dang (fornat) hé théng CAD c6 thé doc duge. Mot s6 Scaner ¢6
cdu tao cé thé nhan biét dugc nhing phdn mém chuyén ddi cdc ki tr trén gidy
thanh ma ASCIL. Ban d6 hoa ciing 12 mot thiét bi nhap, c6 bé mat dic biét phing,
trén d6 ngudi sir dung v& v6i mot bt tram. Vi tri cia bit duge truyén truc ti€p
vao mdy tinh. Ban d8 hoa 2 thiét bi v6i hé toa do tuyét d6i. N6 c6 thé thuc hién
dé dang c4c menu phtt trén ban vi cdc menu tha trén man hinh d¢ cai thién thao
téc.

Thié€t bi xuit chuin cia CAD/CAM 13 man hinh. Tuong tu man hinh ti vi,
mot sing dién tir bin chim dién tir dén mat man hinh. M&i mot chdm hién thi
goi 12 Pixel (phdn tir anh). D€ thé hién mau, mbi pixel dugc hinh dung boi 3 sét
nhau véi mau do, xanh va xanh da trdi. Chiim dién tr chon cdc phén to mau va
va ting cudng mau tuong tmg. DO phan dii cha man hinh duge xdc dinh bdi s6
lwong Pixel (vi du: 620x480, 1024x1024) va kich thu'ég diém pixel (24 picth, 32
pitch vv...). Mau hoac d¢ phan dai theo mau ghi dugc xdc dinh bdi lugng cha céc

mau khdc nhau hoac theo ti 18 mau ghi hién thi tai méi pixel, thudng duge do
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theo bit. Hién thi 1 -bit c6 thé bat hodc tit (ON/OFF) mbi mot pixel. Mot ti 18
grey ¢6 it nhat 2 bit cho phép 3 mic manh 4nh sdng cong mot OFF (2%). Thudng
man hinh ¢6 4 bits (16 mau), 8 bits (256 mau), 16 bits (hang nghin mau) va 24
bits (hang triéu mau). Chim 4nh sing qufet man hinh tir dinh dén diy, dong
theo dong. Do céc chdm, sdng chi trong khoang khic, quyet phai dugc thyc hién
rit nhanh dé khong c6 mét su lung linh hinh. T6c do nap lai (refresh rate) la mot
bién phdp duoc sir dung nhiéu 1dn dé kéo lai hinh vé trong khoang khic

M4y tinh khéng vé truc ti€p trén man hinh . Thudng c¢é mot cap RGB (do,
xanh, xanh da troi) ndi gitta mdy tinh va man hinh, 3 duong tin hiéu riéng biét
duge ndi. Trén mang d6 hoa trong mdy tinh c¢6 cdc mach sinh ra cdc tin hiéu
tuong tu dugc yéu cdu dé diéu khién man hinh. Bo dém khung (frame buffer)
phuc vu nhu bd nhd dé luu hinh anh. Méi mot pixel trén man hinh c¢é mot dia
chi tuong ng trong bd dém khung. Dir liéu trong bd dém khung dugc chuyén
ddi thanh céc tin hiéu tuong tr phid hop va gilt dén man hinh tai téc do nap lai.
Khéng cung nhau, mdy tinh viét truc ti€p vao trong bd dém khung hinh anh ma
nd dinh v&. Kich thuéc man hinh cang 16n, mau cang nhi€u thi cang cin bd dém
khung. Bo dém khung trong mang d6 hoa duge duge thuc hién bdi bd nhd truy
xuat ngiu nhién (RAM)

1.2.2 Phan mém ung dung:

1221 G6i CAD hodc md dun CAD
Muc dich ciia CAD 14 thuc hién m6 hinh vat thé.

M0 hinh cliia maot vat thé theo phuong dién thiét k&€ bao gém hinh ddng hinh
. hoc, hinh thdi c4u tao (t6 pod) va cic thng tin bd tro. Hinh hoc gém diém ,
dudmg , cung , dudng tron, mit phing, mat tru va cic bé mat khdc. Ching xdc
dinh cdc dac tinh hinh ddng co ban. To p6 biu hién méi quan hé hinh hoc clia
vat thé, vi du 6ng 12 mot vat thé véi mot 16 xuyén sudt doc truc. VE& mat hinh
hoc dng rdt khdc v6i hinh vanh khan, tuy nhién lai c6 cing to pd nhu thé 1a mot
vanh khan. T6 po rat quan trong trong cdc md hinh khéi. Ciing véi hinh dang,
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tinh k¥ thuat cta vat thé cdn c6 nhitmg thudc tinh khdc. Kich thudc, dung sai va
bé mat gia cong cudi 1a mot s§ thudc tinh quan trong.

CAD la cong cu dugc sir dung khong chi dé thé hién mot mo hinh k§ thuat
ma cdn thao tic n6. D& xay dung hodc thé hién mot moé hinh, cén thiét phai c6
cic chuyén déi hinh hoc va
chuyén déi hién thi. Sau day sé

ban dén mot s khia cach vé mo Diém

Y

L, N,
C.nGC,

A

hinh hoa va thao tac. L, nE,

a) Hinh hOC €0 SO. {P,. Py

Hinh hoc Butng thing P,, a (gic)
L

Thanh phin truéc khi gia
Tiép tuyen C..C,

cong cin dugc thiét k€ (dung mo
hinh). Theo thiét k€ truyén théng 7
thi€t k&€ thanh phdn hinh hoc "\ Bucng tron
thudmg st dung hinh hoc 2D don
gian (hinh II1.5), bao gém céc

P.R
(P Py, Py}

A AN

R Hinh Ifl. 5 Nhém xéc dinhi hinh hoc cho va thiét ké
doan thang, dudng ton, duong

cong. Cic diém con dugc st dung d€ dinh vi cdc cc thanh phdn hinh hoc khdc.
Vi du mot dudmg cé thé duge x4c dinh bdi toa do hai diém ddu va cudi; mot
diém cu6i va mot géc cha né; dui‘mg ti€p tuyén vdi hai dudng tron vv.. Trong vé
k¥ thuat thi cong truyén thdng, ngudi vé thudng ding cdc cong cu vé nhu thudc,
thuGc géc, thudc hinh vv... va moét s6 dudng miu dé sip x&p hinh hoc. Mot s6
phuong phap b8 sung dé x4c dinh mot d6i tugng cu thé tao nén tinh linh hoat cho
ngudi vé va lam cho mau vat chinh xdc hon. Ban than mé hinh khong chifa cic
xéc dinh. "

Mot mé hinh ciing ¢6 thé dugc dinh dang bang st dung APT- nhu (cdc
dudng tron, dudng thing, diém vv..) ngdn ngit d€ xdc dinh cic dac trung hinh
hoc. Kiéu mé hinh niy duoc luu trong moét cdu tric dit liéu . Cau tnic dit  liéu
dugc thiét k€ dé thao tic hinh hoc va lam cho ¢6 thé thuc hién hiéu qua. Mot s¢

thao tdc co ban nhir thém, xod d6i tuong hinh hoc, thay déi cdc thuoc tinh hodc
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cdc tham s6 clia hinh hoc va bién ddi (xoay, phéng to/thu nho, tinh tién- rotating,
scaling, translating) todn phdn hoic mot phan moé hinh thuc thé. Ngoai ra nhiéu
thudc tinh duge bd sung vao hinh hoc co ban, gin vao moé hinh, nhu dit liéu
text sit dung dé chii gidi mot hinh v& vv... Mot s6 dic tinh cia text 1 kiéu dudng
(dam, cham-gach), d¢ day duong, mdu vv..... Cdc dit lieu nhu kich thude, dung
sai, ghi chii hinh v& vv...]a ban chat clia 1 ban v& dugc phat trién,bac gém trong
ban vé thiét k& Mot ban v&, két qua viéc st dung mot hé théng nhu vay- hé
théng CAD thyc hién vé co ban la tuong ty nhu v bdi tho vé tay.

M6 hinh vat thé wrong khong gian 2 chiéu di khéng thé thoa méin nhu cdu
cua nhiéu ing dung k¥ thuat. Ngoai ra, mot ban vé truc giao hoic phdéi canh
khong thé thuc hién truc ti€p tr md hinh 2 D. Do m6t man hinh luén phing (2-
D), thi€u chiéu thi 3 nén ban vé thé hién trén man hinh luén 12 mot hinh chiéu.
D€ chon hinh hoc bat ki trén man hinh , ngudi sit dung cé thé hoac phan loai
theo 3 toa d¢ hoac x4c dinh “I6p” ngu hinh hoc, réi chon tuong tac hinh hoc.
Mot “I6p” 12 mot mat phing hién thi twéng trong duge dinh nghia bdi ngudi sir
dung. M4i 16p dit & mot chiéu sau Z khic nhau. '

Ngay ca khi bd sung chiéu thit 3 vio mo hinh , thi né ciing chi thé hién bo
khung chi tiét. Khong thé biét duoc giita tat ca cdc bé mat, bé mit nao cé thé
duge dung bdi céc canh (cdc dudng va cdc cung), mat nio ndm trén chi tiét vi
mat ndo khong. Do d6 khong thé thuc hién tdch cdc bé mit hodc cdc dudng bi
che khudt. D6 1a nguyén nhan cdc céc thong tin vé bé mit cdn phai duge bd
sung vao mo hinh.

Moi vat thé déu c6 thé vé& duoc khi sir dung bd hinh co ban. Ngudi ta cho
ring: hinh co ban thich hop la khéi '
da dién (hinh III.6). Mot da dién
duge hinh thanh tr n mit. Méi mat
]2 mét da gidc phéng hinh thanh khi
sit dung mot danh sdch sip xép tha
tr cac dinh (cac diém) hodc bdi mot

danh sdch vé cdc canh clia né (cic dudmg). Khi d6 hién thi khung (wire frame)

N=6 N=4 N=5

Hinh Ifl. 6:: Khdi da dién
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c6 thé dugc sinh bdi sir dung cdc canh cia da dién. Nhung cdc mit va céc dudng
khuit thi khong thé tdch khoi hién thi niy n&u khong xdc dinh cdc mat trén vat

thé. Cic mit c6 thé che khudt cdc canh, nhung cdc canh khong thé che cdc canh
khéc.

b) Kha nang cuaa hé thong CAD
Phin mém CAD theo chiic ndng c6 thé thyc hién:

- Vé2Dh

~ V& 3D co s&

— Cdc bé mat cong bat ky
- Mo hinh khéi 3D

— Phan tich k¥ thuat

Hé thoéng phan mém CAD thudng cung cip mot sd chic nang sau:

— Thao tdc anh: chén, xod, thay déi hinh hoc, text

— Bién déi hién thi: ti 1¢ (scaling), xoay (rotation), dich chuyén (pan), phéng
dai (zoom) va xod4 timg phdn (partial erasing)

— Biéu tugng vé: cdc biéu tuong tiéu chuin

— Diéu khién in: Chon thiét bi xuit, cdu hinh va diéu khién

— H6 trg ngudi van hanh: thuc don man hinh (screem menus), ban phi

(tablet overlay), cdc phim chirc nang

(function key),
~ Quan li tp: tao, xod, tron cic tép
anh.
(a)
He thong CAD c¢6 thé la:
<ap- 20
He théng vé 2D dép ung dugc cach vé ©) (d)
Ky thude truyen thong, thay vé tay. Cdc hé Hinh H.7: Str khong r6 rang ciia thé hién

{h6ng CAD truéce day hiu nhu & dang ﬂéy mé hinh khung
Cho dén nay nhiéu bo diéu khién vi dic di€ém cha tinh niang gia céng nén vin
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ding hé théng ndy. C4c ing dung hé théng 2 D gém v&: chi tiét co khi, so d6 di
day, b i va thiét k&€ bang mach in, x€p 16ng céc thanh phdn (sip x&p cit kim
loai tdm/vai) , b& tri thiét bi, thiét k& kién tric va k¥ thuat xay dung, d6 thi my
thuat, xudt ban k¥ thuat, vé ban d6.

Hau nhu cdc hé th6ng CAD hién nay bing cich nay hoic cich khic déu trg
giip v& 2D. Ngay ca hé théng 3 D ciing thyc hién duge 2 D tir co so dit ligu 3D
cha né.

- CAD-3 D co ¢

He thong 3 D co s& gébm mo6 hinh khung 3 D (wire frame) , bang vé 2'/,D va
ban dé. Mo hinh khung 3D miéu ta c4c canh va sdp dat cdc dudng cong (hinh
I11.7a),. Mot mo hinh2'/,D 12 hinh 2D véi mot chiéu truc Z ¢§ dinh. M6t s6 mo
hinh ban d6 c6 thé ding dif liéu dia th€ dugc s6 hod dé tao nén contur vi /hoic
cdc ban v& 3 chiéu. Hinh 3D co s dé v&, dé thuc hién cing, dé luu va van hanh
trong mdy tinh , tién [oi tua cdc hé trg thi gidc. Tuy nhién do khoéng ¢6 thong tin
vé cdc b8 mait ciing nhu phia trong va ngoai vat thé nén khong fﬁang thong tin
vé tinh khéi dac.

Vi du, mot hinh khung II1.7a c6 thé thé hién nhu hinh 1a TIL7b). (IIL7c),
hogc (I11.7d). Hinh khung dé& bi hiéu nhap nhing. Su thi€u cdc bé mat tao khé
khan d€ d& hoan toan tr dong cdc dudng khudt hoac vach dudng tich cdc bé mat
khuit. |

Dit ¢6 nhimg han ché€, mé hinh 3D ,2
khung day vin thuong dugc sir dung cho -
moét s6 ing dung nhu: O KHI ( VE chi tiét,
vé lap rdp, dudmg dung cu NC (hinh III. 8),
dudmg di cha robot), KIEN TRUC VA XAY
DUNG (thiét k& nha, phan tich két cdu, phan
tich v b6 ui dudng Ong, quy hoich mat

bﬁng , thiét k& ndi that, DIEN VA DIEN TU( Hink lIL8: Sy sinh ra dudng dung cu NC
va duang mé phéng

b6 tri mach tich hop trén chip b6 tri ban
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mach in),VE BAN bO (Chuén bi ban d6).

Mot s8 he théng CAD/CAM — sit dung CAD-3D, hé¢ thong khung day vdi
kha ning twong tic sinh dudng dung cu NC. Cic he thdng nay (khung day- 3 D)
cho phép ngudi sit dung bd sung cdc bé mit vao ban v&, c6 thé sir dung 1am cdc
bé mit khuat.

Pudng cong ty do va mod hinh bé mdt

Cic m6 hinh 3D co s& chi ¢6 thé hién thi hinh hoc don gian nhu cic diém,
dudmg thing, dudng tron, mat phing va cdc bé mat phan tich. Mot s6 dutmg cong
va bé mat vé wr do khong thudc
vao loai nay. Pa s6 cdc géi d6 {
hoa va hé thong thiét k& 2D dang (i
c6 trén thi truong 12 c6 thé tich

hop céac dudng cong tu do . Trong

s0 d6, thudong dung nhat 13 céic
dudng: Bezier, B-splinec. Cic bé Hinh .9: M6 hinh bé mét tu do

mat tr do con goi 1a b8 mat diu khic chi ¢6 trong cdc géi CAD lIén. Hinh I11.9
thé hién mo hinh bé mit nhw vay. Ching hay dugc sir dung trong nhiing tng
dung sau:

— Thiét k& va ché tao khuon , c6i

- mét ké& than mdy bay, tdu thuy, tdu lia

— Hang my nghe thuong mai

Mot bé mat tr do c6 thé thiét k€ truc ti€p trén may tinh Khi sir dung cdc diém
diéu khién hoic nhap qua bo dit liéu s6 hod. Trudng hop ddu, mot phin thiét ké
tuong tic cho phép ngudi sir dung v& mo hinh thong qua di chuyén céc diém diéu
khién trén man hinh. Trudng hop sau hodic tir vat thé hoac trén mé hinh dat sét
khic hoa bing tay, miy quét s6 hod c4c diém trén bé mit va dua ching vao
mot mo hinh todn danh cho bé mat.

Cdc b€ mat dang tr do thuong 12 dang bé mit bac 3 nhu bé mit Bezier (16
diém diéu khién), B-spline (>16 diém diéu khién) bé mat B-spline khong déng
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dang hiru ty (NURB) (céc diém diéu khién , khoang giita c4c niit va tai trong clia

céc diém).
M hinh khéi 3D

Tt cd cdc phuong phdp CAD néu trén cé thé duge dua ra ban vé nhung
khong c6 thong tin v€ hinh khéi. D6i véi nhi€u \ing dung , thong tin co ban vé
hinh kh6i <6 thé nhan duoc tir ban vé thiét k€. Mo hinh khéi 3D 12 moét gidi
phép cho yéu cdu d6. Mot hinh khéi 3D khong chi ndm bit dugc tit ca hinh hoc
- vat thé ma nd con ¢ thé phan biét dugc phia trong va phia ngoai khoang khong
bi chi€ém bdi vat thé trong khong gian 3 chiéu. Sir dung tinh chit nay, hinh khdi
clla mot d6i tuong va su giao nhau ca hai d6i twong ¢6 thé tinh toin duge. M6t
s& tinh chat khéc lién quan dén hinh khéi cling ¢6 thé thu duge tir mo hinh. Viéc
di chuyén bé mat/duding khuit cling nhu t6 béng hinh c6 thé dé dang thuc hién.

Khi phan loai mot mé hinh khéi (solid), ngudi ta thudng sit dung thé hién
bén trong cta né. Thé hién bén trong 12 mdy tinh luu m6 hinh (hinh vé 4y) nhu
" thé ndo. N6 khdc véi biéu hién bén ngoai loai ma dnh hoac hinh dnh thudng hién
thi . Céc kiéu thé hién bén trong khai duge quy vé:

1. Pua vé g6c mau (Primitive instancing)

2. Dém khoang chiém khong (spatial occupancy enumeration-SOE)
3. Phan 6 (cell decomposition)

4. Hinh hoc két ciu dac ( constructive solid geometry-CSG)

5. Miduta -_duc‘)'ng bao (Boundary representation: B-rep)

6. Quyet (Sweeping)

1. Dua vé miu géc (h‘mhIH‘. 10 a)) 12 loai thé hién hinh kh6i, dugc sir dung dé
thé hién mot ho d6i wrong. Ho déi twong ndy ducce bidu hién bing tham sé.
Mot d6i twong c6 thé duge x4c dinh thong qua quy cic gid tri vao tham sé.
N6 duge sir dung hiéu qua dé thé hién céc chi tiét chudn véi cdc kich thude
khic nhau. M3 GT ciing dugc xem xét nhu mot tng dung cua dua vé géc
miu thudn (Requicha,1980). M6 hinh loai ndy cuc gon vi chi ¢6 mdt tén mo
hinh va mot bd tham s&. Vi 1i do nay cic phép tinh hinh hoc khé ¢6 thé thuc
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1 quyél dinh tién Quyet xoay tron
¢
{b) dém chigm khodng khong o
| g——

s s |

5 . C e s
Quyet dudng fnh ti€n cla dung cut
Hinh 11 Quyet
S. .
5,
{¢) phan & {d) CGS

Hinh ném Hinh céu
L)
{e) duéng bién [\ @
. . cdn Ga tron
Hinhlll. 10: Phac hoa thé hién 3 chiéu Hink I, 12 Mot s6 hinh ca s6 CSG

hién trén mo hinh géc mau, né phai duge chuyén ddi thainh mo hinh khic

nhu mé hinh B—rép, truée khi mot thao tac ¢6 thé thuc hién.

2. Dé&m khoang chiém khong gian (SOE) :1a k¥ thuat ghi lai t4t ca cic 0 khong
gian chiém béi vat thé (hinh I1110b). SOE tuong duor;g v6i viée luu d6i tugng
vat If trong cdc mit ti€t dién. D& miéu ta vat thé chinh xic , phai sir dung
nhimg 0 rdt nhd. Nhu vay cdc d6i tuong rdt nho cling yéu cdu bd nhé Ién,
lam cho su thé hién trd nén v6 nghia trong thi&t k& k§ tﬁuat . Bo nhé& yéu cau
12 bang véi thé tich d6i tugng dugce chia thanh lugng 6. Vi nhiéu (ng dung k¥
thuat yéu cdu do chinh xdc 0.001nén thé tich cia méi 6 s& 12 10-9 in3 , nhu
vay ngay ca mQt d6i tugng k¥ thuat nho cling yéu cdu mot bd nhé lvu dir
16n. '
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Aus Hinh 13: Toan ti Boolean
@ a. Chi tiét
b, Cay CSG
(] aalli
(Y] Sox2
@ @ P ﬁ’?‘ d.Chi din b
jeigimd  dén chiliél Hinh 15

két cau
Hinh 14; Vi du CSG

3. Phan 6: dang nguoc véi d€m chiém khoang khong. Mot khéi  dac ¢ thé
dugc phan thanh nhimg 6 don gian khong c6 16, bén trong phan ri (hinh
[I1.10c). Mot khéi 1a két qua “gén {ai” cha cdc 6 thanh phdn, thoa man cédc
diéu kién “ dudng bién- hgp nhau”. Do kich c& cha cédc 6 ¢6 thé thay ddi, khéi
c6 thé yéu cdu luong 6 it hon va nhir vy bo nhé yéu c4u nhd hon so véi

SOE. Céc phép tinh Boolean ( hop, tich vv......) c6 thé duoc sir dung dé thao
tdc cdc d6i tugng trong phuong phdp ndy, nhung kha khé dé thuc hién. -

4. Hinh hoc két cdu dic (CSG) 15' hé théng tao mo hinh 3 D bac cao. Sir dung
céc hinh co ban (hinh II1.12) 1Am céc kho6i xay dung . CSG sit dung céc todn
tir Boolean (U hop, - trit, M giao) dé xay dung mot d6i tugng (hinh H1.13).
Mot mo hinh CSG dugc thé hién bdi két cau cay (hinh ITI. 14). Tai cc ngon
12 c4c hinh co s& va kich thudc; su chuyén déi toa do (vi tri vA hudng cia

hinh co s&). Tai cdc nit 12 cdc todn tir Boolean. Cic mo hinh CSG khong phai
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1a giai phdp duy nh4t. D6i wiong tuong tr ¢6 thé duge tao mau khi sir dung
cédc hinh co s& khdc nhau va thit ty cdc phép hop (hinh II1.15).

Mo hinh CSG ¢6 thé dugc hién thi nhd sir dung k¥ thuat theo vét- tia. Nhimg
tia song song chiéu vé phia d6i tugng c6 thé tring hodc chéch né. Khi tia tring,
n6 phan chi€u dnh sdng vio ngudi quan sdt. Phy thudc vao thuat bd tri dnh sing,
ket cdu bé mat vat thé va g6c giao gilta tia vi bé mat, sy phan xa c6 thé tinh
duge. Sy phan xa duge hién thi trén man hinh. Vi tia don gidn ¢6 dang x=a; y=b,

nén giao dién c6 thé tinh dugc dé& dang va thudng dugc thuc hién trong phin
| mén cua chinh Hang (dugc nhiing vo chip lip trong may tinh hodc tram). Theo
vét - tia ¢4 thé thuc hién trén cdc hinh co s& don, sau d6 thuc hién cdc phép
Boolean phit hgp dé x4c dinh két qlia cu6i. Vi vay khong cdn thiét chuyén ddéi
mo hinh cay CSG thanh nhimg mé hinh khic truéc khi né duoe hién thi.

5. Mot gidi phdp hién thi d6i tuong thudng duogc sir dung 1a trudc hét bién déi
cdy CSG thanh B- rep, sau d6 B-rep dugc v& ra. Qud trinh nay dugc gai 1a
“ddnh gid dudng bién* . Do B-rep c6 nhiéu tinh chdt hiru ich, su bién doi
khong chi 1am cho hién thi d& dang ma con tao ra nhiing loi ich khic.

Thé hién dudmg bién (B-rep) thudmg dugc sit dung dé nhan biét mot vat thé.
Trong hé théng nay vat thé duge thé hién bdi cdc mit bién cla nd. Cic bé mat
dugce phan ti€p thanh thanh canh va cic dinh (xem hinh II1.10e). Mot tap hop cic
todn tlr goi 12 todn tir Euler ¢6 gid tri d€ x4y dung B-rep tir th4p 1én cao. Da sd
céc mo hinh B-rep la rit ra tir mo hinh CSG qua viéc ddnh gid dudng bién.

6. Quyet 1A mot cong cu tao hinh manh cho mét sd loai hinh hoc. Cé hai loai
quyet: tinh ti€n va xoay (xem hinh II1.11) Quyet tinh ti€n cia mot hinh chit
nhat tao ra mot hop. Quyet xoay cing hinh chf nhat &y ra mot hinh tru.
Quyét xoay c6 thé sir dung dé tao ra cdc chi tiét xoay. Trong mot s6 hé théng
thiét k&€ , mot mat bat ky c¢6 thé quét doc theo hoic mot dudng thing hoic
hodc moét cung (quyet tinh ti€n). R4t nhidu bé mait phic tap ¢ thé tao duge i
qué trinh nay. Ung dung vio gia cong cta k¥ thuat quyet 12 mo ph(')'ng dudng

cat NC. Khéi lugng di chuyén c6 thé thé hién bdi sy quét ciia dung cu.
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Ngiy nay da s6 mo hinh solid 3 D thudng dya vao thé hien hodc CSG hodc
B-rep. Nhap dit lieu CSG 1a phd thong nhdt . Trong mo hinh 3D da mat, phédn
kich thudc dugc duy tri. B-rep clta mot vat thé gém chi cdc mit bién véi céc
canh hodc cdc mit bam chit. Mdi canh gidi han chinh x4dc bdi hai dinh va ké can
véi hai canh khdc mot céch chinh xdc. Mot moé hinh solid da mat khong cho
phép treo bdt cit mat hoac canh ndo (né phai thoda man cong thic Euler). Tuy
nhién c6 loai goi 13 mo hinh phi da dién cho phép cdc mat va cdc canh bd sung
tén tai trong mot mo hinh solid. Mot moé hinh phi da dién nhu ACIS (duge si
dung nhiéu trong cdc hé théng CAD ké ca AutoCad) cho phép linh hoat hon.

1.2.2.2 AJTOCAD

Auto cad la g6i CAD cho ngudi sit dung don (mdy PC). AutoCAD cé mét
tép dinh dang trao déi chudn DFX- vi ngdn ngit giao dién —Autolip. Mot s&
ing dung bd sung (nhd sit dung Autolip) duoc viét cho AutoCAD. Nhiing tng
dung dic biét c6 thé sir dung cdc giao dién riéng, cdc chitc nang va cdc hinh hoc
nidm trong AutoCAD. Thong qua DXF file dif liéu thiét k€ ciing ¢é thé duoc
chuyén vao nhimg tng dung khdc ké ca c6 cdc géi sinh dudmg chay dung cu NC
d€ 1ap trinh cho chi tiét |

Cic chic nang co s& trong AutoCAD la chitc nang v& hinh hoc 2D nhu
cdc duong, cung, dudng trdon duge xdc dinh. Mit nghiéng 2D c¢6 thé dun thanh
d6i tugng 2 '/, D. D6i tugng din 12 1a mot khung day (wire-frame) cta vat thé .
AutoCAD ciing cho phép m6t khung day 3D xac dinh. Pé bao boc mot mé hinh
khung ddy, cdc mat c6 thé dugc bé sung vio mo hinh, tao ra vd clia vat thé.
Thuat todn dudng/mat khuit c6 thé 4p dung dé tao ra cic anh that. Mot s6 chiic
nang thuc don dugc sir dung dé 1am don gian qud trinh thiét k€, k€ ca kich thudc
va chii gidi. Biéu tugng kich thuéc va text ¢6 thé dugc dit tai bat cif dau trén ban

vé, tai modt géc, mot kich thude .

Cic loai Menu gidp ngudi sir dung chon cdc lénh chinh xdc . Nguoi st
dung ciing c6 thé dinh nghia c4c ki hiéu (hinh dang) khi sir dung dudmg théng,
cung, cdc dudmg tron va luu chiing trong File. Dinh nghia trudc hinh ding cé thé

dugc luu va sir dung trong mot bang ve.
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B4 sung vao céc chic niang cha AutoCAD la cic khi nang mé hinh hod
3D solid. Trong AutoCAD 13 mé hinh solid 12 ACIS, mo6t mo hinh khéi phi da
dién. Cic khdi 3D do AutoCAD tao ra duge tich hop vaoc trong toan bd dir liéu
thiét k&€ Mot CSG-dua vao giao dién ngudi sir dung sdn sang cho ngudi dung.
Ciéc 3D co s& sir dung cho thiét k& gébm BOX (hop), WEDGE (ném), CILINDER
(tru), CONE (hinh nén), SPHERE (cdu) va TORUS (g& tron). Céc hinh co s& ¢6
thé duoc tao tlr 2-D khi sir dung cdc lénh EXTRUST (dun)( quyet tinh ti€n) va
REVOLVE (quay tron) (quyet xoay tron). Cic todan tr BOOLEAN nhu UNION
(hop), SUBTRACT (trir) va INTERSECTION (giao) dugc sir dung dé dung cic
khdi tir cdc hinh co s& . Nhing 1énh khdc nhu CHAMEFER (vidt géc) FILLET (bo
géc) va SLICE (cét — vi du cit mot vat thé thanh hai) thay déi m6 hinh. Dién tich
c6 thé tinh nh¢ Iénh AREA. Tinh chit khéi nhu khéi luong , gi6i han bién, trong
tam, mé men qudn tinh, cidc hé qua quén tinh, ban kinh cla su xoay tron va cic
mo ment chinh duge tinh todn sir dung {énh MASSPROP. Cho hai khdi, 1énh
INTERFERE c6 thé tim dugc phdn chdng nhau cua hai khéi trong khong gian.
Hinh Solid két qlia c6 thé dugc thé hién hinh 2D (hinh chi€u), hinh khung (wire
frame) hodc hinh 6 béng. M6t chuong trinh ing dung goi 1a Auto Vision cé thé
duge sir dung bS tri két cau bé mit hodc chidu sing mot thiét k&€ dé tao ra hinh
anh thuc clia vat thé nhu mét mdy, mot van phong moét khu nha haoc mot phong
canh. N6 thyc hién ca bi€u dién (rending) mot bic anh va sy linh hoat clia mot

chudi chuyén dong thong qua mot mo hinh.

1.2.2.3 H¢ théng CAM

Khi di ¢6 mo hinh thiét k€ (ban vé thiét ké), viéc 1ap trinh NC c6 thé thyc
hién dé dang véi tro gilp cla cdc hé thong CAM, Cic hé théng CAD-CAM
thuong mai dang duge st dung phé bién trong cong nghiép gia cong c6 thé ké
dén 1a: CATIA (phat trién boi IBM), PRO/E (M§y ) MASTER.CAM (M¥)
DELCAM (Anh Quéc) vv.. CIMATRON (Issaren) dang c6 trén thi trudng hién

nay .

Viéc thuc hién sinh mot chuong trinh NC thudng duge thuc hién theo so do
(hinh II1.16)
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1. Nhap mo hinh chi tiét tir cdc di¥ liéu hinh hoc cia hé¢ CAD: Nh¢& giao dién
chuyén déi dé hoa hé th6ng CAM s nhén cdc dif lieu hinh hoc . D4y 14 pha tién
x1r li

2. Budc xdc dinh quy trinh cong nghé: twong tw nhu gia cong truyén théng,
trong dé xdc dinh thit tr cic bubc gia cong dé€ trg gidp nhing bude tiép theo
gia cong co hinh hoc tir co s& dit liéu cia CAD. Tai budc nay ngudi ta thudng
cin phai chon ph6i va thiét bi cong tic

3. Xac dinh dudmg bién cit : Tuy theo hé thong CAM ma c¢6 nhimg phuong
phép thuc hién chon doi tugng dudng contur. Mét trong nhitng phuong phap don
gian hay dugc sir dung 1a nhdn chudt trén dudng contur trong viing gia cong (vi
du nhdn chudt trdi hoac phim ENTER). Diéu ndy tao nén su thay ddi cia déi
trgng dugc chon trén man hinh thong qua déi mau, déi kéu dudmg hodc mat do
hién thi) bing cdch nay bién gia cong hoac ving gia cong dugc mdy nhan dang.,
Su nhan dang ndy c6 thé dugc gdn nhan dé sir dung goi ty dong lai sau nay.

4. Xic dinh dung cu cit

5. Xéc dinh cdc thong s6 gia cong nhu vong quay truc chinh, budc tién dao,
o1 ngudl vv...

6. Phuong phdp xdc dinh héc: Cdch xdc dinh hoc duge thuc hién dya theo tén
goi nguyén cong, cich thuc hién nguyén cong (vi du khoan sau bé phoi hoic
thoat phoi, 16 don hay 13 theo cdc mau vin hoa) cdc quy dinh vi trf dinh vi dung

cu va rit dung cu vv..

7. Sau khi di thyuc hién xong céc thao tdc trén, heé thong CAM xir I dé sinh ra
tép”dir liéu vi tri cia mép cidt” CLDATA, d6 12 quy dao cit.

8. Vdi viec chon mot Posprocessor cu thé , CAM s& sinh chuong trinh NC
theo ngon ngir 1ap trinh twong img bo diéu khién CNC
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Nhiap hinh hoc chi tiét »| Xac dinh quy trinh céng
(CAD) nghé (may,phéi, dung cu)

b 4
Nhan dang dung cu cat | Nhan dang dudng bién

Y

Nhan dang cac thdng s3 gia Phuang phap xac dinh héc
cdng (cat)

Chuong trinh NC Sinh tap quy dao cat

o
ol

Hinh 16 : cdc budc thuc hién trong CAM tit mo hinh CAD

1.2.3 Xy dung mét hé théng CAD/CAM

1.2.3.1 Ldp trinh vot s¢ tr¢ gidp cda mdy tinh

Trong lap trinh v&i su trg gidp cia mdy tinh , may tinh s& tv dong sinh ma
NC. Luan cif cta diéu nay duogc 1ap luan trén co s& hinh hoc cia mét chi tiét cé
th€ duge xdc dinh theo cdc tham bién trong ma mdy tinh. Nhu vay duong dung
cu c6 thé dugc sinh d6i v6i céce kich thudc di cho cha dung cu theo chubi gia
cong tudn tr. Ngudi lap trinh phai chon dung cu, t6¢ d6 truc chinh, t6c d¢ chay
dao dé sinh cdc dudng di dao phi hop véi quy trinh cong nghé vach ra.

Viéc lap trinh vdi sy trg gidp ciia mdy tinh c6 hoac khong ¢ sir dung do hoa
déu yéu cdu thé hién todn hoc cha ddi tuong hinh hoc trong chuong trinh cia
mdy tinh. Nhitng nguyén I{ hinh giai tich dvgc sir dung trong cdc h¢ CAD/CAM |
ring hinh hoc clia mot chi tiét dugc thé hién bdi cdc diém, dudng thing, dudmg
tron, duong spline, cdc bé mit va hinh khéi. D6i twong hinh hoc duge van dong
bdi dich chuyén, quay, giao cit va Trim (cdt tia). Nhitng cong thic todn hoc rit
co ban dugc sir dung trong CAD va thuat todn ndi suy CNC thdi gian thuc dugc

quy vé dang vecto va tham s&.

1.2.3.2 Nhing thao tdc thge hign trén mdt h¢ théng CAD/CAM

Thao tic véi mot hé CAD/CAM dé sinh mot chuong trinh NC theo thyt 1y sau
1. Thiét k€ I chi ti€t mdy (dung 1 hé thong CAD hoiac mo dun CAD)
2. Truyén sang hé théng CAM:
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— Khai bdo thiét bi NC gia cong chi ti€t (hinh thic khai bdo phuong thic gia
cong thong qua bo diéu khién sir dung-postprocessor)

— Khai bdo phoi (vat liéu, kich thudc phoi)

- Lua chon dung cu ¢hinh dang va kich thué’cj, ché& do cong nghé cho cic
budc gia cong theo thi tu ‘

— Xic dinh hinh hoc -dudng di cia dung cu cho cic budce gia cong theo tha
tr. Céc céu tir ndy duoc bidu dién dudi bién dang dudng polyline (dudng
thing, dudmg cong va spline ndi lién tuc) hodc 12 cdc thanh phdn hinh hoc
cd ban (tuy thuoc bo x{r 1), 16, hdc hoic dao.

— Chay mo phong (kiém 18i hinh hoc)

— Lua chon postprocessor

3. Xudt chuong trinh NC chi tiét-truyén sang may CNC.

Viéc thiét k€ chi ti€t mdy cd thé thuc hién trén nhitng géi CAD riéng 1€ hoac

tai mo dun CAD ctia mot hé CAD/CAM.

1.2.3.3 Trao dbi cdc di ligu CAD

M&bi mot hé théng CAD cé mot dang thic dif ligu rieng. D€ chuyén déi mot
hé théng CAD nay sang mot hé thdng khdc, mot phdn mém chuyén déi phai
dugc viét. Viéc sir dung bo chuyén déi riéng 1a khong kinh t€. Néu goi s6 phdn
mém chuyén déi 1a N thi

n nt
M= c(z)- 2(n-2)!

n- 12 he théng CAD
N-heé théng chuyén d8i (hai chiéu), nhu vay néu c6 5 hé théng CAD cin 10
bd bién dich-chuyén d6i.

Trao déi CAD x4y ra khéng chi giita cdc hé théng CAD ma ca giita cdc g6i
CAD va CAM. Mot dang thirc trao déi dif liéu chudn (dang thitc dir liéu trung
gian) s& gidm duogc s6 lugng hé chuyén déi. Khi sir dung tép dir liéu nhu vay.
M&i goi CAD cin chi mot phdn mém tién xir Ii (preprocessor) va mot phdn mém

hau xir Ii (postprocessor), titc mét b chuyén déi. Preprocessor nhép dif liéu vao
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he théng, postprocessor xuit tép nay thanh tép dang thic chuin (nhu hinh
II1.16). Nhiéu qudc gia phit trién cdc dang thitc chuyén déi CAD. Nhung nhimg
hé théng dugc chap nhan va sir dung nhiéu nhat 13 IGES va PDES. DXF (dang
thitc cia AutoCAD khong phédi 12 chudn qudc &, nhung duge nhiéu nha san
xudt CAD chap nhan.

CAD1

Pre<processor

Hinh Il 16 Giao dién trung gian

* DXF (Drawing Transfer File), dang thitc ctia Autocad duge phét trién boi
Autodesk dugc nhiéu phdn mém sir dung dé trac d6i dit lieu d6 hoa. DXF-1a mot
tép dit lieu ASCII, thudng gém cic phén sau:

Header section

Tables selection

Lientype. layer, style, view (kiéu dutmg, 10p, cich hién thi)
Block section
Drawing entities (cicddi tiong V&)

* IGES (Initial Graphic Exchange Standard), 1d t¢p dugc ANSI (American
National Standad) ISO (International Standard) chap nhan, duoc phdt trién dé
trao déi dit liéu mo hinh CAD 2D va CAD 3D. Hdu hét cdc hé théng CAD déu
duge hé tro bdi IGES. IGES thudng 6 ciu toa chung nhu sau:

Flag section

Start

Global: pre/post processor into

Directory entry: one for each entity, line type, color v...v

Parameter data: parameter associated with entity

Céc thuc thé hinh hoc dugc ma hod trong Directory entry. M&i thuc thé két
hop v6i mot s6 tham s6 duge luu trong Directory entry. IGES hé trg hinh hoc 2
chiéu va 3 chiéu, ké ci cac bé mat NUS.

*  PDES(Product Description Exchange for STEP). PDES diu tién dugc phat
trién & M, thira k& tir IGES rt nhiéu, con STEP Ia t&p chudn Au chau. Khi hai
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nhém chudn nay hgp nhdt PDES di manh lén rat nhiéu. Day 12 mot di 4n tham
vong muc tiéu 12 xdc dinh mot tép tiéu chudn cho t4t ca cdc thong tin cdn thiét dé
mo ta san phim ti thi€t k& dén san xuat. PDES c6 khd nang trg gilp da linh vire,
gom ca k¥ thuat co khi va dién tir. Chudn PDES bao gém nhitng thong tin sau:

Feature (cic dic diém)

CS5G

B-Rep

Function

Process plan
1.2.4 Két cdu chung ldp trinh NC mdy
Qud trinh xit li trong hé thong CAM c6 thé dién bién nhu bang II1.1

Bang I1I.1

Budoc Phuong tién Két qua

Dau vao v€ thong tin hinh | Preprocessor/ ngén ngit | Chuong trinh nguén

hoc va diéu kién gia cong | miéu ta giao dién do

hoa
Mi ngudn dit lieu cong Processor CLDATA
nghé
CLDATA Postprocessor NC program

Dé thuc hién duoc qua trinh ndy, cong viéc cin thuc hién dé xay dung mot
hé th6ng CAD/CAM 12 phai viét (preprocessor), processor va postprocessor, tuy
theo két cau ciia hé théng CAD/CAM du dinh thiét k€. Ngon ngit sit dung c6 thé
la APT, COMPACTII C++, visual basic v...v.

Thanh phdn két cdu cia lap trink NC mdy:
*  Preprocessor:

Prepocessor thuc hién chuyén déi cdc mo6 hinh CAD thong qua miéu ta cic
yéu td hinh hoc thanh mot chuong trinh nguén. Chuong trinh ngudn thudng cé
cic cdu tnic thanh phén sau: ‘

S8 chuong trinh, t&n chi ti€t va tén postprocessor
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Céc hinh thiic xdc dinh hinh hoc (cho phéi va chi tiét)

Xdc dinh thit tr cac bude gia cong

Két thiic chuong trinh
Thuc chét, chuong trinh nguén (source program) la mot moé dun, phdn mém
thudc hé thong 1ap trinh NC mdy. N6 sdp dit lai cdc thong tin ddu vao cén thiét,
" dién din cdc thong tin hinh hoc, k& ca cidc thanh phdn don nhu diém, dudng
thing va dudng tron. Chuong trinh nguén con chita cdc thong tin cong ngheé:
- Xdc dinh dung cu
- Xdc dinh gd kep
- Cdc thanh phin gia cong va
- Qud trinh gia cong

*  Procesor:

Vi chuong trinh nguén dugc trinh bay theo ngdn ngi lap trinh, dang ASCII-
American Standard for Information Interchange) nén né dugc bd xir i bién dich
giai ma, stra 16i chinh ta, réi thuc hién cdc tinh todn, nhan dang cédc toa do “t6i”
clia cafc doan dudng di cua dung cu theo cic quan hé hinh hoc dugc cho, cic
dudng di cha dung cu va cidc kha ning va cham. Mot s6 bo xr 1i con ¢6 kha niang
hiéu chinh dir liéu dung cu gin lién v6i mdy cong cu nhd phéan luu trit dit liéu
hiéu chinh dung cu. Két qua x li 14 quang dudng dich chuyén clia dung cu duoc
goi latep CL DATA (Dit liéu vi tri dung cu cat),

Moi chuong trinh (preprocessor, processor, postprocessor) di viét v6i ngon ngit
nao thi ciing déu phai tuan thli cdc quy dinh vé hinh thitc, phuong thic va ci
phdp l4p trinh. Vi du d6i véi APT, céc tir chi yéu va thir yéu duoc viét hoa, céc
ki hi¢u cho cdc thanh phdn hinh hoc dugc thé hién bdi ki tr thumg. Cdc ngon
ngit 1ap trinh hé xir 1i CAD/NC thudng hay c6 nhing dic diém xir 1i NC la:

— Cédc mat phang x4c dinh theo hé toa d¢ dé c4t X,Y,Z duoc chon béi ngudi 1ap

trinh
— Khi 1ap trinh, dung cu dugc coi 12 chuyén dong, ban mdy ditng yén

~ Duong dung cu duge diéu khién bdi céc cap bé mat trong hé 3 chiéu
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~ Céc dich chuyén dudng thing ngin, néi tiép duoc tinh todn dé€ thé hién bién
dang dudng dung cu (ndi suy thing)

— Pudmng dung cu dugc tinh todn dé ndm trong mién dung sai clia cdc bé mat
diéu khidn. |

— Céc toa do X,Y,Z clia cdc vi tri t6i ti€p theo cita dung cu doc theo tuy&n mong
mu6n dugc ghi lai nhu 1a giai phdp chung cho vdn dé lap trinh

— Xi Ii b8 sung (hau x Ii) sinh chuong trinh NC v6i ngén ngit twong thich ctia
bo diéu khién lua chon sir dung. |

Processor lam sdng t6 va tinh todn dudng di ciia dung cuy. N6 thuong phai xir I

cac khai bdo sau:

— Nhiing khai bdo nhédn dang: vi du nhu thé hién tén cta chi tiét hoic du 4n, céc
thong tin khéc;

~ Cdc khai bdo hinh hoc: miéu ta hinh ddng cuta chi tiét dudi dang cdc mat
phang, cdc diém, dudng théng, dudmg tron, va déi khi 12 c4c hinh tru, con, hoa
cdc hinh ddng hinh hoc khic.

- Cdc khai bdo chuyén déng: miéu ta dudmg chuyén dong cia dung cu, cdc tinh
todn s0 hoc, ham lugng gidc lién quan, két qua chinh 1a bién dang hinh hoc cta
chi tiét gia cong hoac hé théng toa do.

— Khai bdo postprocessor, 1a cic cau lénh kich hoat postprocessor, mot thu tuc
phdn mém, chuyén déi cic dit licu & tep CLDATA thanh cdc ma ma bo diéu
khién NC tuong img c6 thé hidu duoc.

— Cdc khai bdo hé tro. cic chifc nang hé trg may cong cu dé nhan dang dung cu,
phoi, dung sai vv... '

Nhﬁﬁg khai bdo vé hinh hoc: thudng dugc sit dung dé€ xdc dinh cdc c4u tr hinh

hoc nhu cdc diém, cdc dudng thing, dudng tron vv...

Cic diém c6 thé xdc dinh boi:

— Vi tri cic toa d6 -hinh II1.17a) :X,Y,Z

— Giao diém ciia hai dudng théng -hirih IT11.17b) L1xL2—P,

— Tam ctia mot duong tron -hinh I11.17¢)
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— Giao diém ciia dudng tron v dudng thing -hinh I11.17d): L,xC; — 2 két qua
(P, va P,) vi vay cin phéi cé yé&u t§ dé nhan dang diém nao 12 diém nao
- Giao diém cia hai dudng tron -hinh IL.17¢): C,xC,— c6 2 két qua (P, va Py)

x4 X A
p Py
e °=
]} L ¢
¢ /7
a) ¢ ®) .
=Y

Y
Hint fiL 17 X4c¢ dinh c4c diém

vi vay cdn phai ¢6 yéu t6 d€ nhan dang di€ém nao 12 diém nao

Céc dudmg thang cé thé xéc dinh béi:
- Toa do (X,, Y)), (X,, Y,) ciia hai diém
- Hai diém P, va P, -hinh I11.18a)

— M6t diém va mot dudmg (song song/vudng géc véi dudng dy)-hinh I11.18b)

20
e

<)
n o pl
L \

Hinh IlL18: X4c dinh dudng thing u
1]
o)
®
[ ]
- 1o

©
e
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— Mot diém va tiép tuy€n v6i mot dudng trdn -hinh II1.18c): c6 2 gidi phép,
cdn ¢6 y&u t6 nhan dang
- Dudmg ti€p tuyén véi hai dudng tron- hinh I1.18d): ¢é 4 giai phdp cin c6
yéu t6 nhan dang
Xdc dinh dudng tron boi:
— Toa dé X,Y,Z, tam diém va b4n kinh cia né —hinh II1.19a)
— Tam diém /mot diém va ban kinh ctia n6 ~hinh II1.19b) _
— Bdi tam diém va tiép.tuyén véi mot dudng cho trude —hinh 111.19¢)
~ Qua 3 diém —hinh 11119b)
- Tiép tu§€n vdi hai dudng cit nhau —hinh II1.19e): cé 4 gia phdp, cin yéu t6
nhén dang

— Tiép tuyén vdi hai dudmg tron cit nhau): c¢6 4 gia phdp, cdn yé&u t6 nhan dang

c2
[=<]
ta} o} ’

Hinh [ll.19: X4c dinh durong tron

. p

© i

Nhiing khai bdo dich chuyén dung cu: thong bio chuyén dong cua dung cu tir
diém-dén -didm , néu khong c6 thong bdo khdc thi ching s& di theo quing
dudmg ngén nhat. Cdc khai bdo nay gém:

— vi tri xuat phatr-huéng-diém dén cha dung cu

~ Khoang dich chuyén theo gia s6 hoic tuyét déi

— Dich chuyén dung cu véi t6c do cit hay dich chuyén nhanh
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— Thong tin vé Iudi cit (cutter):hinh ddng ludi cit, dudng kinh cua ching, v6i
magazzin (néu c6), nhing thuc hién tép theo nhu thay dao, dimg kiém tra

hosc dé kep dung cu v...v.
*  Postprocessor:

Postprocessor: 1la mot mo dun, phin mém thudc hé théng lap trinhk NC mdy
¢6 nhiém vu chuyén déi cdc khai bédo trong tép CLDATA, két qua cha bo xir If
thanh cdc dong Iénh tuong Ung trong chuong trinh NC gia cong theo ngén ngit
ma bo diéu khién cu thé ¢6 thé hiéu va thuc hién theo chi thi. K&t qua cha
Postprocessor la chuong trinh gia cong (part progam). Ning luc cla
postprocessor phu thuoc rat nhiéu vio co s& di lieu vé cdc bo diéu khién NC

thuong mai.

Ghi chu; Sau khi duge bién dich, mdy tinh thuc hién nhitng cong bén trong
theo chi thi cia chuong trinh nguén nh¢ sit dung nhing ma dic biét goi 12 ma
mdy (hodc ngén ngir mdy). V& mi mdy.mdy tinh c¢6 thé thyc hién tat ca nhiing
gi ching mudn thyc hién va duge ra lénh thuc hién. Pa s& nhimg ngudi st dung
va ngudi 1ap trinh khong linh hoi thiu ddo duge ngdn nglt mdy vi vay cin trang
bi mot thu tuc dac biét cho mdy tinh duoc goi 1 Postprocessor dé chuyén déi cac
mi mdy nay thanh cdc ki tu tuong tmg ma mdy cong cu NC va bo diéu khién

cua né ¢6 thé nhan biét, hiéu va thuc hién.

Mic dit da ¢S khd nhiéu nhimg chudn ho4 vé cic lénh NC, nhu céc chudn
EIA, thi sy khdc nhau giita cic b® diéu khién NC va mdy NC (vi dic diém cla
cdc nha san xudt) vin con tn tai, do vay cdn thiét c6 cdc posprocessor don cho
timg loai bo diéu khién .

1.3 NHAN XET PHAN TONG QUAN

Sau khi tim hiéu, phan tich co s& giai phdp ky thuat hinh thanh hé théng
CAD va CAM, nhém tic gia cho ring: v6i lugng thoi gian va kinh phi gidi han,
viéc phdt trién mot hé thong CAD/CAM tich hop c¢6 thé 13 hiéu qua néu biét
cich khai thic, ing dung cdc phdn mém CAD, CAM dang ¢6 mat & thi trudng
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Viét nam, thira hudng mot phdn thanh qua cha cdc phdn mém ndy dé€ gidm chi
phi va th&i gian . Phin mém CAD/CAM — Verl.0 (Vién IMI) dugc phdt trién
trén co s& mot s& ing dung thira hudng va cii ti€n phdt trién cho nhing yéu cdu
cu thé chia dé tai KC03.05.

' CHUONG 2: CAD/CAM TiCH HOP
cho hé thit bl c#t, gla cong vdl c4c loal tia (Laser, Plasma, tia lita d18n)

2.1 GIOI THIEU

Trén co sd di phan tich & phdn [, nhém dé tai KC03-05 da phat trién phédn
mém CAD/CAM — Verl.0. Phdn mém nay la két qua clia su nghién citu tim hiéu
vé kha ning ing dung ky thuat diéu khién CNC, théng qua cdc modun chuyén
dé, tich hgp CAD/CAM dé€ diéu khién chinh xéc vi trf dung cu cét theo céc truc
toa d¢. Chuong trinh CAD/CAM - Verl.0 ¢6 khd nang img dung diéu khién
chinh xdc vi tri toa do clia dung cu cit trong mat phang khong gian 2D, hop cho :

- Gia cong bang Tia Laser.
- Gia cong bing Tia lira dien (WEDM).
- Gia cong bang Plasma.

Trong thuc tién & cdc nha mdy déng tau, Cong ty ché tao mdy bay, Cong ty
két cdu thép thudong hay gip gia cong tim Phu thudc rat nhiéu vao dic diém sir
dung ngudn gia cong, cic phuong phdp cit néu trén déu cé dic di€ém chung,
mép cit hep , chat lugng mép 16t, chiéu ddy vat liéu bi gidi han, chiéu dai mach
cét phu thudc vao pham vi hoat dong clia mdy co s&. Cic mach cét 12 nhimg
tuyén hinh phitc tap ddi héi do chinh xdc cao. Viéc 1ap trinh bing tay d6i véi
nhitng tuyén hinh loai ndy khong thé thuc hién hoac néu thuc hién dugc thi khé
khan va tiéu t6n nhiéu thdi gian. Do vay, qud trinh 1ap trinh NC nay cdn phai
thuc hién nh& cdc hé théng phdn mém hé trg 1ap trinh tv dong CAD/CAM.
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Nhu d3 néu & phidn I, Hién nay cdc hang san xuit pha‘n mém néi ti€ng vé [inh
vic CAD/CAM da tung ra nhitng phdn mém CAD/CAM thuong mai, mot s6 da
dugc st dung gen thudc & Viét nam nhu DelCAM ( Anh), ProEngineer (M¥)
Masster CAM (-U.S.A) Cimatron (Israen) vv...N6i chung cac phdn mém nay
hién dai, ¢6 tuong d6i ddy di cic mo dun CAM cho gia cong chi t€t trén may
cong cu (st dung dung cu cit got), gia cong khuon mau, gia cong kim loai tdm,
tao méu nhanh vv... Vi v4n d€ gid cd ma hdu nhu cdc phin mém trén chi duge
mua phin mé dun gia cong co chi tiét hodc gia cong khudn méiu. Phan mém phat
tri€n riéng cho gia cong kim loai t&m, xu4t hién trén thi trudng Viét Nam c6 thé
ké dén 1a Tubonest va AutoShip. Hai hé théng phdn mém cho kha nang tich hop:
thiét k€ tuyén hinh, sdp t6i wu va sinh ma chuong trinh NC cho mdy thuc hién
gia cong tr dong. Nhin chung cdc hé thdng phdn mém nay da giai quyét gan nhu
triét dé cdc van dé trong thiét k& va gia cong kim loai tdm, nhung gid thanh cta

ching rat dit, lén t6i hang vai truc ngan do6 la.

Dé don gidn hod van dé thao tdc, chuyén giao cong nghé, dac biét dé phdt
huy n¢i luc, nhém tdc gid d3 nghi dén hudng quy tu nhitg bai todn chi xdy ra
trong gia cong kim loai tdm, giz’ﬁ quyét ching dudi dang phin mém chuyén dung
CAM dé sinh ma NC cho gia cong tr dong. Nhom téc gia da ﬁghién clru va dua
ra phdn mém CAD/CAMverl.0, sinh mi tu dong chuong trinh NC tir ban vé
trong moi trudng AutoCAD (phdn mém thiét k&€ phat trién bdi Autodesk dugc sir
dung rt thong dung ¢ Viét nam) twong thich theo ngdn ngir clia he diéu khién
cho ho mdy cit diéu khién CNC. Mot giao di¢n phdn mém dugc xay dung dé
miéu ta cic ddi tugng hinh hoc (pre-processor) trén ¢é s& ngon ngit Visual basic,
sir dung phuong thic 1ap trinh ActiveX dé diéu khién img dung AutoCAD nhim
tan dung t8i da chitc ning cua chwong trinh Ung dung ndy (l4y nén sau cla
AutoCad 1am co s0) ; processor cling dugc viét trén co _sc'i Visual basic; Post
processor dugc viét tuong ing cho cdc bd diéu khién CNC, ngon ng& G (ISO
6983), TNC 310 (ngdén ngif hoi thoai HEIDENHAIM), ANILAM , v&i muc
dich:

» Tudong sinh ma chuong trinh cho cdc mdy diéu khién CNC:
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- May cét Laser, Mdy phs;ly DMU 60T sit dung bo diéu khién TNC-
310(bnic)

—  Plasma, mdy cét Gas - Oxy: Sir dung bo diéu khién ANILAM3200MK

—  May MAHO-432, mdy cit day W-EDM sir dung ngén ngit G code. -

« Mo phong chuong trinh, chay kiém truéce khi thuc hién qud trinh cét.
» Phin mém cdn cho phép ngudi sir dung tao thi vien ché do cét t6i wu
cho qud trinh cdt Plasma, Laser , xuat bdo cdo mot qud trinh thuc hién

V6i nhimg kha niang thuc hién néu trén, phidn mém vé co ban da ddp ing
dugc cdc yéu cdu trong viéc tao 1ap chuong trinh cho qud trinh cat. Tuy nhién,
phdn mém ndy vin cdn mdt 58 han ché trong qud trinh sir dung ching han nhu:
viéc mo phc’)ng qu¥ dao tam dao hay thu vién cdc chi tiét tiéu chudn vin chua
thirc hién duge do thoi gian thuc hién dé tai bi han ché€. Néu c¢6 diéu kién phat
trién lén cdc phién ban ti€p theo chic chin phin mém s& giai quyét dugc nhiéu

hon ni¥a cdc bai toan trong linh vire cirt kim loai dang tam.

2.2 XAY DUNG PHAN MEM CAMVER1.0

2.2.1 So dé nguyén Ii
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Sau khi nghién citu nguyén li xay dung mot hé théng CAD/CAM tai phin

phing XY), nhém nghién ctu di thi€t k€ Phim mém CAM verl.0 IMI. Phin
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mém nay duge x4y dung theo nguyén 1 so dé & hinh 21, trong d6 GEOMETRY
(preprocessor)-processor va postprocessor dugce thuc hién véi thuat todn duge thé
hién theo hru d6 & cdc hinh 22, 23,24

2.2.2 Co sédirliéu cda autocad:

Autocad 1a mot tng dung 46 hoa hé trg cho qud trinh thiét k& k§ thuat. So
d6 t6 chirc dit lidu cdc d6i tuong trong autocad dugc thé hién & hinh I11.20 Cic
théng tin hinh hoc cua d6i tugng duge lnu trit trong bo nhé cua né, theo mot trat
tr xdc dinh va logic. CAM-Verl.0 sir dung co s dit liéu hinh hoc tir phan d6
hoa ciia AutoCAD v6i méi quan hé v6i ca hé théng nhu thé hién & hinh 111.21

CAM
NC

AUTOCAD GEOMETRYS

+| CNC
machine

Processing

SIMULATION

Hinh I.21: So dd nguyén i CAM ver1.0

2.2.3 X4y dung GEOMETRYS (preprocessor)

GEOMETRYS 12 mét chuong trinh duge viét véi ngdn ngir Visual basic.
Chuong trinh ndy duge xay dung trén hai nguyén tic:

Getobject in Autocad
{Splines)

Explade_object
(lines, arcs);

1 Hinh 22: Liou d6 tao GEOMETRY

name="Line"

Getobjname;geistartpoint Getobjname;getstartpoint
getendpoint Getendpoint;getcenterpoi

Geomelry file
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— Thong tin hinh hoc cho qué trinh diéu khién CNC a: diém, dudng théng va
cung tron
- Céc dudng lines, arcs khi dugc ndi v4i nhau tao thanh dudng spline va trét tr
ciia céc phédn tir dugc sdp x€p theo thit tu tudn ty.
Luu d6 qud trinh tao geomelry: duge thé hién & hinh I11.22
2.2.4 Qud trinh xu If

Ban chat 1a viét phdn mém xir li cdc thong tin tir t€p Geomety, trong 46 cé
khai bdo cdc bo diéu khién x{r dung (d6 14 cic dir liéu vé bo diéu khién cﬁrc_rc viét
dudi dang postprocessor thanh phdn). Phdn mém ndy duge viét dé st dung cho 3
loai diéu khién Ma G(Deckel Maho- cho phay CNC, gia cong bing tia lira dién
xung va cit day), Heidenhaim (TNC 310- cho c¢it CNC laser), va ANILAM (b6
diéu khién ANILAM cho cit CNC plasma). Luu d6 bo xit Ii cia CAM Ver 1.0
IMI thuc hién 2 phén viéc :

— Tao p NC (hinh II1.23)
~ Mo Phong (hinh I11.25)

Trong d6 dac diém ciia cdc bo diéu khién duge viét dudi dang chwong trinh con

CNC controllers
(Geode, Heidenhain, Anilam);
Techdatas

’
Cali ~ Call , Call
Gceode_procedure Anilam_procedure Heidenhain_procedure

r Hink 23 : Luu dé tao tép NC
NC file

ma vi du cho bd diéu khién TNC 310 duoc thé hién & hinh I11.24
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Geometry file;
Techdatas

v
Hinhlll. 24: Luu d6 tgo tép NC [ Initials=techdatas |

=

| Read geometry file I

| Linetext:readlinetextl

Line="LL X Y & techdatas” |3Line=”CR XY R&techda[as"l

I

[ Nc file }

Mo phdng chuong trinh: Truée khi chuyén dit lieu t6i may gia cong CNC,
ngudi van hanh cén kiém tra va xem trudc quy dao cit, dé tranh nhimg sai x6t
trong ldc cit. Qud trinh kiém tra ngudi van hanh c¢6 thé phéng to hoic thu nhod
quy dao cdt nhim gidp cho qud trinh mo6 phdng duge kiém tra mQtrcéch chinh
x4c. So dd thuat todn cho qua trinh moé phong quy dao cédt duge thé hién & hinh
25 : l

Read NC file ]

v

f Linetext=readlinefext
Hinh 25: luu dé qud trinh Il
moé phong I Get %,
|
&

I Unet‘ext=readh‘netext] ‘_

Draw line(X,, V)X snes Yord) Draw Arc{X ¥ i{Xea Yeed R

Kot =Xonas ¥t~ Yorat Xot =Xoncs Yo Yars

END
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2.3 PHAN MEM CAMVER1.0- CAC BUGC THUC HIEN :

2.3.1 Sinh méa chuong trinh

Buge 1: Khéi dong chuong trinh

Hinh i, 26: Cira $6 chon thiét by

Buic 2: Chon loat mdy cét trén hop thoai (hinh I11.26)
Trong budc ndy tuy theo loai mdy sir dung ma ngudi sir dung chon mdy
Laser, Plasma hay W-EDM. |

Budéc 3: Chon bo diéu khién tuong ng v6i méi may

Nhén chuét vao hop combo “hé diéu khién” dé chon bo diéu khién (hinh
I11.27)

Hinh Il 27: Ctra s6 chon bo diéu
khién

A

Buoc 4: Goi hop thoai chinh cua chuong trinh
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Hinh . 28 Cira s6 chen “thuc
hién"

Nhén chuot vao niit “Thuc hién” trén hinh 11128

Buéc 5: Hién thi AutoCAD

Nhén chuét vao hop kiém “Hién thi AutoCAD”

Budc 6: M@ ban vé da xap xé&p t6i wu

Budc 7: chon cdc tham s cong nghé:

Nhan chudt vao cédc tuy cth cong nghé dé chon céc thong s6 nhu: Toc do
cat, hudng bu dung cu, s6 hiéu dung cu cdtvv.....

Buorc &8 Sinh ma chuong trinh

Sau khi m& ban v€ can sinh chuong trinh va chon cdc thong s6 cong nghé
nhé&n chuot vao ndt “thuc hién” dé sinh ma chuong trinh (hinh I11.28)

Buoe 9: Chon diém bt ddu cét

Chuyén man hinh chuong trinh sang man hinh AutoCAD khi d6 dudi dong
nhic xudt hién:’Chon diém bét ddu clia dung cu cit:” ngudi sir dung chi chuot
vao diém bét ddu cét (thao tdc ndy cdn sir dung ch€ d6 bay dé chon)

Buoc 10: chon hudng di cia ddu cét:
Sau dong nhic cia AutoCAD:’Chon diém xic dinh huéng di cla ddu cit.”
chi chudt vao mét diém trén déi tugng dé chon hudéng chuyén déng ctia ddu cit.

Buoc 11: Ké thic qua trinh sinh ma
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Trong budc nay néu mudn tiép tuc mot bien dang khéc sau dong nhic clia
chuong trinh ngudi sit dung ¢6 thé chon “yes” dé ti€p tuc hodc nhan “No” dé két
thic.

2.3.2 M6 phdng dé hoa

- i ;;T;::;mp oft
11 1Dwell 5
JLine X0.0000 Y4.7713 Feed2000

{ Hinh 29 Cura 56 hién thi
: “mé6 phdng” .

{1 [Line X72.4247 va.7713
-t |Line X72.4247 ¥10.3159

‘I |Line X77.4184 ¥10.3159

Bude I: nhan chudt vao bang “Kiém tra d6 hoa” dé ¢6 duoc man hinh H1.29:

Buée 2:Nhén chudt vao “Chon tép” dé€ hon tép cdn mo phong dé hoa

Chi ¥: trudc khi thire hién budc hai ¢ thé chon:

Cic dai lugng bién thién:

Ty lé: d€ phéag to hoac thu nhé bién dang cla chuong trinh -

Géc: thay 46 géc vi phan déi véi cung tron

2.3 Thiét ldp thu vién ché do cdt : hinh L. 30 thé hién man hinh nhap dir
kiéu dung cu (sir dung b dudng kinh tia lase) -phoi |

Buoc 1: Nhan chudt sang bang “Dudng kinh tia - phoi”

Buoc 2:Thiét l1ap dit liéu dung cu hoac dir liéu phoi : nhan chudt vao bang
“di¥ lieu dung cu” hodc “dif lieu phoi” dé nhap cdc thong s6 cdn thiét,
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" Hinh 30: Mén hinh nhép di lidu thu vién dung cu va phdi

Trén day 13 ba phuong phdp co ban dé thuc hién chuong trinh sinh ma
chwrong trinh tu dong cho mdy cét diéu khién CNC.

2.3.3 Gia céng

_Truyén chuong trinh NC d3 lap qua cong RS232 vao bo diéu khién CNC
thong qua chiic nang “read in” cia TNC310. Chuong trinh lap dugc sir dung dé
gia cong chi tiét tuong g .

3 KETLUAN

Trén thuc t€ phdn mém CAD/CAM Verl.0 c6 thé sir dung dé lap trinh NC
.cho mot chi tiét véi kich thude hinh hoc khéng han ché. Su gi6i han phu thudc
vao kha nang cla mdy co s& va phdn ciig diéukhién, vi vy phdn mém nay ddp
tng dugc nhimg yéu cdu dé ra cla dé tai la:
¢ Xdc dinh vi tri dung cu theo hai truc toa do (X,Y)

» Hanh trinh dich chuyén :Truc X: 650; Truc Y: 320
- V6i do chinh xdc dich chuyén hanh trinh khong bi phu thu6c viao phdn mém
ma phu thudc vio phdn cimg b diéu khién va dic biét 13 phdn co clia mdy
co s8. Céc phdn nay theo thiét k& dng thé dat duge do chinh xéc dich chinh

12 0,005mm )
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Sir Phin mém ndy c6 kha nang thiét k& trong moi truéng AUTOCAD, tu dong
sinh md chuong rinh gia cong NC, mé phong 2D bé mit gia cong nén viéc ing
dung trong cong nghé gia cong cic vat liéu dang tdm nhu cét bing tia lase,
plasma, cit day tia Iira dién. Viéc sir dung cdc tép duoi DFX lam tang tinh thich
hgp cia CAD/CAM Ver.1.0 véi cdc phdn mém CAD khic. |

Nhém téc gia di nghién citu sao cho phidn mém dép (ing dugc nhimg bai todn
vé bién hinh khé trong cong nghé gia cong kim loai tdm: Thu vién va nhat ky
may hé trg cho viéc van hanh va quan Iy mdy. Tuy nhién, do th&i gian va kinh
phi ¢6 han nén phdn mém vin cOn nhilng han ché nhat dinh, nhém tdc gia vin

dang nghién ciu nhim hoan thién phdn mém nay.
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1. LOIMO PAU

Nhu bt cit cong viéc chudn bi san xuét trén mot mdy cong cu méi nao, viée
gia cong v6i may cit bing tia laser CO2 1000W CNC cin phai dugc chudn bi vé
mait cong nghe.

La thiét bi thuoc dé tai KC.03.05 " Nghién ctu ing dung cong nghé tr dong
hoa vao gia cong chinh xac trén co s& cdc cong nghé tién ti€n nhukLaser, plasma
va tia lfra dién... " dugc thiét k& va tich hop boi nhém dé tai, ¢é thé néi méy
LC1000 CO2-CNC la san phiam cua Vién IML. Déi véi nudc ta gia cong vdi tia
laser 12 cong nghé mdéi, nhitng thira k&€ tinh cOng nghé nghién ciu trong nudc
cling nhu sy hd trg chuyén giao cong nghé ctia mot nha cung cdp qudc t& trong
trudng hop gia cong véi LC1000 CO2- CNC con nhiéu han ché. D€ ¢6 thé dua
mdy vao hoat dgng cong nghiép , trang bi co s& dif lieu mdy 1a mot viéc can duge

thuc hién.

Co so dit lieu mdy thuc chat 1a nhitng bd thong s8 cong nghé két hgp t8i uu
tuong Ung theo titng loai vat liéu va chiéu day gia cng, cho phép chi tiét sau gia
cong dat duge d¢ chinh xac t6t nhat. Viéc tim ki€m cic b thong s& cong nghe
hop 1i c6 thé thuc hién thong qua thi nghiém khao sat.

Pé giam bot s6 lugng thi nghiém, sau khi thuc hién nhitmg thi nghi¢m tham
dod nham tim ki€m cdc bién cong nghé va xem x€t quy luat dnh hudng tuong téc
gilta cdc tham sé cOng nghe, co s& di liéu c6 thé dugc x4y dung trén co $3 t6i uu
hod mo hinh todn hoc dugc xay dung thudn 1i thuyé&t hoic ban 1i thuyét ban thuc
nghiém hodc hoan toan thong qua quy hoach thuc nghiém.

2. TONG QUAN NGHIEN CUOU VE CAT VOI TIA LASER CO2

Cit bang tia laser CO2 dugc sit dung chi yéu trong nganh cong nghiép mdy
bay va vii tru nhd kha nang cét vat liéu kim loai siéu nhe va siéu mong. Cit bang
tia laser cling dang dugc quan tam ngay cang nhiéu img dung trong cong nghiép
ché tao mdy va cOng nghiép dan dung nhd kha nang gia cong cuc nhanh, lugng
phé thai nhod (gidm déng k€ chi phi vat tu vA rdt than thién véi méi trudng) dim
bao do chinh x4c gia céng hinh hoc nh& khéng c6 hién tugng mon dung cu cét.
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Do nhim bé mit thudng nhod hon 100pm nén khong phai gia cong lai. Mdi
quan tim dic biét cta nha ch&€tao st dung may cit laser la ting cao 16i da nang
sudt va tiép theo 1a chat luong cia san phdm duge ché tao nhd qua trinh cit laser.
Ca hai khia canh nay ¢6 thé thuc hién duge néu sir dung hop li bo tham sé cong
nghé gia cong. Bo tham s6 nay dugc goi 1a t6i wu, duge két hgp duy nhét cho
mdi loai vat liéu véi méi loai chiéu day. Nhimg tham s cong nghé trong cit voi
tia laser bao gém: cong sudt laser, t6¢c do cit, khoang cdch diu cit, 4p suat khi
thdi, dudng kinh ddu cdt vv... Nhiing tham s6 ndy duoc diéu chinh dé cho duoc
chat lugng cdt yéu cdu. Di ¢6 khd nhiéu nghién ctu theo hudng xay dyng méi
quan hé gifta cdc tham s6 cong nghé nhim ting nang sudt v chit luong gia

cong.

2.1 Moi quan hé giira cic tham so cong nghé

Chat luong cat laser rdt khé phdn dodn do tinh chat dong cGa qud trinh cét,
dic biét khi cit véi CO,, can ¢6 khi O, tro gidp . Trén co s chip nhan nang suét
va chdt lugng nhét dinh, nhiéu nha nghién cttu chi ¥ d€n mdi quan hé giifa cic
tham s6 cong nghé. Nghién citu vé quan hé gilta cong sudt trén don vi chiéu day
va t6c do cdt cho thép ché tao mdy, thép khong gi, titanum [1,2] chi ra ring dé
12 m6i quan hé tuyén tinh. Quan hé gita tdc do cit va chiéu ddy vat lieu thép
khong gi austenitic véi cong sudt P3kW[1], AIMg3 véi P1500W {3], Chrom —
Nikel , AIMg3, Cu véi cong sudt 1200W [4], thép ch€ tao, thép khong gi, hop
kim nhom véi 4000W [12] déu cé ciing két luan ring d6i v6i mot nguén nang
lugng khong déi, m6i quan hé t6c do — chiéu day cét 13 tuyén tinh t 1& nghich.
V& quan hé tdc do cat va dp khi cét doi v6i mot s6 chiéu diy thép ché tao tai
W1500, [1,2] cho ring tdc do cit tang cling v4i tang dp sudt dén dinh sau d6 c6
sir giam nhe khi 4p van ti€p tuc ting. Nhimg nghién cttu v€ mdi quan hé giita 3
tham sd ¢é [5.6,7]. Theo [5] ¢c6 mot pham vi t6¢c do t6i uu cho vat liéu ¢6 chiéu
day va cong sudt cho trudce. [6] xay dung moé hinh todn hoc cha tdc do cét theo
ham cha chiéu day vat lieu va cong suat, d6 1a cdc ham c6 dang v =ar’P* (1-

chiéu ddy, P — cong sudt, a,b,c hdng s, 1a mot s tu nhién duong).
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2.2 Anh huéng cia cic tham sé cong nghé Ién chat lugng gia cong.

Da s& cdc nghién ciu vé& chét lugng gia cong v6i tia cit laser thudng chi
trong vao nghién cttu do rong mach cét, d6 nhdm mat cat va ving HAZ (viing
anh hudng nhiét cia mach cét). Nghién ciu [2,7,8] v€ méi quan he hai chiéu két
luan ring d¢ rong clia mach cat/ kich thuéc ving HAZ tang khi tang cong suit
lase/ dp khi théi va giam khi ting t6c do cat. [12] nghién ctu v& anh hudng
khoang cdch ddu cit dén kich thudc va hinh ddng hinh hoc cla rinh nhan xét,
déi vdi thép ché tao, tiéu cy nam trén bé mat chi tiét gia cong cho b€ rong ranh
nho nhat va thé hién quan hé giita kich thuéc v hinh dang hinh hoc cua mach
cdt va do nhdm ring mach hinh try ¢6 d0 nhdm 18t nhat .Vé do nham bé mat, [2]
dua ra két luan nghién cdu 1a d6 nhdm R, giam nhanh khi tang t&c 40 cit (dén 2
m/phﬁt), giam nhe (trong khoang 2m/phtit +4m/phiit) sau dé ting nhe khi nghién
ciu cit laser CO2 1000W cho thép ché tao (hinh IV.1). [9] khi nghién ci véi
ngudn 700W, 900W,
1100W,1300W cho ving t6c do > . |

thdp (tr 25mm/s +55mmy/s) dé 60 1+
50 -
cit thép 4130 thé hién: ddu tién 20 -

R, giam nhe khi tang tdc do cit 30

. 20
sau d6 tang nhe rdi ting manh 10
hon khi tang t6c do thuc hién. VE 0-

0 2 4 6
quan heé dp khi thdi véi chat lugng P =1000w, Pkt=1kg/cm2
bé mat cé rdt it tai lieu dé cap ¢=lmm ®t=2mm t=4mm
L . ) Hinh IV.1: anh hudng cha van téc cat

dén, c6 thé do trudc day thuong cat dén do nham bé mat 2]

laser v&i t6¢c do thap. . [10] trong

nghién ciu gia cong vdi 16¢c do cao da két luan trong cit laser véi tdc do nhanh,
t6c do khi thdi c6 anh hudng dén chét lugng mach cit va cho ring rong mach cit
va kich thuéc HAZ ban diu tang nhe khi tang dp khi d&€n dinh va giam nhe khi
dp khi théi ti€p tyc tang [9]. [2] xem xét anh huong clia dudng kinh ddu cat qua
trung gian 4p khi théi [xem hinh IV.17) va nhan xét vdi dudng kinh nho, cot dp

cao hon va tre hon, lgi vé 4p.
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Nhin chung, cdc nghién cifu ¢6 nhan dinh tdc do cat ¢ anh huong it hon so
véi cong sudt dén chidu rong ranh cit va kich thudc viing HAZ nhung lai ¢6 anh
hudng quan trong nhat dén d¢ nham gia cong.

2.3 So d6 khdéi cia qua trinh cit bang tia laser

Ta c6 thé t6m tit qu4 trinh cong nghé cit bang tia Laser qua so d6 hinh IV. 2

sau:

.................................................. b e ke e e e s h e e A e st e e ————
Paiu vao -
|
Thong 56 vt I | Vat liéu gia cong | || Thoag 56 ché d gia cong |
|

—lm

]__...

1

f'?'"[ |

| Hinh dung hin hoc ia vt

Vi tri hoi tu

—[ Citt triic dau ¢4t vi dong kFI——J L]

Vi tue cit
Cong sudl birc ¥

Tinh chat Iy hod cus vit |
Khoing cdch dung cu vof chi il

|
L

1 Hesd phim chit ding Laser |- —
f—{ (ng sut dong Laser ‘}- —]

—{  Dunghinh hoity
—L B0 sdu bty

——@ chil quang hoc cda val ié
] L

Qud trink cong nghé --—-—-—-—{ Nhieu
fommimimmmpimimais e Yo .
baw | | 1 |
. 12 ' N
: =l sl g |z ]

; E 5 g k| !
!
"~ HinhiV: 2-S0 dd qua trinh cong nghé cit bing tha t-aser - -

_ Tir so d6 trén [17] c6 thé nhan xét, diu vio qud trinh gia cong véi tia laser
12 cdc thong sd vat i, vat liéu va cong nghé. dau ra 12 chat lugng va nang suét

gia cong. anh huong cia mot s6 thong sé vat ly va vat liéu duge quan tam la:
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Puong kinh diém hoi tu. ,
Pudng kinh diém hoi tu 13 mot trong nhitng yéu 6 ¢6 anh hudng quyét
dinh dén d6 rong mach cit vd mat do tap trung nang lugng clia chium tia. Dong
laser sau khi di qua th4u kinh s& hoi tu tai mat phing tiéu cu ctia thiu kinh hoi w
[16]. _
Dubng kinh clia diém hoi tu chiu tic dong clia mot s6 yéu t6 nhu:
- Loai th&u kinh do Hang ché tao cung cdp.
- Hién trong nhiéu xa ciia chim tia laser.
- Hién tuong giao thoa tai mat phang tiéu cu (hién tugng ndy s& lam xudt
hién cic viing cuc dai vd cdc viing cuc tiéu trén mit phing tiéu cy)
(hinh 1V 2) |
- Cuong do cuc dai tai tai vach trung tdm (viing nay chita hon 80% nang

luong cia dong laser).

/Ejy
<

Hinh [V.2: Dudng kinh diém hoi ty dnh hudng do hién tugng nhidu xa

Trén hinh IV.2 dé c6 thé xdc dinh duge dm‘)‘ng kinh cha diém hoi tu thi ta
phai xdc dinh dugc hiéu 10 trinh (d mm) gitta 2 tia ABva BC la :
d=A/2=(D/2).sin(¢) (mm)
Néu goi khoang cdch tir tam ctia vach cuc dai dén vach t6i dau tién la y ta
¢6 thé xdc dinh y theo cong thic:
y=f.tan($). (mm)
V§i gdc ¢ 14 rdt nho ¢ thé tinh gin ding y theo cong thitc:
y=f tan($) = fA/D. (mm)
Do vay dudmg kinh diém héi tu duge xdc dinh:
die=2 fA/D. (mm)
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Trong thuc t€ véi kinh nghiém va cic phuong phdp tinh gén diing ngudi ta

xdc dinh kich thuéc cha diém hoi t theo cong thie:
d,,,=2.44 fA/D. (mm)

Vi dong laser khong phai don mode, duong kinh dbng hoi tu duge xdc

dinh theo cong thirc sau:
dpin=2.44(fA/D)2m+n+1) (mm)

Mot yé&u td khic anh hudng dén dudng kinh diém hot tu 13 phdm chat cla
dong laser. Néu goi K=1/M?, 1a hé s6 phidm chdt cha dong laser thi dudng kinh
diém hoi tu lién hé vdi hé s6 pham chat dong laser thao cong thitc [16].

d,;, = 4M*fA/nD,. |

Nhu vay c6 thé két luan né€u hé sé K cing lén thi kich thudc diém hdi tu
ciia dong laser cang nho.

Mat d9 tap trung nang luong tai diém déi tu dugc tinh theo cong thic:

Py=4P/nd*_,, W/em®
Trong d6 :

+ d,;, : Duomg kinh diém hoi tu

+D : Pudng kinh dong laser

+f  :Tiéu cu cla thau kinh

+A :Budc song clla dong laser

+P :Cong suﬁt-nguén laser

+K :Laheé s6 phdm chét cha dong laser

+n :S6 mode doc

+m : 56 mode ngang

Nhu vay, theo cong thitc trén néu dudng kinh ciia diém hoi tu cang nho thi
mat do tap trung‘nang lugng cang 16n. hon nira khi d6 d6 rong khe cat ciing sé
nho 1am tang do chinh xac cha qud trinh gia cong [18]. “
b sdu hoi tu.

D6 sau hoi tu 1a khodng céch ma dong hoéi tu cé cudng do nhu nhau; kich
thudc dudmng kinh cia diém héi tu thay déi trong Khodng +5%.

D6 sau hoi tu 12 y&u t6 quyét dinh dén chiéu day cat cia phoi, do vdl hoic
d0 c6n cua khe hd mach cit.
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Khao sdt mot dong laser hoi tu véi tan(p) = Df2f, va goi do sau héi tu cua
dong laser la z, ta co;
f/z=D/1.05d,,,.
Thay d_,, vao ta dugc:
‘ 7,=2.56F*\ , véi F={/D.
V§i dong laser khong phai 1a don mode:
z=2,56F*M*\.
Nhu vay d6 sau hoi tu clia dong laser phu thudc vio hai thong sd :
- Loai thdu kinh hoi tu ( c4u tao, vat liéu tinh chat quang hoc...)
- Buée séng cia dong laser (don mode | loai laser ...)
Vét liéu gia cbng
Vat liéu gia cong ¢6 anh hudng rit quan trong dén chat lugng va nang suat
gia cong bang tia lase. Trong gia cong, vat lidu tai diém hoi tu hip thu nang
luong cta dong laser, bi néng chdy, mot phidn nhd bdc hoi vat liéu trong mét
khoang thoi gian rdt ngdn phdn 16n vat liéu néng chay duge dua ra khoi viing gia
cong bang mot dong khi dong truc cé 4p.

Trong qud trinh gia cong, nang lugng giai phéng khéng duoc hap thu hoan
toan, theo 1V thuyét truyén nhiét ta c6 phuong
trinh lién hé giita cong sudt P va cic hé s6 dic
tnimg cho tinh ch4t cua vat liéu [1]:

nP = wtV.p[C AT+L+m L.
Trong do6:

- P : Cong sudt dong. (W) '
Hinh IV. 3 :Vét cét phong dai

- w: Do rong khe trung binh. (mm)

- t :Doday. (mm)

-V : Téc do cit. (m/phiit)

- m’: Phin chat néng chdy bi bay hoi. (kg)
- L;: Nhiét lugng néng chay.(J/kg)

- L,: Nhiét lugng hod hoi. (J/kg.K)

- AT: Do bién thién nhiét do. (K)
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- n : Hiéu suét

- p : Khéi lugng rieng. (kg/m?)
Nhu vay tacéd :

[PAAV] = wp[CAT+L+m L.
V2 vi w 12 mot ham ciia dudng kinh diém hoi tu va cdc hé s6 con lai 14 cic
hiing s clia vat liéu nén: )
[P/tV] 1a mot hing s6 cho mat vat liéu x4c dinh.

- Bang hing s vat liéu chia mét s& vat liéu co ban (bang IV.1) [1]:

Bdng IV.1: Bdng hdng s vdt liéu ciua mot s6 vdt liéu co bdn

Vit liéu Gia tri trung binh
_ P/tV(J/mm?)

Thép thuong +0, 5.7
Thép thudng +N, 10
Thép khé gia cong +0, 5

Thép kho gia cong +Ar | 13
Titanium +0O, 3

Titanium +Ar ' 14
Alumilium +QO, 14
Copper +0, 30
Brass +0, 22
Zirf:onium +0, 1.7
Acrylic : 1.2

V& anh huong cla cdc thong s6 cong nghe : dé nghi xem phin 3.3

2.4 Mo hinh héa qua trinh gia céng vat liéu bang chium tia Laser
théng qua li thuyét nhiét "

M6 hinh hod 12 cong cu dé trg gitip su hiéu biét v& mot qué trinh va trg gitp
kiém sodt qud trinh d6. Da s& cdc bdo cédo [1,12,] xay dung mo hinh 1§ thuyét
cho qua trinh gia cong bang tia la se trén co s¢ 1y thuyét hdp thu ngudn nhiét

cla vat lieu.[12] din dat, tir phuong trinh nang lugng:
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VT = 2,1@ (1)
ot

dén cdch phan bd nhiét trén vat thé rin bdi mot ngudn nhiét lién e g (ndng

lugng trén don vi chiéu dai ) nhar:

r=> ;D e= K ( (2)
Trong do6:
- K: hé s4 dan nhiét - C: Nhiét luong riéng (J/kg K)
- D: do6 day vat liéu(mm) - K,: ham Bessel loai 2 bac khong
- q: Dong nhiét (J/m) - Quser =(1-Rp)lg

- R;:Lahé s phan xa I,: cudng do cong sudt laser
P: Cong sudt lase (W)

u: téc do cit (mm/phuit]

- r: bdn kinh chiim tia (mm)

i, ong
- V¢ tdc do tham nhap - L: Nhiét tiém tang bdce hoi (J/kg)
Trong trudng hgp qu4 trinh ¢t laser ¢6 khi thdi, su truyén nhiét xay ra do cic

phan tmg hod hoc toa nhiét g, bé mat chét long, duge viét (7]:

C h B,
rem =Pl Cr AL [1H( 28 1y - 2
Yen P H [ (CH‘. ) 7 T]

AI=(1p) (), +h,
(Ip)e-(Ie)s: 1a lugng thay déi enthalpi tai bé mat
h,: enthalpi cta toan bd cdc phan ting hod hoc

he= D (1), [(C),-(1+B,)(C),+(he),[B, (17&)@]

2 E
B,=B, Cue
Hd

B= {pu),
puCy

Nhu vay nang lugng toan phén trong qua trinh nung néng vat liéu la:
qml QImr+qchem
* Khi nhiét d¢ dat dén nhiét d6 néng chay, phuong trinh nhiét c6 thé dugc
viét lai:

T - [ L . eux.'(Za) - Kn
m . .
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Pua vao toa do suy bién:

X=* vy R=Z
2 2

Phuong trinh trén viét lai dugce dudi dang:

— QX
T,= 22 Ky(R) @

Tir nhiét d6 T, cha dudng ddng nhiét, [12] dua ra phuong trinh t6c do cla ding
nhiét n6ng chay tham nhap va lan truyén vao chi tiét:

v, = 9 1ot (5)
p(L+CpT,)

Trong khi [I. Black] dua ra t6c do cat (i

_ P
Mo = 2rDp|CT, + L] ©)

Né&u 0 mat d6 cong suit ndo d6 cha ngudn nhiét cé téc do tham nhap cia
dudng dang nhiét néng chay bang hoic 16n hon t6c do cit, khi d6 & vi tri phia
trudc chim lase di chuyén téi ddu tién sé ¢6 hién tugng béc hoi vat liéu néng
chay trén bé mat (vung I, hinh IV .4), sau dé ¢6 hién tugng tao ranh do phan trén
clia tdm vat lieu bi néng chay dugc dong khi duge théi (ving II, hinh IV.4), hinh
thanh ranh cé do rong w, & mép trén va w, & mép dudi, . Su pha huy cta ving II,
nam sau trong vét cit tao nén do tdc dong chia phdn ning lugng clia bitc xa xay
ra lien tuc. Viag IT1 13 viing cat chit luong, tao dugc w,= w, , dugc hinh thanh
b&i s két hop hop 1i cia dong khi théi va su nung néng c‘héy clia ngudn nhiét.
Néu t6c do cit I6n hon téc d6 lan truyén ﬁguén nhiét, trudng hop x4y ra c6 thé 1a
viing cit [V, tai d6 mép cdt dudi c6 nhiéu ria xom mép hodc V, ving cit khong
thung [17].

Nhu vay dé cit duoc chi ti€t, st dung mé hinh dé nghié}l cttu duge sy anh
hudng cua cédc thong s& cong nghé 1én chit lugng bé mat chi tiét gia cong, mot
s6 céc gia thiét vé dong luc hoc clia qué trinh nhu sau duge chédp nhan:

- Té&c do lan truyén cha dudng ding nhiét & mot cong sudt xdc dinh nio

d6 phai 16n hon t6c do cét.

- Vat liéu phai hap thu duge hon 80% nang lugng tai diém hoi tu.
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Hinh 1 V. 4 : Céc ving cét co thé hinh thanh trong qua trinh ¢t 2 ]
Vung | : Cat & tdc dé thap (co sy dan xen git‘!é hai phuong phéap cat bay hoi va cat nong chay
Viing Il ; Ving cat tao ranh '
Ving Ilt : Ving cat chat luong.
Viing IV : Viing cét c6 nhiéu ba via & mép cét dugc thyc hién & tc do cao .

vung V: Ving cat khang thiing sudt & (3¢ do ¢t Ion hon t6e do fan truyén nhiét.
Nhur vay chat lugng gia cong yéu cdu phai nim & vang 11

2.5 Doi tuong nghién ciru.

2.5.1 Pai luong chdt luong bé mdt cdt va doé chinh xdc gia céng - dé rong
mach cdt
Cic dai lugng thé hién chat lugng mach cét trong gia cong cét bing laser bao
gém:
- Do rong mach cit
- bo nﬁém cat
- Kich thuéc ving HAZ
V6i cong nghé gia cong bing laser mach clia vét cét laser c6 thé dat cuc
nho ( ¢6 thé dén 0,15mm d6i vé6i chiéu day thép tr Imm+6mm va 0,5mm doi
v6i thép dén 20mm [13]) d6 ta dac diém ndi bat cha cong nghé cit laser. Tu
diém 1.2 cho thdy dnh hudng ciia mot s§ tham s& don 1én do rong mach cét
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tuong ddng v€ quy luat véi ving HAZ. T nghién cdu [11] (hinh IV.5) ciing c6
thé két luan ring d6 nhdm bé mit v d6 rdng vét cit ¢6 mdi quan hé ddng bién
co nghia la

- Vét cat ¢6 do nhdm bé mat tho 12 vét ¢6 do rong vet cat 16n va do tru thdp

- Vet cit c6 4o béng t6t nhit 12 vét c6 hinh déng hinh hoc dim bao do tru nhat

Do nham bé mat va do rong vét ¢t khi gia
cdng & ché do khong hop ly. d5 rong vét
cit khéng déng déu (Rz >180um)

Dé rong vét cat ting , do tru gidm xuat hién
ving HAZ khi dd nham bé mét cao (Rz
>200um)

§ D6 rong vét citon ddng thai do nham bé
mat cing déng déu va min hon (Rz=70um)

Hink V.5 méi quan hé dé nham va dé tru
theo [11]

»

Mé ngé nhan khic nén lya chon bé rong ranh cit nghién citu 1 trong gia
cong CNC, kich thudc gia cong hinh hoc chi chinh xdc khi biét duge chinh xdc
dai lugng bu ban kinh dao, ma trong trudng hop cat véi laser d6 chinh 1a d6 rong
mach cét.

Nhu vay, do rong mach cét c6 thé duge sir dung nhu 1a dai luong dai dién dé
khao sdt vé chat lugng cét cha phuong phdp cit bing tia laser. |

2.5.2 Anh hudng cia cdc tham s6 cong nghé lén chdt luong cdt bang tia laser

Céc nghién ciru vé anh hudng ciia mot s6 thong s& cong nghé don 1én chat
lugng mach cit da duoc mét s6 tic gia cong bo nhu di€ém 1.2.1. Mot s6 nghién
cltu t6i wu hod cdc tham s& cong nghe: td¢c do cit, cong sudt laser, dp khi cho
thép ma [3] chiéu ddy 0,55m 0,8mm va lmm , cho hgp kim X5CiNil8 [10]
chidu day tr I +6mm ¢6 bé sung thém vi tri diém tiéu cu cula laser trén co s& s
dung mot s6 luong thi nghiém I6n dé rdt ra mot s bo thong s6 cong nghé thich _

hop. C6 mét s6 nghién citu vé sir anh hudng cla cédc tham s6 cong nghé trén co
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s& xay dung mo hinh todn hoc cu thé trong [14] mong mudn hop tic nghién cliu
x4y dung mo hinh todn hoc thudn L thuyét d€ t6i wu qud trinh gia cong véi tia
laser trong 3 ndm t&i véi kinh phi du tinh 96.000 EURO, [9] trong nghién ctu
cat laser CO, thép C40 dua ra mo hinh todn hoc héi quy: ‘

Y=qa +ax +a,x, +a«3x,x2+a:14x]2 +a5x.f +a6x1x§ -+~a.,x[2x2 +.szgxlzxz2 voi Y la
chat lugng cdt (40 rong mach cit/kich thudc HAZ/d6 nhdm), x, 12 cong sudt va
X, t6c dO cit. Ngoai ra trong cdc tai liéu ma nhém tic gia tham khao, khao s4t,
chua thdy mét nghién ciu ndo cong bd vé t6i uu hod cac tham sd cong nghé trén
co s& xay dung mo hinh todn hoc cho qua trinh cit véi laser CO2.

2.5.3 Lua chon ddi tuong nghién ciu:
1. Nghién ciu chdt lugng bé mdt gia cong, thong qua do rong mach cat
2. Cdc tham s6 cong nghé:
- Cong suét cit
- Toc do cit
- Khoang cich ddu cdt (vi tri tiéu cu)
- Ap sufit khi théi
- DPudng kinh dau cit
dugc lya chon dé nghién ciu anh hudng dong thdi 1én chat luong gia cong

3. Muc dich
o Nghién ctu thue nghiém : Tham do kha ning cong nghé cia thiét bi, xem xét

hudng clia cdc thong s cong nghé chinh (Cong sudt, van t6¢c cét, khoing

céch cét, dudng kinh ddu cit, 4p suit khi) dén d6 rong mach cit, do vit ciia
mach cdt thong qua chi tiéu niing sudt va chat lugng cha vet cit. |
o Lam ré nguyén 1y cat néi chung ; xdc dinh mién gigi han cong nghe doi voi

mot s6 loai vat liéu cu thé .

o M0 hinh héa qua trinh cat bang chiim tia laser dé xay dung méi quan hé thuc
nghiém tudng minh gilta chdt lugng cia mach cit va cdc thong sd cong nghé.

M0 hinh héa duge dua trén co s¢ cidc phuong phdp qui hoach thuc nghiém va

kiém chiing théng keé.
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o T&i m héa cdc thong s6 cong nghe bing cdch giai bai todn qui hoach thuc
nghiém véi cdc diéu kién bién theo phuong phédp Gradien; thi€t 1ap phdn mém
tra ch€ d¢ cong nghe t6i wu [22}].

o Bén canh cdc két luan cu thé, dat tién dé cho cdc nghién citu thuc nghiém va
t6i wu khi gia cong cic vat liéu khdc trong khuén khé cét bing tia laser trén

-thiét bi L C1000 -CNC hodc cac nghién citu tuong ty khéc. .

4. Gidi han cua nghién cuu:

Nghién ciu anh hudng clia cdc tham s& cong nghé dén chit lugng bé mat gia
cong dugc thuc hién trén mdy cdt laser CO2-CNC 1000W, ¢6 dic tinh ky thuat
dugc ligt ké trong [15: Mdy LC1000-CNC, bdo cdao NCKH dé tai KC03-05]. Déi
v0i gia coOng kim loai trong cong nghiép véi laser CO2, 1000W thudc loai cong
sudt nho.

Muc tiéu nghién ciu 1a nang cao nang sudt va nang cao chdt lugng gia céng
trén LC1000-CNC .

Gidi han cua nghién ctiu : cic thi nghiém duge tién hanh v&i cdc tham s¢ cong

nghé trong viing cong nghé dugc khao nghiém trude
3. NGHIEN CUU CAT KIM LOAI TREN THIET BI LC 1000C0O2-CNC

3.1 BO tri thi nghiém
Sa d6 bd tri thi nghiém dugc thé hién & hinh IV.5.
3.1.1 Thiét bi thi nghiém:
Thiét bi gia cong 12 LC1000CO2-CNC c¢6 kha nang diéu khién vi tri theo 3

| 9‘2 1. Nguén laser CO, .
2. Hé guong chan dong
N -- —% 3. Guong dan déng
4. He hoi tu.

5. Déng khi cat.
4 6. Dau cét laser,

7. Phéi gia cong.
—3 8. May CNC.

7
CNC .

Hinh IV.6: So do két cdu thurc nghiém
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truc toa do X,Y,Z, dé dang thay déi va khéng ch€ d6 én dinh va do chinh xdc
cta dau cit.

Ngudn laser CO2: B6 phan ndy c6 nhiém vu tao ra nguén bic xa laser cho
dau cat. Cic nhién liéu khi (CO,, He, N,, H,) dugc bom bio budng cong hudng
nhd mot bom hiit chan khong, Qud trinh tao ra chim tia laser dugc thuc hién
trong bu.dng cong hudng nhd mot dién trudng cao th€. Chum tia laser duge dua
dén ddu cit nhd mot he théng guong quang hoc duge b6 tri nhur hinh vé 6

Ddc diém ky thudt cia thiét bi: [15] mo ta diy da dic tinh k¥ thuat cla
ML 1000CO2- CNC, sau day 12 mét vai dac diém chinh

Sai s6 do tai 3 truc:

+ Truc X £ 0.01 mm
+ Truc Y £ 0.0] mm

+Truc Z £ 0.01 mm

- Kich thuéc mdy : 5200x2200x1700 mm
- Hanh trinh dich chuyén :

+ Truc X : 2400mm

+ Truc Y : 1200 mm

+ Truc Z : 200mm
- Chiéu day cdt Idn nhit (d6i vdi thép ché tao) : 6mm
- Téc d tién ban may vo cdp theo cdc truc:

+Truc X  : 0 — 23000mm/phiit

+TrucY :0— 18000mmy/phiit

+TrucZ  : 0 — 9000mm/phiit
- Thau kinh hoi tu duge ché tao tir vat liéu ZnSe va ¢é tiéu cu f 5"(127mm) [4].
- Loai khi cdt sir dung ( N2, CO2) do sach 99,9%

Cdc thong s6 cong nghé ( cong sudt laser, t6c do cét, dp khi théi, khoang
cich ddu cdt) cé thé duge thiét lap va diéu khién bdi bo diéu khién TNC-310
HAIDENHEIN c6 tich hgp véi diéu khién Laser FEHA. Cic ddu cét c6 dudng
kinh khdc nhau c6 thé d& dang thay thé vio hé théng diu cit thong qua ren lap

rap.
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3.1.2 Gd madu

Qua trinh cit bing chium tia laser 12 mot qué trinh cit khong ¢6 luc cat. Do
vay van d& kep phoi khong duge coi trong nhu cdc phuong phédp gia cong cat got
khdc. Hinh IV.7 biéu dién bo gé phoi va kep phoi bing khi nén. Mu thi nghiém
& dang tim dugc dua vao ban cit mot cich dé dang nhd mot he thong bi lan va
dinh vi trén c4c chét ty. Trudong hop gia cong phoi nhd, phoi ¢6 thé duge dat truc
ti€p trén ban cit, khong cdn gd kep [15].

Hinh V. 7: B ga phdi va kep phdi bang khi nén

3.1.3 Chudn bi mdu

Thi nghiém cat bang tia laser dugc tién hanh theo nhiéu nhém thi nghiém.
D€ tranh ¢6 nhimg sur khdc nhau khong cin thiét, cdc thi nghiém trong nhom sé
dugc thuc hién trén cdc mau ¢6 kich thude dai X rong va phin bd vét cdt tong tu
nhau. Do 1 thiét bi cit CNC nén vén dé vé kha nang gia cong cic bién dang hinh
hoc phuc tap dat &Q chinh xdc cao (d6 chinh xic dinh vi £0.01, d6 chinh xic lap
12i£0,01 [15]), cdc thi nghiém s& dugc thuc hién cit thing dé dé dang cho viéc

quan sat va do dac.

Cac loai mdu thi nghiém:

Nhém miu thép thudmg
Mau thép CT3

Kich thude : 30 mm x 25 mm

Chiéu ddy : t (lmm, 1.2mm, 2mm, 3mm. 6mm...)
M4u duwoce cit theo dang hinh lvge (Hinh [V.8)
Tinh chat vat liéu (Theo bang IV. 2)

KC03.05 142




Mau thép C45

Kich thirde : 30 mm x 25 mm

Chiéu ddy : t (Imm, 1.2mm, 2mm, 3mm, 6mm...)
Miu dugc cit theo dang hinh Iuge .
Tinh chat vat liéu (Theo bang IV.2)

Nhém mau thép khé gia cong
s Mdu thép INOX-SU304

Kich thudc : 30 mm x 25 mm

Chiéu ddy : t (Imm, 1.2mm, 2mm, 3mm, émm...)

Miu duoc cit theo dang hinh luge

Tinh chit vat liéu (Theo bang IV.2)

Mau thép 65Ge

Kich thuéc : Theo ban vé thiét k& clia Cty ¢6 phin xay dung & thiét bi

cong nghiép ( phu luc IV.3)
" Chiéu ddy : t = 6mm

Ddc tinh k¥ thudt ciia vat liéu thi nghiém: duge thé hién ¢ bang IV. 2

Bdng IV .2: Ddc tinh k¥ thudt ciia cdc vdt liéu thi nghiém

Dac tinh Thép C 45 Thép CT3 | Thép hop kim |
thudng SU304 1‘
C 045 03 038
Thanh phidn Si 0.5 0.6 0.20
% Mn 0.02 0.03 0.90
S 0.15 0.17 0.40
Do cung 185HB 130 :170HB 150-170HB
Do bén kéo 700N/mm*® |
Gia cong co Tot | - Tot Trung binh |
Chéng mai )
Trung binh Trung binh Tot
Pac tinh mon
Ciu tric hat Thoé Tho Min
b6 dan nhiét 0.835(273°K) . 0,793(273"K) | 0,168(273"K)
K(W/cm"C) 0,325(1000°K) 0.225(1000"K) |
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Nhiét

rieng (3/g°C) 0.98(1000°K) | 0,92(1000°K) | 0,45(1000°K)

luong 0,42(273K) 0,51(273°K) | 0,37(273°K)

Kich thudc mdu thi nghiém: t - chi€u day vat liéu, phu thu¢c vio nhém thi

nghiém thuc hién

30
5 10 10 t
i .
\
N 7
& 7
“ Z
| ]
V&t cat/
Hinh V. 8 Qui céch clia mau thi nghiém
3.1.4 Diéu kién tién hdnh thi nghiém
- Nhiét d6 phong : 23°C
- Nhiét do budng 1am mat : 19,6°C
- bsdm : 85%
3.2 Thiét ké thi nghiém:

3.2.1 M¢ hinh dinh tinh qud trinh gia cong cdt véi tia laser
Mo hinh dinh tinh quy trinh gia c6ng trén mdy ML1000CO2-CNC dugc thé
“hién O hinh IV.9 véi:

Ddu vao 1a phoi gia cong (thé hién qua vat liéu va chiéu day tdm) va
chuong trinh NC

Ddu ra 1a hinh ddng hinh hoc chi tiét va chdt lugng gia cong (thong
qua d6 rong mach cét va do c6n ciia mach)

Cdc tham s6 diéu khién : Cong suft (P), t6c do cét (v), dp khi théi (p)
dudmg kinh ddu cit (D), khoang cach ddu cit/vi trf tiéu cu (Z)

Nhiéu: 1a nhiéu he thdng va nhiéu ngiu nhién
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Thiét k€& thi nghiém quan tim dé&n tuyén chon cic gi4 tri tham s& diéu khién
dé chén vao chuong trinh NC, thyc hién gia cong theo thiét k€ di dinh trusc. Vi
1a thi€t bi méi nén nhiing quy luat clia nhiéu hé théng chua duge nghién ctu do
vay trong thi€t k&€ thi nghiém ta chdp nhan tit ca cic miu déu chiu anh hudng
nhu nhau vé nhiéu, tic tim 4n mot sai léch nghién ciu nhi nhau.

Nhigu

Y

| Hinh dang hinh hoc
Vatigu, chiéu gy | QUATRINH cla chi tigt

ChuangtrinhkNC | CATLASER | Chétiugng vét c&t (D6 rong
vét cat, dd con)

v

1TeN
‘ -c Q .
] ?_: Hinh IV.9: M6 hinh dinh tinh qua trinh cét
e !
E a bang Laser
2
oL

‘ 3.2.2 Thiét ké cdc thi nghiém:

Thi€t k€ thi nghiém 12 mot khau quan trong troné nghién citu su anh huong
clia cdc thong s6 cong nghé. Chiing tuan theo cic qui tic chudn muc tir khau ddu
tién dé€n khau keét thiic, tir 46 bing cdc phuong phdp qui hoach thuc nghiém dua
ra dugc cic m6i quan hé todn hoc nhidm ddnh gid mot cach chinh xdc nhat méi
quan he cia thong s§ ddu vao va him muc téu.

D€ c6 mot thiét k& thi nghiém t6t tic 1a cic thi nghiém dugc thi€t k& phan
dnh dugc ddy dd su tdc dong clia cdc thong s6 lén ham muc tiéu ngudi thuc hién
bt budc phai ti€n hanh cdc thi nghiém:

- Thi nghiém x4c dinh kha nang cdng nghé (bién cla cic tham sG)

- Thi nghi¢m x4c dinh qui luat anh hudng don clia cic yé&u t8 cong nghé

- Thi nghiém nghién ctu sir anh hudng ddng théi clia cdc tham s& cong nghé

theo cdcphuong phdp thi€t k€ chon trude.

Thi nghiém xdc dinh kha ndng céng nghé: LA yéu cdu ddu tién trong viéc thiét
k€ thi nghiém, phai xdc dinh dugc cic gidi han cla bai todn cong nghé tic 12 tim

ra cidc gidi han trén va dudi clia cic thong s6 cong nghé cin khao sit. Nhém
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nghién ciru di lam—mot loat cdc thi nghiém d€ tham do gidi han cla c4c thong s6
cong nghé. Bang IV.3 1a vi du vé& thiét k& cho tdm vat liéu CT3 chidu diy t
=2mm.

Bdng IV.3 : Thi nghiém thdm do¢ tim khd ndng cong nghé cila thiét bi

Kha néng Tham s& bién déi B4 tham s G dinh Chi chu
Téc do (v) 1m/pht va Sm/phat P970W, p=3 bar, $0,8, Z2mm
Ap khithdi (p) | 0,5 bar, 5 bar P970W, v=3 m/phdt, $0,8 Z2mm

Thi nghiém xdc dinh dnh huong don cua cdc thong s6 cong nghé: Chc thi
nghiém nady s& ddnh gid dugc qui luat anh hudng cua titng thong s6 cong nghé
lén ham muc tiéu, tir d6 cd thé dua ra nhan xét vé ti trong anh hudng cla tmg
théng s6 cong nghé va l1a nhiing can ¢t quan trong trong viéc danh gid sy chinh
xdc cia moé hinh todn hoc sau nay. Cac thi nghiém nghién ctu su anh hudng don
cua cdc thong s6 cong nghé duoc thiét k& trong bang IV.4 cho vat liéu la thép
CT3 chiéu ddy t =2mm.

BdnglV. 4: Thi nghiém dnh hudng don cia théng s6 cong nghé

Thong s6 - Tham sG bién déi Bo tham sd ¢4 dinh Chichu -
MGi quan hé gizra P(w), v {m/p) P,=3 bar, $0,8, Z2mm t=2mm
PV t=2,5mm
Vén toc cat - chiéu v(mip) - t{mm) P.=3 bar, $0,8, Z2mm P = 1000w
séu t {mm) - P=750w
Cong sudt lase (P)- | 970, 850, 750, 650, | v=3m/phiit, p=3 bar, $0,8, Z2mm | t=1,5mm
wo 550, 450 t=2mm
T6c do cat v-miphut | 4; 32 P970W, p=3bar, $0,8, Z2mm
apkhithdi (p)-bar | 4,3;2:1; P970W, v=3 m/phit, $0,8, Z2mm
Khodng cach dau|3; 2,5; 2; 1,5, 1 PO70W, v=3 miphit, p=3bar,
phun (Z)-mm $0.8,
Buong kinh dau |08; 1,2 ; 2 PS70W, v=3 m/phdt, p=3bar,
phun (D)-mm Z2mm

Thi nghiém nghién citu su dnh huong dong thoi cua cdc théng s6 cong
nghé. Cac thi nghiém s€ duoc thiét k€ dua trén cic thi nghiém néu trén va duge

thiét k€ theo céc phuong phap chon trudc d€ tim ki€ém mo hinh todn hoc (xem
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diém 6.2.2)vA t6i uu hod cdc tham s6 cong nghé (xem diém 7.2): Sau khi thuc
hién thi nghiém tham do va khao sdt anh huéng don clia thong s6 cong nghé, quy
hoach thuc nghiém méi duge thiét k€ va tién hanh thi nghiém

3.3 Thuec hién thi nghiém

3.3.1 Thi nghiém thdm do khd ndng céng nghé ciia thiét bi
Mot loat cdc thi nghiém tham do kha ning cong nghé ciia thiét bi ciing nhu

gidi han cua phuong phdp da duge thuc hién theo thiét k&€ ciia bang IV.3, quan

Hinh V.10 : Thi nghiém bién tc ¢
a) Catvditéc do cham (v= 1m/p)
b) VAt cét khdng dir khi c&t vai v =5mip

Ligtdudi a) nattrén a)

Hinh V.11 Thi nghiém bién ap sudt
a) V&t cat vdi dp thdp (Pkt =0,5bar)
b) Vét cit véi dp cao (Pki=35 bar)

sdt trén cdc d6 thi hinh IV.10 va hinh IV.11 ta ¢6 cdc nhan xét sau:

Khao sit kha nang clia vdn 16c cdt gia cong thép ché tao tir 1+6 mm cho thiy
tai mdu véi v=5Sm/phit, chat luong mép cit ¢é chiéu day 2mm ndm ving IV
(hinh IV.4): t6c do qud nhanh mach cét chua dit, v=I1m/phiit chat lugng mép cat

lai ndm & vang II , mach cat khd rong
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- Khio st ving 4p khi théi :(phu lycIV.1): p=0,5 bar, 4p khong dit dé dua
vat liéu néng chay ra khoi rianh cit, p=>5bar cho mach cat sach, déu nhung
khong ¢4 su khdc biét so véi dp 4 bar.

332 Thi nghi_ém khdo sdt dnh huong don cua mét sé thong s6 cong nghé
dén chdt luong mach cdt.
Nghién ciru su anh hufmg clia tmg thoéng s& cong nghé dén cdc chi tieu

qud cdt nhu d6 rong mach cit, do con mach cit, ...duge thue hién véi cic thi

~nghiém duoc thiét k€ theo bang 1.V4 tai muc 3.2.2 . Cdc két qua dugc do tai

phong thi nghiém vdt liéu Truong dai hoc Bach Khoa Ha Ngi dugce thé hién &
phu luc IV.1.

X li s6 lieu duge thue hif_‘:ﬂ dudi sur hé trg clia cdc phdn mém ng dung
Turbo Pascal , Aess Exel cia b Office Windows XP chay trén PC.

3.3.2.1 M52 quan hé gida oir tie et vi edng 1udl edf

Quan hé giita t6¢ do cit va cong sudt cat 12 mdi quan hé tuyén tinh bac
nhat qua két qua thi nghiém duoc thé hién & hinh 1V.12 (thép CT3 & chiéu diy
2mm, 2.5mm). Diéu nay 12 phi hgp v6i cic cong bé {1,2,..]. C6 thé gidi thich
moi quan hé nay nhu sau:

Cong sudt cua ngudn birc xa laser duge coi nhu mét ngudn nhiét tap
trung con van t6c cat chinh 14 t5¢ do di chuyén ctia ngudn nhiét d6 trén bé mat
phoi. M6i quan hé giita van t6c cdt (V) va toan bo nang lugng nhiét ( bao gém
cong sudt bifc xa v nhiét luong bé xung do cdc phin ing oxy hoa) c6 thé dugce
xé4c dinh gin diing theo biéu thiic xdc dinh hiéu sudt ciia qud trinh [1].

P =nwitV
Trong dé

- P :“COng sudt dong.

- w : Do rong khe trung binh.

-t : Do day coa tdm vat lieu.

_- 'V :T6c do cat. (m/s)

- n : Hiéu suit

Nhu vay d6i v6i mot vat liéu cé chiéu day ¢ cé dinh, mach cit w c6 thé
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giit duge cd dinh péu Kkhi ting P thi v ciing phai tang theo tuong ing va
nguoc lai. Diéu ndy cho thdy tdc dong clia ngudn nhiét 1én chit lugng mach cit
1a tuong tu véi tac déng clia téc do cdt, tham chi t6c do cat con ¢d tic dung manh
hon dén do6 nhdm bé mit gia cong vi hién tugng tao striation {N.Rjal.

=8

V(m/p)

LA

w00 400 SN0 AN nn 200 ang L000;
| * =2mm 4 t=2.5mm POW)|
| v = 0.006x - 1.0321 v = 0.0035x - 1.1607

R® = 0.9692 R’ = 0.9785

Hinh IV.12: MGi quan hé cia Pva vV
Nhu vay, trong trudng hop sit dung hét cong sudt cia thiét bi 1000W., ta ¢6
thé sir dung viing t6c do lén tir 2m/phit +4m/phiit (theo két qua khao nghiém

bién cong nghé tai di€ém 3.2.1) dé c6 duoc chat lugng vét cit tot.

3.3.2.2 Ank huténg edia tie d3 edt din chitu diy ot Ui edt

Thi nghiém xem xét anh hudng clia t6c do cat (v) dén chiéu day vat liéu cét
(t). K&t qua vé ma6i quan hé gilta v-t dugc thé hién & hinh IV.13. Tit thi nghiém
gia cong tai P1000W va P750W c6 dugc do thi xdp xi v6i phuong trinh hé s6 mi
(theo phuong phdp binh phuong nhd nhat) thé rit ra két luan dé 12 méi quan hé
v=at"" v&i a va b 1a hai hing s6 duong. Diéu nay tuong hgp véi nhitng bio cdo
[1, 2] ring tai mot cong sudt cho trude, dé dam bao chdt luong gia cong thi ting

tdc 40 cit khi chiéu day giam va nguoc lai.

KC03.05 ' 149



t(mm)

[ I VU SO ¥ Y

0
| * P=1000w m P=T50w v(m/p)|
‘ y = 3.8025x-05877 y= 4'8262x-05457 ‘
| R? = 0.9102 R® = 0.9284

Hinh V.13 : &nh hudng ctia van téc cat dén chiéu day gia cong

3.3.2.3 Ank hutbng eica edng wuit it din &3 rdng oil oit.

Cong sudt clta ngudn Laser dai dién cho mat do nang lugng cia chim tia
laser, 12 yéu 16 quyét dinh dén kha nang gia cong va chdt luong gia cong. Anh
hudng cta cong sudt laser dén do rong mach éiit dugc thé hién ¢ hinh IV.11 khi

thuc hién thi nghiém theo bang IV.4.

Thép CT3, V=3nyp D=0.8mm. Z=2mm; Pi=3bar

270 1~

00 500 600 700 800 0 1000 NN
5 ROW)|
i —+ 1=15mm g =2mm t=2mm

(11]

Hinh IV.14 : M6i quan hé giira cong suét cat P va doé rong vét catw
a} D¢ rong mach cdt cia thép CT3.1 =1.5mm
b) Dg réng mach cat cia thép CT3.1=2mm
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(a)P=970w (b)P =650w

Hinh IV.15: Mau thi nghiém khi ¢3t & cac mirc cong sudt khac nhau

Trong gia cong bing chiim tia laser d6i véi méi mot loai vat liéu khdc nhau
thi ton tai mot gid tri duoc goi 1a hang s& vat liu (hing sé nay phu thudc vao
tinh chét 1y hoa cla vt liéu, d muc 2.2 trinh bdy cdch tinh hing s& vit liéu) theo

muc 2.2 1a ¢6 duge méi quan hé giita hing s6 vat liéu, tdc do cat va chiéu sau cit

. P N o .. . . . .

theo phuong trinh: —= K (hdng s6 vit liéu). nhu vay trong gia cong mot loai
v

vat liéu c6 ciing chiéu ddy dé dugc chat lugng bé mat 1a 16t nhit thi P va V phai
clng bién ddi sao cho hang s6 vat liéu khong thay déi. hinh IV.14 chi ra hai miu
thi nghiém khi gia cong thép CT3, t=2mm; v=2,8m/p P=970w va P = 650w.
Quan st mau ta nhan thay khi gid tri P, v 1a hgp 1§ thi chat lugng bé mat cua chi
tiét 1a nhdn. khe ho hep va déu(miu a), mau cdn lai (mau b} con thdy vét cat ton

tai bavia, mach cit khong déu.

3.3.2.4 dnk hatdng et tée 33 oit dir 33 réng ol odt

Tién hanh cic thi nghiém nghién cifu syt anh hudng cha van tc cat len do
rong vét cdt theo bang IV.4. Hinh IV.16 1a d6 thi miéu td dnh hudng cia t6c do
cit lén do rong mach cdt trong mién cdt dugc tai cong sudt P = 1000W, cho hai
loai thép CT3 va thép INOX SU304, day 1.5mm. C6 thé nhan thay téc do cét c6
dnh hudng theo méi quan hé w=av™* trong dé w 12 do rong mach cit, v 14 t6c 4o
cdt , a va b 12 hdng s6 phu thudc vio cdc tham s6 cong nghé tham gia gia cong

khdc (dé thi 13 dua ra dudng cong quan hé w-v khi cit thép CT3 va SUS304).
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w(mm)

P=970w; z=2mm;D=0,8mm;Pki=3bar

350 T
300
250
200
150
0 05 1 15 2 25 35 4 45 5
+ Thép CT3 = Thép SUS304 vimip)
y = 271025 %% y = 282.69x 3™
R® = 0.9699 R® =0.9777

Hinh 16: D6 thi dnh huong cia vdn toc cdt lén do rong mach cdt

Két qua nghién ciru ndy twong ddng vdi bdo cdo cua [+]. CS thé giai thich

moi quan hé nay nhu sau :

" Toc do cit chinh 1 t6c do di chuyén cla ngudn nhiét tdp trung trén bé

mat cta phoi. Tai mot cong suit ¢ dinh cia ngudn biic xa, néu van té¢ cao hon,

thoi gian luu lai cha ngudn nhiét trén bé mat vat liéu, tao lan truyén nhiét sang

canh dudng di chuyén it, nén s& tao nén vét cit cing nhu ving HAZ nhd hon.

Kich thudc mach cét chi giam trong viing t6c do tang thich tng, noi kim loai

nhan di ning lugng dé néng chay. D6 1a “dinh clia dudng Gaus”-V . Néu t6t do

tang qud cao (V_ > V) s€ xay ra hién tuong cdt khong ddt. khi d6 lugng kim

BdnglV. 5: Bdng thi nghiém kiém tra anh hitong cua vdn téc cdt

STT | Théng sé cdng Vit liéu thép C45 Vit ligu thép SUS304
nghé Tom) [ 5mmm | 2imm) | dmm) . 4.50mm) | 2mm)
1 P (W) 1000 1000
2 P, (Bar) 35 35
3 D (mm) 08 08
4 h{mm) 25 25
5 | Vimmiph) | 2000 | 2500 | 3000 | 2000 2500 | 3000
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loai néng chay khong ¢é dudng thodt ¢6 thé c6 hién tugng trao ngugc 1én bé mit
cta phéi, phd hong vét cit (hinh IV10.b) _

Bing mot loat c4c thi nghiém kiém tra (bang IV.5) ddnh gid sy anh hudng
cla van t8¢ cit 1én d6 rong mach cdt véi cdc vat liéu va chiéu ddy khic hhau. Ta
cd thé ket luan mot cdch chéc chin ring van tdc cét tic dong ty 1& nghich véi do
rong mach cat. Hinh IV.17, 18 cho ta thay su bién thién cia do rong mach cat
khi thay déi t6c do cat.

_ . _ S| 280
13007 2000 2500 3000 3300 13500 2000 2500 3000 3500

—— Imm s | 5mm —— 2mm —+— Imm —%—]5mm —%—2mm

Hinh IV.17: a) anh hudng cda V téi w khi cat thep C45
b) &nh hudng cda V Gi w khi cit thép INOX SUS304

3.32.5 Ak hutdng eisa i 1uuit kehei théi dere T3 edng vét edt.
Tién hanh cédc thi nghiém nghién ciru sy anh hudng cla dp suat khi théi len

do rong vét cat theo bang IV.4. Hinh IV.19 mo td moi sy anh hudng cla dp suat

Hinh IV, 18 anh chup phéng dai do rong ma~Ch cét sau gia céng
a)Méu thep CT3
b) Mau thép INOX SUS304

khi théi dén chiéu sau cét va do rong clia vét cdt v6i khi thoi (O2) khi gia cong
thép CT3 va INOX-SUS304 chiéu day t = 2mm. Vi ca hai loat thi nghiém ta
déu thay qui luit anh hudng cé dang mét ham da thic.(hai mo hinh vi du tai hinh
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IV.i9 ) quan sat trén do thi ta nhan thdy ban ddu Pkt va w ti 1¢ thuan sau khi téi
mot gid tri t6i han khi ti€p tang Pkt ta nhan thdy w c6 chiéu giam nhe, nhu vay
6 thé két luan ring: MSi quan hé ndy 1 méi quan hé ¢6 di€m cyc tr, tuong tu
nhu bdo cdo cha [10]. Ban dau khi ting ddn dp sudt khi, dudi tic dong cda luc
dong khi phun vdo viing gia cong, mot phin khi s& bé xung cho phan tng dét
chdy, phian con lai thuc hién dua phoi ra khoi ving gia cong. & giai doan nay
lugng phoi duge thdi tang khi tang dp. Khi dp suat khi ting dat dén mot giéi han
Pgh nao do6, tai d6 dong khi da dam bao du lu lugng khi cho phan ttng d6t chay
va dua phot ra khoéi viing gia cong néu ti€p tuc tang 4p suat khi thi s€ chi gay ra
su lang phi. Mat khdc, tai diém Pth ap luc khi da dat dugc ngudng nhay vé do
nén nén néu ti€p tuc tang dp sé lam giam td¢ do va ning lugng dong hoc cua
dong khi, hién tugng nay sé giam luong phoi duoc day ra.

Mét trong nhitng anh hudng nita ciia dp suét khi dén do rong mach cidt 1a

tao nén hién tuong hoi tu sém va tdn xa dong Laser boi trudmg mat do khi DGF

P=970w; D= Bmm: Z=2mm: v=3m/p

220

2
% 210
203
00
193
190
185

180} |

0 0.5 {

¢ Thép CT3 ® Thép SUS304 |

¥ =-2.0476x + 15.738X + 185.79a .o 095247 +6.7619x + 184,93 |

R’ =0.9682 RY =0.9643

Hinh IV.19: M6i quan hé cia &p sudt khi va dé rdng mach cat
a) D6 nham va dé rong mach cét khi ct thép CT3
by D6 nham va dé rong mach cat khi cat thép SUS-3

(Density gradient field) 1am thay déi vi tri thuc clia diém hoi tu ( xem hinh
IV.20):
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Laser

B -5 Donghoi

5

(@) (b © o som

Hinh IV.20: anh hudng sy giao thoa cda trirdng DGF
- Hién tugng héi tu sém : Hién tuong nay lam dich chuyén mét phang hoi t
lén trén bé mat phéi, lam thay déi dudng kinh hoi tu (Dr) tai bé mat phoi,
anh hudng dén do rong khe cat va t6c dé 1am néng chay bé mat phoi (hinh
IV.20a,c). |

- Hién tuong tin xa dong laser: Hién tugng nay ciing lam ting dudng kinh dong

hoi tu trén bé mat phoi (Ds), anh hudng dén d6 rong khe cit (hinh 1V.20b).

2.3.2.6 Aot hiiing ecia betiodinny edels dikue et déie s riny ot o,

Khoang céch ddu céit duge dinh nghia 1a khoang cach tix dinh clia ddu cét
dén bé mat cla chi tiét gia cong. Anh hudng cia khoang céch ddu cat dén do
rong vét cat thuc chat 14 anh hudng cla vi tri diém hoi tu tia laser (khi gia cong,
diém tap trung nang luong chinh 1a diém heéi w cla tia laser, vi trf nay dugc tinh
ton sao cho diém hoi tu I thuyét nim
tréen bé mat gia cong, d6 12 1i do ma
trong sudt qud trong qud trinh gia cong
ddu cat can phai dugc gilt cich bé mat
phoi mot khoang cdch ¢d dinh). Ngoai ra
khoang cdch dau cét con &nh hudng truc
ti€p dén cau triic khi dong hoc clia dong

khi cdt (xem hinh IV.21) va gidn tiép

vao dich chuyén vi tri hoi tu cha chim

laser. Hinh IV.21: Cau tric khi dong hoc cua
déng khi cAt.
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‘ P=970w, v=3m/p, D=0,8mm, Pkt=3bar 1

1

150 : .

0 0.5 1 15 2 2.5 3 3.5
Z(mm)

* t=2mm = {=3mm -

y = 12.19x2 - 60.238x + 277.5 y =14.571x2 - 64.086x + 261.2,

R2 = 0.9538 R2 = 0.8156 !

_Hinh V.22 anh hudng cda khe hd déu cat dén do rong vét cat
khi gia cong vét liéu SU304

Két qua vé dnh hudng cia khoang ddu phun d¢n d¢ rong mach cat duge
thé hién ¢ hinh IV.22. Tai Z=2mm. chiéu rong mach cit 1a nho nhat. Theo tinh
todn i thuyét, véi Z=2,5mm vi tri cua tiéu cu nam trén bé mat gia cong con
Z=2mm, vi tri tiéu cw nam dudi bé mat gia cong. Do hiéu éng DGF vi tri tiéu cu
bi dich chuyén nén cé thé cho rang trong trudng hop Z = 2mm vi tri tiéu cu thyc
1a trén bé mat.

Viéc chon lua khoang céch t6i wu tir nhimg 1 do: Néu khoang cdch ddu cat
12 qua nho, trong qud trinh cit phan luc cua dong khi cit ¢ dp c6 thé tac dong
nguge lén thdu kinh gay hu hong, hoac c¢6 thé c6 thé gay ra hién tuong ket va va
cham gifra ddu cét va cdc xi thép. Néu khoang cédch 1a qud xa s& gy ra t0n thét
dp . Trong cdc nghién citu di dugc cong bd [11]. {12] cdc tdc gia két luan
khoang céch ddu cit dugc sir dung hiéu qua trong khoang (0,89mm : 3mm) va

thi nghiém trén khoéng‘céch dau phun bang 2mm la tdi wu.

Hinh IV.23: anh chup phéng dai dé rong mach cét khi gia cong & cac khodng cach dau phun
khac nhau: a) h=1mm; b) h=2mm; ¢) h=3mm
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Két qua vé anh hudng cha khoﬁng ddu phun dén do rong mach cit duge
thé hién & hinh IV.22. Tai Z=2mm, chiéu rong mach cit 14 nho nhét. Theo tinh
todn i thuyét, v6i Z=2,5mm vi trf cta tiéu cu ndm trén bé mat gia coéng con
Z=2mm, vi tri tiéu cy nam dudi bé mit gia cong. Do hiéu dng DGF vi tri tiéu cu

bi dich chuyén nén c6 thé cho ring trong trudng hop Z = 2mm vi tri tiéu cy thuc

0.6 1=

0.5

w( mm)

0.4
0.3
0.2 4+

01

0

h {mm)
et =12mm at=2mm

Hinh V.22 anh hudng cia khe hd dau cat dén dé rong vét cat
khi gia cong vt liéu SU304

la trén bé mat.

Viéc chon Iua khoang cdch t6i vu tir nhimg 1i do: Néu khodng cdch ddu cat
la qud nho, trong qua trinh cit phan luc cha dong khi cit ¢6 dp ¢6 thé tac dong
ngugc 1én thiu kinh gay hu hong, hoac ¢6 thé cé thé gay ra hién tugng ket va va
cham gifta ddu cdt va cic xi thép. Néu khoang cdch 12 qud xa sé gay ra tdn that
dp . Trong ciac nghién ctru di duge cong bd [11], [12] cdc tdc gia két luan
khodng cdch ddu cédt duge st dung hiéu qua trong khodng (0,89mm : 3mm) va

thi nghiém trén khoang cach dau phun bing 2mm la téi wu.

Hinh IV.23 anh chup phong dai dé rong mach cat khi gia cang & cac khodng cach déu phun
khac nhau: a) h=1mm; b) h=2mm; ¢) h=3mm

KCO3.05 156



3.3.2.7 Ank kudng cha Tidng kink Tiu odt din L3 rong oit edt.

Anh hudng cha dudng kinh ddu cit dén o rong vét cit dugc thé hién &
hinh IV.25 C6 thé nhan xét 1a d6i 3 loai dudng kinh dau phun thi nghiém (40,8,
$1,2 va $2mm) thi chdt lugng cdc vét cit véi ¢0,8 12 dep nhat va cé do rong
mach ciling nhu d6 con nho nhat khi gia cong véi tit ca cdc miic 4p trong khi cic
vét cdt v6i ddu ¢ 2 x4u, da s6 ¢6 ba via mat dudi, dic biét 12 d6i véi trudng hop
gia cong vdi dp khi théi thap (dp =1bar). Diéu ndy co thé gidi thich ring, theo
nguyén ly vé khi dong hoc [1], ludng khi cit c6 4p di qua ddu cédt c6 qui luat
phan bd dang Gauss. Hinh dang phan b6 nay phu thudc vao dudng kinh (D mm)
cia ddu cat va dp sudt khi cap (hinh 24). Ludag khi dp théi c6 tic dung bio vé
thau kinh, hé trg phan ing 4p sust
d6t chdy va théi kim loai 3601 (mmHg)
ra khoi ving gia cong. |
Viéc lva chon dudng kinh
diu cit.sé phu thudéc vao
vat liéu gia cong, dp sudt
khi théi, chiéu ddy pho.

V6i moi gid tri p sudt, vat Kho:n; céih—:%x e diu&rgg Lén; ddu cét (mm)
liéu, chiéu ddy xic dinh ta :
cin lva chon mot dudmg Hinh IV.24: St_r phén bd ap sudt theo duang kinh ddu cét
kinh thich hop. Trong trudng hop thi nghiém theo bang IV. 4 véi ddu cit ¢ 2mm
tai khoang cdch ddu phun Z2,5mm da c6 sy tut 4p. Su tut 4p nay anh hudng
khong déng ké khi gia cong vé6i dp 4 bar, nhung dic biét 1d rét khi gia cong v6i
4p thap 1 bar, khi &y 4p sudt dd khong con di d& ddy kim loai néng chay ra khoi
viing gia cong, dé lai nhiéu bavia dong tai mit du6i ctia rinh gia cong.

Anh hudng cia dudng kinh ddu cdt 1én van t6¢ vA do rong vét cit (hinh
IV.25) Trong khoang dudng kinh va ap sudt cho thdy dudng kinh cha ddu cit ly
1é thuan vdi do rong clia vét cit.
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d{mm}

o P =10bar = P=8bar

Hinh IV.25: dnh hudng cda dudng kinh ddu cdt dén d6 rong vét cét

4. QUY HOACH THUC NGHIEM VA XAY DUNG MO HINH TOAN

HOC
4.1 Thi nghiém khao sit anh hudng dong théi cia cac théng s6 cong
nghé dén qua trinh cat bang tia laser.

Viéc nghién citu khdo sit anh hudng don clia timg yéu t6 coOng nghé dén
chat lugng vét cat, nhim xem xét thi phdn anh huong cla timg thong sd cong
nghé 1én vét cit, cho phép ddnh gia dinh tinh anh hudng ddng thoi cia nhiéu
y&u 16 tic dong dén qud trinh cat.

Anh huéng déng thoi clia cic tham s6 cong nghé lén hé thong gia cong
béng tia laser ¢6 thé khdo sit thong qua xay dung mo hinh todn hoc theo phuong
phdp Ii thuyét thuan tuy hodc theo phuong phdp quy hoach thuc nghiém. D6i véi
moét don vi nghién cifu ing dung nhu Vién IMI, viéc lva chon phuong phédp quy
hoach thuc nghiém la hop 1y . Trong pham vi nghién ciry, 5 thong s6 cong nghe
chinh duge quan tam, d6 la:

- Cong sudt cit

- Vantdc cit

- Khe ha ddu cit

- Ap suat khi

- Dudng kinh ddu phun
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Muc tiéu cha nghién ciu nay la xay dung mot moé hinh todn hoc thuc
nghiém dang tudng minh va tim cdc bo thong s6 cong nghé t61 uu theo ham muc
tiéu vé do hep cla mach cit.

Két qua ctia viec mo hinh héa sé& gidp cong viéc danh gid qud trinh nay
mot cich xdc thuc hon ciing nhu bi€u dién duge mdi lién quan sy anh hudng cia
c4c thong sd cong nghe, 1am co s& dé 161 wu héa qud trinh gia cong (tim ra b

thong s6 cong nghé 161 wu) phuc vu cong viéc xay dung co s& dir liéu cia thiét bi

4.2 Thiét ké quy hoach thuc nghiém

Viéc lua chon mot phuong phap thiét k& thi nghiem hop 1y (trinh duge cic
hién tugng nhiéu va tén kém do sd lugng thi nghiém 16n) 14 rit can thi€t. Phuong
phdp qui hoach thuc nghiém dugc thuc hién trong nghién ctu ndy 1a Thiér ké
nhdn 16" ddy dii 27 (2- s6 mic diéu khién cla nhén (6, J-s& nhan 16 cdn thiét ké)
[22].

Theo phuong phédp thiét k& nhan t§ ddy di 2’ dé tién hanh xic dinh duge
mo hinh todn hoc thi cdn trai qua cdc budc sau:

e Buoc I: Luya chon cdc thong s6 cong nghé cdn nghién cifu, thiét k&€ cic thi
nghiém theo tiéu chuin cﬁa phuong phdp va mé ta ching dudi dang céc
bién giai

e Buéc 2: Chudn héa cic bién giai thich

e Buoc 3: Lua chon dang mé hinh todn hoc

e Budc 4: Kiém dinh cdc hé s6 cia m6 hinh theo mitc ¥ nghia chon trudce
néu thoa man thi day 12 moé hinh todn hoc dai dién, néu khéng thdéa man
thi quay lai nang cdp mo hinh & bude 3 .

e Buoc 5: Quay trd lai bién thue t€ ta dugc mé hinh todn hoc, day chinh 1a

mo hinh todn hoc dé 18i ru héa.

4.2.1 Lua chon cdc théng sé cong nghé can nghién ciru

- Cong suit ngubn Laser : P (W)
- Vantdc cat : V (m/phut)
- Khoang céch giita ddu cit va phoi : h (mm)

KC03.05 - 159



- Ap sudtkhi thdi (N,, O,) tai ddu cit P, (Bar)
- DPudng kinh d4u phun : D (mm)
Céng suét:

Tit cong thic 2 =mer [1] v6i P v6i P Ia cong sust, v- van t6c cit, w do
VvV

rong mach cét, t- chiéu ddy phoi va n- hé s6 hitu ich cta thiét bi, cho thiy tang
cong sudt cho phép cit tai t6¢c do 16n hon vd/hodc cat vat liéu chiéu diy hon.
Cling tir cong thitc trén d6i véi moi ching loai vat liéu, khi chiu ddy t4m t
khong ddi, dé dat dugc chidu rong mach cit w cang nho thi hoac phai giam P,
hodc tang v hoac thuc hién ca hai viéc trén. Tuy nhién néu giam P, thi nang suit
cit lai gidm theo do cdc nguyén nhan vé ning lugng cho qua trink cét. Diéu nay
rdt bat 1gi cho cdc qud trinh san xudt cong nghigp, vén ddi hoi cao ca vé chat
lugng gia cong cling nhu nang suit gia cong va gid thanh. Mat khdc, véi cic tim
cé chiéu day I6n (d6i véi cong nghé laser) may ciing khong thé cit dugc néu
di€u chinh & cdc mic cong suat thdp. Do vay, trong thue t€ san xuit cong nghiép,
Vol cdc gam mdy cdng suat vira va nho nhu trudng hop cha thiét bi LC1000CO2-
CNC, ngudi ta c6 thé ¢6 dinh cong suit max va thay déi v dé dat duoc céc hiéu
qua vé chiéu rong mach cit nhé (tuong tu nhu néu giam P) ciing nhu ning suat
gia cong cao {ma viéc giam P trdi lai 1am ha nang sudt). Vay dé dong thoi dat hai
muc tiéu chiéu rong mach cét va nang sudt gia cong, ta chon P=Pmax va giai bai
todn t8i wu tim v hgp 1y cling véi cic thong s6 cong nghé khic.
Khodng cach dau cét t6i uu

Nhur da phan tich tai diém 6 phdn 3.2.2 v€ sur anh hudng cila khodng cdch
ddu phun dén chdt lugng vét cit ta nhan thdy chat luong mach cét bé nhat khi
khoang céch ddu cit cdch bé mat phoi 13 2mm. Nhu vay khoang cdch caa ddu
cit Zg; ,, =2mm,

K&t luan: Thiét k€& thi nghiém va quy hoach thiuc nghiém sé& dugce thuc hién
voi:

¢ P.=1000W
o Zgn=2mm

Ciéc thong s8 cong nghé con lai, cin duge 16i vu la:
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- Van 8¢ cit 7 : V (mm/phtit)
- Apsuftkhi théi tai ddu cit : P, (Bar)
- Dudng kinh ddu phun : D (mm)
S6 thi nghiém cdn thi€t cho mot loai vat liéu va ¢6 chiéu ddy ¢6 dinh 1a:
N= 2/ =2°=8thinghiém
Dai luong ddu vao:
e Vantdc cit V (mm/p)
e Ap sudt khi thdi P,, (bar)
» Dudng kinh dau phun d (mm).
Dai luong dau ra:

e DO rong vét cit (mm)

Két luan: thi nghiém theo phuoﬁg phdp quy hoach thuc nghiém dugc thiét k&
nhu trong ban 5.
4.2.2 Qui hoach thuc nghiém xdc dinh mé hinh todn hoc

Nhur ta di bi€t d€ thiét 1ap m6i quan hé giira cic bién dinh luong :
Y =Xy Xgeeos Xj3 Ay, By...2)

trong d6 dang ham f va cdc tham s& a, la chua xdc dinh, ngudi ta ¢ thé xuat phat
tlr quan hé ban chdt (ly, hda, cong nghé... ) giita t6c do bién thién cla y theo bd
bién x,, X,...X;.

C6 nhiéu phuong phdp dé x4c dinh cdc tham s6 a; nhung mot trong nhimg
phuong phdp dugc sir dung nhiéu nhat d6 13 phuong phap thuc nghiém. Phuong
phdp nay xudt phit tir mdt bd sO lieu thue nghiém ngudi ta ude lugng mdi guan

hé gifta cdc bién cdn giai thich y va bo bién giai thich x,, X,...x;, bang mot sap xi
| nao d6 (yén tinh hodc phi tuyén) trén co s& img dung cuc tiéu héa tdng binh
phuong do léch gitra gia tri ham va gié; tri thuc nghiém tuong (ng cua y (goi 1A
diéu tiét mot mit héi qui).

Khdc véi cdc phuong phdp khdc, phuong phép thuc nghiém c6 thé chi
dong cho cédc gid tri xdc dinh cla cdc bién gidi thich (xdc dinh trude cdc di€m thi
nghiém), va méi diém thi nghiém xdc dinh (x,, X,...x;) dé thu dugc mot gié tri

ngdu nhién y, cia y & ddu ra.
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Tuy nhién, viéc lya chon mot phuong phdp thuc nghiém tir khau thiét k&
thi nghiém dén sir 1¥ va dua ra mo hinh todn hoc thuc nghiém vira phan adnh mot
cich chinh xdc nhit md&i quan hé cfia cic bi€n vira c¢6 thé tranh dugc céc hién
tuong nhiéu va t6n kém do s& luong thi nghiém 16n 14 rdt cdn thiét. Nhu di phan
tich tai muc 4.2 nhom tdc gia da lua chon phuong phdp qui hoach thyc nghiém
Thiét ké nhan 16 ddy di 27 (2- s6 mic diéu khién cia nhan t&, J-s6 nhan t§ cin
thiét ké&).

D¢ tranh hién tuong bai viét qua dai nhém tdc gia chi dua ra mot thi
nghiém dién hinh lam dai dién, cdc thi nghiém con lai doc ti€n hanh twong tu
S6 thi nghiém can thigt cho mot loai vat liéu thép CT3 va ¢é chiéu ddy c6 dinh 1a
t=2mm:

- S& thi nghiém tién hanh: N= 2 =2°=81thinghiém
Pat cédc bién giai thicCdc bién giai thich

Pt X, : Bién gidi tich clia Van tdc cit (V mm/p)

Pat X, : Bién giai tich cua 4p suat khi théi P,, (bar).

bat X, : Bién giai tich cua dudng kinh ddu phun D (mm).

Ghi chii: Trong nghién citu nay, mé hinh todn hoc dugc lap chuan cho vat
liéu thép Cacbon CT?3 chiéu ddy 2mm, trén co s& d6 mot phuong phép luan dugc
hinh thanh d€ xay dung mé hinh todn hoc cho cic loai vat liéu/chiéu day khéc
nhau .

biéu kién bién, theo cdc thi nghiém x4c dinh kha ning gia cong cla thiét
bi tai muc 3.3 kiém tra thuc (€ d6i v6i vat ligu thép CT3 chidu ddy 2mm thi mién
gioi han c6 thé gia cong t6t duge xdc dinh nhu sau:

V i e = 4my/pht

V it min = 2m/phiit
Py imax = 4 (bar)

Primia = 1 (bar)
dypx = 2 (mm)
d_., = 0,8 (mm)
S3 thi nghiém dugc tinh theo céng thiic:
N = 2'(J 1 s6 nhan (6 dugc bd tri trong thi nghiém)
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Ma trdn thiét k& theo phuong phdp nhan t6

N = 2° = 8 (thi nghiém)
Trong d6:

/‘

RS NS U P P NS W U 3

.

1

X
1
1
1

)
-1
-1
-1

1
1
-1
1
-1
1
-1
-1

\

]
-1
1
1
A1
-1
1
-1

J

v )

b2
Y2
Ya Yy

L

Véi viéc sir dung phuong phdp thiét k&€ ddy da véi hai mite diéu khién dé

phan tich d¢ bi&n dong clia d6i tugng nghién ciru (nhu da trinh bay ¢ muc 4.2.2),

mot trong nhilng van dé cin thiét 14 xdc dinh dugec dang mo hinh todn hoc thuc

nghiém clia d6i twong nghién ciu. Tir d6, bang phuong phdp qui hoach thuc

nghiém cé thé xdc dinh duoc cdc hé s6 trong mo hinh va Kiém tra sy tén tai cia

cac he s ciing nhu mé hinh todn hoc d6 trong mic ¥ nghia cho phép.

4.2.3 Xdc dinh dang cda moé hinh todn hoc

V6i phuong phdp thiét k€ nhan t6 2 thi dang m6 nhinh don gién nhat [a

mo hinh tuyén tinh bac nhit:

Trong dé:

X,: Bién dai dién cho van t6¢ cit V (mm/phit)

Y = a9+ a X, + X, + ;X

X,: Bién dai dién cho 4p su4t khi théi tai ddu cit Pkt (Bar)
X,:  Bién dai dién cho dudng kinh ddu phun D (mm)

Y: Bién dai dién cho ham muc tiéu vé do rong clia mach cit.

Cdc thi nghiém duoc tién hanh 1dn lugt va két qua do dac dugce ghi trong bang

IV.5
Bdng IV.5: Bang bé tri thi nghiém theo phitong phdp thiét ké nhén 16.
SST | Vantéc | dp sudtkhi | Dudng kinh Két qua do (Y) Panh gia sd bd
cat {bar) ddu phun Do réng (um)
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(miphut) X, (mm} Mattrén | Matdudi | Chénh lgch | Hinh thic
X, X &) (2) Mit2-1 | (bam xi)

! 40000 | 4,0000 20000 |1420000| 145 3 "‘g’f* d?gg ggn 1
2 | 40000 | 40000 | 08000 |132.0000] 128 S| gk
3 | 40000 | 1.0000 | 20000 |120.0000) O T e
4 | 2.0000 | 40000 | 20000 |187.0000| 192 Kha sach
> | 40000 | 1,0000 | 08000 | 1260000 145 19 . diém
6 | 20000 | 40000 | 08000 |1530000| 159 6 | Sah
" | 20000 | 1,0000 | 20000 | 1650000 157 8 game
8 | 20000 | 10000 | 08000 |150.0000 141 5| Khasach

Chudn héa cdc bién giai thich [7]
Céc bién gidi thich cn chudn héa bao gém X, X,, X,

X, ={ltngvéi X, =4; -1 ing véi X, =2 }
Doddtacéd: S, =0,5.(4-2)=1
X, =(X,-3)/1

X,={lingv6i X,=4;-1ingvé1 X, =1}
Doddtacd: S,=0,5.(41)=1,5
X,=(X,-2,59)/1,5
X;={ltng vé1i X; = 2; -1 ting v&1 X, =0,8}

Dodétacs: $5,=0,5.(2-0,8)=0,6

Két qua diéu tra voi bién chudn héa.

X.3 = (X3 - 1,4) / 0,6

Trong d6 X, X,, X, 12 cdc bién dugc chudn héa.

Bang V.6 : Bci;ng chudn héa cdc bién gidi thich trong mé hinh méi

SST X, X, X, y y-y

: 1,0000 1,0000 1,0000 142,0000 | 48750

2 1,0000 1,0000 -1,0000 132,0000 | 14 8750

3 1,0000 -1,0000 1,0000 120,0000 -26,8750

¢ -1,0000 1,0000 1,0000 187,0000 | 40 1250
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: 1,0000 -1,0000 -1,0000 126,0000 | _p0 8750
6 -1,0000 1,0000 -1,0000 153,0000 | g 1250
! -1,0000 -1,0000 1,0000 165,0000 | 18 1250
8 -1,0000 -1,0000 -1,0000 150,0000 | 3 1250

Trong d6:

1 n
y = ;(ZJ’,) (n=2"=8 —s6 thi nghiém)

i=[

X4c dinh cdc hé s6 cia mo6 hinh thyc nghiém:

a,= 7= 292,3750

1 &
q; = 'iTZxrj'yi j= 1:]
i=]

Bang IV.7 : Bang cdc hé sé trong mo hinh tuyén tinh bdc nhdt

] 3=y Xyj Xsi X3
1 142,0000 142.0000 142,0000 142,0000
2 132,0000 132,0000 132,0000 -132,0000
3 120,0000 120,0000 -120,0000 120,0000
4 187,0000 -187,0000 187,0000 1870000
5 126,0000 126,0000 -126,0000 -126,0000
6 153,0000 -153,0000 153,0000 -153,0000
7 165,0000 -165,0000 -165,0000 165,0000
8 150,0000 -150,0000 -150,0000 -150,0000

Hé s6 2o il 22 &

146,8750 -16,8750 6,6250 6,6250
Cac hé s0 cua mé hinh duoc ttinh toan tir bang IV.8:
a, = 146,8750; a, = -16,3750; a,= 6,6250; a,= 6,6250;

Nhu vay ta ¢é mo hinh tuyé&n tinh x4p xi bac nhat:
y = 146,8750 - 16,8750.x, + 6,6250.x, + 6,6250.x,

Quay tro vé bién thuc
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X, X,-25 ;- L
y = 146,875 - 16,8750. ] + 6,6250. 15 + 6,6250. 06

y= 171,0000 -16,3750.X, + 4,4167.X; + 11,0417.X,

4.2.4 Kiém dinh y nghia ciia hé s6 mé hinh

Trong muc 6.2.3 ta dd tim dugc mo hinh tuyé&n tinh bac nhdt mo ta su anh
huong dong thoi cha cdc y&u 16 cong nghé 1én do rong mép cét ¢ dang:

y = 146,8750 — 16,8750.x, + 6,6250.x, + 6,6250.x,

Theo 1y thuyét clia phuong phdp thiét k&€ nhan t6 dé kiém dinh mic y
- nghia cdc hé s6 clia mé hinh [7] gia sir mo hinh tuyén tinh c6 dang :

y=by+b X+ .. .+b.X +¢
M6 hinh udc vgng (mé hinh héi qui) dang:
¥ =4y + a,X+ ...+ 35X

Trong d6 a; 1a cdc udc lugng cua b,

Vi gia thiét € tuan theo luit phan phdi chuin N(O, ¢?) bai todn kiém ¥
nghia cua cic b; la:

Hy:b, =0

Hi:b = 0; j=1.J
Tiéu chudn ki€m dinh Fisher la:

\)

Y

F =

LI ]

A

O mic kiém dinh o (0=0,05) néu :
- F>f,,=f{1;2'-J—1; «] thi cdc gid tri b; # 0 mot céc c6 ¥ nghia
- F <ty =11 2' - ¥ - 1; a] thi cdc gid tri b, khong t(‘jn tai noi cach
khéc mo hinh gi4 thiét khong phit hop. |
Nhu vay véi moé hinh u6c lwgng cu thé :
y = 146,8750 — 16,8750.%, + 6,6250.x, + 6,6250.x,

Tacé: véctocachésda; X5 y;
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146,8750
-16,8750
6,6250
68,6250

[_L—t—é—.&_k_n—l. _i\
—

TBPy, =
TBPHQ{ 307,6250

- TBPy, = 175560,0000

Tinh céc gia tri héi qui trong bang IV.8:

1

1
-1

-1

-1
-1

a'.X .y

al { 1468750 -16,8750 6,6250 6,6250]

)

-1
1
1

-1

-1
]

_1_/

-16,3750 6,1250 2,6250

[ S

o

142,0000
132,0000
120,0000
187.,0000
126,0000
153,0000
163,6000
150,0000

\

[u—

1
pma e s P
L]

—_— = =
L]

i s bt
1 )

—— = -

1 ]
P s s

TBP, =%(Z 3y =8.(3) = 8.(292,375) = 172578,1250

=]

Sly= Zan(y. _P)
Sy= 2. X0, -7

S3y = ZX.J()', -y

1 [}
- pma s

142.0000
1320000
120.0000
187.0000
126,0000
153.0000
165.0000
150.0000

.

BdnglV. 8 : Bdng tinh cdc gid tri hoi qui

i X, X, X3 y-y

1 1.0000 1.0000 1.0000 -17.3750
2 1.0000 1.0000 -1.0000 -18.3750
3 1.0000 -1.0000 1.0000 -19.3750
4 -1.0000 1.0000 1.0000 27.6250
5 1.0000 -1.0000 -1.0000 -10.3750
6 -1.0000 1.0000 -1.0000 32.6250
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7 -1.0000 -1.0000 1.0000 19.6250
8 -1.0000 -1.0000 -1.0000 -14.3750
Siv Sty Say Sy d :

-135,0000 53,0000 53,0000 146,8750

Tinh cdc gid tri trong bang phan tich phuong sai (bang IV.9)

TBP,=2,.5,= (- 16,8750). (-135.0000) = 2278,1250
TBP,=2,S,,=  6,6250. 53,0000 =1351,1250
TBP,=2,S,=  6,6250. 53,0000 = 351,1250

TBP, + TBP, + TBP, + TBP,

= 172578,1250 + 2278,1250 + 351,1250 + 351,1250 = 175558,1250

!
YTY =2 ¥ =175560,0000
l

TBP, = 175560,0000 — 175558,1250 = 1,785
| BanglV'. 9 : Bang phdn tich phuong sai

Nguon ! Tang binh phuong | Bac tu do Phslgng | F
Do a, TBP, =%(§y,)z i
bo x, TBR =a .5, ;j=1.J I s2, §/ S
Do x, TBP, =a,.5,,;j=1.1 1 s, st/ S,
Do x, TBP, =a,.5;,;j=1.] 1 s, S/ S
Hoi qui TBP,+TBP,+ TBP, +TBP, 4 N S 5
Sai 56 YT‘Y{ng ey A-I-D | S
Tong YTY = iyf I
]

Thay thé s6 vao bang IV.9 ta ¢6 bang phan tich phuong sai cu thé nhu sau:
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Nguon Tg:lgn:;‘:rglh Bi:l(;tl.f Phuong sai F
Do a, 172578,1250 1
Do x, 2278,1250 1 2278,1250 | 5125210
Do x, 351,1250 1 351,1250 786,834
Do x, 351,1250 1 351,1250 786,834
Hoi qui 175560,0000 4 43890 98408.07
Sai s6 1,785 4 0,44625
Téng 1755600000 8

Kiém tra hé s6 Fisher & mic kiém dinh o (a=0,05)
foang = f11; 2 =T = 1; &]
Trong dé6 :
- J : S0 nhan t6 trong thi€t k&
-« :Mickiém dinh
- 2! : S6 thi nghiém
Tra bang Fisher (phu luc IV.4):
f( 1; 4;0,05) = 7,7100
Quan sdt trén bang phan tich phuong sai (bang IV.9) mac du cédc gia tri
s bing) » NUNE
véi sai s6 TBP, = 1,785 1a qud Ién so vdi miic cho phép (0,1). Nhu vay, cé thé két

Fis trong bang 16n hon cic gid tri tra bang trong bang Fisher (F

luan ring mé hinh tuyén tinh bdc nhdt chwa phdn dnh duoc ddy di qui ludt giita
ham muc tiéu va cdc bién 6 hay néi cdch khdc Id mé hinh bdc nhdt bi thiéu hut.
4.2.5 Thiét ké hop tit tai tdm-xdp xi bdc hai

Dé bl vio su thi€u hut cia mé hinh bac nhit ta dua thém va cidc hé s
tuong tac a,. Tic Ia phai bé xung vao mé hinh bac nhat cdc gia tri tuong tic giita
cdc bi€n giai thich, diéu d6é déng nghia véi viéc phdi tién hanh thém mot s thi

nghiém nhdm tiang do chinh xdc clta mé hinh todn hoc.
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Mot trong nhitng cch thiét k& thi nghiém bé xung huu hiéu nhét cho bai
todn thiét k€ nhan t8 2’ (thi€t k€ bo phan) d6 12 phuong phép thiét k& hop tir tai
tam (hinh IV.26) tic 13 phat trién thém cdc thi nghiém tai dinh ctia mot hinh da
dien déu 2J dinh. C6 thé dién gidi mot cach 16 rang hon 1a & budc | thuc hién
thiét k& 2’ vdi didu tiét x4p xi bac nhét nhung do mo hinh bac nhat ¢6 thiéu hut
(dd chimg minh & trén) ta chuyén sang
budc thit hai v&i thiét k&€ 2J 1a 1a hop tr tai

tim cia 2’ déng thdi véi n, diém thi

nghiém tai tam véi diéu ti€t xap xi bac 2.
Nhu vay dang thiét k&€ mdéi sé ¢o

- dang khdi lap phuong vé6i tir tai tam nhu //F_fﬂ ______ :
hinh IV.11. trong dé: 7 " \

- 2’: S6 thi nghiém theo thiét k& nhan t6

- 2J: S8 thi nghiém tai cdc dinh b6  gink 426 So d6 thiét k& tir tai tam
xung.

- 1, S6 diém thi ngiém tai tam.
Nhu vay tdng & thi nghiém s& phai.tién hanh la: 1=2'+2.J +n,

I=8+6+1 =15 (thf nghiém)

Bing khai trién Taylor v6i ham 3 bién X, X,, X; (f(X,. X.. X,) tai lan can
(Xor Xoze Xo2) cho xdp xi bac hai Ta ¢é dz_mg mo hinh mé hinh xap xi téng quat nhu
sau:

y=a,+ ia.Xj +i“yX;2' +ZJ: ia.,,XjX,,

=1 =l =l k=g

Vaéi] =3tacé:

¥ = 89+ a,X, + 2,X; + 23X3 + A X2+ 2 X,7 4 53 X57 + 25X,X, + 23X, X; +
,3%,X;3 (*)
Véi mo hinh (*) t6ng binh phuong sai s6 khong chi biéu thi dé bién dong
clia sai s& thi nghiém ma con biéu thi sy déng gép cta mei tuong tic. Su déng
g6p d6 chinh 1a su thiéu hut ctia moé hinh diéu ti€t (mo6 hinh bac nhit) di néu &

trén.
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Twong tu nhu muc 6.2.3 ta c¢6 bang thi k€ thi nghiém theo p'hl.ro‘ng phdp

thi€t k€& hop tir tai tam véi T = 3 bign gidi thich (bang IV.10).

Trong dé:

X, -3

- a: Bén kinh thi nghiém dugc x4c dinh theo cong thic:
n+2a*=3n

a=n"" =8 =1,682

X4c dinh gi4 tri cha cdc bién giai thich trong thi nghiém bd xung:

= 1,682 - X, =4,682; X,-3=-1,682 - X, =1,3180

(X,-2,5)/1,5=1,682 - X,=5,0230; X,-2,5)/1,5=-1,682 - X,=0
(X;-1,4)06=1,682— X,=24; (X;-1,4)/0,6=-1,682 - X,=04

Tai murc O titc 1 c4c diém thi nghiém nim tai tam.

Bang IV.10: Bang bd tri thi nghiém theo phuong phap hop t tai tam

SST | Vantoccat | ap suatkhi | Duong Kinh Do rong Ghi chi
(m/phit) (bar) ddu phun (mm) {(pm)
X, X, X,
1 142 2* = 8 thi
. 4.0000 4.0000 2.0000 nghiem theo
4.0000 4.0000 0.8000 132 thi€t k& nhan
&
3 4.0000 1.0000 2.0000 120 |'
4 2.0000 4.0000 2.0000 187
5 4.0000 1.0000 0.8000 126
6 2.0000 4.0000 0.8000 153
7 2.0000 1.0000 2.0000 165
8 2.0000 1.0000 0.8000 150 |
9 4,6000 2.5000 1.4000 215 2x3=6thi
nghiém bé
10 3.0000 5.0000 1.4000 235 | xung
11 3.0000 2.5000 2.4000 240
12 1,3000 2.5000 1.4000 270
13 3.0000 0 1.4000 HHH
14 3.0000 2.5000 0.4000 153
15 ‘ S& diém thi
3.0000 2.5000 1.4000 160 aghiém tai tam

Bang ma tran s6 liéu m&i véi bién chudn héa:

Bdng IV .10 : Bdng chudn héa cdc biéngidi thich trong mé hinh méi
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SST X, X, X, y
1 1 1 1 142
2 1 1 -1 132
3 1 -1 1 120
4 -1 1 1 187
S 1 -1 -1 126
6 -1 1 -1 153
7 -1 -1 ! 1 165
8 -1 -1 -1 150
g a= 1,682 0 215
10 0 a= 1,682 235
11 0 . 0 a= 1,682 240
120 a=.1,682 0 j 0 270
13 0 -a=-1,682 | 0 i
14 0 0 -a=-1,682 153
15 0 0 0 160

Theo 1y thuyét clia phuong phap thiét ké tir tai tam ta c6:
i4 14

DX, =D XX, =YX X, =3 X;=0

=0 =0

Y X =n+2a°=8+2.(1,682)° = 13,6582

ix; Xi=n=8§

1=}
14 .
Y X! =n+2a" =8+2.(1,682) = 24
=]
Céc he s6 trong mo6 hinh (*) duge xdc dinh theo céng thic:

1
X,p:j=1.J 1
n+2agz JYii=l. (1)

l n
A = ;ZX.,-X.ky,;J'=1--J—l;k>f (2)

a; (j = k) 1a nghiém cua h¢ phuong trinh:
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J !
(n+2.a%.a,+ @+2.a%,, +n.>a,=> X}y,

r
(n + 2] + ny).a, + (n+2.a2).zj" a,
i=1

J#l

=Y

inl

......................................................

trong bang IV.11

j#l

i=l

J i
\(n +2.ah.a,+n) a, +(n+2.a%,; => X}y,

(3

, (2) va dugc ghi

Bdng IV. 11 : Bang xdc dinh cdc hé sé trong mé hinh moi

SST Xi-Yi Xi2-Yi Xi3-Yi XX Yi X1 Xi3-¥i Xi2-Xi3-¥i
! 14200 | 14200 | 14200 | 14200 | 14200 | 142.00
2 | 43200 | 13200 | -13200 | 12200 | -13200 | -132.00
3 | 12000 | -120.00 | 12000 | -120.00 | 12000 | -120.00
4 | 1700 | 187.00 | 187.00 | -187.00 | -187.00 ! 187.00
5 | 12600 | -126.00 ! -126.00 | -126.00 | -126.00 | 126.00
| 15300 | 15300 | -153.00 | -153.00 | 153.00 | -153.00
7 | 16500 | -165.00 | 16500 . 16500 | -165.00 | -165.00
8 | -150.00 | -150.00 | -150.00 | 150.00 | 150.00 | 150.00
9 | 36163 0.00 0.00 0.00 0.00 0.00
10 0.00 39527 0.00 0.00 0.00 0.00
" | o000 | o000 | 40368 | 0.0 0.00 0.00
12| 454.14 0.00 0.00 0.00 0.00 0.00
13 0.00 0.00 0.00 0.00 0.00 0.00.
4 1 000 0.00 | -257.35 | 0.00 0.00 0.00

15 0.00 0.00 0.00 0.00 0.00 0.00
Heé sé & az as 12 aq3 az3
| 16,6574| 32,8206| 14,5945] 03750| -56250| 4,3750

Tinh todn cdc gid tri a;; theo hé phuong trinh (3)

Bang IV .12 : Bang xdc dinh cdc hé sé trong hé phuong trinh 3

SST i XY xziz'Yi xziB'yj
1 142.00 142.00 142.00 142.00
2 132.00 132.00 132.00 132.00
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3 120.00 120.00 120.00 120.00
4 187.00 187.00 187.00 187.00
> 126.00 126.00 126.00 126.00
6 153.00 153.00 153.00 153.00
! 165.00 165.00 165.00 165.00
8 150.00 150.00 150.00 150.00
9 215.00 608.26 0.00 0.00
10 235.00 0.00 664.84 0.00
" 240.00 0.00 0.00 678.99
12 270.00 763.86 0.00 0.00
13 0.00 0.00 0.00 0.00
4 153.00 0.00 0.00 432.86
'S 160 0 0.00 0.00
Tdng 2448,0000 2547,1251 1839,8441 2286,8457

K&t hop hé phuong trinh (3) va bang ['V.12 ta c¢6 hé phuong trinh 3.1

(15,  +13,658.a, + 13,658.a,, + 13,658.2,, = 2448

13,658.3, + 24.a;,, + 8.3, +8.a;, = 2547,121 (3.1)
; 13,658.a, + 8.a,,  + 24.a,  +8a, = 1839,8441
(13658.2, + 8a,  + 8ap  +24a, = 22868457

Giai hé phuong trinh theo phuong phdp Gauss ta cé:
a, =167,6468; a, = 18,5294; - a,, = -25,6754; a,; =2,2622
Ta c¢6 dang clia mo6 hinh x4p xi bac 2 :
y = 167,6468 -16,6574.x, + 32,8206.x, + 14,5945.x; + 18,5294, x/}? -

25,6754.x,°+ 2,2622.x,* + 0,3750.X,.X, - 5,6250.x,.X, + 4,3750.x,.x, (¥*)

4.2.6 Uédc lugng hé sé cua mo hinh xdp xi bdc 2 (*)
Theo 1y thuyét cha phuong phdp thiét k&€ tir & tam dé kiém dinh mic ¥

nghia cdc hé s6 clia mo hinh [*] véi mo hinh tuyén tinh dang :

J J

y=a+ iajxj +iaﬂXf +Y Y aX X +e
=1

=1 =1 k:j
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Gié thi€t € tuan theo luat phan phéi chuin N(O, o°). Né€u sai sd cta céc udc
luong a;, ndm trong khoang cho phép va cic tiéu chi ki€ém dinh clia Fisher dugc
thdéa mién thi c6 thé két luan cdc hé s6 cia mo hinh x4p Xi bac hai 14 41 tin cay
trong muc y nghia chon trude.

Xdc dinh ma tran X;.

- Cotl gbmcédc gidtri'l (n +2J + n, gid tn)

- Céc cot 2 dén cOt J + 1 ta cot thiét k& voi J = 3 bién chudn héa

- Céc cot con lai la cdc gid tri cho thiét k€ tai tam.

Ma tran X;; trong thi€t k€ tir tai tam:

(11 1 1 1 1 P11 1
11 1 1 ] 1 11 1 -
11 1 1 1 1 S B S
I -1 1 1 1 1 1 -1
I 1 4 1 1 SRS S B
1 -1 1 1 1 1 TS B S
o |1 o 1 1 1 11 1 -1
= 17 1 4 - 1 1 1111
I 1682 0O 0 28291 0 0" 0 0 0
1 0 1682 0 0 2891 0 0 0 0
10 0 1682 0 0 28291 0 0 0
11682 0 0 28291 0 0O 0 0 0
1 0 -1682 0 0 289 0 0 0 0
1 0 0 -1.682 0 0 28291 0 0 0
oo 0 0 0 0 o o0 o0 0o/
Dat ma tran A = X™X ta ¢6:
4 15 0 0 0 136582 136582 136582 0 O 0\
0 136382 0 0 0 0 0 0 0 0
0 0 13.6582 0 0 0 0 0 0o 0
0 0 0 136582 0O 0 0 0O 0 0
A 13.6582 0 ] 0 24 h 3 0 0 0
= 13.6582 0 0] 0 8 24 8 cC 0 0O
13.6582 0 0 0 8 8 24 0O 0 ¢
O 0 0 0 0 C 0 8 0 0
0 0 0 0 0 0 0 0 8 0
_ 0 0 0 0 0 0 0 0 0 SJ
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Ma tran nghich ddo A™

A-l

(

0.9885 0
6 00732 O
0 00732 0O

0
0]

1-0.3374

-0.3374
-0.3374
0

0
- 0

0

0
0
0
O .
0
0

0

CoOoCCcOoOOO

0
0

-0.3374

0
0

00732 0

cCoCcooo

0.1652
0.1027
0.1027

0

0

0

142
132
120
187
126
153
165
150
215
235
240
270
0
153
160

Céc hé s6 udc luong a; duge tinh theo cong thitc :

a,

KC03-0%

-0.3374 -0.3374 0 0
0 0 0 0
0 0 0 0
0 0 0 0

0.1027 0.1027 O 0

0.1652 0.1027 © 0

0.1027 0.1652 0O 0
0 0 1250 0
0 0 0 012
0 0 0 0

a=A"X"Y

167.6767

-16.6573

32.8205
14.5944
18.5089

-25.6748
2.2493
0.3750

-5.6250
4.3750

LA
oS

[u—
3

NOCOOOOOOD
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Xdc dinh d6 chénh l¢ch cia cdc hé s6 a;;

] a, a, a, a3 a), 4 a3y a,; a; 253

aij 167.6468 | -166574 | 32,8206 | 14,5945 18,5294 -25,6754 | 2,2622 0.3760 -5,6250 43750

a i 167.6767 | -16.6573 | 32.8205 | 14.5844 18.5089 -25.6748 | 2.2493 0.3750 -5.6250 4.3750

Chénh

lech 0.0299 0.0001 | 0.0001 | ggo0t 0.0205 0.0006 | 0.0129 0 0 0
éc

X4c dinh phirong sai cua cdc hé s@ trong mé hinh phi tuyén:
'y = 167,6468 -16,6574.x, + 32,8206.x, + 14,5945.x, + 18,5294. x? -
25,6754.x,%+ 2,2622.x,2 + 0,3750.X,.%; - 5,6250.X,.X; + 4,3750.X,.X,

V& mat 1y thuyét thi mét mo hinh phi tuyén bat k¥ nio ciing ¢é thé dua vé
mo hinh tuyén tinh qui boi. Tuy nhién, voi moé hinh phi tuyén thi van dé quan
tam thém [ ¥ nghia déng gép clia cdc hé sé bac cao, khi dé ngudi ta s&€ phan tich
téng binh phwong thanh hai thanh phan:

- Phén thit nhit 1a do déng gdp cha cic sd hang bac nhat

- Phan thit hai 1a do déng gép ciia cdc s8 hang bac cao

2, =X L, =% Z3 = X35
2= X'5 =X L= X35 L, =X0Xp5  Zg=XKy)  Zo =X,
M6 hinh tré thanh :
YS9 +a1Z +2,Z) + 2323+ 8y 2+ ApyZs +A53Zs+ A 2y A3t A3 2

trongdé: a, =3

J
S;=—-2.X,0b,-9
1

M~ -

Ta ¢6 ban phan tich phuong sai trong mé hinh x4p xi bac hai
Bdng IV. 13 : Bdng phdn tich phuong sai

Phuong
sai

Nguén Téng binh phuwong | Bac tu do F

1 I
Do a, TBP, =7(Zy.)2 1

=)

KCO03-05 177




Do s6 hang 2 2, Q2
bac nhat. | TBP:+TBP: + TBP; 3 s, /S,
Do s6 hang 2 R
bac hat TBP, +.... + TBP, 6 2, 2/ S,
T -
Saiss | 1Y (TE%;?PI Yla-1-n| s
. -- | 9 V
I
Téng YUY =D ¥! I
1

Tinh cdc gia tri hoi qui S;

1< -
S;= }“Z!:Xq(y,-“y)

Bang IV. 14: Bdng tinh cdc gid tri hoi qui

i| z z, Z, Z, Zs Zg zZ, Zg Zy y-y
1 -21.2 -21.2 -21.2 -21.2 -21.2 -21.2 -21.2 -21.2 -21.2 -21.2
2| -31.2 -31.2 31.2 =312 -31.2 =312 -31.2 31.2 31.2 -31.2
3| -43.2 43.2 -43.2 432 432 -43.2 432 -43.2 43.2 -43.2
4| -23.8 23.8 23.8 23.8 23.8 23.8 -23.8 -23.8 23.8 23.8
5| -37.2 37.2 37.2 -37.2 -37.2) -37.2 37.2 37.2 -37.2 -37.2
6| 10.2 -10.2 10.2 -10.2 -10.20 -10.2 10.2 -10.2 10.2 102
7 -1.8 -1.8 1.8 1.8 1.8 1.8 1.8 -1.8 -1.8 1.8
8 13.2 13.2 13.2 -13.2 -13.2 -13.2 -13.2 -13.2] -13.2 -13.2
9| 871 0.0 0.0 146.5 0.0 0.0 0.0l 0.0 0.0 51.8
10 0.0 120.8 0.0 0.0 203.1 Q.0 0.0 0.0 0.0 71.8
11 0.0 0.0 129.2 0.0 0.00 217.3 0.0 0.0 0.0 76.8
12| -179.6 0.0 0.0 302.2 0.0 0.0 0. 0.0 0.0l 106.8
131 00 274 5 0.0 0.0 -461.7] 0.0 0.0 0.0 0.0l -163.2
14| 0.0 0.0 17.2 0.0 0. -28.9 0.0 0.0 0.0 -10.2
151 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 0.0 0.0 -3.2
s;, S1y S2y 33y SAy 85y Ssy sTy Say Sgy ;
-227.5| 448.3 | 199.3 | 318.1 | -389.2} 57.8 3.0 450 | 35.0 | 163.2
TBP, = al.Sly = (-16,6574) . (-227.5) = 3789.,5585
TBP,=a,§, = 32,8206 . 4483 = 14713,4749
TBP, = a_;.S.,lr = 14,5945 . 1993 = 2908,6838
TBP,=a,5, = 18,5294. 3181 = 58942021
TBP, = ::15.85)r = (-25,6754) . (-389,2) = 9992 8656
TBP; = a4.5,, = 2,2622. 57,8 = 130,7551
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TBP;=a,8, = 0,375.3 =1,1250

TBP, = 2,5, =  (-45) . (-5,625) = 253,1250
TBP, = 2,5, =  35.4375 = 153,6250
TBP, =}(j 7)== (2448Y/14 = 428050,2857

!
Téng YI.Y =D Vi = 465888,0000
l

Sai s6 = TBP, = TBP — (TBP, + TBP, + TBP, + .... + TBP,) =
(TBP, + TBP, + TBP, + .... + TBP,;) = 465887,7007
TBP, = 465888,0000 - 465887,7007 =0,2993
Thay thé s6 vao bang IV. 9 ta c6 bang phan tich phuong sai cu thé nhu sau:

Nguon Tong binh phuong | Bac twvdo | Phuong sai (Fisher)
Do a, 428050,2857 1 128050285
Do so hang
SO hal 214122172 3 7137,4057 | 264333
bac nhat
Do sé hang 16425,1978 6 2737,5329 | 100644
bac hai
Sai 6 0,2993 11 0.0272
Téng 465888,0000 15

Kié€m tra hé s& Fisher & mifc kiém dinh o (¢=0,03)
foing = f11; ' 42T +1) =T - 1; ]
Trong dé :
- ] :S6 nhan 6 trong thiét ké
- o :Miuc kiém dinh (a=0,05)
- 2’ :S6 thi nghiém
Tra bang Fisher (phu luc IV.4):
f(1;11;0,05) = 243
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f(3;11;0,05) = 8,76

f( 6; 11;0,05) =403

So sdnh cdc gid tri F,, trong bing phan tich phuong sai (bang IV.9) va
céc gid tri tra duge ta nhan thiy cdc gid tri Fiw>>F i, pigg-

Nhu vay, c6 thé két luan ring cic hé s clia mo hinh phi tuyén (*) 1a phi
hop & muc kiém dinh (a=0,05). N6i cdc khdc 1a mo hinh (*) dd phan dnh dugc
ddy du sy anh hudng cia cic thong s6 cong nghé d&€n ham muc tiéu d6 rong
mach cat. |

Quay tr& vé bién thuc bing cdch thay cdc gi4 tri clia bién chudn héa duéi
day vao phuong trinh (*)
X, -3 X,-25 X, -14
xi——l—_’xzz-_l,f’“—; X3 = 0,—6
Vay mo6 hinh todn hoc thuc t€ biéu dién m6i quan hé giita van oc cit, 4p

sudt khi thdi, dudng kinh ddu phun va d¢ rong cla mach cét c6 dang.
y = 216,1327 - 115,335.X, + 70,3813.X, + 22,7286.X; + 18,5294.X -
11,4113.X,%+ 6,2838.X.2 + 0,250.X X, - 9,3750.X,.X, + 4,8160.X,.X,

5.GIAI BAI TOI UU

Bang phuong phdp qui hoach thuc nghiém ta di xédc dinh dugc dang mé hinh
todn hoc vé su anh hudng cia cdc thong s cong nghe 1én him muc tiéu do rong
mach cit (muc 7.1). Viéc xdc dinh gid tri clia cdc bién ddu vio sao cho gid tri
ham muc tiéu 12 nhd nhat ( y —min) trong mién rdng budc D chinh 1a x4c dinh
diém cuc tri toan cuc (cuc tiéu) ctia ham todn hoc 3 bién.

y = 216,1327 - 115,3350.X, + 70,3813.X, + 22,7286.X; + 18,5294.X,* -
- 11,4113.X,%+ 6,2838.X,* + 0,250.X,.X, - 9,3750.X .X, + 4,8160.X,.X, (I)

Trong 1y thuyét todn c6 rdt nhiéu phuong phédp dé tim cuc tri chia bai todn phi
tuyén trén mot cdch chinh xdc hodc x4p si gin ding nhur:

Phuong phdp t6i wu héa toan cuc.

- Phuong phdp diém dién (duyét todn bd)
- Phuong phédp ham phat

- Phuong phap Gradient

- Phuong phdp nhén tlr Lagrange

KCO3.05 ' 180



.........

Phan tich cdc uu nhugc di€m trong cdc thuat todn cla cic phuong phap giai
trén va muc tiéu ctia bai todn cong nghé nhém tic gia lua chon phurong phép
Gradient 4 giai bai todn cuc tri phi tuyén (I).

Uu diém ctia phwong phdp Gradien:

Chi ra huéng tang hoic gidm nhanh nhét ciia hAim muc tiéu tai diém xét
Sir dung don gian, tinh van nang cao

Xic dinh chinh xdc cdcdiém cyc tri dia phuong.

D4 tin cdy cao.

Nhuoc diém cla phuong phdp Gradien:
- Khé nhan duge cdc dao ham dudi dang cdc ham hop, giai tich.

- Ham muc tiéu phai kha vi va lién tuc dén dao ham cip 2

- Hoi tu cham khi gip ham cuc tiéu héa c6 dang “khe”.

5.1 Xaydung mién riang budc
5.1.1 Gidi han vé vdn toc cat lon (Hinh IV, 27)
Gidi han vé t6c d6 cit 16n nhit Ry bao gom:
- R,, : Tdc do cit 16n nhit ma mdy c6 thé dat dugc theo truc OX
- R,,: Téc¢ d6 cit 16n nhit ma m4y ¢6 thé dat dugce theo truc OY
- R,;: T6c d6 cit 16n nhat xdc dinh duge tir kha nang 1am viéc clia chum tia
Laser khi cit & ché d6 lam viéc gi6i han trén..
Nhu viy : Ve, < Min (R,;, R,,, R,)
Trong thiét bi cit bing chiim tia Laser LC 1000-CNC ta c6
R,, = 23m/phit, R,, = 18m/phut, R, = 8m/phtit
Ry < Min (R,,, Ry, R,;) = $m/phiit
5.1.2 Mién gioi han vé toc do cat nho (Hinh IV.27)
- R’,, : T6c do cdt nhd nhat ma mdy ¢6 thé dat duoc theo truc OX
- R’,,: T6c d0 cit nho nhdt ma mdy c6 thé dat duge theo truc OY
- R’,; : T6¢ d0 cit nho nhat xdc dinh dugc tir kha nang lam viéc clia chiim

tia Laser khi ¢it & ché do 1am viéc giéi han dudi.
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Nhur vy : Vg, 2 Max (R7,, R, R’,)
Trong thiét bi cit bing chum tia Laser LC 1000-CNC ta ¢6
R’, = 0 m/phtit, R’,, = Om/phiit, R’,, = Lm/pht

R’y > Max (R, Ry, R,;) = Im/phiit

LogY 0 LogY A

.R:‘G R 9\'3

> >
LogV , LogV
Hinh IV.27: Gici han vé téc d6 cdt lém va tdc do cdt nhd
5.1.3 Mién gidi han trén cia ap suat khi (Hinh I'V.28)
Gi6i han vé p suat khi théi 16n nhat R, 4 bao gém:
- R,, : Ap suat khi théi I6n nhat ma méy c6 thé dat duoc
- R, : Ap sudt khi théi 1én nhat xdc dinh duoc tir kha nang lam viéc clia
thiét bi khi cat & ché do [am viéc gi6i han trén.
Nhu vy : Py, 4 < Min (Ry,, Ryo)
Trong thiét bi cit bing chum tia Laser LC 1000-CNC ta c6
R,,= 30Bar, R,, = 18Bar
Runi et < Min (R, R,,) = 18Bar
5.1.4 Mién gidi han dudi cua ap suit khi (Hinh IV.28)
- R’ : Ap sudt khi thdi 1én nhd nhit ma mdy cé thé dat dugc
- R’ : Ap sudt khi théi nhé nhat x4c dinh duoc tir kha ning 1am viéc clia
thiét bi khi cit & ché dé lam viéc giéi han dudi.
Nhu vay : R’ e 2 Max (R, Ry,)

Trong thiét bi cit bing chiim tia Laser LC 1000-CNC ta ¢
R’,,=0Bar,R’,, = 1Bar
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R’khi théi = Max (Rkl, sz) = 1Bar

Pki A Pks

Hinh IV.28: Giéi han vé dp sudt khi théi lon va téc d¢ cat nho

5.1.5 Mién gidi han vé dudmg kinh dau phun Ién (Hinh I'V.29)
GiGi han vé dudng kinh ddu phun 16n nhat R, bao gom:
- Ryp, : Dudng kinh ddu phun 16n nhdt ma thi€t bi dat duoc
- Ry, : Budng kinh diu phun 16n nhit dat dugce theo 1y thuyét
Nhu vay : Pp < Min (R, Rp,)
Trong thiét bi cit bang cham tia Laser LC 1000-CNC ta ¢6
Ry, =2mm, Ry, = 13mm

RD < Mln (RDI, RDZ) = zmm

5.1.6 Mién gidi han vé duong kinh dau .phun nho (Hinh IV.29)
Giéi han vé dudng kinh dau phun nho nhit R’ bao gém:
- R’p, : Dudng kinh ddu phun nhé nhat ma thiét bi dat duge
- R’p, : Dudng kinh dau phun nhé nhit dé dudng hoi tu cha chim tia Laser
c6 thé di qua duge.
Nhu vdy : Ry 2 Max (R’,, R'p,)
Trong thiét bi cit bing chiim tia Laser LC 1000-CNC ta c6
R’y =0,6mm, R’y, =0,16 mm
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R,DZ Max (R’Dh ‘RDZ) =O,8mm

R,

Hinh IV. 29 Giti han vé dudmg kinh phun Ion nhét va nhé nhét

5.1.7 Mién gici han xudt phdt tir 6 nhdm bé mdt cho phép

D6 nhim bé mit khi gia cong bing chim tia laser phu thudc rat nhiéu vao
tSc do cét (V), tinh chat cha vat liéu, 4p suat khi thdi. Do d6, dé xdc dinh duoc
gidi han cho phép cin phai xay dung duge mo hinh vé& su anh hudng cla cdc
thong s& cong nghé trong diéu kién cu thé.

Trong nghién ciu vé anh hudng cla cic thong s& cong nghé dén do nhdm bé
mit [3] d3 dva ra dugc mo hinh sau:

y, = 20,37-10,79 X, + 3,35%;
Gia cong biang chum tia Laser thi d6 nhdm bé mit ndm trong pham vi (A3 -

A6) tuong duong v6i (10um < R, < 80um)

5.1.8 Mién gici han xudt phdt tir chiéu sdu cdt téi da
V6i thiét bi cat bing chum tia Laser LC1000-CNC thi chiéu sau cét t6i da la
6mm déi vdi kim loai.
Bang thuc nghiém [3] d3 xdc dinh duge mo hinh anh hudng cla cic thong s6
cong nghé dén chiéu sau cat 16i da nhu sau:
y,= 25X, + 026X,<6

KCO03.05 184



Mién gi6i han xuat phat tir sur sudt hién bavia tai vét cit

Hién trong xudt hién ba bia tai v&t cat 1a do su anh hudng cla dp sudt khi
théi, dudng kinh ddu phun, van téc cit. Dé x4c dinh duge gi6i han cho phép cin
phai xay dung dugc mo hinh v€ su anh hu;’)‘ng cta cdc thdng s cong nghé trong
diéu kién cu thé. Dua trén mo hinh thuc nghiém dugc cong b6 [3] nhém tic gia
kiém nghiém trén mdy LC1000CNC va chap nhan sy xudt hién cha bavia tuén
theo qui luat gan diing sau:

y, = 5X, -2X,- X, <30.

Tir cdc gi6i han cla cidc thong s& cong nghé va gidi han cla bai todn qui
hoach.

)
20,37-10,79 X, + 3,35X, < 80
25X, +0,26X, <6

if)’glifg 5X, -2X,-X, <30.
s {29(154
S X< 1<X, <4
08 < X,< 2

\
Bai todn toia uu héa trd thanh tim min(f(x;) cia ham todn hoc

y = 216,1327 — 115335.X, + 70,3813.X, + 22,7286.X, + 18,5294.X,2—
- 11,4113.X,%+ 6,2838.X, + 0,250.X,.X, - 9,3750.X . X, + 4,8160.X,. X,  (I)

véi cdc diéu kién rang budc sau:

(SX1 - 2%, - X, <50

-10,79 X, +3,35X, <59,63

-2,5X, +0,26X%, <6
d2< X, < 4 ' |

1<X,<4

0.6 < X,<2

.

5.1.9 Puong l6i gidi chung
Xét mot bai todn qui hoach:
f(x,...X;) & min
vd1 cdc rang budc:

Ax=b
xz20
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- Né&u bai todn qui hoach t6n tai phwrong 4n t6i wu thi cé it nhat mét dinh cia
mién D 1 phuong 4n t8i wu.
_ Mién da dien D 12 mot mién xéc dinh v6i mot s& hitu han dinh.
Nhu vay, phai t6n tai mot thuat todn hitu han bao gém hai bude sau:

e Bucc 1 : Tim mot phuong 4n cyc bién (tim mét dinh).
e Budc 2 : Kiém tra diéu kién t6i wu déi v6i phuong 4n dé.

- Néu diéu kién t6i wu dugc thoa man thi d6 1a phuong dn t6i wu. Néu khong
thoa min thi ta chuyén sang mét phuong d4n mdi sao cho cai tién duoc gid
tri chia ham muc tiéu.

- Kiém tra diéu kién v4i phuong 4n t6i vu méi.

Ta phai thuc hién mot ddy céc thit tuc nhu trén cho dén khi bai todn nhan

duge phuong dn t68i wu hoic dua dén tinh huSng két luan bai toin khong cé
phuong an toi wu.

5.1.10 Thuat toan giai téi vu
Xét bai todn qui hoach:
f(x,...x;) — min

véi cdc rang budc:

(1)

{Ai.x +b,£0,i=1,2,...m
x;20, j=12,...n
Trong d6: X = (X, X5, . . .X,), A; = (3, 2....3;,) 12 véc to dong n chiéu,
b;: 12 hang s6 thuc.
Tap D xdc dinh bdi hé (1) 1a mot da dién nam trong don hinh S, xdc dinh bdi:

Xx; =20, j=12,.n

Bugc I
Tim phuong 4n x° € M (mién ring budc).
Buoc 2:
Pi xic dinh duoc x*, (k > 0), xdc dinh do dai budc.
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Chuyén ti t* theo huéng -VE(x*) téi diém x* + {-VI(x*)}.A kéo theo bién dbi
ham f mot s6 gia: Af = -f[x* - VEx*) A](- £(x*))
Gia tri A ma véi né s§ gia Af dat gid tri 16n nhat (tdc 1a ham f giam duoc
nhiéu nhat) c6 thé x4c dinh diém dimg cia ham Af:
dAf/dA =0 = -V flx* - VEXY) Al {(x) =0
tir d6 ta tim dugc diém dimg A°
Néu tai A d?Af/dA2 <0
Do d6
X =x* + [-VxH] AT
Buoc 3:
Kiém tra x**' ¢4 thudc trong mién rang budc khong
Néu x**' khong ndm trong mién rang budc thi phai rit ngin bude A sao
cho dugc mot diém trén bién theo hudng di chon.
Buoc 4.
Né&u Af(x**") = 0 thi x**! 1 di€m t5i wu cdn tim.
Néu Af(x**") # 0 thi x**' chua 13 diém t6i wu. Tang k 1én 1 va quan tro lai
bucéc 2
5.1.11 Giai bai todn toi uu
bat f(x) = y = 216,1327- 115,3350.X, + 70,3813.X, + 22,7286.X; +
18,5294.X,-1,4113.X,*+  6,2838.X,40250.X,. X, - 9,3750.X,X, +
4,8160.X,.X, | |
Tinh cdc dao ham cdp 1 cia ham f(x).

c‘g’ ;’x) = -115,3350 + 37,0588.X, +0,250.X, - 9,3750.X,

__Zf 5 703813 - 2,8226.X, + 0,250 X, + 48160.X,

b3

‘Z}") = 22,7286 + 12,5676.X, - 9,3750.X, + 4,8160.X,

]
L4y trong mién rang budc mot diém bat ky x° (2,1,0.8) diém X” nidm trong

mién rang budc vi:
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(

52 -21-08=72 <50
-10,79.2 + 3,35.0.8 =18.89 < 59,63
-2,52 +0,26.1=4.74 <6

_AL
r2
IA
e

YA

B P

f(x") =130,11061

“HED - 48,4674
ox,

UG - 6844308
X,

0
“HG) - 1334868
8x,

Nhan thay
-V(x") = (-48,4674; 68,4439; 18,8487) # 0 do d6 x° chua phai 1a diém cuc
tiéu. Méi diém trén hudng d6i Gradien c6 dang:
X + (-VEEO)A
= 2; I; 0,8) + (-48,4674; 68,44398; 18,84868). A
=(2-48,4674. A; 1 +68,44398.%; 0,8+ 18.84868.1)

Tinh: % = -V fIx* - VE&XY) AN fx9) =0

% = [(-115,3350 + 37,0588.X, + 0,250.X, - 9.3750.X,); (70,3813 - 2,8226.X,

+0,250.X, + 4,8160.X,); (22,7286 + 12,5676.X; - 9,3750.X, + 4.8160.X,)]
Thay x"+ (-VI(x").A = (2 - 48,4674. ;1 + 68,44398. A; 0,8 + 18,84868.1) vio

phuong trinh %. (-VE(x%)) = 0 ta c6:
(-115,3350 + 37,0588.( 2 - 48,4674, &) + 0,250.( 1 + 68,4439. 3) - 9,3750.( 0,8

+ 18,8487.1); 70,3813 - 2,8226. (1 + 68,4439, M)+ 0,250. (2 - 48,4674. 1) +
4,8160.( 0,8 + 18,8487.1); (22,7286 - + 12,5676.( 0,8 + 18,8487.4) -
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9,3750.( 2 - 48,4674. A) + 4,8160.( 1 + 68,4439, A)] [-48,4674; 68,44398;
18,84868]1=0

[(-48,4674 —1955,7308.1); (71,9115 —114,5313. 1); (18,8487+1020,8904)] .
(-48,4674; 68,44308; 18,84868] [(-48,4674 —1955,7308.1).(-48,4674) ; (71,9115
- 114,5313. 1).68,4439; (18,8487+1020,8901).18,8487] = 7625,4787 -
106192,6675. A =0

= A =0,01
Kiém tra d-;f =—106192,667 < 0 nhu vay A la buéc cuc dai cua Vf.
Chon d¢ dai bude A = 0,07

V= x4 [VEED]L AT =2, 1, 0.8] +(-48,4674; 68,4439; 18,8487).0,07
Dua vao thuat todn néu trén muc 5.1.10 nhém téc gidi viét chuong trinh tinh todn
gid tri t6i vu trén ngdn nglt 1ap trinh Turbo Pascal 6.0 (Xem phu luc IV.2). Sau
khi chay, tinh todn v so sanh cdc gid tri tim dugc phdn mém sé dua ra gid tn
min tim dugc va b thong s6 cong nghé 61 wu.

Ymin = 172,56pm
X, =348 © v= 35 m/phit
X, = 3,08 P, =3 bar

X;= 0,8 < v=0,8mm

5.1.12 Thi nghiém kiém chimg:

B¢ théng s& cong nghé va két qud do trong thi nghiém kiém chimg.

Vat liéu : Thép tim CT 3
Chiéu ddy : 2mm
S6 thi nghiém : 3 thi nghiém
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TT Thong s& cong nghé K&t qua do

Cong sudlt | Van téce Khe hd Ap suit | Dudng kinh d(? rong mep
(W) | (mm/ph) | (mm) | khi(bar) | vOi(mm) | ¢t TB (um)

1 1000 3500 2 3 0,8 175
2 1000 3500 2 3 0,8 172.7
3 1000 3500 2 3 0,8 173.8

Hinh V.30 a’nf: chup vét cét khi cat Hinh 1Y.31: dnh chup vét cat khi cat
G ché dé thudng @ ché do t6i uu

Béng thi nghiém kiém chiing ta c¢6 thé nhan thay do rong clia vét cit khi cit &
ché do cong nghe hop Iy (ché do t6i wu tim duoc hinh IV.31) nhd va dep hon
nhiéu khi ct & ch&€ do thuomg (hinh IV.30). Trén hinh IV.31 thé hién rat o su
khéc biét khi do do rong mép cit tai 10 diém lién tiéptrén chiéu dai do 10mm.
Tuy nhién ta thdy su nhdp nho trén bé mit cia vét cit van con tén tai mic du co
gidm mot cdch ddng ké, hién tugng niy c6 thé giai thich do 3 nguyén nhan chinh
sau:

- Su khong 6n dinh clia nguén nhiét tap trung

- Surung dong ciia hé thdng khi 1am viéc.

- Su khong déng nhat cla thanh phén vat liéu

Pay la nhimg hién tugng c6 thé coi 1a cic yéu td nhiéu, ta khong thé gii
quyét chiing mot cach triét dé bing thong s6 cong nghé ma phai gidi quyét tir su
én dinh clia he théng khi 1am viéc, thudc vé thiét k€ ché tao thiét bi. Tuy nhién,
trong diéu ki¢n san xudt thuc t€ thi vdi cdc két qua & trén thi hoan toan c6 thé

ddp ing dugc cic yéu ciu k¥ thuat trong san suat.
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BANG MO HINH TOAN HOC VA CAC BO THONG s TOI UU CHO THEP CT3 CO

Y= 8+ 3K, + 2%, + 23X + Ay X+ ApXyh + A5 X + 255X Xs + 813X X3 + 253X5X,

CHIEU DAY KHAC NHAU

Tuwong tir nhu da trinh bay & trén tién hanh cho céc loai chiéu ddy va cdc
vat liéu khac nhau theo mo hinh dang:

Ta c6 bang
Chiéu Vat lieu thép CT3
y
tmm) | a, 4, a a3 a dy; ag3 a; a3 ay;
08 | 20753 | 11074 67.58| 21.83| 17.79| -1.38 6.03 0.24) -9.00 4.62
1 209.65 | -111.87 68.27 22,05 17.97 -1.37 6.09 0.24 -9.09 4.67
1.2 211.79 | -113.01 68.97 22.27 18.16 -1.38 65.16 0.24 -9.19 4.71
1.5 213.95 | -114.17 69.67 22.50 18.34 -1.40 6.22 0.25 -9.28 4.76
2} 21613} 11533} 7638 | 2273 | 1853 141 | 6283 025 | 9375 4.81
3 218.73 | -116.72 71.23 23.00 18.75 -1.43 6.36 0.25 -9.49 4.87
4 221.37 | -118.13 72.09 23.28 18.98 -1.44 6.44 0.26 -9.60 4.93
5 22432 | 11970 | 73.05| 2359 19.23| -1.46 6.52 0.00| -9.73 4.99
6 228.72 | -12205] 7448 | 24.05] 19.61 0.00 6.65 0.00 | -9.92 5.09

B9 thong s6 t6i wu cho gia cong thép CT3 c6 chiéu day khdc nhau:

Chiéu, Vit lieu thép CT3
Hram) B4 thong so téi wru P =1000W, Z=2mm
V(m/p) P, (bar) D (mm)

0.8 6.5 3 0,8
1 5 3 0,8
1,2 4.5 3 0,8
1,5 4 3 0,8
2 3.5 3 0,8
3 32 2,5 0,8
4 2,8 2,2 0,8
S 2,3 1,5 1
6 1,8 1,3 1,2




6. THIET KE PHAN MEM TOI UU HOA CAC THONG SO CONG NGHE.

Bang cdc nghién ciu tix Iy thuyét va thuc nghi¢m nhém tic gia da nghién
cifu v phan tich su 4nh hudng ctia don va déng thoi chia cic thong s6 cong nghe
1én do rong mach cit. Cic két qua nhién ciqu thu duge bing cdc cong cu todn
hoc, tin hoc... nhu :

- Phuong phédp qui hoach thuc nghjém (tim ra mo hinh toan hoc )

- Phuong phdp giai bai todn t8i vu (Phuong phédp don hinh)

- Ngon ngit 1ap trinh Turbo Pascal (Giai cdc bai todn con)

- Phdn mém Malab 6.0 (Tinh todn cdc ma tran)

Cho phép ching ta thiét k€ mot phdn mém t6i tru hda céc thong 6 cong nghé
trong qud trinh cit bang chim tia Laser. Phdn mém nady c¢6 tic dung nhu mot
quyén sé tay cong nghé dién tit cho phép ngudi thao tdc mdy st dung mot tra ché
d9 cong nghé t&i wu dé dang va thuan loi nhat.

Bang phan mém lap trinh Visual Basic va Microsolf Access 2000 nhém tic
gia da lién keét toan bd cic co s& di lidu, cac két qua tinh todn roi rac & trén tao
ra mot thu vién. Trong d6 gém rat nhiéu cic bo thc”)ng s6 cong nghe 81 wu. ngudi
doc chi cdn lua chon ddu vdo khong diéu khién (vat liéu, chiéu ddy...) phdn
mém s& dua ra mot bo thong s6 cong nghé tdi wu nhat.

Phian mém ndy luén cho phép cap nhat cdc ché d6 cong nghé mai khi nghién
cifu t61 wu héa cdc thong s6 cong nghé khi gia cong trén cdc vat liéu mai.

Cdc théng sé can khai bdo: |

- Thiét bi

- Vat liéu gia cong

- Chiéu day phoi
- Loai khi sir dung

Két qud

- Cong suit cét

- Van t6c¢ cit

- Khe ho ddu cit

- Ap suft khi
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- Dudng kinh ddu phun

Hinh IV.33 [a form bit ddu cia phdn mém v6i cdc menu trg gitp nhu “nhép
thong s6 khi c6 co s& dif lieu méi” “thuc hi¢n t6i wu héa thong s cong nghe”,
“nhat k¥ sir dung mdy”

-
Nihpcic hbagsd Chos taduged Chonchbdd Nhpiy Thad

......

il [ PRI ! i

Hinh IV.33 : Form bét ddu cda phan mém

Cac thong =6 fo) uu

- Céc thong 56 aBy vao ——— —

L Thigt by [LC1000CNC =i
i Vat lidu !C45 E]
. Chidu cay Jos =]
| Khi ot [oz2 =]
———— B thdng 56 18 uu

T ap sut khf

i) |- (Pktber)

Hinh IV.34 Form thuc hién lra chon cia phan mém
Hinh IV.34 la form thuc hién cdc lua chon thong s ddu vao va s€ dua

ra mot bod thong sd cong nghé tSi vu nhét va in phi€u cong nghe.
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7. KET LUAN VA KIEN NGHI

Nghién citu t6i wu héa cdc thong s cong nghé trong qua trinh gia cong vat
liéu bang chum tia laser 12 mot bu6c quan trong trong viéc dua cong nghé nay ap
dung vao san suat. "

Trong pham vi clia dé tai nghién ctu va phdt trién khoa hoc cong nghé cap
nha nudc KCO03.05 (thdi gian thuc hién tir 2001 +2003) nhém tic gia da thuc
hién mot khéi lugng cong viéc tuong d6i 16n bao gdm:

Phan tich lua chon méu san phdm
Xay dung, 1ap dart thiét bi LC1000-CNC
Viét phan mém CAD/CAD

Tdi wu héa cdc thong s6 cong nghé
Tich hop phdn mém t6i tu vio phdn mém CAD/CAM IMIVer.1.0

Lap cdc bdo cdo khoa hoc
DGi v6i mot cong nghé méi nhu cong nghé Laser dé nghién citu hoan
thién cong nghé nay cin phai c6 moét thdi gian dai, cin cb sy diéu chinh giita
nghién ctu 1y thuyét va thuc t€ san xuit tai Viét Nam
Phin mém t5i wu héa cdc thong s6 cong nghé nhém tic gia di sau nghién
ctru va phan tich su anh hudng ctia 05 théng s6 cong nghé chinh d€n dd rong cia
mach cat va 6i wu hdéa cic thong s6 cong nghe¢ dé theo ham muc ti¢u do rong
mach cat nho nhat véi hai muc dich :
- Tiét kiém vat liéu gia cong
- Xdc dinh dugc d0 rong trung binh clia mach cit tir 46 xéc dinh duoc bdn
kinh bt dao hop Iy cho timg loai vat liéu nham dat d6 chinh x4c cao nhat.
Trong quad trinh nghién citu nhém tdc gia nghién cttu nhan thay dé don gidn
hon nita cho ngudi sir dung va hiéu sau hon nifa vé cong nghé gia cong tién ti€n
nay cidn phai ti€p tuc nghién citu phét trién cic vadn dé sau:
- Nghién ctru sy anh hudng cha cac thong s6 cong nghé dén do nhdm bé

mat chi tiét, chiu sau cdc I6p anh hudng nhiét, ning suat gia cong...
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4 KET LUAN VA KIEN NGH|

Thiét bi LC1000CN duge xdy dung v6i nhiing dac tinh k¥ thuat:

Kich thuée ban may

2700 x1524 mm

Khoang céch cdc chét ban chong

200 x 200 mm

Hanh trinh truc X xYxZ

2400 x1200 x200mm

SG cap téc d6 truc

Vé cdp

Dong cotruc X; Y; Z

DC- Servo-12;2,9; 1 (Nm)

Téc dd chay nhanh truc X ; Y; Z

23.000 ; 18.000; 9.000 (mm/phit)

P06 chinh xdc dinh vi 0,605mm

D¢ chinh xdc lap lai 0,01 mm

Trong lugng phoi 16n nhat 400 kg

Trong luong toan may 3500 kg

Kich thudc may( dai x rong X cao) 5200x2200x1700 mm

Bo diéu khién CNC TNC-310 HEINDENHAIN
Kha nang diéu khién 3 truc +1

Bo diéu khién Lase SM1000MC-FEHA

Cong suat 1000W CO,

Pidu khié&n chiéu cao

Trén co so siéu am

Va vdi mot loat san phim don vé:

tich hop diéu khién t6i u
vi tri va quy dao gia
cong

thich (mg cho céc thiét
bi gia cong hién dai

bang tia (Lase, plasma

cac Modun chuyén ddi, tich hop CAD/ICAM dé
diéu khién vi tri dung cu theo truc toa do nham
dat dgc do chinh xac gia cong tong dong san
pham clia cac hang ndi tiéng trén thé gidi nh
Heidenhain, Siemens (CHLB Bic), ANILAM
(My ), Fanuc (Nhat); Cu thé la:

T Tén san pham Yéu céu khoa hoc Chu thich
1 2 3 4
1 |Phan mém CAD/CAM | ng dung ky thuat diéu khién CNC, théng qua
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va tia Ira diénw... )
diéu khién CNC .

- Xac dinh vi tri dung cu theo 2 tryc toa d6.
- D9 chinh xac dich chuyén hanh trinh dat doc:
0.005 mm.
- Hanh trinh dich chuyén:
+Truc X: 650mm.
+Truc Y: 320mm.

Phan mém diéu khién
t6i u ché dé cong nghé
gia cong nham dat d6

chinh x&c cao nhat.

Ung dung ky thuat diéu khién CNC, PLC, CC
dé tur dong diéu khién cac yéu t8 cong nghé gia
cong nh t8c do cat, chiéu rong ranh cat, téc do
dich chuyén... thich ¢ng cho céc may cat ¢o sir
dung céng nghé Lase, plasma va tia Ita dién
véi cac loai vat liéu, chiéu day cat khac nhau
nham tu dong hod qua trinh gia cong, nang cao

d6 chinh xac va chat lgng san pham.

Thiét bi diéu khién tu
dong duy tri khoang
cach gid dung cy va chi
tiét gia cong.

Bao gém :

- B diéu khién ty déng
PLC, CC (modun phan
cing va phan 1ap trinh).

- Céc phan tir do.

- Hé truyén dan,

Ung dung ky thudt quang dién t, théng qua
cac Modun giao ti€p va fap trinh diéu khién
PLC, CC d& xac dinh va diéu khién duy tri
khodng céch gia c¢ong chinh x4c gitta dung cu
va chi tiét gia cong nham dat dgc do chinh xac
gia cong tang dong san pham clia cac hang nh
Siemens (CHLB Burc), Fanuc (Nhat):

Cu thé ta:-

- Duy tri khodng céch theo 1 truc toa dé.

- Do chinh xac dich chuyén hanh trinh dat doc:
0.05 mm.

- Khoang cach dich chuyén : Truc Z = 200mm

Thiét bi gia cdng bang

{mg dung Ky thuat diéu knién CNC a8 t dong
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PHU LUCL1

e SO PO VE KICH HOAT LASER
e HE THONG KHI
e SO PO LAM MAT
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Appendix

water circuit
in laser head

! laser head

e e |

= |

i Entladungsrchr ] ' im,_,m flow
! 'y las .
| 5@ [ l ’
h 4 53
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PHU LUC 1.2

e BAN VE TONG THE THIET BI
e« BAN VE MOT SO CUM CHI TIET CHINH
e BAN VE HE TRUYEN DAN TIA LASER
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SO PO GHEP NOI
HE THONG MAY CAT LASER CO, LC1000-CNC

May tinh PC
e CAD/CAM
e Diéu khién 16i uu thong

biéu khién TNC-310 s
‘ Piéu kh LC1000-
chiducao || HAIDENHEIN [ ©'¢4Xmen 000-CNC

IMAY CAT LASER

' |
' |
5 i
| Laser E
] 7 |
i |
| |
i |
T e e |
l :
i .| NI i |
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PHU LUC L4

CHUONG TRINH CAT CHI TIET KIEM PINH
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Phu luc 4
CHUONG TRINH GIA CONG TREN MAY CAT LC1000-CNC:;
Cho chi tiét theo ban vé phu luc §

1 ;IMI-Holding

2 ;CNC Software for Laser cutting machine

3 ;This program was updated at time:10:492 ,date:22-07-04
4 BEGIN PGM 220704 MM

5 TOCL CALL 2 2

6 L X+0 Y+0 R F 3000 M

7 L X+492.4215 Y-181.3999 R F 3000

8 L Z+0 R F 3000 M

9 M8 M10

10 M4

11 CYCL DEF 9.0 DWELL TIME
12 CYCL DEF 9.1 DWELL 1.

13 CC X442.4215 ¥-181.3999
14 C X+35%2.4215 DR- R F3000
15 CC X442.4215 ¥-181.39589
16 C X+492.4215 DR- R F M5
17 L. X+496.883 ¥Y-211.3%99% R F
18 M4

19 CYCL DEF 9.0 DWELL TIME
20 CYCL DEF 9.1 DWELL 1.

21 CC X494.383 v-211.3999
22 C X+491.883 DR- R F

23 CC X494.383 ¥-211.3999
24 C X+496.882 DR- R F M5
25 L ¥+444.9215 Y-241.3999 R F
26 M4

27 CYCL DEF 9.0 DWELL TIME
28 CYCL DEF 2.1 DWELL 1.

29 CC X442.4215 ¥-241.3999
30 C X+439.9215 DR— R F

31 CC X442.4215 Y-241.3999
32 C X+444.9215 DR- R F M5
33 L X+392.9599 Y-211.3999 R F
34 M4

35 CYCL DEF 9.0 DWELL.TIME
36 CYCL DEF 9.1 DWELL 1.

37 CC X3%0.4589 ¥-211.3999
38 C X+387.95%% DR- R F

3% CC ¥X390.4559 ¥-211.3999
40 C X+392.9599 DR- R F M5
41 L Y-151.399%3 R F

42 M4

43 CYCL DEF 9.0 DWELL TIME
44 CYCL DEF 9.1 DWELL 1.

45 CC X390.4599 Y-151.3998
46 C X+387.9589 DR- R F



47
48
49
30
51
52
53
54
55
56
57
58
59

680

61l
62
63
64
&5
66
67
68
59
70
71
72
73
74
75

CC X390.4599
C X+392.9599
L X+444.9215
M4

CYCL DEF 9.0

CYCL DEF 9.1
CC X442.4215
C X+4382.9215
CC X442.4215
C X+444.9215

¥-151.3999
DR- R F M5
¥-121.389%% R F

DWELL TIME
DWELL 1.
¥-121.3999
DR- R F
Y-121.3998
DR- R F M5

L X+496.883 Y-151.39%% R ¥

M4
CYCL DEF 9.0
CYCL DEF 9.1

DWELL TIME
DWELL 1.

CC X494.383 ¥-151.3999
C X+491.883 DR- R F

CC X454.383 Y-151.399¢
C X+496.883 DR- R F M5

L X+522.4215
M4

CYCL DEF 2.0
CYCL DEF 9.1
CC X442.4215
C X+362.4215
CC X442.4215
C X+522.4215
M9 M1l

¥Y-181.3999 R F

DWELL TIME
DWELL 1.
¥-181.3%85
DR- R F
¥-181.3%9&9
DR- R F M5

L 2+20 R F MaX
END PGM 220704 MM
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TANG CUC TIEU CHUAN DO LUONG CHAT LUONG

{Directorate for Stundards and Quality)

TRUNG TAM DO LUONG

(Vietnam Metrology Institute)

Add: Budong Hoang Qudc Viet - Nghia && - Cau gidy - Ha néi
Tek (84-4) 8361872 - 8343060; Fax: +(84-8) 8344260; Emalil: vei@fpt.vn

Phuong phdp th

Bui Q

Dac trung k¥ thudt (Technicul Specific

Co s& st dung (Customer):

(Heud of the calibration Laboratory)

GIAY CHUNG NHAN
KET QUA DO, THU NGHIEM

tMeasurement & Testing Certificate)

SO (M) v01.CN6.004.2004

Ki€u (Type): [ ¢ 1000-CNC 86 (Serial ') 0] CN6.004.2004
Co sd san xudit (Munufacturer): . Viet Nam (IMI)

C4tioni K hoang cach dich chuyén (x:y): (2000x 1000)mm
Gid tr1 d6 chia : 0,001 mm

Vién may va dung cu cong nghiép (IMI)

uc hién ¢/» accordance with): Po so sanh

Chudn sit dung 12 thiét bi do chiéu dai Laser HP5529A

K&t qua (Resuits:

Xem keét qua do
Ngay (gthdng 5 ndm  ,p04
{Dute of Calibrution)
Trudng phong thi nghiém 4 Giém déc

S ‘Imng tam Po ludng
/""/—\ \\ \(DH ectur)

A"’/ ":’?{.Lf . C:f::\

udc Thu .
)74
AL APl <L il

Trang: 115~
{N" of payes)

|

Khong duoc sao chép rii khi gidy chimg nhdn cé nhiéu trang néu khéng duye su dong
¥ ctia Trung tdim Do luimg .
(Ths certificate muy not be reproduced veher than in pull excepr wih the permission of YMI,

BM-4




KET QUA PO, THU NGHIEM

{Measurement & Testing results)

Két qua do:
Kiém tra theo truc x:
TT Vi trf kiém Sai lach
(mm) (um)
Chiéu tién (1) Chiéu lui (IT)
1 0 0 6
2 200 -5 8
3 400 -4 10
4 600 | [2
5 300 3 13
6 [000 3 12
7 1200 0 10
3 1400 6 12
9 1600 8 12
10 1800 9 12
11 2000 8 9
vi tri kiem o
| |
: 15 T
! |

Trang A/ 'd
(N of pages)

Kém theo gidy chimg nhdn két qud do s6 (attached to certificate NO): YOI CUE - oy O
Neady (7 théng ¢ ndm J o 0/7
(Dated)

BM-4a




KET QUA DO, THU NGHIEM

(Measurement & Testing results)

Kiém tra theo truc Y

TT Vim kiém | Sai lech
{(mm) (um)
Chiéu tién (I) | _Chiéu lui ()

I 0 0 2
2 100 | 12 -16
3 200 | 9 -10
4 300 10 -3
| 5 400 1 5
| 6 500 3 10
7 600 9 9
8 700 4 -4
9 800 10 12
10 900 | 9 12
| i1 1000 | 8 8

sai lech

vi tri Kiem
Trclmg 3/¢ Kem theo gidy chung nhdn két qud do s6 (attuched o certificate Ny: ¥of cp)€ LY 0;/
(N of puges) Ngay {2 thdng 5 ndm £ p ;;

(Duted)

BM-4a
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Kiém tra truc z:

KET QUA DO, THU NGHIEM

(Measurement & Testing results)

T Vi tri kiém Sai léch
(mim) (um)
Chiéu tién (I) Chiéu lui (II)

1 G 0 6
2 20 -5 -2
3 40 -4 6
4 60 1 1
5 80 i 3 4
6 100 | 5 2
7 120 ! 0 3
3 140 6 4
9 160 6 8
10 180 5 4
11 200 5 6

sai lech

Trang # / g
(N of puges)

L

Kém theo gidy chimg nhadn két qua do 56 (atiuched 1o certificate N°): Voi. CAE £

Ngay /¥ théng 5 nim AL L 7

{Dured)

.09

BM-da




KET QUA DO, THU NGHIEM

(Measurement & Testing results)

Kiém tra kha ning ctia phin mém CAD/CAM Verl.0 IMI
Kiém tra chi ti€t gia cong trén mdy cat Laser LC 1000 CNC (c6 ban v€ kém theo)

Kich thudc danh dinh - Kich thudc do duoc
TT
(mm) {mm)
1 d 160 @ 160,006
2 ® 100 @ 99,996
3 & 500 . @ 5,000
4 R 60 R 60,002

Trang 5[5
(W of puges)

Kém theo gidy chimg nhdn két qud do s6' (attached 1o certificate N):  vod ¢Nb.00H D4

Ngay A9 thdng 5 ndm 1004
{Deited )

BM-4a
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@160+0.0t

@100x0.01

@S t0.01 23
55 - ,

R6(Q+0.01

i TT. NGHIEN CU CAC CONG NGHE DAC BIET]
MAY CAT LASER LC1000-CNC ( CREST)
) - - Ma s6:
= _ —  BAN VE KIEM DINH 00-001-100
o tén Ky |Ngdy N h A
Tké DQ CHINH XAC 58 luong | Khéi lugng Tie
K.sodt A '
oS MAY LASER 01 # 11
K.ti.c BAN CHI TIET: Ta: 88 15 L&n c&p: 01
K.te.n A
VAT UEU : sus3od; 5= 2mm. | IMI
Duvet VEN MAY VA DUNG Cl CONG NGHEP
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MAY CAT LASER LC1000-CNC

TE. NGHIEN CUU CAC CONG NGHE DAC BIET

Duyét

( CREST)
Mé 58
_ _ . , L ~ 00-001-100

Ho tén Ky Ngayl BAN VE KIEM TRA DO = e o
T.ké : 2 A ugng i luong ile
g CHINH XAC GIA CONG
-y 01 # 1110
K-.t:t.c BAN CHI TIET: To: $6 to: Lén cdp: 01
Ktcn VAT LIEU : SUS304 T vien iy vA DN Cy CONG NGHEP
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BANG KET QUA PO, CHUP PO RONG MACH CAT CUA MAU THI
NGHIEM TAI PHONG THI NGHIEM VAT LIEU HOC- PAT HOC
BACH KHOA HA NOI
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TRUGNG DAl HOC BACH KHOA HA NOI CONG HOA XA HOI CHU NGHIA VIET NAM

Trung tam NCKT co khi chinh

xac

'""'_EQ*GS_“"_

Tén mdu

Déc ldp - Tu do - Hanh phiic

m*cﬂ

Ha ngi, ngay ... thdng ... ndm 2004

PHIEU BAO KET QUA THU NGHIEM

Tén dom vi ddt mdu

Trang thai

Thiét bi kiém tra

(Do chiéu rong mach cdt)

: Thép CT3 S3 lugng:
: Vién mdy va dung cu céng nghiép
: Mau thi nghiém

- Kinh hién AXIOVER-100A

Két qud thit nghiém
Lol
STT Tén mau Chiéu rong m:t trén Chiéu réng mat dudi
_ (pm) (pm)
1 Mau 1 142 145
2 Mau 2 132 128
3 Mau 3 120 0
4 Maiu 4 187 192
5 Maiu 5 126 145
6 Mau 6 153 159
7 Maéau 7 165 157
8 M4iu 8 150 141
Lo2
STT Tén mau Chiéu rong mat trén Chiéu rong mat duéi | X7 ~
_ (pm) (um) =~
1 Maiu 1 215 197
2 Mau 2 235 225
3 Maiu 3 240 214
4 Miu 4 270 263
5 Mau 5 0 0
6 Mau 6 153 189
7 Mau 7 160 141




Lo3

STT Tén mau Chiéu rong mat trén Chiéu rong mat dudi
(pm) (pm)
1 Maiu 1 204 198
2 Miu 2 188 192
3 Maiu 3 180 178
4 Mau 4 217 205
5 Maiu 5 219 204
Lo4
STT Tén mau Chiéu rong mat trén Chiéu rong mit duéi
_ (um) (pm)
1 Mau 1 250 234
2 Miu 2 230 220
3 Maiu 3 200 185
4 Mau 4 188 185
5 Mau 5 175 0

- Ngudi thue hién

" Tran thanh Ting

Giam doc trung tam
' 0/0—\—"'-53\9-; i

d 5?;/ TRUNG TAM 7% )
! ) . e
(- «| NCHIENCUG !

g GIAM aoc

Th.s. .[juym GHe @alz):
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CHUONG TRINH TURBO PASCAL TINH TOAN TOI UU THEO
PHUONG PHAP GRADIEN
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CHUONG TRINH TURBO PASCAL TINH TOAN GIA TRI TOI UU

PROGAM OPTIMIZATION;
Uses ctry;
Label 10;
Type ARl = Arrayl[l..50] of real;
ARZ Array[0..50,1..50) c¢f real;
Var

AA: Array[l1l..10,1..10] £ real;

TT: Array[0..1000] o real;

AF: Array[0..1000] o real;

AT, STP,BS:ARZ;

ID, BPS, STP: Char:

STEPinit, RADS,Alfa,FD,ALfl,AlfZ2:Real;

Z,C,Bl,B2,BETA, $D, 5P, EPS, NORM, NORM1, =X, Fopt, &, Fl:Real;

57C,I,J,K, M, N, NBS, NBSopt, NBF, NEFopt, NSX: Integer;
28, BPR,NIS RNIS:Integer;

{CALCULATION OF GRADIENT}
PROCEDURE GRADV;

Beqgin
1f NBS = 0 then FD :=le-3;
for 1 :=1 to N do
pegin
Ci=X{i];
X(il:= X[1i]+FD;
OBE X, F):;
D{i):=({F-FX)/FD;
X{ii:
end;
SD:=I[NB5+1)/{NBS+2):
FD:=r53*5D;
RADS:=RADS*S5C;
NORM:=0;
for i:=1 to N do NORM := NORM + sgri{lZiil};
NORM:=sqrt (NORM} ;
End;

[RESULT PRINTING PROGRAM}
Procedure
Var
i,3,:integer;
Begin
write('BAN CO MUON IN KET QUA KHONG: (Y/N 7'}
if Upcase (readkey) ='Y' then
begin
write( Printing:PR:=")
Readln (PR} ;

Writelni{intial peoint: ' ");

i:=FR;

for 7 :=1 tc N do

Write ({('x0,'3',)= "x0{4,1:9:6" '};
Writeln;

Writeln('NBr!0)=",AF[0], " "TX= ',"FFili"',};



Repeat '
Writeln('NBF(0)="',AF{{i], " 'FX= ','FF(1i}",);
1:=1+PR;

Until i>NBS;

for i:=1 to N do

Write(Xept={',1i,"'=s ',Xopt{i]:9:6,"' '):
Writeln: .
Writeln('NBScpt=', 'NBFopt=', 'Fopt=' '};
readln;

end;
else Exit;

{PLANNING STEP CALCULATION}
Procedure Planning steps;
Begin
if NBS=0 then
pegin
Write('Step init = '}:
readln(stepinit);
End;
=NBS+1;
tepinit/NBRS;
i:=1 to N de X([1i] :=X[i] + A*5{i];
X

GRADIEN DIRECTION GRADIEN) )}
Prccedre GRACIZN;
Begin
for I:=1 to N do
S(i]:=D[1i]/NCRM;

{ (CONJUNGATE GRADIENS (CCONGR) }
Procedurs CONJGRD;

Begin

BETA:=0;
if NBS=0 then
begin

write {’Variant 1/2/3 2 '};
readl (NIS);

end;
begin
B1:=sgr (NORM)
if NIS<>1 then
begin
B Bl:=0;
for i:=i to N do Bl:=Bl+ D:{i!-Dl[il};
end;
if NIS=3 then
begin
B2:=0;
for i:=1 to N do B2:=B2+D:[1i]-Dl{i}});
end;

BETA:=Bl/(B2+({le=20})):
end;



for j:=1 to N
begin
S1[i]:=
SD:=5D+
D1{i]:D
erd;

SD:=sgr={SD)+(1e—20}

B2:=s5gr (NORM) ;
for i:Z to N do
S{[i]:=S1[1i]/SD

{—=———————— MAIN PROGRAM--===—--==————mm—mm oo — }
BEGIN
clrscr;
writeln (' Chon phuong phap toi uu ?277;
writeln ('1.34 dungdac ham.’}:
writeln ('3k: BIS/PER/STCH/MpRJI/pRI/GAZ/
CONGR/VARM/New) B/P/S/M/IJ/A/G/C/TIN, ") ;
writeln (2. Khong su dung dao ham.’};
wrriteln {’Sk: GZeidel/Gause/Hook (Z/A/H}’);
BPS:=Upcase (readkey);
writeln (’Chon phuong an xac dinh do dai buocc ?2'};
writeln!{'Step: Planning/Simple/Golden/zlafover'(®/S/G/T;
ETEB:Upcase readkey)
if (BEZ3="A'")or{BPS='Z':or {BPS='5' -r)BPS="H"
then T2:=le-9;
wric2"NBSmax PERICIcrn = ‘lrrezaln NSK, PP
EPS:=12—6;RNIS:=0; NIS:=0; NBS:Z;
NBF:=0; OBF(X,F}; FX:F; Fopt:f;
for i:=1 to N do
3egin
XO[i] :=X[il; SL[i :=0; X1(i] :=¥ i’
for 3:1 to N do '
Begin
BS(i,3]:=0; BSI[{i,3}):0;
End;
znd;
Norm:=1;
Repeat;

:f{ (BPS="A')or(BPS="Z'}or BPS="R’')or{(335="4H"

then NORN:=No

else GRADV;
AF{NBS] :=NBF;
if FX<Fopt th

Begin
NBSopt:
Fopt:FX
for i:=

End;

if NORN<EPS t
case BP
GRADIEN;
CONJGRD;

IGJ' :
\Cl .
and;

do
BETAS*S1[i]~D{i};
sgr(Si{i]);
={i];

Y-
r

rm

FE{NBS} :=F%;
en

=NBS; NBFopt:=NBF:

1l to N do Xopt[ij:=X[1i1;
hen goto 10;

S of

{CHOOSING the S7TZ? TYPE)

case STP c¢i
‘Pr: PLANNING

STEP;

)

)i



end;

10:
END:;

Until NBS>=NSX:
PRINTZ2:
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"{Trung binh binh phuing lon dat o

Bang Va

;Phan -phdi. F (Fisher - Snedecory — Cac mde y oghia O,1; 0,05 va 0,01
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BO KHOAHOC VACONG NGHE ~ CONG HOA XA HO CHU NGHIA VIET NAM

VIEN UNG DUNG CONG NGHE Doclép - Ty do - Hanh phic
Trung Tam Céng Nghé Laser

Ha néi, ngay 23/06/03
GIAY NHAN XET
Trén cg s& hgp tac nghién clru khoa hoc ki thuat gilra hai cg quan, véi tu
cach 1a mét don vi c6 chuyén moén vé linh vyc Laser, Trung tam Cong nghé Laser

c6 mét s nhan xét sau khi tham quan va xem mot s san pham ct bing may
cét Laser CO,-1000W clia Vién May va Dung cu Céng nghiép nhu sau:

« Hé thiét bi ddm bao do chinh xac, cong suat va do tin cay di dé trién khai
mat sG nghién clu trong phang thi nghiém va san xuét loat nhd vé finh vuc
cat vat liéu bing Laser.

o D0 ngl can bd ky thuat clra Vien May va Dung cu Coéng nghiép da lam
ch dugc Thiét bj va Cong ngha cit vat liéu biing Laser CO2-1000W,

KT. GIAM BAC
TRUNG TAM CONG NGHE LASER
PHO GIAM BOC




CONG TY CO PHAN XAY DUNG  Cong hoa xa héi chii nghia viét nam
va THIET BI CONG NGHIEP Dac lap tir do hanh phiic

Ha néi 10/12/2003

GIAY XAC NHAN

Cong Ty C6 Phan Xay Dung va Thiét Bi Cong Nghiép (CIE) di dat
Vién May va Dung Cu Coéng Nghiép (IMI) cit mot s& chi tiét bing vat .
liéu thép 65T trén May cit laser CO,, gdm céc chi tiét sau:
1. Tam l6t ddy 2, theo ban vé TB1-001-111.
2. Tam day 1, theo ban vé TB1-001-110.
3. Canh xodn vit tai xién, chi tiét s 16 ctia ban vé TB1-003-101.
S6 luong méi loai: 50 chi tiét, st dung cho Tram tron beé tong 45m’/h.
Bo phan KCS clia Cong ty CIE do kiém va xdc nhan:
¢ Cic chi tiét nay da dugc ché tao hoan chinh. _
e Dat do chinh xdc vé kich thudc hinh hoc va chit lwong mach cat
theo yéu cdu ban vé.
e Sau khi cit, bé mat khong cdn gia cong lai.
o -Chit lugng cdc t4m gia cong la nhu nhau, thé hién kha nang lap lai
cao, phi hgp véi gia cong cong nghiép.
e Tiét kiém phoi do mach cat nhé va kha ning x€p hinh hop 1y trén
may diéu khién CNC.
Cic chi ti€t nay di duge lip rdp vAo cdc tram tron bé tong 45m’/h.
Cho dén nay vin hoat dong t6t, dugc khich hang chdp nhan.
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