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Chuong 1
TONG QUAN VE CAD/CAM

1.1. Lich sir phat trién cia CAD/CAM

Nho sy phat trién ciia cong nghé may tinh, cac nha san xuit mudn tu dong qua trinh
thiét ké va mudn st dung co s& dit liéu nay cho qué trinh ty dong san xuit. Pay 1a y
tuéng cho nganh khoa hoc CAD/CAM ra ddi. CAD/CAM dugc hiéu 1a sir dung may tinh
trong qua trinh thiét ké va san xuat hay theo thudt ngit tiéng Anh 13 may tinh tro gitp
thiét ké va san xuat. TUr su ra doi cia CAD/CAM cac linh vuc khac cua viée ung dung
may tinh cling da phat trién theo nhu: CG, CAE, CAPP,.. Tét ca nhirng linh vyc sinh ra
d6 déu lién quan t6i nhitng nét dac trung cua quan niém vé CAD/CAM. CAD/CAM la
mot linh vuc rong 16n no 1a trai tim cua nén san xudt tich hop va ty dong .

Lich sir phat trién cia CAD/CAM gan lién v&i su phat trién ctia cong nghé may tinh
va k¥ thuat do hoa tuong tac (ICG). Cudi 1950 dau 1960 CAD/CAM co nhiing budc
phat trién dang ké, khoi dau c6 thé noi 1a tai Massachusetts Institute of Technology
(MIT) - My véi ngdn nglr 1ap trinh cho may tinh APT (Automatically Programmed
Tools). Muc dich cia APT la dé lap trinh cho may diéu khién sb, né duoc coi nhu 13 mot
budc dot pha cho tw dong hoa qué trinh san xuat.

Nhitng nim 1960 dén 1970 CAD tiép tuc phat trién manh, hé thong turnkey CAD
dugc thuong mai hoa, ddy 1a mot hé théng hoan chinh bao gdm phan cimng, phan mém,
bao tri va dao tao, hé théng nay dugc thiét ké chay trén mainframe va minicomputer. Tuy
nhién kha nang xur Iu thong tin, bd nhé va ICG clia mainframe va minicomputer han ché
nén cac h¢ CAD/CAM thoi ky nay kém hiéu qua, gia thanh cao va chi dugc sir dung
trong mot sb rét it linh vuc.

Nim 1983 may tinh IBM-PC ra doi, day 1 thé hé may tinh 1y tuong vé kha nang xir
ly thong tin, bd nhd, dd hoa cho CAD/CAM. Piéu nay tao diéu kién cho cac hé
CAD/CAM phat trién rat nhanh chong.

Cubi nhitng nam 1990 1a thoi ky CAD/CAM dat dén nhitng thanh twu dang ké, rat
nhiéu phan mém d6 s6 dugc tung ra thi truong va tng dung rong rai trong thiét ké va san

xuat cua nhi€éu nganh cong nghiép.



Hién nay cic phan mém CAD/CAM noi tiéng dang c6 mit trén thi truong nhu:

— CIMATRONS- Israel

— DELCAM- Anh

— Pro-Engineer - My

— Uni-Graphics - My

— SURFCAM - My

— MasterCAM - My ...

Phan mém CAE xuét hién sau CAD/CAM, khi ma nhitng doi hoi vé chit luong cua
san pham rat cao. Viéc phan tich mé hinh sau thiét ké duoc thuc hién nhd CAE. CAE da
lam cho cong viéc phén tich trd nén don gian hon nhiéu so véi toan hoc thong thuong va
cho két qua dang tin cdy trong mot thoi gian nhanh chéng, nho vao két qua d6 ma ngudi
thiét ké s& hiéu chinh lai thiét ké cho phu hop. Tuy theo tinh ning va yéu cau cua chi tiét
ma sy phan tich c6 thé 1 nhiing qu4 trinh sau:

— Phan tich nhiét, ap sut, ung suét, bién dang, cong vénh, kha nang dién déy khuon,
qua trinh dong dac...

— Phuong phép phan tir hitu han (FEM) 1a mdt cong cu toan hoc quan trong trong
c4c bai toan phan tich. Phuong phap nay chia ty dong chi tiét thanh nhiéu phan nhé hinh
tam giac hay chit nhat ndi tiép nhau rdi phan tich timg phan nhé d6. Két qua cta qua trinh
phan tich co thé 1a mot bang bao cao, mot birc tranh dién day hay mot mé hinh chi tiét da
bi cong, hay bién dang duoc dit tring véi mo hinh Iy thuyét, tir d6 nguoi thiét ké s& nhin
théy nhiing vi tri bién dang cuc dai va diéu chinh thiét ké. Vi du: Moldex (Taiwan) va
Mold-flow (Australia) 14 cac phan mém CAE chuyén dung hd tro cho tinh toan thiét ké
khuon nhya. Cac phan mém nay st dung dé phan tich qua trinh diénday khuon, cong
vénh, nhiét, ap xuat. ANSYS la phin mém CAE chuyén duing cho phan tich ing suat va
bién dang,.. hd trg cho qua trinh tinh toan thiét ké cac chi tiét, két cau co khi, ...

1.2. Pinh nghia CAD/CAM

Nhitng nam cudi thé ky 20, cong ngh¢ CAD/CAM da tré thanh mot linh vyuc dot
pha trong thiét ké, ché tao va san xuat san pham cong nghiép. CAD (Computer Aided
Design) 14 thiét ké trg gitp bang may tinh. CAM (Computer Aided Manufacture) 1a san
Xudt v&i sy trg giup ciia may tinh. Hai lanh vuc nay ghép ndi véi nhau da tré thanh mot

loai hinh cong nghé cao, mdt Ianh vuc khoa hoc téng hop cua su lién nganh Co khi — Tin



hoc — Dién tir — Tu dong hoa. Cung véi sy phat trién cua khoa hoc may tinh, CAD/CAM
d3 duoc nhan thire va chip nhin nhanh chong trong cong nghiép (céng nghiép dét — may,
cong nghiép nhua, cong nghiép co khi ché tao ...) vi n6 13 hat nhan chinh dé sang tao va
san xudt san pham, dé ting ning xuat lao dong, giam cuong do lao dong va tu dong hoa

qua trinh san xuat, nang cao dg chinh xac chi tiét va dat hi¢u qua kinh té cao.

Cong viéc chudn bi san xuit c6 vai trd vo cung quan trong trong viéc hinh thanh bt
ky mot san pham co khi ndo. Cong viéc nay bao gdm céc khau chuén bi thiét ké (thiét ké
két cAu san pham, cic ban v& lip chung cia san phdm, cac cum mady...), chudn bi cong
nghé (dam bao tinh ning cong nghé cua két cau, thiét 1ap quy trinh cong nghé), thiét ké
va ché tao cac trang bi cong ngh¢ va dung cu phu... ké hoach hoa qua trinh san XUAt va

ché tao san pham trong thoi gian 4n dinh.

Trong san Xuét hang loat nho, do dac diém 1a sd luong chi tiét trong loat it , sb
chung loai lai nhiéu cho nén khéi luong thoi gian chuén bi cho san xuat rat 16n, ma dang
san xudt nay hién dang chiém vu thé trong nén kinh té thi truong hién nay. Tat ca diéu do

phai doi hoi tao ra phuong phap thiét ké mdi nhd may tinh dién tir.

CAD/CAM la mot linh vuc nghién ctru nham tao ra cac hé théng tu dong thiét ké va
ché tao. N6 dung may tinh dién tr dé thuc hién mét chirc nang nhét dinh dé thiét ké va
ché tao san phém. Tu dong hoa ché tao 1a dung may tinh dién t& dé ké hoach hoa, diéu
khién qua trinh san xuat, diéu khién qua trinh cit got kim loai va kiém tra nguyén cong

gia cong.

CAD/CAM két ndi véi nhau tao ra mdi quan hé mat thiét gifra hai dang hoat dong la
thiét ké va ché tao ma lau nay nguoi ta coi 1a khac nhau va khong phuc thudc vao nhau.
Tu dong hoa thiét ké 14 dung cac hé thdng va phuong tién tinh toan giup ngudi ki su dé
thiét ké mo phong, phan tich va t6i vu hoa giai phap thiét ké. Phuong tién bao gdm may
tinh dién tr, cdc may v€, may in, thiét bi duc 16 bang ...Phuong ti¢n 1ap trinh bao gém
chuong trinh may, cho phép dam bao giao tiép véi may v& va cac chuong trinh tng dung

dé thuc hién chirc nang thiét ké.

Hé théng CAD/CAM 1a mdt san pham cua CIM (Computer Integrated

Manufacturing). Hé théng nay dugc quan 1y va diéu hanh dua trén co s¢ dit liéu trung



tam, hé théng con dugc dung dé 1ap ké hoach , biéu do , dua ra cac chi dan va thong tin

dam bao muc dich ké hoach san xuat ctia nha may.

1.3. N§i dung va cong cu cia CAD/CAM

1.3.1. Ngi dung va cong cu ciia CAD

a. Noi dung cua CAD

Thiét ké vé6i su hd tro cua may tinh dién t& - CAD la sy trng dung c6 hi¢u qua cac

phuong tién cong nghé cua k¥ thuat tin hoc, dién tr ... dé giai quyét cac cong viéc lién

quan t6i cong viéc thiét ké. Qua trinh thiét ké co thé phan chia lam 6 giai doan chinh nhu

hinh 1.1

Xay dung nhiém vu

Thiét ké tong thé

. i ok GEOMETRIC
Thiét ké chi tiét MODELING
Tinh toan phan tich ANALYSIS
Thiét ké tbi wu OPTIMZATION
v DRAFTING)
Lap tai liéu thiét ké (VIEWS AND
DRAWINGS

Hinh 1.1: Quy trinh ciia CAD

AutoCAD
PRO engineer
Unigraphics

Unigraphics
Nastran
Modex

Sap 86
Nastran

AutoCAD
PRO
engineer

Vi¢c st dung cong cu tin hoc va dién tir trong cong vi¢ce thit ké -thiét ké véi sy trg

gilip ctia may tinh dién tir (CAD) c6 thé chia thanh 4 cong doan chinh bao gom:

— MO0 hinh héa hinh hoc
— Tinh todn k¥ thuat

—  Thiét ké téi vu

— Lap tai liéu k¥ thuat ty dong tir mo hinh da dugc thiét ké.



%+ MO hinh hinh hoc: ung dung hé théng CAD dé phat trién viéc mo ta toan hoc cua
céc vat thé hinh hoc. Cac md hinh hinh hoc nay duoc luu trir trong hé co so dir liéu (trong
bd nhé may tinh) cho phép ngudi sir dung biéu dién hinh anh ctia mé hinh trén cac thiét

bi dd hoa va thuc hién cac thao tac dung hinh.

% Tinh toan phan tich ky thuat: sau giai doan thiét ké mé phong hinh hoc. M6 hinh
thiét ké can phai dugc tinh toan phén tich (dé dam bao cac thong sb ky thuat), vi du: kiém
tra do bén, bién dang, qua trinh trao doi nhiét. Qu4 trinh tinh todn phan tich k¥ thuat dugc

thue hién thong qua cac phan mém CAE.

s Lap tai licu thiét ké tu dong: day la cong viée thé hién két qua thiét ké - tu dong tao
cac hinh chiéu, tao ban v& k¥ thuat bao gdm ca ghi kich thudc tir mé hinh 3D d3 duoc
thiét ke.

Tém lai: vai tro co ban nhéat caa CAD 1a dé x4c dinh hinh hoc cua thiét ké nhu hinh
dang hinh hoc cua céac chi tiét co khi, cac két cau kién trac, mach dién tir, mat bﬁng nha
clra trong x4y dung... Cac tmg dung dién hinh ctia CAD 14 tao ban v& k thuat véi day du
cac thong tin k¥ thuat cta san pham va mé hinh hinh hoc 3D ciia san pham. Hon nita, mo
hinh CAD nay s€ dugc dung cho cac iing dung CAE va CAM sau nay. Pay la loi ich 16n
nhat ciia CAD vi c6 thé tiét kiém thoi gian mot cach dang ké va giam duogc céc sai s giy

ra do phai xdy dung lai hinh hoc ciia thiét ké mdi khi can dén né.

b. Cong cu ciia CAD

— Thiét ké mo phong hinh hoc 3 chiéu (3D) nhirng hinh dang phurc tap.

— Tao ban v&, in an.

— K&t xuit dir lieu cho CAM: noi suy hinh hoc, bién dich céc kiéu duong chay dao
cho cong nghé gia cong diéu khién sd.

— Lién két v6i cac chuong trinh tinh toan thuc hién cac chirc ning phan tich k¥
thuat: tinh bién dang khudn, mé phong dong chay vat liéu, truong ap suit, truong nhiét

do, do co rat vat liéu,...

— K&t xuit dit liéu cho theo cac dinh dang dd hoa chuan. Giao tiép voi céac thiét bi
do, quét toa do 3D thuc hién nhanh chéng cac chirc nding mé phong hinh hoc tir dir li¢u

I4
A

SO.



1.3.2. Ngi dung va cong cu cia CAM
La thuc hién quy trinh san xuit v6i sy tro gitip cua may tinh dién tir 13 sir dung may
tinh dé 1ap ké hoach san xuat va diéu khién san xuat. So do chic ning ciia CAM c6 thé

duoc biéu dién theo hinh 1.2

CAM

!

LAP KE HOACH PIEU KHIEN
SAN XUAT QUA TRINH SAN

I |

Co s¢ dir li€u cong ngh¢

—1 Diéu khién chat luong san

A
A 4

Lap trinh gia cong Piéu khién xudng

A
A

Can bang day chuyén | Gidm sat cac qua trinh sdn xuat

A 4

Diéu khién qua trinh san xuat

Xay dung dinh muc lao dong [*

A 4

bicu khién cac may NC va

s

Udc luong gia thanh san phim

* Piéu khién kho vat tu va cong

Lap ké hoach san xuét «

—| Dicu khién cac tay may nguoi

A 4

Diéu khién thiét bi van chuyén

Hinh 1.2: Quy trinh cua CAM
a. Lap ké hoach san xudt
- Co so dit liéu cong nghé: cac chuwong trinh may tinh can dugc soan thao dé dua ra
cac diéu kién cat toi uu cho cac loai nguyén vat liéu khac nhau. Céc tinh toan dua trén
cac dir li¢u nhan duogc tur thuc nghiém hodc tinh todn 1y thuyét vé tudi tho cua dao cit

theo diéu kién cat.



- Léap trinh gia cong voi sy trg gitip cua may tinh: 1ap trinh cho may cong cu hodc
1ap trinh CNC 14 cong viéc khé khin cho ngudi van hanh va giy ra nhiéu 16i khi céc chi
tiét tré nén phtrc tap. Céac bg hau xir Iy may tinh duogc str dung dé thay thé viéc 1ap trinh
bang tay. Dbi véi cac chi tiét c6 hinh dang hinh hoc phire tap, hé théng CAM c6 thé dua
ra chuong trinh gia cong chi tiét nhd phuong phap tao ra tap 1énh diéu khién cho mdy

cong cu hiéu qua hon hén l4p trinh bang tay.

- Can bang day chuyén vé6i sy trg gitp bang mdy tinh: viéc dinh vi cac phan tir
trong cac tram 1én ddy chuyén 1a van dé 16n va kho khin. Cac chuong trinh may tinh nhu

COMSOAL va CALB duoc phat trién dé trg giup can bang t6i wu cho cac ddy chuyén.

- Xay dung cac dinh muc lao dong: mot bd phan chuyén trach sé co6 trach nhiém xac
1ap chuén thoi gian cho cac cong viée lao dong truc tiép tai nha may. Viéc tinh toan nay
kha cong phu va phuc tap. Hién di c6 mot s6 chuong trinh phan mém duoc phat trién cho
cong viéc nay. Cac chuong trinh mdy tinh sir dung dit liéu vé thoi gian chuan cho céc
phan tir co ban, sau d6 cong tong thoi gian thue hién ciia cac phan tir don d6 va chuong

trinh s€ dua ra thoi gian chuan cho cong viéc hoan chinh

~ Ubc luong gia thanh san pham: wdc luong gia ciia mot loai san pham mai 1a kha
don gian trong nhiéu nganh céng nghiép va dugc hoan thanh boi chwong trinh may tinh.

Chi phi cta ting chi tiét bd phan dugc cong lai va gid ctia san pham sé& dugc xac dinh.

- Lap ké hoach san xuit: cac trinh ty thuc hién va cc trung tdm gia cong can thiét
cho san xudt mot san pham dugc chuan bi boi may tinh. Cac hé thong nay cung cp céc
16 trinh, tim ra 16 trinh t5i vu va tién hanh mé phong kiém nghiém ké hoach dua ra. May
tinh duoc sir dung trong chitc nang ghi nhd cac ban ghi ton kho, dat hang ty dong cac mat
hang khi kho réng, diéu d6 san xudt chu, duy tri cac dac tinh hién tai cho cac don dat

hang san xudt khac nhau, 1ap ké hoach nhu cau nguyén vat liéu va lap ké hoach nang lyc.
b. Diéu khién qud trinh san xudt

~ Pibu khién san xuét lién quan t6i viéc quan Iy va diéu khién cac hoat dong san
Xuit trong nha may. Diéu khién qua trinh, diéu khién chat luong, diéu khién san xuat
phan xuéng va gidam sat qua trinh déu nam trong ving chtrc ning ciia diéu khién san xuat.
O day may tinh tham gia tryc tiép (on-line) vao cac hoat dong san xuat trong nha may.

Céc tng dung cua diéu khién qua trinh sit dung may tinh 1a kha phd bién trong cac hé



théng san xuat tu dong hién nay. Chung bao gdm cac day chuyén van chuyén, cic hé
théng lap rap, diéu khién s, k¥ thuit robdt, van chuyén nguyén vat liéu va hé théng san

xuét linh hoat.

—  Dibu khién hoat dong san xuit phan xuéng lién quan téi viée thu nhap dir lidu d6
dé tro gitip diéu khién san xuat va luu trit trong nha may. Cac cong nghé thu nhap dit liéu
mAy tinh hoa va giam sat qua trinh bang may tinh dang 13 phuong tién duoc danh gia cao
trong hoat dong san xuat phan xudéng hién tai.

% Trong tit ca nhitng cong viéc 4p dung cta mdy tinh dién tir trén day doi hoi co su
tham gia ctia con ngudi hoac dé nhap dir liéu ddm bao cho chuong trinh lam viéc hoac dé
giam sat cac két qua thyc hién.

1.4. Qui trinh san xuét va CAD/CAM

Chu trinh san pham truyén thdng duoc thé hién qua so d6 hinh 1.3

» Y niém » Tinh » Vé
san toan l
Khach hang Pit mua thiét Quy trinh
va thi bi va dung cu cong
A l
Y
K}em tra Sa? | Laque hoA’aCh
chat lugng 7'y san xuat

Hinh 1.3: Chu trinh san phdam truyén thong

Pé danh gia dugc tam quan trong cia CAD/CAM trong chu trinh san pham ching ta
phan tich cac pham vi hoat dong khac nhau va chirc ning tuong ting dé thyc hién viéc
nghién ctru va ché tao san pham. Céc thé loai cong viéc va chirc ning cia CAD/CAM

trong chu trinh san pham dugc thé hién trén hinh 1.4

Chu ky nay hoat dong theo nhu cau cia khach hang va thi trudng tiéu thu. Chu trinh
san pham c6 thé thay d6i tuy theo yéu cau cta khach hang
C6 trudng hop cong viéc thiét ké 1a do khach hang thuc hién cho nén nha may chi

c6 nhiém vu ché tao san pham da duoc thiét ké do



CAD Lap ban v€ va

hd so may
A\ 4 A
Khai niém | Tinh | ove
san pham | toan - v
Lap
- il QT(?N
h';g Sc\g Pat mua |, Thiétké |, r?]l;(;
thl tI'lIC)‘Ilg thiét b1 OTCN tinh
7Y (CAM)
A 4 A\ 4
Kiém |_ San |, Lap ké hoach
tra | Xuat | san xuat
A A A
A\ 4
Diéu khién Robot cong Lap ké hoach san
chat luong nghiép diéu xuat nhd may tinh,
nho may khién bang nhu cdu vat tu, ndm
tinh may tinh tinh hinh san xuit

Hinh 1.4: Chu trinh san phdam theo Céng nghé CAD/CAM.

Truong hop tha hai 1 nha may dam nhén ludn ca cong viéc thiét ké va ché tao méi.

Duya vao y d6 tao ra san pham d6 mai thiét ké san pham, hoan tat ban vé

Trén ban vé& san pham phai néu rd cac yéu cau k¥ thudt can phai dam bao trong qua
trinh ché tao. Trén co s& cac ban v& chi tiét phai 1ap quy trinh cong nghé ché tao san
pham va 1ap ké hoach san xuét. Dé ché tao san phim phai 1p nhu ciu vé trang thiét bi
cong nghé va cac dung cu can thiét. Ké hoach san xuét phai chi rd thoi gian va san lugng
XUt xuong trong thoi gian da dinh. Tiép theo 1a cong doan dua vao san xuét, ché tao
xong phai tién hanh kiém tra va thir nghiém san pham, cubi cung 1a ban giao cho khach

hang.

Trong giai doan thiét ké san pham moi, 4p dung mdy tinh dién tir cho phép tw dong
hoa thiét ké, in cac ban vé va tai liéu k¥ thuat.

Giai doan chuan bj cong nghé, nghia 1a thiét ké quy trinh cong nghé va lap biéu dd
san xuat voi su tro giup ciia may tinh dién tir. Ngoai ra may tinh dién tir con c6 thé ap
dung diéu khién qu4 trinh ché tao chi tiét ding tay may, cac mdy diéu khién theo chuong
trinh s6 (CNC). Cong doan cudi cung 13 kiém tra va thir nghiém ciing c6 thé ty dong hoa

nho may tinh dién tu.
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% Qua d6 ta thiy hé thong tich hop CAD/CAM doéng vai trd quan trong trong nén
san xudt hién dai, trong cac linh vuc chuyén mén hoéa cao. Tur hinh 1-4 rd rang

CAD/CAM bao quat xuyén sudt trong chu trinh san pham.

1.5. Phén cimg ciia CAD/CAM
1.5.1. Gioi thiéu chung
Céc bd phan phan cimg dung cho mot hé CAD rét da dang vé kich thuée, ciu hinh
va vé muc do hién dai, tuy theo nhiém vu cua tirng don vi ma chon h¢ CAD cho phu hop.
Ta biét ring nén tang ctia mot hé CAD hién dai 1 dd hoa mdy tinh tuong tac (ICG)
cho phép nguoi thiét ké co ngay nhiing Gmg xir ctia hé thong vé dir liéu dau vao dé co
dugc nhitng tac dong thich hop vi gitra ngudi thiét ké va hé théng c6 mot mdi lién lac
tryc tiép theo cach nguoi stir dung vao 1énh cho hé thong va dap tng lai nhitng cau héi ma
hé théng dua ra.
Ngay nay cic phan ctng trong cong nghé thong tin rat phong phu va da dang dugc
st dung trong h¢ CAD.
1.5.2. Cdu hinh phén cieng ciia mét hé CAD dién hinh
Mot hé CAD néi chung thudng co cac thiét bi phan cling sau day:
- Mot hodc mét sd tram thiét ké véi mot dau cudi dd hoa va cac thiét bi vao cua
nguoi thiét ké.
- Mot hodc mot sb may v€ va cac thiét bi ra khac.
- Mot may tinh.

- Cac b0 luu trir ngoai (bd nhé ngoai).

Luu trir
ngoai

— Thiét bi Cac
dau cuoi thiét bi
do hoa vao
May vé va
cac thiét bi
ra khac

Hinh 1.5: Cdu hinh ciia mét hé CAD
H¢ CAD c6 loai doc 1ap trong d6 chi c6 mot may tinh c4 nhan diéu khién, c6 loai

no1 mang cuc bo véi nhi€u tram thiét ké do mot may trung tdm di€u khién.
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1.5. 3. Tram thiét ké
Tram thiét ké hay con goi la tram cong tac cia h¢ CAD la mot hé théng giao dién
v6i thé gidi bén ngoai. Pay 1a mot yéu td quan trong tao nén tinh hiéu qua va sy thuan
tién dbi vai nguoi thiét ké khi lam viéc v6i mot hé CAD. Bao gém mot tram thiét ké c6
PC, thiét bi dau cubi d6 hoa (man hinh CRT), thiét bi vao(ban phim, chudt).
* Chure nang cua mot tram thiét ké do hoa:
Mot tram thiét ké phai dam trach dugc nam chirc ning sau déy :
- Giao dién véi may tinh.
— Tao ra cac ban v& 6n dinh cho nguoi thiét ké.
- Cung cép cac ban mo ta dudi dang s cua cic ban vé trén.
~ Chuyén cac 1énh mdy tinh thanh cac chitc ning van hanh.
~ Tao thuén loi cho viéc truyén thong gitta ngudi thiét ké va hé thong
Céach t6t nhat dé thuc hién cac chuc nang trén la sir dung hé dd hoa tuong tac. Mot
tram thiét ké dung cho hé d6 hoa twong tac it phai c6 hai bo phan hop thanh sau :
~ MGt thiét bi dau cudi dd hoa
~  Céc thiét bi vao ciia nguoi thiét ké.
1.5. 4. Thiét bi dau cuéi do hoa
Tu trude dén nay da co nhiéu cach tiép can k¥ thuat khac nhau duoc ap dung dé
nghién ctru cai tién cac thiét bi dau cudi do hoa, va trong twong lai cong nghé van khong
ngimg phat trién vi cac nha san xuat cac hé thong CAD ludn ludn cd ging nang cao chat
luong va ha gia thanh san pham cua ho.
Hién c6 2 loai thiét bi dau cudi d6 hoa dugc sir dung trong cac tram thiét ké nhu
Sau:
— Thiét bi d4u cudi tbi thiéu: man hinh CRT
— Thiét bi dau cudi dd hoa c6 vi xir 1y riéng: Man hinh CRT c¢6 card diéu khién gan
v6i1 b vi xtr 1y riéng.
Du 14 thiét bi ddu cudi d6 hoa loai nao thi viéc tao sinh hinh anh va hién thi hinh
anh d6 1én man hinh déu theo nhirng nguyén tic giéng nhau.
1.5. 5. Ban mach ghép noi dé hoa
Mot s6 ban mach ghép ndi d6 hoa.
- Card man hinh d6 hoa den-tring.

- Card man hinh dd hoa mau.
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- Card man hinh d6 hoa c6 gan vi xir 1y riéng.
- cac ban mach ghép ndi dd hoa hién dai.
1.5. 6. Cdc thiét bi nhdp (input)
Céc thiét bi input dugc trang bi tai mot tram thiét ké 12 nham cung cép cho nguoi
sir dung nhiing phuong tién thuan loi trong viéc giao thong lién lac véi hé théng.
Chung loai thiét bj Input rat phong phd, ta c6 thé chia cac thiét bi nay thanh 4 loai
chinh sau:
a. Cdc thiét bi diéu khién con tré
- Bang tro choi.
- Cén diéu khién.
- Cau vach.
- Chuot.
- Cé&c phim di chuyén con tro trén ban phim
- Bt quang.
- Bang va but dién tu.
b. Bdn dé hoa
C6 thé dugc xem nhu mot ban vé dién ti.
c. May quét (Scanner)
May quét 1a mot thiét bi dung dé doc ban v& hay chit viét trén gidy, sb hoa ching roi
dua vao cho may tinh xu ly.
d. Ban phim
C6 nhiéu loai:
- Ban phim ky tu.
- Ban phim chuc nang chuyén dung.
5.1.7. Cdc thiét bi xudt (ouput)
Bao gé)m:
- Man hinh.
- May vé.
- May copy man hinh.
~  Céc thiét bi vi phim.
- May in.
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1.6. Phan mém ciia CAD/CAM
1.6.1. Gioi thi¢u

Phén cimg ctia CAD chi ¢6 tac dung va hoat dong véi phan mém kém theo. Phan
mém d6 & day gdm hai loai :

« Phin mém dd hoa.

bay 1a mdt bo chuong trinh duogc viét ra nham tao diéu kién cho nguoi st dung van
hanh hé thong d6 hoa may tinh (hé ICG). Bo chuong trinh nay thudng dugc san xuét tron
g6i nén con co tén goi gbi phan mém dd hoa, bao gdm nhitng chuong trinh dé tao ra hinh
anh trén man hinh CRT, dé diéu khién cac hinh anh d6 va dé thuc hién cac kiéu tuong tac
khac nhau gitta ICG. AutoCAD 14 vi dy dién hinh vé mot b chuwong trinh nhu vdy. Con
hé ICG 1a mot hé théng dd hoa twong tac, ngoai phan mém con c6 phan cing.

« Phan mém tng dung (ké ci nhiing chuong trinh b tro dé thyc hién nhitng chirc
nang dic biét ¢ lién quan dén CAD/CAM):

Bao gdm nhitng phan mém phan tich thiét ké (chang han nhu phan tich phan tir hitu
han, moé phong dong hoc co cau...) va nhitng phan mém 1ap ké hoach san xuét - ché tao
(chang han nhu 1ap ké hoach gia cong tu dong, 1ap trinh vat 1am diéu khién s6...). Nhiing
phan mém loai tht hai nay s& dugc dé cap toi & cac chuong sau, khi nghién ctr vé CAM.

Phan mém d6 hoa dung cho mot hé théng dd hoa may tinh cu thé c6 tinh dic thu rat
manh d6i v&i phan climg cua hé thdng d6 - co nghia 1a né duoc viét ra chi yéu 1a dé chay
trén phan cting d6 cua hé thong. Vi thé, phan mém phai duogc viét sao cho phu hop véi
kiéu man hinh CRT va kiéu thiét bi vao duoc dung trong hé thong. Nhing chi tiét cua
phan mém dé chay trén CRT quét vecto s& phai c6 nhiing diém khac so véi khi viét cho
CRT quét dong vi cu tao va nguyén tac hoat dong cuia hai loai man hinh nay khong hoan
toan gidng nhau.

Dau rang nhiing sy khac nhau nhu thé trong phan mém nhiéu khi nguoi st dung
khong nhan ra, nhung ching lai rat quan trong ddi véi ngudi xay dung mot hé théng dd
hoa may tinh tuong tac.

Céc nguyén tic co ban cho viéc thiét ké phan mém do hoa nhu sau :

- Tinh don gian : Phan mém d6 hoa phai d& st dyung.

- Tinh nhat quan : Goi phan mém phai dem dén cho ngudi sit dung mdt phuong

phap van hanh nhat quan va c6 thé du doan duoc cac thao tac tiép theo.
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- Tinh d6ng bd : Khong bo sot mot chirc ning nao dang ké trong bd chirc ning d6
hoa ctia phan mém.

- Tinh bén vitng : Chiu dung duoc nhitng sai pham nho trong van hanh cta ngudi
su dung.

- Tinh hiéu qua : Vi nhimg han ché cta phan cimg, phan mém can khai thac duoc
dén muc tdi da kha ning cua no.

- Tinh kinh té : Phin mém khong qué 16n hodc qua dat tién dén muc khach hang
khoéng chip nhan dugc.

1.6.2. Ciu hinh phin mém ciia mét hé thong do hoa twong tic (1CG)

Khi nguoi sir dung van hanh mot hé ICG, c6 rat nhiéu hoat dong khac nhau xay ra.
C6 thé chia nhirng hoat dong d6 thanh 3 loai :

- Tuong tac voi thiét bi dau cudi d6 hoa dé tao ra va thay ddi nhitng hinh anh trén
man hinh.

- Kién tao nén mot mo hinh ma vé mat vét 1y c6 thé vuot ra ngoai hinh anh chira
trén man hinh. P61 khi mo6 hinh nay con dugc goi 1a mé hinh tng dung.

- Nhap m6 hinh vao bd nhé trong (va ca bo nhé ngoai khi can).

Khi lam viéc vo1 hé théng dd hoa, nguoi st dung thuc hién nhitng cong viéc theo
cach phdi hop cht khong phai theo cach hét loai cong viée no dén cong viéc khia. Nguoi
su dung kién tao nén mot md hinh vat 1y va nhadp vao bo nhé béng s mo ta hinh anh cua
mo hinh d6 cho hé théng biét theo cach twong tic ma khong can suy nghi dong tac nao
thudc vao loai ndo trong ba loai ké trén. S& di phan ra nhu thé 1a dé twong tmg vé6i cau
hinh tong quat ciia mot hé phan mém do hoa dung trong hé ICG sé& néi dudi day.

Theo truyén thong, ngudi ta xac dinh cau hinh tong quat cia mot hé phan mém do
hoa gém c6 ba mddun sau

- Goi phan mém d6 hoa

- Chuong trinh img dung (md hinh ing dung)

- Co s¢ dir liéu do hoa
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Hinh 1.6: Cdu triic mét phan mém do hoa
a. Chuong trinh ung dung

Pay 1a modun trung tim cta hé d6 hoa. N6 13 cai mo ta mo hinh vat 1y ma nguoi sir
dung mudn thiét ké ra nén con c6 tén 1a mo hinh tng dung. N6 diéu khién sy luu trir dit
liéu vao co s¢ dir liéu tng dung va goi dir liu ra tir co s¢ dir liéu iing dung. N6 duogc
nguoi st dung xay dun nén thong qua goéi phan mém do hoa.

Chuong trinh tng dung dugc ngoi st dung tao ra dé xay duyng mé hinh cta thuc thé
vat Iy ma hinh anh cua no s¢€ théy duoc trén man hinh d6 hoa. Mi thuc thé vat Iy duoc
mo ta bdi mot chuong trinh ing dung va bao gid ciing thudc vé nhitng mién bai toan cu
thé.

Nhitng mién bai toan trong thiét ké k¥ thuit bao gébm kién trac, xdy dung, co khi,
dién, cong nghiép hoa chat... Nhitng mién bai toan khong thudc vé thiét ké thi co thé 1a
cac bo trinh mo6 phdéng bay, la hién thi dir liéu duéi dang dd hoa, 1a phan tich toan hoc va
tham chi 1a m§ nghé. Trong mdi trudng hop, chuong trinh tng dung duoc xay dung nén
dé xtr Iy hinh anh va cac quy udc tuong tng véi linh vuc do.

b. Géi phan mém dé hoa

Pay 1a cong cu tro gitp giita nguoi st dung va thiét bi dau cudi do hoa. N6 ¢
nhiém vu quéan 1y sy twong tac do hoa giita ngudi su dung va hé théng. Pong thoi né
cling hoat dong vdi tu céach 1a giao dién gitra ngudi st dung voi chuong trinh Umg dung.
Goi phan mém db hoa bao gom:

» Cac chuong trinh con (thudng trinh) Output.

* Cac chuong trinh con (thuong trinh) Input nhan Iénh va dir liéu do ngudi st dung

dua vao rdi tiép tuc dua chung téi chuong trinh Gng dung. Cac chuong trinh Output diéu
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khién man hinh (hodc thiét bi ra khac) va chuyén d6i cac mo hinh tmg dung thanh nhiing
hinh anh hai chiéu hogc ba chiéu.
c. Coso dir liéu ung dung

D4y 1a modun thi ba trong cau hinh ctia hé phan mém dd hoa, trong d6 chia nhiing
dinh nghia vé toan hoc, vé sb va vé logic cuia cdc mo6 hinh ing dung nhu cac mach dién,
cac chi tiét may, cac bd phan 6t6 v.v.. N6 con chira nhitng thong tin dudi dang ky tu nhu
bang liét ké vat liéu, thudc tinh hinh hoc, khéi lugng... Noi dung cta co sé dir liéu co thé
san sang hién thi 1én man hinh CRT hodc vé& ra trén gidy.

1.6.3. Cdc chirc néing ciia mét géi phan mém do hoa

Dé dap tmg diy du vai trd cta né trong cdu hinh hé phan mém néi trén, goi phan
mém d6 hoa phai thyc hién rat nhiéu chirc ning khic nhau. Nhimng chirc ning nay c6 thé
gop thanh timg nhom, mdi nhém thyc hién mot kiéu twong tac nhét dinh gitta nguoi sur
dung va hé théng (ICG). C6 thé néu 1én mdt s6 nhom thong dung nhu sau:

« Tao sinh cac yéu t6 hinh hoc:

« Céc phép chuyén d6i (quay, dich chuyén...)

« Piéu khién hién thi (Ién man hinh, 1én gidy v&...) va cac chirc ning cira so.

* Céc chtrc nang phan doan

 Céc chtic nang Input

a. Tao sinh cac yéu 16 do hoa

Trong d6 hoa, thuat ngit “Entity” dung dé chi mot yéu té d6 hoa hai chiéu nhu
diém, doan théng, duodng tron, v.v... Bén canh dé con phai ké dén bo chit cai, bo chit s6
cung cac ky hi€u dac biét khac, tao nén bd yéu t6 dd hoa c6 trong hé théng. Thuong cé
mot bd phan phﬁn cung dac bi¢t (mdt chip duoc céy thém vao card man hinh) nham tang
tbc do cua qua trinh tao sinh cac yéu t6 dd hoa va cho phép nguoi sir dung kién tao ra mo
hinh g dung tir nhirg yéu t6 khong thudc vao cac yéu tb c6 san trong hé thong,

Thuat ngit “Primitive” (nguyén thé) thudng duoc dung dé chi mot yéu té db hoa ba
chiéu nhu hinh ciu, hinh try hay 1ap phuong. Trong mé hinh khung day ba chiéu va mo
hinh dic, cic nguyén thé dugc sir dung véi tu cach 1a nhitng khdi co s& dé xdy dung nén
mot mo hinh ba chiéu vé d6i tugng cu thé ma ngudi ta sir dung dang quan tam.

b. Cdc phép chuyén déi
Céc phép chuyén d6i duoc dung dé thay ddi hinh anh trén man hinh va dé dinh vi

lai cac yéu tb trong co s& dit liéu. P6 1a cong cu gitip cho ngudi sir dung xay dung mo
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hinh tng dung theo ¥ mudn. Cac phép chuyén d6i noi & day bao gdm phép dich chuyén
(tai dinh vi), phép quay, phép ti 1€ (phong to hodc thu nho)...
C. Diéu khién hién thi va cdc chire ndng civa s6

Nhom chire ndng nay giup nguoi st dung quan sat hinh anh tr mét goc do mong
mudn va voi mot ti 1¢ yéu cau. Pé 1am duoc nhu viy, cac phép chuyén d6i da duge van
dung dé hién thi mé hinh tng dung theo cich ma ngudi st dung mong mudn. Cong viée
nay d6i khi duoc goi 1a phép “Window” vi man hinh d6 hoa dugc quan niém nhu mot
khung ctra s6 qua d6 ngudi st dung nhin vao mé hinh. Ch ¥ ring cira s6 c6 thé dit bat
clr dau dé nhin vao d6i twong dang xét.

Bén canh d6, khtr bo nét khuat ciing thuéc nhém chirc ning nay. Trong da sé hé dd
hoa, hinh anh dugc tao nén boi nhitng dudng nét thé hién mot ddi tuong cu thé. Khur bo
nét khuat 1 mot thtl tuc ma nhd d6 hinh anh duoc chia ra thanh nhitng nét thiy duoc va
khong thiy duoc (hay nhitng nét khuat). O mot s6 hé do hoa, nguoi thiét ké phai chi ra
nét nao (hay phan nao cta nét) khong thiy duoc dé khir bo khién cho hinh vé dé hiéu
hon. O mét sb hé khac, g61 phﬁn mém du manh dé tu dong khir bo nét khuét.

d. Churc nang phan doan

Céc chirc ning thudc nhém nay cho phép nguoi sir dung thay thé, xoa cé lwa chon
hodc sira chita nhitng phan hinh anh mong muén. Thuat ngit “doan” ding dé chi mot
phan cu thé ctia ban v& can chon ra dé stra chira. Phép phan doan 1a phép chia mot d6i
tugng phirc tap thanh nhitng bo phan don gian hon ¢ thé quan 1y dugc.

Mbdi b phan nhu thé duoc goi la mdt doan. Poan c6 thé 13 mot phén tr don nhu
doan thang, duong tron, hodc ciing ¢ thé 1a mot nhom phan tir don nhung vé mit logic
thi van dugc xem nhu mot phﬁn tr don ma ta co thé thao tac trén do.

Man hinh DVST khéng phtt hop véi cac chirc nang phan doan vi muén xo4 hoic
sira chita chi mot phan nho hinh anh trén man hinh van phai xo4 toan canh roi vé lai. Man
hinh quét dong thich hop mdt cach 1y tudng vadi cac chitc nang phan doan vi né luén
dugc lam “twoi” bang cach quét 30 lan hay trén 30 lan trong mot gidy (trong khi DVST
khong thé 1am twoi nhanh dugc). Tir mot tép hién thi, hinh anh duoc tai sinh qua mdi chu
ky quét. Tap hién thi nay dugc luu trit trong mot bo phan cing nam trong CRT quét dong
(RAM cua card man hinh). Mgt doan c6 thé d& dang xac dinh nhu 1a mét phén cua tép
hién thi bﬁng cach dat cho né mot tén. Noi dung cua ph?ln do cua tép nho vay s€ duoc xoa

hoic duoc thay thé tuy theo yéu cau.
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e. Cdc chuc nang Input cua nguoi su dung

Piy 1a nhom cuc ky quan trong trong gbi phdn mém do hoa vi chung cho phép
nguoi st dung dua 1énh va dit liéu vao cho hé théng. Nhitng cong viéc nay dugc thuc
hién nho cac thiét bi Input. Cac chirc ning Input tit nhién phai duoc viét sao cho phu hop
v6i cac thiét bi vao cu thé ¢ trong hé thdng, dong thoi phai dé nho, dé 1am quen va tién
loi cho nguoi st dung.

Céc chirc nang Input can dugc viét sao cho c6 thé khai thac dén muc t6i da loi thé
tuong tac ctia hé ICG. Mot ban thiét ké phan mém tt vira ¢ da moi chirc ning dap tng
moi tinh hudng vao dir liéu, lai vira khong c¢6 qua nhiéu 1énh khién nguoi st dung ngap
chim trong d6. Tuy nhién diéu nay rat kho dat dugc ddi v6i nhitng g6i phan mém 16n va
phtc tap.

Mot trong nhitng hudng giai quyét chu yéu 1a don gian hoa sy giao dién nguoi -
may dén mirc mot ngudi sir dung khong hiéu biét nhidu vé may tinh ciing ¢ thé khai thac
phan mém mat cach hiéu qua cho muc dich chuyén mén cia minh. Cac phan mém do hoa
chay trong DOS gan ddy va dic biét 1a chay trong Windows 13 nhiing vi du thanh cong
theo hudng ay.

1.6.4. Xdy dwng hinh hoc
a.  Sirdung cdc yéu to do hoa

Hé thdng dd hoa x4y dung cac md hinh phurc tap tir nhitng yéu t6 dd hoa don gian.
Cac yéu td nay duoc nguoi st dung goi ra, sip xép cai ndy bén canh cai kia, thuc hién
mot s6 stra chita thich hop dé tao ra mé hinh. C6 mét s6 van dé can quan tim trong qua
trinh xay dung nhu sau :

~ Xac dinh kich thudc, vi tri va phuwong chiéu cta yéu t6 vira méi dugc goi ra trudc
khi thém né vao md hinh. Sy xac dinh nay lam nham tao ra cho yéu td d6 co ti 18, kich
thudc va hinh dang thich hop. Dé lam viéc nay, ngudi sir ung can dén cac phép chuyén
d6i (quay, dich chuyén...)

- Cac yéu td d6 hoa c6 thé cong hoac trir voi nhau theo cach tdt nhat dé dua vao mé
hinh. Nhu vdy, mot mo hinh c6 thé tao ra tir nhitng yéu t6 duong ciing cac yéu td am.

~ Tao khéi : Khi xay dyng mé hinh c6 thé gop nhiéu yéu t6 do hoa thanh timg don
vi goi 14 khdi hay block. Khdi cé thé dugc goi ra dé xir 1y va xen vao bat ky noi nao trén
mo hinh. Chéng han mo6 hinh buléng dugc tao ra tu nhiéu nét v&, dén lugt mo hinh

buldng nay lai duoc dinh nghia 12 mot khdi va dat cho mot tén va cat vao bo nhd dudi tén
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da dat rdi goi tir b nhd ra qua tén goi Ay dé xen vao nhing noi can thiét trong ban vé& lap
ghép dang hién thi trén man hinh.
b. Xdc dinh cdc yéu té dé hoa
C6 nhiéu cach dé 201 mot yéu t6 d6 hoa cu thé tir co s dit liéu ra dé dat nd vao vi
tri mong mudn trong md hinh. Cac yéu t6 d6 hoa thong qua twong tac véi hé ICG, dugc
luu trir trong co sé dit liéu dudi dang toan hoc va dugc tham chiéu t6i mot hé toa do ba
chiéu. Chéng han mét diém duge xac dinh mét cach don gian boi ba toa do x, y, z cua
diém d6, hodc mot da gidc dugc xac dinh bdi mot bod gém cac dinh lién tiép cua da giac
éy, hay mdt duong tron dugc xac dinh boi tdam va ban kinh cia no, chﬁng han vé mat
toan hoc, mot dudng tron trong mit phang xOy ¢6 thé xac dinh boi phuong trinh :
(x—m)2 +(y—n)2 =r?
Trong d6 r 1a ban kinh, (m,n) 14 toa do cua tAm vong tron trong mit phang xOy.
Trong mdi trudng hop, dinh nghia toan hoc c6 thé chuyén doi thanh nhitng diém,
nhirg duong va nhitng mit twong tng dé luu trong co sé dir lidu va dé hién thi 1én man
hinh CRT
c. Edit hinh hoc
Mot hé CAD nao ciing c6 kha niang Edit dé tu stra va diéu chinh trong mé hinh hinh
hoc nhu chén, sao chép, dich chuyén, quay v.v.. dbi voi cac yéu to do hoa tao nén md
hinh d6. Mot sd kha ning Edit thong dung trong mot hé CAD: Move, Copy, Rotate,
Mirror, Delete, Remove, Trim (cit bé phan doan thing vuot ra ngoai mot diém cho
trudce), Block, Scale.
1.6.5. Cac phép chuyén ddi
~ Phép dich chuyén.
- Phép quay.
- Phép ty 1€.
- Phép ddi xung.
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1.7. Lgi ich cia CAD/CAM
Cong nghé CAD/CAM di déng vai trd quan trong va mang lai mot sb loi ich nhu:
— Céc hé d6 hoa may tinh cong dung chung ( Auto CAD, MasterCam, Inventor,...)

— Cac phan mém phan tich k¥ thuét trong thiét ké ( nhu tng suét,bién dang, mé

phong dong luc hoc co cau,...)
— Phan loai va mi hoa dbi tuong ( cong nghé nhom )
— Céc hé thu vién thiét ké
— V& ty dong
— Co s6 dit liéu thiét ké va ché tao
— Lap quy trinh cong nghé trén may tinh
— Céc dir li¢u gia cong co dugc may tinh hoa
— Xay dyng dinh mutc lao dong qua may tinh
— Léap trinh cho h¢ NC trén may tinh
— Tién d6 san xuat ti mi va chinh xéac
— Lap ké hoach cung tng vt tu
— Piéu khién sd bang may tinh
— Diéu khién sd truc tiép
— Diéu khién robot do may tinh
— Céc tng dung diéu khién bang vi xu ly
— Kiém tra chat luong bang may tinh

— Do khuyét tat qua may tinh.
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NOI DUNG ON TAP CHUONG 1
1. Hay trinh bay chirc nang cua CAD, CAM.

2. Hé thong CIM bao gdm nhiing thanh phan nao. Hay trinh bay rd vai trd cta cac

thanh phan d6

3. Hay néu nhitng wa diém ctia qui trinh thiét ké va gia cong tao hinh theo cong nghé

CAD/CAM so véi qui trinh thiét ké va gia cong tao hinh theo cong nghé truyén thong.
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Chuong 2
TONG QUAN VE CNC

2.1. Lich sir phat trién ciia may CNC

O cac may cét thong thuong, viéc diéu khién cac chuyén dong ciing nhu thay doi
van tdc cua cc bd phan may déu dugc thuc hién bé’mg tay. Vi cach diéu khién nay, thoi
gian phu khé 16n, nén khong thé nang cao ning suét lao dong. Dé giam thoi gian phu, can
thiét tién hanh ty dong hoa qua trinh diéu khién. Trong san xuat hang khdi, hang loat 16n,
tir 1au nguoi ta dung phuong phap gia cong tu dong voi viée tu dong hoa qua trinh dicu
khién Bang cac vau ty, bang mau chép hinh, bang cam trén truc phan phdi... Pic diém
clia cac loai may tu dong nay la rat ngan dugc thoi gian phu, nhung thoi gian chuan bi
san xudt qua dai (nhu thoi gian thiét ké va ché tao cam, thoi gian diéu chinh may ...).
Nhuoc diém nay 13 khong dang ké néu nhu san xuit v6i khéi lwong 16n. Tréi lai, véi
lugng san xuat nho, mit hang thay doi thudng xuyén, loai may tu dong nay tré nén khong
kinh té. Do d6 can phai tim ra phuong phap diéu khién méi. Yéu cau nay duge thyc hién

voi viée diéu khién theo chuong trinh so.

Pic diém quan trong cua viéc tr dong hoéa qua trinh gia cong trén cac may CNC 1a
dam bao cho mdy c6 tinh van ning cao. Piéu d6 cho phép gia cong nhiéu loai chi tiét,
phtl hop vé6i dang san xut hang loat nhé va hang loat vira, ma trén 70% san pham cia

nganh ché tao may dugc ché tao trong diéu kién do.

May cong cu diéu khién bang chuong trinh s6 — viét tat 1d may NC (Numerical
Control) 1a may ty dong diéu khién (vai hoat dong hoac toan bd hoat dong), trong do6 cac
hanh dong diéu khién dugc san sinh trén co s cung cap cac dir liéu & dang: LENH. Cac
LENH hgp thanh chuong trinh lam viéc. Chuong trinh 1am viéc nay dugc ghi 1én mot co
cAu mang chuong trinh dudi dang MA SO. Co cau mang chuong trinh c¢6 thé 13 BANG

POT

LO, BANG TU, hodc chinh BO NHO MAY TINH. Cac thé hé dau, may NC con sir
dung céac cap logic trong hé thong. Phuong phap diéu khién theo diém va doan thing
(hinh 2.2 va hinh 2.3), tirc 14 khong c6 quan hé ham sb giita cac chuyén dong theo toa do.

Viéc dieu khién con mang tinh “cting “ nén chuong trinh don gidn va ciing chi gia cong
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duoc nhitng chi tiét don gian nhu gia cong 1, gia cong cac dudng thang song song véi

cac chuyén dong ma may co.

Céac thé hé sau, trong h¢ théng diéu khién cua may NC da duogc cai dat cac cym vi
tinh, cac bo vi sit Iy va viéc diéu khién lac nay phan 16n hoic hoan toan “mém”. Phuong
phép diéu khién theo duong bién, tirc 1a ¢c6 mdi quan hé ham s gitra cic chuyén dong
theo hudng cac toa d§. Cac may NC nay dugc goi la CNC Computer Numerical Control).
Chuong trinh duoc soan thao ti mi hon va c6 thé gia cong duoc nhitng chi tiét ¢ hinh

dang rat phuc tap. Hién nay ciac may CNC di dugc dung pho bién.

Niam 1947, John Parsons nay ra y tuéng ap dung diéu khién ty dong vao qua trinh
ché tao canh quat may bay truc thing & My. Trude d6, viée gia cong va kiém tra bién
dang ctia canh quat phai ding cac mau chép hinh, st dung dudng, do d6 rat 1au va khong
kinh té. Y dinh dung bia xuyén 15 dé doa cac 15 bang cach cho tin hi¢u dé diéu khién hai

ban dao, da giup Parsons phat trién hé thong Digital ctia 6ng.

Véi két qua nay, nim 1949, 6ng ky hop dong véi USAF ( US Air Force) nham ché
tao mot loai may cit theo bién dang ty dong. Parsons yéu cau tro gitip dé sir dung phong
thi nghiém diéu khién tu dong ctia Vién Cong Nghé Massachusetts (M.L.T.) noi duogc
chinh phu My tai trg dé ché tao mot loai may phay 3 toa d6 diéu khién bang bang chuong

trinh sO.

Sau 5 nam nghién ctru, J. Parsons dd hoan chinh hé théng diéu khién may phay va

lan déu tién trong nam 1954, M.LT. da st dung tén goi “May NC”.

Trong nhimg nam 60, thoi gian da chin mui cho viéc phat trién va Gmg dung cac
may NC. Rat nhiéu thanh vién ciia nganh cong nghiép hang khong My da nhanh chong
mg dung, phat trién va di san sinh ra thé hé may méi (CNC) cho phép phay cac bién

dang phuec tap, tao hinh véi hai, ba hodc bdn va nim truc (ba tinh tién va hai quay).

Cac nudc chau Au va Nhat Ban phat trién c6 chadm hon mot vai nam, nhung cling
c¢6 nhitng dic diém riéng, chang nhitng vé mat ki thuat, ma ca vé két ciu nhu két ciu truc
chinh, co cau chira dao, hé thong cip dao v.v...

Tir @6 dén nay, hang loat mdy CNC ra doi voi du ching loai va phat trién khong

ngimg. Sy phat trién d6 dwa vao thanh tyu ciia cic nganh: may tinh dién tir, dién tir cong
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nghiép va diéu khién tu dong ... Nhat 1a trong thap nién 90, may CNC di d6i mai nhanh

chong chua tirng c6 trong lanh vuc tu dong.
2.2. Pac trung co ban cia may CNC
2.2.1. Tinh ndng tw dong cao

May CNC c6 ning suét cit got cao va giam duoc tdi da thoi gian phu, do mirc do
tu dong dugc nang cao vugt bac. Tuy tung muc dé tu dong, may CNC co thé thuc hién
cung mot lac nhiéu chuyén dong khac nhau, co thé tu dong thay dao, hi¢u chinh sai sb
dao cuy, ty dong kiém tra kich thudc chi tiét va qua do ty dong hi¢u chinh sai léch vi tri

tuong ddi gitra dao va chi tiét, tu dong tudi ngudi, tu dong hut phoi ra khéi khu vuc cat. ..
2.2.2. Tinh ndng linh hoat cao

Chuong trinh c6 thé thay d6i dé dang va nhanh choéng, thich img véi cac loai chi tiét
khac nhau. Do d6 rat ngén dugc thoi gian phu va thoi gian chuan bi san xut, tao diéu
kién thuan loi cho viéc tu dong hoa san xuét hang loat nho. Bét ctr lic nao cling co thé
san xuat nhanh chong nhiing chi tiét d3 c6 chuong trinh. Vi thé, khong can phai san xuat

chi tiét du trix, ma chi giit 1dy chuong trinh cua chi tiét do.

May CNC gia cong duoc nhimng chi tiét nho, vira, phan (mg mot cach linh hoat khi
nhiém vu cong nghé thay dbi va didu quan trong nhat 1a viéc lap trinh gia cong c6 thé
thuc hién ngoai may, trong cac vin phong c6 su hd trg ctia ki thuat tin hoc thong qua cac
thiét bi vi tinh, vi str 1y ...

2.2.3. Tinh nang tdp trung nguyén cong

Pa s6 cac may CNC c¢6 thé thyc hién sé lwong 16n cac nguyén cong khac nhau ma
khong can thay doi vi tri ga dat cua chi tiét. Tir kha ning tap trung cic nguyén cong, cic
may CNC da duoc phat trién thanh céc trung tam gia cong CNC.

2.2.4. Tinh nang chinh xdc, dim bdo chit lwong cao

Giam dugc hu hong do sai sot ctia con ngudi. Pong thoi ciing giam duge cuong do
chu y cua con nguoi khi lam viéc.

Co6 kha nang gia cong chinh xac hang loat. B¢ chinh xéc lap lai, ddc trung cho mirc

d6 6n dinh trong sudt qua trinh gia céng 1a diém wu viét tuyét dbi cua may CNC.
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May CNC véi hé thong diéu khién khép kin c6 kha ning gia cong duoc nhiing chi
tiét chinh x4c ca vé hinh dang dén kich thudc. Nhitng dac diém nay thuan ti¢én cho viéc

lap 14n, giam kha nang ton that phoi liéu & muc thap nhat.
2.2.5. Gia cong bién dang phirc tap

May CNC 1a may duy nhit co thé gia cong chinh xac va nhanh céc chi tiét c6 hinh

dang phirc tap nhu cac bé mit 3 chiéu.
2.2.6. Tinh ning hi¢u qud kinh té va ky thudt cao

- Cai thién tudi bén dao nho di€u kién cat to1 vu. Tiét kiém dung cu cat got, do ga va

cac phu tung khac.
- Giam phé pham.

- Tiét kiém tién thué mudn lao dong do khong can yéu cau k¥ ning nghé nghiép

nhung ning sut gia cong cao hon.
- St dung lai chuong trinh gia cong.
- Giam thoi gian san xuat.
- Thoi gian sir dung may nhiéu hon nhd vao giam thoi gian dimg mady.
- Giam thoi gian kiém tra vi may CNC san xuat chi tiét chat lugng dong nhat.

- CNC ¢ thé thay d6i nhanh chong tir viéc gia cong loai chi tiét ndy sang loai khac
v6i thoi gian chudn bi thap nhat.
Tuy nhién may CNC khong phai khong c6 nhing han ché. Duéi day 1a mot s6 han

14
A

cheé:

- Su dau tu ban dau cao: Nhuoc diém 16n nhét trong viéc sir dung may CNC la tién

vOn dau tu ban dau cao cung vdéi chi phi lap dat.

- Yéu cau bao dudng cao: May CNC 14 thiét bi k¥ thuat cao va hé théng co khi,
dién cua no rat phirc tap. Dé may gia cong dugc chinh xac can thuong xuyén bao dudng.

Ngudi bao dudng phai tinh thong ca vé co va dién.

- Hiéu qua thap véi nhiing chi tiét don gian.
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2.3. M6 hinh khai quat cia mgt may CNC

Phin diéu khién Phén chiap hanh
Chuong trinh diéu khién Phoi
i - Chuyén déng l
- Vin téc
Ban phim Cic cd ciu | May cit
diéu khién didu khién i kim loai
= -:
- DK Tay ‘ - Vl tri
- X w dong -Bdo 16i
Tin hiéu Man hinh Chi ti€t gia cong
Hinh 2.1: Cdu triic may CNC
May gdm hai phan chinh:

2.3.1. Phan diéu khién
GOm chuong trinh diéu khién va cac co cau dicu khién.

- Chuong trinh diéu khién: La tap hop céc tin hiéu dé diéu khién may, dugc ma hoa
dudi dang chir cai, s6 va mot sb ky hi¢u khac nhu dau cong, tru, d4u cham, gach nghiéng
... Chuong trinh nay duoc ghi 1én co ciu mang chuong trinh dudi dang ma sb (cu thé 1a

ma thap - nhi phan nhu bang duc 16, ma nhi phan nhu by nhé cua may tinh)

- Cac co cau diéu khién: Nhan tin hiéu tir co cau doc chuong trinh, thuc hién céac
phép bién d6i can thiét dé c6 duoc tin hiéu phu hop véi diéu kién hoat dong cua co cAu
chip hanh, dong thoi kiém tra su hoat dong cua chung thong qua cac tin hiéu duoc giri vé
tlr cac cam bién lién hé nguoc. Bao gém cac co cau doc, co cAu giai ma, co cu chuyén
ddi, bo xur 1y tin hiéu, co cAu noi suy, co cAu so sanh, co cAu khuéch dai, co ciu do hanh

trinh, co cau do van toc, bd nhd va céc thiét bi xuat nhap tin hi¢u.

Day 1a thiét bj dién — dién tir rit phirc tap, dong vai tro cbt yéu trong hé théng didu
khién ctia may NC. Viéc tim hiéu nguyén 1y ciu tao ciia cac thiét bi nay doi hoi c6 kién

thirc tir cac gido trinh chuyén nganh khac, cho nén & day chi gidi thi¢u khai quat.
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2.3.2. Phén chép hanh

GOm may cat kim loai va mot s6 co cau phuc vu van dé tuy dong hoéa nhu cac co cau

tay may, 0 chira dao, boi tron, tudi tron, hit thoi phoi, cap phdi ...

Ciing nhu céc loai may cét kim loai khac, day 1a bd phén truc tiép tham gia cét got
kim loai dé tao hinh chi tiét. Tuy theo kha ning cong nghé cta loai may ma cé cac bd
phan : Hop toc do, hop chay dao, than may, sdng truoc, ban may, truc chinh, 6 chira dao,

cac tay may ...

Két ciu timg bo phan chinh chi yéu nhu mdy van ning thong thudng, nhung c6 mot
vai khac biét nho dé dam bao qua trinh diéu khién tu dong duoc 6n dinh, chinh xac, nang

suat va dac biét la mo rong kha nang cong nghé cua may.

- Hop tbc d6: Pham vi diéu chinh tdc d6 16m, thuong la truyén dong vo cép, trong do

st dung cac ly hop dién tir dé thay d6i toc do dugc dé dang.

- Hop chay dao: C6 nguodn dan dong riéng, thuong 1a cac dong co bude. Trong xich

truyén dong, sir dung cac phwong phap khtr khe ho ciia cac bo truyén nhu vit me — dai 6¢

- Than may cung vimng, két cau hop 1y dé dé thai phoi, tudi tron, dé thay dao tu
dong. Nhiéu may co 6 chura dao, tay may thay dao tu dong, co thiét bi tu dong hiéu chinh

khi dao b1 mon ...

Trong cac may CNC c6 thé st dung cac dang diéu khién thich nghi khic nhau bao
dam mot hodc nhiéu thong s6 toi uu nhu cc thanh phén luc cat, nhiét do cét, do bong bé
mat, ché do cat tdi wu, d6 on, do rung ...

2.4. Cac phwong phap diéu khién

Tung truc cua may cong cu CNC nhan tin hi€u dich chuyén (cac 1énh) tir hé diéu
khién CNC. Chiing dugc xir 1y boi hé diéu khién va chuyén dén dong co truyén dong.
Hanh trinh dich chuyén cua dung cu cit duge thuc hién mét cach chinh xac. Tuy theo
dang hanh trinh dich chuyén ngudi ta phan biét cac dang
diéu khién sau:

2.4.1. Diéu khién diém — diém

Diy 1a dang diéu khién don gian nhét. Trong diéu

khién di€ém, mot di€ém dich dugc tiép can véi toec do

Hinh 2 2 Didu Lhidn Aidm
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nhanh, tai ddy qua trinh gia cong duoc thuc hién. Vi cach thirc ndy cac diém dich khac

duoc diéu khién ti€p can va gia cong tuan tu.

O day chi tiét gia cong dugc ga ¢ dinh trén ban may, dung cu cat thuc hién chay
dao nhanh dén céc vi tri da 1ap trinh. Khi dat toi céac diém dich dao bat dau cét, tuy nhién
cling c6 trudong hop dao khong dich chuyén ma ban may dich chuyén. muc dich chinh can
dat 1a céc kich thudc vi tri cta cac 16 phai chinh xé4c, con qui dao chuyén dong 1a cia dao
hay cta ban may diéu khong c6 y nghia

7
-

lam.

Vi tri cua cac 10 c6 thé duoc dicu

khién éng thoi theo hai truc hodc diéu

khién ke tiép nhau.

bic¢u khién diém c6 thé dugc Ung

dung trong cac qua trinh gia cong nhu:

khoan, khoét, doa, tard ren, han diém, dap
dot. .. Hinh 2.3: Piéu khién doan thang

2.4.2. Diéu khién doan thing

V&i diéu khién doan, hanh trinh dich chuyén voi luong tién dao da 1ap trinh ctua
dung cu cat chi co thé duoc diéu khién song song vOdi cac truc.

Bién dang chi tiét gia cong chi ¢6 thé 1a cac duong song song. Diéu khién doan ¢
thé dugc Gng dung trong nhiéu trudng hop, chi gia cong & nhitng bé mit song song véi
bang mdy, vi du nhu tién try hodc tién mit ddu, phay cic mit phang song song, phay 15
sudt.... O cac trudng hop ndy viée gia cong chi dién ra theo mot hudng.

Dang diéu khién nay dugc ding cho cic may phay va may tién don gian.

2.4.3. Piéu khién dwong

Piéu khién theo dudng vién cho thuc hién
chay dao trén nhiéu tryc cung luc.

Véi diéu khién duong, hanh trinh dich chuyén

(duong thing, dudng nghiéng, dudng cong, dudng

Hinh 2.4: Piéu khién dwong
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phi tuyén) ¢ thé dugc diéu khién trong mit phang hoic trong khong gian.

Céc bién dang bat ky c6 thé dugc gia cong dudi tac dong diéu khién dong thoi cua 2
hodc nhiéu dong co budc tién. Dé co thé thuc hién chuyén dong déng thot cac truc may,
trude d6 cc gid tri trung gian phai dugc tinh toan bai hé didu khién CNC, cac gi tri nay
phai nam trén duong cong tir diém xuét phat toi diém dich va duoc xac dinh bdi toan hoc.

Tuy theo sb truc duoc didu khién ddng thoi khi gia cong nguoi ta phan biét: diéu
khién duong vién 2D, diéu khién dudng vién 2.5D va diéu khién dudng vién 3D, 4D, 5D.

a. Piéu khién dwong viéen 2D

Véi diéu khién 2D hai truc c6
thé diéu khién dong thoi. Truc thir
ba dugc diéu khién hoan toan doc

lap véi hai truc kia. Do vay cac dich

chuyén cua dung cu co thé thuc hién
theo duong thang va dang tron trén Hinh 2.5: Diéu khién diong 2D

cung mot mat phang.

Vi du mot may phay CNC c¢6 3 truc, diéu khién 2D c6 nghia 13, cac bién dang co
thé duoc phay vo1 hai truc con tryuc thir ba phai duogc tién dao dic biét doc 1ap vé1i hai truc
kia.

b. Diéu khién dwong vién 2¥5D

Piéu khién 2%4D tao ra cic chuyén dong cia dung cu cat trong nhiéu mat phang,
bang cach nodi suy chuyén doi gitta mot trong ba mit phang chinh. Tét ca 3 truc dugc diéu
khién trong diéu khién 24D, tuy nhién trong mdi mat phang luén luén chi c¢é hai tryc

dugc dicu khién dong thoi. Tryc thir ba duge goi 1a truc tién dao.

Hinh 2.6: Piéu khién 2v2D trong XY Hinh 2.7: Piéu khién 22D tronG XZ
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2.4.4. Diéu khién 3D

Diéu khién dudng vién 3D cho phép ba truc duogc
ndi suy dong thoi, nho d6 cac chuyén dong cia dung
cu cat dugc thuc hién trong khong gian theo kich
thude 3 chiéu. Qua d6 c6 kha ning gia cong dugc cac
bién dang rat phtrc tap, vi du nhu ché tao dao cat, ché

tao khuon mau gia cong trong mot 1an kep.

Ngay nay hau hét cdc may cong cu CNC duogc
diéu khién bang 3D.

Hinh 2.8: Diéu khién 3D
2.4.5. Diéu khién 4D va 5D

Ngoai cac truc tinh tién X, Y va Z & day con céc truc quay ciing dugc diéu khién sb.
Nho diéu khién 4D va 5D nguoi ta ¢ thé gia cong cac chi tiét phirc tap nhu cac khudn

rén dap, cac khudn duc ap luc hoac cac canh tuabin.

Hinh 2.9: Piéu khién dwong vién 4D Hinh 2.10: Piéu khién dwong vién 5D

2.5. H¢ truc tga d¢ trén may CNC

Céc hé toa do c6 kha ning mo ta chinh xac tat ca cac diém trén bé mit 1am viée
hoac trong khong gian. V& co ban céc hé toa d6 duoc chia thanh: Hé toa d6 Descarte va

hé toa do cuc.
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2.5.1. H¢ tga d¢ Descarte

Co hai loai hé toa d§ Descarte: hé toa do hai truc (hé toa do Descarte phéng) va hé

toa do ba truc (hé toa d§ Descarte khong gian), ching duoc dat thfmg gbc voi nhau.

Trong hé toa do Descarte phéng, vi du nhu hé toa d6 X,Y. Mdi diém trong mat

phrflng dugc xac dinh rd rang boi viée nhép cadp toa do (X, Y). Khoang cach tur 1 diém dén

truc Y goi la toa do X va khoang cach tur 1 diém dén truc X goi la toa d0 Y. Nhitng toa do

nay c6 thé c6 ddu duong (+) hodc du

-

- Y

am (). PP %0
+ P

40

Vi du: 2
——80{ —B0{ —40-—20 |—— 20--40 - 60 1 8D

P1(X=80 :Y=40) bR 20

—40

P2(X=-80 :Y=70) & 371
—EI-G

Hé toa do Descarte khdng gian la yéu
cau can thiét dé dién ta va xac dinh vi tri cta
cac chi tiét trong khong gian, vi du nhu
nhing chi tiét gia cong phay. Pé mo ta mot
diém trong h¢ toa d§ khong gian ba chiéu ta

goi toa do X, Y, Z tuong rng theo cac truc.

Nhu vay hé toa do Descarte ba chiéu,
véi cac truc toa do duong (+) va am (-) cO
kha ning mo ta chinh xac tat ca cac diém vi

tri.

Hinh 2.11 : Hé toa dé Descarte phang

401
1 30

30

20 ]

20

40

P1

-40 -30 -20 -1G,

-20

-30
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Hinh 2.12: H¢ toa do Descarte khong gian

Céc ki hiéu ba truc ciing nhu ba toa do duoc

chon theo hé thong bén phai va theo quy tic ban tay

phai. Cac ngdn tay cua ban tay phai ludén ludn chi

theo chiéu duong ctia mdi tryc. Ba chuyén dong quay

A, B, C theo céc truc tuong ung X, Y, Z.
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2.5.2. H¢ toa do cuc

Trong hé toa do Descarte mot diém c6 thé dugc mé ta theo cac toa do X va Y cua
n6. Bdi véi cac bién dang xoay dbi ximg, vi du nhu cac cac hinh 16 dang tron thi viéc tinh

todn cac toa do can thiét doi hoi phai duoc mé rong thém.

Trong h¢ toa d§ cuc mot diém duoc xac dinh béng khoang cach (Ban kinh r) cia n6
dén diém gbc va goc (o) cua nd dén mét truc xac dinh. Goc (o) c6 lién quan t6i truc X
trong h¢ toa do X,Y. Néu do tur truc X theo nguoc chiéu kim déng thi goc (o) co gia tri
duong (hinh trai) va nguoc lai néu tir truc X do theo chiéu kim dong ho thi goc (a) ¢ gia

tri &m (hinh phai).

Hinh 2.14: Hé toa do cuc
2.5.3. GOc quay cua cac truc

MJi truc chinh X,Y,Z déu c6 mot truc quay quanh twong wng. Nhitng géc quay cua
c4c truc nay duoc bidu dién bang céc chir cai A,B,C. A quay quanh truc X, B quay quanh

thuc Y va C quay quanh truc Z.

+Y
Chiéu quay la chiéu duong néu quay theo .
chiéu kim dong ho, khi nhin tir diém “0% cua toa Q
d6 ra chiéu duong ctia mdi truc (twong ng Voi
chiéu quay cia mot con vit voi ren phai hoac q
hudng quay mo caa nut chai). +A \/ >
+C

+7
Hinh 2.15: Géc quay theo cdc truc
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Cac goc quay A,B,C cua hé toa do cuc duoc xac dinh nhu sau: néu mot diém xem
nhu dwgc dit trong mat phang X/Y cua hé toa do, thi géc trong toa do cuc twong ung la
goc C quay quanh truc Z. Trén mat phang Y/Z goc trong toa do cuc twong tng 1a géc A
quay quanh truc X. Trén mit phangX/Z goc twong tng 1a goc B quay quanh truc Y.

2.5.4. Cdc diém géc, diém chudn
H¢ truc toa d ctia may CNC dugc dat vao céc loai chuin co ban sau:
a. Diém “0” cua may — ki higu M (Machine Point)

La diém chuan may s€ do luong tir vi tri nay dén cac vi tri khac khi lam viéc. Chuan

nay khong thé thay doi.

N
e

NN NN

Hinh 2.16a: Piém “0” mdy phay Hinh 2.16b: Piém “0” may tién

MJ3i méy cong cu diéu khién sé 1am viéc véi mot hé toa d6 may. Diém “0” ciia may
1a diém gdc cua hé toa do lién quan dén may, vi tri caa né duoc xac dinh bai nha may san
XUat va khong thay doi.

Theo nguyén tic diém “0” M ctia may tién CNC nam trén tdm caa mit bich dau truc
chinh. Trén méy phay ding CNC diém “0” cua mdy thuong duoc dat trén canh goc tréi
cua ban may mang chi tiét.

b. Biém tham chiéu R (Reference Point)

La chuan quy chiéu ciia may, chuin nay khong thé thay doi. Piém R 1a cac vi tri ma

ban may hoic truc chinh s& tré vé d6 nham thyc hién mot tac vu nao d6. Piém nay dugc

dat tén R va duoc ky hiéu nhu Hinh 2 - 17. M6t s6 hé diéu hanh cho phép chi dinh 4 diém
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rit dao tham chiéu. Thong thuong ddi véi may phay diém khong ciia may 1a diém tham
chiéu thir nhat. Piém tham chiéu thr 2,3,4 duoc chi dinh bang viéc cai dit cho bo diéu
khién may. N6 c6 thé dugc dit tai bat ky diém thudn tién nao trong ving lam viéc cua
may. Véi may tién diém tham chiéu 13 diém xa nhat trong ving lam viéc.

Vi tri ctia diém tham chiéu thir nhat duoc xac dinh trude, chinh xac so véi diém
khoéng ctia may. Do vay n6 c6 thé duoc st dung cho viée diéu chinh, kiém tra (calibrating

and regulating) hé thong do ludng cua bing truot ban may va truc chinh.

Relerence
= return point

Hinh 2.17a: Piém tham chiéu R trén may phay  Hinh 2.17b: Diém tham chiéu R trén may tién
Diém tham chiéu duoc dung dic biét trong tinh hudng sau:
— May can dua lai vé diém tham chiéu dé thiét lap lai toa d6 chinh xac trong céc tinh
huéng nhu: mat dién, va dap, van hanh khong dang,...
— Kbhi thay dao
— Khi két thiic chuong trinh gia cong dé Reset lai bo diéu khién.
c. Piém “0” cua chi tiét — ki hiéu W ( Work Point)
Chuan nay chinh 14 chuan cong nghé vi vay phai duoc chon trong khong gian lam
viéc cua may .
Piém “0” cua chi tiét W 1a gbc cua hé toa do lién quan dén chi tiét. Vi tri cia n6 do
ngudi lap trinh x4c dinh va c6 thé thay do6i theo dic diém cua qué trinh gia cong. thuan
loi nhat, cac kich thuéc nay thuong duoc tiép nhan truc tiép tir ban vé cho viéc lap trinh.

Trong trudng hop gia cong tién, diém “0” cta chi tiét thuong duoc dit ¢ thm cua dau bén
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phai hay bén trai cua chi tiét gia cong, tly thudc vao kich thudc cua chi tiét gia cong

duge xac dinh bit du tir phia dau nao.

AN\

+X
7 Q
+Z
Wi

)

NN

Hinh 2.18a: Piém “0” chi tiét trén may phay Hinh 2.18b: Piém “0” chi tiét trén may tién

Piém “0” cua chi tiét co thé dich chuyén trong chwong trinh NC, vi du chi tiét tién
can duoc gia céng 2 phia trén cac mii chdng tam. Trong trudng hop nay rat thuan loi khi
ta lan luot dich chuyén diém “0” cua chi tiét toi dau phai hoic trai cua chi tiét. Trong cac
chi tiét phay, dinh phia ngoai thuong duoc chon 1am diém “0” cua chi tiét tly thudc diém
gbc nao ghi kich thude dé chon diém chuan.

d. Piém chuan cua dung cu cat E

Mot diém chuan quan trong nita trong khéng gian lam viéc cua may 1a diém chuan
cua dung cu cat E.

Diém chuan cua dung cu cit E trén may tién CNC 1a diém ¢ dinh trén dau rovolve.
Trén may phay CNC diém chuan cua dung cu cit E duoc dit trén dau truc chinh.

Diéu khién CNC lién quan trudc tién toi diém chuan caa dung cu cat cho tat ca toa
d6 diém dich. Trong trudong hop lap trinh cho céc toa do diém dich nguoi ta tao ra moi
quan hé tuy thudc vao mii dao trong dao tién va tdm dao trong dao phay. Do vay dé c6
thé diéu khién chinh xac miii dao (tién) hozc tim dao (phay) doc theo hanh trinh gia cong
mong mudn thi cac dung cu cat phai dugc do chinh xac.

C6 thé do cac dung cu cat bén ngoai may boi cac thiét bi hiéu chinh hoic c6 thé do

tryc tiép trén may boi cac dung cu do quang hoc. Pac biét khi sir dung thiét bi quang hoc,
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cac gia tri do duoc nhap truc tiép vao b nhd cia may. Néu sir dung thiét bi hiéu chinh
thi gi4 tri do duoc cua cac dung cu phai dugc nhap bang tay vao bo luu trit cac gia tri

hiéu chinh tuong tng caa hé diéu khién.

Ngoai ra con ¢6 hai diém can thiét cho viéc chuan bi dao bén ngoai may CNC, dé la

diém hiéu chinh dung cu cat T va diém g4 dao N.

e. Diém hiéu chinh dung cu cat T (Tool Offset): goi 1a chuan dao. Dung dé xac dinh vi

tri dao cat sau khi d lip dao vao 6 dao. Piém nay khong thé thay doi.

f. Diém thay dao N: 13 diém thay dao N 13 diém thudc khong gian lam viéc ciia may

CNC, tai diém nay dung cu cat ¢ thé dugc thay d6i ma khong xay ra cac va cham.
9. Chudn thao chirong P ( Program Point):

Dung lam géc cta hé toa do trong qua trinh soan thao chuong trinh. Piém nay c6

thé thay doi theo ¥ mudn ciia nguoi 1ap trinh.
Chuan nay nén tring v4i chuan thiét ké trén ban vé& chi tiét.
2.5.5. Hé toa dé déi véi mat sé may
a. Vitriva ki hiéu cac truc trén may CNC

Theo tiéu chuan ISO, cac chuyén dong cit got khi gia cong chi tiét trén may CNC
phai nan trong mot hé truc toa dd Descarte theo nguyén tic ban tay phai. Trong d6 ¢ ba
chuyén dong tinh tién theo cac truc va ba chuyén dong quay theo céc truc tuong tng.

— Tryc Z tuong Gng voi phuong truc chinh ciia may CNC, chiéu dwong 13 chiéu 1am
tang khoang cach giita dao va chi tiét gia cong. Chiéu quay duwong cing chiéu kim dong
hé (nhin tir goc toa do).

— Truc X tuwong tmg chuyén dong tinh tién 16n nhat cia may CNC. Vi du trén may
phay 1a chuyén dong chay dao doc, trén may tién 1a chuyén dong chay dao ngang. Chiéu
duong 1 chiéu 1am ting khoang cach giita dao va chi tiét.

— Truc Y hinh thanh v6i hai tryc trén trong hé truc toa d§. Vi du trén may phay
chinh 1a chuyén dong chay dao ngang cuia ban mdy, trén mdy tién khong c6 truc nay.

Luu y khi xét hé truc toa d6 ctia may CNC phai coi nhu chi tiét ding yén, con dao

chuyén dong theo cac phuong cua hé truc toa do.
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b. Hé toa do voi mot so mdy

Hinh 2.19: Hé truc toa do trén mady Hinh 2.20: H¢ truc toa do trén mdy
phay dung phay nam

+X A Q
+Z

=

NN

Hinh 2.21: Hé truc toa do trén may tién
2.6. Cac buéc thuc hién gia cong trén may CNC
2.6.1. Nghién civu cong nghé gia cong chi tiét
- Poc hiéu ban vé& chi tiét: Hinh dang, d6 chinh x4c, d0 bong va vat ligu.
- Chon phéi, chon may va cach ga lap.

- Chon tién trinh cong ngh¢ hop 1y. Chon dao va xac dinh ché do cat got cho tung budc

cong nghé. Lap phiéu nguyén cong.
2.6.2. Thiét ké quy dao cit
- Lap quy dao chuyén dong cua dao that chi tiét, hop 1y va chinh x4c.

- Tinh toan toa d¢ cua cac di€ém chuyén tiép trén quy dao chuyén dong cua dao.
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Vi du phay:

2
Gu)

N

Quy dao chuyén
dong cua dao

_@._ |

¥ / Chi tiét gia cong

Trén hinh quy dao chuyén dong ciia dao phay 1a quy dao chuyén dong cua diém tam va
mit dau dao phay. Pé xac dinh quy dao chuyén dong do, khong phai bién dang cét got nao ciing
x4c dinh dé dang ma chi gip nhiing bién dang song song voi cac toa dd ctia may CNC ma thdi.
Trudng hop ddi vai cac bién dang phirc tap hon (2D hodc 2,5D) ngudi lap trinh c6 thé ding bién
ctia chi tiét yéu cau lam quy dao chuyén dong ciia dao nhung ltic nay phai hiéu chinh ban kinh

dao phay. Van d¢ hiéu chinh ban kinh dao nhu thé nao cho bién dang duoc cit got ra cho ding,

. |

Phoi

Diém chuyén tiép

Quy dao chuyén
dong cua dao

Dao cat

Hinh 2.22: Quj dao cdt dao phay

k¥ thuat lap trinh NC sé& giai quyét & chuong sau.

Pbi v6i cac bé mit gia cong phuc tap hon (3D, 4D hoic 5D) quy dao chuyén dong cia

dao phay phai dugc xac dinh nho trg gitip ctia may tinh va cac phan mém chuyén dung.

Vi du tién:

X Toa d6 cac diém chuyén tiép
Quy dao cat tho

A

Quy

~_Phoi

\ Chi tiét

Hinh 2.23: Quy dao cat dao tién
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Dao tién lubn ludn c6 ban kinh cong R ¢ miii dao. Pé gia cong chinh xac, ta phai
quan tam dén kich thudc nay. Khi chuong trinh chi thi dao tién dén toa do cac diém
chuyén tiép thi diém do dao s& dén cac toa do d6, vi vay khi gia cong nhitng dudng cong
hoic nghiéng (khong song song véi hai chuyén dong chay dao cta mdy tién) s& gip phai
sai s0. Pé khic phuc sai s6 d6 phai hiéu chinh ban kinh miii dao.

Vi du: Dé tién tinh bién dang (0-1-2-3-4-5) cia mdt chi tiét, hinh v& dudi minh hoa cho
thdy néu khong hiéu chinh ban kinh miii dao, bién dang chi tiét sau gia cong s& méc phai sai sb.

[¢

| ' Qily dao tam
\/-\‘ \ miii dao X
T
e e " ;
N ] 2 |

Quy dao tam miii dao khi c¢6 hi€u chinh ban kinh mdi

Bién dang chi
tiét

Chi tiét cit duge
gia céng
Hinh 2.24: Sai sé bdan kinh dao tien

Vi tri do dao 1a diém ndi cia hai phuong do theo toa d§ ciia may tién CNC (Zt va

Xt). Khi chuong trinh chi thi dao dén cac diém chuyén tiép trén bién cat cta chi tiét (0-1-

2-3-4-5) thi diém do dao s& dén céac vi tri (0-1-2-3-4-5). Nhu vAy trén hinh thiy rat ro

diém 1, 2, 3 cua chi tiét khong nam trén ludi cit khi miii dao c6 ban kinh cong R. Két qua
bién dang chi tiét sau khi cat s& mac phai sai s6 (doan c6 tuyén anh).

Dé xac dinh duoc vi tri do dao, nguoi ta dung co ciu do dao sau khi di ldp dao vao

co cau mang dao

Hinh 2.25: Co cdu do dao tién
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2.6.3. Ldp chwong trinh diéu khién NC

Diy 1a budc quan trong nhit dé gia cong duoc trén may CNC. Cé hai phuong
phap 1ap trinh :

a. Phuong phap lap trinh thu cong (Manual Programming): La phuong phap 1ap trinh
khong c6 su tro giup ctia may tinh, ngudi lap trinh c6 thé ty bién soan chuong trinh NC
trén co s& nhan dang hoan toan chinh xac toa do chay dao. Kha nang lap trinh thu cong
dugc coi 1 yéu cau co ban ddi véi nguoi 1ap trinh NC, béi vi ¢6 k§ nang lap trinh nay,
ngudi 14p trinh méi ¢ kha ning hiéu, kha ning doc va stra d6i chuong trinh khi truc tiép

van hanh may CNC.

Phan 16n cac phan mém lap trinh NC 14 san pham ciia chinh nha san xuat hé diéu
khién, thuong cung cap kém theo may CNC. Kha nang lap trinh cia nhimg phan mém
nay n6i chung rat han ché. Phan 16n chi c6 kha ning lap trinh cho nhiing quy dao cit 2D;

2,5D don gian va chu trinh gia cong co ban.

Phuong phép lap trinh nay c6 thé kiém tra bién dang cit bang cach mo phong trén
may tinh v&i phan mém NC hodc truc tiép trén hé diéu khién ciia may CNC. DPé truyén

chuong trinh NC vao hé diéu khién may ta c6 thé thuc hién bang hai cach:

C;. Nhép tir vat mang tin trung gian nhu bia duc 16, bang duc 15, bang tu, dia tu ...

PHONG THIET KE PHONG CONG NGHE XUONG MAY
. s LAP TRINH Vit ‘
) N Ban v€ : :
BAN VE Hinh hoc MAY
YCKT A & A mang tin NC/CNC
cong nghé

Hinh 2.26: So' d6 truyén chwong trinh bang vit mang tin trung gian
C, . Nhap tir panel diéu khién theo ché do MDI (Manual Data Input) trén mdy
CNC

Ban vé ,
o . MAY
BAN VE J YCKT 'L NC/CNC

Hinh 2.27: So d6 truyén chwong trinh tir man diéu khién
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Hau hét cic co sé san xuét si dung may NC/CNC két hop hai cach trén dé lap
trinh. Phuong phap ghi chuong trinh trén bang duc 15, bang tir hién nay chi con sir dung

cho cac thé hé may NC cil.

b. Phuong phap lap trinh tu dong (Automatically Programming): La phuong phap lap
trinh nho sy trg giup cia may tinh. Phuong phap 1ap trinh nay bang ngon ngir xir Iy hinh
hoc (APT — Automatically Programmed Tool) hodc phan mém CAD/CAM tich hop nhu
cong cu trg gilp dé chuyén doi tu dong dit li€u hinh hoc va dit liéu cong ngh¢ thanh

chuong trinh NC.

Ngay nay phuong phap lap trinh bang cic phan mém CAD/CAM di dugc sir

dung kha pho bién va rat co hiéu qua, dic biét cho cac truong hop gia cong mit cong

phuec tap.
PHONG THIET KE PHONG CONG NGHE XUONG MAY
PHANAMEM CAD/CAM MAY CNC
NGON NGU XLHH Chuong DNC Chwong PHAN MEM NC
Dit liéu HH va CN i Tin Nhip théng sb CN
Post-processing (MDI)

Hinh 2.28: So' d6 truyén chwong trinh tir mang DNC
2.6.4. Kiém tra chwong trinh diéu khién NC

Chuong trinh sau khi soan thao cin phai kiém tra, hiéu chinh. Day ciing 1a khau

quan trong trudc khi gia cong trén may. C6 hai cach kiém tra nhu sau :

- Kiém tra thi cong: Do chuong trinh bang mat va vé ra chi tiét gia cong bang tay.

Céch nay thyc hién khi diéu kién may tinh va phan mém khong co.

- Kiém tra béng may tinh: Chuong trinh soan thdo dugc nhap vao may tinh, cho
chay mo phong trén phan mém phu hgp. Dua trén quy dao chuyén dong ciia dao va hinh

dang chi tiét hinh thanh ma sira d6i chuong trinh hay dao cit, ché do cit ...
Céc phan mém CAD/CAM déu c6 chiic nang kiém tra va mo phong trén phan mém.
2.6.5. Piéu chinh mdy CNC

Diy 14 cong viée 1am sao cho may CNC biét dugc chi tiét gia cong dugc dat ¢ dau

trén may va dung cu cat c6 kinh thudc ra sao? Hay noi cach khic, mudn gia cong dugc
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chinh xac thi chudi kich thuéc cong nghé cta hé théng cong nghé (bao gdm: May - Dao -

G4 - Chi tiét) phai duoc khép kin. C6 nghia 1a:

n Trong do:
> Ki=0 ¢
i=1

K; - Cac kich thudc trong chudi kich thudc cong nghé
n - S khéu trong chudi kich thudc cong nghé

Khi thiét ké va ché tao mot may CNC, nguoi ta da xac dinh cho may mot diém
chuan do luong. Piém chuin d6 c6 thé ¢d dinh tai mot vi tri nhung cling c6 thé khong )
dinh tiy vao hé diéu khién va cau tric ctia may.

Khi gia cong chi tiét trén may CNC, viéc chuan bi cong nghé (trong d6 co ga lap,
dung cu cét) va chuong trinh diéu khién duoc thuc hién bén ngoai may CNC. Vay khi ndi
két chiing lai (May — Dao — G4 — Chi tiét) phai tuan theo mot chudi kich thudc cong nghé
khép kin. Lic d6 mdy CNC moi diéu khién gia cong theo chuin ctia nd mét cach chinh
xac duoc.

Mdi quan h¢ gitra cac chun trén hé toa do may tién CNC duoc thé hién nhu

7

T ¢ R

____e__ ]

N\
\g

M "ok -] '
w— 71—t 11— Zy >
[ o Zw_‘
- Zm >

Hinh 2.29: Chuéi kich thuéc cic chudn trén may tién
Zy — Do 1éch giita chuan may va chuan thay dao theo phuong Z. May da biét.
Zw — Do léch giita chuan may va chuan chi tiét theo phuwong Z. Nguoi gia cong phai

xac dinh va bdo cho may biét.
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Z, —Toa dd Z cua diém 1 do ngudi 1ap trinh soan thao trong chuong trinh.
R — Ban kinh ctia miii dao tién. Ngudoi gia cong phai bao cho may biét.

Zt —DB0J Iech gitra chuan dao vai vi tri do dao sau khi lap dao vao co cau mang dao

theo phwong Z. Nguoi gia cong phai xac dinh va bao cho may biét.

Z, — Khoang cach di chuyén cua dao tir vi tri thay dao t6i vi tri chudn bj gia cong

theo phuong Z. May ty tinh toan khi chudi kich thudc cong nghé duoc kép kin.
Zo=2Zy—-2Zw-2,—-R—-Z¢

Tuong tu nhu vay cho phuong X.

Dé thuc hién duge cong viéc diéu chinh may CNC, ta phai:

- Chuan bi phoi, dao cat va d6 ga. D6 ga dugc cb dinh trong khong gian gia cong
trén ban may (phai duoc ra vudng goc hoic song song véi cac phuwong chuyén dong cua
may).

- Binh vi va kep chat phoi trén dd ga.

- Thyc hién cac bude “Van hanh may” cho timg may CNC cu thé.

2.6.6. Gia céng chi tiét trén mdy CNC

- Pua chuong trinh gia cong ra man hinh diéu khién, kiém tra lai chwong trinh mot
1an nita va dic biét phai kiém tra cac duong chay dao khong cit that k.

- Gia céng.

2.7 Hinh thirc t6 chire gia cong trén may CNC
Céc hinh thirc t6 chirc gia cong trén may CNC bao gém céc hinh thirc:
— Lap trinh thu cong, nhap chuong trinh tryc tiép 1én may CNC
— Lap trinh thu cong, nhap chuong trinh bang bang duc 15
— Lap trinh ty dong va diéu khién sé truc tiép DNC (Direct Numerical Control)

Sau ddy 14 c4c so dd m6 hinh hoa cu thé hinh hoa td chirc gia cong trén may CNC:
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2.7.1 Ldp trinh thii céng, nhdp chwong trinh truc tiép lén mdy CNC

Bén vé chi ti€t

¥ —
—F
| |

Chuong trinh

Phi€u céng nghé

2al=

| oo
[— K]
©)Jo0o 32| e= =
i3 =
[ Lo Pt
e

A

,

—_—

May NC

Hinh 2.30: So' dé 16 chirc gia cong triee tiép

2.7.2 Ldp trinh thii céng, nhdp chwong trinh bang bang duc 16

Cécphidn
mém hd trg

Bén vé
chi tiét

Chuong trinh

i
%Hg - ot 18
e ot y

L

Miéy CNC

\l

|
Hinh 2.31: So d6 16 chitc gia cong bang bing duc 16
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2.7.3 Ldp trinh tw dpng va diéu khién sé truc tiép DNC (Direct Numerical Control)

]

[y
T —
-iii

re
[N

QT

Hinh 2.32: So d6 t6 chirc gia cong qua mang DNC

NOI DUNG ON TAP CHUONG 2
1. Hay néu cac diém gbc, diém chuan trén may CNC.
2. Hay néu cac phuong phap diéu khién.

3. Trinh bay cac budc thuc hién trén may CNC.
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Chuwong 3
CONG NGHE LAP TRINH PHAY CNC

3.1. Cong nghé phay CNC
3.1.1. Théng sé NC

Théng sb NC bao gdm cac théng sb vé dung cu (tooling parameters) va cac thong

s6 gia cong (machining parameters)
a. Théng s6 vé dung cu

Thong s6 dung cu bao gém: S6 hiéu dao, kich thudc ludi cit va chiéu dai dao.

- S6 hiéu dao: chi dinh vi tri chira dao trén bo phan trtr dao.

Vi du: Khéi 1énh M06 T05: Chi thi ldy dao & vi tri s6 5 trén bd phan trit dao.

- Kich thuéc ludi cat: bao gom duong kinh dao D va ban kinh miii dao R.

- Chiéu dai dao: Thong thudng dé gia cong mot chi tiét can str dung mot vai dao
cit, trong d6 mdi dao c6 chiéu dai khac nhau. Do d6 khi gia cong, d6i v6i mdi dao, can
thuc hién hanh trinh tién dao khac nhau. Néu 1ap trinh d6 d6 di chuyén theo chiéu dai mdi
dao, s& rat kho khan khi phai thay d6i chuong trinh gia cong theo chiéu dai dao.

Pé thuan tién cho viéc 1ap trinh cling nhu hi€u chinh chuong trinh, cac h¢ diéu
khién CNC déu c6 chirc ning luu trit gia tri bu trir chiéu dai dao (tool length offset), tirc
la gid tri khac biét giira chiéu dai dao gia dinh khi 1ap trinh va chiéu dai dao gia cong thuc
té, trén thanh ghi twong tmg véi mdi dao. Piéu nay cho phép thuc hién viée gia cong ma
khong can thay d6i chuong trinh, ngay ca khi ¢ su thay d6i chiéu dai dao. Gia tri bu trir
chiéu dai dao dugc xéac 1ap trén may trong qua trinh ra dao va dugc luu trit trén thanh ghi
tuong tng. Vi dy: thanh ghi bu trir chiéu dai cua dao T1 1a H1

Can cir gia trj bu trir luu trit trén thanh ghi, hé diéu khién s& tu dong bu trir cho toa

doé lap trinh dé duoc toa do di chuyén thuc té cho mdi dao cit.
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b. Théng sé gia cong

Céc thong sd gia cong co ban can xac 1ap trude khi thuc hién mot cong nghé gia
cong, bao gdbm:

- Tdc @6 tryc chinh (spindle speed): xac 1ap téc d6 quay truc chinh theo sd nguyén
vong/phut. Vi du: S7000 -> chi thi h¢ diéu khién diéu chinh téc do quay cua truc chinh la
7000 vong/phut

- Tdc d6 chay dao (feed rate): xac lap toc d6 di chuyén dao khi gia cong. Hé théng
diéu khién cho phép xac 1ap 2 muc toc do chay dao: Tdc do cat (cutting feed rate) va tdc
d6 an dao (plunge feed rate). Toc d6 an dao chi duoc st dung khi chay dao theo phuong
Z. Toc dd cat duoce su dung cho cac chuyén dong khac.

- Luong du gia cong (stock allowance): xéc 1ap bé day vat lidu dugc dé lai cho cac
budc gia cong tiép theo)

- Chiéu sau tién dao (rapid depth): con dugc goi 1a cao do thoat dao (clearance
plane). Thong s6 nay xac lap cao do Z dao can di chuyén t6i v6i tbc do dao nhanh trude
khi bat dau gia cong. Cao d6 nay ciing 1 chuan thoat dao sau mdi budc gia cong.

- Chiéu siu an dao (down step):

- Budc chay dao ngang (stepover distance): 1a khoang cach duong tdm dao gitra 2
duong chay dao ké cin. Budc chay dao ngang phai nhoé hon duong kinh dao.

- Piém tham chiéu (reference point): xac lap vi tri trd vé ctia dao dé thay dao hoic
khi két thuc chuong trinh. Vi tri chuan mat dinh c6 toa do (0,0,0).

- Mit phang gia cong (tool plane): x4c lap mit phang chay dao. Mit phang chay
dao c6 thé 1a XY, YZ, ZX.

- Dich chinh dao (cutter compensation): dinh nghia sy dich chinh tam dao so v&i
duong chay dao 1ap trinh.

- Phuong thic chay dao bo goc (blend arround coners): xac 1ap phuong thuc chay

dao luon goc theo cung tron hodc theo duong vat.
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3.1.2. Cong nghé phay CNC

Nhitng tién bd méi nhat vé mé hinh héa hinh hoc, cong nghé phﬁn mém, dic biét
vé k¥ thuat d6 hoa di duoc cic nha san xuit phan mém CAD/CAM tGng dung nhanh
chong cho ra doi cac thé hé phan mém mdi ngay mot théng minh hon. Cho dén nay céac
chtrc ning 1ap trinh NC cua cac hé théng CAD/CAM chuyén nghiép phuc vu thiét ké va
gia cong co khi nhu hé théng phan mém Cimatron, Pro/E,... ¢6 kha ning xir Iy gia cong
cic bé mit hinh hoc phtrc tap voi do chinh xac cao. Va hon nira, cac hé¢ thé)ng phﬁn mém
nay co6 kha nang xu ly diéu khién sb thong minh nhu tu dong kiém tra sy va cham dung
cu vé6i chi tiét gia cong, ty dong diéu chinh giam tai cit & nhitng vung dic biét khi gia
cong & téc do cao, nang cao t6i da nang suit gia cong bang cach loai trir cac duong chay

dao khong tai,...
3.2. Co sé lap trinh phay CNC
Cong nghé phay chiém khoang 75% céac phuong phép gia cong diéu khién sb. Dé

khai thac tot cong suat ctia cac loai may phay CNC, ngudi 1ap trinh can nam vimng cac ma
1énh diéu khién va k thuat 1ap trinh, bao gom:
- Cac l1énh lap trinh co ban:
+ Di chuyén dao: G00, GO1, G02, GO3.
+Toa d6 va kich thudc: G90, G91, G20, G21.
+ Mit phang gia cong: G17, G18, G19.
+ Luong chay dao: F, G94, G95
+ Téc d6 truc chinh S, M03, M04, MOS5
+ Chon va thay dao: T, M06
- Cac 1énh lap trinh bu trir dich chinh dao
Str dung cac chirc ndng bu trir va dich chinh toa do gia cong, bu trir duong kinh,
chiéu dai dao cho phép bién d6i don gian dir liéu lap trinh chi tiét thanh dir liéu duong

tam dao. Cac chirc nang bu trir va dich chinh bao gom:

49



+ Bu trir duong kinh (ban kinh dao): G40, G41, G42
+ Bu trir chidu dai dao: G43, G44, G49
- Cac 1énh chu trinh gia cong (fixed cycles)
Lénh chu trinh cho phép thuc hién chudi cac chirc ning gia cong lap lai bang mot
khéi 1énh. C6 thé phan biét 3 nhom chu trinh gia cong:
+ Chu trinh gia c6ng chuan
+ Chu trinh gia cong dac biét
+ Chu trinh tng dung
— Lap trinh khéi va chuong trinh con
Phan 16n cac hé diéu khién NC déu co chirc ning diéu khién tham sd, thuc hién
cac phép tinh s hoc, logic. Do d6, cho phép lap trinh mot cach don gian cac kiéu gia
cong co tinh lap lai.
3.2.1. Cdc lénh di chuyén dao
Bo diéu khién CNC cung cip 3 kiéu 1énh co ban dé di chuyén dao:
- Chay dao nhanh
- Noi suy dudng thang
- N6i suy cung tron
a. Chay dao nhanh (G00)
GO00: Chay dao nhand (Rapid Feed) (khong cét got)
Lénh GOO sur dung dé dinh vi dao tai vi tri xac dinh véi tde d6 nhanh.
Cau triic cau lénh:
- Toa do6 tuyét ddi:
N--- G90 GO0 Xx Yy Zz;
- Toa do tuong dbi:
N--- G91 GO0 Xx Yy Zz;

Trong d6: x, Y, z 14 c4c gia tri toa d6 cua diém cudi
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b. Chay dao néi suy dwong thang (GO1)

GO01: Noi suy theo dudng thing (Leaner interpolation)

Lénh GO1 cho phép di chuyén dao theo duong thang tir vi tri hién tai dén vi tri
dugc xac dinh trong cau Iénh. Lénh GO1 thuong c6 thong s6 F di kém

CAu tric cau 1énh:

- Toa do tuyét ddi:

N--- G90 G01 Xx Yy Zz Ff;
- Toa do tuong ddi:
N--- G91 GO01 Xx Yy Zz Ff;
Trong do: x, y, z 1a cac gia tri toa do cua diém cudi
C. Chay dao noi suy cung tron (G02/G03)

Lénh G02 va GO03 cho phép di chuyén dao theo bién dang cung tron voi téc do f
dinh nghia boi 1énh F. C6 thé lap trinh ndi suy cung tron theo 2 phuwong phéap: Phuong
phap 1JK hodc phuong phap R.

- G02: Ndi suy theo chiéu kim dong hd.
- G03: Noi suy theo chiéu nguoc kim ddng hd

Cau triic cau lénh:

- Cung tron trén mat phang XY:

G02 i Jj
N - —G17 Xx Yy Ff;
G03 Rr

- Cung tron trén mit phang XZ:

GO02 li Kk
N --G18 XX Zz Ff;
GO03 Rr

- Cung tron trén mit phang YZ:

G02 Jj Kk
N --G19 Yy Zz Ff;
GO03 Rr
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Bing 3.1

Théng sb Lénh Ghi chu
1. Mit phang gia cong G17 - Cung song song v&i mat phe“:mg XY
G18 - Cung song song v&i mat phang XZ
G19 - Cung song song v&i mdt phang YZ
= 2 an G02 - Cung theo chiéu kim dong ho.
2. Chi¢u chuyén dong GO03 - Cung theo chiéu nguoc kim dong ho.

- Toa d6 diém cubi cung tron dugc tinh
X, Y, 2 theo toa do tuyét doi.
- Toa d6 diém cudi cung tron duoc tinh
theo toa do tuong doi
- Khoang cach twong d6i cua tim cung

3. Toa do diém cuoi

4. Tam cung tron hodc

e I, k \ s 1A aX
ban kinh ’ tron so voi diém dau.
R - Ban kinh ctia cung tron
5. Toc do cat F - Toc do cat khi gia cong

3.2.2. Cac Iénh toa do va don vi
a. Toa do tuyét doi va toa do twong doi

Céc may CNC st dung 2 phuong phap do toa do: Tuyét ddi (G90) va twong ddi
(G91).

Theo phuong phap do toa do tuyét ddi, dao chuyén dong dén diém chi thi xac dinh
bang gia tri tuyét d6i so véi diém chuan. Theo phuong phap do toa do twong ddi, vi tri
hién tai cta dao duoc coi nhur diém chuan cho chuyén dong ké tiép. Lénh G90 va G91
thudc nhém Iénh hinh thirc, do d6 c6 tac dung cho tdi khi ¢6 1€nh khai bao nguoc lai.

b. Don vi

C6 2 hé don vi dugc sur dung trong cac may CNC: HE Anh (inch) va SI (milimet)

Lénh G20 va G21 dugc sur dung dé chon hé don vi cho cac sb liéu. G20 mic dinh
don vi tinh theo hé inch va G21 chon theo hé¢ mét. Viéc chon hé don vi c6 tdc dung doi
vO1 cac gia tri trong cac cau Iénh sau:

- Cac Iénh dinh vi va ndi suy
- C4c 1énh vé tdc do cét
- C4c lénh vé cai dt va bu trir dao

- Lénh cai dat hé toa do.
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- Cac thong s khéc
C6 thé nhép tri s6 dudi 2 dang: Dang c6 dau chidm thap phan va loai khong c6 dau
cham thap phan.
Tat ca céac loai gi trj s6 sir dung cho cic 1énh G, cac 1énh T va lénh S déu c6 thé
nhap theo dang c6 ddu chim thip phén.
Vi du:
X10.5; 10.5 inch hoac 10.5mm theo phuong X
F10.0; toc do cat 10.0IPM hodc 10.0MMPM
Déi v6i dang khong c6 dau cham thap phén, thong sé dau vao phai dugc nhap theo
dang “tir kich thudc” va “don vi nhap thap nhat”.
Mot “tir kich thude” gém co 8 sb, trong h¢ inch 04 chit s6 dau dugc xem 1a 4 chir
s6 trude dau chidm va 4 chit s6 cudi duoc xem 1a 4 chit s6 sau ddu cham.
Ddi véi hé mét, nam chir sé dau dugc xem 1a trude ddu chidm va 3 chir sb sau 1a
sau ddu cham.
Vi du:
G20; don vi tinh theo inch
X11000; tuong duong véi X1.1 inch
Z9500 ; tuong duong véi Z0.95 inch
U5000 ; tuong duong véi UO.5 inch
W1500 ; tuong duong vé1 W0.15 inch
3.2.3. Cdc lénh vé mdt phing gia cong
H¢ toa do gia cong xac dinh bﬁng batruc X, Y, Z vatao nén ba mat phéng gia cong
chinh: XY, XZ, YZ. C6 thé chi dinh mat phing gia cong bang 1énh:
G17 Mit phang XOY
G18 Mit phiang XOZ

G19 Mat phang YOZ
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Hodc boi 1énh kich thudc tuong tng.
Dinh nghia mit phang gia cong theo 1énh kich thudc khong phai 1a 1énh hinh thic,
do d6 chi co tac dung trong cau I¢nh.
3.2.4. Lé¢nh toc dé chay dao (F)
Déi vé6i 1énh noi suy dudng thing va cung tron can khai bao tdc do chay dao theo
inch hoac milimét trén phut hodc trén vong quay truc chinh.
- Lénh G94 dinh nghia tbc do chay dao tinh trén don vi thoi gian (phut)
- Lénh G95 dinh nghia téc d6 chay dao tinh trén don vi vong quay (vong)
Céc 1énh nay luon dugc st dung véi 1énh G20 hoac G21 dé dinh nghia dﬁy du toc
do chay dao. G94 1a gié tri mac dinh.
G20 G94 F10.0;  toc do cat 10 IPM
G20 G95 F0.03;  tdc do cdt 0.03 IPR
G21 G94 F150;  tdc do cat 150 MMPM
G21 G95F1.5;  tdc dd cit 1.5 MMPR
3.2.5. Lénh toc dg truc chinh (S)
Lénh S dinh nghia tde do quay cua truc chinh. Lénh S khong khaoi dong truc chinh,
do d6 can st dung kém voi 1énh phu M03, M04 va M05.
3.2.6. Lénh chon va thay dao
Phan 16n cac qui trinh gia cong yéu cau st dung nhiéu dao khac nhau. Khi 1ap
trinh thay dao can chu ¥ dén cac diém sau:
- Phan 16n may phay CNC yéu cau thoat dao theo phuong Z trudc khi thay dao.
- Lénh chon dao nhung khong thay dao, do d6 I¢énh T phai dugc st dung cung véi
1énh thay dao M06.

- Mo01 dao ¢6 chiéu dai khac nhau, do d6 can bu trir chiéu dai dao.
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3.3. Lénh bu trir va dich chinh dao
3.3.1. Ba trir ban kinh dao
Cac hé diéu khién yéu cau lap trinh gia cong theo toa do tdm dao (tool center
coordinate) thay cho diém bién trén chu vi dao cit. Do d6 khong thé st dung truc tiép toa
d6 chi tiét vi tim dao phai c6 vi tri cach dudng bién cit mot khoang bang ban kinh dao.
Phép dich chinh vi tri tdim dao dugc goi 1a bu trir ban kinh dao (radius compensation)
Céc 1énh 1ap trinh bu trir va dich chinh dao cho phép bién di don gian dir liéu lap
trinh theo bién dang chi tiét gia cong thanh dit liéu dudng tam dao.
Lénh vé hiéu chinh ban kinh dao bao gff)m:
G40: Két thuc hiéu chinh ban kinh dao
G41: Hiéu chinh ban kinh dao trai (dao di chuyén bén trai quy dao cit)

G42: Hiéu chinh ban kinh dao phai (dao di chuyén bén phai quy dao ct)

G41
f G42
G41

Q=>

G42

Hinh 3.1: Puong chay dao
Dé cho tdm dao ndm cach dudng lap trinh mot khoang, ngudi ta thuc hién mot cong
viéc goi la bu trir ban kinh dao, hay offset dao. Vi¢c offset dao c6 thé 1a bén trai hay bén
phai qu¥ dao lap trinh.
Céu tric 1énh:
N--- G01 (G00) G41 (G42) Xx Yy Dd ;
Trong d6: X, y:latoadd diém ti

d : 14 sd offset ban kinh dao.
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Vi dy hinh bén khi gia céng bién ngoai va bién trong ctia mot chi tiét. Tuy theo
huéng di chuyén cua dao va quy dao cit (duong 1ap trinh) ma c6 thé xac dinh hiéu chinh
tréi hay phai.

Céc 1énh hiéu chinh ban kinh dao tao 1ap vecto bu trir vudng goc voi quy dao cit va

c6 d6 16n bang ban kinh dao Y 4

h
‘ _ G41
Can chu y hudng vao ra trude khi A Chi tié
bét dau hiéu chinh ban kinh. Déi voi phan 3l G
‘ o —» X
mém phay mo phong, hudng vao ra trude G42
ding

khi bat dau hiéu chinh ban kinh phai
vudng goc voi quy dao cat (hinh 3-2).
Hinh 3.2: Puong chay dao
3.3.2. Bu trir chiéu dai dao
Bu trir chiéu dai dao duoc dinh nghia 1a phép hiéu chinh theo phuong cac truc diéu
khién dé khir sy khéac biét giita chiéu dai dao thuc té va chiéu dai lap trinh.
Céc 1énh str dung cho bu trir chiéu dai bao gdm:
G43: bu trir theo chiéu duong
G44: bu trir theo chiéu am
G49: thoat bu trir chiéu dai.
CAu trac 1énh:
N--- G43 (G44) Zz Hh ;
Trong d6:  z: chiéu sau gia cong
h : s6 hiéu thanh ghi luvu giit gi4 tri bu trur
Khi st dung G43, gia tri bu trir xac dinh bdi ma h s€ duogc cong vao gia tri toa d chi
dinh boi cau 1énh trong chuong trinh. Tire 14 dao dwgc ning 18n theo chiéu duong mot
doan xé4c dinh boi h. Vay G43 dung khi dao thuc té dai hon dao 1ap trinh (dao cai dat toa
do).
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Khi str dung G44, gia tri bu trir xac dinh boi ma h s€ bi trir boi gia tri toa do chi dinh
boi cau 1énh trong chuong trinh. Ttrc 1a dao dugc ha thép theo chiéu 4m mot doan xac
dinh boi h. Vay G44 dung khi dao thuc té ngin hon dao 1ap trinh (dao cai dit toa do).

Vi du:

H1 set 20.0; H2 set 30.0

G90 G44 7100.0 H1 ; Z s& di chuyén dén 80.0

G90 G44 7100.0 H2 ; Z s& di chuyén dén 70.0
3.4. Chu trinh phay (Canned milling cycle)

Lénh chu trinh gia cong cho phép thuc hién chudi cac chirc ning gia cong lip lai
bang mot khéi 1énh. Lénh chu trinh han ché duoc viée xac dinh toa do, giam dang ké 15i
1ap trinh, tiét kiém khoang 50% thoi gian lap trinh va dugc st dung thudng xuyén nhu
khoan, doa, taro...

Str dung cac ma 1énh sau dé dinh nghia c&c chu trinh gia cong 10:

G80 — Huy chu trinh gia cong 16 G84 - Chu trinh taro ren phai
G81 - Chu trinh khoan G85 - Chu trinh doa doa lui dao cham
G82 - Chu trinh khoan 16 ¢6 dung G86 - Chu trinh doa Iui dao nhanh

G83 - Chu trinh khoan sau

Budc 1
Nhin chung mot chu trinh gia - ======== > r*) ~«~— Cao do xuat phdt
L}
[ I |
cong 16 gdm cac cong viéc sau: Budc 2 —» «— Budc6
[ I |
L]
Cao do6 an tbau—J) (i?
R

+— Budc 5
Buéc3 —

L]
[
L]
n
- . ¥ !
Caodbd kétthicZ 0 &

) / = = = =p= Chay nhanh
LG = Chay 4n dao

Hinh 3.3: Cdc budc ciia chu trinh gia céng 16
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1- Chay dao nhanh trong mit phiang XY t6i tm 15.

2- Tién dao nhanh xudng cao d6 tham chiéu R

3- Gia cong t6i d6 sau yéu cau (Z)

4- Gia cong tai day 10.

5- Thoat dao tr vé cao d tham chiéu R

6- Hodc thoét dao tré vé cao do xuit phat

Caodo RvaZcod
thé 1a tuyét d6i (néu lap
trinh v&1 G90) hay tuong
d6i (néu 1ap trinh voi

G91)

Hinh 3.4: Cao do R khi

s dung G90 va G91

Viée lui dao c6 thé
la t61 cao d6 R hay cao do
xuét phat tiry theo viéc

dung G99 hay G98

G90 (Lénh myét doi)

G91 (Lénh twong doi)

Point Z—"

.

I

I
Y
Point R " : i
bl

PointZ ="

G98 — Vé cao d6 xuit phat

G99 — Vé cao dd antoan R

Cao do xuat phait

T

!

Ot ———\

Cao do an
toan R

A
|
|
)

oe—toe———3

Hinh 3.5: Ché dg thodt dao
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Chay
- Pé khoan nhiéu 15, 1énh M03 phai c6 trude cac chu trinh gia cong 19.
- Khéng dugce ¢ G00, GO1, G02 va GO3 trong cac chu trinh gia cong 15. Néu ¢
cac chu trinh gia cong 16 s& bi huy.
- Dé huy céc chu trinh l4p sin dung 1énh G80 hay mdt trong cac 1énh GO0, GO1,
G02, GO3.
3.4.1. Chu trinh khoan (G81)
Chu trinh khoan G81 duoc sir dung dé khoan 13 théng thuong.
CAu trac 1énh nhu sau:
N--- G81 XX Yy ZzRrFf ;
Xx Yy: Vi tri tam 16
Zz: Cao d6 Z diém cubi cua 15
Rr: Cao d6 tham chiéu R
Ff : Luong chay dao khi khoan, tinh bang mm/p
3.4.2. Chu trinh khoan 16 ¢é dung (G82)
Chu trinh khoan 13 ¢6 dimg & day 16 G82 dugc str dung dé khoan tam, vat mép va
khoét bang dau 16.
CAu trac 1énh nhu sau:
N--- G82 Xx Yy Zz RrPp Ff ;
Xx Yy: Vi tri tam 16
Zz: Cao d6 Z diém cudi cua 15
Rr: Cao d6 tham chiéu R
Pp: Thoi gian dimg & ddy 16

Ff : Luong chay dao khi khoan, tinh bang mm/ph.
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3.4.3. Chu trinh khoan 16 siu (G83)
Chu trinh G83 duoc thiét ké dé khoan 15 sdu béi nhiéu budc an dao va thoat dao
xen k& dé thoat phoi.
Céu trac 1énh nhu sau:
N--- G83 Xx Yy Zz Rr Qq Ff ;

Xx Yy: Vi tri tam 16
Zz: Cao d6 Z diém cudi cua 18
Rr: Cao d6 tham chiéu R

Qq: Chiéu sau mdi budc dn dao

G83 (G98) G83 (G99)
Initial level
- ) A - =)

Point R 5 . Point R ¥ Point R level
‘ F W - ‘ F W W
J R I S a i:':*:*d
1 T 0y q“ . i Id
q — e ¥d - :
: S Y S

T T
q . q :
‘ 3 » Point Z 1 5 ' Point Z

Hinh 3.6: Chu trinh khoan 16 sdu (G83)
Céu triic chyong trinh gom cac budc siu:

1- Chay dao nhanh téi toa do tam 15.
2- Tién dao nhanh theo phuong Z xudng cao d6 R.
3- An dao xudng chiéu sau q
4-Thoat dao vé cao d6 R dé thoat phoi.
5- Chay dao nhanh xudng chiéu sau cit trudc do.
6- An dao xubng chiéu sau q

7- Lap lai budc 4 va 6.
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8- Thoat dao tr& vé cao do R.
3.4.4. Chu trinh tard (G84)

Chu trinh tard 15 duoc thue hién boi chuyén dong quay truc chinh theo chiéu quay
kim dong hd va chuyén dong an dao phu hop véi téc dd quay truc chinh dé dat duoc
budc ren chinh xéac va tranh gay dao.

Céu trac 1énh nhu sau:

N--- G84 Xx Yy Zz Rr Pp Ff ;
Xx Yy: Vi tri tam 16
Zz: Cao d6 Z diém cudi cua 16
Rr: Cao d6 tham chiéu R
Pp: Thoi gian xo0dy & day 16
Ff : Luong chay dao, tinh bang mm/ph.
3.4.5. Chu trinh doa tinh 16 (G85)

Chu trinh G85 duoc thiét ké dé doa 15 theo hai chiéu —Z va +Z. Qui trinh nay cho
phép dat duoc do chinh xac gia cong cao, con dugc goi la chu trinh gia cong tinh.

CAu trac 1énh nhu sau:

N--- G85 Xx Yy Zz Rr Ff ;
Xx Yy: Vi tri tam 10
Zz: Cao d6 Z diém cudi cua 15
Rr: Cao d6 tham chiéu R
Ff: Luong chay dao khi khoan, tinh bﬁng mm/ph
3.4.6. Chu trink doa thé 16 (G86)

Chu trinh doa G86 gdm céc budc twong ty nhu chu trinh khoan G81, ngoai trir thu
tuc ngirng quay truc chinh khi gia cong t6i chiéu sau day 13.

Céu tric 1énh nhu sau:

N--- G86 Xx Yy Zz Rr Ff;
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Xx Yy: Vi tri tam 10

Zz: Cao d6 Z diém cubi cua 15

Rr: Cao do tham chiéu R

Ff : Luong chay dao khi khoan, tinh bing mm/ph.
3.5. Phép lap

Pé tang hiéu suat 1ap trinh cling nhu giam thiéu kich thuéc chuong trinh cho céc
truong hop gia cong phire tap vé hinh dang hay c6 tinh 1ip vé quy trinh, vi du nhu khoan
mot tap hop 16 ¢6 cung duong kinh va cach déu nhau ... cac hé diéu khién CNC hién dai
déu dugc trang bi cac chic ning lap trinh vong liap (loops), chuwong trinh con
(subprogram) va macro.

Co thé coi vong 1dp nhu chudi 1énh dugc lap lai nhiéu lan. Chirc nang tao vong lap
cho phép 1& nhanh tré vé khéi 1énh trude trong chuong trinh va thuc hién cac khéi 1énh
trong vong lap theo sb lan chi dinh.

Chuong trinh con 1a mdt phan cta chuong trinh chinh va ¢ thé dugc goi theo yéu
cau boi chuong trinh gia cong c6 lién quan tdi chuong trinh con nay.

Macro 1a mot dang chuong trinh con dang tham bién c6 kha nang thuc hién cac
phép tinh s6 hoc, logic, r& nhanh ciing nhu cac chic nang lap lai, nd ¢ thé luu trit trén bo
diéu khién va c6 thé goi tir chuwong trinh gia cong bat ky.

CAu triic chuong trinh con hodc macro cling nhu cu trac mot chuong trinh chinh
NC. C6 thé chén chuong trinh con hodc macro vao chwong trinh chinh NC bang 1énh
hoic quy dinh riéng cta phan mém diéu khién.

CAu trac 1énh nhu sau:
N--- M98 Pxxyyyy ;
MO8: goi chuong trinh con
yyyy: tén chuong trinh con

xx: 80 1an lip lai chuong trinh.
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Chuong trinh con va chuong trinh chinh dugc luu trong bo nhd may tinh ¢ 2 tap tin

khac nhau nhung phai cung mot thu muc

Vidu ch trinh chinh:
O chuong T en Vi du chuong trinh con:
NO5 G90
/ 1
N10 GO0 X55 Y35 P 01000
N15 GO0 Z2 < NO5 GO U10
N20 M98 P20 1000
N25 GO0 Z200 ] ,
N90 M99 (két thlic
chuong trinh con)
N90 M02 (két thuc

Hinh 3.7: Chuong trinh chinh Hinh 3.8: Chuwong trinh con
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3.6. Cac vi du

Vidu 1:

Lap trinh Phay bién dang ngoai cua chi tiét dung dao phay ngén

60

"1 A
IS
V4

60

J—

i

N10 G21 G17 G90 G40 G49 G80;
N15 T01 MO6;

N20 G55; (Hoac dung G92)

N20 S1500 M03 MO08;

N25 GO0 X-10 Y-10;

N30 Z2;

N35 G01 Z-3 F200;

N40 X0 Y0;

N45 X0 Y21.3;

N50 G03 X0.5 Y30 1-0.5J8.7;
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¥

NS5 X0 Y38.7 1-10 JO;
N60 G01 X0 Y55;

N65 G02 X5 Y60 R5;

N70 GO1 X45 Y60;

N75 G02 X60 Y45 R15;
N80 GO01 X60 Y0.0;

N90 GO0 Z5;

N95 G91 G28 Z0 MO09;
N100 G28 X0.0 Y0.0 M05;
N105 M30;



Vidu 2:
Lap trinh Phay bién dang ngoai cua chi tiét dung dao phay ngén va c6 sir dung bu

trir ban kinh dao.

by

40

J
e
[l
| -
X
N10 G21 G17 GO0 G40 G49 G8O0; N50 G02 X80 Y20 R40;
N15 T01 MO6; N55 G02 X60 YO R20;
N20 G55; (Hoic ding G92) N60 GO1 X0 YO;
N20 S1500 M03 MOS; N65 G40 X-25 Y-22 ;
N25 GO0 X-25 Y-22; N70 GO0 Z5;
N30 Z-3; N75 G91 G28 Z0 MO9;
N35 GO1 G41 X0 YO D/HO1 F200 ; N80 G28 X0.0 Y0.0 MO5;
N40 X0 Y40; N85 M30;
N45 X40 Y60;

65



Vidu 3:
Str dung 1énh chu trinh G81 1ap trinh khoan chi tiét. Biét gbc toa do chi tiét cach
diém gbc may X=55, Y=-70, Z= -50. Mili khoan c6 chiéu dai L =45.
‘ﬁY 35
151,20 . 2020 . 15

!
i ( ) ( ™y Q 4 3 'd{
Ly
- 1
Lol
&— -
Z A
1 I ilﬁf | l/ | =
S P e cddd P PRl
AR P
r A ,
N10 G21 G17 G90 G40 G49 G80; N35 G98 G81 X35 Y30 Z-15 R2 F150;
N15 T01 MO6; N40 X55 Z-20 R-8 ;
N20 G92 X-55 Y70 Z50; N45 X75 Z-25 R7 ;
N20 S1500 M03 MOS8; N50 X95 Z-20 R12 ;
N25 GO0 X0 YO; N65 G80 G91 G28 Z0 M09 MO5;
N30 Z15; N70 G91 G28 X0 YO0;

N75 M30;

NOI DUNG ON TAP CHUONG 3

1. Trinh bay mdi quan hé giira 3 nhom yéu t& G41/G42, M03/04 va phay

thudn/phay nghich.

2. Lap tién trinh cong nghé gia cong hdc c6 kich thude @40 — sau 20 mm véi dao

khoan &J10 va dao phay ngon &20.
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Chuong 4
CONG NGHE LAP TRINH TIEN CNC

4.1. Co s6 lap trinh tién CNC
4.1.1. Cong nghé tien CNC
Cong nghé tién NC/CNC chiém khong nhiéu trong cac phuong phéap gia cong diéu
khién sd, khoang 25%. K¥ thuét lap trinh cho tién CNC nhin chung ciing giéng phay
nhung don gian hon, c6 nghia cac 1énh 18p trinh co ban nhu: di chuyén dao, toa do ...;
cac 1€nh Iap trinh bu trur dich chinh dao; 1dp trinh macro va chuong trinh con; cac chirc
nang lap trinh nang cao déu c6 khi lap trinh cho tién.

Phoi str dung cho may tién CNC thudng c6 dang tron xoay nhiéu bac va déi xung
qua dudng tam. Ban vé ki thuat thé hién kich thude chi tiét dudi dang duong kinh hoic
ban kinh. Hé diéu khién CNC cung cip hai phuong phap lap trinh theo phuong X: Lap
trinh theo duong kinh hoac lap trinh theo ban kinh. Lap trinh theo duong kinh hay ban
kinh tdy thudc vao céc thong sé may da cai dat. Thong thuong lap trinh theo duong kinh
duoc sir dung miac dinh vi thuan tién hon so véi 1ap trinh theo ban kinh. Mot sé hé diéu
khién nhu SIEMEN dung 1énh (G23/G22) dé chuyén ddi giira lap trinh theo dudng kinh
hoac ban kinh.

Trén may tién c6 thé tién hanh nhiéu nguyén coéng khac nhau, co ban co céc

nguyén cong sau:

Tién rdnh
ngoai =
—/
: Tién tru trong

Tién tru bic

_— Ti€n rinh
mit ddu
Tién tru
ngoai .
i€n ranh
Tién ren trong
trong

Hinh 4.1: Cac nguyén cong trén may tien CNC
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4.1.2. Lénh tién CNC
a. Léenh G

Céc 1énh quan trong trong tién NC chinh 1a cic 1énh G. Theo sau cac 1énh G 1a 2
chit s6. Mot s 1énh st dung cho phay NC c¢6 chirc ning hoan toan gidng trong tién NC.
Tuy nhién, van c6 mot s 1énh st dung riéng cho phan tién.

Lénh G c6 2 loai: Loai cach thirc (modal) va 1énh phi cach thirc (non-modal).

- Mot 1énh thudc loai modal s€ c6 tac dung cho dén khi c6 mot 1énh G khac thudc
cung nhom dugc goi.

- Cac 1énh thudc loai Non-modal chi co6 tac dung trong pham vi khéi 1énh g01 nod.

Bdng 4.1. Bang ma G code

Nhom Lénh Chirc nang
0 G04 Dung lai
GO09 Durng chinh xac
G28 Tré vé REFERENCE POINT
G52 H¢ toa d6 dia phuong
G53 H¢ toa do may
G92 Cai dat hé toa do
1 G00 DPinh vi tri (v6i tdc d6 nhanh — toc do chay khong)
GO01 Noi suy duong thang
G02 Noi suy dudng tron cung chiéu kim déng ho
G03 Noi suy duong tron nguogc chiéu kim dong ho
2 G17/G18/G19 Mit phing XOY/ ZOX/YOZ
G90/G91 Toa do tuyét doi/ Toa do tuong do6i
5 G94 Pon vi chay dao mm/phut
G95 Pon vi chay dao vong/phut
6 G20/G21 Pon vi do luvong 1a INCHES/ MILLIMETERS
7 G40 Két thuc higu chinh ban kinh dao
G41 Hiéu chinh ban kinh dao trai
G42 Hi¢u chinh ban kinh dao phai
8 G43 Hiéu chinh chiéu dai dao duwong
G44 Hiéu chinh chiéu dai dao &m
G49 Két thuc hiéu chinh chiéu dai dao
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9 G80 Két thiic chu trinh khoan 15
G81 Chu trinh khoan 15
G83 Chu trinh khoan gidn doan
G84 Chu trinh tar6
G85 Chu trinh doa 16
10 G98 Rt tré vé mit phang xuat phat
G99 Rt tro vé mat phéng an toan
13 G97 Pon vi téc do vong (vog/phiit)
14 G54 Zero offset 1
G55 Zero offset 2
G56 Zero offset 3
G57 Zero offset 4
G58 Zero offset 5
G59 Zero offset 6
17 G15/G16 Két thuc/Bat dau toa do cuc
b. Lénh M

Cac Iénh phu thuong dugc goi la cac Iénh M, bao g6m tir khéa M va 2 chii sb di

kém theo. Lénh M duoc st dung dé diéu khién viéc déng/ngit cac chirc ning phu cua

may. Gan nhu hau hét cc 1énh M str dung cho may phay CNC déu c6 thé str dung cho

may tién CNC. Tuy nhién ciing ¢c6 mét s6 1énh M chi sir dung riéng cho mdy tién. Duéi

day 1a danh sach cac 1énh M duoc str dung phd bién nhit cho may tién CNC.

MO0
MO1
MO02
MO03
MO04
MO05
MO8

: Dung chuong trinh

: Dimg chuong trinh khong diéu kién.

: Két thuc chuong trinh.

: Quay truc chinh theo chiéu kim dong ho.

: Quay tryc chinh theo chiéu nguoc kim dong ho.
: Dung truc chinh.

: M& dung dich tron ngui.
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M09 : Tat dung dich tron ngudi.

M23 : Rut dao nghiéng mot goc 45° khi tién ren.

M24 : Huy bo 1énh M23.

M68 : CLAMP ON — M¢ dén hiéu.

M69 : Tét dén hiéu.

M98 : Goi chuong trinh con.

M99 : Két thuc chuong trinh con, trd vé chwong trinh chinh.

4.1.3. Dao tién

C6 hai van dé lién quan dén dao tién bao gém viéc chon lya dao trén mam dao va
hiéu chinh kich thudc dao cit. May tién CNC thuong ¢6 mot hodc 2 mam dao cho phép
thay doi dugc nhiéu dao. Khi sir dung nhiéu dao trong cing mét chuwong trinh, can hiéu
chinh kich thudc dao theo dao chuan. Chuong trinh duoc viét cho dao chuan va sau d6
duoc hiéu chinh lai theo kich thuéc dao thuc té. Lénh goi dao bat dau béng tir khoa T va
bbn chir s6 di kém. Céc chir s6 nay duogc chia thanh 02 nhom, mdi nhém 2 chir s6 véi y
nghia khac nhau. Nhém 2 s6 dau 1a sb thr tu dao trén 6 dao, nhoém 2 s6 sau sir dung dé
xac dinh cac thong s6 hiéu chinh dao thong qua s6 thir tu hiéu chinh dao.

Phan 16n may tién CNC sir dung 12 dao (tir 01 — 12) bao gdm 2 mam dao va 32 s6
(01 — 32) st dung cho viéc hiéu chinh kich thudc dao. Néu sb thi tu 1a 00 c¢6 nghia 1a hay
bo churc nang hi¢u chinh dao, vi vdy thuong dugc st dung trude khi goi 1€nh thay dao
hoic khong xét dén su bu trir dao.

Vi du:

T0101 : chon dao s6 01 va s6 thtr tw hiéu chinh dao 1a 01
T0312 : chon dao s6 03 va s6 thtr ty hiéu chinh dao 1a 12
TO0500 : chon dao s6 05 va khong hiéu chinh dao.

Hai dao T02 va T04 dugc str dung trong cung mot chuong trinh, dao T02 st dung
dé tién tru vai s thi tu hiéu chinh dao 1a 02, dao T04 six dung dé gia cong tinh va s6 thir
tu hi€u chinh dao 1a 14. Chuong trinh mo ta dudi day chi ra thi ty thay dao:

N15 T0202: Chon dao 2 va sb thi ty hiéu chinh dao 1a 2
N50 T0200: Chon dao 2 va huy bé viéc hi¢u chinh dao.
N70 T0414: Chon dao 4 va sb thir tu hiéu chinh dao 13 14
N90 T0400: Chon dao 4 va huy bo viéc hi¢u chinh dao.
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4.1.4. Toc dé cit

Ban dao duoc di chuyén theo 2 phuong thirc co ban sau day:

- Di chuyén véi toc d chay dao nhanh dén mét vi tri xac dinh (con goi 1a dinh vi
nhanh), trong qua trinh di chuyén dao khong cit vt liéu.

- Di chuyén voi toe do cat xac dinh, dao thuc hién qui trinh gia cong chi tiét.

Di chuyén nhanh dugc str dung trong céac 1énh dinh vi nhu GOO. Tbc do di chuyén
cho mdi truc dugc xac dinh trudc bang cac thong sé may di kém. Vi vay khi goi 1énh
khong can khi bao tdc d6 cit F. Tdc do 16n nhat c6 thé dat khoang 600 IPM (inch per
minute) hodc cao hon. Tuy thudc vao ti 1& phan trim trén nim xoay ctia panel diéu khién,
tdc do thuc co thé dat 25%, 50% hoic 100% tdc do mic dinh ciia mdy.

Di chuyén véi toc d6 xac dinh dugc sir dung trong nhiing cau Iénh gia cong, vi du
nhu 1énh ndi suy duong thing GO1 hodc ndi suy dudng tron GO2 hoic G03. Tc do cat
dugc xac dinh bang lénh F phut (G98), vong quay (G99).

Déi vai tién, toc do cat thuong duoc xac dinh theo don vi/vong. Vi vdy, mot sb
may tién su dung G99 (don vi/vong) nhu gia tri mac dinh. Sau day 1a mdt s6 thi du vé tbc
do6 cat:

G20 G98 F10.0;  tdc do cdt 10 IPM
G70 G94 F10.0;  tbc do cat 10 IPM theo hé diéu khién My

G21 G98 F250.0;  tbc do cat 250 MMPM
G71 G95 F10.0;  tbc do cat theo hé diéu khién My

G20 G99 F0.003;  tdc do cat 0.003 IPR
G70 G94 F0.003;  tbc do cat theo hé diéu khién My

G21 G99 F0.01;  tbc do cat 0.01 MMPR
G71 G95 F0.01;  tbc do cat theo hé diéu khién My
4.1.5. Toc dé truc chinh
béi véi may tién CNC, tdc do truc chinh co thé thay ddi vo cép. Pé van tde cat 1a
khong d6i, khi duong kinh phéi 16n, toc do vong truc chinh s& nhé. Nhung khi duong
kinh phoi nho, téc do vong phai ting. Dudi ddy 1a mot sb 1énh cai dit tdc do truc chinh

khi tién NC:
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G50 (G92 theo hé M¥): cai dit téc do truc chinh 16n nhat (RPM)
G96 : tbc do mit khong ddi (FPM: feet/phut)
G97 :tbc do truc chinh khong doi (RPM: vong/phut)
Sxxxx: toc do truc chinh.
a. Cai ddt ché dé toc dé mdt khong doi (G96)

Tbc dd mat 1a toe do tuong ddi gitra miii dao cit so v6i bé mit phoi tai diém tiép
xuc. Lénh G96 s¢ gilr tdc do cét ludn 6n dinh theo gia tri khai bdo trong cau I¢énh tai cac
vi tri khac nhau trén bé mit chi tiét. Thong sb tdc do S phai ludn di kém theo trong cau
Iénh.

Vi du:

G20 G96 S600 : toc 46 mat 600 FPM
G21G96S300 : téc do mat 300 MPM

Khi st dung 1énh G96, may s€ tu dong diéu chinh tdc d6 truc chinh sao cho tdc do
mat tai vi tri duong kinh hién hanh ludn khong thay doi va bang véi gia tri xac dinh trong
cau lénh.

b. Cai dat toc @6 vong Iém nhdt (G50)

Khi sir dung 1énh G96, tdc d6 mit khong thay d6i tai cac vi tri ban kinh khac nhau.
Pé dam bao duoc diéu nay, tdc do vong cua tryc chinh phai thay d6i mot cach vo cap:
Khi dudng kinh 16n thi tbc d6 vong s& nho va khi duong kinh nho thi tbc do vong s& 16n.
Néu duong kinh dan dén 0 (khi tién mat) thi trén 1y thuyét toc do vong phai tang 1én rat
cao. bé gi61 han tde do vong tai mot gia tri cho phép lon nhét, co thé su dung Iénh G50
voi cAu tric cau 1énh nhu sau: G50 Ss

Lénh G50 sé khong ché téc do truc chinh ¢ gia tri nay du dudng kinh chi tiét gia
cong c6 giam dén 0. Noi cach khac, téc do truc chinh khong thé vuot qua gii han trén.

c. Cai ddt toc do vong cé dinh (G97)

Lénh G97 st dung dé cai dat tbc do vong truc chinh ¢ dinh theo don vi
vong/phiit. Trong ché do nay, do téc do vong khong doi nén toc do mit s& thay doi tuy
theo duong kinh chi tiét. Vi vay, 1énh G97 con dugc sit dung d& hay bo ché do tbe do mit
¢6 dinh G96. CAu tric 1énh nhu sau: G97 Ss

Khi 1énh G97 dugc goi may s& diéu chinh s6 vong quay truc chinh ¢é dinh theo

gia tri trén.
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4.1.6. Piém chudn tham chiéu ciia mdy
a. Piém chudn tham chiéu cia mdy

Piém tham chiéu ctia may c6 vi tri ¢6 dinh trén may, noé duoc xac dinh trudc boi
cac cong tac hanh trinh trén mdi truc di chuyén. Bo diéu khién st dung diém chudn nay
dé xac dinh vj tri cua géc toa d§ va hé théng toa do trén may. Trén may tién CNC, diém
tham chiéu nay thudng nam & vi tri xa nhit so v&i vi tri ctia mam cip.

Thong thudng sau khi mé may can di chuyén mam dao vé diém chuan tham chiéu
may nham cai dit lai cac thong s6 toa do. Co thé tu dong di chuyén béng lénh G28. Lénh
G28 thuong dugc stir dung trudce khi thay dao boi vi viée thay dao thuong dugce thuc hién
tai vi tri diém chudn tham chiéu may. G28 con duoc dung & cudi chuong trinh nham dwa
mam dao vé vi tri bat dau chuong trinh méi hodc thuc hién lai chuong trinh cii.

b. Cai dat hé toa do chi tiét

St dung tryc tiép diém chuan may nhu gdc toa do chi tiét thuong giy nén kho
khén cho viéc tinh toa do. Dé don gian, co thé st dung mat s6 1énh dic biét dé dinh nghia
géc toa do tai cac vi tri thich hop: G50 va G92 dugc st dung dé cai dat lai gé)c toa do cho
may tién. Trong d6 hé diéu khién fanuc ding G50 va hé diéu khién US ding G92.

CAu trac 1énh xac dinh hé toa do nhu sau:

G50 Xx Zz; hoac G92 Xx Zz.

Trong do: x, z l1a toa d0 cuia dao & vi tri hién tai so voi géc toa do moi. Khi goi
1énh G50, dao c6 thé & vi tri bat ky.

Tuy nhién, khi c6 nhiéu dao duoc st dung trong cung mdt chuong trinh, can dinh
nghia lai gdc toa do cho mdi dao tiiy theo thong s6 va kich thudc dao. Lénh G50 véi gia
tri toa do tuong dbi duoc str dung trong trudng hop nay, cAu trac 1énh nhu sau:

N--- G50 Uu Ww;

Trong d6: u va w 1a khoang cach twong ddi gitra mili dao chuan va mii dao dang
xét theo phuong X va Z. Lénh nay khong lam thay ddi gbc toa do dang str dung, c6 nghia
1a n6 khong cai dat lai géc toa d0 mGi ma chi thé hién méi lién hé vi tri gitta miii dao hi¢n
tai va miii dao chuén..

4.1.7. Tré vé diém chudn tham chiéu ciia mdy

Diém chuan may la diém duoc xac dinh ¢ dinh trén may. Piém chuan may co 2

tac dung co ban: mot 1a su dung dé dinh nghia cac géc toa do gia cong khac nhau, hai la

vi tri ma & d6 viéc thay dao ty dong dugc tién hanh. Mam dao thudng dugc di chuyén vé
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phia diém chuan mdy trudc khi thuyc hién chuong trinh hodc tién hanh thay dao. Co thé
tién dao vé diém chuin may theo 2 phuong phap: Véan hanh truc tiép va tu dong.
a. Van hanh truc tiép

Pon gian chi viéc nhan nit co chic ning tra ban may vé diém chuin may trén
panel diéu khién, may s& tu dong doi ban dao vé diém chuan tham chiéu may theo thir tu
ting truc. Viée thiét ké nut chie ning trén panel diéu khién phu thudc vao nha thiét ké va
tung loai may.

b. Chay dao tw dong

C6 2 1énh dugc st dung dé di chuyén ban dao vé diém chuin may: Lénh G28 va
G30.

- Lénh G28 di chuyén ban dao vé diém chuan mdy khong theo ting tryc, cau tric
1énh nhu sau:

G28 Xx Zz; hoac G28 Uu Ww;

Trong d6: x, z 1a toa do tuyét ddi cua diém trung gian va u, w 1a khoang cach
tuong ddi theo 2 phuong X va Z cia diém trung gian so v&i vi tri hién tai. Lénh G28 di
chuyén dao nhanh tir vi tri hién tai dén diém trung gian dugc cho trong cau Iénh. Sau do
tiép tuc di chuyén ban dao vé diém chuan may.

- Lénh G30 duogc st dung dé di chuyén dao vé diém tham chiéu tht 2, thtr 3 hodc
thtr 4. Toa do cua cac diém nay duoc xac dinh bdi thong sb may. Viée di chuyén dao
trong cau 1énh G30 ciing twong ty nhu G28. Cau trac 1énh nhu sau:

G30 Pp Xx Zz;

Trong d6: p — chi s6 diém chuan; x, z 12 toa d6 tuyét ddi cta diém trung gian. Lénh

G30 duoc st dung khi viéc thay dao tu dong khong duoc thue hién tai diém chuan may.
4.1.8. Chuwong trinh NC

Chuong trinh NC bao gdom chudi chi thi di chuyén dao, chi thi dong/ngat va phu
tro can thiét dé diéu khién may tu dong thuc hién cong viéc gia cong. Cong viéc xac lap
tién trinh di chuyén dung cu ciing cac chi thi 1ap trinh cu thé va luu trir cac thong tin nay
trén thiét bi mang tin dudi dang ma 1énh phuc vu cho qua trinh doc dir li¢u ty dong boi hé
diéu khién , duoc goi 1a 1ap trinh NC.

C6 nhiéu dinh dang chuong trinh NC. Pinh dang dugc st dung phd bién nhét 1a
dinh dang dia chi 1énh (word address format). Pinh dang nay bao gdm cic mi 1énh duoc

truyén dén h¢ thong servo, cac role, cong tac....dé thuc hién cac di chuyén va tadc vu can
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thiét cho viéc gia cong. Theo ti€u chuan qui dinh, cdc ma 1€nh nay duoc lién két theo
trinh tu logic dé tao thanh khdi (block) thong tin. Mdi khdi théng tin bao gdm cac thong
tin vira du dé thuc hién mét bude gia cong.

Sau ddy chung ta s& dé cap chi tiét hon vé cAu trac chuong trinh, bao gém: Dia chi
1énh (address), 1énh (word), khéi 1énh (block) va chuong trinh (program).

a. Pia chi léenh

Chtr cai alphabet dau 1énh, chi thi vi trf luu trit dit lidu s theo sau duogc goi la dia
chi 1énh. Bang 4.2 gidi thiéu cac dia chi thong dung va y nghia cta chung. Co thé sur
dung mdt s6 dija chi cho céac dai luong khac nhau, phu thudc vao I¢nh G tuong ung.

Bdng 4.2 Bang dia chi lénh

Nhém lénh Pia chi Y nghia
S6 hiéu chuong trinh O S6 hiéu chuong trinh
S6 thtr tu khoi 1énh N So thtr ty khoi 1énh
Lénh G G Phuong thirc ndi suy chuyén dong.
X, Y, Z | Truc chuyén dong tinh tién chinh
U,V,W | Truc chuyén dong tinh tién phu
Kich thuoc A, B, C | Truc quay chinh
,J, K Toa do tm cung tron
R Ban kinh cung tron
Toc do chay dao F Tbc d6 chay dao FPM
Toc do truc chinh S T6c d6 quay truc chinh
Chon dao T S6 hiéu dao
M Lénh déng/ngat (on/off)
Lénh phu . :
B bicu khién ban xoay
S6 hiéu thanh ghi dich chinh D,H | S hiéu thanh ghi dich chinh
Dung tam thoi P, X Thot gian dirng tam thot
Lénh goi chuong trinh P S6 hiéu chuong trinh con; so lan
1ap lai chuong trinh con.
Tham s6 P,Q Tham s6 ctia chuong trinh

b. Lénh (word)

Lénh 14 chudi ky tu chix, s6 chi thi mot dai lugng diéu khién nhét dinh, thi du:
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N10 s thir ty khoi lénh
GOl ndi suy duong thing
X2.0 tga do phuong X
c. Khoi lénh (Block)
Khéi 1énh 14 chudi 1énh ddy du dé thuc hién mot thu tuc di chuyén hodc mot tac vu
hoat dong cia may va duoc coi 1a don vi co ban ciia chuong trinh. Moi khdi 1énh bat dau

boi 1énh thir tw (N....) két thuc boi ky tu két thuc khéi 1énh (;).

Vi du:
N---  G--- X Y-- M- S T
Sothity  Lénh G Lénh kich thurée Lé¢nh phu  Lénhtéc dd ~ Lénhchon gy iy kiét
khéi 1&nh truc chinh dung cu cit  thic khéi 1énh

d. Chuong trinh
C6 2 loai chuong trinh: Chuong trinh chinh (main program) va chuong trinh con (
subprogram). Tién trinh diéu khién dugc thuc hién theo chuong trinh chinh. Khi xuat
hién 1énh goi chuong trinh con trong chuong trinh chinh, tién trinh diéu khién duoc
chuyén dén chuong trinh con va khi 1énh tré vé chuong trinh chinh duoc khai béo trong
chuong trinh con, tién trinh diéu khién dugc tra vé chuong trinh chinh. Cau triic chuong

trinh NC theo tiéu chuin ISO- 6983:

Tiéu dé
——

baubing _[,0  TTLE: «— Bitdau chuong
00001 ; twinh
Ving | (COMMENT): <1 Ving ghi chi
chuong |
trinh :
M30;
% Cuoi chwong

*

trinh

4.2. Cac 1énh di chuyén dao
Bo diéu khién CNC cung cip 3 kiéu 1énh co ban dé di chuyén dao:
- Chay dao nhanh
- Noi suy dudng thing

- Ni suy cung trong
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4.2.1. Chay dao nhanh (G00)
GO00: Chay dao nhand (Rapid Feed) (khong cét got)
Lénh GOO str dung dé dinh vi dao tai vi tri xéc dinh véi tbe do nhanh.
CAu tric ciu 1énh:
- Toa do tuyét ddi:
N--- GO0 Xx Zz;
- Toa do tuong doi:
N--- GO0 Uu Ww;
Trong do: x, z 1a hai gié tr1 toa do cua diém cubi
u, w 12 khoang cach twong ddi cia diém cudi so v6i diém hién tai.
4.2.2. Chay dao néi suy dwong thing (G01)
GO01: Noi suy theo dudng thing (Leaner interpolation)
Lénh GO1 cho phép di chuyén dao theo duong thang tir vi tri hién tai dén vi tri
dugc xac dinh trong cau Iénh. Lénh GO1 thuong c6 thong s6 F di kém
CAu tric cau 1énh:
- Toa d6 tuyét dbi:
N--- G01 Xx Zz Ff;
- Toa d6 tuong dbi:
N--- GO1 Uu Ww Ff;
Trong do: x, z 1a hai gia tri toa do cua diém cubi
u, w 1a khoang cach tuong ddi ciia diém cudi so v6i diém hién tai.
4.2.3. Chay dao ngi suy cung tron (G02/G03)
Lénh G02 va G03 cho phép di chuyén dao theo cung tron.
- G02: N6i suy theo chiéu kim dong ho.
- G03: Ndi suy theo chiéu ngugc kim dong hd
Cau triic cau lénh:
- Toa do tuyét ddi:
N--- G02/G03 Xx Zz Rr Ff; theo ban kinh
N--- G02/G03 Xx Zz li Kk Ff; theo toa d tam twong d6i
- Toa d¢ twong ddi:
N--- G02/G03 Uu Ww Rr Ff; theo ban kinh
N--- G02/G03 Uu Ww li Kk Ff; theo toa do tim tuwong d6i
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Bing 4.2 Bang tham sé ndi suy cung tron

Théng s6 Lénh Ghi chu

Piém dau cung tron Toa d6 x, z cua diém bat dau cung
duoc xac dinh boi di chuyén vira
duoc thuc hién trudc do

G02 Cung duogc thyc hién theo chieu kim
Chiéu quay dong ho. .
GO03 Cung dugc thuc hién theo chiu
ngugc kim dong hd.

X, Z Toa d6 diém cudi cung tron dugc tinh
Piém két thiic cung tron theo toa dé tuyet fiél-
u, w Toa d§ diém cudi cung tron dugc tinh
theo toa do twong doi
Tam cung tron hodc ban I, K Khoang cach tuong doi ctia tim cung
. tron so voi diém dau.
kinh 1 P .
R Ban kinh cta cung tron
Toc do cat F Toc do cat khi gia cong

4.2.4. Cit ren véi buwéc ren khong doi (G32)
Lénh G32 dung dé cat ren thang, ren con, ren xoan voi budce ren khong d6i. Pay 1a
1énh cit ren don, thuong duogc str dung voi Iénh GOO dé hoan thanh chu trinh ct ren.
CAu trac l1énh nhu sau:
N--- G32 Xx Zz Ff;
N--- G32 Uu Ww Ff;
Trong do
X, 2 : 1a toa do diém cudi.
f: budc ren.
4.3. Bu trir va cai dit thong sé dao tién
DPoi v6i cac may tién CNC, do cac thong sb cua dao tién khac véi dao phay nén
d6i v6i may tién thuong st dung thuat ngir sau: Offset dao va bu trir ban kinh mili dao.
4.3.1. Offset dao
Viéc offset dao chinh 13 viéc bu trir cac sai 1éch vé khoang cach giira diém cit thuc
té ctia dao thuc so véi dinh dao chuan. Su sai 1éch nay thudng xay ra do 3 yéu td sau:
- Su khéc biét vé thong s6 hinh hoc va kich thudc caa dao thue so véi dao chuén.
- Cac 16i khi ga dao & mam dao: cao hodc thap tim

- Do mon dao
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Puong chay dao 1ap trinh luén dugc viét cho miii dao chuan. Pudng chay dao
thue duoc suy ra tir duong chay dao 14p trinh bang cach cong hoic trir di cac gia trj offset

OFX va OFZ.

4
OFX Piém chudn
Dao cmléni Dao thuc
i 4
FA—
oy L w d -
H =z 7 o
e iém chuan do OF7Z,
Fx OFZ = ~
(@]
o

(xy:)
Hinh 4.1: Offset dao sir dung dao chudn
4.3.2. Ba trir ban kinh dao
Thong thuong dao tién c6 mot goc lugng véi ban kinh nhé & mii dao thay vi
thang goc. Ly do 1a dé lam ting tudi tho ctia dao, giam sy tap trung Ung suat, ting kha
nang thoat nhiét va tao nén d6 bong bé mit chi tiét gia cong.
Goc lugng d6 dugce chon lam miii dao va ban kinh twong tng dugc goi 1a ban kinh

dao. Khi dé viéc bu trir ban kinh dao 13 can thiét khi chon dao gia cong.

Tam miii dao

OFX

Ban kinh mii dao

&,

Mii dﬁk

Hinh 4.2: Hinh hoc miii dao tién
Dé x4c dinh toa do khi 1ap trinh co thé st dung tdm ctia mii dao hodc miii dao ly

thuyét. TAm ctia mili dao chinh 1a tdm cua goc luong tai mili dao.
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Miii dao 1y thuyét duoc dinh nghia 1a diém giao ctia hai dudong thing song song

v6i1 2 tryc X va z va ti€p xuc véi miii dao thye.

IM&m dao

Tém mii dan

Earimg song song miil dao
vl truc z va tiép

wic wit mii dao

e

I dan
Iy thuvét

Baring song song
Wil truc z va tiep
sicvi mii dao

Hinh 4.3: Miii dao 1y thuyét

Néu sir dung tam mili dao dé 1ap trinh:

Khong bu trir ban kinh dao  Bjen dang lap trinh

Phan dién tich

okt thira Bién dang thyuc

Co bu trir ban kinh dao . . -
Pudng tAm mii dao

Bién dang lap trinh
Bién dang thuc

Hinh 4.4: Ldp trinh sir dung tam miii dao
4.4. Céc 1énh vé chu trinh
Chu trinh gia cong 1a mot khoi tap hop tir nhiéu cau lénh di chuyén theo mot cau
tric nhét dinh nhim thuc hién mot nguyén cong ¢d dinh. Trong hé diéu khién Fanuc

thuong c6 3 nhém chu trinh:
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- Chu trinh don
- Chu trinh hén hop
- Chu trinh gia cong 16.
Trong d6, chu trinh hon hop gdm céc 1énh:
- G70: Chu trinh gia cong tinh.
- G71: Chu trinh tién hudng truc
- G72: Chu trinh tién hudéng kinh
- G73: Chu ky tién chép hinh
4.4.1. Chu trinh gia cbng tinh (G70)

Chu trinh gia cdng tinh G70 khong dugc sit dung mdt cach doc 1ap ma phai sur
dung kém theo mot trong 3 1énh chu trinh gia cong tho: G71, G72, G73.

CAu trac 1énh G70 nhu sau:

N--- G70 Pns Qnf
Trong do:
ns : sO thir ty khéi ban dau.
nf: sb thir tu khéi két thuc.
4.4.2. Chu trinh ti¢n hwong truc (G71)

Chu trinh G71 dugc st dung dé gia cong thd phoi tir bién dang ban dau dén khi dat
dugc bién dang gan gidng voi bién dang yéu cau véi mot lugng du nho vira du dé gia
cong tinh trong budc tiép theo.

Lénh G71 ¢6 céu triic nhu sau:

N--- G71 Ud Re ;
N--- G71 Pns Qnf Uu Ww Ff Ss;

N (R) A/
® L
(F
A 45° = v

Bién dang lip trinh

(F) : Chaydaovditécdd F

(R) : Chay dao nhanh i
—l W
A

Hinh 4.5: Puong chay dao cia chu trinh tién thoé huong truc
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Trong do:

ns: sb thtr tu khdi bit dau chu trinh
nf: s6 thir ty khdi két thuc chuong trinh
u: lvong du gia cong tinh tinh theo phuong X
w: lugng du gia cong tinh tinh theo phuong Z
d: chiéu sau cho mdi budc cit thd, tinh theo ban kinh va khong dau.
e: khoang Iui thoat dao sau mdi hanh trinh.
f,s: cac thong sb vé toc do cit.

4.4.3. Chu trinh tién huwong kinh (G72)

Chu trinh G72 duoc st dung dé gia cong tho phoi tir bién dang ban dau dén khi dat
dugc bién dang gan gidng vai bién dang yéu cau véi mot luong du nhé vira du dé gia
cong tinh trong budc tiép theo.

Lénh G72 ¢6 céu triic nhu sau:

N--- G72 Wd Re ;
N--- G72 Pns Qnf Uu Ww Ff Ss;
Trong do6:
ns: s6 thir tw khoi bat dau chu trinh
nf: s6 thir tu khéi két thuc chuong trinh
u: luong du gia cong tinh tinh theo phuong X
w: lugng du gia cong tinh tinh theo phuong Z
d: chiéu sau cho mdi budc cat thd, tinh theo ban kinh va khong dau.
e: khoang Iui thoat dao sau mdi hanh trinh.

f,s: cac thong so vé toc do cat.

Bién dang ldp trinh

Hinh 4.6: Buong chay dao cia chu trinh tién thoé huong kinh
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4.4.4. Chu trinh tién chép hinh (G73)

Mot sb phoi rén hoidc phéi duc c6 hinh dang gan gidng véi chi tiét yéu cau, lugng
du gia cong nho du dé gia cong ban tinh va gia cong tinh. Déi véi dang phoi nay, néu
dung 1énh tién hudng truc G71 hodc hudng kinh G72 dé gia cong s& khong dat hiéu qua
Ccao.

B diéu khién tién CNC cung cap mé 1énh G73 cho phép tién chép hinh theo bién
dang xac dinh trude, duong chay dao cua 1énh G73 ludn di doc theo bién dang va co thé
13p lai nhiéu lan.

Sau mdi budc lip lai, bién dang gia cong tién lai gan dén bién dang that (bién dang
chi tiét). Chiéu sdu mdi budc duoc xac dinh trong cau lénh.

CAu tric cau 1énh G73 nhu sau:

N--- G73 UAIi WAKRd ;
N--- G73 Pns Qnf UAu WAw Ff Ss;

Trong do:

i: lugng du gia cong tho tinh theo phuong X
k: luong du gia cong tho tinh theo phuong Z
d: s budc 1ap lai.

4.4.5. Chu trinh cit ren hon hop (G76)

Chu trinh G76 1a mét chu trinh cit ren tu dong. N6 dugc str dung dé cit ren véi
nhiéu budc 1ap ma khong can phai goi lai 1énh. Véi cac thong s6 cho trude trong cau
1énh, bo diéu khién tu dong ndi suy ra cac budc lap véi chiéu sau cét va diém bét dau cho
modi budc.

CAu trac 1énh nhu sau:

N--- G76 Pmra Qdmin Rd ;

N--- G76 Xx Zz Ri Pk QAd Ff ;
Trong do:

m: s6 1an gia cong tinh

r: khoang véat ren

a: goc dao: 80, 60, 55, 30, 29, 0

dmin: chiéu siu cit nho nhit,

X, Z: toa d6 di€m cudi cia ren
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i: sai Iénh duong kinh tai diém bét dau ren so véi duong kinh tai
diém két thuc ren.
k: chiéu cao ren tinh theo ban kinh
Ad: chiéu sau cit cho budc dau tién tinh theo ban kinh.
4.4.6. Chu trinh tién ranh huwong kinh (G75)
CAu trtc 1énh nhu sau:

N--- G75 Re
N--- G75 Xx Zz PAi Pk QAkK Ff ;

(R) _‘-*t

L

(R

() ‘Lﬁ

U2

il ] |

()

I
1 U |
I |l

S |.— Ad

Ak X

. W () — Chay nhanh
[(Fy — Chay cham

Hinh 4.7: Buong chay dao cia chu trinh tién ranh huong kinh
Trong do:
X: duong kinh ranh theo phuong X
z: toa d6 diém cubi cta rinh theo phuong Z
e: khoang céch lui dao theo phuong X
Ak: khoang cach dich chuyén dé gia cong 16p tiép theo.
Ai: Chiéu sau mdi 16p cat theo phuong X
Pic diém chay dao:
Dao s& tién ranh tir xa dén gan tam.
Trudc tién phai di chuyén dao cat rinh dén vi tri xa nhat cua rinh can cat va cach

mat phoi theo phuong X mot khoang 1én hon hoic bang d
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Khi gap G75 dao sé& di chuyén nhu sau:
- Chay dao nhanh ttr vi tri hién tai dén cach mat phoi theo phuong X mdt khoang e
- Tién dao véi tbc do F va gia cong mot khoang bang chiéu siu Ai
- Rut dao nhanh ra mét khoang Re dé thoat phoi.
- Gia cong tiép 16p Ai tiép theo, bude 2 va 3 lip lai dén khi cit hét chiéu sau ranh.
- Sau d6 dao rut ra cach mat chi tiét mot khoang e.
- Dao dich chuyén mét khoang Ak dé cit 16p tiép theo.
- Qué trinh 2 -> 6 ldp lai cho dén khi tién xong ranh.
45, Cacvidu
Yéu cau lap trinh NC gia cong chi tiét hinh dudi va kiém tra quy dao cat bang phan

mém ti€én mo phdéng.

<
Budce 1: 1.5%45°
« Nghién ctru chi tiét gia cong, —\F i
chon phoi vat liéu véi kich thuoc: o < To 2
‘ o o ddaf LS o) X
Chidu dai phoi: Lz=46+3+10 © Sl s 9
>
+20+2=81mm \
) B 1,5%45°
buong kinh phéi: Lx =34 mm 17,2
* G4 dat:Mam cdp ba chu tu - 23
dinh tdm. Chuan thao chuong 13 mit 35
dau chi tiét 46
Hinh 4.8
* Trinh tu gia cong va lap phiéu
nguyén cong
Ché do cit
T Budc cong nghé Dao t . S
F (mm/vong)
(mm) (vong/phit)
1 Vat mit dau TL| 2 0.2 1000
2 | Tién tho boc vo bién ngoai | T1 0.2 1000
3 Tién tinh bién ngoai T2 | 05 0.1 1500
4 Tién ren T3 | 0.1 15 300
5 Cat dut T4 | 3 0.1 500
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Budc 2: Thiét ké quy dao cit va quy dao chay khong

o 14

s o 11 10 J )
o a4
8 ?3
Hinh 4.9 P Z
e FrSi B I - _._._._._.E/g‘;;__,
gl 7
Toaddp| 1 [2[3[3[4]5[]6] 7 [8[]9]10]11]12]13]14]15
% |38|-2]30[15|18| 18 (18 | 15 |15 |20 |24 | 24 | 30 | 30 | 32 | -2
7 |0|0|4|2|0]|-15|-16|-175|-21|-21|-23|-35|-38 |-50 | -46 | -46
Budc 2: Soan thdo chuong trinh NC
N10 G90 G95
N20 T1 S1000 M4 * Goi dao T1
N30 GO Z0
N40 GO X38
N50 G1 X-2 Z0 F0.2 * Vat mat dau
N60 GO X30 z4 * Vi tri diém 3
N70 G71 P5000 Q5120 D1.0 U0.5 W0.5 F0.2 S1200 * Tién thod boc vo
N80 GO X50 Z200 * V& vj tri thay dao
N90 M5
N100 T2 S1500 M4 * Thay dao 2
N105 G42
N110 G70 P5000 Q5120 F0.1 S1500 * Tién tinh bién dang
N115 G40

N120 GO X50 Z200

N130 M5
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N140
N150
N160
N160
N170
N180
N190
N200
N210
N220
N230
N240
N250
N260

T3 S300 M4

GO X18 72

G76 P030460 Q0.3 R0O.5

G76 X15 Z-18.5 P1.5Q0.5 F15

G0 X50 Z200

MS

T4 S500 M4

GO X50 Z-46

GO X32

Gl X-2

GO0 X50

GO0 Z200

M5

M2
N5000
N5010
N5020
N5030
N5040
N5050
N5060
N5070
N5080
N5090
N5100
N5110
N5120

GO X15 72
G1 X15 Z0
Gl X18 Z-15
Gl X18 Z-16
Gl X15 Z-17.5
Gl X15 Z-21
Gl X20 zZ-21
G2 X24 Z-23
Gl X24 Z-35
G3 X30 Z-38
G1 X380 Z-50
Gl X34 Z-50
M99
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* Thay dao 3

* Tién ren

* Thay dao 4

* Cat dirt chi tiét

* Vi tri diém 3’
* Vi tri diém 4
* Vi tri diém 5
* Vi tri diém 6
* Vi tri diém 7
* Vi tri diém 8
* Vi tri diém 9
* Vi tri diém 10
* Vi tri diém 11
* Vi tri diém 12

* Vi tri diém 13

* Két thiic chuong trinh con



NOI DUNG ON TAP CHUONG 4
1. Phan biét nhom 1énh Modal va Non-Modal. Cho vi du
2. Hay trinh bay va giai thich cau tric tong quat ciia mot khéi 1énh

3. Tai sao phai bu ban kinh cho dao tién?
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Chuwong 5

LAP TRINH GIA CONG TU PONG VOI
MASTERCAM

5.1. Giéi thigu phan mém MasterCam

Hién nay voi su hd tro cia cong nghé thong tin, hé théng CAD/CAM tich hop
duogc phat trién rat nhanh chong. N6 da tao nén sy lién thong tir qua trinh thiét ké cho dén
ché tao trong linh vic co khi. Xu thé hién nay cac nha ky thudt phat trién cha yéu 1a hé
thdng CAD/CAM tich hop. Nhitng phan mém CAD/CAM tich hop dang sir dung phd
bién hién nay nhu: MasterCam, EdgeCam, SolidCam, DelCam, SurfCam, Vericut,
Topmold, Cimatron, Catia/Auto NC, Pro/Engenieer, HyperCam, v.v...Trong d6, phan

mém MasterCam dugc dung kha pho bién va rong rai véi nhieu vu diem.

MasterCam 1a mét tdp hop toan dién ctia cac phuong an gitp t6i vu hoa gia cong
bao gdm Contour, Drill, Pocketing, Face, Peel mill, Engraving, Surface high speed,
Advanced multiaxis . Nguoi str dung MasterCam c6 thé tao ra va lap trinh cac san pham
bang cach str dung mot trong nhitng dong may va cac hé diéu khién ma ho cung cap sén ,
hodc co thé sir dung cac cong cu tién tién cua MasterCam dé tao ra dong may theo cac

tuy chinh riéng ctia nguoi st dung.

Mastercam 1a phan mém CAD/CAM tich hop duoc st dung rong rai. MasterCam
c6 kha nang thiét ké va 1ap chuong trinh diéu khién céac trung tim gia cong CNC 5 truc, 4
truc, 3 truc, co thé 1ap trinh dé gia cong tia lura dién cat day, tién, phay, khoan ...
5.2. Cac lénh vé co ban

5.2.1. Cong cu quan ly

Mastercam cung cap cho ngudi ding cac cong cu vé linh hoat. Con tro va chudt 1a
cong cu vé cua ban va menu Iénh Creat la cong cu tao hinh cta ban. Mastercam ciling
cung cap cho ngudi dung nhiéu lénh CAD khéc dé tao cho cong viéc cua ngudi dung dé

dang hon.

Céac dé muc dudi ddy cho ngudi ding cac cong cu V& co sd
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- Str dung dai thanh autoCursor

- C6ng cu lra chon déi tuong

- C6Ong cu thiét dat thudc tinh ddi twong

- C6ng cu thiét dit cao d6 Z

- Cong cu lam viéc véi ché do vé 2D va 3D

- Cong cu thiét dat mat phang vé/khung nhin/hé toa ¢6 UCS
a. Sir dung thanh céng cu autoCursor

Bat cu khi nao ta kich hoat mot 1énh vé& thanh cdng cu ciing cho ta biét vi tri chuot

hién hanh hoic ta c6 thé ban nhap toa dé diém théng qua thanh cong cu nay

=l
% |[3o0a011 7] ¥ |[isaaees 7] zffiso o] @ ¥ K- @

Hinh 5.1: Thanh nhdp toa dé va truy bat diém

- Lya chon X,y,z cho phép ban nhap toa do diém

/2 , [] .
- Lya chon ¥¥ : cho phép ban Xl origin
n ~ .2 X vV Origin [ Angular | : Arc Cenket
nhap toa d¢ diém don thuan ©
[V Center [~ Tangent \ Endpoink
(Vi du: 20,3,5) W Endpoint I Perpendicular ¥ Intersection
V Intersect [ Nearest > d
7 ¥ Midpaint ¥ Horizontal / Vertical el
- o - A ia i
Lwa chon ©:cho phép ban thiet o " ° {f?l; Point
~ A 3 Py A . uadrant
lap ché do truy bat diém tu dong W Pont &
—Il Mearest
Enabledl | Disableal | . _
. \ _1L_Relative
- Lva chon #~7: Lua chon nay — Tangent
. n : ?
cho phép ban chon 1 Iénh truy bat v| X]| 2] |5 Perpendicular

diém. .y
Hinh 5.2: Cdc dang truy bat diém
b. Sur dung phim ndéng
+Két hop phim Alt Va chét giira cho phép ban xoay ddi twong trén man hinh néu
nhu trong tuy chon Configuration ban chon nhu hinh dudi day
+ Phim chuét gitta cho phép ban xé dich ddi tuong vé trén man hinh
+ Phim ALT+T: cho phép ban 4n hién dudng dung cu
+ Phim ALTHS : thay ddi hién thi dbi twong vé dudi dang bé mit va dang khung
day
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c.Cong cu lwa chon déi tirong
- Néu ban Iya chon mét lénh dic biét cua Mastercan cho mét déi twong khdi, thanh

cbng cu lya chon thong thuong duoc kich hoat

o2 K B 8Dy 0@ ?

Hinh 5.3: Thanh lya chon déi tuwong khoi

- Néu khdng c6 céc khéi dac trong tép caa ban, ché do Iya chon khéi sé khong dugc

hién thi, ban c6 thé str dung céc tly chon lra chon thong thuong

|| e = O S e i
|

| _I [ == Chain
tiy chon lwa chon tw d6ng tiy chon £.| Window xac minh lua chon

phwong phap 4 Polvgon

chon i Hiy bd Iwa chon
Bang /" sngle

hwon ;

Ehép IL?a Area chap nhén su lwa chon
chon ddi | —> ¥edor
twong

Hinh 5.4: Thanh liva chon doi twong théng thirong
- Ty chon lva chon d6i tugng

lwa chon déi tuweng khung day . T ﬂ_ﬂ'n— A
— Iwa chon ddi twong khai BIra 2|

2

“al
e
Al

1]
] 2|

Hinh 5.5: Cdac tuy chon lva chon doi twong
d.Thanh c6ng cu Iénh thiér dat thugce tinh.

Tat ca cac ddi tugng Mastercam déu c6 cac thudc tinh co ban, cac thuoc tinh cd

thé bao gdm: + Mau + Kiéu diém + Kiéu duong va bé rong + Lop.
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B - [+ «|| - vl'.ﬁ.ttrib-.ntss |La~.-d:|1 :I Z:l vl WCS | Groups | Gwiey

dat thudc tinh dat Idp chinh

Hinh 5.6: Thanh quan 1y déi tirong (Layer)
Trong d& muc nay chdng ta s& nghién ctu vé
+ Thiét dat thudc tinh cho d6i twgng mai.
+ Thay d6i thudc tinh ddi twong.
e.Thiét ddt cao @6 Z

Sir dung nat Z trén thanh tinh trang thudc tinh dé dat gia tri cao ¢6 Z cho khéng
gian vé& va duong dung cu ban tao. Thiét dit cao d6 Z sir dung mét trong cac phuong
phap sau:

+ Danh gia tri cao d6 Z vao 6 gia tri Z trén thanh tinh trang.

+ Kinh vao biéu twgng Z trén thanh thudc tinh va nhap gia tri toa do cao do Z trén

thanh autocusor.

+ Kich vao biéu twgng Z trén thanh thugc tinh va dung chudt chon mét vi tri chi dinh

trén man hinh dd hoa.
f. Lam viéc vdi ché dg 2D va 3D

Khi tao hinh, st dung nat chuyén ché d6 vé 2D va 3D trén thanh trang théai Attribute
dé thiét dat ché do va.

g. Thiét dat cac mat phang (mat phang vé/mdt phang NC) , cac khung nhin quan sét

va cac hé toa do

Khung nhin Gviews dé quan sét chi tiét, Cplanes dé dinh hudng mat phang V&,

Tplanes dé dinh huéng mit phang NC cho dudng dung cu va WCS dé quan ly chung.

tao mai hoac thay i

khung nhin
IE| Gview |F'Ianes | 2:||:|.|:| v|| 10 |v | Level:ll v||.¢uttributes |,F 7” 7” 7|| WIS | iroups |_|
| :
tan'mnfri hode thay ddi mat | quan Iy hé toa ﬂﬁ‘
phang hinh hoc

Hinh 5.7: Thanh qudn Iy hé toa @b va cic mat phang NC
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e Hé toa do cho tién.

- Céc dinh nghia dao va may cung cap thong tin

quan trong cho Mastercam hiéu duoc toa do may tién.

. , . Lathe Diameter
- Mastercam cung cap cac mat phang két cau tién
=Gview
dac biét cho phép ban lam viéc trong cac hé toa d6 may '
=Tplane
tién quen thuoc. Sir dung menu thanh trang thai Planes

dé lya chon hé toa do, lra chon kiéu toa d6 may tién Sl SRR

Lathe Radius hodc Lathe Diameter, tiép theo xac dinh
hudng truc X,Z . Gyiew ] Cplane ‘ Tplane 1\30 {l ¥

Hinh 5.8: H¢ toa do trong may Tién
5.2.2. Cac lénh vé 2D

a. Tago diém
£ Create Point Position, ..

- Lwa chon Create — Point (Hoic lya chon biéu %, Create Point D ,
., Create Point Dynamic. ..

tuong trén thanh cong cu)

o ' Create Point Node Points
- Khi @6 menu lya chon vé diém kéo xuong cho ta
¢4c Iya chon wih Creabe Poink Segment. ..

/" Create Point Endpoints
+ Lua chon . lénh nay cho ta thuc hién v& ~

. . ) i
diém bang cach tich chuét. @ Create Point Small Arcs..,

Hinh 5.9: Cdc dang kiéu diém

\R. A by = A « R N A Ko N
+ Lya chon ™ : Lénh nay cho ta thuc hién tao diém nam trén doi tuong hinh hoc nhu
trén cac duong va trén bé mit.

*

+ Lya chon ¢ : Lya chon nay cho phép ta tao cac diém Ia cac nét diém co so cua
duong spline.

%

+ Lya chon ™: Lénh nay cho phép ta tao diém nim trén déi twong bing cach nhap
khoang cach giita cac diém hoac nhap s doan chia ddi tugng dugc chon.

-

+ Lwa chon + : Lénh nay cho phép ta tao diém nam & diém cudi hodc diém dau cua

dbi tuong.
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) .2 S aa , \ . \ \
+ Lua chon @ : Tao diém nam & tdm cua cung tron hoac duong tron.

b. Lénh Line

™, Create Line Endpoint. ..
Lua chon Creat— line. Khi d6 menu Iénh tao

dudng line kéo xudng cho ta cac lya chon 7 Create Line Closest

R 7 - N/ Create Line Bisect..,
+ Lwa chon “: V& duong thing qua 2 diém
|=+ Create Line Perpendicular. ..

lua chon.
" Create Line Parallel. ..
Hinh 5.10: Cdc kiéu vé dwong thing
+Luachon  : V& duong thing ngén nhit qua tam duong tron téi duong thing.

+ Lua chon Wove duong phén giac gitra 2 duong.

+ Lya chon *: V& duong thing di qua 1va diém vudng goc véi déi tuong Ve 13

duong thang, duong spline ,dudng tron.

AN

+ Lyachon ™**: Tao ddi tugng duong thang song song.

c. Tao cung tron va dwong tron

Lua chon Creat—Arc. Menu lya chon 1énh duoc kéo ra cho ta cac lya chon I1énh

+ Lya chon @ Lénh nay cho phép ta v& duong tron bang cach chon tdm va nhap

duong kinh hoac ban kinh.

+ Lua chon :"ﬁ—: Lwa chon nay cho phép ching ta v& cung tron bang cach nhap bén

kinh hodc duong kinh cung tron va nhap goc bat dau va goc két thic cung trén thanh
tabbar.

+ Lua chon i Lénh nay cho phép ta tao duong tron qua 3 diém.

oy
+ Lya chon * *: Lénh nay cho phép ta vé& cung tron bang cach nhap ban kinh hoac

duong kinh cung tron va qua 2 diém da biét.

i,
+ Lya chon ++ : V& cung tron di qua 3 diém.
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+ Lya chon 9. Lénh nay cho phép ta vé& cung trong bang cach lya chon diém dau
cung (hoic diém cudi caa cung), duong kinh (hoic ban kinh cung), goc bat dau va

g6c két thic cung.

+ Lwa chon - Lénh nay cho phép ta vé& cung tron tiép tuyén theo 3 phuong phap.

tiép tuyén v mﬁt_ﬂéi tworng wa oo dwdng dong
tam di qua mat digm lwa chon

tiép tuydn v mit d6i twong va gua mit didm
nam trang pham vi gia tri ban kinh {dwdng kinh

gia tri ban kinh  gig 1 duerng kinh

tiép tugén Wit mit ddi twong va qua
mdt digm bat ky lya chaon

tiép tuyén v mit ddi twoeng va o tém ndm
trén dudrng thang khac

Hinh 5.11: Cdc kiéu vé tiép tuyén
5.3. C4c Iénh hiéu chinh

MasterCam cung cép mot sé chire nang hiéu chinh nhu: Translate, Mirror, Rotate,

Scale, Move, Offset, Arrays,...

5.4. Lap trinh phay
Tdng quan qua trinh 1ap trinh gom cac budéc:
- Lya chon kiéu may ma ban s& dung dé gia cong chi tiét
- Nhap chi tiét gia cong dé lam viéc

- Thiét dat thuoc tinh nhém may, bao gom tép, dao cat, phéi, va thiét dat ving an

toan
- Tao duong dung cu

- X&c minh va bién tap duong dung cu sir dung toolpath manager, md phong kiém

tra duong dung cu

- Xuit ma may gia cong
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5.4.1. Lwa chon kiéu may

- Lwa chon Machine type — chon mot may thich hgp cho qué trinh Cam cua ban

Maching Tepe Toobsths  Screen Setbnogs  Help

B -

Lathe b1 CYMCAMEICNC MACHINES\MILL 3 - AXIS HAS MM MWD
Rouker ] 2 CHMCAMECHC_MACHIRES\MILL 3 - 5xI3 HMC, MMD
Diesign 2 CAMCAMY|CHE_MACHINES\MILL 3 - AXIS VI MM.MMD

Hinh 5.12: Cdc kiéu mdy CNC

/TU_UIEth Manager / Solids Manager tabs

Taolnaths I Sohds I

) vl Wol¥ S(@[c1¥w| 2| 2| cac 1énn quén
- Sau khi ban chon mot al=la| vlals|s| cu e

E-HE Machine Group 1
nham may -1l Properties - MILL DEFALLT

Kiéu may nao do, may do sé S o e P

Tool settings

|

N - A~ A R &3 Stock tetup
dugc quan ly trén cdy quan . OX Sty e
- aolpath Group
CLLJO 22 Mested Toolpath Group
¢ . [ =% 1 - Simple drill - no peck - [+C5: TO
Iy Toolpath Manager nhu .. coméw | el
1 nguyén céng % #3 - M15.00 CENTER DRILL -
3 hodc nhigu i Geometry - [11] Points
hinh 5.13 hon 1 nguyen | B Toolpath - 60K - MACHINE_GF
cdn i B[ 2 - Conkour [20] - [wCS: TOP] - [Tpl
Y -3 3 - Simple drill - no peck - [WCS: TOP] - danh muc guan
13- 4 - Contour [20) - [WCS: TOP] - [Tplane |\;.- du‘c‘rng dung

-5 IR Cu_ Kich chudt
B :
=]

o -
= M achine Group 2 2 a2 N
: --11 Properties - LATHE MULTI &21S MILL - TL phai d truy eép

y T i85 Flles cac menu [énh
cheén thém i - @ Tool settings
- X Stock setup
PN Salely zone 1
B 5 - Pocket (lsland facing] - WICS: TOP] - [Tg
0] Paramaters

# #2- M2.00 ENDMILL2 SPHERE - 3. B
- Gieometry - [1] chain(s]

| i 2= Toolath- 23 ?K-MjEHIN[ GHDUiILI
4 »

Hinh 5.13: Thanh quan Iy déi twong

5.4.2.M¢é va nhdp tép lam viéc

- Mg mét tép chuan Mastercam.

+ Tt menu Mastercan — file — Open

+ Trong hop thoai Open , lya chon kiéu tép chuan cua Mastercam.

- Nhap mot tép Cad khac.

+ Tur menu Mastercam — file—open.

+ Trong hop thoai Open, chon dang file CAD c6 d6i tép mdn nhap vao.

- Tron céc tép véi nhau.

+ Tu menu Mastercam — file—file Merge/Pattern.

+ Trong hop thoai dugc mé, lua chon kiéu file, Va chon tép can nhap.
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+ Sir dung tly chon trén thanh trang thai Merge/Pattern dé lya chon mot diém co so

cho vi tri dat dir liéu, va dinh nghia ty 18, goc quay, truc dbi xang (x,y hoic z)

' thudc tinh hign
truc ddi xing hanh

I3 chon i tri by 18 fgoc guay
(1

T

0 [ = ¥ M Vi

Hinh 5.14: Thanh hiéu chinh doi twong

5.4.3.Thiér dat thugc tinh may

Trén cady quan ly
Toolpath manager ban c6 thé
hién thi cac kiéu thudc tinh
may bang cach kéo dan cac

muc thudc tinh
a. The Files

Str dung thé file nay dé
xem va dinh nghia céc tén t¢p
va cac dir liéu duong dung cu
dung cho céac thao tac trong

nhém may lua chon

b. Thé Tool Setting:

St dung thé nay dé
diéu khién file NC, bu dao,
tbc do chay dao, téc do truc
chinh, lam mat, va cac tham
s duong dung cu khéc, bao

gom ca vat liéu lva chon

MMachine Group Properkties

Fil=s

— Machine - Toolpath Copy

I | ool settngs | Stock Setup | Sarsty <ane |

Toolpaih name [C:imesmet MILLAM C b zchine_Groos_1.MC =
Group comment

Edic E Feplace Ii_"l
Dr=scription Genenc: &il
From file MILL DEFAULT.FRD

Cambial DEFAULT CORTROL
Fost CwmcamsMILLSFOS TSSMMPFAM.FS T

— Tool Librans

ER.I L wmcamasba LS LU LS

File [MILL_INCH.TOOLS =1 (=1

— O p=ration Librars

— Oparation D efaults

T2 CimeametbdI L0 PS

File [Mil_Inch. OPE RATIONS = 2]

2 Civmcam=tAILLWOPS

Filz [Mil_Inch DEFAULTS -] 2 I
— Owgput comments to FC fle
[~ DOulput operation comments ba MC I Output group Frame ta MNEC
[+ Oulput machne name o HC I Output group commerts bo RN

Filez

Hinh 5.15: Hop thoai quan Iy Tép luwu trir

Machine Group Properkics

Tool Setings | Stock Setup | Satsty <one |

Piogram H o

— Fe=d Calculation T oalpath Configuration

 ram teol ¥ Aszsign tool nunbers sequentially

£= Fram materisl I “wam of duplicats tod Fumbers

™ Fram defaults I Usetool's siep. peck. coolart

Seaich tool libran when

I Aduszt feed an arc mowve enterirg ool number

kifirnurn arc: fzed 5.0

—adwvanced options

= Ovsnids defauls wilb nwdal vahuss
I Cloaanus boighil Sequence #
I Fietrac height Start W
I Feed plane Ircrerent W

— kd aterial

Evtif... I Seloul... I

Hinh 5.16: Hop thoai quan ly théng tin dao
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C. Thé Stock setup:

Thé nay cung cap cho ban cac phuong phap ding nghia phoi nhu hinh 5.17

rMachine Group Properkies

Files | TeolSetnps  Stock S2ip | Sajesy Zone |

Shack Wisw

e

Shape
" Reclangular  Said m
™ Cylindiizal CoFie | =1 H
fwiz

e Oy CoE

I Dieglay T ,‘1\\ sl
[Pk sorzes joo [0

"T“
4= intie freme . T -"‘\_.
e - BN
E £ - T Ta
[hats - + L L]
Stock Diigh H— _-"'n.j\kz
11 ik S e -~ ~Jon
coordinales . - . \I
S -
w |00 Syl
L ]
= (oo SEIB-cIcDmem..l Bound'nghoul T extents: I

Hinh 5.17: Hop thoai thiét ldp Phéi
d. Thé Safety Zone

Thé nay cho phép ta thiét 1ap viing an toan cua may nhu hinh 5.18

machine Group Properties

tiez | 1oolsetegs | Stock setup  SaletZone |

7 Mane  Rectangdar ¥ Spherical T Cylndiical

-~ = IQD

>
g

Z |00

¥ Dieplag S=foiy Zons
I Fil Screen bo Safety Zooe

"S:fcl.u Zone Yiew

I JToOF

Hinh 5.18: Hip thoai viing an toan
5.4.4. Tao dwong dung cu cit

Sau khi da chudn bi vé may, Phdi, thiét 1ap goc 1ap trinh,.. xong; ta tién hanh gia

cong chi tiét véi cac duong chay dao nhu:
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[} Contour.. 9iacong bién dang duong vien

% Drill.. gia cong dang 15
Pocket..  gia cong dang héc
W Face.. gia cbng mat phang
Surface Rough r
Ngoai ra, MasterCam con cé cac chuc ning Surface Finish >
Surface gia cong bé mit 3D phuc tap, HSM gia cong =t Surface High Speed...
toc do cao, gia cdng may nhiéu tryc nhu hinh bén Multiaxis "*
[] Advanced Multiaxis

Hinh 5.19: Cdc kiéu gia cong phirc tap
Trinh te xay dung dwong chay dao:

a. Chon kiéu gia cong theo Toolpaths

Sau khi chon dang duong chay dao kiéu Contour s& xuat hién hop thoai Chaining

dé chon quy dao chay dao

b. Chon bién dang chi tiét can gia cong (] chaining e

Ta chon kiéu Chain / chon bién dang

chi tiét / xuat hién hop thoai Contour 2D mo

() C-plane @ 3D
ta vé thong so dao va thdng so cong nghé

Hinh 5.20: Cdc lia chon doi twong
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Chon dao trong hop thoai Toolpath parameters

Contour (2D)

===

Toolpath Cantour ]
" Tool Name Dia. Cor.rad. Length # Flutes Tool name:  20. FLAT ENDMILL
¥ s 20.FL. 2. 0O 500 4 Tool & 229 Len offset: 229
Head # -1 Dia. offset; 228
Tool dia: 20.0 Comer radius: 0.0

Feedrate: 7.1625

Spindle direction: CW
Spindle speed: 3500
Plunge rate: 7.1625

[] Force tool change Rapid retract

«

i ] v | Comment

Select library todl...

Right-click for options

[ [ Toolfiter -

Pouis Combo’s

[[] To batch

(Defaut (1)

B [ Tool display El [ Ref point
[ [ Rotary ads.. [ Planes.. | [ Cannedted...

d.

Thiét Idp thdng so diong

Hinh 5.21: Hop thoai thong tin dao

”
Contour (2D}

chay dao parameters

Contour parameters: mo ta vé
thong tin vé duong chay dao nhu
cac mat phang an toan, an dao,
chiéu sau cat, huéng bu, cét thé, cét
cach vao dao,

tinh, hudng  bu

dao,...

-

| Toolpath Conttour
[ | Cleaance.. WC';EDE”SE"U" Computer
@ Absolute Ineremental  Compensation [ d
Use clearance only at the direction:
start and end of operation Optimize
B Tocm =

) Absolute @) Incremental

(osapame] 50

Roll cutter

Corttour type:

) Absolute @) Incremental
Lineanzation
tolerance

Topof stock..| 0.0 Mazx. depth
variance

@ Absolte ) Incremertal
XY stock

Depth 00 o leave
Zstock
@ Apsolute () Incremental 177"

[ | Mutti passes.
H [E] | Depth cuts..
[ | Break thru...

around comers

Infirite lock ahead

0.025

0.05
0.0
0.0

= Fitter..

i} Tabs...

(v %] 2]

Hinh 5.22: Hop thoai thong sé cong nghé gia céng

e. Mo phong gia cong

Sau khi thiét lap céac théng sé veé
kiéu gia cong xong, ta mé phong
trong ché do Verify dugc nhu hinh

bén

-8 A - F

 HELh2?2%-|12-8-

[ i)

Display control

Moves/step: 1
Moves/refresh: 1
Speed Quality

Update after each toolpath

Stop options

[ Stap on collision

[ Stop on tool change

[] Stop after each operation

[T Werbose
(0] [#] (L] (3] (]

u

Toolpath:  Contour
Tool #: 229
Tool label: 20 FLAT EMDMILL

fered

L ][ % ][ 2]

] o [

T-Se eee B

Hinh 5.23: Hop thoai mé phong qua trinh
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5.4.5. Xudt chwong trinh diéu khién may CNC

AL T e

= [::j |-'- Ny el Il:'cst EE|nEl:tl':lZ| operations

Dung chirc nang Post selected operations

dé xuét chuong trinh sang G Code dé diéu khién may CNC
5.5. Lap trinh tién

MasterCam cung cap 1 sé chu trinh tién nhu:

E F'u:lugh... Chu trinh tién thé
== Finish... Chu trinh tién tinh
E Thread... Chu trinh tién ren
Ml Groove... Chu trinh tién ranh
[l]I,I Face... Chu trinh tién mat dau
D!{I Cuteff... Chu trinh tién cat dut
E:' Drill... Chu trinh khoan

Trinh tu 1ap trinh trong tién cling nhu trong 1ap trinh phay
Sau ddy, ta s& tim hiéu cy thé théng qua vi du 1ap trinh cho bién dang chi tiét

nhu hinh vé sau:

25 14

R2| R3

I
Y
\
1
A

.
R

39

Hinh 5.24: Bién dang chi tiét gia cong
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H ~ =gt A A H ~ A
Sau khi vé chi tiét trén, file CAD sé€ nhu bén:
3 Mastercam Design %3 FAPDU.3C\DE g
File Edt View Analyze Create Sclids Xform  Machine Type Toolpaths Screen Ar Settings Help
¢k &a? ¢@POLEL IBTSR TEIE B |&-@- L NVHHADE-
LN Che: MRt N vk || oS "3 WAl -8 A 1~ HEDN?%-3-D-4-
% meum -| |v|1azem -| [z|[o0 @ A (o) BN s TI- 7 @
Opsiations Manager =

B | Tooeats [scids | aer &

) -

p=

4+

[~ R4

ol

a -

2

-

.

& o

= =

a3 e

a A
=214
X
P
&

Hinh 5.25: Giao dién khi vé chi tiét

5.5.1.Lwa chon kiéu may

Chon may theo menu: Machine Type/Lathe/Default. Vao day ta chon may theo

ding kiéu may, hé diéu khién may ma ta cd va s€ dung dé gia cong.

5.5.2.Thiét ldp thuc tinh nhém mdy

Sau khi chon may xong, ta s€

thiét 1ap cac thudc tinh cua may
nhu trong hop thoai hinh 5.26

Chung ta da chon may, va
chi tiét xong tiép theo ching ta s&
thiét 1ap phoi (stock). Pé nhanh
ching ta chon trén [uén trén
Properties & Operations bar. Néu
ching ta ¢6 san thu vién vat liéu
ching ta vao Tool Settings dé set
phdi, vt liéu ... nhung néu khéng
san c6 thu vién nay ching ta co
thé vao luén Stock Setup, ctra s6
ding dé set phdi s& hién ra nhu
hinh bén

Machine Group Properties . -.
Files ] Tool Settings  Stock Setup | Safety Zone ]
Stock View
>
Stock
'i i! Chain...
" u Parameters...
(* Left Spindle " Right Spindle
(Not Defined)  (Not Defined) heset
Chuck
&' ﬂ Select... | Parameters... |
- - Chain... | Reset |
{* Left Spindle " Right Spindle
(Mot Defined) {Mat Defined)
Tailstock Steady Rest
Select... | Parameters... | Select... | Parameters... |
Chain... | Reset | Chain... | Reset |
(Mot Defined) (Mot Defined)
Display Options Tool Clearance
- - Rapid moves:
- - [ e
1.25
o o
Entry/Exit:
I~ 0.25
-

Stock setup: Set phdéi va set mam cap.

v | %8| 2|

Hinh 5.26: Hop thoai thong tin nhom may
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Kich chuot vao Properties cua Stock... xuat hién hop thoai:

Make from 2 points...

25.0 Select...
o (0.0
Length: 0. Select...

Base Z

,D.D— Select...

" Onleftface & Onright face

I~ Use Margins

Preview...
[v] %8|

Hinh 5.27: Hop thoai théng s6 phéi

OD: Set dudng kinh phdi va & day t6i chon phdi 28 mm, chiéu dai phoi (lengh) chon
80 (cai nay ciing khong thuc su quan trong 1am, vi cap phéi ching ta thudng thuc hién
bang tay, nén khi set chiéu dai phdi cac ban chi y sao cho phéi 16n hon thanh pham 1a
duoc), xong nhan Apply ( hoic enter)

Sau d6 chiing ta set mam cdp ( Chuck) ching ta ciing chon vao Properties... Ctra 0
Properties cta chuck hién ra nhu sau:

r “
% Chuck Jaw L'

Jaw width:

Shape Clamping Method
100.0 —r—>|<_

Jaw height: = a i E
Width step: 175.0
v i i i
25 1]
Height step:
4IZI a
Position
[ From stock, |Jzer defined point:
i i -

I o (0o
. Reference point on chuck, jaw geometry
> [500 &
|<— 0.0

Select...
Prewview...
[v Z only

v || ?|

Hinh 5.28: Hép thoai théng s6 mdam cdp
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C0 hai cach set: hodc ching ta set D = Dy, duoc set tur trude do, va Z la chiéu dai
dc cap trén mam cip (Z &m). Hoic chang ta set nhanh chon vao From Stock, dé chon
luén va nhap vao gia tri Grip Lengh bang chiéu dai ma ching ta cap phoi (S6 duong) gia
str ta chon = 20.
5.5.3.Tao dwong dung cu cit

Chung ta d& xong phan set phdi, ta thyc hién lap trinh gia cong cho tirng nguyén
cong. O day ta s& tim hiéu bén phan gia cdng thd.

Click chuét phai Ién Operations Bar or kich chudt toolpaths chon Lathe Rough

Toolpath hién ra caa so6 Chaning. Sau khi chon bién dang chi tiét ta duoc

3% Mastercam Lathe X3 C:AUSERS\HOSHINDESKTOP\MALL = x
File Edit View Analyze Creste Solids Xform Machine Type Toolpaths Screen Art Settings Help
Selact the outer baundary or select the rstiaction point or select dane |, . -
H = HERIBEL YN = B | B-@- I ME A VHIHAZE -

N EH-E T Lall of 82 U0l ol 59| M - BB A - i~ HELP?%-3-8-8-
% [1metez ¥ (1023914 z| o0 @ al. | [onp.. | 28 [in | %] |
Operations Manager (=]
g [¥] Chaining == \ _“ §
N | ! !
1l &= | s
3 S ®
i | 5
@ *) Cplane @ 3D \ ! 23
@ | ~
& | |
I
a | ]
- | |
I
] R —
]
a < -
5 Inside +  [Dwai 47
g r 1
| |
|
| =
(== | |
I
ER | ‘
I ‘_ .
|
¥
L, | ‘
— 22.210
< m ' || Gview:TOP WCS:TOP TiCplane:TOP Metric
30| [ Guiew | Planes | Z: [T ~ [0 ¥ | Leve: 6 v [Attributes| & v —— ~ [ wes || Groups | [1] [2

Hinh 5.29: Bién dang duwong chay dao
Chiéu miii tén hién thi nhu hinh trén ngugc chiéu véi chiéu duwong tryc X, Z. Chling
ta kich chudt dé dao chiéu nguoc lai
Nhan Apply. Hinh 5.30 duogc hién ra 1a bang Properties diéu khién cac thong sé nhu:
S6 dao - Number tools (T), téc d6 truc chinh(S), F Lwong chay dao, chiéu sau cat
(depth)...
O thé Toolpaths Parameters: chon cé4c thdng sé vé quan ly dao, toc do cét cua dao
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3 Lathe Rough Properties

S

Toclpath parameters | Rough parameters
- Tool number:
Station number:
= Feed rate:
TO101 RD.8 T0202 R0.8 ' Plunge Feedrete

0D ROUGH RIGHT - ...

T0303 R0.8
OD FINISH RIGHT - ..

¥ Show library tools

Select library tool...

iz Combo’s {Left/Upper) |

0D ROUGH LEFT - ...

Spindle speed:

Max. spindle speed:

Home Position

1

Offset number: |1
Tool Angle...

200.0 " mm/rev % mm/min " microns

111

0 [l i )]

300 ¢ CS5  RPM

460 Coolant...

[X:30. Z:65.

| User defined ﬂ

T0404 R0O.8 I~ Force tool change
OD FINISH LEFT - 35 DEG.
Comment:
Right-click for options
v Tool Filter...
Misc values... |

v §tockUpdate...| r |

™ Tobatch

¥  Tool Display... |

Coordinates... | Canned Text... |

v|®| 2|

Hinh 5.30: Hop thoai théng tin vé dao

3 Lathe Rough Properties

S

Toolpath parameters  Rough paemeters l

= By |

Depth of cut:

R’

Stock to leave in X:

S

Entry amount: |2.5

Cutting Method

* One-way

" Zigzag

Stock to leave in Z:

|
L 02
Rough Direction./Angle

oD -
Angle... ’DD—

1.0 v Equal steps
}_/Minimum cut depth:
0.01

Tool Compensation

Compensation
ype:

Computer -

Compensation
direction:
Riaft 7
Roll cutter
around comers:
Al -

Plunge Parameters...
O Fe |

Stock Recognition

Disable stock recognition j

| e

v || 2]

Hinh 5.31: Hop thoai thong s6 cong nghé gia cong
Thé Rough Parameters Cac ban hiéu chinh cac thong sb vé luong an dao, chiéu sau
cat.

Nhén apply dé chay md phong gia cong
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NQI DUNG ON TAP CHUONG 5
1.  Hay giai thich ¥ nghia cua cac théng sé cdng nghé sau: Retract, Feed plane,
Top of Stock, Depth.

2. Ung dung MasterCam lap trinh gia cong cho chi tiét sau véi kich thudc
ph6i 155x105x17

@10
Lo\
/ | w -
| (4 Goc) ol ®
<t
@30
| <4

V

65 65
75 75

Z
W 4
| /] o X ]
! \
T T

14

—ﬂ-»—-lLLbj

Hinh 5.32: Chi tiét phay
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