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Loi noi dau

Mot trong nluing thanh tae quan trong nhet ciia ticn bo khoa hoc Ay
thuat la tie dong hod sdan xudt. Pluiong thie cao cia tie dong sdan xuat la
san xudt linh hoat (dday chuven mem). Trong day chuveén san cuat linh
hoat thi may diéu khien s6" CNC (Computer Numerical Controly dong
Mot vai (ro rdl guan trong. Sit dung mdy cong cu dicu khien so (CNC)
cho phép eidm khoi hiiong ela cong chi tict, nang cao do clunl vdac <a
cong va hicw qua kinh (6. donge thoi ciing rir ngan dioe chie Ky san audt.
Chinh vi vay hien nay nhicu nioce tren the' gior da va dang ing diung rong
rdi cdce mdy dicu khien so'vao linh viee co ke che'tao.

D¢ st dunge cde may dicu khién somot cach ¢é hiéu qua nha cong
nehe khong ¢l phai biét lap quy trinh cong nehé vai timg loat ¢hi tiet ma
con phdi co khd nang lap trinh nhanh chang vea chinh vace.

11ién nay cac mdy dicu khién so"dang dicoe sie dung réong rdi o niic
1a dé ché'tao cac chi tiél co khi, dac biét la ché tao cae khuon mau chinh
xde, cde chitiét phuc vu cong nghiép quoc phong.

Ngeodi ra cdace mdy cong cu diéu khién so CNC con duoe ding trong
nghién i khoa hoc va dao tao dai hoc, sau dai hoc o cdc ricong dai
hoc ks thudar. Bén canh do cdace may dicu khién sé con dicoe dime dé’ dao
tao nghé nham cung cdp nguon nhan lige cho sdn xudat trong ticong lai.

Nhdm ddap ting nhi cau vé dao tao va san yuat chiing 1oi hien soan
gido trinh "Cong nghé CNC".

Cuon sach nay trinh bay nhiing kién thitc co ban vé diéu khién so.
dac biét la phiong phap Idp trinh dé gia cong chi 1iét trén mar sé loai
mdy cong cu dicu khién so nhie: mdy tién, may khoan, may doa. mdy phay
va cde trung tdm gid cong.

Ngoai ra cudn sdach con gioi thiéu cdc loal dung cu. cdac trang bi
cong nghé ding trén may dicu khién so CNC, phicong phdp nehién ciiu
do chinh xdce gia cong trén cde mdy do, dong thoi cuon sdach cing @idi
thicu cach tinh hiéu qud kinh té6'khi sit dung mdy diéu khién so CNC.

Sach diwoe dung lam tai licu tham khdao cho cdn bo giang day. sinh
vien dai hoce, hoe vién cao hoc, nghién cuu sinh va nhitng nha cong ngh¢
trong hoc tdap, nghién ciu va lam cong tdac cong nghé trén cdac mdy diéu
khién so CNC.
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Do bién souan lan daw nén chace chdan con thiéu sét, chiing 16i mong
nhdn dicoe va xin cant on cac v kién phé binh ctia ban doc.

Cdac y kién dong gop xin giti vé Bo mon Cong nghé ¢hé” tao mdy,
truiomg Pai hoe Bach khoa Ha Noi hode Ban bién tdap Nha xudt han Khoa
hoc va Ky thuar, 70 Tran Hung Pao, Ha Noi.

Tdc gia



L HUONG 1. KHAI NIEM CO BAN VE PIEU KHIEN SO

1.1. Ban chat cua diéu khién so.

Khi gia cong trén cdc mdy cong cu thi chi tiét va cic dung cu cit
~uc hién cdc chuyén dong tuong d6i véi nhau. Nhitng chuyén dong (hay
dich chuyén) twong déi dugc lap lai nhiéu l1an khi gia cong moéi chi tiél
duge goi la chu ky gia cong. Moi chu ky gia cong dugc dic trung bang
mot dai liiong va mot it tiy. DE ¢6 mot chu ky gia cong ta phai xic dinh
mot dai lugng vi mot thii tu cua hanh trinh. Phan “dai lugng” duoc goi la
phan kich thude hay phan hinh hoc, con phan “thi tu” duge goi la phan
diéu khién. That vay, chuong trinh 1am viéc cha bat ky mot may tw dong
nao ciing cin ¢6 thong tin vé hai loai: vé kich thude (xdc dinh hanh trinh
ctia chu ky) va vé su diéu khién (xac dinh thi tu ciia hanh trinh theo thoi
gian).

Ngudi ta chia cdc hé thong diéu khién mdy cong cu ra hai loai:

- Diéu khién khong theo s6 (hay con goi la diéu khién truyén
thong, diéu khién lién tuc).

- Diéu khién s6.

1.1.1. Piéu khién khong theo so.

Heé thong diéu khién khong theo s6 ¢ cdc loai nhu sau: diéu khién
bang cac cam, diéu khién bang quang dudng, diéu khién theo thoi gian va
diéu khién theo chu ky.

a) Hé thong diéu khién theo cam (hinh 1.1a).

Theo hé¢ thong nay thi quang duong (hanh trinh) L duge xdc dinh
theo cong thirc:

L=S,.K (L.1)
O day: S, - khoang nang profin clia cam (mm);
K -ty s& truyén trung gian (trén hinh 1.1.a ta cé6 K= 1,/1,).
hoHE thong diéu khién theo qudng duong (hinh 1.1b).

O day, dai luong hanh trinh clia co cdu chdp hanh dugc gisi han
bat hai ho chuyén hanh trinh KBB va KBH. KBB giGi han di chuyén cua



1] k88 gé KBH E]/——J X

Hinh 1. Cac hé thong dicu khién khéng theo so
co ciu chap hanh vé bén trdi hay vé phia trude; KBH ¢idi han di chuyén
clia co ¢du chap hanh v¢ bén phai hay vé phia sau. Dai lugng hanh trinh L

duoc xdc dinh nhu sau:

L=b-a=b,+b,- a,+a, (1.2)

O day: a,. a,, b, b, - toa do cta cic chot vit cac bo chuyén hanh trinh
(mm).

a - khoang cdch gitia cic chot trén co ciu chap hanh.

b - khoang céch gitta hai bo chuyén hanh trinh.
c) He thong dicu khien theo thoi gian (hinh 1.1.¢).

Trong h¢ thong diéu khién ndy thi co ciu chiap hanh duogc diéu
khi¢n bang bo dicu khicn. Bo diéu khi¢n ¢ day 1a mot chi ti¢t hinh tang
trong ma trén no ¢o mot 6 duong ranh nhat dinh. Trén cac duong ranh
niy ¢6 gd cac cam. Cic cam ndy dudge lap vai cdc ¢t hanh trinh (b
chuyén hanh trinh). Cit hanh trinh di¢u khicn méi chu ky gia cong theo

—
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cic [énh di¢u khién "dich chuyén vé bén trdi” (theo cir KBH) hoac dicu
khicn "dich chuyén vé ben phai” (theo ¢t KBK).

Chi¢u dai hanh trinh duogc xiac dinh theo cong thie:
L= (1.3)

O day: T- thoi gian quay mot vong cta bo di¢u khién (ph).
a- goc ga cam ().
V- to¢ do trung binh cua co cau chilp hanh (m/ph).
d)He thong dicw khién theo chi ky (hinh 1.1.d).

H¢ thong dicu khicn nay 1a 1ong hop cua hai hé théng dicu khicn
theo quing dudng vit theo thii gian. O day dai luong hanh trinh duoc xdc
dinh bing cdc ¢ hanh trinh trong h¢ thong dicu khién theo quing duong
hodc boi bo di¢u khién trong hé thong diéu khi¢n theo thoi gian. Trén
(hinh 1.1.d) ta thaly: khi bo diéu khién tic dong vao role "tién” thi co cdu
chip hanh dich chuyén vé phia trude, khi bo diéu khién tic dong vio role
"Iui" thi co c¢du chidp hanh dich chuyén vé phia sau (vé bén phai). Di
nhién, bo diéu khién chi tic dong vao role "lui” khi ¢o cau chip hanh
cham vao ¢t hanh trinh KBB. Khi co ciu chap hanh dich chuyén vé ben
phai thi role "tién" khong lam viéc. Role "tién" chi hoat dong khi ¢o cau
chap hanh cham vao ¢ hanh trinh KBH va ldc &y chu ky mdéi L duoe lap
la.

Ta thaly cic hé thong diéu khién wen day tuy khong giong nhau
nhung dai luong hanh trinh lai duoc diéu khién giong nhau (lien tuc).
Diéu do ¢ nghia la diéu khién khong theo chuong trinh s6.

1.1.2. biéu khién so.

Diéu khién so I1a h¢ thong dicu khién ma moi hanh trinh duoc dicu
khi¢n theo s6. Mdi thong tin don vi ting v6i mot dich chuyén giin doan
cua co ¢cau chap hanh. Dai luong niy ¢d tén goi la "kha nang g quyet”
cta he thong hay 1 gia tri xung. Co cau chap hanh ¢é thé dich chuyeén voi
mot dai lwong bat ky ndo tng véi gid tri xung. Nhu vay, kKhi bict gid tri
xung ¢ va dai luong dich chuyén L cha co cidu chap hanh, ta ¢é thé xic
dinh s0 lvong xung N cin thiét tic dong dé ¢6 lugng dich chuyen L:

L=q.N (1.4



So luong xung N duge ghi trén kénh thong tin duge goi la mot
chuong trinh xdc dinh dai luong thong tin kich thude . Cac thong tin ¢an
thiét duoe ghi trén bang duc 16 hoac bang tu. So lugng thong tin dugc ghi
trong mot hé thong ma hod nhat dinh.

1.2. Ma hoa théng tin.

Con ngudi vd mdy quan hé véi nhau bang mot ngon ngli ma may
¢6 thé hicu dugc. Mdy phai doc dugc chuong trinh do con ngudi ghi va
thuc hién theo chuong trinh d6. Khi ¢o cau diéu khién so bi hong, chuong
trinh ¢6 sai sot thi diéu khién s6 s¢ truyén thong tin vé nguyén nhan gay
ngtmg hoat dong.

1.2.1. Chir cai.

Chir cdi cua ma so 14 tap hop cdc ky hiéu duge dung khi ma hod.
Cac phan tr méi hién nay cla tu dong hod chi ¢6 hai trang thii on dinh:
cong tac kin hoac cong tac ho. trong mang cta biang duc 16 c6 thé ¢6 hoic
khong ¢6 16, v.v... Mot trang thdi tng véi ky hiéu | (cap dong ning luong,
ching han), con trang thdi khdc tng véi ky hiéu 0 (ngit dong nang luong
chang han). Vi vay chit cdi cia ma s6 chi chita hai ky hieu $0.17.

1.2.2. Ma thap phan.

Co sd cta he thap phin (ma thap phan) la s6 10. Hé thong nay ¢6
10 ky tu: 0.1.2,3,4,5,6.7,8,9. Ngudi ta chon hé thap phan dé tinh [a xuat
phdt tr lich str tinh todn bang 10 ngoén tay.

Theo he thap phan thi s6 3807.45 duoc viét nhu sau: 3.10" +8.10°
+ 0.10" +7.10" +4.10" +5.107. Ta thay, vi tri ddu tién bén trai ddu phay
tng véi so ma 0, di vé bén trai chia dau phay, cdc s6 mi luy thira tang dan
( néu bén trai cua dau phay c6 4 6 thi s6 mil [u§ thira ting nhu sau: 0, 1,
2. 3). Bi vé bén phii clia ddu phay cdc s6 mu luy thira giam dan: -1, -2, -
3, v.v... Vidu, trong truong hop phén tich s6 3807,45 thi s6 mit luy thira
giam nhu sau: -1, - 2 ( bing s6 céc chit s6 ding ding sau dau phay). Mi
6 thap phan tuy chira duge nhiéu dung lugng nhung lai rat phic tap khi
tinh todn.

1.2.3. Ma so don vi.

Mi s6 don vi 12 mot loai ma s6 trong d6 mbi s6 duge biéu thi
bang sd luong cdc ky hiéu chir so 1.



Vidu:

t 1 5 11111 9 ITTHIn
2 11 6 111111 10 ITHEITEnl
3 111 7 1111111

4 1111 8§ 11111111

Hé théng ma s6 don vi ¢6 uu diém la don gian, dé sir dung. N6
duogc sir dung d€ ghi s& lugng cdc xung trén bang tir. Tuy nhién, ma s6
don vi ¢6 nhugc diém 1a céng kénh (phtic tap). Vi du, dé biéu dién s
trong hé thap phan 3586,, bang ma s6 don vi thi phai can téi 3586 ky hiéu
1111110,

1.2.4. Ma nhi phan.

Co s cua ma nhi phan 1a s6 2. Dua $6 2 1én cap ¢6 $6 mil nguyén
(0, 1,2, 3. v.v..) ta s€ duogc day s6 2°, 2!, 2%, 2%, 2% v.v... ing véi day s6
1,2, 4,8, 16, v.v... Bt ky mot s6 nao trong hé nhi phan déu Ia tong cua
nhiéu s6 ma céc s6 hang ctia n6 1a s6 2 véi cdc cdp mii khac nhau. Cic so
trong hé nhi phan 12 t6 hop cta cht s6 0 va 1. Dé chuyén s6 tir hé tinh
thap phan sang hé tinh nhi phan can phai chia tuan tu s6 thap phan cho 2
nhu vi du cho s6 43 sau day:

43:2=21 &1
21:2=10 1€ 1
10:2=5 160
5:2=2 lel
2:2=1 1€0
1:2=0 &1

Vay gid tri $0 tuong ung trong hé nhi phan s6 43,, dugc dién
12110101 t. Nguoc lai, s6 trong hé nhi phan 101011, c6 thé bi¢u dién sang
hé thap phan nhu sau:

101011, =1.2° + 0.2* +1.2° +0.2* +1.2' +1.2° = 43,
1.2.5. Ma s ISO.
Nho viéc ma héa tin hi¢u s6 vé vi tri hodc dich chuyén cua bo

phan 1am viéc duoc truyén tir chuong trinh diéu khién dén cdc co cdu
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chap hanh. Hién nay da cé nhiéu cong trinh nghién cttu dé thong nhat
hod cac ngon ngit 1ap trinh. Cong viéc nay do Hoi déng Tiéu chuén hoa
quoc t&€ (ISO) chi dao. Ngon ngir dé 1ap chuong trinh c6 mot s6 yéu cau:
s6 ky hiéu la nho nhit, s6 chit s6 dong nhit, nghién citu don gian, s
lrgng tin hieu day dy, v.v...

817161 5 14]01312]1 56 dudng
chan | 16 | § 41 2] 1| Trong lugng
Chi Chitc napg cna ky hicu
ddu hién Ky hién
[s) Ofe cjof + Dau hien dich chuyén “cong”
[5) ofle|o o - Dau hién dich chuyén “uir”
. d NUL Khoang tréng
o] o D 0 860
5] ol o . ol 561
o] o] o] L4 o] 2 S62
of o . olo]3 S63
o 0| o | O 4 SG 4
ol o s (o o]s5s S63
o} o elofo 6 Sa 6
[5) o| o e |olofo |7 567
[3) O] 0 [Oofe 8 Sa 8
o] 0O [Ofe of9 S59
o |o O |e oli Toa do ban ddu cia cung X,
o]0 O e [ i Toa d¢ ban dan cha cung Y,
<] oe O[O [K Toa do ban ddu ciia cung 7,
o |o L2 e Ke) I Lugng chay dao
[ e|ojJo]O]|G Chudn bi
ofo O|e|O L Hiéu chinh
o oO|etoO oM Comang coug nghe
o ofletofo N S6 ciia khuén hinb (doan)
[e) [s) D olo}s Cémang cong nghe
olo [e) e | O T Comang cong nghc
oo O |ole X Dich chuyén theo toa do x
o O [ole olYy Dich chnyén theo toa do v
[§) [¢) ofe o Z Dich chuyén theo joa do 2
Ole o LF Ket thic
oflojo | o ole|ojo| o Del Pong (khong anh huomg déu cin nic
ctiia 16t khuon hitih)

Hinh 1.2 M s6'ISO 7 bit trén béng 8 duong

Mai ISO-7 bit trén bang tdm dudng véi chiéu rong 25,4 mm, budc
dot 16 1a 2,5 mm thoa man duge yéu cau trén. Hinh 1.2 trinh bay mot
phan ma s6 ISO 7 bit. Ma s6 nay la ma s6 cdp 7, né cho phép ma hod
duge 2'=128 ky hiéu. Loai nay luon dam bao s6 16 dot 1a chin (s6 16 trén
dong) nén né cé thé kiém tra cach tinh chuong trinh c6 ding hay khong
(7 bit cia mot ky hiéu duoc bé sung thém bit thit 8 I bit kiém tra sao cho
moi ky hiéu déu dua ra s6 16 dot 1a chan). Céc duong s6 1, 2, 3,4 va S cod
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:rong lugng Ung v6i ma nhi phan 1, 2, 4, 8, va 16. Mbi mot ky hiéu cta
™4 ing v6i gid tri thap phan cua s6 16 (vi du : ky hiéu "+" dng véi s6 43,
Ky hiéu "Del" s6 127, v.v... Dia chi cua cdc comang la cdac chit latinh,
ngoai ra ma s6 cac chit con tng véi s6 thir tu trong bang chir cdi. Dau
hiéu cta chir 1a sy dot 16 theo céc dudng thit 5 va thit 6. Duong thi 8 dé
thém s6 16 dot trong dong dé dat s6 chén.

1.2.6. Phan tir mang chuong trinh.

Ghi chuong trinh trong céc co cau diéu khién s6 duoc.thuc hién
trén phan tir mang chuong trinh (bang chuong trinh). Nguoi ta phan ra hai
cédch biéu dién tin hiéu (thong tin) diéu khién: ma hod gidi han va ma hoa
toan phan. Né&u ghi chuong trinh dugc thuc hién trong hé ma s¢ don vi thi
viéc biéu dién tin hiéu diéu khién dugc goi [A ma hod gidi han. Néu ghi
chuong trinh duogc thuc hién trong bat ky hé ma s6 nao khdc thi viéc biéu
dién tin hiéu diéu khién dugc goi 1a ma hod toan phan. Tin hiéu trong ma
hod gidi han dugc ghi trong bang tir, con trong ma hod toan phan duogc
ghi trong bang dot 16.

1.2.6.1. Bang dot 16.

Bang dot 16 1a bang trén d6 c6 16 dot. Tuy theo cong dung nguoi
ta chia ra hai loai dot 16 trén bang: van chuyén va ma hod. Dong 12 hang
ma céc 16 mi hoa nim vudng géc véi phuong van chuyén. Budc dot 16
(budc cua dong) 1a khoang céch giita duong tam cua ciac dong canh nhau.

1.2.6.2. Bang tir.

Bang tir 1a loai bang t6 hop 2 16p: mot I6p trén nén chat déo va
mot 16p bot sét tlr. Nguyén tic ghi trén bang dua vao tinh chat cla sat tir
gilr dugc trang thdi nhiém tir. Viéc ghi cdc xung dién (ma s@) trén bang tir
dugc thuc hién biang cach nhiém tir do du tir cung cdp. Khi sir dung bang
tlr, cdc tin hiéu trén bang sau khi di qua co ciu dich mi s€ lam cho cac bo
phin lam viéc clia mdy c6 chuyén dong cén thiét dé gia cong chi tiét.
Chuong trinh ghi trén bang tir c6 thé sir dung lai nhiéu lan.

1.2.7. May dot 16.

Mady dot 16 1a co cau ghi tin hiéu (thong tin) trén phan tr mang
chuong trinh. Mdi mdy dot 16 ¢é hai bo phan chinh: bd phan kéo bang va
ho phan dot 16. Bo phan kéo bing dung dé di chuyén bang theo chu ky va
dimg bang (dinh vi bang) & vi tri dot 16. Bo phan dot 16 dung dé dot 16
trén bang.
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1.2.8. Co cau tinh.

Co céu tinh dung dé tinh chuong trinh trén bang dot 16 hoac bang
tir. Cdu tao cua co cdu tinh nay dua trén nguyén 1y cua t€ bao quang dién
va cac dau tir.

1.2.9. B0 noi suy.

Bo noi suy dung dé chuyén céc thong tin ban ddu thanh cdc xung
diéu khién dong co budc, nghia 12 chuyén thong tin thanh cic ma so don
vi. BO ndi suy tinh todn toa do cta cic diém trén duong dich chuyén theo
bién dang cén gia cong (doan bién dang giita diém diu va diém cu6i ma
toa do clia ching da dugc dua vao chuong trinh). Cac toa do x, y, z 1a céic
gid tri cdn vé vi tri, cap vao mach diéu chinh vi tri trén nhiing truc chuyén
dong khac nhau cta hé diéu khién. C4c dai lugng dan s€ tic dong vao
mach diéu chinh vi tri, nhdr d6 cdc truc mdy chuyén dong theo nhiing gid
tri can va tao nén bién dang can gia cong.

1.2.10. Ban diéu khién hé ngoai vi.

Ban diéu khién mdy theo chuong trinh s6 duge cdu tao dudi dang
cac ban diéu khién riéng biét. Chiing duwoc ché tao & cdc nha mdy chuyén
dung tir cac bd phan tieu chuan: co cau do tin hiéu tir bang dot 16 hoac
bang tlr, bloc thuc hién comang céng nghé, v.v... Cing mot ban diéu
khién c6 thé dung dé diéu khién cdc mdy khac nhau (mdy phay, mdy tién,
v.v...). Ban diéu khién dugc chia ra hai nhém: khong c6 bo noi suy va ¢é
bo ndi suy. Trong trudng hop khong ¢é bo ndi suy chuong trinh diéu
khién duoc viét dudi dang ma hod toan phén trén bing dot 16, con trudng
hop ¢6 bo noi suy, chuong trinh diéu khién duoc viét dusi dang ma hod
gi6i han trén bang tur.

1.2.11. Cac hé diéu khién so.
1.2.11.1. Hé diéu khién NC (Numerical Control).

Ngiy nay, cdc may trang bi hé diéu khién NC vin con thong
dung. Pay la h¢ diéu khién don gian vdi s6 lugng han ché cdc kénh thong
tin. Trong hé diéu khién NC cac thong s6 hinh hoc clia chi tiét gia cong
vi céc lénh diéu khién duoc cho dudi dang day cdc con s6. Hé diéu khién
NC lam viéc theo nguyén tac sau day: sau khi m& mdy, céc 1énh thir nhat
va thit hai duge doc. Chi sau khi qud trinh doc két thic, mdy méi bat dau
thuc hién 1énh thd nhat. Trong thoi gian nay thong tin cua Iénh tha hai
nim trong bd nhd cta hé théng diéu khién. Sau khi hodn thanh lénh thi
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nhat may bat dau thue hién I¢nh thit hai 1y tir bo nhd ra. Trong khi thuc
hién Iénh thd hai, hé dic¢u khién doc Iénh thd ba va dua vao ché cua bo
nhd ma lénh tha hai vira duge giai phéng ra.

Nhuoc diém cia h¢ diéu khién NC 1a khi gia cong chi li¢l tiép
theo trong loat h¢ diéu khién phai doc lai 14t ca cic lénh tr dau va nhu
vy s€ khong trdanh khoi nhing sai s6t cbta bo tinh todn trong h¢ dicu
khi¢n. Do dé chi tiél gia cong ¢6 thé bi ph¢ pham. Mot nhuoce dicm khac
nita la do can rdt nhi¢u lénh chita trong bang duc 16 hoac bang tir nén kha
niang ma chuong trinh bi dimg lai (khong chay) thuong xuyeén ¢6 thé xay
ra. Ngodi ra v6i ¢h¢ do lam viéc nhu vay biang duc 16 va bang tir s¢é nhanh
chéng bi ban va mon, gay 161 cho chuong trinh.

1.2.11.2. Hé di¢u khién CNC.

Dic diém chinh cla h¢ diéu khién CNC la su tham gia cua may vi
tinh. Cac nha ché tao mdy CNC cai dat vao may tinh mét chuong trinh
diéu khién cho timg loai mdy. Hé diéu khién CNC cho phép thay doi vii
hiéu chinh cdc chuong trinh gia cong chi tiét va ca chuong trinh hoat
dong cta ban than no. Trong hé diéu khién CNC céc chuong trinh gia
cong ¢6 thé duge ghi nhd lai. Trong hé diéu khién CNC chuong trinh ¢o
thé¢ duoc nap vao bo nhd toan bd mot lic hodc timg Iénh bing tay tir ban
di¢u khién. Cic lénh diéu khién khong chi duoc viét cho timg chuyén
dong riéng 1¢ ma con cho nhiéu chuyén dong cung lic. Diéu ndy cho
phép gidm s& cau lénh cta chuong trinh v nhu vay ¢6 thé nang cao do tin
ciy lam viée clia mdy. Hé diéu khién CNC ¢6 kich thude nho hon va gid
thanh thap hon so vé6i hé diéu khién NC nhung lai ¢6 nhiing dic tinh méi
ma céac hé diéu khién trude dé khong ¢6. Vi du, nhiéu hé diéu khién loai
nay ¢é kha nang hiéu chinh nhing sai s6 ¢6 dinh ctia mdy - nhing
nguyén nhan gay ra sai sO gia cong.
1.2.11.3. Hé diéu khién DNC (Direct Numerical Control)

Dac diém ctia h¢ diéu khién DNC nhu sau (hinh 1.3):

- Nhiéu may cong cu CNC duge ndi vgi mot mdy tinh trung tam
qua duone dan di liéu. Moi mdy cong cu ¢6 hé diéu khién CNC ma bo
tinh toan cua nd ¢é nhiém vu chon loc va phan phoi cic thong tin (theo
chi¢u 1. hinh 1.3). Hay néi cich khic thi bo tinh todn la ciu noi giita cdc
may cong cu va may tinh trung tam.



- Mdy tinh trung 1am c6 thé nhan nhitng thong tin tir cic bo diéu
khién CNC (theo chiéu 2. hinh 1.3) dé hiéu chinh chuong trinh hoac c6
thé doc nhirng dit liéu tr mdy cong cu.

- Trong moét s6 truong hop may tinh déng vai trd chi dao trong
viéc lua chon nhiing chi tiét gia cong theo thit tu vu tién dé phan chia di
cdc mdy khac nhau.
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Hinh 1.3. Nguyén v hoat dong ciia hé dicu khicn DNC
- Hé DNC ¢6 ngan hang di lieu trung tam cho biét cac thong tin
cua chuong trinh gia cong chi tiet rén tat ca cdc mdy cong cu.
- C6 kha nang truyén dir licu nhanh va cé kha nang noi ghép vao
hé thong gia cong linh hoat FMS.
1.2.11.4. biéu khién thich nghi.

Str dung hé dié¢u khién thich nghi 1a mot trong nhiing phuong phap
hoan thién may cong cu CNC. Cic mdy CNC thudng co chu ky gia cong
¢ dinh (chu ky cing) da duge xac dinh ¢ phan tt mang chuong trinh vi
nhu vay ¢t moi lan gia cong chi ti¢t khac chu ky lai duge [dp lai nhu cu,
khong ¢6 su thay doi ndo. Chuong trinh diéu khién nhu vay khong duoc
hi¢u chinh khi ¢o cdc yéu 6 cong nghé thay déi. Vi du, khi gia cong chi
tiet luong du ¢d thé thay doi dan dén bién dang dan hai cia hé thong
cong nghé. Khi dé néu hé¢ thong dié¢u khién khong hi¢u chinh lai luc cat
thi kich thudc gia cong ¢6 thé vuot ra ngoai pham vi dung sai (nghia la,



sinh ra ph¢ pham). Trong trudng hop nay dé tranh phé pham phai giam
lugng chay dao hodc thém budc gia cong, nghia la da giam nang sudt gia
cong.

Hé  thong
diéu khién thich
nghi 1a hé thong !
diéu  khién co

tinh dén tac dong

bén ngoai cua hé
thong cong nghé
dé hiéu chinh
chu ky gia cong
(qua trinh  gta
cong) nhim loai
bo anh huong A

cua cac yéu 16 do
t6i do chinh xdc

gia cong. o , ,
Hinh 1.4. Sodo diéu khién thich nghi

Hinh ]'4 1: chi tier: 2: duo; 3: datric; 4: bo bién doi:
la mot vi du vé 5,6.7: co cau chay dao.
so d6 diéu khién thich nghi. Dao (2) gia cong chi tiét (1). Cic véu 16 cong
nghe khong on dinh ¢6 thé gay ra su thay déi luc cét Py (luc hudng kinh).
Luc P, dugc datric (3) ghi lai. Tin hiéu ctia datric di qua bo bién doi (4)
tdc dong dén co ciu chay dao (5+7) va lam &n dinh luc cit P,. Néu luc
cat Py tiang thi lugng chay dao sé giam xuéng va nhu vay luc Py sé giam
xudng. Nguoc lai, néu luc cat Py giam xudng thi luong chay dao s€ tang
len. On dinh luc cédt khi dé cé nghia la giam duge dao dong cta kich
thudc gia cong (tang do chinh xac va nang sudt gia cong).

Ciing tuong tu nhu vay hé thong diéu khién thich nghi ¢6 thé én
dinh dugc cong suat cat, méomen cat hay nhiét do cit, v.v... Tuy nhién. hé
thong diéu khién thich nghi hay duoc dung dé on dinh kich thudc gia
cong. O day co cau kiém tra tich cue (kiém tra chli dong) luon luon xac
dinh duoc kich thude gia cong va tic dong dén co cdu diéu khien dé on
dinh kich thude cua chi tiét.



CHUGNG 2. MAY CONG CU CNC

Nhu ching ta da bict, trude thé h¢ mday CNC da ¢6 hai thé hé may
cong cu vdi trinh d¢ hi¢n dai thap hon: mdy cong cu thong thuong va may
cong cu NC.

2.1. May cong cu thong thuong.

Khi thuc hién gia cong chi tiét tén cdc mdy cong cu thong
thudng cong nhan thudng dung tay dé dicu khién mdy (duong nhién céc
chuyén dong cit va chuyén dong chay dao déu do mdy thuc hién). Cong
nhan ciin ¢t vao phidu nguyén cong dé cit got chi tiét nham dam bao cic
yéu cau k¥ thudt dat ra. Trong trudng hop nhu viy nang suat va chat
lugng san pham phu thudc rat nhiéu vao tay nghé cua cong nhan. Mac du
con nhiéu han ché so véi mdy NC va may CNC nhung cic mdy cong cu
thong thuong hién nay van con dugce sir dung rat rong rii véi ly do la gia
thanh thap va thuidn tién cho cong viée stra chita va cho nén san xuat hién
con dang O trinh do thilp. Dac biét cdc may cong cu trinh do thip van con
v nghia 16n dai vai cdce trudng day ngh¢ co khi va cdc ¢cong viée thuc tap
cua sinh vién cao dang, dai hoc & cdc trudong k¥ thuat.

2.2. May cong cu NC.

D61 vai cic may cong cu NC thi vice diéu khién cac chie nang
cua miy duge quyét dinh bang cic chuong trinh da lap san. Cic may
cong cu NC rat thich hgp vt dang san xudt hang loat nho va trung binh.

Hé thong diéu khién clia may NC 1a mach dién ti. Thong tin vao
chifa t1én bang i hoae bany duc 16, thue hien chitc nang theo tung khoi,
khi khoi trude két thae, may doc tiép cac khéi lénh tiép theo dé thuc hién
cdc dich chuyén cén thi¢t. Cac mdy NC chi thuc hién cdc chic nang nhu:
noi suy duong thang, noi suy cung tron, chiic nang doc theo bang. Cic
may NC khong ¢é chie nang luu trit chuong trinh.

2.3. May cong cu CNC.

Mady cong cu CNC la bude phit trién cao tir cdc may NC. Cdc may
CNC ¢6 mot mdy tinh dé thiét 1ap phin mém dung d¢ di¢u khién cic chic
ning dich chuyén ctia may. Cic chuong trinh gia cong duoc doc cung
mot ldc va duge luu trit vao bo nhd. Khi gia cong, mdy tinh dua ra cdc
lenh diéu khién mdy. Mdy cong cu CNC ¢6 kha nang thuc hién cac chice
nang nhu: noi suy ciu'(:jng«-llyil_lg.,illé;i,,$U,y?(_;u(_1g,lr(‘)n, mat xoin, mit parabol
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va bit ky mat bac ba ndo. Mdy CNC ciing ¢6 kha ning bl chiéu dai v
dutng kinh dung cu. Tat ca cdc chic nang trén déu duoc thuc hien nho
maot phan mém cua may tinh, Cac chuong trinh lap ra ¢6 theé duoc luu tri
tren dia cimg hoac dia mém.

2.4. Hé truc toa do cua may cong cu CNC.

Cac truc toa do cua
may CNC cho phép xdc

dinh chiéu chuyén dong +z

cia ¢ic co cdu mdy va ANFC

dung cu cat (hinh 2.1). Cac +Y
truc toa do dé la X, Y. Z.

Chié¢u duong cla truc X, r8

Y, 7Z dugce xdac dinh theo
quy tic ban tay phai (hinh
2.2). Theo quy tac nay thi
ngén tay cdi chi chicu

+ X

A g

+A

duong cua true X, ngén tay
gita chi chiéu duong cua
truc Z, con ngdn tay tro chi
chic¢u duong cha truc Y. -y -Z
Cic truc quay tuong ang
vai true X, Y, Z duoc ky
hi¢u bing céc chir A, B, C.
Chic¢u quay duong la chiéu quay theo chiéu cta kim dong hd néu nhin
theo chiéu duong clia cac truc X, Y, Z.

a)True 7.

Hinh 2.1. H¢ truc toa do cua mav CNC

- -

Nhin. chung & cac may truc Z luon song song véi truc chinh cua
may.

- Mdy tién: truc Z song song vdi truc chinh cta mdv va ¢é chiéu
duong chay tr mam cap t6i dung cu (chay xa khoi chi tiét gia cong duge
cap trén mam cap). Hay néi cdch khdc thi chiéu duong cua truc Z chay
trai sang phai.

- Mdy khoan ding, mdy phay dding, may khoan can: truc Z song
song véi céc truc chinh v ¢6 chiéu duong huéng tr ban mdy 1¢n phia true

chinh. e e
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- Mdy bao, mdy xung di¢n: truc Z vuong géc véi ban mdy va ¢o
chiéu duong hudng tir ban may lén phia trén.

- Cdc mdy phay ¢d nhiéu truc chinh: truc Z song song véi dudng
tam cua truc chinh vuong géc¢ véi ban may (chon truc chinh ¢é dudng tam
vuong goc véi ban mdy lam truc Z). Chiéu duong cla truc 7 trong trudng
hop nay hudng tur ban may téi truc chinh.
b)Truc X

Truc X 12 truc nim trén mat ban mdy va thong thuong né dugc
xdc dinh theo phuong nam ngang. Chiéu ctlia truc X duge xdc dinh theo
quy tic ban tay phai ( ngén cdi chi chiéu duong ctia truc X).

- Mdy phay diing, may khoan ding: néu ding ngoai nhin vao truc
chinh thi chiéu duong cua truc X hudng vé bén phai.

- May khoan cin: néu ding & vi tri diéu khién may ta ¢6 chiéu
duong cua truc X hudng vao try may.

- May phay ngang : néu diing ngoai nhin thing vao truc chinh thi
ta ¢6 chidu duong ciia X hudng vé bén trdi. con néu ding & phia truc
chinh dé nhin vio
chi tiét thi ta cé
chiéu duong cua X
huéng vé  bén
phai.

- Mdy tién: .z
truc X vuong goc
v4i truc may va co
chiéu duong
hudng vé phia ban

. =
kep dao (hudng ve ~
phia dung cu cat).
Nhy vy néu ban \ b)

kep dao ¢ phia
truge truc chinh
thi chiéu duong
cua X hudng vao ‘Hinh 2.2: Quy tic ban tay phdi

ngudi tho, con néu

ban kep dao & phia sau truc chinh thi chiéu duong di ra khoi ngudi the.
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- Mdy bao: truc X nam song song v6i mat dinh vi chi tiét trén ban
mdy va chicu duong hudng tir ban mdy t6i than mdy .
c)Trucy,

Truc Y duge xdc dinh sau khi cdc truc X, Z da dugc xdc dinh theo

quy tiac ban tay phai. Ngon tay tro chi chiéu duong clia truc Y.
d) Cac truc phuy.

Trén  cac +Z
mdy CNC ngoai
cic truc X.Y.,Z

‘
con ¢6 cic truc ‘ 7‘5+B v .
khdc song song ! P //
vl ching (cdc bo +A’ | 7

phan may dich __ ( _ _ _ _ ¥V . _} L2
chuyén song song X ‘ A

vOi cac true X, Y, 7
Z ). Cédc truc nay - l +c’
dwoc ky hieu 1a S =g
U,V,W_ tong d6 '¢>’ 1+z’
U/X, VY, va
W//Z. Néu c6 cic
truc khic nita song
song véi toa do
chinh X, Y, Z thi cac truc nay duoc ki hiéu 1a P,Q,R trong dé P//X. Q//Y.
R//Z. Cac truc U,V,W dugc goi la cdc truc thi hai, con cac truc P. Q. R
duoc goi la cac truc tha ba (hinh 2.3).

Hinh 2.3. H¢é toa do ciia may CNC ki chi riet chuven
dong thay cho dung cu cat

~Khi chi tiét gia cong cung ban may tham gia chuyén dong thay
cho dung cu cit thi ciac chuyén dong ay (chuyén dong tinh tién theo ba
truc va chuyén dong quay quanh ba truc) duge ki hiéu bang cdc chr X',
Y', Z va A", B’ C (hinh 2.3). Céc chiéu chuyén dong ndy nguoc véi
chiéu chuyén dong cta dung cu.
2.5. Cac diém chuan.

Cic diém chuan can duoc xac dinh trong vung lam vi¢e cua may.
2.5.1. Piém chuan cua may M (diém goc O cua may).

biém goc O cua mdy (diém chuan M cla may ) 1a diém goc cla
hé toa do clia may. Diem M duge cic nha ché tao quy dinh theo K&t cau
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cua timg loai may. Diém M la diém gidi han clia ving lam viée cliia may.
Di¢u dé ¢6 nghia la trong pham vi ving lam viéc cua may cdc dich
chuyén cuta cic co cau may ¢6 thé thue hién theo chiéu duong cia cic toa
do. O cic miy phay di¢m M thuong nim ¢ diém gi6i han dich chuyén
clia ban mdy. Diém chuan M (diém O clia mdy) ciia mdy khoan can vi
ctia may phay ding duoc thé hién trén hinh 2.4,

Hinh 2.4 Diéon M cuia may Khoar caioaova caa mdy phay diing (b)
Piém M cua mdy tién duoc mo ta trén hinh 2.5a,b.
2.5.2. Diém O cuia chi tiét (diém W),
Di¢m W clia chi tiét 1a géc toa do cua chi tiét. Vi tri diem W phu
thudc vio su lua chon cta nguoi lap trinh .

Daoi vai cdc chi €t tién thi diém W cda chi tiét nam trén dudng tam
cua chi tiét hoac ¢ mat dau bén trdi hoac mat dau bén phai. Hinh 2.5 ¢
cho thay di¢m W nam & mat dau bén trdi cta chi tiét.

Doi v6i cic chi tiét phay chon diém W tai diém géc ngoai duong
vién chi tiét (hinh 2.6a).
Khi gia c()m cdc bé mat chi tiél ¢ thé chon nhiéu toa do khéc

nhau vdi cac diém goc W, va cic hé 1oa do phu W, W, W, va W, (hinh
2.0b).



5)
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Z,KT

2z, TP

z,FK
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Hinh 2.5. H¢ toa do va cdac diém chudn

a)

b)

Hinh 2.6. Mot diém W (a) va nhiéu diém W (b)
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2.5.3. Diém chuan cua dao (P).

Céc dao tién, dao khoan cé diém chuan la dinh dao (hinh 2.7a,b).
Cic dao khoét, dao doa hodc dao phay thi diém P 1a tam clia mat diu clia
dao (hinh 2.7c, d, d). Piém P duoc dung khi tinh cic quy dao chuyén
ddng cua dao.

" @ WM
F o) b) ) d) d)

Hinh 2.7. Diém chudn cia dao
2.5.4. Diém chuan cua gia dao T va diém ga dao N.
biém T dugc dung dé xdc dinh hé truc toa do cha dao. Diém T
phu thudc vao viéc gé dao trén may. Thong thuong khi ga dao trén mdy
thi di€m T trung vdi diém ga dao N (hinh 2.8).

Hinh 2.8. Diém cua gid dao T va diém ga dao N

2.5.5. Diém diéu chinh dao E.

Khi gia cong ta phai sir dung nhiéu dao, nhu vay cic kich thudce
cua chiing phai dugc xac dinh bing co ciu diéu chinh dao.

Muc dich cha viéc diéu chinh dao 1a dé c6 thong tin chinh xéc
cho hé thong diéu khién vé kich thudc dao (hinh 2.9).

Khi dao dugc lap vao gid dao thi diém E va diém N tring nhau.
2.5.6. Diém ga dat (hay diém ty) A.

Diém A 1a diém ty cha bé mat chi tiét 1én d6 dinh vi clia d6 ga.
Diém A c6 thé trung v6i diém W cta chi tiét (hinh 2.10) hoac ¢6 thé lua
chon tuy ¥ trén mat dinh vi clia chi ti€t gia cong.
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2.5.7. Piém O cua chuong trinh.

DPiém O cuia chwong trinh (chinh xdc hon 1a diém P cua dung cu
cat) 1a diém truéc khi gia cong dung cu cdt nim & d6. Diém O cua
chuong trinh phai xdc dinh sao cho khi thay dao khong bi anh hudng cua
chi tiét hoic cua dé6 ga (hinh 2.5c¢).

2.5.8. Cac diém chuan khac

- F;K.
—D Khi nghién ctru cdc hé
truc toa d6 ngudi ta con dung

céc diém chuan khic nhu diém
J F, diém K dé xac dinh cac kich
thugc lién quan (hinh 2.5 va
hinh 2.11).

£ 2.6. Quan hé giira cac hé

~ .~ truc toa do.

Khi gia cong trén céc
médy CNC ngudi ta c6 thé chia
cac hé truc toa do thanh 3 loai:
hé truc toa dé cua mdy, hé truc
toa do cua chi tiét va hé truc

Hinh 2.9. Diém diéu chinh dao E

| toa do cua dao.
I I - Hé truc toa do cua

mdy XMZ ¢4 diém goc tai
diém g6c cia mdy M (hinh
I 2.5b). Trong hé toa do nay cé
‘ thé x4c dinh vi tri cua cdc diém

chudn khdc clha cic co cdu

Hinh 2.10. Piém gad ddit A mdy. Cdc gid tri bang s6 cla
céc diém d6 (vi du diem F)

dugc ghi vao bang chi dan cua mdy.

- Hé truc toa do cua chi tiét X WZ_(hinh 2.5¢).

- Hé truc toa do ctia dao X, TZ, (hinh 2.5d). Piém goc cla dao P
duoc xdc dinh tuong daéi so véi cic diem F, K, T.

Hé truc toa do cua chi ti€t xdc dinh tat ca kich thudc va céc diém
cua chi tiét. Céc kich thudc va cdc toa do diém cua chi tiét 1a nhirng thong
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$6 can cho lap trinh gia cong chi tiét d6. Heé toa do cta chi tiét dugc nguoi
[ap trinh dua ra tuong (ing v&i hé toa do cua mdy. Hé toa do nay xac dinh
toa do chi tiét trong d6 g4, cach bé tri co ciu cla dé gd, quy dao chuyén
dong cta dao, déng thoi cling cho biét diém O cua chuong trinh gia cong.
Trude khi gia cong diém P cha dao phai tring véi diém O cla chuong
trinh. Diém O do nguwi 1ap trinh chon sao cho thuan lgi cho viéc tinh todn
kich thugc, dich chuyén ctia dung cu va chi tiét, tranh nhiing buédc dich
chuyén thira gan chi tiét gia cong.

Khi gia cong trén may CNC nhiéu dao thi s6 diém O ciing c6
nhi€u va bang s6 dung cu (vi mdi dung cu c6 quy dao riéng clia minh).

Vi tri cha diém O va cha diém bat ki nao khdc cta quy dao
chuyén dong cta dao dugc chuyén vao hé toa do clia mdy tir hé toa do
cua chi tiét (hé toa do chuong trinh) qua diém chudn C ctia d6 g (O - W -
C - M). Tam dung cu P (di€ém géc dung cu) tir hé¢ toa do X, TZ, duoc
chuyén vao h¢ toa do may qua diém chuin K cta ban gd dao véi toa do
cta diém F (P- K- F- M), (hinh 2.5 va hinh 2.11).

Nhu vay, moi lién hé gitta cac hé truc toa do: chi tiét - mdy - dung
cu cho phép dat do chinh xdc cao khi ga dat lai chi ti€t va cho phép xac
dinh viing dich chuyén cta cic co cdu chdp hanh clia may khi tinh ton
quy dao clia dao trong qud trinh chuan bi lap trinh.

Lap trinh dé gia cong trén may CNC s& don gian néu diém goc
clia may(diém M) ndm & goc toa dd may, cic diém chudn cha cic co cau
chap hanh dugc liét vao cdc diém c6 dinh cha mdy, con quy dao chuyén
dong cia dao duge tao boi dich chuyén clia diém chuén clia co cau chip
hanh mang dao cét (chinh dao cit duge gé trén co cdu chdp hanh dé) nam
trong hé toa do may. Diéu nay cé thé dat duge néu diém chuin C cia d6
gé dugc xdc dinh trong hé toa do cha chi ti€t va clia may.

Khi lap trinh ngudi ta thuong 14y diém géc cua chi ti€t dé lam
diém goc cua hé toa do lap trinh. Trong trudng hop do, viéc xédc dinh vi
tri cdc diém chuin ctia d6 g4 cho chi tiét vi cho quy dao chuyén dong cla
tam dung cu s€ thuan loi hon.

Khi gia cong trén mdy tién thong thudng diém goc cha hé toa do
lap trinh dugc chon I diém géc cla chi ti€t W & mat ddu. Khi g chi tiét
trén dé ga diém W trung véi diém C trén bé mat clia d6 ga (hinh 2.11).
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Trén may tién diém goc ctia mady M nam & dau truc chinh. no xac
dinh vi trf cha cédc truc toa do may Z va X (hinh 2.11). Khi may lam viéc
thi diém F luén thay déi va do dich chuyén cta F duoc xdc dinh tuong
doi so véi diém M. O day céac gia tri toa do XMF va ZMF duoc ghi o
bang chi din cta mdy. Gid tri ZMC luon luén cho trude vi né la khoang
cach tir diém M dén diém chuan cta d6 g4 C (mam cap mdy tién). Diém
C trung véi diém B’ trén chi ti€t (khi chi tiét tho chua gia cong).

Trong hé toa do X WZ_ (hinh 2.5¢ va hinh 2.11a) c6 diém O Vi
toa do Z.WO va X WO va diém WR dé xdc dimh kich thudc caa chi tiét.
O day kich thude cia chi tiét (phoi) 1a Dyxl (D,-dudng kinh, I-chiéu dai).
Can nhd rang X_ 1a toa do theo truc X va Z_la toa do theo truc Z cua chi
tiet.

Trong hé toa do lap trinh cling can ¢é tat ca cac diém chuan dé
lap trinh quy dao chuyén dong clia tam dung cu cat.

— M 2 WB"(z.WC
— ZMC A WC)

XMF

Hinh 2.11. Quan hé gitia cdc hé tric toa do khi tién



O phoi cling duoc ki hi¢u lvong du Z WB’ (diém B’) can phai hét
di trong budc gia cong thir hai hoac la su dich chuyén cua goc toa do W
twong doi so véi mat chuan cia chi tiét (gid i ZWB’).

Trén mdy tién hé toa do ctia dao X, TZ, ¢6 diém chuan clia dai
dao 12 T (hinh 2.5d). Vi tri ctia diém T so véi tam dai dao K 1a: Z KT va
X,KT. Trong mot ban gd dao ¢6 thé ¢6 nhiéu dai dao (1 co ciu dé gia mot
con dao) va do tinh chit gia cong (ga chi tiét trén mam cap hay chong
tam) cho nén dai dao ¢6 thé ¢6 nhiing vi tri khdc nhau trén ban ga dao do.
Do do, tam cua dai dao ¢é toa do Z FK va X,FK so véi tam cla ban ga
dao F.

Hinh 2.1 1a cho thay chuin cong nghé cua chi i€t tring véi mat ty
cta d6 gd (cac diém B’ va C). Diéu nay cho phép két hop hé toa do lap
trinh véi hé toa do may.

Trong truong hop hudng cta cic truc toa do 1ap trinh va mdy cung
chi¢u ta ¢6 : ZMW = ZMC - Z WB’ (¢ day ZMC va ZWB’ la toa do cic
diém chuan trong hé toa do mdy va h¢ toa do lap trinh ¢6 tinh dén dau,
hinh 2.1 1a).

Ta thay : ZMW =ZWC - (- ZWB’) =ZMC + Z WB’.

Néu hudng cta cdc hé toa do lap trinh va mdy nguoc chiéu nhau thi
ZMW = ZMC + Z WB" (& day Z MB” la toa do clia diém B” cua chi tiét
gia ¢ong & bude thi hai. DI nhién, trong truong hop nay phai  gia dinh
rang diém chuin C ctia dé gd tuong doi so vé6i diém M 14 ¢o dinh, ¢6
nghia 14 bing ZMC nhu khi gia cong chi tiét o budc thi nhat).

Khi d6 diém O véi cdc toa do X WO va Z WO trong hé toa do lap
trinh dugc xdc dinh bang cic toa do XMO va ZMO trong hé toa do mady :

XMO =x,: ZMO =7ZMW # 7,

(O day dau "+" chi huéng ciing nhau ctia cdc hé 1oa do mdy va lap
trinh, con dau "-" chi hudng nguoc nhau cta cic truc toa do trong hé toa
d6 may va lap trinh). Cic toa do x, va z, xdc dinh vi tri diém O trong hé
toa do lap trinh (h¢ toa do chi tiét).

Khi phoi hop he toa do 1ap trinh va hé toa do dung cu tuong déi so
véi cdc diém chudn clia may M va F ( clia ban gd dao) ¢6 the xdce dinh cac
toa 40 ZMP va XMP ctia tam dung cu P trong hé toa do cua may XMZ.
Trong trudng hop nay cin nhd ring phan congxon cua dao X, TP va Z, TP
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duoc xadce dinh khi dicu chinh dao, con vi trf tuong doi ctia diem T (cic
gid i X KT va Z KT) so v6i tam cia dai ga dao K la dac tinh k¥ thuat
cua may. Cac gia tr1 X,FK va Z FK ciing dugc cho trude (hinh 2.5d) dé
vie dinh vi Ul tuong d6i clia K so véi diém chudn F. Khi d6 ta ¢6 (theo
hinh 2.5 va 2.11):

XMP = XMF + X FK + X KT + X TP
ZMP=7MF +Z FK+Z KT+ Z TP
Khi xdc dinh XMP va ZMP can chi y dén hudng cua cic gia tri
thanh phan. Néu di¢m chuan cta ban gd dao F trung vé6i diém chudn cua
dai dao T thi cic toa do cta diém P (diém chuan cta dao) chi duoc tinh
theo congxon cua dao, nghia la toa do cua né trong hé toa do dao <& La:
XMP = XMFK(T) + X TP
ZMP =7ZMF(T) + 7, TP

Di nhién, truée khi gia cong theo chuong trinh (hinh 2.11a) tam
dung cu P phai triing véi diém chuan O va toa do cua diém P lic nav
dugc tinh theo cong thic sau:

ZMP = ZMW + ZWO = ZMO
XMP = X, WO = XMO

O day: XMO va ZMO la toa do cha diém chuan O trong toa do
may.

Khi lap trinh cin chi y la khoang dich chuyén cta cac co cau chap
hanh ctia may (viing 1am viéc) duge gidi han bang toa do cdc diém chuan
cua nhitng co cdu chip hanh do6 trong hé toa do may (hinh 2.12). Trén
hinh 2.12 ta thily diém F ¢ thé nim & bit i vi tri ndo trong vang lam
vi¢e (phan gach chéo) duoe gidgi han bang cdc toa do XMF, , va XMF,
ZMF, . va ZMF

max

nis
win®

Dicu ndi trén day tuon luon ding cho moéi dao khi lap trinh gia cong
trén mady tién. Trude khi gia cong tam cua dung cu (diém P) can phai
nam & vi i diém O ma tr dé quy dao cua dao duge lap trinh. Trén hinh
2.12 miii tén nét dit chi thit tr chuyén doi vao hé toa do may cla quy dao
tim dung cu P (P-T-K-F-M) va cta diem O (O-W-C-M).

Nhur vay. ciing ¢6 thé xdc dinh thd tr chuyén doi cia quy dao tam
dung cu khi gia cong trén may khoan - doa (hinh 2.13).
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Hinh 2.12. Quan hé giiia cdc hé tog do Lap trinli-mdy-dung cu
khi tién bang nhiéu dao

Hinh 2.13. Quan hié gitia cdc hié toa dé trén may khoan - dou



2.7. Cac dang diéu khién cua may cong cu CNC.

Ciac may CNC khdc nhau ¢6 kha nang gia cong duge cic be mat
khdc nhau nhu cdc 16, mat phing, cdc mat dinh hinh, v.v...Do d6 cdc dang
diéu khién clia mdy ciing duoc chia ra thanh: diéu khién diém - diém.
diéu khién theo duong thing va diéu khién theo contour (diéu khién theo
bién dang).

2.7.1. biéu khién diém-diém.

Diéu khién diém-diém (hay diéu khién theo vi tri) duge dung dé gia
cong cic 16 bing cac phuong phap khoan, khoét, doa va cit ren 16. O day
chi tiét gia cong duge gd cd dinh trén ban may, dung cu cat thuc hién
chay dao nhanh dén cdc vi tri da [ap trinh. Khi dat tdi cdc diém dich dao
bat dau cat (hinh 2.14). Tuy nhién, ciing ¢6 trudng hgp dao khong dich
chuyén ma ban mdy dich chuyén. Muc dich chinh can dat [a cic kich
thudc a, b, ¢, d, d, e phai chinh xdc, con qui dao chuyén dong cua dao hay
cta ban mdy déu khong ¢ y nghia lam,

Vi tri clia cdc 16 ¢6 thé duge diéu khién dong thoi theo hai truc
(hinh 2.15a) hoic diéu khién k€ ti€p nhau (hinh 2.15b). Trong truong
hop chay dao
dong thai theo hai
truc X. Y thi quy
dao chuyén dong
tao thanh mot goc

a s$O vai mot truc
nao do (vi du. trén
hinh 215 gb¢ hop
thanh gita quy
dao chuyén dong
cua dao va truc X

la o).

Trong truong

hgp chay dao doc

Hinh 2.14. Diéu khién diém - diém lap thi trude hét

dao chay song

song vdi truc Y t6i diém 17 (lic nay toa do cua X khong thay doi), sau do

dao chay theo truc X dé t6i diém dich 2. Nhu vay cdc chuyén dong cula
dao theo cdc truc hoan toan doc 1ap véi nhau.
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Hinh 2.15. Cdac dang chiay dao trong diéu khién diém - dicm
a) diéu khién dong thoi theo hai trug;
b) diéu khién k¢ ticp.

2.7.2. Diéu khién duong thang.

Diéu khién duong thang 1a dang di¢u khién ma khi gia cong dung cu
cat thue hién lugng chay dao theo mot dudng thang nao dé. Trén mdy tién
dung cu cit chuyén dong song song hodc vuong géc véi truc clia chi tiét
(truc Z trén hinh 2.16a). Trén mdy phay dung cu cit chuyén dong song
song vdi truc Y hodc song song véi truc X (qui dao duge xdc dinh theo
chi¢u mii tén). Ta thdy trong ca hai trudng hop trén dung cu cit chuyén
dong doc lap theo tung truc maét (khong cé quan hé rang budc véi truc
khdc). Dang diéu khién ndy duoc dung cho cdc mdy phay va mdy tién
don gian.

v 4

e e )

1IN

I

Hinh 2.16. Diéu khién duong thang

2.7.3. Pi¢u khién bién dang ( diéu khién contour).

Diéu khién theo bién dang (theo contour) cho phép thuc hién chay
dao trén nhiéu truc ciing lic. Vi du trén hinh 2.17 cho thay di¢u khién
theo contour trén may tién (hinh 2.17a) va trén may phay ( hinh 2.17b).

Trong ¢4 hai trudng hop trén dung cu cit chuyén dong dong thoi
theo ca hai truc dé tao ra mét bién dang vira ¢6 phan thing, vira ¢6 phén
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cong. O day cdc chuyén dong theo cdc truc ¢ quan hé ham s6 rang buoc
v6i nhau. Dang di¢u khién ndy duge ting dung trén cdc mdy tien, may
phay va (rén cac trung (am gia cong.

Tuy theo sd truc duoge diéu khién dong thai khi gia cong. nguoi ta

: s 2 s o ! R
phan biét: dicu khién contour 2D, di¢u khién contour 25 D va dicu khien
contour 3D (D la dimension hay kich thudc).
2.7.3.1. Diéu khién contour 2D.

biéu khién contour 2D cho phép thuc hién chay dao theo 2 truc
déng thoi trong mot mat phiang gia cong. vi du: trong mal phang XZ hoic
XY trén hinh 2.17. Truc thd 3 duoc diéu khién hoan toan doc lap véi hai
truc kia. C6 thé hiéu ro hon khi trén mdy CNC ¢6 3 truc: hai truc duoc su
dung d¢ phay contour (hinh 2.17b) con truc thit 3 (truc Z) thuc hién in

dao theo chiéu sau cit v duge diéu khién khong phu thuédc vio hai truc
Kia.

y 4

Lo S -

a) b)

Hinh 2.17. Diéu khién theo contuor
a) trén mdy tién; b) trén mdy phay.

2.7.3.2. Piéu khién contour 2% D.

biéu khién contour 2—2~ D cho phép an dao dong thoi theo hai truc

nao dé dé gia cong bé mit trong mot mat phang nhat dinh. Trén mdy
CNC ¢6 3 truc X,Y,Z sé& diéu khién dugc déng thoi X va Y, X va Z hodc
Y va Z (hinh 2.18). Trén cdc mdy phay, diéu nay c6 nghia la chiéu sau cat
o+ th¢ duoc thuc hién bat ky mot truc nao d6 trong 3 truc, con 2 truc kia
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dé phay contour. Trén hinh 2.18 cic dudng 1,2,3 1 cdc quy dao chuyén
dong cua cdc tam dao phay. Nhu vay, thong qua cdc chic ning G cua
chuong trinh gia cong cé thé chuyén tir bé mat gia cong niy sang bé mit
gia cong khac.

<

| !
4 i '] ) Contour dugc
(0 gio cong

i 's/  Kith thodc:alb

Hinh 2.19. Diéu khién contounr 3D



2.7.3.3. Piéu khién contour 3D.

Diéu khién contour 3D cho phép déng thdi chay dao theo ca 3 truc
X.Y,Z (ca 3 truc chuyén dong hoa hop véi nhau hay c6 quan hé rang
budc ham s6, hinh 2.19). Ta thdy contour dugc gia cong do ca 3 luong
chay dao theo ca 3 truc X,Y,Z tao thanh. Diéu khién contour 3D dugc
ung dung dé gia cong cdc khuon mau, gia cong cdc chi tiét c6 bé mat gia
cong khong gian phic tap.

2.8. Cac chi tiéu gia cong cua may CNC.
2.8.1. Thong so hinh hoc.

Thong s6 hinh hoc clia may CNC hay cia ving gia cong la thong so
clia khong gian ma trong dé dung cu cit va chi ti€t gia cong c6 thé tac
dong qua lai ¢ bat
ki vi tri nao. Nhu
vay, trén cdc may
gia cong chi tiét
tron xoay vung
gia cong la mot
khoi lang tru
dugc xac dinh
bang ban kinh va
chiéu dai dich
chuyén clia cac
toa dd (hinh
2.20a).

Trén céc
mdy gia cong chi
ti€t hinh hop chir
nhat vling gia
cong la mot khoi
hinh hop (doi khi
hinh lang tru) -
dugc  x4c dinh
hing cdc  chiéu
Za1 dich chuyén
Cua Jdc toa do
thinh 2.20b). Cac Hinh 2.20 Vang gia cong ciia mdy CNC




diém gidi han cla ving lam viéc duge danh s6 tuong tu nhu ki hiéu s
cua ma tran. D€ thuan tién va dé nhd ngudi ta danh thu tu cdc s6 theo quy
tac sau: so thit nhat chia cdc chit s6 ki hiéu cdc diém theo truc thang ding,
s& thit hai clia cdc chit s6 ky hiéu cdc diém theo truc doc (truc Z) con s6
thit ba clia cdc s6 ky hiéu cdc diém theo truc nim ngang (truc X, hinh
2.20).

2.8.2. Thong sé gia cong.

Thong s6 gia cong cia may CNC la t6c do chuyén dong cia céc co
cdu chdp hanh va cong sudt dong co. Ngudi ta dua vao cic thong s6 hinh
hoc (viing gia cong) nhu kich thudc ban may phay hay chiéu cao cla tam
mady tién dé chon cong suat dong co, téc do quay cua truc chinh va lugng
chay dao. Vi du, d8i véi cdc mdy nhiéu dao dé gia cong céc chi tiét hinh
hép chir nhat nguoi ta chon cac thong s gia cong nhu sau:

- Bé rong cia ban mdy (mm) 400 -630 630 - 1000
- Cong suat dong co (kW) 5-11 9-15

- Téc do quay truc chinh (vg/ph) 3150 - 4000 3150 - 4000
- Téc d6 chay dao (m/ph) 1-10 24-8

- Téc do chay dao nhanh (m/ph) 6 - 10 5-10

- Thoi gian thay dao ty dong (s)  3- 7 3-10

2.8.3. Nang suat gia cong.

Nang sudt gia cong la s6 lugng chi tiét dugc gia cong trong mot don
vi thoi gian. Cong thirc tinh niang suat gia cong duogc viét dudi dang:

] i1 K -1
Q:T_zii(%)tcbk[+tcl+Zt0+Ztld+Ztk[} 2.1)
1 !

€
O day :

T,. - thoi gian timg chiéc trung binh (phiit);

m - s8 loat chi ti€t dugc san suit trong mot nam;

n - s6 lugng chi ti€t dugce san sudt trong mot nam;

i - s6 luong nguyén cong can thiét d€ gia cong mot chi tiét;

k - s6 luogng cdc nguyén cong kiém tra;
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t. - thdi gian thay doi chi tiét gia cong;

t, - thoi gian thay dao;

t, - thoi gian co ban;

t,, - thoi gian kiém tra;

t.p - thO1 gian chuan bi - két thic.

| D¢ tang ning sudt phai giam thoi gian t,,,,. Muén giam thoi gian t ,,,

phai diing do6 gd - vé tinh va giam s& luong céc loat chi tiét gia cong trén
may (trén mot mdy CNC khong nén gia cong qua 30 + 50 loai chi tiét
trong mot ndm).

Dé tang nang suat phai giam t,. Phuong phap giam t, la dung hé
thong thay dao tu dong. Trén cdc mdy thay dao bang tay nén su dung co
cdu kep nhanh.

Dé tiang nang suat con phai giam thoi gian thay déi céc chi tiét gia
cong. Viéc nay c6 thé dat dugc nho cdc co cau nhiéu vi tri (dé thay chi
tiét tu dong) va do gd - vé tinh. Dong thoi dé tang nang sudt phai giam
thoi gian t,. C6 nhiéu cdch dé giam t: tang t6c do cat (can phai tang cong
sudt dong co), st dung dao ¢ kha nang cat vé6i t6c do cao, gia cong vdi
ché& do cat t6i uu va gia cong dong thoi bang nhiéu dao.

Mot phuong phdp nita dé nang cao nang suat gia cong la giam thoi
gian phu. Thai gian phu duge giam bang cdch ting téc do chay nhanh cia
cdc ¢o cAu chdp hanh hoadc cta dao (c6 gang tang téc dd chay dao nhanh
t6i 10 = 15 m/ph).

2.8.4. Po chinh xac cua may CNC.

Sai $6 gia cong téng cong trén cdc may CNC xuat hién trén cac hé
thong truyén dong clia may, trong cac hé théng diéu khién va kiém tra va
trong ban than chi tié€t gia cong (hinh 2.21 va hinh 2.22).

Cac sai s0 gia cong dugce ky hiéu va giai thich nhu sau:

8,,0,,8,0, - cdc sai s8 1ap trinh, noi suy, hiéu chinh noi suy va sai
s6 clia “lénh trd vé diém 07;

85,84~ sai sO cuia budc bén trong va sai s6 tich luy cla datric:

8, - sai s6 clia cdc co ciu chuyén doi tin hiéu;
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8¢~ sai so cla dreipha dic tinh truyén dong (sai s6 thdi gian phat
xung);

89,0,0,0, - CAcC sai $8 truyén dong (luc, moémen, téc do);

d,,- sai s0 truc vit - bi;

8,4~ sai s6 hinh hoc clia may;

8,4,0,5 - bién dang dan hoéi cia may va dé ga;

- sai $0 kich thudc g dat dao;

d,,- sai s6 do mon dao;

3,4~ bién dang dan hdi cta dao;

8- sai s6 ga dat chi tiét gia cong;

d,,- bién dang dan hdi cua chi tiét gia cong;

,,- bi€n dang nhiét cua chi ti€t gia cong.

K&t qua nghién ciu 1y thuy&t va thirc nghiém sai s6 gia cong t6ng
cong A: cho thdy ty 1é cac thanh phan cua sai s6 néi trén (hinh 2.23).
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Hinh 2.21. Sai s6 gia cong tong cong trén mdy CNC
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Sai s6 gia cong tong cong duge xic dinh theo cong thitc sau day:
A=A+ Ao+ As+ A+ As+ As 2.2)

Cac thanh phan cta coéng thitc (2.2) duge xdc dinh nhu sau:

Ar=08+0:40: + 0 (2.3)
Ar= 35+ do+ &7 (2.4)
As=8x+ Qo+ Sio + O+ Oz 2.5)
Av=8i+ Su+ dis (2.6)
As= S+ 17+ O (2.7)
Ae= O+ S+ O (2.8)

Cac sai s6 thanh phan g, trong cong thirc (2.3) + (2,8) da duoc giai
thich & trén.

2.8.5. Do tin cay cia may CNC.

Céc mdy cong cu CNC c¢6 gid thanh rat cao, cho nén ching chi
mang lai hiéu qua kinh t& khi ching dugc sir dung lién tuc (ca hai ca va
c6 khi cd ba ca) va khong c¢6 hong héc nao trong khi lam viéc. Ngoai ra.
trong qua trinh lam viéc cdc may phai dam bao dugc do chinh xdc gia
cong va néu ¢6 bi hong héc thi may phai cé kha nang sira chita hoac thay
thé mot cdch dé dang, thuan tién.

Viy, do tin cay cua may CNC la tinh chat thuc hién chirc ning gia
cong, giit duge céc chi tieu cong nghé cling nhu stra chira theo mot thoi
gian quy dinh. D9 tin cay cua may dugc dic trung bdi ba tinh chat sau
day:

a) Tinh lam viéc khong bi hir hong.

Tinh chat nay dugc dac trung biang su lam viéc lién tuc cua may
trong mot thoi gian nhat dinh (thoi gian chay ra va lam viéc cua may).

b) Tudi tho cia may.

Tinh chat nay 12 su 6n dinh 1Am viéc cho t6i luc stra chira (mot phan
tudi tho) va sau dé lai ti€p tuc hoat dong.
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Nhu vay, hai tinh chat trén déu dac trung cho kha nang lam viéc
ctua mdy. Tuy nhién, tinh chat thr nhat (tinh 1am viéc khong bi hong) ton
tai trong mot khoang thoi gian nhét dinh, con tinh chat thd hai (tuoi tho)

ton tai trong
sudt qud trinh
may dugc su
dung, ké ca
thoi gian may
dimg dé sira
chira. DBoi véi
tinh chat tha
nhat (tinh lam
viéc khong bi
hong) con ¢é
khai niém vé
xac sudt P cua
tinh chat nay.
Vi du, xdc suat
cua tinh lam
viec khong bi
P=0,97
trong thoi gian
1000 g6 ¢6
nghia la 97%
thoi gian cua
1000 gio may

hong

s& lam viéc 6n
dinh.

¢) Kha ndng
stta chita.

Tinh chat
nay c6 nghia la

Gy, pm
ot ]
101
&0 +
50}
w0l B
30t
20t
w M,
oL 7 |
N e N ——
66, &8 &8, Gyl s

a)

N
‘579'52;

80+ r

720 b
60 ;
50
b0t
30+

20 +

S——— D Vamandn e S
98, &4 &y, 5% bG5S G %
b)

Hinh 2.23. Ty lé ctia sai s& gia cong trén mday CNC
a) diéu khién diém va diéu khién theo dudng thing:
b) diéu khién theo contour.

ngudi ta c6 kha nang sira chita nhimg khuyét tat va hong héc dé.
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Dai véi cac mady CNC thi hai tinh chat (tinh chat thi nhit va tinh
chat thir ba) 1a quan trong nhat bdi vi cic mdy CNC cé ciu tric rat phic
tap va ¢4 rat nhiéu co cdu ¢6 tac dong qua lai 1an nhau.

2.8.6. Tinh van nang cia may CNC

Tinh van nang cia may CNC duogc xac dinh bing chi phi can thiét
dé chuyén cong nghé gia cong nhém chi tiét ndy sang cong nghé gia cong
nhém chi tiét khac. Méi loai mdy hoic méi may c6 tinh van nang riéng,
nghia 1a c6 diéu kién t6i uu dé sir dung may. Hinh 2.24 biéu dién quan hé
gitta chi phi gia cong va s6 chi tiét dugc gia cong sau khi phai diéu chinh
mdy. Cac duong trén hinh duogc giai thich nhu sau:

Dudng 1: Chi phi khau hao dé€ gia cong céc loat chi tiét.

Duong 2;4: Chi phi cho viéc diéu chinh mdy dé thay déi cong
nghé gia cong cic loat chi ti€t (cdc loat chi ti€t c¢6 chi phi theo dudng
cong 2 nho hon cac loat chi ti€t c6 chi phi theo duong cong 4).

Pudng cong 3;5: Cac chi phi téng cong (dudng 3 1a tong chi phi
cua dudng | va dudng 2, con dudng 5 1a tong chi phi clia duong 1 va 4).
Nhu vay N, va N, 1a s6 chi tiét trong loat toi wu khi gia cong trén mdy

CNC.
c |

Nhung  (p; 1)

tinh van nang
< - — 5
va nang suat

cua may lai ¢é 3\‘
y nghia tréi e P
ngugc  nhau: TS N
tinh van ning >

, , ., /‘ x\
cua mdy giam T W

.« n N,
(giam s0 loat - 2

chi tiét dugc Noy Ny N (S5°chi tié# trong loat)
ia cOng trén N

& . g f Hinh 2.24. S6 chi tiét téi wu trong loat khi gia cong trén mdy
mady) thi nang CNC
sudt clua may
lai c6 thé tang
I&n (vi phai it diéu chinh lai may).

Khi sir dung mdy CNC ngudi ta ¢6 thé xdc dinh duge s6 lugng chi tiét
trong loat 12 bao nhiéu thi viéc gia cong trén mdy CNC méi c6 hiéu qua
kinh té.
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S6 luong chi tiét A trong loat dugc xac dinh theo cong thirc sau
day:
C

A= < 2.9
FE 2.9)

G day: C, - chi phi cho Iap trinh dé gia cong mot loai chi tiét nao dé (chi
phi nay cho viéc 1ap trinh gia cong moét chi ti€t ¢é d6 phitc tap trung binh
1a 40 +70 USD);

E, - tiét kiém chi phi tién luong cho gia cong mot chi tiét;

E, - chi phi bd sung cho viéc st dung mdy CNC va céc trang bi
cong nghé doi véi mot chi tiét (khoang 0,5 +1,5 USD). a

Tiét kiem tién luong do viéc st dung may CNC cho gia cong mot
chi tiét dugc xdc dinh nhu sau:

E, =C,.(1-K) ' (2.10)
0] day: C,- chi phi cho gia cong mat chi ti€t trén mdy van nang thong
thuong;

K - hé s6 giam khoi lugng gia cong khi chi tiét duge gia cong trén
may CNC.

Cong thitc (2.9) cho phép xac dinh dugc s6 lugng chi ti€t A ma
khi gia cong ching ta c6 thé bu lai dugc chi phi cho viéc lap trinh C, va
chi phi bé sung E,.

Vi du:

Can xéc dinh s6 chi ti€t A trong loat khi gia cong trén may CNC
cé hiéu qua kinh t&€ néu ta biét: chi phi cho lap trinh gia cong C =50
USD, chi phi cho gia cong mot chi tiét trén mdy van nang C,=3USD, hé
s6 giam khoi luong gia cong K=0,4 va ty trong chi phi bd sung cho viéc
stt dung may CNC va céc trang bi cong nghé d6i véi mot chi tiét E,=0,58
USD/gido.

Trude h#t phai xdc dinh chi phi bd sung cho mot chi tiét:
E,=E.1,

O .lay: t, - thoi gian gia cong chi tiét, t, = —C—'.K.
2

C,- gid thanh mét gi¢ gia cong trén mdy CNC, C,= 0,5 USD.
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3
Vay: t,= —.0,4=24gi0
1y 0.5 g

Q
k]

E,=0,58.2,4=1,39 USD
Thay céc gia tri C,; E, va E, vao cong thac (2.9) ta dugc:

0

. 20 = 122 chi tiét
CE,-E, 3(1-04)-139

Nhu vay, s& chi tiét trong loat phai 16n hon 122 thi viéc sit dung
may CNC méi ¢6 hiéu qua kinh té.
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CHUONG 3. PO GA TREN MAY CONG CU CNC

3.1. Pac diém cua do ga trén may cong cu CNC.

Mot trong nhimg dac diém chinh cia may CNC la do chinh xdc cua
no rdt cao. Do gé trén cdc may d6 anh huong rat 16n tdi do chinh xac gia
cong bai vi sai s6 chuan khi dinh vi chi tiét trén d6 g4 1a moét trong nhimg
thanh phan cla sai s6 téng cong. D6 ga trén may CNC phai dam bao do
chinh xdc gd dat cao hon cdc dé g4 trén mdy van nang thong thuong. Dé
dam bao do chinh x4c ga dat thi phdi chon chudn sao cho sai s6 chuan
bang 0, sai s6 kep chat phdi c6 gia tri nho nhat, di€ém dat cla luc kep phai
trdnh gay bién dang cho chi tiét gia cong.

Cac may CNC ¢6 do cing ving rat cao, do d6 d6 ga trén cic may
d6 khong dugc lam giam do ciing vimg ctia hé théng cong nghé khi sur
dung may véi cong sudt t6i da. Diéu d6 ¢ nghia 1a d6 gé trén mdy CNC
phdi ¢6 do cimg ving cao hon cdc do ga thong thuong khic. Vi vay, dé
gd tréen mdy CNC phai dugc ché tao tir thép hop kim vdi phuong phap t6i
bé mat.

Khi gia cong trén may CNC, céc dich chuyén clia mdy va dao dugc
bat dau tir g6¢ toa do, do d6 trong nhiéu trudng hop dé ga phai dam bao
st dinh hudng hoan toan cua chi ti€t gia cong, c¢6 nghia la phai han che
tat ca cdc bac tu do. Diéu d6 cling ¢6 nghia la phai han ché (4t ca cdc bac
tr do khi dinh vi d6 ga tién mdy (phai dinh huéng d6 gd theo ca hai
phuong ngang va doc cua ban may).

Trén cdc may CNC ngudi ta ¢6 ging gia cong dugc nhiéu bé mat chi
i€t véi mot lan ga dat, do d6 cdc co cdu dinh vi va kep chat cua do g
khong dugc anh hudng dén dung cu cat khi chuyén bé mat dung cu gia
cong. Phuong phédp kep chat ¢6 hiéu qua nhat 1a kep chat ¢ bé mat dai
dién vGi bé mat dinh vi.

3.2. Yéu cau doi véi chi tiét gia cong trén may CNC.

Chi tiét gia cong trén may CNC c¢6 anh hudng dén két cau cia do g4,
do dé n6 phai dam bao dugc nhiing yéu cau sau day:
+ Chi tiét gia cong phéi c¢6 nhitng bé mat chuén 16t dam bao do
chinh xdc va do én dinh ga dit, dong thoi chi tiét phai ¢é bé mat thuan
tién cho viéc kep chat, khong gay bién dang chi tiét.

Fa
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+ D€ khong phai dung d6 g4 phu thi chi tiét khéng nén c6 nhitng
bé mat nghiéng va géc nghiéng.

+ Dé dam bao do chinh xdc gd dit cao, chi ti€t can phai duge dinh
vi theo 3 bé mit. Trong trudng hap nay cé thé dung cdc bé mat da qua gia
cong trén cdc mdy van nang dé dinh vi.

+ Néu chi ti€t gia cong khong cho phép dinh vi theo 3 bé mat thi
dinh vi theo mot bé mat va hai 16, khoang céch cac 16 phai xa nhau va ¢6
do béng cédp 7.

3.3. Phan loai do6 ga trén may CNC.
b6 ga trén may CNC dugc phan thanh céc dang sau day:
- D6 ga van nang khong diéu chinh.
- D6 g4 van nang diéu chinh.
- D6 g4 chuyén dung diéu chinh.
- D6 gd van ning lap ghép.
- D6 g4 1ap ghép diéu chinh.
- D6 ga chuyén dung.
3.3.1. P6 ga van nang khong diéu chinh.

Loai d6 gd nay c6 cdc chi tiét di dugc diéu chinh c6 dinh dé g
nhicu loai chi tiét gia cong khic nhau trong san xudt don chiéc va loat
nho. D6 1a cdc loai mam cip duge dung dé truyén moémen xoén cho chi
tiét gia cong. C6 3 loai mam cap thudng duoc dung trén cdc mdy tién
CNC (ngoai mam cap 3 va 4 chiu thong dung).

a) Mam cdp ly.tdm (mdm cdp qudn tinh).

Loai mam cap nay cé hai hoac ba chau kep. Cac chiu kep la nhiing
chi tiét léch tam doc 1ap vdi nhau, khi quay dudi tac dung cua luc ly tim
ching kep chat chi tié€t va nhd luc can tu him ma chi tiét gia cong khong
bi xé& dich du bi tdc dung cta lyc cit.

b) Mdm cdp c6 chdn mdt dau cimmg (hinh 3.1).

Mam cip c6 chan mat ddu cing x4c dinh chinh xdc mat dau cha tat
ca cac chi ti€t gia cong theo truc Z. Luc kep chi ti€t sinh gia nho miii tam
sau. Néu mat ddu cia chi tiét khong vudng géc véi tam cua né thi cic mat
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ddu an vao chi tiét gia cong khong déu nhau, diéu dé lam giam momen
xo0an dugc truyén tir truc chinh cta may.

Ty

o

Hinh 3.1. Mdm c¢dp c6 chdn mdt ddu ciing

1- than; 2 - 10 x0; 3 - miii tam; 4 - chi ti€t ty mat dau;
5 - chan mit ddu bing hgp kim cung; 6 - chi tiét gia cong.

¢) Mdm c¢dp c6 chdn mdt dau tuy déng (hinh 3.2)

. Cac
chan mat dau
c6 hinh dang
tron  xoay va
duoc lip vao 16
c6é chtta chat
déo. Khi chi
tiét gia cong
dugc kep chat
tr miii tam sau,
mat dau bén
trdi cua chi tiét
ddy cdc chan
mat ddu vé bén
trdi va lam cho

ap luc chat cla

déo tang lén.
Nhu vay, tat ca

e

\": ',// / 1'511\

IIIIII
f

000/0 VEITaz e IHIIIOITE =

(e
5

A’“

.\\\\\\\\\\\\\‘

Hinh 3.2 Mdm cdp mdt dau c6 chdn tuy dong
1- 10 xo; 2- than; 3- chat deo;
4- chan mat ddu; 5- miii tAm
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cdc chan mat ddu déu ti€p xiic v4i mat ddu ciia chi tiét gia cong va luc
kep tdc dong 1én cdc chan hau nhu bang nhau. Mam cap mat dau cé chan
tuy dong tao ra momen xoan I6n hon so véi mam cip c6 chan mat dau
cing. Loai mam cdp nay c6 thé dung dé kep chi tiét khi gia cong tho. S6
chan mat dau c6 thé 12 8,10,12, v.v...

3.3.2. Do ga van nang diéu chinh.

Két cau d6 ga van nang diéu chinh gbm phan d6 gd co s& va phan
chi tiét thay déi diéu chinh. Cdc chi tiét thay déi diéu chinh c6 két cdu
don gian va gid thanh ché tao khong cao. D6 gd van nang diéu chinh duge
str dung trong san xuft hang loat nho, dic biét 1a khi thuc hién gia cong
nhém. Trén cdac mdy tién CNC d6 gd van nang diéu chinh 1a cdc mam cap
3 chau thay déi diéu chinh (thay déi cdc chau kep).

3.3.3. Do ga chuyén dung diéu chinh.

D6 ga chuyén dung diéu chinh cho phép gé dit mot so loai chi tiét
dién hinh c¢6
kich thuéc khac {

nhau. Két cdu
cla d6 gd gém P! ,
hai phan chinh:
phan d6 gd co [T Hi
s¢ va phan chi !:t:/_——l———~
tiét thay doi. a)
Do ga loai nay
cho phép thay L
déi chi tiét gia
cong ngoai
viung lam viéc
cta mdy. Pham
vi tng dung cé \ . g—_

f

7

=

s

hiéu qua cua do ! N T =

ga la trong san Z : ﬁ | é é

xudt hang loat. ® b) T:
Do gé trén

hinh 3'37 du’c'?'c Hinh 3.3. Do gd chuyén dung diéu chinh

dung de gia a) cdc dang chi ti€t gia cong: I- kich thudc diéu chinh;

cong cac chi b) so d6 gd dat: - than dé€ co s¢; 2,4- tryc gd; 3.5- chi ti€t
dinh vi; 6- ranh dinh huéng; 7- chot.

ti€t dang cang,
dang chau kep, v.v...
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D6 gd (hinh 3.3b) gém than d€ co s& 1, cédc chi tiét thay déi: truc
ea 2. truc ga 4, cdc chi ti€t dinh vi 3 va 5. D6 g4 duoc dinh vi trén ban
mdy bang mot dau cta truc ga 2 va chét 7. Chi tiét gia cong duoc dinh vi
bang mat phang trén cic chi tiét dinh vi 3 va 5 v6i cdc mat 15 trén hai truc
gd 2 va 4. Chi tiét dugc kep chat biang hai ma &c. Cac chi ti€t thay déi 4
va 5 dugc ldp dat va diéu chinh theo ranh dinh huéng 6 ctia d6 ga. Kich
thude diéu chinh 1a / (khoang céch gilta cic tam 16 cua chi tiét gia cong).
Néu dung do gé dé ga dat chi tiét dang chau kep theo mot 16 va ranh then
thi dung truc gd 2 va chét then.

3.3.4 Po6 ga van nang - ldp ghép.

Thanh phan cha d6 ga van nang - 1ap ghép la nhimg chi ti€t chuan
dugc ché tao vi do chinh xdc cao. Céc chi ti€t ndy c6 cdc ranh then de
lap ghép. Sau khi gia cong mot loai chi tiét ndo dé ngudi ta thdo d6 ga ra
va lap ghép lai dé gd dat chi ti€t khac. Do do chinh xac cha céc chi tiét rat
cao cho nén sau khi lip ghép khong phai gia cong bd sung. Thoi gian dé
lap ghép mot d6 gd méi khoang 3+4 gid.

Hinh 3.4 12 d6 gd van ning - lap ghép. Dé tao thanh dé gé ngudi
ta dem cdc chi tiét (hinh 3.4c) 14p lai vGi nhau va 14y d€ lam chi tiét co so.

Trén cdc mdy phay, mdy khoan CNC nguoi ta sir dung do gé van
nang - lap ghép co khi véi cac co cdu kep thuy luc.

D6 ga van ning - 1ap ghép duoc dung trén cac may CNC trong
diéu kién san xuit don chiéc va hang loat nho.

3.3.5 Do ga lap ghép diéu chinh.

Loai d6 ga nay dugc ding trén cdc may phay CNC hoac cic mdy
khoan CNC. Trén chi tiét co s& (d€ d6 g4) ngudi ta gia cong cdc he 16 dé
lap ghép cac chi tiét dinh vi va kep chit khi muén tao thanh d6 gd méi
(trén d€ d6 g4 van nang- 1ap ghép c6 cdc ranh dé 1ap ghép).

Hé 16 trén d€ d6 ga lap ghép diéu chinh ddm béao do chinh xac, do
ciing vitng va do n dinh cao hon hé rinh trén dé g4 van nang - lap ghép.
Hinh 3.5 1a cac d€ d6 g4 lap ghép diéu chinh.
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Hinh 3.4. D6 gd van ndng - ldp ghép
a) két cau; b) so dé; c) céc chi tiét:
[- cd cdu ty vdi chot dinh vi; 2- co cdu dinh vi; 3- mo kep; 4- dai 6¢ kep;
5- phién ty mat bén; 6- phién ty mat day; 7- phién ty mat ddu.



Hinh 3.5. Dé'do gd ldp ghép diéu chinh.

3.3.6 Do ga chuyén dung.

Thong thudng loai d6 gd nay dugc slr dung trong san xuat hang loat
I6n va hang khoi. Két ciu cta dé gd chi duge dung dé gia cong mot loai
chi ti€t nhat dinh. Trén cdc mday CNC loai d6 ga nay chi dugc dung trong
nhitng trudng hop khong thé dung duge cic loai do g diéu chinh. Két
cdu cha do gd nhu vay phai that don gidn d€ nang cao hiéu qua kinh t€ khi
su dung.
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CHUONG 4. DUNG CU CAT TREN MAY CONG CU CNC

Nang suat va do chinh xac gia cong trén may CNC phu thudc rat
nhiéu vao dung cu cat. Do d6 dung cu cat trén may CNC phai dap ing
dugc nhitng yvéu cau sau day:

- Co tinh cét got 6n dinh.

- C6 kha nang tao phoi va thoét phoi t6t.

- C6 tinh van nang cao dé c6 thé gia cong duoc nhitng bé mit dién
hinh cua nhiéu chi tiét khac nhau trén cdc may khac nhau.

- C6 kha nang thay d6i nhanh khi can gd dao khdc d€ gia cong chi
tiet khdc loai hodac khi dao bi mon.

- C6 kha nang diéu chinh kich thudc & ngoai ving gia cong khi st
dung nhimg dung cu phu.

Nhu vay, trong nhiéu trudng hgp khong thé dung nhitng dung cu
thong thuong dé gia cong trén cdc mdy diéu khién s6 CNC. Hién nay dé
gia cong trén may CNC ngudi ta thiét k€ nhitng loai dao dac biét va mot
s6 loai dao tiéu chuin.

4.1. Dung cu cit trén may tién CNC.
T4t ca cdc dao tién trén mdy CNC déu c6 phan cit 1a nhitng manh

hop kim cing lap ghép. Ngoai ra, cdc dao tién nay phai ddp dng duoc
nhitng yéu cu sau day:

- Phai dam bao viéc sir dung véi thoi gian lau nhat cic manh hgp
kim khong mai lai dé dam bao cho cic thong s6 hinh hoc ctia dao ¢6 dinh
trong qua trinh st dung.

- Hinh dang clia c4c manh hop kim phai hop ly dé nang cao tinh
van ning, c6 nghia 1a cho phép mot dao c6 thé gia cong nhi€u bé mat
khac nhau.

- C4c dao v6i goc cit khac nhau phai c¢6 cling mot toa do dé tao
diéu kién cho lap trinh gia cong.

- C6 kha nang lam viéc binh thuong khi g4 & cdc vi tri khac nhau.
- bam bao do6 chinh xac cao.

- C6 kha nang tao phoi t6t va thoat phoi t6t (dua phoi ra khoi viing
¢la cong thuan tién).
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Két cau cta cdc dao tién ding cho cédc loai mdy CNC rat da dang va
phu thuoc chii yéu vao bé mit gia cong. Hinh 4.1 mo ta mot s6 loai dao
tién co ban dung cho cdc may tién CNC.

" A L.
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Hinh 4.1. So do gia cong mot s6'bé mdr dién hinh bang cdc dao tién gdan manh hop
kim cumg (1+13)

Cac dao tién trén hinh 4.1 la:
Dao tién so" 1: dao tién ngoai v6i géc ¢ = 45° dung dé gia cong
cdc mat ngoai, mit dau va vat mép.

Dao tién s6'2: dao tién ngoai véi goc ¢ = 93° + 95° ding dé gia
cong mat tru, mat con hoac mit con nguoc véi géc con 30°, gia cong cac
bé mait v6i bdn kinh luon va gia cong mat dau hodc tién ranh thodt déa
mai.

Dao tién s 3: dao tién ngoai véi géc ¢ = 63° cho phép gia cong
nira mat cau hoac mat con véi géc con 57°.

Dao tién s6 4. dao tién ren ngoai cho phép gia cong ren véi budce
ren tr 2 d€n 6mm.
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Dao tién s6' 5. dao tién ren trong cho phép gia cong ren véi bude
ren <2 mm. Dudng kinh 16 nhé nhat ma dao c6 thé cit ren 1a 35mm.

Dao tién 50 6: dao tién trong c6 goc ¢ = 95° dung dé tién 16 hodc
cdt ranh trong,

Dao tién s 7: dao tién trong c6 goéc ¢ = 92° cho phép gia cong
céc 16 ¢6 dudng kinh 16n hon 22mm.

Dao tién s6'8: dao tién ngoai c6 géc ¢ = 45° (dao trai) dung dé
gia cong mat ngoai, mat dau va vat mép.

Dao tién s6°9: dao tién ranh ngoai, cho phép tién rinh c6 bé rong
tir 1 dé€n 6 mm.

Dao tién 56" 10: dao tién ngoai c6 géc ¢ = 93° cho phép gia cong
madt tru, mat dinh hinh.

Dao tién 56" 11: dao tién ngoai c6 géc ¢ =63° dung dé gia cong
mat cOn ngoai.

Dao tién s6" 12: dao tién ren ngoai cho phép gia cong ren ngoai
v6i bude ren < 2mm.
» Dao tién s¢ 13 dao tién ren ngoai v6i goc ¢ = 92+95° cho phép

gia cong mat bic, mat dau va vat mép.

4.2. Dung cu cat trén may phay CNC.
4.2.1 Dao phay ngon.

Dao phay thong dung trén mdy phay CNC la dao phay ngon. Vat
liéu phan cat 1a cdc loai thép gié nhu P6MS, POM5KS5, P5X10, P18 va cdc
loai hop kim ctng BK, TK. Cic dao phay ngén c6 dudng kinh < 12mm
dugc ché tao tir thép gié nguyén chat, con cac dao phay c6 duong kinh >
12mm thi phan cét 1a thép gié con phan than 12 thép cacbon.

Hinh 4.2 1a loai dao phay ngén c6 chudi con.

Dao phay ngén dung trén mdy phay CNC cé hai loai: loai tiéu
chuan va loai chuyén dung.

Mot s6 két cdu dac biét cua dao phay ngén dugc trinh bay trén hinh
4.3 la:
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Hinh 4.2. Dao pha& ngon chudi cén

Dao phay s6 1: dao c6 s6 rang it va c6 géc nghiéng ctua dudng
x0dn 16n nén dao cho phép thoat phoi mot cach dé dang khi gia cong cdc
16 hodc cdc rainh khong thong sudt.

Dao phay s6 2: dao thay déi chiéu clia thanh phan luc cit hudng
truc cho nén chi ti€t dugc an xuéng ban mdy, cé nghia la giam duogc luc
kep (diéu nay dat dugc nho sir dung dao cét phai voi dudng xoan trai va
dao cat trai v6i dudng xoin phai).

Dao phay 56 3: dao nay c6 thé giam duoc rung dong khi ct nhg
vao su phan bd khong d6i xing cua cic rang dao phay.

Dao phay sé 4: dao phay c6 hai ludi cit mat ddu cho nén né c6
kha nang thuc hién an dao thang ding.
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Hinh 4.3. Mot s6 két cdu ddc biét ctia dao phay ngén

Dao phay s¢' 5: d6 cing viing cta dao phay loai nay cao hon cdc
loai dao phay khdc nh¢ vao do day khdac nhau cua ranh rang (nho vao 16
con).

Dao phay sé 6: dao c6 do dai 16n nhung van dam bao do cing
vitng nh& ¢6 phéan than phu sau phén cét.

Dao phay s6'7 va sé°8: dao phay con dé gia cong nhitng bé mat
cong phirc tap.

4.2.2 Dao phay mat dau.

Dao phay mat dau ciing duge su dung trén cac may phay CNC va
phan 16n ching duoc tiéu chuian hod. Cdc dao phay mat dau 1a nhimg dao
¢6 riang chip bing hgp kim cing.

4.3. Dung cu cat trén may khoan CNC.
4.3.1. Dao khoan.

Trén cidc may khoan CNC ngudi ta st dung nhiéu loai dao khoan
khdc nhau tuy theo kich thudc gia cong, hinh ddng va do chinh xédc 16
duoc gia cong (hinh 4.4).
4



4.3.1.1. Miii khoan ruét ga dudi tru.

Miii khoan ruot ga duoi tru dugc dung dé khoan méi cic 10.
Puong kinh duoi tru ciia mii khoan trong khoang 10+20 mm, géc & dinh
2¢ = 180°. G6c 2 = 180° ¢6 tac dung tao ra vét 16m 16 tam (hinh 4.4a va
hinh 4.4b). V&t 16m 16 tam c¢6 tac dung tranh su ti€p xdc clia miii khoan
khac khi khoan véi kim loai. Piéu nay cho phép tang do chinh xdc dinh
tam so v4i miii khoan thong thudng khéc.
4.3.1.2. Miii khoan bac dudi con .

Loai mili khoan bac dudi con (hinh 4.4c) duoc dung dé gia cong
cdc 16 bac cho trudng hgp lap bulong kep chat. Mili khoan ndy gém hai
bac, bac 16n c6 4 1udi, do d6 né cé thé nang cao do chinh xdc gia cong.
4.3.1.3. Miii khoan ghép manh thép gio.

Miii khoan ghép manh thép gié (hinh 4.4d) dugc ding dé khoan
cac 16 ¢6 dudng kinh tir 25+80 mm. Mii khoan loai nay cé nhimg wu
diém sau:

- Ch€ tao dao c6 duong kinh I6n don gian hon va do chinh xac gia
cong cling tang.

- Do cimg vitng va do bén cha dao tang,
- Gid thanh ha so véi céc loai miii khoan khac cé cling tudi bén.
4.3.1.4. Miii khoan bac lip ghép.

Miii khoan bac lap ghép (hinh4.4e) cho phép diéu chinh phan bac
nho trong pham vi I6n va cé két cdu don gian, d& ché tao. Miii khoan cé
két cdu gém: phan tiéu chudn | va phan chuyén dung 3 duoc lap ghép véi
phén tiéu chuan bédng vit 2. Nhu vay cung mot phdn cit tieu chuan 1 ¢
thé thay déi phan chuyén ding 3 dé gia cong cdc dudng kinh 18 khéc
nhau. ’

4.3.1.5. Miii khoan gom nhiéu manh hgp kim thay daéi.

Miii khoan loai nay (hinh 4.4g) cho phép gia cong céc 16 ngan cé
dudng kinh tir 18+80 mm. So v6i miii khoan bang thép gié thi miii khoan
gém nhiéu méanh hop kim thay déi cho phép tiang t6c do cét 1én 5+10 lan
(300m/ph) khi giam lugng chay dao xudng 3 lan va két qua la giam duogc
luc chay dao xuéng 60%. Miii khoan loai nay giit dugc chiéu dai ¢6 dinh
cho nén rét thuan loi cho viéc gia cong trén may CNC.
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Hinh 4.4. Cdc loai miii khoan :
a) mii'khoan tdm; b) so d6 vé&t 1dm 16 tam; c) miii khoan bac chudi con vé&i géc ¢ = 180° &
phan bac thi hai; d) miii khoan ghép ménh thép gi6 ; €) miii khoan bac lap ghép (1- phéin
chudn; 2- vit; 3- phén chuyén dung ); g) miii khoan ghép tir nhiéu manh.

4.3.2. Dao khoét, dao doa va taro.
4.3.2.1. Dao khoét.

Dao khoét duge su dung trén cic may CNC thong thuong cé duong
kinh tir 10+40 mm. Ngoai ra, trén cdic mdy CNC con dung cac dao khoét
chuyén dung dé gia cong cac 16 tam, gia cong cac bé mit dé lip bulong
va vit mép cdc 16 chinh xac.
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4.3.2.2. Dao doa.

Trén cic may CNC cic dao doa dugce sir dung ¢é duong kinh tir
5+50 mm. Vat liéu dao doa c6 thé 1a thép gié hoac hop kim ciing. Chuoi
dao doa c¢6 thé 1a hinh tru hoac hinh con.

4.3.2.3. Dao taro.
Dao taré ding trén cdc mdy CNC c6 nhitng dac diém sau day:
- Dao tard c6 duong kinh < 16 mm dugc ché tao lién mot khoi.

- Dao tard dé cit ren tir vat liéu thép c6 phan chuyén tiép gilfa ludi
cat va than, do dé tranh dugc hién tugng vo ludi cit.

- Dao taro can cé do chinh xdc cao.
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CHUONG 5. DUNG CU PHU TREN MAY CONG CU CNC

Két cdu cla dung cu phu ding trén mday CNC dudc xdc dinh biang
hinh ddng va kich thudc dé ga dung cu cit trén nd va dé gd nd trén mdy.
Dung cu phu trén may CNC phai ddp ing dugc cic yéu ciu sau day:

- Phai dam bao ga dao véi do chinh xdc cao.
- Phai du do cing viing va c6 kha nang chong rung dong.
- Cho phép diéu chinh vi tri ctia luGi cat:
- C6 két cau don gian va st dung thuan tién.
5.1. Dung cu phu trén may tién CNC .

Dao tién trén may CNC dugc dinh-vi va kep chiat ¢ cdc dai gd dao, 6
dau rovonve hodc thong qua co cdu trung gian (cting duge goi 12 dung cu

phu). Yz
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Hinh 5.1. Sodo gd dao :
a) dao vdi cdc chi tiét hiéu chinh; b) sg d6 ga dao trong dai dao;
c. d) vi trf diém P cta dao so véi diém chuin F .
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Khi gé dao trén mdy CNC, dao ¢6 thé dugc hiéu chinh véi mot kich
thuée xiac dinh truée néu sir dung co cdu diéu chinh. Vi du, co cau diéu
chinh 12 cdc vit & mat dau va mat bén cta dao, k€ ca mat ddu cua dao
khoan.

Hinh 5.1 la vi du hiéu chinh kich thude cua dao. Dao duoc hiéu
chinh véi cdc kich thudec W™ va W, (hoac 1a W” + xKN va W," + zKN)
xdc dinh vi tri dinh P clia n6 tuong doi so véi diém chuan cua mdy F. hay
néi cich khédc 1a né xdc dinh chiéu nho ra cua dao W va W . Cic gid tni
W_va W, s& dugc tinh dén khi Iap trinh. Duong nhién vi tri cac bé mat
chuin A_va A, (hinh 5.1b) tuong d6i so v6i diém chuan cia may F duge
xdc dinh truge va ¢6 dinh cho timg loai mdy (nghia 1a cac kich thuée biét
trude xEN va zEN).

5.2. Dung cu phu trén may phay CNC, may khoan CNC va may
doa CNC.

5.2.1. Hé thong thay dao bang tay.

Co s0 cha hé thong thay dao bang tay la mang ranh trung gian
thay doi nhanh. Mang ranh trung gian cho phép thay déi cdc dao bi mon
hoic cdc dao khic loai khi thay d6i bé mat gia cong. Mang ranh trung
gian thay doi nhanh c6 chu6i con vira v6i 16 con clia truc chinh mdy. Trén
cdc mdy khoan CNC c¢6 truc chinh véi 16 con Mooc nén nguoi ta dung
mang ranh thay doi nhanh va co cau kep bang bi (hinh 5.2). V6i mang
ranh thay doi nhanh nhu viy c6 thé gd cidc mang ranh 3,4, 5,6, 7, vd 9 ¢6
ciing mot chudi con. Cidc mang ranh 3,4, 5, 6, 7 va 9 ga cdc loai khdc
nhau. Khi cén thay déi chiéu dai ctia dao c6 thé thém mang ranh phu s6
8.

Két cau cia mang ranh thay déi nhanh d6i véi cdc mady khdc nhau
c6 the khac nhau. Vi du, & may doa CNC mang ranh trung gian thay doi
nhanh ¢6 16 con Mooc véi do con 7:24. Véi do con nhu vay, mang ranh
cho phép kep nhiéu loai mang ranh va truc ga khac nhau, ké ca kep dao
phay.

5.2.2. Dung cu phu dung cho thay dao tu dong.

Cac dung cu trén méy c6 thay dao tu dong ciing giong nhu cic dung
cu trén mdy thay dao bang tay, nhung co cdu gd dao clia chiing lai khdc
nhau. Truc gd dao trén mdy CNC (hinh 5.3) ¢6 nhiing bé mit sau day:

- Bé mit 2 dung dé€ dinh vi truc gd dao trong truc chinh cta mdy.
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- Bé mat 4 dung dé g va kep chat dung cu cit.
- Bé mat 3 diing dé thay dao tu dong.

- Bé mat 1 dung dé ga truc ga trong magazin (6 chira) dung cu.
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Hinh 5.2. Mang ranh trung gian thay doi nhanh trén mdy khoan CNC:

1- truc chinh clia mdy; 2 - mang ranh trung gian thay déi nhanh; 3 - mang ranh dao
khoan; 4 - mang ranh dan héi; 5 - mang ranh 156 con Mooc; 6 - mang ranh tuy dong
ding cho dao doa; 7 - mang ranh 16 tru ¢6 ranh then; 8 - 6ng tru diéu chinh; 9 - mang
ranh dung cho tard; 10 - 6ng kep thay ddi nhanh .

Dudng kinh D, (hinh 5.3) xdc dinh khoang khong gian dé tay may
kep truc gd. Mat con (bé mat 2) cta truc ga cé do con la 7:24, ranh con
dé tay mdy kep truc ga (bé mat 3) phai nhiét luyén dat do ciing HRC

52+56.
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Hinh 5.4 1a so d6 thay dao tu dong.

7#]0,025]A

A
30415302 157

° 1 2
\'79/\ /
s N
)
g A S — - @
G| u ! ,
/101]A }
L l 10~16 t t i

Hinh 5.3. Truc gd dao trén mdy CNC

Hinh 5.4. So do thay dao ty dong
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CHUONG 6 . NHUNG KHAI NIEM CO BAN VE LAP TRINH
GIA CONG TREN MAY CNC

Trén cac may CNC qua trinh gia cong dugc thuc hién mot cach tu
dong. He théng diéu khién s6 ctia mdy s& diéu khién qud trinh gia cong
theo mot chuong trinh da lap san. Chuong trinh NC déng vai tro rat quan
trong trong qud trinh gia cong, né 1A mét mat xich clia qua trinh chudn bi
sdn xudt. Vi tri ctia chuong trinh NC duge thé hién trong so d6 trén hinh
6.0

Chuan bi cong nghé ’—)I Lap trinh NC]

[Chuong trinh NC}——>|May cong cu NC|

Hinh 6.0 Vi vri cua chuong trinh NC

Qu4 trinh hinh thanh chuong trinh NC dugc hi€u nhu sau: tir ban
vé thiét k€, nguoi 1ap trinh ¢6 cdc thong tin hinh hoc dé tinh todn, sip xép
céc lénh diéu khién theo trinh tu nhat dinh, dong thoi nguoi ap trinh phai
cung cap cdc thong tin cong nghé (ché do cong nghé, dung cu, cic chic
nang phu) dé hinh thanh chuong trinh NC. Nhu vay, chuong trinh NC
chita toan bd cdc thong tin hinh hoc va thong tin cong nghé cua qua trinh
gia cong.

Trén co sO phan tich vé qud trinh hinh thanh chuong trinh NC ta
¢6 dinh nghia sau: “ Qud frinh thiét Idp cdc lénh cho dung cu cdt trén co
s& ban vé chi tiét va cdc thong tin cong nghé roi chuyén cdc thong tin nay
sang bo phdn mang dit liéu duoc md hod va sdp xép theo dang ma mdy
hiéu duoc goi la ldp trinh ™.

Tuy nhién, dé c6 thé lap trinh gia cong trén may CNC chiing ta phai
nam dugc nhitng khdi niém co ban sau day:

6.1. Quy dao gia cong.

Khi gia cong dao va chi tiét chuyén dong tuong d6i v6i nhau. Tuy
nhién, khi lap trinh ngudi ta quy ude rang dung cu chuyén dong tuong doi
0 v6i hé thong toa do (chuyén dong clia tam dao P) con chi tiét ding
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vén. Hinh 6.1 1a so do quy dao cla tdm dao. Di v6i dao tién (hinh 6.1a)
Jdiem P la tam ciia bdn kinh mii dao.

Céac dao phay mat dau, dao phay ngén, dao khoan, dao khoét va
dao doa ¢6 diém P Ia tam mat ddu, con dao phay ngén c6 mat ddu hinh
chom céu thi diém P 13 tam clia chdm cdu d6. Theo hinh 6.1 ta c6 hai
truong hop:

- Ban kinh cla dao c6 dinh trong qua trinh gia cong thi quy dao
chuyén dong cta tam dao (diém P) ludn ludn cich déu contour cua chi
tiét (mot doan bing ban kinh cua dao). Trudng hop ndy dugc thé hi¢n trén
cac hinh tir 6.1a dén 6.1e.

Hinh 6.1. So do quy dao tam dao .
| - dudng vién (contour) ctia chi tiét; 2 - quy dao chuyén dong cla tam dao.

- Tuy bén kinh cla dao ¢6 dinh nhung quy dao chuyén dong cla tam
dao P lai khong luon luon cdch déu contour cua chi tiét mot doan bang
ban kinh dao (cdc hinh 6.1g, h, i, k, 1) va ta thdy néu quy dao chuyén
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dong cla diém P (tam dao) cta dao luon luon cich déu contour cia chi
ti€t mot doan bang ban kinh dao thi sé gay sai s& gia cong.

Vi vay, dudng cdch déu dugc hiéu 1a quy dao chuyén dong cla tam
dao ma theo dé c6 thé gia cong mit contour xdc dinh. Chuyén dong theo
dudng cdch déu chi c6 ¥ nghia ddi véi chuyén dong cét, con chuyén dong
phu (dich chuyén nhanh chang han) chi ¢é y nghia khi lap trinh.

Nhu vay, dé gia cong chi ti€t theo chuong trinh, trude hét phai xéc
dinh dugc quy dao chuyén dong cat va quy dao chuyén dong phu cua tam
dao (diém P). Qu¥ dao chuyén dong cua tam dao cé thé khac nhau: c6 thé
tring v6i contour cla chi tiét, c¢é thé theo dudng cdch déu contour hoac
c6 thé thay déi vi tri theo mot quy luat xéac dinh so véi contour clia chi
tiét. Dé gia cong toan bd cdc bé mat cha chi tict thi quy dao chuyén dong
cua tam dao phai lién tuc. Tuy nhién, viéc xdc dinh quy dao dy rat kho
khan vi quy dao clia chuong trinh rat phitc tap va né xac dinh quy dao cta
tam dao trong khong gian. Vi vay, trong thuc t& khi lap trinh quy dao
chuyén dong cua tam dao dugc xdc dinh theo ting phan contour riéng
biét hoac theo tirng phan cua dudng cdch déu.

6.2. Cach ghi kich thudc chi tiét.
D€ lap trinh gia cong trén mdy CNC thi kich thudc cta chi tiét
trén ban vé phai dugce ghi theo toa do dé cdc. C6 hai cach ghi kich thude

trén ban vé&: ghi kich thude tuyét doi va ghi kich thuée tuong doi (ghi kich
thudce theo gia s0).

6.2.1. Ghi kich thuéc tuyén doi.

Theo cach ghi kich thudc nay thi tat ca cac kich thude déu xudt phat
tir diém goc cla chi tiét W (hinh 6.2a).

Nhu vay ta c6 kich thudc x,y clia tiung di€ém trén chi tiét nhu sau:

PiémW: x=0 ;y=0 ; PDiém4: x=70 ; y=0
Piém1 : x=20;y=0 ; biém5: x=120; y=0
Piém 2 : x=20;y=15; Diem6: x=120; y=45
bidm3 : x=70;y=15; biém 7 : x=70; y=85

Piém8 : x=0 ;y=85
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Hinh 6.2. So do ghi kich thudc cdc chi tiét
a) ghi kich thudc tuyét déi ; b) ghi kich thudce tuong doi .

6.2.2. Ghi kich thudc tuong déi (theo gia s6).

Theo céach ghi kich thudc tuong d6i (theo gia s6) thi cac kich thude
sau xudt phdt tir diém két thdc cha kich thudc trude né (hinh 6.b). Nhu

vay ta ¢ cac gia s6 Ax , Ay nhu sau:

PifmW: Ax=0 ;Ay=0 ; Piém 5 :
biém1 : Ax=420 ;Ay=0 ; Diém 6 :
Diém 2 : Ax=0 ;Ay=+15; Diém 7 :
Diém3 : Ax=4+50;Ay=0 ; Diém 8 :

Diém 4 : Ax=0 ;Ay=-15.

Ax=+50 ;Ay=0
Ax =0 ; Ay = +45
Ax =-50 ; Ay =+40
Ax=-70 ;Ay=0

Trong thuc t&€ ngudi ta it dung cach ghi kich thudc theo gia s6 vi né

anh hudng nhiéu dén két qua gia cong.

6.3. Cac chirc nang G.

G 1a ky hiéu chic nang dich chuyén clia dung cu cit va duogc viét tat
cha hai tir ti€ng Anh: Geometric Function. Ngoai chic nang dich chuyén,
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G con xdc dinh ché d¢ lam viéc ctia mdy cong cu CNC. Céic chic nang G
dugc ma hod tir GOO dén G99. Dudi day phan tich mot s6 chic nang G
thong dung nhat.

* GOO: chay dao nhanh téi toa d6 da lap trinh (dich chuyén véi toc
d6 chay dao I6n nhét, hinh 6.3). Nhu vay, phia sau GOO c6 thém toa do
cua x, y, z. Vi du, trén hinh 6.3a cho ky hiéu sau day: G90 GO0 X20
Z150. Ky hiéu nay duoc giai thich nhu sau: G90 chi lap trinh theo kich
thude tuyét dsi, GOO la ky hiéu chic nang dich chuyén dao nhanh tir diém
0 dén diém c6 toa do X = 20 (bang dudng kinh bic nhd nhat cua chi tiét)
va Z = 150 1a khoang céch tir diém goc ctia chi ti€t W dén diém lap trinh.

Trén hinh 6.3d ¢4 k¥ hiéu GO0 X60 Y80 Z120. Ta hiéu ky hicu dé
nhu sau: dao phay ngén dich chuyén nhanh tir diém 0 dén diém | trén chi
tiét va diém 1 cha chi tiét c6 toa do X =60 ;Y =80 ; Z =120.

Ciing theo cédch ky hiéu tuong tu, trén hinh 6.3e ta cé : G90 G0O
X90 Y75 Z100. O day dao dich chuyén nhanh tir vi tri O t&i vi trf 1, tai vi
tri | daocétoadd: X =90;Y =75; Z =100.

* GOI : noi suy duong thang. Sau lénh GO1 1a cic toa do vi cic
thong sd ciia ché do cit.

Vi du, trén hinh 6.3b c6 ky hiéu GO1 X-30 F45. Ky hiéu nay duge
giai thich nhu sau: GOI 1a noi suy dudng thang (dao dich chuyén thing) ;
X-30 1a an dao t6i vi tri 2 ¢6 toa do X = -30, con F = 45 mm/phiit. Can
nhd ring trong qua trinh dich chuyén cla dao tir diém 1 dén diém 2 thi
toa do Z khong thay déi vi vay khong cin ghi vao ky hiéu toa do Z.

Trén hinh 6.3c c6 ky hieu GO1 Z100 F60. Ky hiéu nay cho ta biét:
dao dich chuyén tir diém 1 dén diém 2, tai diém 2 dao c6 toa do Z = 100
(c4ch diém W mot khoang cé chiéu dai 12 100 mm) véi lugng chay dao
F = 60mm/phiit. Trong qué trinh dich chuyén tir diém 1 dén diém 2 toa do
X khong thay déi. Tir diém 2 dao chuyén dich dén diém 3 va trudng hop
nay ciing 12 ndi suy dudng thang cho nén khong cdn nhic lai GO1 nita ma
viét ngay ky hiéu X80 Z60 F35 (X = 80, Z = 60, F = 35 mm/phiit). Tai
diém 4 c6 thé viét: Z0 F35. Theo chic niang GOl ¢6 thé ky hiéu ddy du
hon, vi du: N0O3 GOl X40 Y20 Z-3 F80 S200 MO03. Dong 1énh nay c6
s6 thit tu trong chuong trinh [a 3, cit theo dudng thing tir vi tri hién tai
tdi diém ¢6 toa do X = 40, Y = 20, Z = -3 vé6i lugng chay dao
F = 80 mm/phiit, t6¢c do truc chinh S =200 vg/phit va quay theo chiéu
kim déng ho.
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Hinh 6.3. Cdc chitc ndng GO0 va GO1

Can nhd riang chic nang G dugc giit nguyén cho téi khi thay doi
bang chic ning G khac. Diéu nay dugc thdy rd trén cdc hinh 6.3d va
hinh 6.3e. Trén hinh 6.3d ta thdy khi dao di chuyén tir vi tri 1 dén vi tri 2,
toa do cia X va Y khong thay déi, chi ¢6 Z thay déi va Z = 30 tai vi tri 2.
Trong qua trinh di chuyén tir 1 dén 2 dao khong cit nén khong ¢6 GOl va
cling khong can ghi lai léenh G90 GO0O. Tir vi tri 2 dén vi tri 3 dao cit nén
ta c6 GOI1 va tai vi tri 3 ta c6 toa d0 Y = O (X van gilf nguyén 1a 60 va Z
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van gilr nguyén 1a 30). Tir vi tri 3 dén vi tri 4 dao cét nén ta ¢c6 GOl nhung
cling khong can ghi lai nita ma ta ghi ngay Z0 (c6 nghia latai4tacé Z =
0 va X van giit nguyén la 60). .

Trén hinh 6.3e ta ¢6; tir 0 dén 1 1a di chuyén nhanh GOO, tit 1 dén

2 1a di chuyén theo kich thudc tuong d6i va ta ¢6 X giam di 40, nhu vay

ta c6 dong lénh tai diém 2 12 G91 X -40. Tir diém 2 dén diém 3 ta c6 lénh

ndi suy dudng thing GOI va tai diém 3 ta ghi dong lénh GO1Y-30 (Y

giam di 30 ciing theo kich thudc tuong d6i). Tir 3 dén 4 1a lap trinh theo

kich thudc tuyét d6i va cé 1énh cat GO1. Taidtaco Y =0 vaZ =0, con

X = 50 hodc khong cin ghi vi tai cdc diém 2 va 3 gid tri clia X van bing
50 (khong thay déi).

Mét phon,

o ® 9/’;1 f:ﬁngg

D |Y(J}I 4
\3* %2 ®
& > Ned @ ) N
J

5 - N\ Wyl o e | €Y

|
617 i
619/lM. . X(r) M
—~ 7618 (3 & ©
Z{K) *)
a
) y
f
» | z 617
P R
/ 603 =y = L
(=]
602 % ” ¢ I
L/
X,
Xo
c) d)
Y 603 603RS0CE0I-40J-
a
A=~ g
=80° \ ~,
617 \" 8%50 >
c J»-30
I=-40
w N
X
e)

Hinh 6.4. So do gidi thich cdc chicc ndng GO2 , G03 va Gl7 ,GI8 ,GI9
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* G02; GO3: noi suy
cung tron theo chiéu
kim déng hé (G02)
va ngugc chiéu kim
doéng hé (GO03) khi
xét chling & cidc mat
phing XY véi G17
(chtc nang chon
mat phing gia cong
XY), mat phang XZ
voi GI8 va mat
phing YZ véi G19.
G18 va GI9 a céac
chirc nang chon mat
phang gia cong XZ
va YZ. Cac ky hiéu
i, J, k 1a toa do tam
cung tron theo céc
truc tuong img X, Y,
Z. Cin nhd ring
GO02 1a ndi suy cung
tron theo chiéu kim
dong hé va GO3 la
ndi suy cung tron
ngugc chiéu kim
dong h6 néu quan
sat tr huéng duong
cua cic truc toa do
(hinh 6.4). Khi thay
déi hudéng clha cic
truc toa do thi cac
gid tri cha G02 va
GO3 thay ddi nguoc
lai (hinh 6.4b).

Nhin chung,

cung tron trén mat phéng clia hé truc toa d6 dugc xic dinh bing nhiing
thong s6 sau day: tam C véi cdc toa do x, va y,, ban kinh R, diém xuat
phét P, véi cdc toa do x,, y,, diém dich P, véi céc toa do x,, y,, gbc tdm

602
Y 617 f—\,
R L
2158 o Tc }_
> w
Xo
Xg
X

Hinh 6.5. So do tinh quy dao cung trontrong mat

phdng XOY
602
z 618 //'\;
7 |
Po <y

Zg
Z;

Hinh 6.6. So do tinh quy dao cung tron

Xc

X

trong mdt phdang XOZ

Y 619

Hinh 6.7. So do tinh quy dao cung tron

Zc

Z

trong mdt phdng ZOY



cua cung tron 6 va géc giita tiép tuy€n tai diém xudt phdt va truc toa do
(trong truong hop nay la truc X) 1a o (hinh 6.4d).

Trong hé toa d6 cuc (hinh 6.4e) tam cung tron C véi ban kinh R ¢6
diém xuat phat P, duoc xdc dinh bing céc gia tri I, J (trong mat phang
XY). Céc gid tri I, ] mang céc ddu (-) hoac diu (+) tuy thudc vao hudng
chay dao. I Ia toa d6 cua tam cung tron theo hudng truc X (khoang cach
gitta tam C va diém xuat phét P, theo huéng X), con J 1 toa d6 cla tam
cung trdn theo hudng truc Y (khoang cdch giita tam C va diém xu4t phat
P, theo hudng Y). Céc toa do 1, J, K ¢6 gi4 tri am khi chiéu tir diém xuat
phat P, t6i diém C theo hudng am clia céc truc toa do, con I, J, K c6 gid
tri duong khi chiéu tir diém xuét phat P, t6i diém C theo huéng duong cua
céc truc toa do (K la toa d6 cua tdm cung tron theo huong truc Z).

Cic gia tri X, Y, Z, 1, J, K duoc xdc dinh theo cédc so do trén hinh
6.5,6.6 va6.7.

Theo hinh 6.5 ta ¢6:

Toa do Kich thudc
Tuyét doi Tuong doi
X X, XX
Y Yi Yi-Yo
I XX X-Xo
J YeYo Ye=Yo
Theo hinh 6.6 ta c6 :
Toa do Kich thuée
Tuyét doi Tuong doi
X X X -Xg
Z Z Z-Z
I XX XX
K 22y Z.~72
Theo hinh 6.7 ta cé:
. Toa do . Kich thuée
Tuyét d6i Tuong d6i
Z Z -y
Y Yi Yi-Yo
K Z.-Zq Zo-Zg
J Ye-Yo Ye—Yo
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Dong Iénh GO2 theo hinh
6.8 dugc vi€t nhu sau:
GO02X8Y4I3J-4. Ta giai thich
dong lénh nay theo thit tu la: GO2
chi ndi suy cung tron theo chiéu
kim dong h6, X =8vaY =41
toa do diém dich P, con [ =3 va
J = -4 la toa do tam cung tron
theo truc X va Y (J = -4 la huéng
tir P, dén C la hudng theo chiéu
am cua Y, con [=3 la hudng tir P,
dén C la hudng theo chiéu duong
cua X).

Hinh 6.8. Vi du mo td lénh GO2

* (G04: (Dwell) - thoi gian chg gita 1énh dang thuc hién va lénh
tiép theo. Vi du, GOl 1a noi suy dudng thang, khi hét noi suy GOl chuyén
sang noi suy cung tron GO2 thi phai c6 mot thoi gian chd. Thoi gian chg
khodng vai giay (phai c6 thoi gian chd vi khong thé cit lién tuc tir bé mat
nay sang bé mat khac dugc). Thoi gian chd ciing ¢6 nghia la thoi gian cén
thiét dé dao cit thém mot vai giay (chang han khi phay mat dau hoac
khoét) nhim nang cao chét lugng bé mat. Vi du, G04X1,0 - ¢6 nghia la
dung cu cit dimg lai mot giay.

* GO6 - ndi suy parabol (chuong trinh gia cong cung parabol).

* GO8 - tang téc do (tr dong ting) tr thoi diém bit dau chuyén
dong t4i gid tri lap trinh.

* GO9 - giam téc do (tu dong giam) dich chuyén khi gin dat téi
diém lap trinh.

* G17 - chon bé mit toa do (bé mit gia cong) XY.
* G18 - chon bé mit toa do (bé mat gia cong) XZ.
* G19 - chon bé mat toa do (b€ mat gia cong) YZ.
* G33 - cit ren ¢ bude khong thay déi.

* G34 - cét ren ¢6 budc tang dan.

* (335 - cét ren ¢ budc giam dan.

* G40 - huy bo hiéu chinh kich thudc dao (hinh 6.9). Ta thay tam
dao dich chuyén theo profil cta chi tiét.
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* G41 - hiéu chinh dao & bén trdi profil chi ti€t - n€u ta quan sat tir
diém xuat phat (hinh 6.9).

* G42 - hiéu chinh dao & bén phai profil chi tiét - néu ta quan sat
tir diém xudt phat (hinh 6.9).

* G43 - hiéu chinh kich thuéc dao duong (gid tri hiéu chinh dé ¢6
vi tri chia dao phai dugc cong thém toa do 1ap trinh).

G41

Profil chi 176t

Hinh 6.9. Cdc lénh G40 . G41 . G42

* G44 - hiéu chinh kich thudc dao am (gia tri hiéu chinh dé c6 vi
tri cia dao phai dugc trir di toa do lap trinh).

* G353 - hlty bo xé dich diém chudn da chon .

* G54 dén G59 - xé dich diém chudn cia chi tiét so vSi diém
chuén ctia mdy (hinh 6.10).

Vidu: NOI : G54 G92 X0 YO
NO2 : G54 GO0 X100 Y100
hoac G55 X0 YO

* G60 - dinh vi vi tri oy .y f
chinh xac cdp 1. (tinh). |

* G61 - dinh vi vi tri wo b — — — 6580 |
chinh xéc cp 2. (ban tinh). X

* G62 - dinh vi vi
tri nhanh (tho).

* G63 - sit dung  654(00) 100 +X
100% lugng chay dao.

thay déi s6 vong quay va
lugng chay dao.

* G80 - huy bd (thay déi) chu trinh di chon.
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* G81 dén G89 - cac chu trinh khoan, khoét hay con goi la céc
chu trinh c6 dinh bdi vi trong cic may CNC hién dai cic chuong trinh
con dé thuc hién cédc chitc niang trén duoc luu giit ¢6 dinh trong bo nhé
cua mdy va ludn cho cic chidc niang yéu cdu véi cdc thong s6 can thiét dé
thuc hién timg nguyén cong cu thé. Nhiéu chuong trinh ¢& dinh ¢6 hai
thong s6 can luu gitt d6 1a R va Z. Thong s6 R 1a toa d6 ma tir d6 lugng
chay dao bt dau trong qud trinh thyc hién chu trinh ¢ dinh nav. Gia tri
R dugc luu gitt cho dén khi xuat hién gia tri R méi. Théng s6 Z trong chu
trinh ¢6 dinh la toa d6 ma dung cu cit dich chuyén v6i mot luong dn dao.

* (G90 - lap trinh theo kich thude tuyét doi.
*G91 - lap trinh theo kich thude trong doi (theo gia s6).
*(G92 - dat bo nhé.

* G93 - lugng chay dao F theo thoi gian (bing gid tri nghich dao
cua thoi gian theo phit can thiét dé gia cong, vi du 1/7phiit).

* G94 - lugng chay dao F theo mm/phuiit (hoédc inch/phut).
* (395 - lugng chay dao F theo mm/vong.
* G96 - t6c do cit S theo m/phiit.
* (G97 - s6 vong quay theo phut (vg/phhit).
6.4. Cac chirc nang phu M.

Cac chirc nang phu duge ky hiéu bang chir cdi M véi hai chir so tir
00 dén 99 dugc dung dé van hanh mdy trong qué trinh gia cong. Mot s6
chic nang phu M thuong dung dugc ky hiéu nhu sau:

* MOO - dung chuong trinh (sau khi thuc hién gia cong theo 1énh
nao do thi truc chinh dimg quay, luong chay dao dung lai, dung dich tron
ngudi bi ngét, nhu vady mudn gia cong tié€p phai an nit diéu khién).

* MO1 - dirng theo lua chon (chirc nang tuong tu nhu MOO nhung
chi dugc thuc hién khi c6 lua chon trude tir ban diéu khién).

* MO2 - két thic chuong trinh (sau khi thuc hién gia cong theo tat
ca céc lénh cua chuong trinh).

* MO3 - true chinh quay theo chiéu kim déng ho. Quy uéec nay
dugc hiéu nhu sau: truc chinh quay theo chiéu ma theo d6 c¢é mot vit véi
chiéu xoén phéi dugc ga trén truc chinh huéng vao chi tiét gia cong. Vi
du, trén may khoan diing, mdy phay ding, mdy phay ngang néu quan sit

73



tlir chudi dao thi ¢ chiéu quay theo chiéu kim dong hé, d6 1a ky hiéu cia
MO3, con trén m4y tién néu nhin tir mam cap t6i u dong thi ¢ chiéu quay
cta truc chinh theo chiéu kim doéng ho, d6 1a ky hiéu ctia MO03.

* M04 - truc chinh quay ngugc chiéu kim déng hé. Quy udc nay
dugc hiéu nhu sau: truc chhinh quay theo chiéu ma theo dé c6 mot vit véi
chiéu xoan phéi duoc g4 trén truc chinh di ra khéi chi tiét gia cong. Cac
vi du ciing tuong tu nhu M03 nhung chiéu quay nguoc lai.

* MOS - ding truc chinh cong tac.

* MO6 - thay doi dung cu cat (lénh thay dao bang tay hoac tu
dong).

* MO7 va MO8 - mo dung dich tron ngudi.

* MO9 - déng dung dich tron ngudi.

* M10 - D6ng kep trén tét ca cac truc cia may.
* M11 — m& kep trén tét ca cac truc cia may

* M19 - ding quay truc chinh & vi tri xdc dinh (truc chinh dimg
quay khi dat dugc vi tri géc x4c dinh).

* M30 - két thic chuong trinh (truc chinh ngimg quay, ngimg
chay dao va ngit dung dich tron ngudi sau khi thuc hién tat ca cac 1énh
cua chuong trinh gia cong).

* M59 - t6¢ d6 quay cua truc chinh c@ dinh (gilr s6 vong quay cua
truc chinh ¢& dinh khéng phu thudc vao sy dich chuyén clia co cdu chap
hanh cua may).

6.5. Mot so ky hiéu dia chi khac.
* % - bat dau chuong trinh.
* N - 86 thit tu cau Iénh.
* F - lugng chay dao.
* S - t6c do cit.
* 1 - toa dO tam cung tron trong toa do cuc trén truc X.
* J - toa do tam cung tron trong toa do cuc trén truc Y.
* K - toa do tam cung tron trong toa dd cuc trén truc Z.

* T - dung cu cit.
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* LF - két thic cau 1énh (cin chuyén sang cau lénh tiép theo).
* D - s6 hiéu chinh dao.
* H, L, O - khong xac dinh (c6 thé sir dung tu do).

6.6. Chuong trinh NC.

Chuong trinh NC 13 mot file chita cac 1énh diéu khién mdy, mdi
Iénh diéu khién mot thao tic nao dé clia mdy. Cdc lénh duge viét bang
cdc ma quy dinh va sip xép theo mot thit ty dé€ mdy c6 thé hiéu dugc khi
n6 lam viéc. Trong mdy c6 bo diéu khién, né doc cac lénh theo thi tu dé
thuc hién qud trinh gia cong. Hién nay c6 rét nhiéu kiéu diéu khién CNC,
ching phu thudc vao cidc nha ch€ tao may CNC. Tuy nhién, ma quoc t&¢
ISO dugce sir dung rong rai nhat. 3 Lien X0 (ci) ngoai ma ISO ngudi ta
con dung ma theo TOCT 20999 - 83, & cic nudc tdy Au ngudi ta quen
dung hé DIN 66025. Cic hé nay khac nhau khong nhiéu, cho nén khi
chuyén tir hé nay sang hé khdc ngudi ta ¢6 thé ing dung mot cich dé
dang.

Mot cau énh theo cic hé néi trén duge viét nhu sau: N .G .. X
Y Z 1L KLFLS..T.M.LF

Trong dé :
N - s6 thif tu ctia cau lénh;
G - mi diéu khién;
X,Y,Z - toa do theo céc truc;
I, J, K - toa d6 tdm cung tron theo cic truc X, Y, Z;
F - lugng chay dao;
S - t6c do cit;
T - s0 thit tu dao;
M - chitc nang phu;

LF - k&t thic mot cau 1énh (c6 thé khong ghi ky hiéu nay ciing
duogc).

Vidu1:

NO2 X10 Y22 Z-10 F300 S1200 M03: c6 thir tu trong chuong trinh
1a 2, cat theo dudng thang tir vi tri hién tai dén diém c6 toa do X = 10,
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Y =22, Z =-10, lugng chay dao F = 300 mm/phuit, s6 vong quay cuia truc
chinh S = 1200 vong/phiit, dao quay theo chiéu kim déng ho.

Vidu 2:

NO4 GO3 X22 Y30 Z-1 F120 S3150 I-6 J10, c6 thi tu trong
chuong trinh la 4, cét theo vong tron nguge chiéu kim déng hé tir vi tri
hién tai dén vi tri c6 toa do X =22, Y =30, Z = -1, lugng chay dao F =120
mm/phiit, s6 vong quay truc chinh S =3150 vong/phit, toa dd tam cung
tron lal =-6 vaJ =10.

6.7. Cac phuong phap lap trinh.

Can ctr vao mic do tu dong hod cac cong viéc lap trinh nguoi ta
phan biét hai phuong phap lap trinh: 1ap trinh bang tay va lap trinh béang
may (lap trinh cé su trg gitip cua mady tinh).

6.7.1. Lap trinh bang tay.

Khi 1ap trinh bang tay, ngudi 1ap trinh can ci vao ban vé clia chi tiét
d€ nhap céc dir liéu theo céc 1énh ti ban phim ctia may vio bo nhé. Nhu
vay viéc 1ap trinh bang tay tén nhiéu thoi gian, d€ nhdm lan dic biét 1a
déi véi cdc chi tiét phic tap. Do nhitng nhugc diém d6 ma phuong phép
lap trinh bang tay dugc dung cho cdc chi ti€t ¢6 quy trinh cong nghé don
gidn hoac dé hiéu chinh nhitng chuong trinh sin c¢6. Phuong tién hé tro
cho nguoi lap trinh bang tay 1a cdc bang tra s6 liéu, catal6 mdy va may
tinh cd nhan hay mdy tinh bo tii. Cac may tinh cd nhan hay may tinh bo
tdi chi gidp cho ngudi lap trinh tinh todn hinh hoc (cdc diém trén bién
dang chi tiét) va tinh todn cong nghé.

Lap trinh bang tay doi hoi ngudi lap trinh ngoai viéc lam chi
phuong phdp lap trinh con phai ¢é kién thidc todn hoc va kién thirc vé
cong nghé ché tao mdy.

6.7.2. Lap trinh bang may.

Khi lap trinh bang mdy (1ap trinh ¢6 su tro gidp cha mdy tinh) ngudi
lap trinh mé ta hinh dang hinh hoc cla chi ti€t gia cong, cic quy dao cua
dung cu cit va cdc chifc ning clia mdy theo mot ngén ngit ma may c6 thé
hiéu dugc. Lap trinh bing may c6 wu diém la khong can thuc hién cdc
phép tinh béng tay, chi cdn truy nhap mot it dit liéu nhung c6 thé san sinh
ra mot luong 16n cdc dir liéu cho nhitng tinh todn can thiét, dong thoi han
ché€ dugc cdc 16i 1ap trinh.
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Khi {ap trinh bang m4y thi mdy tinh phai c6 hai chuong trinh tinh
todn dac biét sau:

- Chuonh trinh xtr 1y ( Processor ) .
- Chuong trinh hau xur ly ( Postprocessor ).

Processor la chuong trinh phan mém thuc hién cac tinh todn hinh
hoc va cong nghé. Nguoi ta goi cdc dif liéu cua bo chuong trinh xir 1¥
(Processor) 1a CLD (Cutter Location Data), cac dit liéu nay dua ra mot
giai phap chung vé gia cong ma khong phu thudc vao may cong cu CNC
nao. CLD c¢6 nghia 1a cdc dit lieu xé4c dinh vi tri dung cu cat. CLD chita
cdc 1énh ngdn gon nhat va cic ma trong d6 khong hop véi heé CNC nao.

Muén ding CLD cho mot hé CNC cu thé phai dung moét chuong
trinh dac biét goi 1a Post - processor (bo hau xtr 1y hay chuong trinh hau
xu ly). Nhu vay Post - processor ¢6 nhiém vu dich chuong trinh NC dudi
dang CLD thanh cic ma dé cho h¢ CNC c6 thé hiéu va thuc hién qua
trinh diéu khién mdy gia cong.

Can nhd¢ rang khi lap trinh bing may trong phdn hinh hoc ngudi
lap trinh mo t4 hinh hoc cla chi tiét nhu: diém, dudng thang, cung tron,
v.v.. cOn trong phan cong nghé ngudi 1ap trinh mo6 ta qua trinh gia cong
chi tiét nhu: khoan, phay, ché do cit, dung cu céit, dung dich tron nguoi.
v.v.. Ca hai viéc mo ta trén day tao ra mot chuong trinh nguén. Tur chuong
trinh nguon nay may tinh tao ra mot chuong trinh gia cong phu hop vdi
may CNC nho bo hau xtr ly (Postprocessor).

6.8. Cac hinh thitc t6 chirc lap trinh.

Pé thuc hién viéc lap trinh gia cong, nha mdy ¢6 hai hinh thic t6
chuec 14p trinh sau day:

- Lap trinh tai phan xudng.
- Lap trinh trong chudn bi san xuét.
6.8.1. Lap trinh tai phan xudng.

Lap trinh tai phan xudng dugce thuc hién truc ti€p trén may thong
qua bang diéu khién. Man hinh ctia hé diéu khién gitp cho nguoi lap
trinh quan sdt dugc cdc dit lieu dua vao va tranh duge céc 16i cua chuong
trinh. Sau khi lap trinh xong ngudi ta c6 thé cho chay chuong trinh mo
phong bing d6 hoa trén man hinh (tat ca nhitng chuyén dong can thiét khi
gia cong déu duoc md phdéng trén man hinh). Nhu vady qua man hinh
ngudi ta c6 thé phat hién xem dung cu cit ¢ va cham vao chi ti€t hoac
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chuyén dong c6 sai quy dao hay khong. Néu xdy ra nhitng truong hop do,
c6 nghia la chuong trinh ¢6 16i va ngudi 1ap trinh phai sira lai chuong
trinh.

Doi véi hinh thifc lap trinh tai phan xudng nguoi van hanh may
(d6ng thai ciing 1a ngudi 1ap trinh) phai ¢6 trinh do tay nghé cao.

6.8.2. Lap trinh trong chuin bi san xuat.

Khi mot nha may c6 quy mo san xuat 16n, tirc 1a ¢6 s dung nhiéu
may CNC khéc nhau, gia cong nhiéu loai chi tié€t khdc nhau va s6 lugng
chi ti€t trong timg loai cling 16n thi can phai 1ap trinh tap trung trong
chuan bi san xudt. Céng viéc lap trinh nay duoc thuc hién tai phong cong
nghé hoac tai trung tam lap trinh cua nha mdy. Nhu vay, nha mdy can c6
doi ngi lap trinh vién dugc dao tao chuyén moén hod va ing dung thanh
thao cac phuong phép lap trinh.

Uu diém.cta hinh thic lap trinh tap trung (1ap trinh trong chudn bi
san xuat) la nang sudt lap trinh cao va ngudi lap trinh tuy chua van hanh
may thanh thao van c6 thé lap trinh gia cong cho nhiéu loai chi tiét khdc
nhau. Chuong trinh duge 1ap tai trung tdm dugc chuyén téi cdc mdy CNC
duéi hai hinh thirc sau:

- Néu cac may CNC dugc ndi mang truc ti€p vé6i trung tdm lap
trinh thi cic may CNC nhan chuong trinh truc ti€p qua mang.

- Néu cac may CNC chua dugc ndi mang véi trung tam lap trinh
thi chuong trinh phai duoc ghi vao dia mém hoidc viét bang bang duc 16
r6i chuyén t6i cac may CNC dé gia cong.

Tuy nhién, hinh thic lap trinh tap trung c6 nhugc diém la cic 16i
chuong trinh chi dugce phat hién khi chay mo phdng hodc gia cong thu
cling giéng nhu lap trinh truc ti€p tai phan xudng (truc ti€p trén mdy)
nhung qua trinh xay ra cham hon.

6.9. Chuong trinh chinh va chuong trinh con.

Mot chi ti€t c6 thé c6 nhiéu bé mat khac nhau hodc nhiéu phan khéc
nhau cén phai gia cong. Chuong trinh dé gia cong toan b chi tiét dé dugc
goi la chuong trinh chinh, cdn chuong trinh gia.cong timg bé mat hoac
timg phan cia chi ti€t dugc goi 1a chuong trinh con. Nhu vay, chuong
trinh con thé hién céc qua trinh gia cong dugc lap lai nhiéu lan, c6 thé
duoc truy nhap va luu trit trong bd nhé cua chuong trinh (& dang chuong
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trinh con) va ¢é thé dugc goi ra tai cdc vi trf cha chuong trinh chinh
(chuong trinh gia cong chi tiét).

Vidu:

Khi gia cong chi tiét
trén hinh 6.11 ta cé6 mot
chuong trinh gia coOng
(chuong trinh chinh). Chuong
trinh chinh nay gém 3 chuong
trinh con dé gia cong 3 16 I;
2; 3. Thong thuong nguoi ta
st dung chit L va cdc chit s6 -
tuy y dé bat dau chuong trinh
con (vi du, L50). Trong
chuong trinh con, cdc cau lénh
cling c6 cdu tric nhu cdc cau
lénh clia chuong trinh chinh. Khi két thic mot chuong trinh con (vi du,
khi két thic chuong trinh con dé gia cong 16 1 trén hinh 6.11) sé lai tro lai
chuong trinh chinh. Liic ndy dé gia cong 16 2 ta goi chuong trinh con
(L50) thit hai t chuong trinh chinh. Sau d6 ta lai goi chuong trinh con dé
gia cong 16 thit 3. Tuy theo hé diéu khién ngudi ta chon chitc nang M17,
G99 hay ky hiéu LF dé két thiic mot chuong trinh con.

6.10. Cac vi du vé lap trinh.

Hinh 6.11. Vidy gidi thich chuong trinh
chinh va chuong trinh con

6.10.1. Lap trinh gia cong trén may tién.

Hinh 6.12 1a mét chi ti€t duge gia cong trén mdy tién theo chuong
trinh. Chuong trinh gia cong chi tiét trén hinh 6.12 dugc viét lai nhu sau:
NOI G50 X250 Z200 (G50 1a chinh dao & vi tri 0 ¢6 toa do X = 250:
Z =200).

G96 S500 MO03 (chon t6c do ciat S = 500 vong/phiit; MO03 1a chi
tiét quay theo chiéu kim dong hoé).

N02 GO0 X50 Z80 (dao chay nhanh t&i diém c6 toa do X = 50 va

Z = 80).

NO3 GOl X0 F0,2 (n6i suy dudng thang t6i dudong tam chi tiét c6 toa
do X = 0; Z van giit nguyén gia tri cho nén khong can ghi lai;"
luong chay dao F = 0,2 mm/vong ).
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N04 W1 (van ngi suy duong thiang dé dao 1ui ra cdch mat ddu chi tiét
mot khoang W = 1 mm).

NO5

NO6

NO7

GO0 X50 (dao
chay nhanh vé vi
tri c6 toa do
X =50).

GOL Z55 (noi
suy duong
thang, dao tién
doan bac nhod
c6 duong kinh
¢ = 50 mm va
dao dich chuyén
dén diém c6 toa
do Z =55).

G02 X100 Z30
R25 (n6éi suy
cung tron theo
chiéu kim dong

_ -~ ///G)
& ® e 2
o ® 7
S
e @ @ S
& <
®
30 25 | 25 120

Hinh 6.12. Gia cong trén mdy tién theo chuong trinh

hé t6i diém c6 toa do X = 100; Z =30 va ban kinh R =25).

NO8 GOl ZO0 (n6i suy dudng théng, dao cit phdn con lai cha chi tiét va
dich chuyén dén tan truc X c6 toa do Z =0).

N09 GO0 X250 Z200 (dao Iui nhanh vé diém O cé toa do X =250;

Z =200).

N10 M30 LF (két thiic chuong trinh, tuy nhién c6 thé khong cin N10).

Trén day 1a mét vi du don giadn, ching ta s€ nghién citu siu
phuong phap tién & chuong 8 va 9 trong tai li€u nay.

6.10.2. Lap trinh gia cong trén may phay.
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Hinh 6.13 1a mot chi ti€t dugc gia cong theo chuong trinh trén
may phay ditng. Trong trudng hop nay ta chon mait gia cong XY (G17),
dung dao phay ngén, quy dao chay dao theo dudong chdm chiam tir$cho
dén@Chuong trinh gia cong chi tiét trén hinh 6.13 dugc vi€t nhu sau (c6
kém giai thich):
G92 X0 Y0 Z0 (dit dao tai diém 0).



NOI G90 G17 G41 GO0 X250 Y550 (G90 la lap trinh v6i kich thudc
tuyét doi, G17 1a chon mat phéng gia cong XY, G41 1a hiéu chinh
dao & bén trai profil clia chi tiét, GOO Ia chay dao nhanh dén diém P,
cotoa do X =250,Y = 550).

-
-
-

\
\
\
\ P4(500,1150) N\ P5(300,1150) /
\ /
\ Ny
\

\
A\
\

/////

i
!
t
l
\

650R

€3(-150,1150) - !

P2(250,900) \ P3(450,900)

@ NN )

N
\ P9(700,650)
N v
P1(250,550)

Hinh 6.13. Gia cong trén mdy phay theo chuong trinh
8i



NO2 GOl Y900 F150 (noi suy dudng thing t6i diém P, c6 toa do
Y = 900, lugng chay dao F = 150 mm/phtt, toa d60 X van giit
nguyén).

NO3 X450 (tiép tuc noi suy dudng thing t6i diém P, c6 toa do X = 450).

NO04 GO03 X500 Y1150 R650 (néi suy cung tron ngugc chiéu kim dong
hé téi diém P, ¢6 toa d0 X = 500, Y =1150, ban kinh cung tron
R = 650). '

NO5 G02 X900 R-250 (noi suy cung tron theo chi€u kim déng ho téi

diém Py c6 toa do6 X = 900, ban kinh cung c6 ddu trir ( - ) va
R = 250. \

NO6 GO3 X950 Y900 R650 (ndi suy cung tron nguge chiéu kim déng ho
t6i diém P, c6 toa do X = 950, Y = 900, ban kinh cung tron
R = 650).

NO7 GOl X1150 (ndi suy dudng théng ti diém P, c6 toa do
X = 1150).

NO8 Y550 (noi suy dudng thang 16i diém P, c6 toa do Y = 550).

N09 X700 Y650 (noi suy dudng thang t6i diém P, c6 toa do X = 700,
Y = 650).

NI10 X250 Y550 (noi suy dudong thang téi diém P,, c6 X = 250,
Y =550).

N11 GO0 G40 X0 YO Z0 (G40 1a
hity bd 1énh hiéu chinh dao
va chay nhanh vé diém 0
theo 1énh GO00).

4
Phuong phdp phay s& < %
duge nghién ciu sau & chuong 8 o
3 ~ !
va chuong 10. P ;
6.10.3. Lap trinh khoan. s L
Hinh 6.14 1a chi tiét duoc Wl 20 20 X

khoan 4 16 ¢10, chiéu sau la 10
mm. Chuong trinh gia cong theo

thit ty tir 16 thd 1 dén 16 thd 4 Hink 6.14. Gia cong trén mdy khoan
dugc viét nhu sau:
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N80
NOI

NO2

NO3
NO4
NO5

T1 MO6 (tén chuong trinh, thay dao hién c6 bing dao T1).

G81 R2 Z-10 F200 S2500 MO3 (G81 la chu ky khoan, R2 la
khoang céch tir miii khoan ti bé mat gia cong, Z = -10 la chiéu
sau khoan, F = 200 mm/phiit, S = 2500 vong/phit, MO03 la truc

chinh quay theo chiéu kim dong ho).

G79 X20 Y10 Z-10 (G79 1a goi chu ky kkhoan, 16 thir nhat c6 toa

do X =20,Y =10,Z=-10).

G79 X40 (16 thi hai c6 toa do X =40, Y = 10).

G79 Y30 (16 thit ba c6 toa do X =40, Y = 30).
G79 X20 (16 thit tu c6 toa do X =20, Y = 30).

Phuong phdp khoan s& duge nghién citu sdu & cac chuong 8 va 10.

6.11. Lap trinh gia cong bé mat doi ximg kiéu hinh anh qua
guong.

truc

Khi lap trinh gia cong cédc bé mit doi ximg kiéu hinh dnh qua
guong chi cin déi dau céc toa do. Néu ta dbi ddu toa do X s& ¢6 bé mat
doi xing qua truc Y, con néu déi ddu toa do Y sé c6 bé mat doi ximng qua

Ta thay & géc
phan tu thd nhat

~diém P, c6 toa do

X, Y duong. Néu
ta d6i dau toa do X
thanh X-1, ta ¢6
diém P, doi xing
qua truc Y. Tu
diém P, néu ta déi
ddu toa do Y ta
dwoc diém P, c6
toa do X, Y am

X.
Hinh 6.15 12 vi du céc diém d6i xting qua truc X, Y.
Y
'DZ PI
re="r—""1
| |
(x-1) 12 P
I [
| }
-X ! ] X
I 3 !
I O (yen
| S—— I §
(x-1) 3 €
(v-1) 7

Hinh 6.15. Do6i xitng kiéu dnh qua guong

(toa do Y thanh
Y-1). Tt diém P,
néu ta doi diu toa
do X ta duoc diém

P, d6i ximg qua Y (diém P, ¢6 toa do X duong va Y am, hinh 6.15).
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anh.

Hinh 6.16 12 mot vi du vé gia cong bé mit d6i ximg ki€u guong

Hé CNC - 432 cua hang MAHO giéi thiéu chuong trinh gia cong

bé mat nay nhu sau:

%PM (chuong trinh chi tiét).
N90O (ky hiéu chuong trinh).

NO1

NO2
NO3

NO4

NO5

NO6
NO7

NO8

G17 S400 T1 M06 (bé mat gia cong XY, S = 400vong/phiit, thay
dao hién c6 bing dao s6 T)).

G54 (x4c dinh diém goc phoi).

G98 X-130 Y-75 Z-20 1260 J150 K30 (x4c dinh cira s6 phoi theo
G98; 1, J, K Ia kich thude clra s6:120+10=130; 65+10=75).

G99 X-120 Y-65 Z-20 1240 J130 K20 (xdc dinh bién dang chi
tiét theo G99).

GO0 X55 Y45 Z2 MO03 (chay dao nhanh t6i diém cé toa do
X =55;Y =45; Z =2, dao quay theo chiéu kim déng hé ).

GO1 Z-5 F50 (an dao xudng chiéu sdu Z = -5, F = 50 mm/pht).

G43 Y55 F100 (hiéu chinh dao duong t6i diém c6 Y = 55;
F = 100 mm/phuit).

G42 X105 (hiéu chinh dao bén phai téi diém c6 X = 105).

Doo phay o 15 35 55 75 105 120
d:’g mm

65

& ﬁ} * o
Saqu 5

=ca

+Yﬁ§:>d—,€m an vcmk ) :}0

\
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N09 Y10 (tiép tuc G42 t6i diém c6 Y = 10).

N10 X75 (tiép tuc G42 t6i diém c6 X = 75).

N11 Y30 (tiép tuc G42 t6i diém c6 Y = 30).

N12 X35 (tiép tuc G42 t6i di€ém c6 X = 35).

N13 Y10 (ti€p tuc G42 t6i diém c6 Y = 10).

N14 X15 (tiép tuc G42 t6i diém c6 X = 15).

NI15 Y55 (ti€p tuc G42 t6i diém c6 Y = 55).

N16 X355 (tiép tuc G42 t6i diém c6 X =55).

N17 G40 (huy bd hiéu chinh kich thude dao).

N18 G73 X-1 (chic nahg gia cong d6i xing Kiéu guong anh qua Y).

N19 G14 (J1) N1=5 N2=17 (G14 la chitc nang nhac lai; (J1) 1a mot lan
nhéc lai, N1 = 5 1a bat ddu nhic lai ti cau lénh 5 va két thic O cau
lenh N2 = 17).

N20 G73 X-1 Y-1 (doi xting qua X).

N21 G14 (J1) N1=5 N2=17 (lap lai cau 1énh N19).

N22 G73 X+1 Y-1 (d6i xtng qua Y).

N23 G114 (J1) N1=5 N2=17 (lap lai cau lénh N19).

N24 G72 (cho céc truc dong thoi da duoc cap 1énh doi xing).
N25 GO0 Z50 (chay dao nhanh Ién trén t6i di€ém c6 Z = 50).
N26 M30 (két thic chuong trinh).

6.12. Lap trinh c6 tinh dén xé dich diém chuan .

Khi lap trinh ¢6 tinh dén xé dich diém chuan thi cdc gid tri can xé
dich phai dugc xdc dinh cu thé. Viéc xé dich diém chudn cho phép ta lap
lai chuong trinh gia cong nhiéu bé mat giong nhau tai céc vi tri bat ky
trén chi ti€t gia cong. Hinh 6.17 1a vi dy gia cong 5 hoc hinh chit U trén
chi ti€t § cac vi tri khdc nhau, trong d6 ¢6 mot cung tron dugc xoay di
mot goc 30

Chuong trinh gia cong 5 h6c néi trén duge vi€t va gidi thich nhu
sau (theo hé diéu khién cia may phay CNC-432 cta hang MAHO - Cong
hoa lién bang Dic).
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%PM

(chuong trinh chi tiét).

N9008 (ky hiéu chuong trinh).
NO1 G17 S400 T1 MO0O6 (mat gia cong 1a XY, S = 400 vong/phit, thay

NO2
NO3
NO4
NO5

NO6
NO7

NO8
NO9
NI10
NI1
NI12
NI3

195

120

65
55
45

30

dao hién tai bing dao s0 1).
G54 (xé4c dinh diém g6c phoi).

G98 X-10 Y-10 Z-20 1260 J215 K30 (x4c dinh clra s6 phoi).
G99 X0 YO Z-20 1240 J195 K20 (xdc dinh bién dang chi tiét).
GO0 X55 Y45 Z2 M03 (chay dao nhanh t6i diém c6 toa do X = 55,

Y =45, 7 =2, theo chiéu kim dbng ho).

GO1 Z-5 F50 (an dao xudng chiéu sau Z = - 5; F = 55 mm/phiit).
G43 Y55 F100 (hiéu chinh dao duong (4p sat bé mat gia cong) t6i

diém Y = 55; F = 100 mm/phiit).

G42 X105 (dao cét bén phai t6i diém X = 105).
Y10 (tiép tuc G42 t6i diém Y = 10).

X75 (ti€p tuc G42 t6i diém X=75).

Y30 (tiép tuc G42 t6i diém Y=30),

X35 (ti€p tuc G42 t6i diém X=35).

Y10 (tiép tuc G42 t6i diém Y=10).

t=20

( Y
U—Uds

4 ﬁg}
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130

Dao phay
d: 16mm



N14 X15 (ti€p tuc G42 téi diém X=15).
N15 Y55 (ti€p tl_lé G42 t6i diém Y=55).
N16 X55 (ti€p tuc G42 t6i diém X=55).
N17 G40 (huy bé hiéu chinh kich thuée dao).

N18 G92 Y55 (G92 1a dich chuyén diém chudn theo kich thudc twong d6i
doc truc Y t6i diém c6 Y=55).

N19 G14 (J2) N1=5 N2=18 (G14 la nhic lai, (J2 1a nhéc lai 2 1an vi gia
cong hai h6c & trén, N1=5 1a bat ddu tir cau lénh 5 va két thic o
N2=18).

N20 G93 X120 Y130 (dich chuyén theo kich thudc tuyét d6i véi chitc
nang G93 véi diém c6 X=120,Y=130).

N21 G14 (J1) N1=5 N2=17 (nhic lai mot 14n tir cau Iénh 5 dén cau lénh
17 dé gia cong héc phia trén & bén phai).

N22 G93 X145 Y10 B4=30 (G93 la chiic ning dich chuyén diém chuan
theo kich thudc tuyét déi téi diém c6 toa do X=145; Y=10 va c6
g6c xoay B4=30°).

N23 G14 (J1) N1=5 N2=17 (lap lai cau lénh N21).
N24 GO0 Z50 (chay dao nhanh lén trén t6i diém cé Z=50).
N25 M30 (két thic chuong trinh).

6.13. Lap trinh c6 tinh dén phéng to, thu nho.

Hiang MAHO ctia Cong hoa lién bang Ditc gidi thiéu phuong phdp
lap trinh ¢6 tinh dén phdéng to, thu nho khi cin gia cong nhiing bé mat
tuong tu nhung véi kich thude 16n, nho khac nhau. Trong trudng hop nay
hang MAHO dung lénh G73A4=... Vi 1énh G73A4=... kich thuéc cua
chi ti€t cé thé dugc phéng to hodc thu nhd. Su thay déi kich thudc cé thé
dugc ghi bing ky higu (v du, A4=2) hoac bing %. N&u Ad=2, nghia la
kich thudc ting 1én hai 14n, néu A4=0,5 thi kich thudc giam di 2 lan
(twong tng la 200% hay 50%). Hinh 6.18 la mét vi du [4p trinh c6 phong
to va thu nho kich thudéc.
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Hinh 6.18. Phdng to va thu nho khi gia cong theo chiong trinh
Chuong trinh gia cong duge viét nhu sau:
%PM (chuong trinh chi tiét).
N9010 (ky hiéu chuong trinh).
NO! G54 (xé4c dinh diém géc phoi).

NO2 G17 S400 T1 MO6 (bé mat gia cong la XY, S=400 vong/phiit, thay
dao dé c6 T1).

NO3 G98 X-10 Y-10 Z-20 1315 J135 K30 (x4c dinh ctra s6 phoi).
N0O4 G99 X0 YO Z-20 1295 J115 K20 (xdc dinh bién dang chi tiét).

N5 GO0 X55 Y45 Z2 MO3 (chay dao nhanh t&i diém c6 X=55, Y=45,
Z=2 theo chiéu kim d6ng ho).

NO6 GOl Z-5 F50 (dn dao xuéng chiéu sau Z=-5; F=55 mm/ph).
NO7 G43 Y55 F100 (an dao t4i diém Y=55; F=100mm/ph).
NO8 G42 X105 (cét bén phai tdi diém X=105).

N09 Y10 (ti€p tuc G42 t6i diém Y=10).

NI10 X75 (tiép tuc G42 t8i diém X=75).

NI11 Y30 (tiép tuc G42 téi diém Y=30).

N12 X35 (tiép tuc G42 t6i diém X=35).
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N13 Y10 (tiep tuc G42 t6i diém Y=10).

N14 X15 (tiép tuc G42 t6i diém X=15).

N15 Y55 (ti€p tuc G42 t6i diém Y=55).

N16 X55 (ti€p tuc G42 t6i diém X=55).

N17 G40 (huy bo 1énh hiéu chinh kich thude dao).
N18 GO0 Z50 (chay dao 1én trén t6i diém c6 Z=50).

N19 S250 T2 MO06 (S=250 vg/phiit; d6i dao khéc, dudng kinh dao ¢=24
mm thay dao hién tai bang dao s6 2).

N20 G93 X120 Y20 (theo MAHO G93 la Iénh dich chuyén dao theo kich
thude tuyét déi t6i diém cé X=120; Y=20).

N21 G73A4=1.5 (phdng to vdi ty 1& A4=1,5 lan hay 150%).

N22 G14(J1) N1=5 N2=18 (nhic lai mot 1an tir cau lénh 5 dén cau lénh
18 dé gia cong h6c phéng to bén phai).

N23 G72 (v6i G72 phéng to hoac thu nho bi huy bo).

N24 S800 T3 MO06 (S=800 vg/phit, thay dao. Duong kinh dao ¢=8 mm).
N25 G93 X30 Y70 (dich chuyén dao t6i diém X=30, Y=70).

N26 G73 A4=0.5 (thu nhé véi A4=0,5 hay 50%).

N27 G14(J1) N1=5 N2=18 (nhéc lai 1 14an tir cau lénh 5 dé&n cau lénh 18
dé gia cong hoc nho phia trén).

N28 G72 (huy bo lénh thu nho).

N29 G93 X0 YO (dich chuyén dao t6i diém X=0, Y=0).
N30 GO0 Z50 (dao dich chuyén 1én t6i diém c6 Z=50).
N31 M30 (két thic chuong trinh).

6.14. Lap trinh tham so.

Lap trinh tham s6 1a khi lap trinh gia cong (trong cdc chuong trinh
chinh va chuong trinh con) ngudi ta thay cdc gid tri s§ bang céc tham sd
tugng trung. C4c tham s6 c6 thé thay thé cho: gid tri toa do, ché do cit
(toc do cat, luong chay dao, chiéu sau cét), cdc gid tri cha dung cu cit,
cac gid tri goc, v.v...
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Hién nay lap trinh tham s6 chua dugc tiéu chudn héa cho nén né
con rat khac nhau giita cdc hé diéu khién cla cdc hdng san xudt mdy
CNC. Vi du, hé diéu khién CNC-432 cua hing MAHO (DPiic) dung tham
s6 E dé thay thé cdc gid tri s6, hé diéu khién TNC360 lap trinh truc ti€p
trén mdy véi dang ngon ngit 1ap trinh HEIDENHAIN (ciling c6 thé lap
trinh theo ISO hoac DIN) dung tham s6 Q dé thay thé cdc gid tri s6, hé
diéu khién SINUMERIK 8M cla hiang SIEMENS dung cdc tham s6 tir
ROO dén R49 dé thay thé cédc gid tri s6, con & Nga nguoi ta lai dung ky
hiéu # v6i ba hoac bon chit s6 dé thay thé cdc gid tri s6, chang han #
6077=280 mm/phuit.

Khi lap trinh tham sO thi cdc gid tri cia tham s6 phai duoc xé4c dinh
trude va cdc gid tri dé duge nam & phan dau cta chuong trinh.

Lap trinh tham s6 duge ing dung khi gia cong cdc chi ti€t tuong tu
vé mit hinh hoc. Qua trinh gia cong tuong tu nhu vay cho phép thé hién &
dang nhiing chu ky citng ma nguoi ta goi la cdc Macro (chuong trinh
Macro hay chuong trinh con). Hinh 6.19 1a vi du gia cong theo chuong
trinh cdc chi tiét tuong tu vé mat hinh hoc.

Dudi day 1a vi dy lap trinh tham s6 dung hé diéu khién CNC 432 clia
hang MAHO (Diic) cho chi tiét a (hinh 6.19a). Hinh 6.20 12 cu thé hod
cdc kich thudge cua chi tiét dugc 1ap trinh.

%PM (chuong trinh chi tiét).

NO9OI1 (ky hiéu chuong trinh).

NOI GI17 S800 T1 MO06 (khoan ¢8) (mat gia cong XY; S=800 vg/phuit,
thay dao hién ¢4 bing dao T1).

NO02 G54 (x4c dinh diém gdc phoi).

NO3 G98 X-10 Y-10 Z-20 1220 J 180 K30 (xdc dinh clra s6 phoi).

NO04 G99 X0 YO0 Z-20 1200 J160 K20 (xac dinh bién dang phoi).

NOS E1=2; E2=15; E3=100; E4=80; E5=0; E6=60; E7=20.5

E8=8; E9=316; E10=50 (cac gia tri cta tham s0 E).

NO6 G81 Y=E1 Z-=E2 F=E10 M03 (khoang cdch an toan 1a E1, chiéu

sau khoan la 15, F=50 mm/phit, dao phay quay theo chiéu kim
doéng ho).

NO7 G77 X=E3 Y=E4 Z=ES5 R=E6 I=E7 j=E8 K=E9 (G77 goi la chu ky
khoan, X=100,Y=80, Z=0, ban kinh R=60, goc 1=20,5°, duong kinh
16 j=8, goc K=316°).
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“. % GO0 Z50 (chay dao 1én trén t6i diém c6 Z=50).
9 M30 (két thic chuong trinh).

Sv dung cing mét chudng trink cho cic chi #é} tuimg tu.

Nguyén foc

uing kinh 16°£8

£

Bé mit
chi tiét &s

' £, Khoa’n_g cach
an toon

=
~a-
0 = h@:>

124

o E3

e thong S8 E,, Ey , V.V... cd thé ding nhv bién s

Chuang trinh chinh :
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N...
; E1=2 E2=15 E3=70 E4 =60 | ==>Xdc dinh thing s
N5 )

E5=0... o ;
N6 G 81 Yy=€1 |z =€2 j "> Xac dinh chv ki
N 7 G 77 X =E3 Y = €4 Z =E5 / ) : G_oic/)uk}'
N 8 l

Hinh 6.19. Gia céng cdc chi tiét twong ne theo chuong trinh
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Hinh 6.20. Gia cong 16 véi ldp trinh tham sé
6.15. Lap trinh tham s6 véi cac phép tinh toan hoc.
Céc phép tinh +, -; x; +; ¥ va sin ¢6 thé dugc thuc hién khi lap

trinh tham $6. Hinh 6.21 la chi tiét gia cong véi ing dung 1ap trinh tham
s6 ¢6 cac phép tinh todn hoc.

150 //
€7 7 ET3 % /rz
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Hinh 6.21. Chi tiét gia céng bdng chuong trinh tham $6'Véi cde phép tinh todn hoc
Hé CNC-432 ciia MAHO giéi thiéu chuong trinh gia cong nhu sau:
%PM (chuong trinh chi tiét).
N9012 (ky hiéu chuong trinh).
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NO1 G17 $400 T1 M06 (mit gia cong XY; S=400 vg/phiit; thay dao dé c6
daoT1).

NO02 G54 (xac dinh diém goc phoi).
N03 G98 X-10 Y-10 Z-20 1220 J170 K30 (x4c dinh cira s phoi).
NO4 G99 X0 YO Z-20 1200 J150 K20 (xac dinh bién dang chi ti€t).

NOS El=15 E2=80 E3=150 E4=190 E5=10 E6=60 E7=130
E8=15 El11=2 E12=6 El3=10 El7=50 E18=100 (cic gia tri E).

NO6 E15=E1x0.5 E16=E4x0.5 El14=El16-E15 E9=El1+El4 EI0=E7-
E13 (cac gia tri cha E).

N07 GO0 X=9 Y=E10 Z=E11 MO03 (dao chay nhanh va quay theo chiéu
kim dong hé).

NO8 GO1 Z-=E12 F=E17 (chiéu sau phay 13 6; F=50 mm/phiit).

N09 G43 Y=E7 F=EI18 (dao cat theo truc Y t6i diém Y=E7;F=100
mm/phut).

N10 G42 X=E4 (hiéu chinh dao cit phai t6i diém X=E4).
N11 Y=ES8 (ti€p tuc G42 t6i diém Y=ES).

N12 X=E3 (ti€p tuc G42 t6i diém X=E3).

N13 Y=E6 (tiép tuc G42 tSi diém Y=E6).

N14 X=E2 (ti€p tuc G42 t5i diém X=E2).

N15 Y=ES5 (tiép tuc G42 t6i diém Y=ES).

N16 X=El (tiép tuc G42 t6i diém X=El).

N17 Y=E7 (ti€p tuc G42 t6i diém Y=E7).

N18 X=E9 (tiép tuc G42 t6i diém X=E9).

N19 G40 (huy b6 Iénh hiéu chinh kich thudc dao).
N20 GO0 Z50 (chay dao nhanh t6i diém Z=50).
N21 M30 (két thiic chuong trinh).

6.16. Chuong trinh Macro.

6.16.1. Khai niém vé chuong trinh Macro.

Macro thuc chét la chuong trinh duge lwu giit trong cdc bd nhd
doc lap. Ngudi ta coi cac Macro nhu ciac chuong trinh con dugce luvu trix
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trong cac ngin kéo ciia mot hop 16n (hinh 6.22). Thuc chit chuong trinh
con di duogc trinh bay & muc 6.9. O day sé& giai thich rd thém vé chuong
trinh Macro. Ta thdy mdi mot ngan kéo clia hop chita mot Macro va nhu
vay hop l6n trén hinh 6.22 c¢6 10 Macro (vi N9808.cé thé nhdy vao
N9807 cho nén cé thé tinh thém mot Macro nifa).

% PM . ,
2 Chudng trinh chinh Macm/s
N 9745 pro u
Qfams o,
. /04147
. N9gos
Nog
N... G2 = N39g 0
2 N = 9803 o 8
\
N.. G22 N = 9803 N9803
N9go7 =
Hap
N... G22 N = 9807
~% PM - chuddng trinh chinh
% MM - chuong trinh Macro

Hinh 6.22. Cdc chuong trinh macro
6.16.2. Vi du chuong trinh Macro.

Hinh 6.23 la vi du vé cdc nguyén cong tuong tu dugc thuc hién
trén cing mot chi tiét,

Dudi day la cdc chuong trinh:

%PM (chuong trinh chinh) va %MM (chuong trinh Macro) theo CNC-
432 cua MAHO.

1. %PM - chuong trinh chinh hay chuong trinh chi tiét.

N9013 (ky hiéu chuong trinh).

NOI G17 (bé mat gia cong la XY).

NO02 G54 (xdc dinh diém géc phoi).

NO03 G98 X-10 Y-10 Z-20 1220 J160 K30 (x4c dinh cira s8 phoi).

NO04 G99 X0 YO Z-20 1200 J 140 K20 (goc toa do c6 X=0; Y=0; Z=-20;
chi ti€t cé kich thudc: dai I= 200; rong J=140 va cao K=20).
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N05 G22 N9801 (ky hiéu chuong trinh macro phay).

N06 G22 N9802 (ky hiéu chuong trinh macro khoan).

N07 G93 Y75 (xé dich toa do theo kich thudc tuyét déi véi Y=75).
N08 G22 N9801(ky hiéu chuong trinh macro phay).

N09 G93 X180 Y10 B4=90 (x¢ dich toa do theo kich thudc tuyét doi tdi
diém c6 X=180;Y=10 va quay géc B4=90°).

N10 G22 N9801(ky hiéu chuong trinh macro phay).
N11 G22 N9802 (ky hi¢u chuong trinh macro khoan).
N12 G93 B4=0 (toa do khong xoay).

N13 G93 X0 YO (tré vé toa do tai diém X=0; Y=0).
N14 GO0 X0 YO (chay dao nhanh).

N15 G53 M30 (két thic chuong trinh).

2. 9%MM - chuong trinh Macro phay.
NO9801(ky hiéu chuong trinh).
NOI S400 T1 M06 (S=400 vg/phut; dao phay T1 cé $=16).

NO02 GO0 X55 Y45 Z2 MO03 (chay dao nhanh 16i diém X=55; Y=45; Z=2
theo chiéu kim déng ho).

NO3 GO1 Z-5 F50 (cit xuéng do sau Z=5; F=50 mm/phdt).
NO04 G43 Y55 F100 (cit theo truc Y 161 diém c6 Y=55; F=100 mm/phiit).
NO5 G42 X105 (cat bén phai t6i diém c6 X=105).

NO06 Y10 (ti€p tuc G42 téi diém Y=10).

NO7 X75 (ti€p tuc G42 t6i diém X=75).

NO8 Y30 (ti€p tuc G42 téi diém Y=30).

N09 X35 (ti€p tuc G42 t6i diém X=35).

N10 Y10 (tiép tuc G42 t6i diém Y=10).

N11 X15 (ti€p tuc G42 t6i diém X=15).

N12 Y55 (ti€p tuc G42 t6i diém Y=55).

N13 X55 (ti€p tuc G42 t6i diém X=55).
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N14 G40 (huy bo 1énh hiéu chinh kich thudc dao).
N15 GOO Z50 (chay dao nhanh téi diém Z=50).

poo phoy Tt d=16mm
Dago khoan T2 d=6mm
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Hinh 6.23. Cdc nguyén cong twong tw duoc thuc hién trén cing mot chi tiét

3. %MM - chuong trinh Macro khoan
N9802 (ky hiéu chuong trinh).
NO1 S800 T2 M66 (S=800 vg/phiit; thay dao, dao khoan T2 cé ¢6).

NO2 G81 Y2 Z-10 F50 MO3 (goi chu ky khoan, dao & vi tri ¢6 Y=2;
Z=-10; lugng chay dao F=50 m/phit va quay theo chiéu kim déng
hé).

NO3 G79 X25 Y209 Z-5 (goi chu ky G79 véi toa do X=25; Y=20; Z=-5).
NO04 G79 Y45 (ti€p tuc G79 t6i diém Y=45).

NO5 G79 X83 (ti€p tuc G79 t6i diém X=83).

N06 G79 X79 (ti€p tuc G79 t6i diém X=97).

NO7 G79 Y20 (ti€p tuc G79 t6i diém Y=20).

NO8 G79 X83 (ti€p tuc G79 t6i diém X=83).

N09 GO0 Z50 (chay dao nhanh t6i diém Z=50).



CHUONG 7. QUY TRINH CONG NGHE, CHUNG LOAI
VA PAC TINH CONG NGHE CUA CHI TIET GIA CONG
TREN MAY CNC

7.1. Pac diém cua quy trinh cong nghe gia cong trén may CNC.

Quy trinh cong nghé gia cong trén cdc may CNC khéac v6i quy
trinh cong nghé truyén théng & mic cu thé hod rat cao va & dac diém cua
viéc cung cdp thong tin. V&€ mit cau tric, quy trinh cong nghé trén may
CNC ciing dugc chia ra cdc nguyén cong, cic budc, nhung cic budc o
day lai phai chia ra cdc 16p cat v méi 19p cat duge thuc hién sau méi quy
dao dich chuyén cua dung cu cit.

Thanh phan don gian nhat clia quy trinh cong nghé nay la céac
dich chuyén don gian va cac diéu khién cong nghé do bo diéu khién cua
mdy cung cdp. Céc dich chuyén don gian d6 1a cic cung tron, cic doan
thang trén mot dudng thing. Cac lénh diéu khién cong nghe dugc thuc
hién boi cac cd cdu chip hanh cla may dé bao dam can thiét cho céc dich
chuyén don gian. Nhu vay, cidc dich chuyén don gian va céic lénh diéu
khién cong nghé tao thanh cdc lénh diéu khién.

Lap quy trinh cong nghé va chuong trinh diéu khién cho mdy
CNC l1a mot nhiém vu ctia chudn bi cong nghe.

Thiét k& quy trinh cong nghé gia cong chi tiét trén may CNC bao
gbm 3 giai doan sau day:

1. Lap tién trinh cong ngheé.

O giai doan nay thi ti liéu ban ddu 1 ban v& chi tiét va ban vé
phoi. Nhitng nhiém vu cta giai doan nay la:

- Xdc dinh kha nang gia cong chi tié€t trén mday CNC theo két cau
cong nghé va theo dicu kién san xuat.

- Nghién cttu phoi, tién trinh cong nghé, lam quen véi dung cu
cat, d6 ga va cau tric cac nguyén cong.

- Nghién ctu tinh cong nghé cla chi tiét va tiéu chudn hod cdc
thong s6 nhu chuin kich thudc hodc ban kinh. Néu cin thi phai hiéu
chinh lai ban v& phoi va ban Ve chi tiét.
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- Xdc dinh trang thdi cong nghé cua chi tiét nhu yéu cau doi véi
cdc mat chuan, lugng du va cac kich thude chinh.

- Lap tién trinh gia cong chi ti€t (phan cdc bé mit theo loai dé
chon mdy gia cong).

- Xac dinh phuong phap ga dat va chon d6 ga can thiét. -
- Xdc dinh dung cu cét va chon chiing theo tirng loai.

2. Thiét k€ nguyén cong.

Nhiém vu clia giai doan nay bao gém:

- Xdc dinh noéi dung nguyén cong, chia nguyén coéng ra cic bude
va cac vi tri, cu thé hod phuong phép kep chat chi tiét.

- Chia ra cdc 19p cit, chon dung cu cit, chudn bi phuong phap
diéu chinh may va diéu chinh dao.

3. Lap trinh gia cong,
Giai doan nay c6 cdc nhiém vu sau day:

- Tinh todn céc quy dao chuyén dong clia dao ngay sau khi xdc
dinh toa do clia cic diém.

- Léap trinh va ghi vao bod nhd clia bd diéu khién may.

- Kiém tra chuong trinh, sita 16i chuong trinh, chay thir v gia
cong thu chi hét.

7.2. Chon chung loai chi tié€t gia cong trén may CNC.

Khi nghién cttu vé chling loai chi ti€t ngudi ta muén dé cap dén
tinh “khong déi” cia ching. Céc chi tiét mdy cé thé chia ra cdc loai sau:
chi tiét tron xoay, chi tiét hinh lang tru, chi ti€t phang va chi tiét dinh
hinh phtic tap. Cic chi tiét thudc cdc loai trén chi€m khoang 92% tong s6
céc chi tiét trong san xuét.

Mai chi tiét duoc dac trung bdi hai nhém yéu té sau:

-Nhém yéu t6 k§ thuat nhu vat liéu va cac kich thuée hinh hoc.

-Nhém yé&u t6 vé kinh té- t6 chitc nhu san lugng hang nam, s
lugng chi ti€t trong loat, gid thanh ché tao.

C4c loai chi tiét gia cong trén may CNC c6 hiéu qua kinh t&€ dugc
xdc dinh trén co s nghién ctu nhitg yéu cau ky thuat va nhung gidi han

phu thudc vao diéu kién san xuét cu thé cla chi tiét.
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Bang 7.1. Nguon goc va yéu té kinh té gia cong chi tiét trén mdy CNC

N o o . |
' Nguodn goc Yeéu t6 kinh té Chi tiéu |
|

Khong phai lay |
ddu, giam cong l'
I | viéc stra ngudi, kha
nang dung nhiéu
may

Giam thoi gian timg | Tang nang sudt va giam
chiéc gia thanh sian pham

Giam chiéu dai quy

dao chuyén dong Tang nang suat va giam

kiém tra

2 S ", ~ | Giam thoi gian ma AN , ,
cua dao, t6i uu hoa ot e y gia thanh san pham
| ché do cit cua dao
. | Gidm thoi gian| .., .. . Tang nang suat v giam
i 3 & . Giam thoi gian phu S § =

4 | xdc va do bong bé | Gidm khéi luong lép

gi4 thanh san pham ;

—
Nang cao do chinh y 3 . o
Tang nang sudt, giam |
gia thanh va nang cao |

mat trén nhitng mat | rap chiit Tuong san pham |

cong cua chi tiét

Gidm chi phi do stra
chita va s dung

Giam s6 luong mdy Giam gia thanh san

5 , mdy, giam dién tich .
st dung , Y & . | pham
su dung, giam chi
phi dién nudc
Giam chi phi tién| .., . . .
Giam bac coOng . P N Giam gid thanh san
6 ‘ luong trén mot don

nhan pham

vi san pham

Tiéu chuin dé danh gia su lua chon ching loai chi tiét gia cong
trén mdy CNC dugc dung nhiéu nhat 1a chi tiéu kinh t€ va cdc chi phi ché
tao chi ti€t. Nhu vay, cdn nhd rang trén mdy CNC nén gia cong nhirng
loai ¢6 nguodn géc va yéu td kinh t& trong bang 7.1.

Thuc t€ cho thdy nhitng chi tiét gia cong trén may CNC~é mang lai
hiéu qua cao nhat 12 nhitng chi tiét phic tap c6 nhiéu bé mat cong, nhiéu
dudng thang va nhiéu mat phang khong song song vdi cdc truc cia may.
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Trong nhiéu xi nghiép san xudt I6n nguai ta chi sir dung may CNC
dé gia cong chi tiét khi nang sudt tang 1én khong dudi 50% vdi diéu kién
phai hoan lai tat ca nhitng chi phi ché tao loat chi tiét.

7.3. Yéu cau doi voi tinh cong nghé cia chi tiét.

Céc chi tiét gia cong trén may CNC phai dam bao dugc cic yéu
cdu vé tinh cong nghé nhu: tiéu chudn hod duge cic kich thude mat trong
va mat ngoai cling nhu kich thude khac cha chi tiét, dong thoi hinh ding
chi tiét phai dam bao cho viéc an dao va thoit dao dé dang, ngoai ra chi
tiét con phai dam bao dugc viéc dinh vi an toan va thuén tién khi gia
cong.

Nhitng yéu cau trén day nham muc dich giam chiing loai dung cu
cét, ting kha ning sit dung nhitng dung cu ¢4 nang sudt cao va tao kha
niang thay th¢ cdc dung cu cit chuyén ding bang cdc dung cu cit tiéu
chuan, gidm s6 1an g4 dat chi tiét, gidm so luong va gid thanh dé g4, tang
do chinh xdc ga dat, nang cao do chinh xic gia cong va ning sudt lao
dong, giam muc do cong vénh cua chi tiét khi gia cong, giam chi phi cho
tinh todn va lap trinh gia cong.

Dé dam béao nhitng yéu cdu vé tinh cong nghé cla chi tiét gia
cong trén may CNC nguoi ta c6 thé thay doi hinh dang hinh hoc hoic mot
s0 bé mat cua chi tiét.

Céc chi tiét gia cong trén may phay CNC phai dam bao dugc vi tri
chinh xac so véi cac truc toa do cua mdy. Vi vay, khi phan tich tinh cong
nghé cua chi tiét phai chd y dén cdc bé mit chuin cia nd. Néu trén chi
tiet khong c6 cac 16 dé 1am chudn (theo két cdu cua chi tiét) thi ta phai tao
ra cdc 16 phu dé 1am chuén va khoang céch giita cac 16 phai xa nhat ma ta
c6 thé tao ra. Puong kinh d nhé nhat chia 16 chudn phu thudc vao kich
thude cua chi tiét va duge xac dinh nhu sau:

Kich thude chi tiét (mm) }<100 l<2oo ‘<1ooo ‘<zooo {>2ooo

Puong kinh d_, (mm) | 4 ;6 { m| 16 ‘ 20

Trong trudng hop khong thé tao cic 16 chudn trén chi tiét thi phai
tao thém cédc phin két c4u phu dé€ tao cic 16 chudn trén dé (phan két cau
phu s€ dugc hét di & cidc nguyén cong cudi).

Khi phan tich 0 nhdm bé mit cdn nhd rang trén bé mat gia cong
biang dao phay ngén con dé lai vét phay véi do nham c6 chiéu cao nho
hon 0,05 mm. Thyc t€ cho thdy bé mat phay 6 tinh chat sir dung t6t hon
bé mat mai vi bé mat sau khi phay tao ra cac ho tap trung ding suat it nguy
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hiém hon bé mat sau khi mai. Vi vay khi lap quy trinh cong nghé trén
mdy phay khong cén ¢6 thém nguyén cong mai sau khi phay.

Doi véi cdc ban vé chi ti€t gia cong trén may CNC ngoai nhimg
véu cau nhu d6i véi cdc chi tiét gia cong trén mdy thong thuong con phai
tuan theo nhitng nguyén tic sau day dé tao diéu kién thuan loi cho lap
trinh:

I. T&t ca céc kich thudc cla chi tiét phai dugc thé hién trong hé
toa do Dé cac va phai xudt phat tir nhirng mit chuan thiét ké.
2. Nén ghi cdc kich thudc cua chi tiét xuat phét tir dudng tam chi

tiet tGi cdc tam cua vong tron néu nhu khong anh huong dén khai fuong
tinh todn.

3. C6 géing ghi kich thudce cua chi tiét theo mot hinh chiéu (theo
mot truc), con chubi kich thudc nén cé dung sai theo hai phia (+) dé tao
diéu kién thuan loi cho 1ap trinh.

4. Tat ca cac phan cla chi tiét (k€ ca cdc phan dugc cat trich ra)
phai duoc thé hién theo cling mot ty Ié.

5. Trén ban v& chi ti€t nén ghi dong chir “gia cong chi tiét trén
mdy CNC” hodc la “phay dudng vién (contour) chi tiét trén may CNC”.
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CHUONG 8. PHUONG PHAP THUC HIEN NGUYEN CONG
TREN MAY CNC

8.1. Phan loai nguyén cong trén may CNC.

Céc nguyén cong cat got trén may CNC ¢6 thé duge phan ra 4
dang sau day:

*Dang A- gia cong cdc loat nho chi tiét khong lap lai.

Loat nho chi tiét [a loat c6 tdng thoi gian cit va thoi gian an dao,
thodt dao cuia tat ca cdc dung cu t, nhan véi hé so thoi gian ciat A nho hon
tong twdi bén kinh t&€ clia (it ca dung cu T, Dinh nghia trén dugec mo td
biang cong thiic sau day:

Zt.hq <ZT.q (8.
O day: t - thai gian cit clia dao thy i, phit;

A - hé sO thdi gian cit (hay 1A thoi gian cét), phut;

g- sO luong dung cu cat;

T,- tudi bén clia dung cu thif i, pht.

No6i cdch khdc thi loat nho la loat ¢6 thoi gian gia cong nho hon

tong tuodi bén clia (at ca cac dung cu cat.
* Dang B - gia cong cac loat nho ¢6 lap lai.
* Dang C - gia cong cdc loat vira va loat 18n chi tiét khong lap lai

Loat vira 1a loat c6 tong thoi gian gia cong Xt.A.q bang hodc 16n
hon chut it tdng tudi bén clia tat ca cac dung cu cat:

ZtAaq =2 2T (8.2)

Loat 16n 1 loat ¢6 tdng thdi gian gia cong Zt.A.p I6n hon tong
tudi bén clia cdc dung cu cit can thiét va clia ca dung cu cat lap dat thém:

2t .p>2T(q+q,) (8.3)
G day: q, - s6 lugng dung cu ldp dat thém.
* Dang D - gia cong cdc loat vira va loat 1¢&n c6 lap lai.

Viéc phan chia ra céc dang loat chi ti€t trén day cho phép xdc
dinh thi ty va ndi dung cong viéc cua cdc nguyén cong. Thuc t€ cho thay
khi gia cong céc loat 16n lap lai trén mdy CNC thi hiéu qua kinh t€ mang
lai cao hon so véi trudng hop gia cong cic loat nho khong lap lai.
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8.2. Gia cong lo.
Khoi lugng gia cong 16 trong nhiéu chi ti€t chiém t&i 40% (hoac

I6n hon) khoi lugng gia cong chi ti€t vi vay chon phuong phap gia cong 16

hop ly ¢6 mét y nghia rat quan trong. Trong thuc t€ ngudi ta xdc dinh tha

tur gia cong 1o trén

mdy CNC theo nhimg @)

nguyén tic chung.

8.2.1. Phan loai 1.

Ngudi ta chia
cac 16 ra lam hai loai:

loai 10 thong sudt va
loai 16 tit (khong
thong su6t). Cac loai
6 trén lai duoc chia
ra: 16 tru tron, 16 tru

¢é ren, 10 ¢on tron, 16
con ¢d ren va 16 bac
phttc tap (hinh 8.1).

8.2.2. Cic buée Hinh 8.1. Cdc loai 16 thong dung

a) 16 tru thong sudt; by 16 tru khong thong suot: ¢) 16 try
-~ 6 ren thong sudt: d) 16 con thong sudt; e) 10 ¢on khong
10. thong sudt; g) 16 con ¢d ren thong sudt; h) 16 con ¢ ren
khong thong suét.

di¢n hinh gia cong

boi véi moi
doan bic ctia 16 ¢6 mot thi tu cac bude gia cong nhét dinh (hinh 8.2).

Céc budce gia cong 16 nhu sau:

* Khoan tam: dung mii khoan tam chuyén dung hoac mai khoan
rudt ga (vi tri | trén hinh 8.2).

* Gia cong tho 16: ¢ thé gia cong trong mot hodc nhi¢u budc
bang dao khoan, dao khoét, dao ba (dao doa mdt 1udi) hodc dao phay (cdc
vitri 2,4, 5, 6 trén hinh 8.2).

* Gia cong mat dau cua 16: dung dao khoét mat dau ¢6 dan hudng,
dao phay hoac dao ba mat dau (vi tri 7 trén hinh 8.2).

* Gia cong ren: dung dao tard (vi tri 8 trén hinh 8.2).
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* Gia cong bdn tinh 16: dung dao khoét hodc dao ba mat dau (vi tri
2,4, 5 trén hinh 8.2).
* Gia cong tinh 16: diing dao cdc loai.

P I 4 4T
"t:’g."""f;::’;“og

1) PrETTT ‘ 8)
%":/ /,W7

=l zi@___L =

[ A
RN
vt

o

T

Hinh 8.2. Cdc buoe dién hinh khi gia cong 16
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8.2.3. Thir tu gia cong 16.

Thir tu gia cong 16 trén mdy CNC duoc thuc hién theo hai phuong
phap sau day:

* Phuong phdp gia céng song song:

Theo phuong phép nay thi bing mot dao gia cong tat ca cic 16
trén chi tié€t, sau d6 thay dao khdc va qua trinh gia cong lai dugc lap lai.

* Phuong phdp gia ¢éng noi tiép:

Theo phuong phdp nay thi bang tit ca cdc dao gia cong xong 16
thir nhat sau dé chuyén vi tri va bing tat ca cdc dao gia cong 16 thit hai,
VA

Chon phuong phédp gia cong nay hay phuong phdp gia cong khac
phu thudc vao thoi gian dich chuyén khong cit. Tuy nhién, ciing c6
nhitng trudng hgp ngoai 1€ khi phai dam bao yéu cdu ky thuat. Vi du, khi
dung sai khoang cach tam <0,2 mm thi cdc budc gia cong tho nhu khoan,
khoét nén thuc hién theo phuong phdp song song, con cdc budc gia cong
tinh nhu doa tho, doa tinh nén thugc hién theo phuong phédp néi ti€p.

Thoi gian dich chuyén khong cdt T, khi gia cong hé 16 nhu nhau
dugc xdc dinh theo cong thic sau:
o] day :

13 - thoi gian thay cic dao;

Os- thoi gian dich chuyén khi xdc dinh cdc vi tri khdc nhau cla
dao.

Khi gia cong theo phuong phdp song song méi dao dugc thay m(f)t.
1an, vi vay thdi gian dé thay céc dao la tz= m.t, con thdi gian dich chuyén
cua cac dao 6z= m.6 (0 day: 1- thoi gian thay mot dao; 6 - thoi gian dich
chuyén clia mét dao qua tit ca cac 16; m- s6 lugng dao).

Téng thoi gian dich chuyén khong cét clia dao khi gia cong theo
phuong phap song song dugc xac dinh nhu sau:

Tress=m.( T +0) (8.5)

Khi gia cong theo phuong phap ndi ti€p thi mdi dao phai dugc

thay déi véi s6 14n béng s6 16 n, nghia 1a tz= n.m. 1, cdn thoi gian dich
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chuyén clia dao qua tit ca cic 16 8:=0 bdi vi qua trinh dich chuyén chi
thuc hién mot lan.

Tong thoi gian dich chuyén khong cit ciia dao khi gia cong theo
phuong phap ndi ti€p dugc xac dinh nhu sau:
Tyen=nM. T+ 0 (8.6)

D€ chon phuong phép gia cong (song song hay néi tiép) ta ding
hé s6 K:

T
K = kess _ LT 8.7)
Tyner n+~f—-

m
9

T

dday: f=

Néu K>1 thi phuong phap gia cong néi ti€p cé lgi hon, con néu
K<1 thi nén chon phuong phap gia cong song song.

8.3. Nguyén cong tién.

Khi tién, d6i tugng gia cong la chi tiét s€ quay tron cho nén cic
tinh todan hinh hoc dugc thuc hién theo mat phang di qua dudng tam cuia
chi tiét. Trong hé toa do cla chi tiét thi truc Z la truc quay cula chi tiét,
con truc X nam trong mot mit diu ndo dé cua chi tiét.

8.3.1. Contour (dudng vién) cua chi tiét va phoi.
8.3.1.1. Contour cua chi tiét.

Cédc bé mat gia cong cua chi tiét trén may CNC duogc chia ra: cic
mat phiang vuéng géc véi truc cla chi tiét, cic mit tru c6 clng truc véi
chi ti€t, cdc mat con, mat cau, cdc mat xoay theo dudong cong bat ky va ca
cdc mat ren. Pudng sinh clia cdc bé mat trén la cdc duong thing, cung
tron va cdc dudng cong bat ky duoc hinh thanh theo toa do clia cac diém.
Vi vay contour clia cdc chi tiét dugc hinh thanh theo tuln tu cia cic yéu
t6 hinh hoc: cic doan thing, cdc cung tron va cdc doan dudng cong.

Theo quan diém cong nghé thi cic yé€u t6 hinh hoc nay va tuong
tng vGi né la cdc bé mat dugce chia ra thanh cdc yé&u t6 chinh (bé mat
chinh) va cdc yéu t6 phu (bé mat phu).

Céc yéu t6 chinh 1a nhimg bé mit dugc gia cong biang dao cé géc
chinh @=95° va géc phu ¢,=30° (cac dao d6 la cic dao tién trong, tién
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ngodi va dao tién mat dau). Cic y&u t6 phu 12 nhitng bé mit khong thé gia
cong bing cac loai dao ndi trén. D6 14 cac ranh mat truc, ranh mat dau,
cac bé mat ren (hinh 8.3).

3 13
!
12 \ 2 3
4

1 : 1

; Y, 7 8 5
5 n iy -~ 2

\i\
5 sills 6| 5

Hinh 8.3. Cdc bé mdt tao thanh conntour cua chi tiét:
1+6: bé mit chinh (1-mit du, 2-ban kinh mat ddu; 3-mat tru; 4-mat con; 5-mat con vt
mép; 6-mat tru trong); 7+13:cdc mat phu (7- rinh dé cit ren, 8-mat ren, 9-ranh hinh thang

bén trong; 10-rAnh gbc; 11-ranh hinh vuéng bén trong; 12-ranh mat dau; 13-ranh trén mat
tru).

NI

Hinh 8.4. Phdn bo luong dur khi tién trén contour cua chi tiét

8.3.1.2. Contour cuia phoi.

Phoi cua chi tiét gia cong trén may CNC c¢6 kich thudc trung binh
trong di€u kién san xuét nho va vira thong thudng duge chon 1a thanh thép
can. Khi duong kinh clia ph6i <50 mm c6 thé chon mot doan dai cho mot
sO chi ti€t, con trong truong hgp dudng kinh ctia ph6i >50 mm thi chon
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moi doan phoi cho mot chi tiét. Contour clia phoi thudng c¢6 dang tao hinh
chir nhat (hinh 8.4).

Khi sir dung phoi dic hodc phoi rén thi contour clia phoi ¢6 thé
gin véi contour cua chi tiét va dugc hinh thanh tir cic dudng thing va cic
cung tron.

8.3.2. Luong du gia cong.

C6 hai phuong phdp xdc dinh lugng du gia cong: phuong phédp
thong ké kinh nghiém va phuong phdp tinh toan phan tich. Trén hinh 8.4
ta thady: luong du 1 nam gitra viing contour cua ph6i va contour tho cua
chi tiét 1a viing gia cong tho cua cdc bé mat chinh, lugng du 2 ndm gitta
contour tho cta chi tiét va cic contour cia bé mat phu (rdnh, mat ren,
v.v...) la vling gia cong cla cdc bé mait nay, con luong du 3 nam giita
contour tinh cta chi tiét 1a viing gia cong clia cdc bé mat chinh.

8.3.3. Vung gia cong.

M6i viing gia cong khi tién tuong dng vGi mot budc cong nghé va
phu thudc vao contour tho hodc contour tinh ctia chi tiét va kha niang cong
nghé clia dung cu cit thuc hién budc cong nghé d6 (kha ning cong nghe
ctia dao duge xac dinh bing céc géc ¢ va @,).

Vung gia cong dugce chia ra cdc loai: vung gia cong ho, ving gia

ong nira hd, viing gia cong kin va viing gia cong t6 hop (hinh 8.5).

e T2 00 e * Vung gla

200000 oY '/////;;,/4 cong hd  (hinh
00 /54//5; A2 "/’/////’ 8.5a) 1a ving gia
Z /// Ll A ///5 )

5,74 cong  khi  hét
lugng du trén mat
) . tru hodc mat con.
a) b) Véi ving gia cong
nay dao cét khong
bi han ché boi cdc

7
|

TR S g vi
%4//2@ goc ¢ Va2 ¢,
Sl * Viing gia

cong nira hg (hinh
85b) <6 anh

¢) hudmg dén goc cat
Hinh 8.5. Vung gia cong khi tién chinh ¢ cta dao.
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* Vung gia cong kin (hinh 8.5¢) la ving gia cong thuong gap khi
‘gia cOng cdac bé mat phu va dao cit bi han ché bdi géc chinh ¢ va géc phu
Q-

* Vung gia cong t6 hop (hinh 8.5d) 1a viing gia cong két hop cua
hai hoéc ba vung gia coOng trén.

8.3.4. Cac budc tién tho bé mat chinh.
8.3.4.1. So dé cac budc tién tho.
Hinh 8.6 la so dé cic budc tién tho dién hinh.

* So dé dudng vong (hinh 8.6a) ¢ dac diém la sau méi budc dao
cat 1ui ra khoi bé mat gia cong 0,5 mm va trg vé vi tri ban dau. So do gia
cong nay thuong gap khi tién cac vung gia cong hd va nira ho.

# So d6 ziczac (hinh 8.6b) cé dac diém la dao thuc hién qud trinh
cit ca lac di va luc vé. So do nay c6 thé gap 0 tat ca cdc vung gia cong.

Hinh 8.6. So do cdac hicie tién thé bé mdt chinh
1,2,3- ving gia cong ho; 4,5,6- vang gia céng nura hg;
7.8.9- viing gia cong kin
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* So d6 dao an hudng kinh (hinh 8.6¢). Theo so d6 nay thi lugng
du dugc hét di bang an dao hudng kinh. So dé nay duoc sir dung dé cét
lugng du cua vung gia cong kin.

Céc so d6 4,5,6 thuong hay gap khi tién va ciing I3 nhitng so do
phtic tap.

©) d)

Hinh 8.7. So do cdt tho khi tién doi véi viing gia cong nita hd
Hinh 8.7 1a cac so d6 cat tho khi tién véi ving gia cong nira ho.

Quy dao chuyén doéng clia dao theo hinh 8.7a nhu sau: dao xuat
phat tir diém O lan luot chuyén dong qua cac diém 1-2-3-4-5-6-7-8-9-10-
[1-12-13-14-15-16-17-0. Nhu vay, ngoai chuyén dong cit thang dao con
thuc hién chuyén dong cat theo contour tho cta chi tiét dé cat phan lugng
du con lai do d6 budc cit tinh s& ¢6 luong du déu.

So d6 trén hinh 8.7b 1a so do gia cong tho két hop véi gia cong
ban tinh. So d6 nay khdc so dé trén hinh 8.7a & chd 1a sau méi 14t cat cua
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dao 16p kim loai theo contour thé cua chi ti€t khong duoc cat ma sau toan
bo céc lat cat thi dao cét lai mot 1an theo contour chi ti€t (cat ban tinh).
Budc cat ban tinh & day tuy ¢6 chiéu sau cit khong déu nhung lai ¢6 uvu
diém hon so vé6i so d6 trén hinh 8.7a la trong mot s6 trudng hop né co thé
thay thé& cho ca budc gia cong tinh boi vi trén bé mat gia cong khong con
Vet xudc.

So d6 trén hinh 8.7¢ dugc goi 1a so dé cit trén duong cach déu dé
gia cong cic mat dinh hinh. O day chuyén dong cla dao di theo dudng
cach déu cua contour chi tiét.

Hinh 8.7d la so dé cat contour dugc thuc hién bang cac lat cat (budc
cat) doc theo contour clia chi tigt. Nhu vay mdi mot budc cit cung véi
budc dich chuyén phu (khong cét) tao thanh mot quy dao theo chu ky kin
ma chu ky nay c¢6 diém xuat phat (diém 0) khong nim trén dudng dong
dang v&i contour chi tiét. So d6 cit nay 1a so d6 cit chudn va né ¢ uu
diém 1a don gian khi lap trinh.
8.3.4.2. Xac dinh vung luong du.

NS

a) b)

Hinh 8.8. So do phdn ving luong du

Khi gia cong thd lwong du dugc phan ra céc ving dé thé hién céc
buée cit. Hinh 8.8 1a so d6 phan luong du ra cdc ving theo cic phuong
phap khac nhau. Hinh 8.8a c6 5 vung luong du: 1,2,3,4 va 5. Hinh 8.8b c6
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ba ving va hinh 8.8c ¢6 hai ving. Gia cong theo so d6 hinh 8.8a c¢6 nang

suat thap vi thoi gian chay khong clia dao ting do phai cat tirng viing

lvong du theo mat dau. Gia cong theo so d6 hinh 8.8b va 8.8¢ ¢6 nang

suat cao hon do giam dugc thoi gian phu ciia dao.

8.3.4.3. Cac so do hot
luong du Kkhi gia cong
tho.

Hinh 8.9a 1a chi
tiét truc bac duge xic
dinh bing kich thudc
trong h¢ toa do cua chi
tiet ZWX. Gidi han
viing gia cong tho cua
chi tiét nay la phan
lugng du nam gilta
contour tho cua chi tiét
va contour cua phoi. Vi
valy, ¢6 thé xdc dinh cac
diem cua contour tho
chi tiét theo cac toa do
X, Z, chiéu dai chi tiét
1,=ZWO va duong kinh
phoi d . Gia sir rang khi
gia cong chi ti€t nobi
trén thi phoi da dugc
tién mat dau va nhu vay
luong du gia cong tho
duoc xac dinh theo so
do hinh 8.9b va lugng

du nay dugc chia ra cdc
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ving véi kich thude nhu: ZW3, ZW2 va XW1, XW2, XW3. O day néu

xét mat tron ngoai sé ¢ lugng du t, t,, t, tng v6i moi ving ndi trén.

Dé xdc dinh 6 budc gia cong thd, ngudi ta chia vung lugng du

thanh cac i6p . Tha tu phan chia d6 nhu sau:

a) Xdc dinh luong du gia cong tho cho mdi mat tru (hinh 8.9c):
1,=XW0O-XWI; t,= XW0 - XW2; t;=XW0 -XW3.

b) Xdc dinh s6 budc gia cong tho nho nhit theo tirng mat tru bang
cdch chia t,, t,, t; thanh chiéu sau cat gidi han t, vd 1am tron s6 tdi s
nguyén 16n nhat. Gia tri gidi han t, phu thudéc vao do bén cua dao, cong
sult clia co cdu chay dao, mémen xoan 16n nhat va tudi bén cua dao.
Trong truong hop cua ching ta gia tri gidi han t; 16n hon t; nhung van nho
hon t; va t,.

X

¢) Xdc

dinh chiéu sau |

X ® 0

cat  cho moi 7T , INPYINNARRR 7
bud TR ' N > - 4
uoc vor gia su b, o~ L 4L

8

rang luong du E’?:‘_—f“

N

cia moi mat tru

dugc  chia ra
déu nhau theo s6
budc ¢ muc b).

Trong truong

hop cua ching ta

G hinh tru tha
nhit chiéu sau
cat dé 1at g

cple

hinh tru thi hai

la t., va hinh try

thibalat,,. Hinh 8.10. Cdit ting doan litong dir



d) Chiéu sau cit 16n nhat dugc chon lat vat =t,.

d) Khi ¢6 t ta 14n lugt xdc dinh duge céc dudng thang ndm ngang
(d€ xdc dinh chiéu siu cat clia cdc budc) bing cdch ldy kich thude phoi
XWO trir di t,.

Nhu vay gid tri t, s& chia luong du gia cong tho ra cdc budc déu hon

Dé hét cic phan luong du néi trén ngudi ta thuc hién theo 3 phuong
phap sau day:
* Cit tirng doan (hinh 8.10a).
Theo phuong phdp nay ta gia cong ving D réi chuyén sang gia
cong ving@Q:Q. Quy dao chuyén dong clia dao di qua cdc diém A, 4, 5 [ui
ra 0,5 mm dé t6i diém 6 va chay nhanh vé diém 7, 8,2, 9, 10, 11, 12, 13,

14, 15, 16. Sau d6 dao chuyén dong theo cic diém 5, 18, 19, 23(2), 20,
21,22,17, 3, 24,25 va A (hinh 8.10 b).

* Cit timg 16p (hinh 8.11).

Theo phuong phédp ndy dao cat timg I6p. Hinh 8.11 cho thay: 16p

trén  cung duoc

cit theo chuyén - A}p
dong cla dao qua X1 //01

cac diem A, 4, 5 /+44#u744++*74¢4~ﬁ_.§7 &L

10

N 2 \ \ <\ N 4
[ui ra 0,5 mm dé __1
t6i diém 6 rdi b ;1

chay nhanh téi

diém 7, in dao Hinh 8.11: Cdt ting 16p litong du.

huéng kinh mot luong 1,+0,5 mm t6i diém 8. Sau d6 dao tiép tuc cit 1Gp
ti€p theo véi quy dao chuyén dong qua céc diém 2, 9, 3, 10. Sau d6, dao
cat 16p luong du khdc véi quy dao chuyén dong qua cdc diém 11, 12, 13.

Budc cat cudi cling duoc thuc hién qua quy dao clia dao qua cdc diém 13,
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11, 1, 14, 12, 2,

A. (gia cong 'g
A
phan luong du -
T s b (s X —— |
con lai va hét lai - g
~ ~ K] ~ \\ . R \>< N N -~ ~ . ) \\\
mat dau cua béc P NN S ¥<\\ NN P
O IO PTIIRIT 77 o
N A 11 /,//, , S By s A Q
dau tién). ; kR ST SISV e bl -
10 2 PO N 71 Ll
. 8 ,
*cat o, 9 v

ph6i hogp (hinh z
8.12). a)

Theo B
phuong phap nay 0
thi dao ldc dau AR
cét lugng du t,, & AR ‘3:
tat ca cac doan 2 ér
(quy dao chuyén 1
dong cua dao z

qua cac diém A,

0. 4, 5. Sau dé Hinh 8.12. Cdt phoi hop luong die

cling véi lugng du t, dao cit & doan thit nhat trong hai budc (quy dao
chuyén dong clia dao qua cic diém 4, 6, 2 va 6, 7, 8) Cudi cling dao cat
mot lugng du dé tao thanh contour tho cta chi tiét (quy dao chuyén dong
clia dao qua cic diém 1,9, 2, 10,3,11).

Hinh 8.12b la mot phuong phép cat khic so véi phuong phap trén
hinh 8.12a. O day luong du t & viing 3 nhod hon t,. Nhu vay, dau tién cat
cdc lugng du t, (ky hiéula 1, 2,3 ) sau do cét 1an cudi theo quy dao cua
dao qua cdc diém 1, 10, 2, 11, 3, 12 dé tao thanh contour tho cua chi tiét.

Kinh nghiém thuc t€ cho thay cét theo phuong phap phoi hgp c6
hiéu quéa cao hon cdc phuong phap khac (phuong phap cit timg doan c6
hiéu qua thap nhat).
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Céc phuong phédp gia cong trén day c6 thé ap dung dé gia cong cdc
phoi bac (hinh 8.13). D6i véi phoi bac ¢6 thé chia ra thanh timg phan ma
mdi phan lai duge giGi han bang contour cua titng bac ( cdac phan I va Il
ciia phoi bac trén hinh
8.132). O hinh 8.13b la 777777
chia luong du & cic
phan nay ra cic Idp trén N
cd s& cla t véi cac Wé ®
diém moc. Trén hinh L
8.13c 1a th( tu hét cac
lugng du tir 1 dén 6 véi
quy dao chuyén dong
cia dao qua cdc diém
A,3,5,12,1,4,2,6,7,
8,9,6,10,3,11, A.

8.3.5. Cac budc tién
bé mat phu.

)
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So d6 gia cong cac
bé mat phu (cdc ranh)
duoc trinh bay trong
bang 8.1.

Ranh ¢ SQ do 1 Hinh 8.13. Viing gia céng tho phoi béc
dugc gia cong dé thoat
dd mai. C6 thé chon dao dé cat trong mot budc hoac ba budc.

Rénh & so d6 2 dugc gia cong dé thodt ren. C6 thé chon dao dé
cat trong hai hodc ba budc.
So d6 3 14 rinh cho cic pittong, cho vong dém cao su, v.v... Can
chon dao c6 bé mit rong di 16n dé cat ranh trong ba budc.
Ranh & so do 4 1a loai rinh & cdc banh truyén dai. Loai rinh nay
¢6 thé dugc gia cong trong 5 budc.
Céc ranh hinh 'vuéng hoac hinh chit nhat & so d6 5 ¢6 thé dugc gia
cong bang nhiéu budc. S6 budc n dugc xdc dinh theo cong thire sau day:
b-B-1
" TET &
O day: b- chiéu rong clia rinh (mm);

B- bé rong cua dao (mm).
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Coutowr ranh

Bdng 8.1. So do gia cong cdc ranh:




(Tiép bdang 8.1)

N* ¢ ontour ranh Phan clia lwong do iy dao e dao
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Ranh & so d6 6 dugc gia cong bang hai loai dao (mot dao cit theo
phuong ding va mot dao cit theo phuong ngang).

So d6 7 1a ranh & mat ddu chi tiét. Ddu tién phai cét thanh rinh trong
1, 2 budc, sau d6 ¢6 16 thodt dao ta cat lugng du theo cdc 16p song song
vdi mat dau. ‘
8.3.6. Chon ché do cit khi tién.

Nhin chung, khi gia cong trén may CNC cac budc chon ché do cit
cling dugc ti€n hanh nhu khi gia céng trén cidc may van nang thong
thudng, nghia 1a chon ch€ do cit phai dugc ti€n hanh theo cic budc sau
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day: chon chiéu sau cit, chon lugng chay dao va chon van toc cat. Tuy
nhién, d6i véi cdc may CNC khi chon ché do cit phai tinh dén diéu kién
ph4 huy ludi dao va tudi bén Kinh t€ cla dung cu.

a) Su phd huy ludi cdt.

Khi cit, cdc manh hop kim ciing s& dugc thay thé khi da mon qua
giGi han cho phép hoac bi gay do hién tugng gion cua hop kim. Thong
thuong, khi chon ché do cat cho cdc may van nang (diéu khién bing tay)
thi hién tugng gy ludi dao khong can chd y dén bdi vi néu xay ra hién
tugng gy ludi dao, ngudi cong nhan s€ lui dao ra. Trén cdc mady CNC
néu xdy ra hién tuong gy ludi dao thi c6 thé gay phé pham chi tiét hoac
gly may vi chi tié€t dugc gia cong trong vung kin va qud trinh diéu khién
s€ gy trd ngai cho tac dong cua con ngudi. Thuc t&€ cho thay dao bi thay
thé€ do hién tugng gay la khoang 30+-50%. Tuy nhién, hién tugng gy lugi
dao mang tinh xdc sudt va né phu thudc vao cdc yéu t6 sau day:

- Chit lugng manh hop kim cing (vat liéu, ing suat du, cic vét
nut té vi).

- Kich thudc va diéu kién chiu tai cia cic manh hop kim.

- Do on dinh cta qua trinh cét.
b) Tuoi bén kinh té ctia dung cu cdt.

Tudi bén kinh t&€ clia dung cu cit la thoi gian cho phép dung cu cit
dat nang suat cao nhit va gia thanh ha nhat.

1 C+C,
TKT:[W[—]J[[+ IE ] (8.9)

O day: Ty, - tudi bén kinh t& (phit);

t - thai gian lam viéc ctia dao téi lic phai thay the;

m- chi 8 tudi bén tuong ddi (dao hgp kim cing m=0,2);

C, - chi phi ctia dao trong mot chu ky tudi bén (déng);

C, - chi phi cho mai dao (d6ng).

Trén cac may CNC tudi bén kinh t€ cla dao c6 thé lay trong
khoang 15 + 25 phiit, nghia 1a nho hon rdt nhiéu so vdi gia cong trén cac
mdy van nang thong thudng. Diéu nay cho phép tang ché do cat (tang
nang suat) trén cac may CNC. Tuy nhién, viéc ting ché do cat sé ting xac
suat gy dao. Viéc loai trir xac suit gy dao doi hoi chi phi thoi gian 16n,
do d6 lam giam nang sudt. Vi vay trong nhiing trudng hgp cd xdc suat
gy dao (lugng du khong déu, vat lieu khong déu...) thi khong tang ché
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do cat va do d6 khong 1am giam tudi bén Kinh t€. Khi 1am viéc véi ché€ do
cét thap thi dao c6 tu6i bén Kinh t€ cao.

8.4. Cac nguyén cong phay
8.4.1. Vung gia cong.

Vung gia cong khi phay dugc chia ra nhu sau:
* Ving gia cong hé (hinh 8.14 a, b, ¢).

7,
cIuIA
hi ()

d) d)
Hinh 8.14. Viing gia cong khi phay

a, b, ¢) viing gia cong ho (a) dao phay tru; b) dao phay mat ddu; c) dao phay ngén);
d) ving gia cong nira hd (dao phay ngén); d) ving gia cong kin (dao phay ngén); e) ving
gia cong (6 hgp (dao phay ngén).

Do6i voi ving gia cong ho thi dao khong bi han ché khi dich
chuyén doc theo truc clia né hoic trong mit phiang vudng géc vdi truc
dao.
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* Ving gia cong nia hg (hinh 8.14d). Déi véi ving gia cong niy
thi dao bi han ché khi dich chuyén doc hoac trong mat phang vuong gée
vdi truc cta no.

* Vung gia cong kin (hinh 8.14d). Trong trudng hop nay thi dao
bi han ché theo tdt ci cdc phuong khi né dich chuyén.

* Vang gia cong t6 hgp (hinh 8.14 e) tao thanh tir cic ving gia
cong trén.

8.4.2. Lugng du phay.

Lugng du phay ¢6 thé xdc dinh theo bang hoac bing phuong phip
tinh toan. Khi xdc dinh lugng du gia cong tinh can tinh dén quy luat cét
khi phay. Vi du, khi phay tinh theo contour bang dao phay ngén véi
lugng du va lugng chay dao nho nhat thi sai s6 gia cong (do bién dang
cua heé thong cong ngh¢) van ¢é thé 16n hon dung sai kich thude. Vi vay.
khi phay tang do chinh xédc bang cach giam ning suat khong phai lic nao
cung la uu viét.

Trong mot s6 trudng hop dé giam sai s6 do bién dang cua hé théng
cong nghé nguoi ta chon so d6 phay, vi du, phay thuan hay phay nghich.
Thuc (& cho thdy, khi phay tinh theo so d6 phay nghich (khong qua hai
rang cua dao ti€p xdc véi bé mat gia cong) thi twoi bén dung cu va do
bong bé mat thap hon khi phay thuan nhung bién dang cua dao va chi tiét
thap, cho nén lugng du ¢o thé 1ay bang 30% dudng kinh dao phay.

8.4.3. So do cac budce khi phay '
8.4.3.1. Quy dao cua dao.

Khi thuc hién nguyén cong phay trén may CNC ngudi ta ¢6 thé dp
dung cic phuong phap chuyén dong cla dao sau day:

# Quy dao chuyén dong ziczac ctia dao (hinh 8.15 a, b. ¢).

Hién nay so do niy duogc str dung rong rai, tuy nhién nd cd mot so
nhuoc diém. Nhuoc diém chinh cta so d6 ndy 1a tinh chét cua phayv thay
doi (mot chiéu cung vdi chiéu cua chay dao, con moét chiéu nguoc véi
chi¢u clia chay dao). Hién tugng nay dan dén su thay doi cia luc cit cho
nén anh huong xau dén d¢ chinh xdc va chat lugng be mat.

So do6 chay dao ziczac ¢6 3 loai: khong an doc theo contour (hinh
8.15a); an dao doc theo contour ¢ bude cuoi cung (hinh 8.15b) va budc
dau tién 12 an dao s bo doc theo contour chi tiét (hinh 8.15¢). So do trén
hinh 8.15¢ tao diéu kién thuan 1gi cho viéc an dao ¢ phia cudi cia moi
budc.



Hinh 8.15. So do cac bude khi phay
* Quy dao chuyén dong ctia dao theo dang 10 xo (hinh 8.15 d, d).

Theo so do nay thi dao ¢é quy dao chuyén dong dudng vong tir
trong ra ngoai (hinh 8.15d) hoac tir ngoai vao trong (hinh 8.15.d). Qu¥y
dao chuyén dong cuia dao theo dang 10 xo ¢6 vu diém la ban chit cua qud
trinh phay khong thay déi (Iuon luon la phay thuan hodc phay nghich).

# Quy dao an dao kiéu rang luge (hinh 8.15 €, g, h);

Theo phuong phdp gia cong nay thi ban chat cta qud trinh phay
ciing khong thay déi. Sau méi 1an dn dao (theo chiéu cdc mii tén dam)
thi lui dao xa khoéi mat gia cong mot doan roi chay nhanh vé phia xuat
phat ban dau dé thuc hién budc cit tiép theo.

8.4.3.2. Khoang cach giita hai budc ké nhau.

Khoang céch gilta hai budc ké nhau can phai dugc tinh todn bdi vi
né xdc dinh chiéu sau cit. Khoang cédch gitia hai bude k€ nhau 1on nhat
t... (hinh 8.15a) dugc tinh thco cong thuc sau day:
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Lo = D-2r- h (8.10)

O day: D- dudng kinh dao phay (mm);

r - ban kinh cong ¢ mat dau dao (mm);

h- khoang giao nhau cta hai budc do hai dao ciing cat (mm) (hinh
8.15 d).
8.4.3.3. Phuong phap an dao vao chi tiét .

Phuong phdp an dao ot
don gian nhat la an dao doc 1
truc cta dao theo 16 da khoan L_}
san (hinh 8.16a). ,

Trong truong hop gia S LCACeCeg
cong tinh contour chi tiét thi
an dao duoc thuc hién theo
cung tron ti€p tuyén véi
contour chi tiét tai diém ma o
d6 dao bat dau chuyén dong
ciat theo contour. Phuong
phdp nay ¢6 wu diém [ luc
cit thay doi tir tir, giam duoc
sal $0 gia cong va thuan loi
cho viéc hi¢u chinh ban kinh dao khi lap trinh.
8.4.4. Chon ché d¢ cat khi phay.

Chon ché do cit khi phay tréen may CNC ciing dugce tién hanh theo
céc budc nhu chon ché do cit khi phay trén cdc may van niang. nghia la
phdi chon chiéu sau cit t, lugng chay dao S, , S, va téc do cat v. Tuy
nhién, doi véi cac may phay CNC can chd v khi chon lugng chay dao
rang (S,). Luong chay dao S, duge chon véi gia tri S, tr 4 gia tri S,

S, = min(S,,,S,z, S5, S,0) (8.11)

Hinh 8.16: So do an dao vao chi tiét.

O day:

S,, - luong chay dao dugc xdc dinh theo d6 nham bé mat, phu
thudc vao luong du véi chiéu sau cit t va bé rong phay B;

S,, - luong chay dao phu thudc vao bién dang cho phép cua dao
[A] (duong kinh dao D va chiéu dai phén cat I):

S, - lugng chay dao phu thudc vao do bén cua dao;

S, - luong chay dao cho phép ctia cong sudt dong co mdy.



Cic luong chay dao néi trén duge xac dinh theo cong thic sau

day:
S, =C, Dt B" (8.12)
1,35
A D4 : 1.16
S,,=C, [A]D; . 9] (8.13)
BZ(41+ B)(21 + B) t
1,35
D’ . 1.16
S, =C, o, J (Bj (8.14)
BZV4K?1’ + D? t
N -1.35
ol ~0.19 , ~1.16
S,, =C, D At &.15
4 4(B.Z.n0J ( )
o day:

C,. C,, C,, C, - h¢ s6 phu thudc vao vat liéu gia cong va duge xac
dinh theo bang 8.2:

D, - duong kinh quy doi cua tiét dién dao phay (mm), nghia la
duong kinh cta cung tron ¢6 méomen quan tinh hudng truc bang mémen
quan tinh cua ti€t dién dao phay (D, = 1,2D);

[6]- ing sudt cho phép tai diém nguy hiém cta 16i dao phay do bién
dang uén va xoin gay ra (Pa- Pascal);

K- hé s6 bing 0,6 khi gia cong hop kim mau va bang 0,8 khi gia
cong thép;

1 - hiéu suat cta may (%);

Z - 0 rang dao ti€p xic v4i bé mat gia cong;

n, - $6 vong quay cua dao (vg/phiit).

Bdng 8. Hé 56 C,, C,, C,, C,

Vat liéu gia cong C, G, C, C,
Kim loai mau 0,024 4,65.10* 0,90.10" 1.2.10°
Thép 0,008 0,70.10* 0,14.10°" 0.2.10°

8.5.Gia cong chi tié€t trén cac trung tam gia cong.

Trong thuc t€ thuong gip cédc chi tiét dang hop phic tap cin gia cong
ca 6 mat. Néu chi ti€t ¢ cac bé mat nghiéng thi s6 bé mat phai gia cong
c6 thé lén 16i 10 hodc I6n hon. Trén mdi mat cin gia cong cdc ranh, cdc
124



16 tron, 16 bac, 16 ren, v.v... Nhu vay, quy trinh cong nghé rat phic tap,
doi hoi phai cé nhiéu may phay, may khoan, may doa va phai cé co cau
van chuyén chi tiét tr may ndy sang mdy khdc. Trong trudng hop dé thai
gian may khong vugt qud 30% thoi gian tung chiéc, do d6 nang suit gia
cong thap va gia thanh gia cong cao.

Trung tam gia cong cho phép thuc hién nhiéu nguyén cong khdc
nhau nhu khoan tam, khoan, khoét, doa, phay cdc mat phang bat ky. gia
cOng ren cdc loai v.v...

Nhu vay, Q% P ;E\) 10 5
trén mot trung ~

tam gia cong cé N7
thé gia cong chi /
ti€t  trong mot
hoac hai 14n g4.
Tuy nhién, c6 rat
nhiéu phuong én
dé chon thi tu
nguyén cong doi

v6i céc chi tiét o / )
phic tap. Cac _ 120 _

phuong an dé c6
thé la:

25

200

>\\\ <

ool
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180
50

130

50

DD
A ZA

I

!

{

|

I
- Gia cong \_ L
hoan chinh chi
e o . 210 30
ti€et 0 mot phia 290
nao do6, sau dé

e 2 a

xoay chi tiét deé )
gia cong cic phia

1 2
khac. :
gia cong tho chi /

ti€t & tat ca cdc

phia, sau dé 1in 5 f
lugt thay chi tiét ; @
dé gia cong tinh. ~

b)

- C6 thé
ldc dau gia cong
tat ca cdc mat

Hinh 8.17. So dé gia cong chi tiét dang ndp
a) chi tiét gia cong; b) cdc dung cu cat.



phang, sau d6 gia cong cac 16.

Sau day ta nghién ctu phuong phéap gia cong chi tiét dang nip va
dang hop trén trung tam gia cong CNC.

3 4

Hinh 8.18. So dé gia cong chi tiét dang hop

Vidu 1. Gia cong chi tiét dang nap (hinh 8.17).

1. Phay tho mat trén (ving A) bing dao phay mat dau hgp kim
ctng s6 1 véi $200mm.

2. Phay tinh viing A bang dao phay mat dau 2 véi ¢200mm.

3. Phay contour ngoai (ving B) biang dao phay ngén hop kim
ctimg s6 3 v6i ¢ 40mm.

4. Phay tho héc véi kich thudge 210x130 mm theo contour (viing
C) bang dao phay ngén 3 v6i $40mm (dao hop kim ciing).

5. Phay tinh viing C bang dao phay ngén thép gié véi $20mm.

6. Phay ranh 20x10x180 mm (ving D) bang dao phay dia thép
gi0 s0 5 véi duong kinh ¢70mm

7. Khoan tadm 3 16 $15mm (ving D) bing dao khoan thép gi6 so
6 v6i duong kinh ¢ 25mm.
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8. Khoan ba 16 ¢15mm (viing D) bang dao khoan thép gié s6 7
voi duong kinh ¢15mm.

Vi du 2. Gia cong chi tiét dang hop (hinh 8.18).

1. Phay mat trén (viing A) bang dao mat dau hop kim cing so 1.

2. Phay bac nhd phia trén (ving B) bang dao phay mat dau hop
kim cing s6 2, ¢6 géc & ludi cat 90°.

3. Phay bac nho phia dudi (vung C) bang dao phay mat dau hop
kim cimg s6 2 ¢6 gbc & ludi cat 90°.

4. Phay mat bén (viing D) bang dao phay ngén thép gi6 s6 3.

5. Phay hoc (viing D) bang dao phay ngén thép gid 4 véi cac ludi
cat mat dau.

6. Phay héc contour (ving E) bang dao phay ngén hop kim cing
s0 4.

7. Phay ranh (ving G) bang dao phay dia hgp kim cimg s6 6.



CHUONG 9. LAP TRINH GIA CONG TREN MAY TIEN
CNC

9.1. Lap phiéu cong nghé - tinh toan.

Trude khi gia cong trén may CNC nguoi 1ap trinh phai dua vao phiéu
nguyén cong dé l1ap ra mot phi€u cé tén goi 1a phi€u cong nghé - tinh
toan. Phi€u nay mo ta cac budc can thuc hién dé gia cong chi tiét trén
mdy CNC duéi dang quy dao chuyén dong cta dung cu cat véi tat ca
nhitng giai thich can thiét va nhimg kich thudc duoc tinh todn chinh xéc.
Dua vao s6 liéu clia phi€u cong nghé-tinh toan ngudi lap trinh c6 thé
khong can chd y dén ban vé chi ti€t ma van lap trinh gia ¢ong chinh xdc
cho chi tiét.

Thir tu 1ap phiéu cong nghé-tinh todn dugc ti€n hanh nhu sau:

1.VE chi tiét trong hé toa do Dé cac, chon diém 0 clia chi tiét. Néu gia
cong chi ti€t bang nhiéu dao thi c6 thé chon cho mébi dao mot diém 0.
Contour cua phoi va contour cla chi tiét phai duge thé hién cing mot ty
1& vé6i cac kich thudce khdc khi 1ap trinh.

2. V& ky hiéu va kep chat chi tiét trong do6 ga.

3. V& quy dao chuyén dong ciia tam dao. Dai véi trudng hop gia cong
bing nhiéu dao thi phai vé& quy dao chuyén dong clia timg dao.

4. Panh s6 theo thit tu cdac diém cin xdc dinh kich thudc cla chi tiét,
v& mii tén chi hudng chuyén dong cta dao.

5. Cho biét cac diém kiém tra, nghia 1a tai cac diém ndy dao phai
dimg dé kiém tra do chinh xdc clia chuong trinh. Thong thudng cac diém
dé duoc chd y dén true bude gia cong lan cudi cling hoac ding dé thay
dao, thay ddi lugng chay dao, téc do cit, V.v...

6. Trén phi€u ciling can ghi nhitng thong tin phu nhu loai may, vat li¢u
gia cong, phuong phap kep chat chi tié€t, cdc thong s6 cia dao va ché do
cat.

9.2. Lap trinh gia cong chi tiét tron xoay.

Sau khi da c6 phi€u cong nghé-tinh toan c6 thé 1ap trinh gia cong chi
tiét. Vi du, lap trinh gia cong chi tiét trén hinh 9.1. Chuong trinh duogc
viét nhu sau:

%LF
NO1 G50 X45 Z150
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NO2 G90 GO0 X30 Z140
NO3 GO1 Z95,5 F85 S800

NO04 G96 X58 Z71 S75

NO5 G91 G97 Z-11 $410

NO6 G90 G10 Z84 X0 B54,3 A+135

NO7 G11 G96 B75,3 F45 S75

NO8 B79,3 A+148

N09 G63 Z15 X120 F180

150

140

120

95,5

84

$30

N6

o
. P45

Hinh 9.1. Quy dao chuyén déng ciia dao khi gia cong truc

* Giai thich chuong trinh

%LF:
NO1:
NO2:

ky hiéu chuong trinh.
dat dao & diém 0.

GOO - chay nhanh t6i diém 1. G90 14p trinh vdi kich thudc tuyét

doi; X=30; Z=140 1a toa d6 ctia diém 1.
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NO3:

NO4:

NOS5:

GOl 1a noi suy dudng thang vdi luong chay dao F=85 mm/phiit va
t6c do quay cla truc chinh S=800 vong/phit. Diém 2 la diém
cudi cua lénh NO3 (Z = 95,5).

dao dich chuyén tir diém 2 t6i diém 4. Diém 4 c6 toa d6 X = 58;
Z=71. T6c do cit & doan nay S=75 m/phit. O NO4 khong cén
nhic lai GO1 (néi suy dudng thang) ma cé G96 va S75 ching to
cét vdi t6¢c do cit ¢d dinh.

G91 cho biét kich thuée lap trinh theo gia s6 (tuong doi) véi Z=-
I1 (d&u trir xdc dinh chiéu dich chuyén). G day s& vong quay
S=410 vong/phut (theo G97).

Tir diém 5 dén di€ém 8 dich chuyén clia dao duoc lap trinh trong

hé toa do cuc. Viéc lap trinh nhu vay trong truong hgp nay c6 uu diém
hon lap trinh trong hé toa do Dé céc.

NO6:

NO7:

NOS8:

NO09:

G90 - kich thudc tuyét d6i; G10 - ndi suy dudng thang ctia hanh
trinh chay nhanh; Z84 va X0 la toa do cua tam hé toa do cuc
(diém 3); B54.3 1a ban kinh tng v6i diém 6 la diém ma dao phai
di t6i ; A+135 la géc hop thanh gitta ban kinh B va truc Z (goc
ludn dugc hop thanh gitta ban kinh va cdc huéng +X va +7Z).

dich chuyén cta dao tir diém 6 t6i diém 7; G11 la chay dao theo
duong thang; lugng chay dao F=45mm/phiit; G96 cung véi S75
cho biét ring tai doan tir diém 6 t6i di€ém 7 thi t6¢c do cat khong
déi va S=75m/phit. Piém 7 c¢6 ban kinh B75.3
(54,3421=75,3mm).

dichchuyén cua dao tir diém 7 dén di€ém 8 véi cdc chiic niang nhu
NO07. O day ban kinh tai diém 8 12 79,3 mm va géc la 148°.

dich chuyén cta dao tir diém 8 dén 9. Toa do6 ctia diém 9 la Z=15;
X=120. Lugng chay dao F=180 mm/phit. G63 cho biét dao s&
dirng khi dich chuyén dén diém 9.

9.3. Lap trinh gia cong be mit ren.

Cac bé mat ren vit, truc vit, v.v... déu cé thé gia cong dugc trén

may CNC. Khi gia cong bé mat ren véi dudng kinh d, bude ren p, téc do
cit v thi s6 vong quay cta truc chinh n dugc xdc dinh theo cong thic sau

day:
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Sau khi xdc dinh duoc n phéi chon theo mdy dé c6 gid tri thuc trén

may la n, va tir n, xac dinh lugng chay dao phiit theo cong thiic:
Se=n,,.p (9.2)

Ca ba gid tri n,, S,, va p phai nam trong pham vi cho phép cua
mady. Khi cit ren thong thudng ngudi phai cét biang nhiéu budc.

Hinh 9.2 1a cac phuong 4n an dao khéac nhau khi gia céng ren vit.

Hinh 9.2a 1a so d6 an dao hudng kinh va quy dao chuyén dong
cua tam dao tao thanh géc a so véi phuong ctia mat ren. Hinh 9.2b 1a mét
truong hop dac biét khi géc a=90°. Hinh 9.2 c, d la truong hop tam dao
chuyén dong doc theo mat bén ctia profil ren. Theo so dé trén hinh 9.2 d
va hinh 9.2¢ thi tam dao chuyén dong lan luot theo cdc mat bén cua ren.

Khi gia cong theo cdc so d6 9.2a,b thi ca hai lusi cat cia dao dong
thoi tham gia vao qua trinh cét cho nén do cing vilng cua hé thong cong
nghé ting va nhu vay dao c6 thé chiu tai 16n hon. Cdc so d6 trén hinh
9.2¢, d tao phoi dé hon nhung d6 mon clia cc ludi cit lai khong déu. Cac
so do6 trén hinh 9.2d, e ngoai wu diém vé tao phoi con dam bao do6 mon
déu cho ca hai ludi cat. So d6 trén hinh 9.2e con ¢6 mot wu diém nita 1a
khe hd € giita cdc budc ctha cac ludi dao khong tham gia cit lam giam ma
sdt cha ludi dao vSi bé mat gia cong khong cit cho nén tudi bén cia dao
tang lén. ,

Trong thuc t€, khi gia cong ren bing nhiéu budc, trong dé c6
nhiéu budc tho thi ngudi ta thuong chon chiéu sau cat t nhu nhau cho tat
ca cac bude tho. Chiéu sau cit t ciing 1a gia s6 AX; theo truc X va dugc
xac dinh nhu sau:

f=— 9.3)

O day: h-chiéu sau ren (mm);
k- s0 budc.
Gia s6 AZ, theo truc Z duoc xéc dinh theo timg so do.
- C4c so dd trén hinh 9.2a, b, ¢, d:
AZ, = t.ctga. 94)
G day: t- chiéu sau cit clia budc thif i;
a- géc hop thanh giita quy dao chuyén dong cia tam dao
va phuong cua ren. "
- Céc so do trén hinh 9.2 d, e khi s i chan:
AZ, = -t,.ctga 9.5
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Hinh 9.2. Cdc so do cdt ren vit bang nhiéu budc
- Cic so db trén hinh 9.2 4, e khi so i 18é:
AZ =t .ctga (9.6)

Khi i=] ta c6 AZ, = 0. Gia s6 A, theo truc X ciing dugc xic dinh
theo timg so do.
- Cdc so do trén hinh 9.2a, b, ¢, d, d:

AX; =t 9.7
- Cac so d6 trén hinh 9.2 e:
AX, = -t+¢g (9.8)

O day - khe hd giita cac ludi cit clha cdc budc.

Duéi day ta nghién citu vi du gia cong ren M30x1,5 theo so do
trén hinh 9.2 e. Ta c6 thong s6 cdn thiét dé xdc dinh toa d6 cic diém nhu
sau:

Pudng kinh ren D =30mm;

Budc ren p =1,5mm;

S6 bude K =5;

Khe hé giita cac budc € =0,02mm.
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Nhu vay ¢6 thé xdc dinh dugc céc toa do chia cic diém cdn thiét
dé 1ap trinh gia cong ren (hinh 9.3).

H= P\/_j = 1,5\/§ =1,3mm
2 2

Chiéu cao tam giac ban dau H:
Chiéu sau ren cho tat ca céc budc:
h = H—£~—1—£: 1,3 ]—l—l =0,92mm
8 6 8 6
Céc gia s6 AX, va AZ, dugc xdc dinh theo cac cong thiic trén con toa
do céc diém dau cua cic budc X, va Z, duoc tinh nhu sau:
X, =D -2AX; vaZ, =L, y+3P+AZ,

An} X g P |
60°
7 1 N
\ 77 7 T
\\ w y
/ N\ ’ Y, // 3
\. (-
o T|s N gt
- 13 :// ,
é 4 5 _‘;V\r .
N 7 7R 7 ;:] :
s Y 4z, X ‘g
§ AZ, o
M w ] k‘i
. :
Lyemz= 390 4,5(3p)
| Zj=2;23i2s
Hinh 9.3. Cdt ren M30x1,5 theo so do trén hinh 9.2¢
Cic s6 liéu tinh toan dugc ghi trong bang 9.1
Bdng 9.1.Cdc thong s6 cdn thiét dé cdt ren, mm
S6 bude i t, AX, AZ, X, Z,
1 0,41 -0,49 0 29,02 394,50
2 0,17 -0,15 -0,10 28,72 394,40
3 0,13 -0,11 0,10 28,50 394,50
4 0,11 -0,09 -0,06 28,32 394,44
5 0,10 -0,08 0,06 28,16 394,50
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Gia cong bé mat ren dugc ma hod bang G33. Cac budc ren theo
cac truc X, Z duge ky hiéu biang cic thong s6 I va K. Vi du, quy dao
chuyén dong T,-T,-T,-T;-T, (hinh 9.4a) 1 cdc budc cét ren truc duogc Viét

bang cdc lénh dudi day:
NO1 G90 GO0 X(X,)

- NO2 G33Z(Z,) K(P)
NO3 GO0 X(X5)

NO4 Z(Z,)

Khi gia cong ren
con (hinh 9.4b) ta cé:
NO1 G90 GO0

X(X,))N02  G33
X(X,) I(a)K(P)
NO3 GO0 X(X,)
NO04 Z(Z,)

Duéi day 1a mot
sO vi du lap trinh gia
cong ren.

Vidu 1:

Gia cong truc
v6i ren mot ddu mdi
(hinh 9.5).

Yéu cau: lap
trinh gia cong cung tron
ban kinh R15 va doan
ren  véi  budc ren
p=2mm va chiéu cao
ren 1,3mm.

*  Quy  dao
chuyén dong cua dao dé
gia cong cung tron c6
thé lap trinh theo GO2
(theo chiéu kim dong

Tz (XZIZZ)

a)

G(XS!Z.?)

R)

Hinh 9.4. So do cdt ren:
a- ren try; b- ren con

hé) hoac GO3 (ngugc chiéu kim déng hd). Nhu vay, ta c6 thé viét cau
lénh dich chuyén clia dao tir diém 9 diém 10: NO1 G90 G03 X80 Z65 I15
K-15 (D4u + chi hudng cung hodc ngugc chiéu véi cdc truc). Hoac dich
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chuyén dao tir diém 10 dén diém 9: NO1 G90 GO X50 Z80 I-15 K15.
Chifc nang noi suy vong tron ¢6 thé dugc viét theo ban kinh cung tron.
Trong trudng hop nay dich chuyén cha dao tir diém 9 dén 10 duoc xdc
dinh bang lenh: NO1 G90 GO3 X80 Z65 B15 hoac dich chuyén cta dao tir
diém 10 dén 9: NO1 G90 G02 X50 Z80 B15.

Trong hai cau lénh trén B 1a ban kinh cung tron. Néu géc cung
tron <180° thi B mang diu duong, néu géc cung tron > 180° thi B mang
dau am. Né&u la vong tron (360°) thi phai 1ap trinh theo cic géc vuong
bang cédc thong s6 noi suy I, K ma & chuong 6 ching ta da dé cap dén.

* Phan thi hai cua vi du nay 1a 1ap trinh gia cong ren véi bude
p =2mm va chiéu cao ren 1,3 mm. Theo truc Z thi mii dao nam ngoai chi
ti€t & moi bén 12 3mm trén chiéu dai 50 mm. Theo truc X c6 cdc diém |
va diém 4 & ngoai chi tiét trén dudong kinh 46 mm (dudng kinh cua chi tiét
[a 40 mm). Diém 2 va diém 3 nim trén dudng kinh clia budc cat tha nhat
(38,7mm). Diém 5 va diém 6 nam trén dudng kinh clia budc cat thi hai
ciing 1a budc cét cudi cung (37,4mm).

178

122
80
65 K 3 50 3
w
i z
~1oo
o Mimig
s s s ) s{Zhslg
LY ¢ \ / h L
3 b 2,
9 '{ {
N s 7 P=2 I
PR ST = N ) G
1t 10 ~
RIS ~
X Chu trinh cit ren ~
N7 aé
f 15
J]rA 3 42
N4 fuz
NS
4L ————————— b

Hinh 9.5. Quy dao chuyén dong cia dao khi cdt ren mor ddu moi
Chuong trinh gia cong ren duoc viét nhu sau:
NO! G90 GO0 G60 Z178 X46 S800
NO2 X38.7
NO3 G33 7122 K2 M08 (K 1a budc ren)
NO04 GO0 X46
NO5 Z178
NO6 X37.4
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NO7 G33 Z122 K2
NO8 GO0 X46 M09
Giai thich chuong trinh:

NO1: GOO la 1énh chay dao nhanh, G60 la chi chinh xdc tai diém' 1, G90
la lap trinh theo kich thudc tuyét d6i, cac toa do diém 1 la: X=46,
Z=178.

NO02: Ia ma dich chuyén cla dao tir diém 1 sang diém 2.

NO03: G33 1a cit ren (x4c dinh sy phu thudc gilta s6 vong quay cla truc
chinh va lugng chay dao), Z 1a toa do diém 3 (Z=122), M08 la m&
dung dich tron nguoi, K l1a buéc ren (K = 2mm).

NO4 va NO5 1a dich chuyén nhanh cua dao tir diém 3 dén diém 4 va tir
diém 4 dén diém 1.

NO06 1a dich chuyén clia dao tir diém | dén diém 5.
NO7 1a dich chuyén cha dao tir diém 5 dén diém 6 (cit ren).

NO8 1a dao dich chuyén vé diém 4, M09 la tit dung dich tron ngudi, két
thic chuong trinh.

Vi du 2: 1ap trinh cit ren nhiéu didu méi (hinh 9.6).

Khi lap
trinh gla 10 5 o lool e
cong  ren 30 10 b
w % laleie

nhiéu  dau ?
moi  phai

dich chuyén
diém  xuat
phat.  Budc |
cit thd nhat !
dugc lap |
trinh nhu khi 45—
gia cong ren
mot dau
mai. ) Sau Hinh 9.6. Quy dao chuyén dong ciia dao
budc cat thir khi cdr ren nhiéu ddu moi

nhit phai

dich chuyén di€ém xuét phat mot doan Ah.

Lo oo
>

en .. P
Khoang Ah phu thudc vao budc ren P va s6 ddu méi i: Ah =—.
i
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Vi du, budc ren P=6 mm, s6 ddu méi i=2, ta c6 Ah=3 mm; ren ba

diau méi i=3 thi Ah=2 mm.

Duéi day la chuong trinh gia cong ren 3 dadu moi véi P=6 mm.

NO1 G90 S800

NO2 GO0 X66 Z115

NO3 X58.4

NO04 G33 Z30 K6 M08

NO5 GO0 X66
NO6 Z115

NO7 X56.8

NO8 G33 Z30 K6
NO09 GO0 X66
NIOZI15

N11 G60 X55.2
N12 G33 Z30
N13 GO0 X66
N14Z117

N15 X58.4

N16 G33 Z30 K6
N17 GO0 Z66
NI8 Z117

N19 X56.8

N20 G33 Z30
N21 GO0 X66
N22 Z117

N23 G60 X55.2
N24 G33 Z30 K6
N25 GO0 X66
N26 Z119

N27 X58.4

N28 G33 Z30 K6
N29 GO0 X66
N30 Z119

(Piém 1)
(biém 2)
(biém 3)
(Diém 4)
(biém 1)
(Diém 5)
(Diém 6)
(biém 4)
(biém 1)
(Piém 7)
(bi¢m 8)
(biém 4)
(Diém 9)
(biém 10)
(biém 3)
(biém 4)
(Diém 9)
(biém 11)
(Diém 6)
(Diém 4)
(biém 9)
(Diém12)
(Diém 8)
(biém 4)
(biém 13)
(biem 14)
(Diém 3)
(Piém 4)
(biém 13)
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N31 X56.8 (Diém 15)

N32 G33 Z30 K6 (Diém 6)
N33 GO0 X66 (Diém 4)
N34Z119 (Diém 13)
N35 G60 X55.2 (biém 16)
N36 G33 Z30 K6 (Diém 8)
N37 GO0 X66 M09 (Diém 4)
N38Z115 M00 (Diém1)

Giai thich chuong trinh:

Budc cat ren thi nhét xudt phat tir diém 1. Lénh NO2 1a dich chuyén
dao t6i diém 1. Ba budc cét duogc thuc hién theo cdc lénh NO4, NO8 va
N12. Sau budc cat thid 3 dao dich chuyén tir diém 8 dén diém 9 theo lénh
N14. Tir diém 9 dao bat dau cat méi thi 2 theo cdc 1énh N16, N20, N24
(cling cat iam ba budc nhu ddu méi thit nhat). Sau khi cit xong ddu mai
thit 2 dao dich chuyén tdi diém 13. Diém 13 la diém xuat phdt dé cat dau
moi thir 3 theo cdc lenh N28. N32. N36. Chirc nang G60 la xac dinh vi tri
chinh xdc cua dao. M0O la dirng chuong trinh.

Vi du 3: 1ap trinh cit ren c¢on (hinh 9.7).

Trong  truong
hop cidt ren con
dao dich chuyén
theo hai truc: theo
truc Z (lugng chay
dao theo truc Z
trong mot vong

¢105,2

quay cua truc
chinh) véi dia chi
K va theo truc X

Hinh 9.7. Qu¥ dao chuyén dong ciia dao khi cdt (lugng  chay dao
ren con theo truc X trong

mot vong quay cla
truc chinh) véi dia chi 1. Khi lap trinh can xdc dinh toa do cta cdc diém.
Hinh 9.7 1a qu§ dao chuyén dong cua dao khi cit ren con véi bude ren
theo truc Z 1a 3mm va budc ren theo truc X 1a 0,8 mm.
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NO1

Chuong trinh duoc viét nhu sau:
G90 S600

NO02 GO0Z121 X62

NO3

X54.6 MO8

NO4 G33 740 X97.8 K3 10.8

NO5
NO6
NO7
NO8
NO9
N10

NOI :

NO2:
NO3:

NO4:

NO5:
NO6:

NO7:

NO8:

NO09:

N10:

GO0 X105.2

GI0Z121 X62

G60 X52.4

G33 740 X95.6 K3 10.8
GO0 X105.2 M09
GI0Z121 X62 MO0
Giai thich chuong trinh :

G 90 la lap trinh theo kich thudc tuyét doi, S600 1a s6 vong quay
truc chinh (600 v/phut).

dao chay nhanh t6i diém 1 (toa do Z=121 va X=62).

dao dich chuyén t6i diém 2 (toa do X=54,6) déng thoi mo dung
dich tron ngudi.

ciit ren va dao dich chuyén dén diém 3 (toa do Z=40 va X= 97.8).
budc ren theo truc Z (K=3) va budc ren theo truc X (1=0,8).

dao dich chuyén nhanh tir diém 3 t6i diém 4 (toa do X=105.2).

G10 Ia noi suy dudng thang chuyén dong nhanh, dao dich chuyén tir
diém 4 dén diém 1 (toa do Z=121va X=62).

G60 la xac dinh vi tri chinh x4c clia tam dao tai diém 5 (toa do
X=52,4).

cit ren theo lénh G33. Dao dich chuyén dén diém 6 (toa do Z=-10:
X=95,6), budc ren theo truc Z la K=3 va budc ren theo truc X la
[=0,8.

dao chay nhanh t6i diém 4 (toa d6 X=105,2), M09 la déng dung
dich tron ngudi.

G10 12 noi suy dudng thing chay dao t6i diém | (toa do Z=121 va
X=62), M00 1a dirng chuong trinh.
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5 78
Vidu 4: lap j !

trinh  cit  ren
bing tard (hinh
9.8).

Trong
truong hop nay
khong c6 moi
quan h¢ ham so

\
gilta vong quay ; s SN 1
y , ! 120
cua truc chinh X e
va lugng chay . X .
dao Hinh 9.8. Qu¥ dao chuyén déng cua taré khi cdat ren

Chuong trinh cét ren bang tarod dugc viét nhu sau:

NOT G90 GO0 278 X0

NO2 G97 S25 M03

NO03 G95 F1.5 M03

NO4 G63 Z35 MO5

NOS G04 X5 M09

NO6 G63 Z78 M04

NO7 G94 GO0 Z120 X80 MO0
Giai thich chuong trinh:

NO1: dao dich chuyén nhanh tir diém 0 dén diém | theo lénh GOO (toa do
X=0; Z=78). Lap trinh theo kich thudc tuyét doi (G90).

NO02: diéu kién lam viéc véi (6¢ do theo vong/phiit (G97), MO03 1a truc
chinh quay theo kim déng ho.

NO3: G95 cho biét lugng chay dao theo mm/vong, MO8 12 m& dung dich
tron ngudi, luong chay dao F=1,5mm/vong.

NO4: G63 la Iénh cat ren biing taro, dao dich chuyén dén diém 2 (toa do
Z=35), MOS5 la dung truc chinh.

NOS5: tai diém 2 dao dimg lai 5 gidy, ngat dung dich tron nguéi (M09).

N06: md truc chinh cho quay nguoc chiéu kim dong ho (theo M04) va
dao i ra téi diém 1 (toa do Z=78).

NO7: G94 cho biét luong chay dao van theo mm/vong, GOO la dich
chuyén dao nhanh vé diém 0 véi toa do X=80, Z=120, MO0 la dimg
chuong trinh.
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9.4. Ky thuat chuong trinh con.

Trong phan 6.9 ching ta da dé cap dén khai niém vé chuong trinh
con. O phan nay ching ta sé di sau nghién citu cdc loai chuong trinh con.
Céc chuong trinh con c6 thé chia ra hai loai: chuong trinh con thanh phan
va chuong trinh con chudn.

9.4.1. Chuong trinh con thanh phan.

Chuong trinh con thanh phan dugc tmg dung dé mo ta nhiéu chuyén
dong va nhiéu qud trinh [dp lai trong mot chuong trinh chinh theo mot
trinh tu xdc dinh (hinh 9.9). Chuong trinh con thanh phan dugc ma hoa
theo dia chi L vdi s6 hiéu gom hai hodc ba chir s6. Thong thuong sau ky
hiéu cia chuong trinh con cé hai chit s6. Hai chir s6 d6 la 1an nhdy cta
chuong trinh con khi duge goi ra tir chuong trinh chinh. Vi du: L12204
cho biét dia chi cua chuong trinh con la L véi s6 hiéu 122 va phai thuc
hién 4 1an sau khi dugc goi ra (4 1an nhay).

Trong mot s6 truong hop cén thiét thi mot chuong trinh con thi nhat
lai chita mot chuong trinh con thit hai, chuong trinh con thit hai lai chia
chuong trinh con thit ba, v.v... nghia 1a xay ra chuong trinh con cap 2
hodc cap 3, v.v...

Chuong trinh con cdp 1 1a chuong trinh chinh chi chira cac chuong
trinh con doc 1ap vdi s6 1an nhay xdc dinh (hinh 9.9a). Vi du, chuong

% PM % PM % PM
L03 L L8 L126
Lsﬂ LA
1 !
™~ L123 L140 \03\ 4\\88\
s, Y 2T S
s
= S| a6t 121
a Q \ 1 =
\\J\\ Q_
L108 M17 Mi3 Lo
— - [
- 0
ozﬂ oz
\\ -~
M17 M17
Moz mo2 Mo2
a) b) c)

Hinh 9.9. So do cdc chuong trinh con
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trinh chinh chita cic chuong trinh con L10305 (s6 hiéu cua chuong trinh
con la 103 véi 5 lan nhay) va L10802 (s6 hiéu cta chuong trinh con la
08 véi 2 lan nhay).

Chuong trinh con cdp 2 (hinh 9.9b). O day chuong trinh con L12306
c6 0 hiéu 1a 123 véi 6 1an nhay. Chuong trinh con nay lai chia trong
chuong trinh con L14012 ¢6 s6 hiéu 140 véi 12 [an nhay.

Chuong trinh con c¢ap 3 (hinh 9.9¢). Theo so d6 nay thi chuong
trinh chinh chita chuong trinh con L11103, chuong trinh con L11103 lai
chia chuong trinh con L11814, chuong trinh con nay lai chita chuong
trinh con L.12688. Trong chuong trinh con trén thi 111, 118 va 126 la cac
$0 hiéu, con 03, 14 va 88 la s6 lan nhay.

Vi du: lap trinh gia cong cdc ranh cta chi tiét véi ung dung ky
thuat cta chuong trinh con (hinh 9.10).

105
%5
30

It

o

3 1

L124

Hinh 9.10. Quy dao chuyén dong cia dao khi gia cong cde ranh ¢o sirdung
kv thudr chuong wrinh con ’
Gia str dao tién ranh T1502 ¢6 ma s 1a T15 va s6 hiéu chinh la
02. Pé gia cong ranh ngudi ta dung cic chuong trinh con L124 va L123
(124 va 123 la cédc $6 hiéu tu chon).
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Chuong trinh con L124 dugc viét nhu sau:
NO1 G91 GOO Z-5
NO2 GOl X-16 F25
NO3 GO0 X16
N04 M17

Chuong trinh con L124 duoc lap theo kich thude twong déi (theo
s6 gia - G91), dao dich chuyén nhanh theo truc Z mot doan 5mm (theo
huéng am) bang lénh NOI, véi luong chay dao 25mm/phidt dao dich
chuyén theo truc X mot doan 16mm (theo huéng am) bang lénh NO2. Sau
dé dao tro vé diém 3 (toa do X=16) bing Iénh NO3.

M17 1a két thiic chuong trinh con. Nhu vy, chuong trinh con trén
day cho biét dich chuyén clia dao tir diém 1 dén diém 3, tir diém 3 dén
diém 4 va tir diém 4 vé diém 3.

Chuong trinh con L123 dugc viét nhu sau:

NOI1 G91 GOO X-11 F35
NO2 GO0 X11
NO3 L12402

NO4 M17

L123 1a chuong trinh dé gia cong toan bo ranh bac. 3 day dao dich
chuyén tir diém 1 dén diém 2 (dn dao) va chuyén dong nhanh tir diém 2
vé diém 1. Tiép sau d6 chuong trinh con L123 thuc hién hai lan nhay cta
chuong trinh con L124.

Lan nhdy thit nhét : dao dich chuyén tir diém | sang diém 3 mot doan
S5mm va thuc hién an dao tir diém 3 dén diém 4, sau d6 chuyén dong
nhanh tr diém 4 vé diém 3.

Lan nhay tht 2: dao dich chuyén tir diém 3 dén diém 5 mot doan
5mm va thuc hién an dao tir diém 5 dén diém 6, sau d6 chuyén dong
nhanh tir diém 6 vé diém 5. Nhu vay NO3 1a Iénh goi chuong trinh con véi
hai lan nhdy dé thuc hién chuong trinh con L123.

Véi viéc tng dung cdc chuong trinh con, chuong trinh chinh dé gia
cong chi ti€t trén hinh 9.10 thi chuong trinh gia cong dugc viét nhu sau:

NO1 G90 G94 §450 T1502

NO2 GO0 X62 Z110

NO3 L1230l

NO04 G90 GO0 290
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NOS L12301

NO6 G59 X10

NO7 G90 GO0 X062 765
NO8 L12402

N09 G95 X0

N10 M0OO

Giai thich chuong trinh:

NO1: G90 cho biét lap trinh theo kich thude tuyét dm G94 - lugng chay
dao theo mm/phut, s6 vong quay cta truc chinh S=450v/phut, dao c6
ma s& 1a T1S vai s6 hiéu chinh 02.

NO02: dao dich chuyén nhanh t6i diém 1.

NO3: goi chuong trinh con L123 vdi mot 1an nhay.

NO4: tai diém 5 sau khi thuc hién chuong trinh con L123 dao dich chuyén
tir diém 5 sang diém 7.

NOS: tiép tue goi chuong trinh con L123. Sau khi thuc hién Iénh NOS dao
dich chuyén dén diém 11,

NO6: can dich chuyén diém géc toa do theo truc X (theo huéng +X) mot
khoang 10 mm dé khi dao chuyén dong ngugc lai ta c6 thé cat duge
ranh ¢6 dudng kinh $50 bang chuong trinh con L124.

NO7: dao dich chuyén dén diém 13, néu tinh dén dich chuyén cua goc toa
do 10 mm thi diém 13 s& c6 toa do X=82.

NO8: goi chuong trinh con L124 véi hai 1an nhay. O day dao dich chuyén
tir diém 13 va di qua cdc diém 14, 15, 14, 16, 17, 16.

NO9: dao dich chuyén vé vi tri X=0 (G59 1a lénh xé dich diém chuan).

N10: dung chuong trinh theo
MOO0. , w

9.4.2. Chuong trinh con 3

chuén, '

Cic quy dao chuyén
dong dién hinh cla dao duoc
lap lai nhiéu 14n khi gia cong
cac loai chi tiét khdc nhau
du'(.’(? xem nhu la cac chu Xy  Hinh 9.11. So do dich chuyén cia dao khi
chuan (chu ky c6 dinh). Cic  sit dung cdc chiwong trinh con chuan duoc -
chu ky dugc viét trong bo md hod bdng thong so'R
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nhd cta chuong trinh diéu khién dudi dang chuong trinh con ma ngudi ta
goi 1A cdc chuong trinh con chudn.

9.4.2.1. Chuong trinh con dé tién mat tru.

Trong trudng hop nay cdc chuong trinh con chudn (chuong trinh
con ¢& dinh hay chuong trinh con dién hinh) duge ma hod bang thong so
R.

Vi du: hinh 9.11 12 so d6 dich chuyén ctia dao khi su dung cdc
chuong trinh con chuan dugc ma hoa bang thong so R.

Chuong trinh con LO8 ¢6 dang:

NOI GOO G91 X-R0O FR2
NO2 GO1 Z-R1

NO3 XRO

NO04 G0O X-RO ZR1

NO5 M17

Theo chuong
trinh con nay thi
dao dich chuyén
tir diém | dén
diem 2 mot
doan la RO, sau
d6é  thuc hién
budc cat tir diém
2 dén diém 3 véi
toa do fa RI. Tor % a) 0
diém 3 chuyén
dén diém 4 theo
lenh NO3 va tir

123

diém 4 dao chay o -
nhanh dén diém y g

2 véi toa do RO. s =

Két thic chuong ;’ o

trinh con dugc i) S

ky hiéu bang =
MI17. Trong cac X 1
cau lénh trén X

va Z c6 gia tri Hinh 9.12. So do tién nhiéu budc ¢6 sit dung chicong

am ching to dao trink con
a) chiéu siu cit khong dai; b) chiéu sau car thay doi
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dich chuyén theo chiéu am cua cic truc.
Duéi day ta nghién citu trudng hop tién truc bang nhi€u budc nho
ttng dung céac chuong trinh con chuén (hinh 9.12).

Chuong trinh con dugc viét cho so dd gia cong trén hinh 9.12a
nhu sau:

NO1 G90 GOO X60 Z123 S850
NO2 L0803 R04 R184 R250
NO3 L0802 R0O3 R1 55 R2 35
NO4 G90 GO0 X80 Z123 MO0
Giai thich chuong trinh :
NOI: dao dich chuyén nhanh dén diém 1, S=850vg/phiit.
NO2: goi chuong trinh con LO8 c¢6 3 lan nhay véi cdc thong s6 RO(4),
R1(84) va R2 (luong chay dao 50mm/phiit). Sau 14n nhay thit 3 dao
c6 vi tri xuat phat tir diém 7.
NO3: goi chuong trinh con LO8 ¢6 hai 1an nhay véi cdc thong s6 RO(3),
R1(65) va R2 (lugng chay dao 35mm/phiit).

NO4: dao chay nhanh vé diém 0 (X-80, Z=123), MO0 Ia dimng chuong
trinh.

Hinh 9.12b la so d6 gia cong bang nhiéu budc véi chiéu sau cat
thay déi, c6 nghia la thay doi thong s6 RO. Trong trudng hop nay chuong
trinh con LO dugc viét nhu sau:

NO1 G90 GO0 X60 Z123 S850

NO2 L0802 R04 R184 R280 R32

NO3 RO-R3

NO4 L0O80! R31

NO5 RO-R3

NO6 L0802

NO7 RO+R3 R165

NO8 L0802

NO9 RO-R3

N10 L0802

N11 G90 GO0 X80 Z123 MO0
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Giai thich chuong trinh :
V6i cdc lénh NOI va NO2 dao xuat phdt tir diém | dé thuc hién hai lan
nhdy (di qua cdc diém 1-2-8-7-2-3-9-8-3). Chiéu sau cat cta hai budec
cat nay 1a 4 mm.

NO3: cit budc véi chiéu sau cit [a 2 mm (RO-R3 =4-2 = 2).

NO4: mot 14n nhay cia chuong trinh con LO8 dé cit luong du véi RO méi
dugc xdc dinh theo NO3 (quy dao chuyén dong cua dao theo NO3 di
qua cic diém 3- |
4-20-9-4). Ngoai w z

ra, cling c6 gia tri wi |
R3 méi (R3=1). NIO
Nhu vay R0=2. 3
NO6: chwong trinh 3 o 2|z X
con LO8 cé hai 3/

lan nhay véi gia

. . 5 1 N30 | K
trt RO mdi theo % ["‘

~ g gta N35
N5, nghia la tién N40 w2

trong hai bugc va uz
chiéu sau cit 1a 1
mm.

NO7: thay déi gid tri
RO (ting 1én mot
gid tri R3 so vai
gid tri trong lénh |
N04). O day LO8  , :
c6 hai lan nhay
dé cit bac ngin
cua chi tiét. Gia

NS

ﬂ +X
200

150

P20

———

980
060
an

S %‘6
V)

\ :
\ i
i RI=65 (theo | g | )
NOS). 5 2 3
o 1 2
NO9+NI1: giam gid o Seet -
tri RO, nghia Ia 2 |
theo NO7 ta ¢6 (\ } 5
RO=2 va R3=I, )

viy theo NO9 ta 6

c6 RO méi la 1
mm. Chuong
trinh con LO8 cé

Hinh 9.13. So do cdt theo contour:
a-kich thude theo gia $6; b-contour cin gia cong.
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hai 14n nhay (theo N10) dé cit hai budc cudi cling v6i chiéu sau cit |
mm. N11 [a lénh dich chuyén dao nhanh vé diém O va dimng chuong
trinh.

9.4.2.2. Chuong trinh con dé tién contour nhiéu bac.

Kich thudc cta cdc bic va ciac mat dau (khong tinh kich thude cua

cdc phan vit mép ) dugc xdc dinh bing GOl va cédc dai lugng I, K, R.
Hinh 9.13 1a so d6 ghi kich thudc theo gia s6 dé gia cong contour chi tiét.

Chuong trinh gia cong contour duge viét dudi dang chung nhu sau:
N10 GO} W(-W1)RRI)

N20 U(U1) K(-K)

N30 W(-W2) I(I)

N35 W(-W3)

N40 U(U2) R(-R2)

Khi contour trén hinh 9.13a duge xdc dinh bing cdc kich thude cu

thé (hinh 9.13b) thi chuong trinh dugc viét nhu sau:

N10 GO1 Z-45 R-8 F50
N20 U-20 K-12

N30 Z-1501-15

N35 Z-200

N40 U-30 R-20

N45...

Vi du:

Gia cong chi tiét theo contour bang tng dung chuong trinh con

chuan (hinh 9.14).

Chuong trinh gia cong chi tiét trén hinh 9.14 gém hai chuong

trinh con chudn (hai chu ky): cat tho theo cac duong song song véi truc Z
va cit tinh theo contour chi tiét:
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NO1 T0202

NO02 G97 S1200 M04 M06

NO3 G90 GO0 X200 7240

NO4 X160 Z203

NOS G71 PO06 Q012 U10 W2 D7 F0.4
NO06 G90 GO0 X40 2203

NO7 G91 Z-40 F0.2 S1500



NO8 X60 Z-35

NO9 Z-20

N10 X100 Z-10
NI1Z-25

NI12 X140 Z-28

N13 G70 PO06 Q012

D140

NO1

Hinh 9.14. Gia cong chi tiét theo contowr hang ting dung chicong trinh
con chudn
Giai thich chuong trinh :

: md $6 cua dao TO2 va s6 hiéu chinh 02.

NO2: G97 la chon s6 vong quay trong moét phit (S=1200 vg/phat), M04

cho biét truc chinh quay nguge chiéu kim dong ho, MO06 la thay dao
bing dao T0202.

NO3: dao dich chuyén nhanh t6i di€ém 0 (toa do X=200, Z=240).
NO4: dao tiép tuc dich chuyén nhanh t6i diém 0’ (X=160, Z=203).

NOS5: xac dinh chu ky gia cong thd va cho biét cic thong so: P (thtr tu cua

NI3:

1énh cat tinh), Q (thr tu ctia 1énh két thic cét tinh), U (dao cach mat
dau chi ti€t 10mm), W (lugng du gia cong tinh 2 mm), D (Iuong du
cua bude cat tho), F (luong chay dao khi cat tho 0.4 mm/vong).

goi chu ky cit tinh G70 va bat dau tir N6 (P006), két thic 6 N13
(Q012). Contour chi ti€t duoc gia cong tr diém 1| dén diém 7. Sau
khi két thic budc cat tinh dao dich chuyén nhanh vé diém 0.
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9.4.3. Hiéu chinh dao khi tién.

Hiéu chinh dao khi lap trinh cho nguyén cong tién c¢6 thé dugc
thuc hién bing hai phuong phép:

- Hiéu chinh vi tri dao. Trong truong hgp nay dao dugc dua vao
trudc lac gia cong (thong thudng sau khi gd dao) va né dugc huy bo sau
khi két thic gia cong tat ca cdc bé mat bang dao do.

- Hiéu chinh dao d6i v4i bé mit gia cong. Trong trudng hgp nay
hi¢éu chinh dao dugc dua vao trude khi dao di tdi bé mit gia cong cu thé
va né dugc huy bo ngay sau khi bit du ct.
9.4.3.1. Hiéu chinh vi tri dao.

Trong cdac mady CNC hién dai thong thudng c¢é 6 thong s6 hiéu chinh
dao nhu sau (hinh 9.15):
LX - chiéu dai cta dao theo truc X duge xdc dinh theo diém chuin F.
LZ - chiéu dai clia dao theo truc Z.

DX - dd mon theo truc X (theo dudng kinh).

~
Q
RS V' Dao T15
l:: + . xFP =856mm
)(
) v ZFP = 54,4 mm
Rs= 1,2mm

(LZ+DZ)

a)

Hinh 9.15. Cdc thong so hiéu chinh: a) cdc thong so ciia dao:
b) phdn bo cita cdc vét dao theo vi tri P
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DZ - dd mon theo truc Z.
R, - bdn kinh dinh dao.
A - vi tri dinh P dugc xdc dinh bang ky hiéu s6 tir 1 dén 9 tuy thuoc vao
hudng cua dao (hinh 9.15b).

Moi dao c¢6 sdu (hoac it hon) thong s6 hiéu chinh. Nhém thong so
hiéu chinh nay c6 $6 hi¢u riéng va thong thuong né trung véi s6 hiéu cua
dao. S6 hiéu cua nhém hiéu chinh dao duge viét sau s hiéu (ma so) cua
dao. Vi du: dao T15 vGi nhém hiéu chinh 15 trong ciu Iénh duoc viét 1a
T1515. Nhom hiéu chinh ciing ¢6 thé duge viét biang s6 hiéu khac. Khi d6
ma chung cla dao & 1a T1532, T1512, v.v... Néu trong chuong trinh chi
ghi nhém hiéu chinh thi viét TO015, TO032, TOO12, v.v..., diéu d6 cd
nghia [a dao da dugc biét ¢ trén. S6 hiéu nhém hiéu chinh (theo s6 tha tu)
phu thuoc vao timg loai may va nam trong khoang 1+32 hoac 1+64. Céic
thong s6 hiéu chinh dugc dua vao bo nhé clia hé diéu khién mdy va ching
dugc luu giir trong suét thoi gian hiéu chinh dao.

Thong tin vé hiéu chinh dao dugc viét nhu sau:

%LF

G92TI X...Z...B...A...

G92 T12X...Z...B..A...

G92 TO8X...Z...B...A...

Do6i véi dao trén hinh 9.15a dong thong tin c6 dang :

G92 T15 X85.6 Z54.4 B1.2 A3

G day: B Ia
ban kinh mii dao Rq; X
A 1a s0 cua vét (s6 3
trén hinh 9.15b).

Trong cac may
ticn CNC khac nhau
thi hiéu chinh vi tri
dao ciing dugc goi ra
theo cdc phuong phap
khiac nhau. Thong
thuong hiéu chinh vi
tri dao ¢4 hai cach:
hiéu chinh chiéu dai
dao vi hiéu chinh bén Hinh 9.16. So do6 hiéu chinh chiéu dai dao tién




kinh dinh dao.
* Hiéu chinh chiéu dai dao (hinh 9.16).
G day c6 su dich chuyén hé toa do ctia dao tir diém F (diém chuén
cua chiéu dai dao) t6i diém P (dinh dao):
%LF
NO1 G90 GO0 X160 Z-20 TO
NO05 G96 S100 M03
N10 GO0 X48 Z-95 T1515 M06
N15 GOl Z-100 F0.2
N20 Z-120
N25 X60
N30 Z-130
N35 X70
N40 GO0 X160 Z-20 TO
N45 M02
Giai thich chuong trinh:
NOI cho biét dai dao & diém F, tai day TO xo4 tat ca cdc hiéu chinh trudc
dé theo ca hai truc,
NOS: G96 cung véi dia chi S cho biét toc do cat S=100 m/phit va truc
chinh quay theo chiéu kim dong hé (M03).
N10: thay dao dé cé dao T1515 va dich chuyén dao t6i diém | véi hiéu
chinh dao theo ca hai truc (X=48, Z=-95).
N15+N35: qud trinh cit chi tiét.
N40: dao dich chuyén nhanh vé diém F va huy bo hiéu chinh dao theo ca
hai truc (TO).
* Hiéu chinh béan kinh dinh dao.
Trong chuong trinh hiéu chinh ban kinh dinh, dao duoc goi ra bang
G41 hoac G42 tuy thudc vao chiéu chuyén dong cla dao doi vdi contour
chi ti€t (hinh 9.17a). Chiic nang G41 cho biét dao & bén trai contour gia
cong néu nhin theo huéng dich chuyén ctia né, con G42 1a dao & bén phai
contour gia cong. Chirc nang G40 1a huy bo hiéu chinh.
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Xét vi dy trén hinh 9.17. Cic diém 0-1-2-3 la quy dao cta dao, con
tam dao nam & diém S. Chuong trinh dugc viét nhur sau:

%LF

NO1 G90 GO0 X20 Z85 S450 F50 T1503
NO2 GO1 G41 Z55 T0003

NO3 G02 725 X60 120 K-30

N04 GO0 G40 X75 M00

Theo G4l cua
NO2 tir cac thong s6
hiéu chinh 03 cla
dao TI15 gid tri R
(ban kinh dinh dao)
dugc goi. Gid tri Rg
dugc tinh dén khi
xdy dung quy dao
cla duong céich déu
dé gia cong theo
contour. Gid tri [, K
la toa do tim cung
tron.

Trong mot s6
mdy CNC doi vdi cc
chirc nang G41, G42
nguoi ta khong ghi
s60 nhom hiéu chinh
ma ching dia duogc
biét khi xic dinh
dung cu cit.

Nhu vay
chuong trinh vdéi
hiéu chinh ban kinh

Hinh 9.17. So dé hiéu chinh bdn kinh dinh dao tién

dinh dao ¢6 thé duoc viét nhu sau (hinh 9.17b):
NO7 G40 X70 2120

NO8 T1503 M06

NO09 GO0 X0 Z70
N10 G42 X0 7220

N11 GOI X85
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Lénh NO7 huy bé hiéu chinh dao khi dao dich chuyén dén diém c6
toa do X=70 va Z=120. Lénh NO8 Ia thay dao (M06) dé c6 dao T15 vdi
nhém hiéu chinh 03. Véi lénh NO9 dao dich chuyén vé diém PS. Lénh
NI10 (G42) la hiéu chinh ban kinh dinh dao va dich chuyén dao tdi
contour chi tiét. Do ¢6 hiéu chinh ban kinh dinh dao cho nén dao cé vi tri
xdc dinh so vdi contour chi tiét, ¢6 nghia 1a ndm trén quy dao cla dudng
cach déu khi dao dich chuyén tir diém 2 dén diém 1.
9.4.3.2. Hi¢u chinh dao doéi véi bé mat gia cong.

Phuong phdp hiéu chinh nay duoc ky hiéu bing dia chi L véi s6 hiéu
chinh. Trong cac hé diéu khién clia may tién mot s hiéu chinh c¢6 thé c6
hai thong s6 hiéu chinh: mot-thong s6 dé hiéu chinh theo truc X va mot
thong s& hiéu chinh theo truc Z. Vi du cau Iénh sau day:

N(i) GO0 X135 Z200 L18

Nghia 1a khi thuc hién hiéu chinh thi doi véi gid tri X=135 sé duogc
thém (theo ddu) mot gia tri da dugc xdc dinh trong sé hiéu chinh L18
theo truc X. Doi véi gid tri Z=200 sé dugc thém (ciing theo ddu) mot gid
tri da duoc xdc dinh trong $6 hiéu chinh L18 theo truc Z.

Thong thuong ddu trir trong $6 hiéu chinh cho biét hiéu chinh theo
huéng giam kich thude chi tiét (duong kinh va chiéu dai) nhung ngoai trir
truong hop khi dao cét tir tam ra ngoai. Dau cong trong s6 hiéu chinh chi
qud trinh ngugc lai. Tuy nhién, c6 mot s6 hé diéu khién chi chon gia tri
hiéu chinh tuyét d6i, cdon ddu dugce xdc dinh bang cac Iénh cu thé.

9.5. Lap trinh véi cach viét thu gon contour (phuong phap
SINUMERIK)

Phuong phap 1ap trinh véi cach viét thu gon contour (Sinumerik)
duoc hiang SIEMENS gidi thieu dung cho cdc may tién c6 trang bi hé diéu
khién do hing ché& tao. Nguyén tic cta cich viét thu gon contour chi tiét
12 hé diéu khién x4c dinh khong diy du cdc thong s& vé contour chi tiét
nhung khi cdn thiét thi hé diéu khién tao ra nhitng lénh diéu khién bd
sung.

Nhin chung, cdc doan thing va cic cung tron tao thanh contour chi
tiét déu dugc chuyén ti€p qua mot s6 géc va duge ndi ti€p vdi nhau bang
mot doan vat mép hoac mot cung tron (hinh 9.18). Dudi day ta itng dung
phuong phap SINUMERRIK dé lap trinh cho mét chi ti€t dién hinh khi
tién,
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Hinh 9.18. Cdc so dé contour chi tiét khi tién
Hinh 9.18a: dich chuyén cua dao tir diém 1 dén diém 2 c6 thé duoc
viét bang lénh:
N(i) GOl X(X2) A(A)

Nhu vay hé diéu khién s& xac dinh toa do Z2 khi can thiét. Lénh trén
c6 thé dugc viét theo s6 ligu cu thé nhu sau:

N(i) GO1 X80 A135
Puong nhién 1a khi 1ap trinh ta c6 thé chon Z2 thay cho X2.

Hinh 9.18b: dich chuyén clia dao tir diém 1 dén diém 3 c6 thé dugc
viét bang lénh:

N(i) GO1 X(X3) Z(Z3) A(Al) A(A2)

Ta thdy & day lénh N(i) chi cho biét toa do X, Z ctia diém 3 va hai géc
Al, A2 cho nén hé diéu khién phai tinh toa do clia 2 diém va tao ra hai
lénh thay vi c6 mot 1énh. Theo s6 liéu cu thé thi 1énh trén dugc viét:

- N() GO1 X75Z15 A142 A155
Hinh 9.18c: cach viét 1énh cho cdc géc 90° va 180° nhu sau:
N(i) GO1 X62 Z38 A90 A180



Hinh 9.18d: quy dao chuyén dong ctia dao tir diém 1 dén diém3 phai
di qua hai doan thang tao thanh phan vat mép tai diém 2 c6 thé dugc viét
bang lénh:

N(i) GO1 X40 Z85 B-20
N@+1) Z30

O day phén vat mép véi dia chi (ky hi¢u) B dugc dua vao chuong
trinh (chit B véi dau (-)).

Hinh9.18d: khi qu§ dao chuyén dong clia dao theo céc doan thang tao
thanh cung tron va ban kinh dugc viét trong 1énh véi dia chi B (x4c dinh
cdc toa do cla diém cit nhau cua hai doan thang ) thi lénh ciing duoc viét
tuong tv nhu truong hgp trén hinh 9.18d:

N(i) GOl X(X2) Z(Z2) B(R)
N@+1) X(X3) Z(Z3)
Céc lenh trén dugc viét véi cac so liéu cu thé nhu sau:
N(@i) GOl X55 792 B6
N(i+1) X64 Z18

Hinh 9.18e: quy dao chuyén dong ciia dao tir diém | dén diém 3 duoc
viét bing lénh:

N(i) GO1 Z105.6 A142.5 B12
N(i+1) X82.5 220
Hinh 9.18g: c6 thé lap trinh theo doan vat mép giilfa hai doan thing
nhu sau: ,
N(i) GOI X60 A155 B-6
N@i+1) X77.4 Z210.5
Hinh 9.18h: su chuyén tiép thinh doan thiang thanh cung tron (géc
nho hon 180°) dugc lap trinh véi GO2 (GO03). Khi viét 1énh céan chil y su
tudn tu cua gdéc va ban kinh (dia chi A va B):
N(i) GO2 X54.5 Z22 A137 B20.5

Nhimg vi du trén day cho thdy wu tién cua phuong phap
SINUMERIK la khong cdn cac phép tinh trung gian d6i véi cac contour
chi tiét phic tap (hinh 9.19).
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4(X4,26) __

3(x3,23) |4(x4,24) 3(x3,23)

Hinh 9.19. Cdc contour chi tiét
That vay, contour trén hinh 9.19a c6 thé duoc viét biang 3 Iénh sau
day:
N(i) X(X2) X(Z2) B(-C1)
N(i+1) X(X3) Z(Z3) B(-C2)
N(+2) X(X4) Z(Z4)
Hoic c6 thé viét 1énh theo géc:
N(i) A(A1) B(-C1)
N@+1) X(X3) Z(Z3) A(A2) B(-C2)
N(@i+2) X(X4) Z(Z4)
Contour trén hinh 9.19b dugc viét bang cac lénh sau:
N(i) X(X2) Z(Z2) B(R1)
N(@i+1) X(X3) Z(Z3) B(-C2)
N(i+2) X(X4) Z(7Z4)
Hodc c6 thé viét 1énh trén theo géc:
N(@) A(A1) B(R1)
N(@+1) X(X3) Z(Z3) A(A2) B(-C2)
N(i+2) X(X4) Z(Z4)
Contour trén hinh 9.19¢ duoc viét bang cdc 1énh sau:
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N(i) A(AL) B(R1)
N(+1) X(X3) Z(Z3) A(A2) B(R2)
N(i+2) X(X4) Z(Z4)
Contour trén hinh 9.19d c6 cdc 1énh sau:
N(i) A(Al) B(-Cl)
N@i+1) X(X3) Z(Z3) A(A2) B(R2)
N(i+2) X(X4) Z(Z4)
Duéi day ta nghién ctu moét s6 vi du tng dung phuomg phép
SINUMERIK dé€ lap trinh véi cdch thu gon contour.

Vidu I: lap trinh gia cong chi tiét trén hinh 9.20.
Chuong trinh gia cong chi tiét trén hinh 9.20 dugc viét nhu sau:
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Hinh 9.20. Contour chi tiét khi tién ngoai
%LF
NO1 G90 GO0 X0 Z358 S800
NO5 G917Z-6
N10 G90 GO1 X57 Z300 A90 A180 B-5
N15 X100 A140
N20 GO3 X122.5 2286 A90 B8
N25 G02 X180 Z65 B60 A175
N30 GOl X220 Z0 A135 A180

N35 GO0 X226 Z358 MO0
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Thit tu cac cdu 1énh trén dugc chon cich nhau 5 don vi tao thuan loi
hinh thanh chuong trinh trong hé diéu khién ctia mdy.

Vidu 2: 1ap trinh tién 16 trén hinh 9.21.
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Hinh 9.21. Contour chi tiét khi tién 16

Chuong trinh gia cong chi tiét trén hinh 9.21 dugc viét nhu sau:
%LF

NO1 TOI101

NO02 G97 S1500 M04 M06
NO3 G90 GO0 X80 Z120

NO4 G91 X-10Z-30

NOS G90 GO1 X70 Z68.5 F0.3
NO6 GO03 X60 Z58.5 R-25
NO7 GO1 Z45

NO8 X50

N09 Z35

N10 G03 X30 Z20 R-15

N11 G91 X-20

N12 Z+70

N13 G90 X80 2120 M02
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Giai thich chuong trinh:

NOI1, NO2 c6 ky hiéu dao TOl va nhém hiéu chinh dao 01, s6 vong
quay cua truc chinh S=1500 vg/phit, quay ngugc chiéu kim dong hé
(M04) va lénh thay dao (M06).

NO3 1a dao dich chuyén dén diém 0 véi toa do X=80 va Z=120 trong
hé kich thudc tuyét doi (G90).

NO4 1a dao dich chuyén dén diém 1. C4c lénh tiép theo tir NO5+N13
12 quy dao chuyén dong cia dao theo contour chi tiét.
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CHUGNG 10. LAP TRINH GIA CONG

TREN MAY KHOAN CNC
10.1. Chon cac budc gia cong dién hinh.

Lap trinh cho cdc nguyén cong khoan ciing nhu doi voi cac
nguyén cong khdc déu phai bat dau tir 1ap phi€u cong nghé - tinh toan
nhu da trinh bay & phin 9.1. So do chi tiét gia cong duoc thé hién trong
hai hé toa do: hé toa do mdy va hé toa do chi tiét. Pé don gian hoa, trén
phi€u cong nghé - tinh todn ngudi ta thé hién dao (vdi chiéu dai congxon)
& vi tri xuat phat.

Hinh 10.1 }a phi€u cong nghé - tinh todn dé gia cong hai 16
¢ 10HS8; ba 16 ren M6 va 16 $22 trén chi ti€t dang nip day. Bang 10.1 la
toa do cac tam 16 trong cdc hé toa do ciia mady va cua chi tiét (X, Y- toa
do chitiet; X, Y,,, Z,, - toa do may).

Trude khi tinh quy dao cta dao phai xac dinh thanh phan cic bude
cho méi 16 va chon dao, sau d6 dung so dé dich chuyén doc truc cua dao
va chon ché do cit.

Vi du, céc budc dé gia cong 16 tir 1 + 6 dugc xdc dinh nhu sau:
khoan 16 tam (hinh 10.2a, b), Khoan (hinh 10.2 c, d, g), cit ren (hinh
10.2¢) va doa (hinh 10.2d). Cic dao duoc \ch(_)n la TO1 + T06. Cac dao do
c6 thé duge ga trong 6 16 clia diu rovonve trén mdy khoan véi cdc kich
thu6c cu thé nhu sau: dao khoan dudng kinh ¢16 véi ¢=90°, dao doa
dudng kinh ¢9,9 , dao doa dudng kinh ¢ 10H8, dao khoan duong kinh 5.
tar6 M6, dao khoan duong kinh ¢22. Nhu vay, ta c6 thi tu cac budc:
khoan tam cac 16 1 + 5, khoan va doa ciac 16 1 va 2, khoan va taro cic 16
3+ 5, khoan 16 6 (hinh 10.1).

Hinh 10.2 1a cdc so d6 tinh diém quy dao cua dao. Céc s6 1; 2: 3
chi tht tr quy dao chuyén dong cla dao, con cdc mili tén chi cdc hudng
cat (1,) va huéng chay khong (/) ciing chiéu quay cua dao. Bang 10.2 la
ché& do cat dugc chon cho céac bude.

10.2. Ma hoa thong tin.

Nhin chung, ma hoa thong tin cho cdc may khoan l1a ma hod qua
trinh thay dao, ma hod dich chuyén cta dao tir vi tri nay sang vi tri khac
vad ma hoa cdc chu ky gia cong 16 tai thoi diém ma dao O vi tri yéu cau.
Tuy nhién phuong phiap ma hoa cu thé phu thuoc vao loai mdy va kha
nang cua chuing.

Du6i day ta nghién ctu nguyén tic chung ctia ma hod thong tin
cho ciac may khoan.
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Hinh 10.1. Phiéu cong nghé - tinh todn dé gia céng cde 16 trén chi tiét
dang ndp day
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Bdng 10.1. Toa dé cdc tam 16 trong cdc hé toa dé cia may va ciia chi tiét

N¢ Toa do, mm
cic 16 X, Y. X, Y, y
| 20 20 50 105 175
2 150 20 180 105 175
3 105 40 135 125 175
4 52,5 70,31 82,3 155,31 175
5 52,5 9,69 82.5 94,69 175
6 70 40 100 125 175

Hinh 10.2. Cdc huoc gia cong 16 va so do tinh diém qu¥ dao ciia dao trén chi
tiét dang ndp ddy
Cic chitc nang G60+G64 1a xdc dinh vi trf véi chuyén dong nhanh,
cdn cac chirc nang G65+G69 1a chuyén dong an dao. Vi duy, cin xdc dinh
vi tri clia dao theo cac diém 1, 2, 3:

N(i) G90 G60 X(X1) Y(Y1)
N(i+1) X(X2) Y(Y2)
N(i+2) X(X3) Y(Y3)
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10.3. Cac chu ky gia cong co dinh.

Céc chu k¥ gia cong ¢6 dinh trén may khoan duoc thuc hién bang
cac chic nang G81+G89. Méi chic niang xac dinh mot nguyén cong hoac
mot budc cu thé (v6i dich chuyén dao theo truc Z): khoan hay khoan tam
(G81), khoan hoac khoét véi thaoi gian dirng & cudi bude (G82), khoan sau
(G83), cit ren (G84), v.v...

Bdng 10.2: Ché do cdt ciia cdc bude gia cong 6.

., So;thlf t Soddtrén | Poan S n
Budce 16 trén Dao . o . )
hinh 10,1 hinh 10.2 quy dao mm/phut vg/phm
Khoan 1,2 a
) — TOl 1-2 40 500
tam 3.4,5 b
1-2 100
1,2 TO2 ) 710
2-3 80
Khoan 1-2 100
3.4.,5 TO4 d 1400
2-3 80
6 TO6 d
Doa 1,2 TO3 g 1-2 50 125
Cat ren 3,4,5 TOS e 1-2 25 25
(1ard)

Trong cdc hé diéu khién cic chuong trinh con dé€ thuc hién céac
chic ning trén dugc ghi trong bd nhé clia hé diéu khién va cho biét gia tri
56 clia cdc thong s6 can thiét doi vdi timg nguyén cong cu thé. Cic thong
s6 d6 1a R va Z. R 1a toa do theo Z ma & d6 lugng chay dao bat dau. Gia
tri ny duogc luu trong bo nhé chia hé diéu khién cho dén khi c6 gid tri R
mdi. Thong sd Z 1a toa d6 ma § dd dao két thic luong chay dao. Vi du,
dich chuyén ctia dao trén hinh 10.3a dugc viét nhu sau:

N(@i) G81 Z157.5R177

Trong lénh trén R 1a toa do cla diém 1, con Z la toa do cla
diém 2.

Cic may v6i he diéu khién c6 diem 0 mém cho phép don gidn hod
lap trinh cdc chu ky gia cong c6 dinh. Trong cédc he diéu khién d6 c6 thé
dich chuyén diém 0 clia mdy t6i bat ky diém nao theo céc truc. Nhu vay
theo truc Z c6 thé dich chuyén mat phang XMY (hinh 10.3b). Sau khi
dich chuyén diém M gdc toa do may l1a M’. Vi dich chuyén ay gid tri R
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sé bang 0, con gid tri Z s& ¢6 dau (-) am. D6i véi hé toa do mési X' M'Z’
ta co:

N(i) G59 Z177

N(i+1) G81 Z-19.5 RO

Hinh 10.3. Cdc so do ctia Rva Z trong cde chu ky gia cong ¢o dinh

Hinh 10.3c la truong hop mat phang chuin (sau khi dd dich
chuyén) trung véi mat phang trén clia chi tiél gia cong. Trong truong hop
nay R Ia doan an dao, con Z la chiéu dai buée cat. Cach dich chuyén nay
rat thich hgp ddi vai truong hop gia cong cac 16 nhiv nhau nhung nim trén
cdac mat bac khdac nhau. Vi du, cdc lénh dé gia cong 3 16 trén hinh 10.3d
¢4 thé vict nhur sau:

N(i) G59 Z115 (chuyén diém O theo truc Z)
N(i+1) G81 R3Z-19.5 (khoan 16 1)

N(i+2) G60 X54

N(i+3) R3 7Z-22 (khoan 10 2)

N(i+4) R 14 (dich dao dén do cao R=14)
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N@+5) X72
N(i+6) Z-19.5 (khoan 16 thi 3)
N(i+7) G80

10.4. Ma hoa qua trinh thay dao.

Viéc mi hod qud trinh thay dao phu thudc véo cdc hé diéu khién
nhung nhin chung qué trinh duge thuc hién bang hai lénh néi ti€p nhau.
Lénh thit nhat véi dia chi T cho biét dao can thay, con lénh thi 2 (MO6)
thuc hién viéc thay dao. Bén canh ma hoa dao con ¢6 ma hoa hiéu chinh
dao. Vi du, ma hoa dao TO8 va ma hod hiéu chinh dao 06 sé dugc viét
thanh TO806.

Dai v6i cac mdy khoan nguoi ta hiéu chinh chiéu dai ctha dao
bing st dung cdc chic nang G43 va G44. D€ hiéu chinh chiéu dai
cia dao (hinh 10.4) thi trong s& hiéu chinh phai ghi hiéu (theo gid
tri tuyét doi) gitra toa do tinh todn va toa do thuc cua dinh dao (Z,-Z,=AZ
hoac Z,Z,=AZ) va trong chuong trinh lénh dugc viét
N(i)...G44...Z2(Z,)...T0806 néu dao thuc t€ ngin hon dao lap trinh.

Trong truong hop dao thuc t€ dai hon dao lap trinh ta cé:
N(i)...G43...Z(Z,)...T0806.
O day gia tri
AZ dugc ghi trén s6  z
hiéu chinh clta dao G4b 643

(06).

Hiéu chinh 7—7
chiéu dai dao dugc
ky hiéu bang dia chi !

H. Trong truong hop ] '|

nay G43 xac dinh R N
ring gid tri dich Ti_—‘
chinh trén s6 hiéu ~N ~N
chinh dugc cong "
thém vao toa do (?a _+ "
cho, con G44 xic I

dinh ring gid tri
dich chuyén trén s6
hiéu chinh dugc trix di toa do da cho (hinh 10.4). Trong mot s6 trudng hop
s6 hiéu chinh dao dugc ky hiéu bang dia chi D.

AZ

1

Hinh 10.4. So do xdc dinh hiéu chinh chiéu dai dao
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Vi du: lap trinh gia cong (theo phuong phap chung) chi tiét trén
hinh 10.1 véi cdc bude duoc chon trén hinh 10.2.

BuGc dau tién 1a khoan tam tat ca cdc 16. Cic 16 1, 2 duoc khoan
tam v&i chiéu sau 6 mm, con cdc 16 3, 5 1a 3,5 mm (xem hinh 10.2a, b va
bing 10.2). Duéi day fa chuong trinh gia cong clia dao thit nhat (dao
khoan ¢16 véi ma so
TOl va s6 hiéu chinh
01). Chuong trinh dugc z
viet cho truong hop
khong xé dich diém
chuén theo truc Z:

9 LF N3
NO1 G60 G80 TO101 B ;

NO2 F40 S500 M06
NO3 G44 7390
NO4 X50 Y105

170

560
215
Z339
R 347

NO5 G82 R347 Z339 S B m:'/,g///.—;,,:.

NO6 X180 Y105 10 RIS AR

NO7 X135 Y125 M

7341.5 . P
NO8 X82.5 Y155.31

NO9 X82.5 Y94.69 Hinh 10.5. So dé xdc dinh dich chuyvén dao khi
N10 X100 Y125 khoan tam

N11 G80 T0202
Giai thich chuong trinh:

NO1: G60 1a xdc dinh vi tri chinh xédc ctia dao, G80 la huy bo cic chu ky
co dinh.

NO2: thay dao dé c6 daoT0101 (MO06) véi ché do cat F=40mm/phit va
S=500 vg/phiit.

NO3: G44 1a hiéu chinh dao (vi tri cia dinh dao duoc tinh theo truc Z).

NO4: dao dich chuyén dén diém 1. Diém 1 c6 toa d0 médy. X=50 va
Y=105 (xem bang [0.1).

NOS5: dich chuyén dao dén diém cdch mit phéng trén ca chi tiét 2mm.
Dé cho dinh dao dat dén vi trf nay ta phai dich chuyén diém N cla
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truc chinh txem hinh 10.1). Trong trudng hop nay diém N ¢6 toa do
Z=36/ m. Khi chiéu dai cua dao khoan 170 mm va dinh dao ciach
mat phang chi 1€t 2mm ta ¢é R=560-215-2=347 (trén hinh 10.5
fiem N dich chuyén dén diém N, theo truc Z). Néu khoan tam vdi
chiet sau 6 mm thi dao phai dich chuyén xuéng theo Z tir diém N,
Jen N. mot doan 8 mm va nhu vay ta cé: Z=347-8=339mm. Cac
thong s R va Z duoc ghi trong cau 1&nh NOS. Sau cau 1&nh NOS mat
dau truc chinh ¢6 toa do R=347 mm. D¢ gia cong cac 16 tha 2 theo
G82 chi cin lap trinh dich chuyén clia dao theo X, Y (N0O6). Tuy
nhién cic 16 3+5 ¢6 chiéu sau khoan tam 3,5 mm nén thong s6 Z
ciing thay déi (NO7 la [énh khoan tam 16 3, NOS8 [ I¢nh khoan tam
16 4, NO9 [a Iénh khoan tam 16 5 va N10 la 1énh khoan tam 16 6).

NI1: huy bo chu ky G82 va thay dao mdi TO202.
10.5. Phuong phap lap trinh rat gon cho cac
nguyén cong khoan.

Phuong phdp lap trinh ma chung ta vira nghién cttu & vi du trong
muc 10.4 rdt phic tap vi né doi hoi phai tinh lai mot so kich thude va cdi
chinh Ia phai tinh dén chicu dai cta dao khi lap trinh. Phuong phap do
duoc tng dung khi chiéu dai ctia dao khic chiéu dai tinh todn rat it va khi
ing dung h¢ théng diéu khién so bo chiéu dai cta dao trong cic do ga
chuyén dung. Néu he diéu khién c6 kha nang dich chuyén diém 0 va hi¢u
chinh dao khi diéu chinh may (xudt phat tr chiéu dai thuc ctia dao) thi lap
trinh rd nén don gian hon nhiéu. Diéu nay cho phép don gian hod viéc
lap phi€u cong nghé - tinh toan (khong can cho chiéu dai cua dao, khong
can tinh lai toa do cua céc diém khi chuyén tir hé toa do chi tiét sang hé
toa do mdy). Bin chat cia phuong phdp 1ap trinh rit gon 1a diém 0 cla
mdy dugc dich chuyén vé goc toa do cta chi tiét (1 diem M vé diém W
trén hinh 10.6) va cdc dich chuyén ctia chuong trinh duoc tinh tir diém W.
Ngoai ra, khi diéu chinh mdy thi chiéu dai / cta moéi dao (vé6i ddu nguge
lai) dugce dua vao so hiéu chinh cua dao.

Khi diém P cta dao cham vao bé mat gia cong thi chiéu dai thue &
cua dao [=ZWN. Néu trén s6 hiéu chinh cia dao ta chon gid tri
I=ZWN=172 mm thi chi s& theo Z s& la 0, nghia [a diém chuin N triing
voi diém P cua dao (hinh 10.6). Cich diéu chinh twong tu cling duoc thuc



hién cho tat ca cac
dao (cho dinh dao
hoac mat dau cua
dao cham vao bé
mat gia cong) va
chiéu dai cua dao
duoc chon trén so
hi¢u chinh tuong
tng. Nhu vay khi
dinh  dao cham
vio be mat gia
cong (mat chuidn
méi) thi chi s6
theo truc Z s€ 1a 0,

Vi du I:
[ap trinh gia céng
chi tiét wén hinh
10.1 bang phuong
phap rat gon.
Chuong trinh duoc
viét nhu sau:

9% LF

Xe
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Hinh 10.6. So do dé'lap trinh gia cony o ¢ tiét
dang ndp dav

NOI G60 G880 TO101
NO2  F40 S500 M06
NO3  (G59 X30 Y85 Z175

NO4  X20 Y20

NOS G82R27Z-6

NO6 X150

NO7 X105 Y40 Z-3.5
NO& X525 Y70.31

NO9 Y9.69

NI10 X70 Y40

NI1 G80T0202
NI12 FI100 S710 M0O6
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N13 X20 Y20 MO8

N14 GE3IR27Z-10

NIS Z-17.5F80

N6 X150 Y20 Z-10 F100

N7 Z-17.5F80

N18 G80 T0404

N19 F100 S1400 M06

N20 X105 Y40

N21 G83 R2Z-9

N22 Z-13.5 F80

N23 X52.5 Y70.31 Z-9 F100

N24 7Z-13.5 F80

N25 G80 T0606

N26 F60 S355 M06

N27 X70 Y40

N28 G81 R2Z-22

N29 G80 T0303

N30 F50 S125 M06

N31 X20 Y20

N32 G89R2 Z-18

N33 X150

N34 G80 T0505

N35 F250 S250 M06

N36 X105 Y40

N37 G84 R2 Z-17

N38 X52.6 Y70.31

N39 Y9.69

N40 G80 G59 X0 YO Z0 M09

N41 GO0 X0 YO Z560 MO0

Giai thich chuong trinh :

Céc cau lenh NO1+NO3: chon dao TO1, s0 hiéu chinh 01, ché do
cat (F=40 mm/phut, s=500vg/phtit), dich chuyén diém O theo ba toa do X,
Y. Z (G59).
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Cau lénh NO4: dich chuyén dao dén diém 1 (X=20, Y=20).

Cau lénh NOS: thuc hién an dao (R=2, Z=-6) theo s do trén hinh
10.2a.

Cau lénh NO6: dich chuyén dao dén diém 2 (toa do X=150).

Cau 1énh NO7: dich chuyén dao dén diém 3 va thuc hién khoan
tam (toa do : X=105; Y=40; Z=-3.5).

Cau lénh NOS8: dich chuyén dao dén diém 4 (toa do X=52.5:
Y=70.,31) va thuc hién khoan tam nhu NO7.

Cau lénh NO9: dich chuyén dao dén diem 5 (toa do X=9.69) va
thuc hien khoan tam nhu NOS.

Cau lénh N10: dich chuyén dao dén diém 6 (toa do X=70; Y=40).

Cau lénh N11: chuan bi thay dao dudng kinh ¢16 (TOI01) bang
dao c6 duong kinh 9,9 (T0202).

Cau lénh N12: thuc hién thay dao (MO06), chon che do cat
(F=100mm/phut; S=710 vg/phut).

Cau lénh N13: dich chuyén dao dén diém 1 (toa do X=20., Y=20)
va m& dung dich tron ngudi (M08).

Cau lénh N14: thuc hién chu ky khoan sau (G83) t6i diém 2 (hinh
10.2¢) véi cic thong s6 R=2, Z=-10.

Cau 1énh N15: tiép tuc khoan t6i diém 3 (hinh 10.2¢) véi Z=-17,3,
luong chay dao F=80mm/phut.

Céu lénh N 16, N17: thuc hién chu ty khoan 16 thit hai,

Cau lénh NI8, N19: thay dao hién ¢6 bang dao ¢5 (T0404) va
chon ch& do cat (F=100 mm/phit, S=1400vg/phiit).

Cau lénh N20, N24: khoan céc 16 tai diém 3, 4, 5 (c6 mot lan
nhay tir diém 4 sang diém 5) bing dao ¢5 theo chu ky khoan G83 (hinh
10.2d).

Cau lénh N235: thay dao hién cé bing dao ¢22 (T0606).

Cau lénh N26+N28: khoan 16 6 bing dao $22 (hinh 10.2g).

Cau lénh N29: thay dao hién ¢6 bing dao doa ¢10HS8 (T0303).

Cau lénh N30, N31: chon ch¢ do cat (F=50 mm/phit; S=125
vg/phut) viv dich chuyén dao dén diém 1 (toa do X=20; Y=20).

Cau lénh N32: chu ky doa (G89) véi cac thong 6 R=2 va 7=-18
(hinh 10.24d).
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Cau lénh N33: doa 10 2 (toa do X=150).
Cau lénh N34: thay dao bang taro (T0505).
Cau lénh N35+N39: cat ren cac 16 3, 4, 5 theo G84 (trong d6 N35

[a [énh chon ché do cat F=250 mm/phit; S=250 vg/phit). Sau khi cat ren,
tard quay nguoc chiéu dé g vé vi tri ban dau.

Hai cau énh
N40. Nd4i: huy bd
dich chuyén diém 0,
déng dung dich tron
ngudi va dich chuyén
truc chinh vé diém 0
cua may vdéi toa do
Z=560 mm.

Vi du 2: lap
trinh dé gia cong chi
ti€t vGi kich thudc
trong hé toa do cuc
(hinh 10.7).

Céc 16 trén chi
tiét (hinh 10.7) duoc
khoan bing dao khoan
$12 (T02), trong do
cic 16 3, 4, 6 duoc
khoan thong sudt, con
cic 16 1, 2, 5 dugc
khoan véi d0 sau 15
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Hinh 10.7. So do ldp trinh gia cong 16 trén chi
tiét dang tim

mm. Chuong trinh gia cong chi tiét nay duoc viét nhu sau:

%LEF

N5 G90 T0202 S800 M03

N10 G80 M06

N15G59 X180 Y160 Z20
N20 GO0 X39 YO MO8
N25 G81 Z-15 R2 F50

N30 U39 A75

N35Z-23 U25 A135

N40 A180
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N45Z-15 U39 A220
N50 Z-23 U25 A300 M09
N55 G80 G533 GO0 X0 YO Z0 MO0
Giai thich chuong trinh:
Cau Iénh N5: xdc dinh dao TO2 véi s8 hiéu chinh 02, xdc dinh so
vong quay S=800 vg/phut, dao quay theo chiéu kim déng hé (M03).
Cau Iénh N10: huy bo cdc chu ky gia cong trude d6 (G80) va thuc hién

thay dao (M06).

Cau lénh N15: dich chuyén diém O theo tat ca cac truc, goc toa do
dich chuyén tir diém W dén diém 0.

Cau 1énh N20: dao dich chuyén dén diém 1 (c6 toa do trong mat
phang X'OY": X=39), m¢ dung dich tron nguodi (MO08).

Cau lénh N25: chu ky khoan (G81) véi chiéu sau cat Z=-15. thong
$0 R=2, luong chay dao F=50 mm/phiit.

Ciu lénh
N30+N50: lan  luot
thuc  hién chu Kky

khoan G81 véi gid tri
ban kinh cua vi tri tam
10 (dia chi U) va gbc
quay A doi véi truc
X,

Cau lénh N5S5:
thanh chuong
trinh  khoan, huy bo
chu ky khoan bing
G80, dich chuyén
diém 0 bang G353 va
dich dao nhanh vé vi
tri ban dau (X=0;
Y=0: 7=0).

Vi du 3: lap
trinh khoan 16 ¢6 hi¢u
chinh dao (hinh 10.8).

Khi khoan 3 16 1.
I1, Tl bang dao TI§
can phai hiéu chinh

hoan
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* e hieu chinh

Hinh 10.8. So do dé'lap trinh dé khoan 16 ¢ hiéu
chnih dao
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chiéu dai dao. Gia su dao T18 ¢6 hé s6 hiéu chinh HOL. Ta xdc dinh gia
tri +120 mm la chi¢u dai cua dao (ké tr mat ddu truc chinh t6i dinh dao).

Chuong trinh gia cong céc 16 ndi trén duge viét nhu sau:

“LF

N0 G911 GO0 X120 Y87

N02 G43 Z-197 HO!

NO03 S§550 M03 MO8

NO4 GOl Z-51 F80

NO5 G04 X4.0

NO6 GO0 Z51

NO7 X35 Y-57

NO8 GO1 Z-31

NQO9 GO4 X4.0

N10 GO0 Z31

NI11Z55Y32

N12 GOl Z-23

NI13 G04 X4.0

N14 G00 2220 HOO0 M09

NI5 X-210 Y-62

N16 M02

Giai thich chuong trinh:

Cau lénh NOI: cach ghi kich thudc theo gia s6 (G91), dich dao
nhanh dén diém | (phia trén 16 1).

Cau 1énh NO2: thuc hién hiéu chinh chiéu dai dao va dich chuyén
dao theo truc Z. Ma G43 cho biét gid tri hiéu chinh HOl duoc cong thém
vao gia tri toa do. Trong vi du nay theo NO2 thi hiéu chinh dam bao do
dich chuyén mot cich quy udc cua dinh dao P trong mit phing XOY va
sau d6 diém P dich chuyén xu6ng phia dugi 197 mm (dich chuyén xuéng
diém 2).

Cau lénh N3: xdc dinh s6 vong quay S=550 vg/phiit, quay theo
chiéu kim déng h6 (M03) va md dung dich tron nguoi (MOS).

Cac cau léenh NO4+NO7: cdc lénh khoan (GOl - chuyén dong
thang) 16 tha I véi lugng chay dao F=80 mm/phiit, khi dao t6i diém 3 thi
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dung lai 4 giay (X=4.0), sau d6 dao tr¢ vé diém 2 (N()6) va dich chuyén
t6i diém 4 (NO7).

Cédc lénh NOS=N11: khoan 16 II t6i chiéu sau 28 mm (NO8). khi
dao cit t6i diém 5 thi ding lai 4 giay (N0O9), sau d6 chuyén dong nhanh
vé diém 4 va dich chuyén sang diém 6 (N11).

Cic léenh N12+N16: khoan 16 1I1, dimg & diém 7 véi thoi gian 4
gidy, chay nhanh dao ¢ diém 6, déng dung dich tron ngudi (M09) va huy
boé hi¢u chinh dao bang ma HO00, chay dao nhanh vé diém 0 (Z=220:
X=-210: Y=-621va két thic chuong trinh (M02).

Vi du 4: Lap trinh dé gia cong cac 16 chi tiét bac (hinh 10.9).

Co 13 1o can duoe gia cong: cdc 16 1+6 ¢6 duong kinh ¢ 10 duoc
gia cong bing dao khoan Ti0 (hi¢u chinh chiéu dai H10); cac 16 7+10 ¢6
dudng kinh $20 dugc gia cong bang dao khoan T12 (hiéu chinh chiéu dai

I L

Hinh 10.9. :So do dé'lap trinh gia cong 13 16 trén chi tiét béc



H12); cdc 16 11+13 cé dudng kinh $95 duoc doa (tién trong) bing dao ba
T17 (hiéu chinh chiéu dai H17). Khi diéu chinh mdy can phai xdc dinh
céc gid tri hiéu chinh dao sau day: H10 - gia tri +200; HI12 - gia tri +190;
HI17 - gia tri +150.
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Chuong trinh gia'cong cdc 16 trén hinh 10.9 duoc viét nhu sau:
%LF

NO1 G92 X0 Y0 Z0

N0O2 TI0 M06

NO3 G90 GO0 Z-250

NO4 G43Z0 HI10

NO5 S100 M03

NO6 G99 G81 X400 Y-350 Z-153 R-97 F60
NO7 GO1 Y-200

NO8 G98 Y-200

N0O9 G90 G99 X1230

N10 G91 Y200

NI1G98 Y200

N12 G90 GO0 X0 YO MO5

N13 G49 2250 T12 M06

N14 Z-250

NI5G43Z0 Hi2

N16 S80 M03

N17 G99 G82 X555 Y-450 Z-130 R-97 P300 F50
N18 G91 G98 Y-200

NI19 G99 X520

N20 G98 Y200

N21 G90 GOO X0 YO MO05

N22 G49 72250 T17 M06

N23 Z-250

N24 G43 Z0 H17

N25 $S400 M0O3

N26 G99 G85 X815 Y-350 Z-153 R-47 F35
N27 G91 Y-200 L2



N28 G90 G28 X0 YO Z0 MO05

N29 G49 70

N30 M02

Giai thich chuong trinh:

Cau lénh NOL: xac dinh hé toa do (G92) tai diém 0 (diém thay
dao) véi cac gia tri X0: YO, Z0.

Cau lénh NO2: thay dao T10 (MO06).

Cau 1énh NO3: xdc dinh hé kich thudce tuyét doi (G90), chay dao
nhanh theo truc Z xudng duéi véi Z=250 (G00).

Cau 1énh NO4: hi¢u chinh chiéu dai dao (G43) theo s6 hiéu chinh
H10. Gia tri Z0 xac dinh duong méc RS ma tir d6 ta tinh Z va R (R la
khoang cdich tir dinh dao tai bé mat gia cong) khi thue hién cac chu ky gia
cong (hinh 10.9).

Cau lénh NO5: cho truc chinh quay theo chiéu kim déng ho (M03)
voi S=100 vg/phut.

Cau Iénh N06: G99 xac dinh vi tri tai diém 1 va thuc hién chu ky
khoan (G81) vaGi cdc thong s6: X=400; Y=-350; Z=-153; R=-97. Lugng
chay dao F=60 mm/phit. G99 khic G98 (hinh 10.10) & cho la theo G99
sau khi két thic chu ky khoan dao trd vé vi tri (diém) xac dinh toa do R,
con theo G98 thi sau khi két thic chu ky khoan dao trd vé vi tri (diém)
xac dinh dudng moc RS.

Cau lénh NO7: dich chuyén dao trong hé kich thuge tuong déi
(Y=-200) va khoan 16 2 (hinh 10.9) v6i dich dao vé diém c6 toa do R
(R=-97).

Cau lénh NOS8: khoan 16 3 (Y=-200) véi dich dao vé dudng RS
(theo G98).

Cau lénh N0 ﬁ 698 @ 699
khoan 16 4 (X=1230) RS _ e

| T

va dich dao vé diém

| u
c6 toa do R ( R= -97). Be e
|

|

|

&1

Cau lénh N10: N
dich dao theo Y mot
doan Y=200 dé¢ khoan
16 5 va dich dao vé
diém c6 toa do R Hinh 10.10. So sdnh cdc chu ky G99 va G98
(R=-97) theo G99 ¢
cau 1énh NO9.

|
|
|
|

—
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Cau lénh N11: dich dao theo Y mot doan Y=200 dé khoan 16 6 va
dich dao vé diém c6 toa do RS theo G98.

Cau lenh N12: trd vé he kich thude tuyét doi (G90), chay dao nhanh
vé diém chuan (X=0; Y=0), dimg truc chinh (M05).

Cau l1énh NI13: huy bo hiéu chinh chiéu dai dao (G49), chay dao
nhanh vé diém 0 theo truc Z, thay dao hién c6 bing dao T12 (M06).

Cau [énh N14: dich truc chinh xuéng dugi mot doan 250 mm theo
GO0t N12.

Cau Ienh N15: hiéu chinh chiéu dai dao T12 (G43) v6i s6 hiéu
chinh H12, xdc dinh toa do Z0.

Cau lénh N16: cho truc chinh quay theo chic¢u kim dong h6é (M03)
vGi s6 vong quay cua dao S=80 vg/phut.

Cau l1énh N17: xac dinh vi tri 16 7 va khoan 16 7 theo G82 véi cac
thong s6 Z, R. Vi tri 16 7 ¢6 toa do X=555; Y=-450. Chu ky gia cong
(G82) khdc chu ky gia cong (G81) & chd la khi két thic gia cong theo
G82 thi dao dimg lai mot thoi gian theo dia chi P (& day P300=3 giay).
Chtc nang G99 cho biét sau khi két thic gia cong dao trg vé diém ¢6 toa
do R (R=-97). Lugng chay dao trong cau I¢nh nay la F=50 mm/phut.

Cau lénh N18: dich dao theo Y mot doan Y=-200 d¢ gia cong 16 8,
sau dé thodt dao vé dudng mac RS (G98).

Cau lénh N19: dich dao theo X mot doan X=520 dé gia cong 16 9,
sau do6 thoat dao vé diém c6 toa do R (R=-97) theo G99.

Cau 1énh N20: dich dao theo Y mot doan Y=200 dé khoan 16 10,
sau d6 thodt dao vé dudng moc RS (G98).

Cau lénh N21: dung truc chinh (M05), chay dao nhanh vé di¢m
chuén (X=0, Y=0).

Cau 1énh N22: huy bo hiéu chinh dao (G49), chay dao nhanh vé
diém 0 va thay dao hién c6 bang dao T17 (M06).

Cau lénh N23 + N25: dich truc chinh xudng dudi (Z=-250), hiéu
chinh dao T17, xdc dinh dudng moc Z0 (duong RS), cho truc chinh quay
theo chiéu kim dong h6 (M03) véi s6 vong quay cua dao S=400vg/phit.

Cau lénh N26: gia cong 16 11 bing chu ky tién trong G85 véi cac
thong s6 Z va R. Lugng chay dao F=35mm/phiit. Dich dao vé diém c6 toa
do R (R=-47).

Cau lénh N27: gia cong 16 12 va 16 13. Ma L2 cho biét trong truding
hop niy cé hai lin gia cong giong nhau. Nhu vay dao dich chuyén hai ‘
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lan: tir 16 11 sang 16 12 (theo Y=-200) va tu 16 12 sang 16 13 (theo
Y=-200). Viéc lap lai dugc thuc hién theo G85.

Cau lénh N28: chay dao tu dong vé diém chuan (X=0: Y=0: Z=0)
theo G28 va dung truc chinh (MO05). Thong thuong G28 dugce thuc hién ¢
cudi chuong trinh. tuy nhién né ciing ¢é thé dugc thue hién ¢ bat ky lénh
nao cua chuong trinh.,

Cau lénh N29: huy bd hi¢u chinh chiéu dai dao (G49). O day ciing
cho biét toa do Z=0.

Cau lénh N30: ding chuong trinh (M02).
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CHUONG 11. LAP TRINH GIA CONG TREN MAY DOA
CNC

Lap trinh gia cong 16 trén cic mdy doa CNC ciing tuong tu nhu lap
trinh gia cong 16 trén may khoan CNC. Tuy nhién trén cdc mdy doa c6
cdc truc diéu khién phu va can dd 6 dau truc chinh (d€ nang cao do cing
viing) cling nhu kep chit ban mady, cho nén viéc 1ap trinh gia cong ciing
phtc tap hon. Trén mot s6 may doa con ¢6 ban quay hoic st dung do g4
vé tinh, vi vay viéc lap trinh doi hoi can bo lap trinh ¢6 kinh nghiém va
chuong trinh phai dugc kiém tra can than trude khi gia cong.

Duéi day ching ta nghién ciru mot so truong hop gia cong trén may
doa.

11.1. Gia cong 10 trén may doa.

Xét hai vi du sau day:

Vidu 1: khoan 3 16 ¢18 trén chi tiét dang thudc goc (hinh 11.1).
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Hinh 11.1. So do dé ldp trinh khoan 16 trén chi tiét dang thiige goc

Chuong trinh khoan 3 16 duoc viét nhu sau:

NO1 G90 G43 G81 D60 X120 Y50 Z40 R100 F40 S120 M03 MO8

N02 X250 Q155

NO3 Y180 Z85 R155 Q200

NO04 GO0 G46 G80 Z300 M09

Giai thich chuong trinh:

Cau lenh NO1: khoan 16 1 véi toa do X=120; Y=50; Z=40; R=100
trong hé kich thude tuyét doi. Hi¢u chinh chiéu dai dao (G43), s6 hiéu
chinh 60 véi dia chi D. Luong chay dao F=40 mm/phtt, s0 vong quay
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truc chinh S=120vg/phut, truc chinh quay theo chiéu kim dong ho (M03).

M& dung dich tron ngudi (MOS).

Cau lénh N02: khoan 16 2, chu ky khoan giong nhu NOI (G81). Toa
do X=250. Dia chi Q la toa do ciia diém thodt dao sau khi khoan (hinh

11.2).

Cau léenh NO3: khoan 16 3

theo chu ky G81 va chay dao
vé diém c6 toa do Z=200
(Q=200).

Cau lénh NO4: huy bo 1énh
khoan (G80), huy bo hiéu
chinh chiéu dai dao (G46),
chay dao nhanh (GO0) dén
diém c6 toa do Z=300 (dé gia
cong ti€p hoac thay dao), déng
dung dich tron nguo6i (M09).

Vi du 2: gia cong 7 16 trén
chi tiét dang tdm bac (hinh

Hinh 11.2. So do chu ky khoan

11.3). Thit tu gia cong duogc ti€n hanh nhu sau: khoan tam (dao khoan
T103, hiéu chinh DI11; khoan 16 (dao khoan T106, hiéu chinh D13); tién
trong (bing ddu dao dinh kich thude T112, hiéu chinh D15).

Chuong trinh gia cong 7 16 dugc viét theo ky thuat chuorng trinh con.

Ky hiéu chuong trinh con LOS5.

NOI G90 G43 G81 D11 X80 Y75 Z45 R55 F15 S1000 M03 MO8

NO02 X120

NO03 Y140

NO04 X180 Q90

NOS Y208 Z82 R90

NO6 X250

NO7 Y297 Q120 M09 MO0
NO8 M17

Giai thich chuong trinh:

Cau lénh NOI: G90 la ghi kich thudc theo hé kich thude tuyét doi;
G43 12 hiéu chinh chiéu dai dao; G81 Ia chu ky khoan; D11 Ia hiéu chinh
dao khoan tam; X va Y 12 toa do cta diém 1; Z 12 toa d¢ chiéu sau khoan
tam; R 12 toa do clia diém an dao; F, S 1 luong chay dao va s6 vong quay
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truc chinh, truc chinh quay theo chiéu kim déng h6é (M03); md& dung dich
tro nguoét (MO8).

Cau lénh NO2+NO04: khoan tam cac 16 2, 3, 4 theo G81; cac gia tri Z,
R giong nhu trong 1énh NOI. Trong cau Iénh N04 thong s6 Q 1a toa do
ctia diém thodt dao sau khi khoan tam xong 15 4.

Céc cau lenh N0O5=NO7: khoan tam cdc 16 5, 6, 7 véi cdc gia tri Z va
R trong cau lénh NOS. Gia tri Q=120 cho biét 10a do cua dinh dao sau khi
gia cong xong 16 7 (theo truc Z), nghia la sau khi két thic chuong trinh
con LOS. Chic nang M09 la tit dung dich tron ngudi, MO0 la dimg
chuong trinh.

Cau lenh NO8: dong chuong trinh con (M 17).
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Hinh 11.3. So do dé'lGp trinh gia cong 16 trén chi tiét dang tim bdc

Trén co s& chuong trinh con LO5 ¢6 thé viét duge chuong trinh chinh
dé gia cong chi tiét nhu sau:

9%LF

N10 T103 M06

NI15L05

N20 T106

&2



N25 LO5 D13 Z30 F40 S600

N30 Ti12 M06

N35 LOS D15 Z32 F20 S1200

N40 GO0 G46 G80 W300

Giai thich chuong trinh:

Trong cac cau lénh N10, N20, N30: thuc hién thay cdc dao dé ¢6
cac dao T103, TIO6 vaTI112

Cau lenh N15: thuc hién chuong trinh con 105 dé khoan tam céc
16 trén chi tiét.

Cau lénh N25: thuc hién truong trinh con LO5 (di c6 dao khoan
T106) vi vay D, Z, F, S 1a cac thong s6 cho cdc bude khoan 16.

Cau lénh N30: thay dao hién c6 biang dao T112.

Ciu 1énh N35: goi chuong trinh con LO5 (da ¢6 diu dao tién trong
T112 & N30 ). Cic gid tri D, Z, F, S la cdc thong s6 cho tién trong cic 106.

Cau lénh N40: két thac chuong trinh gia cong 16, huy bo hiéu
chinh chiéu dai dao (G46), huy b6 chu trinh khoan (G80), chay dao
nhanh dén diém c6 W= 300 (ky hieu W img véi truc diéu khién song
song véi truc Z).

11.2. Gia cong ren trén may doa.

Gia cong ren trén may doa dugc thuc hién cho cdc chi tiét dang
hop. Trong
truong hop
ndy dao cit
ren dugc gd
trén truc ga
nhu dao ba
(dao mot 1udi)
dé tién trong
(mday doa, may
phay ding,
may phay
ngang,  may
tién, may khoan).

Y

160

Hinh 11.4. So dé dé'lap trinh cdt ren irong

Dudi day la chuong trinh dé cat ren trong bang dao cit ren T8I
(hinh 11.4).
Phuong phap ghi kich thude: trong hé kich thudce tuyet doi .
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Chuong trinh cét ren chi tiét trén hinh 11.4 dugc viét nhu sau:

NO1 TO81 S45 M03

NO2 MO6

NO3 G00 G43 DO1 X125 D12 Y160

NO4 7190

NO5 G33 795 K2.5 M08

NO6 M19

NO7 GO0 Y165

NO8 Z190 M00

N09 Y160 M0O3

N10 G04 X2.0

N1I1 G33 795 K2.5

N12 MI19

N13 G40 G28..M00

Giai thich chuong trinh:

Céc 1énh NO1 va NO2: Thay dao hién c6 bang dao TO81 ,s6 vong
quay S =45 vg/ph , dao quay theo chiéu kim déng hé (M03).

Cau lénh NO3: chay dao nhanh (G00) dén diém c6 toa do: X=125,
Y= 160; thuc hién hiéu chinh dao duong theo cic truc (G43) : theo truc X
(s6 hiéu chinh DO1), theo truc Y (s6 hiéu chinh D12). Cin nhé rang theo
G43 gia tri hiéu chinh dugc cong thém vao toa do cua dao.

Cau 1énh NO4: dao c6 vi tri tai diém Z = 190.

Cau lénh NOS5: cat ren (G33), diém P c6 toa do Z = 95, dia chi K
cho biét budc ren bang 2,5mm.

Cau 1énh NO6: dimg truc chinh (M19). Truc chinh dimg & vi tri géc
xac dinh so vdi truc Y.

Céc léenh NO7 va NOS8: truc ga Iui ra khoi bé mat gia cong theo Y
mot doan 5mm va dich chuyén ra khoi 16 dén vi trf ban ddu véi vi tri goc
da duoc xac dinh nhu trong NO6 .Ding truc chinh (M00), lic nay cong
nhan cé thé chinh dao dé cat budc thit 2.

Cau lénh NO9: truc g4 c6 vi tri theo Y(Y=160)va quay theo chiéu
kim déng ho (M03). '

Cau lénh N10: thoi gian dimg X = 2giay theo G04. Day la thoi gian
dé truc chinh dat t6i s vong quay can thiét.

Cau Iénh N11: bude cat ren thit 2.

Cau lenh N12: dimg truc chinh (M19).

Cau lénh N13: huy bd tat ca céc 1énh hiéu chinh dao va cho lénh
thodt dao tr dong vé diém xéc dinh truée clia mdy (diém thay dao). M0O la
1énh dimg truc chinh va nhu vay cong nhan ¢6 thé kiém tra chi tiét gia cong.
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CHUONG 12 . LAP TRINH GIA CONG
TREN MAY PHAY CNC

12.1. Lap phiéu cong nghé - tinh toan.

Ciing nhu cdc nguyen cong khac, trude khi phay ciing phai lap phicu
cong nghé - tinh todn va thi ty cdc budc can lam ciing dugc tién hanh
tuong tu . Mot vi du lap phiéu cong nghé - tinh todn khi phay dugce trinh
bay trén hinh 12.1.
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Hinh 12.1. V' du lap phicéic cong nghé -tinh todn khi phay
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Nét dac biét cia nguyén cong phay la phai xay dung quy dao
chuyén dong ciia tam dao trong hai mat phing :YWX (quy dao mat
phang) va ZWX (quy dao chiéu cao).

Tinh chat ciia quy dao chuyén dong khi phay phu thudc vao s6 toa
do duoc diéu khién va nguyén tic diéu khién chuyén dong cic co ciu
chap hanh cia mdy. Nhu vay, diéu khién 2 toa do cho phép dao dich
chuyén dén bat ky dlém nao trong mat phang, diéu khién 3 toa d6 cho
phép dao dich chuyén dén bat ky diém nao trong khong gian. Khi s6 toa
do dugc diéu khién tang Ién dén 5 hudng, truc dao c6 thé thay doi va c6 vi
tri vuong gdoc véi bé mit gia cong.

Khi lap trinh cho cic budc nguyén cong phay nén dua vao cac so
d6: phay contour, phay mat phang va phay thé tich.

12.2. Cac so do phay
12.2.1. Phay contour

Phay contuor dugc thuc hién chi yéu biang dao phay ngén. Quy
dao cua dao gobm ba phén:

- Dich chuyén ctia dao t6i bé mat gia cong ké ca an dao vao chi
tié€t (goi 1 phan an dao).

- Dich chuyén ctia dao theo contour chi tiét (Iugn theo contour).

- Thoat dao tir bé mat gia cong (phan thodt dao).

Phan an dao dugc thuc hién tir tir theo ti€p tuyén ctia contour chi
ti€t d€ luc cat khong tang dot ngot. Tuy nhién khi phay tho cé thé thuc
hién an dao vudng géc véi contour chi ti€t. Phan thodt dao ciing dugc
thuc hién theo qiiy dao tuong tu.

Trong phan lugn theo contour hudng chuyén dong clia dao cb thé
thay ddi dot ngot, do d6 gay ra sai s6 contour (do bi€n dang dan héi cta
dao trong qu4 trinh cat va sai s6 dong luc hoc clia co céu chay dao). Dé
giam sai sO contour can giam luogng chay dao, giam lugng du hoac thay
déi kich thudc dao.

12.2.2. Phay mat phang.

Phay cac mat phang hd dugc thuc hién theo so d6 chay dao
“ziczac”, con phay cdc mat phing nira hd (xem hinh 8.14) dugc thyc hién
theo so d6 “dai bang”. Dé phay cdc mit phiang kin dugc gidi han bang
duong tron ngudi ta dung so d6 chay dao theo dudng “xoén Gc”.
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Puong xodn 6c dugc tao thanh tr cic cung tron duge xay dung
véi hai hoac bon cuc. Duéi day ta nghién ciu truong hogp dudng xodn ¢
hai cuc (hinh 12.2).

Pudng xodn 6c duge tao thanh tir hai cung tron (hinh12.2) ¢6 cac
tam & hai cuc A va B. Cuc A nam & tam dudng tron ¢6 ban kinh R,
- (dudng tron gidi han mit phang kin). Khoang cich gitta hai cuc A va B
bang 1/2 budc xoan. Pudng xoin 6¢ bat ddu & tam A ciing chinh la tam 16
khoan dé an dao. Buéc xodn h duoc chon trong khoang (0,6+0,8)D, hay

R k4 ~ z ~ N ’ N 2,0 ~ e
h =—2 (& day R, 1a ban kinh dudng trdn cach déu véi duong tron cé ban

a
kinh R, va a dugc x4c dinh theo gidi han: 0,6R D, < a < 0,8R,D,).

Quy dao dich

/ 7/7, % chuyén ciia dao phay

/1\ ‘ dé gia cong mat phang

} ~ kin (gi6i han bang

Z/ 2f |O~8 7 dudng tron 6 ban

;//////////////// ////7/7//////% kinh R,) bao gém céc

7 “ o phdn sau: phan an dao

NN
‘\;ri;;:\i%\:\f\\;\\\
\\E\ AR

(tr diém | dén diém
2); phan dudng xoin
O0c hai cuc (qua cic
dlém 2,3,4,5); phan
duong tron c6 ban

\\\ A \\
SN

NN
)
L
AN ) .
AT

NN

Hinh 12.2. So d6 phay mdt phdng kin theo
quy dao duong xodn 6 hai cuc

kinh R, (qua cdc diém
5, 6, 7); phan thoat dao
(qua céc diém 7,8) va
phan chay dao vé diém
xudt phat (qua cac
diém 8, 1).
12.2.3. Phay thé tich.
Khi phay thé
tich quy dao dich
chuyén cta dao phay

xay ra dong thoi it nhat 1a theo 3 truc. Thong thudng dé phay thé tich
ngudi ta diing dao phay c6 ban kinh cdu. Viéc 1ap trinh phay thé tich rat
phtc tap, do d6 dé nang cao ning sudt va do chinh x4c nguoi ta lap trinh
vé6i su trg gitp clia may tinh. Tuy nhién phuong phdp phay thé tich véi
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quy dao dich chuyén cla dao theo 4 hoic 5 toa do chi duce dung cho 6
loai chi tiét han ché.

12.3. Hiéu chinh dao khi phay.

Hinh thac hiéu chinh dao phu thudc vao dang quy dao cua dao va
kha ning cua hé diéu khién may. Déi v cac hé diéu khién mdy khdc
nhau cung mot chic ning ¢6 thé twong tng v6i nhiéu 1énh khic nhau. Vi
du. cung mot chie niang huy bo hiéu chinh dao ¢6 thé duoc thuc hién
biang G40 hoac G49, hiéu chinh noi suy dudng thing va hiéu chinh noi
suy cung tron ¢6 thé dugc ky hiéu bing G52, v.v...

Duéi day ta nghién ciu so d6 hi¢u chinh ban kinh dao phay (hinh
12.3). Trong nhiéu may CNC hién dai. hé diéu khién cho phép lap trinh
gia cong truc ti€p theo contour chi tiét ma khong can xdc dinh toa do cdc
diém trén dudng cach déu. Trén s6 hi¢u chinh clia dao phay ngudi ta cho
gid tri thuc cua ban kinh dao phay. Dac tinh cta ma hod thong tin phu
thuoc vao tiing.hé diéu khién cu thé, nhung nhin chung hi¢u chinh dao
dugc ma hoa bang cédc chic nang G41+G46 va bao gém hai giai doan.

Hinh 12.3 . So do hiéu chinl voi dicl dao i diong cdeh déu
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Giai doan th nhat la dich chuyén dao t6i dudng cich déu, con
giai doan thit hai 1a hiéu chinh qud trinh ct.
Céc chic nang G41+G46 cho céac ténh sau day:

G41: ndi suy cung tron theo kim déng hé véi dudng cich déu
“duong”.

(G42: nodt suy cung tron theo kim dong hd véi dudng cich diéu

G43: hiéu chinh dao duong (dich chinh t&i duong cich déu
“duong”).

G44: hiéu chinh dao am (dich chinh v6i duong céch diéu “am™).

G45: noi suy cung tron ngugce chiéu kim dong ho véi duong cach
déu “duong”.

G46: noi suy cung tron ngugc chiéu kim doéng hé véi dudng cich

Vi du: trén hing 12.3a néu lap trinh dich chuyén tir di€m 0 t6i
diém 17 (toa do X,,Y ) trong hé kich thuée tuong d6i thi dich chuyén thuc
cua dao theo I1énh:

N(i) G43 X(AX) Y(AY)L(n)
sé€ dugc thuc tai diém 1” véi gié tri thuc cla ban kinh dao phay R,. Ban
kinh dao phay R, dugc chon trén s6 hiéu chinh theo dia chi L.

Theo G44 (trén hinh 12.3b) doan thing OB bing doan thang OA

(toa do AX,AY) tru di ban kinh dao phay R,:
N(i) G44 X(AX) Y(AY)L(n)

Can nhd ring phuong dich chuyén cla dao t6i dudng cach déu
phai vuong géc vdi contour chi tiét.

Theo G42 (trén hinh12.3c) dao cit phai va tam dao dich chuyén tir
diém B, t6i diém B,. Nhung khi lap trinh ta cho gia tri toa do cta diém
xuat phat A(1,J) va diém dich A, (Xi .Yy). Nhu vay ta cé:

N(i) G421() J() X(X, ) Y(Y,) L(n)

Theo G41 (trén hinh 12.3d) dao cit trdi va tam dao dich chuyén tix
diém Bn t6i diémB,. Nhung khi 1ap trinh ta ciing cho gid tri toa do cha
diém xuat phat A(LJ) va diém dich A(X, , Y,). Nhu vay ta viét Iénh nay
nhu sau:

N(i) G411(1) J(j) X(X, ) Y(Y, ) L(n)
Du6i day ta nghién citu hai vi du 1ap trinh gia cOng trén mdy phay .
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Vi du 1: lap trinh gia cong truc ti€p theo contour chi tiét (hinh 12.4).

Dao phay ¢6 ban kinh thuc R, = 19,8mm. Gia tri ban kinh R, cé déau
duong (+) dugc cho trén s6 hiéu chinh L27. Chuong trinh phay chi tiét
ndi trén duoc viét nhu sau:

%LF

NO1  G91 GO0 Y100 F50

NO2 Z-50

NO3 G44 Y100 L27

NO04 G46 10 J200 X-200 Y-0 L27

NOS [-75 JO X0 Y-75 L27

NO6 10J-75 X75Y0L27

NO7 G41 1-50 J0 X0 Y50 L27

NOg [0 J50 X50 YO L27

N09 G461-751J0 X0 Y-75 L27

NI10 I0J-75 X75 YO L27

NI1 1200 J0 X0 Y200 L27

NI12 G44 Y-100 L27

NI13 GO0 Z50

NI14 Y-100 M02

Hinh 12.4. Vi du phay contour trong chi tiét
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Giai thich chuong trinh:
Ciéc léenh NO1 va NO2: dich chuyén dao tir diém W t6i diém | va
ha dao theo truc Z xudng chiéu sau can thiét (kich thude tuong doi).
Cau lénh NO3: dich chuyén dao t6i diém 2 (dich dao t6i duong
cach déu “am” theo G44).

Cic 1énh N04+N06: dao dich chuyén tir diém 2 dén céc diém 3, 4
va 5 theo G46 (noi suy cung tron nguoc chiéu kim dong hé). Tai diém 2
toa do tam cung tron 1=0; J = 200. Tai diém 3: 1=-75, J=0. Tai dieém 4:
1=0, J=-75. Céc toa do XY dugc xdc dinh nhu sau: tai diem 3:
X=-200,Y=0; tai diém 4: X=0 (tai diém 3 ta c6 X= -200, do kich thudc
dugc ghi theo gia s6 nén tir diém 3 dén diém 4 gid tri X tang nén 75 dong
thdi lai giam di 75 nén két qua la X=0), Y= -75; tai diém 5: X=75 (tang)
va Y=0. Tai diém 3 (theo N04) Y=0 cho biét hudng cta Y thay doéi.

Cac lénh NO7 va NO8: dao dich chuyén tir diém S dén diém 7 theo
G41 (noi suy cung tron theo chiéu kim dong hé). Tai diém 5: 1=-50, J=0.
cac toa do X,Y tai diém 6: X=0 vd Y=50. Tai diém 6: 1=0, J=50, cic toa
do X, Y tai diém 7: X=75 va Y=0.

Ciac 1énh NO9 va N10: dao dich chuyén tir diém 7 dén diém 9 theo
G46 (noi suy cung tron theo chiéu kim déng hd). Diém 7 c6 toa do:
1=-75, J=0. Diém 8 c6 toa do: I=0, J=-75, X=0 va Y=-75. Diém 9 c6 toa
do: X=75,Y=0.

Céc lénh N11 va N12: dao dich chuyén dén diém 2(theo N11) sau
d6 dao dich chuyén tir diém 2 dén diém 1 (diém 10) theo G44 cua N12.
Diém 9 c6 toa do: 1=200,J=0.Diém 2 c6 toa do :X=0 va Y=200. Do dao
dich chuyén theo huéng am ctia Y nén diém 1 ¢6 toa do Y=-100 vd X=0.

Cac lénh N13 va N14: Dao chay nhanh vé diém W theo hudng am
cta Y do dé diém W c6 Y=-100 va két thic chuong trinh (M02).

Khi gia cong nhitng phan contour khong ndi ti€p can phai diing
chuong trinh néi ti€p. D¢ thuc hién chuong trinh néi ti€p c6 thé dung
chiic naing G47 (cung noi tiép theo chiéu kim déng hd) va G48 (cung noi
ti€p nguge chiéu kim dong hoé). Theo cdc 1énh nay, dao lugn vong qua
goc theo cung ABC (hinh 12.5) véi bdn kinh bang bdn kinh dao phay.
Trong cau lénh véi G47 (hodc G48) c6 ghi toa do chia mot diém bat ky
(B’) vé6i dau dich chuyén theo mot tia di qua diém nay. Diéu d6 cho biét
phuong dich chuyén ctia dao. Khi cho toa do ctia mot diém bat ky phai
dam bao dugc tuong quan sau day:
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VX, +Y7 2R, (12.1)

o day: X,,Y, 1a toa do cua diém bat ky B’; R, 12 ban kinh dao phay.
Vi du 2: gia cong cédc san pham contour chi tiét v6i 1ap trinh noi tiép
(hinh12.5). Chuong trinh gia cong chi tiét nay c6 thé duoc viét nhu sau:

J%LF NO5 GO1 X240
NO1 G90 S850 F45 NO06 G47 X+280 Y-120 L18
NO2 G43 X-75 Y-80 L18 NO7 G47 X-250 Y-60 L18

NO3 G411-75J-80 X-120 YOL18  NO8 GOl X70 Y-55
NO4 G411-120J0X0 Y120 L18 NO9 X-140 M0O2

250

1

Hinh 12.5 So do gia céng cdc phdn contour khéng néi tiép nhau

Giai thich chuong trinh:

Cau lénh NOI: xdc dinh diéu kién gia cong (S=850vg/ph,
F=45mm/ph) va cich ghi kich thudc theo G90 (tuyét doi).

Cau I1énh NO02: hiéu chinh dao duong (G43) véi s6 hiéu chinh L18.
Diém 1 c6 toa do: X=-75 va Y =-80.

Cic lénh N0O3+NO5: dao cit bén trdi contour qua c4c diém 1,2,3 4.

Céc 1énh NO6 va NO7: dao dich chuyén theo cung ABC véi G47
(cung n6i ti€p theo chiéu kim dong hé). Toa do cha diém B’ bat ky trén tia
kéo dai ctha diém 3 va diém B. Dau trir (Y-120) cho biét phuong dich
chuyén ctia dao phay 1am cho toa do Y gidm. NO7 cho biét dao dich chuyén
tir diém B t6i diém C. Cic toa do X, Y mang dau trir (tai C’) cho biét
phuong dich chuyén ctia dao 1am cho ching giam.

Céc lénh NO8 va N09: dao dich chuyén vé diém 6 (qua 6°) va dimg
chuong trinh (M02).
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CHUONG 13. LAP TRINH CHO CAC
TRUNG TAM GIA CONG CNC

13.1. Pac diém cia ma hoa thong tin trong lap trinh cho
cac trung tam gia cong.

Trén cdc trung tam gia cong c6 thé thuc hién nhiéu nguyén cong
khiac nhau. Do viy, viéc lap trinh gia cong chi tiét cling rdt phic tap.
Trong chu ky gia cong mot chi tiét ¢ thé phdi thuc hién cac nguyén
cong: phay, khoan, doa, tién ,cat ren, v.v... trén cdc bé mit khdc nhau
bing bing nhiing dao cu khdc nhau. Nhu vay, khi lap trinh phai tinh dén
cdc bude phu nhu thay dao, dich chuyén hoac xoay chi tiét, thay do gd vé
tinh, dich chuyén cdc bo phian mdy tSi vi tri da dinh, v.v... Do d6 chuong
trinh gia cong chi ti€t ¢6 thé ¢6 t6i hang nghin ciau Iénh. Mdi cau lénh c6
thé gém c¢6 30 + 40 dia chi va trong d6 c6 thé cé cdc dia chi khdc nhau,
dac biét la chic nang G va va chic nang phu M. Cdc trung tam gia cong
duoc trang bi cdc bo vi xur 1y hién dai, chiing cho phép lap trinh gia cong
chi tiét véi céc chu trinh ¢6 dinh, cic chuong trinh con dién hinh va céic
chuong trinh con chudn. Mét s6 trung tam gia cong cho phép luu giir
trong bd nhd tdi hai trim chuong trinh con. Phan I6n cdc chuong trinh
con nay dugc thuc hién theo 1. 2 ciu lénh cua chuong trinh chinh. Dé don
gian hod lap trinh cho cdc trung tam gia cong ngudi ta dua vao chuong
trinh chinh cdi goi la “lap lai chuong trinh”. Nhitng “ldp lai chuong trinh™
¢6 thé duoc thuc hién bang s6 lan nhay cua chuong trinh con va s6 lan lap
lai cia chuong trinh chinh.

13.1.1. Cac chitc nang G.

Khi lap trinh cho cdc trung tam gia cong ngoai cdc chic nang G
thong dung nhu d6i véi cic mdy CNC thong dung khdc, nguoi ta s dung
nhirng chirc nang dic biét. Hinh 13.1 la vi du mot s8 chitc nang G dugc su
dung khi lap trinh cho cédc trung tam gia cong.

Hinh 13.1a: G73 la lénh dich chuyén theo hai truc (lic diu dao
dich chuyén theo quy dao tao thanh géc 45° véi X, sau d6 dao dich
chuyén song song véi truc X).

Hinh 13.1b: GO2 1a noi suy cung tron theo chiéu kim dong ho vai
hé kich thudce tuong doi:

N(1) G91 G17 G02 X84 Y20 150 J-23.
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Hinh 13.1c: GO3 la nodi suy cung tron theo chiéu kim déng hé véi
h¢é kich thudc tuyét doi:
N(i) G90 G17 GO3 X50 Y25 I-10 J-30
Hinh 13.1.d : GO2 1a ndi suy dudng tron véi kich thude tuong doi:
N(i) G91 G17 G02 X0 YO I-45 J-50
Hinh 13.1d: GO2 la noi suy vong tron véi hé kich thudce tuyét doi:
N(i) G90 G17 GO2 X200 Y250 1-40 J-50

Céc chic nang G11. G12, G13, G28 duoc dung dé xac dinh dich
chuyén cla dao t6i contour gia cong. Véi ciac G12, G13 va G28 dao ¢6
thé dich chuyén dén contour chi tiét theo cung tron, con G11 x4c dinh an
dao theo mot géc a (hinh 13.1e, g, h).

Dich chuyvén cta dao khi thay déi bé mit gia cong (hinh 131, i. k)
duge xdc dinh bang G27 (quy dao theo bén kinh) hoac G14 (quy dao theo
cdc doan thang). :

13.1.2. Cac chitc nang phu M.

V1 chuong trinh gia cong chi tiét trén cic trung tdm gia cong rat
phttc tap cho nén khi lap trinh nguoi ta phai sir dung nhiéu chitc nang phu.
Chic nang M17 la két thic mot chugng trinh con, con M20 1a chuyén vé
chuong trinh chinh. Chitc nang M19 la huy bd tat ca cic chitc nang da st
dung nhu M03 M04 M13 va M14. Chic nang M30 trung v6i M02 nhung
¢6 thém nhiém vu I goi trang thdi hé thong quay vé diém xudt phat cia
chuong trinh, nghia 1a tr& vé ky hiéu %. Céc chiic nang M50 va MS1 la
goi bo sung dung dich tron nguoi. Chitc nang M82 la huy bo énh dich
chuyén cua dao dén vi tri gia cong theo truc Y hoac Z trong lénh thay dao
(vi muon thay dao phai dich chuyén dao ra ngoai pham vi lam viéc cua
mdy, do d6 phai dung M82).

13.2. Hiéu chinh dao khi lap trinh.

So d6 hiéu chinh dao khi 1ap trinh cho céc trung tam gia cong rat
da dang, do d6 né cing tao diéu kién thuan lgi cho viéc 1ap trinh gia cong
cac bé mit khac nhau.

Gia tri hiéu chinh (diu + hoic-) duoc dua vao tir ban diéu khién
hoic tlr bang duc 16 va dugc luu gitt & d6 trong cach vi€t ciia hiéu chinh
vé6i dia chi D (kich thuéc thiang hoac dudng kinh) hodc véi dia chi H (dich
chuyén theo chiéu truc). Méi hiéu chinh déu kém theo s6.

Vi du: D05 =10mm; DOl = 15mm; D02 = 20 mm; D08 = 10 mm;
D07 = 12mm; D03 =12mm; D17 =-0,8 mm, v. v...
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Hiéu chinh dao dugc thuc hién bang cdc chiic nang sau:

G41-hiéu chinh dao bén trai contour chi tiét.

G42-hiéu chinh dao bén phai contour chi tiét

G45-tang kich thuée theo gid tri tuyét doi (gid tri hic¢u chinh duoc
cong thém vao gid tri da cho).

G46-giam kich thudce theo gid tri tuyét déi (gia tri hiéu chinh duoc
trir di gid tri da cho).

G47-tang kich thudce theo gia tri tuyét doi 1én hai l1an gia tri hiéu
chinh ghi trén s6 hiéu chinh.

G48-giam kich thudc theo gia tri tuyét doi xuéng hai lan gia tri
hiéu chinh ghi trén s6 hiéu chinh.

G43 va G44-xéc dinh hudng dich chuyén (duong hoidc am).

G40 - huy bo céc 1énh hiéu chinh khéc.

Du6i day ta nghién cttu mot s6 vi du hiéu chinh dao khi gia cong
trén cac trung tdm gia cong.

Vi du |: gia cong vong Y .
tron véi hiéu chinh ban kinh dao 130 T
phay (hinh13.2). o1 €/
Trén s6 hicu chinh D05 @
cd xdc dinh gid tri duong kinh 2"
dao phay 1a 10mm. Chuong trinh %0 2
he : R i
phay vong tron dugc viét nhu e 7
sau: 70 80 130 170 X
N10 G90 GO0 X70

Hinhl3.2. So do gia cong chi tiét theo
N15 G41 D05 X80 Y30 vong tron

N20 G03 X130 Y80 110 J-50 F500
N25 G02 X170 Y80 1-80JO F60
N30 G03 X80 Y 130 1-60 JO F500
N35 GO0 G40 X70 Y80
N40 X0 M02
Giai thich chuong trinh:
Cau lénh N10: xdc dinh vi tri clia dao tai diém 1.
Cau lénh NI5: hiéu chinh (D05) ban kinh dao & bén trdi contour
(G41) va xac dinh vi tri cia dao & diém 2 (vi hiéu chinh dao nén tam dao
nam trén duong cach déu, nghia l1a tam dao nim & diém 2°).
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Cau lénh N20: dich chuyén dao t6i dién 3 va xdc dinh luong chay
dao F=500 mm/ ph .Toa do tam cung tron tai diém 2: [=10 va J=-50.

Cau 1énh N25: gia cong theo vong tron véi tam X=170 va
Y=80.Cic dia chi I va J xdc dinh toa do tam cung tron [=-80 va J=0
(diém 3).

Cac 1énh N30, N35 va N40: dao tr vé diém 0 va két thiic chuong
trinh (M02).

Vidu 2: gia cong chi tiét vai hiéu chinh dao & hai phia (hinh 13.3)

20,0

D=
o %j/ 7 /; :gs
% 25 175. 200 240 X

Hinh 13.3. S0 do gia cong chi tiét vai hiéu chinh dao hai lan

D2

=150

D1

Trén s6 hiéu chinh dao DOI cho gid tri ban kinh dao phay la
I5mm va trén s6 hiéu chinh DO2 - bdn kinh dao phay 1a 20mm.

Chuong trinh gia cong dugce viét nhur sau:

N10 G90 GO0 X175 Y50

N15G42 D02

N20 GOl X25 F60

N25 G41 D01 X200 F40

N30 G40 X240

Giai thich chuong trinh:

Cau 1énh N10: dich chuyén dao nhanh téi diém 1 (toa do X=175
va Y=50).

Cau lénh N15: hiéu chinh dao bén phai contour véi s hiéu chinh
DO02. Tam dao dich chuyén dén diém 2.

Cau lénh N20: dao dich chuyén t6i diém 3 vdéi luong chay dao
F=60mm/ph. Toa do ctia diém 3 1a X=25.

Cau lénh N25: hiéu chinh dao (DO1) bén trai contour chi tiét
(G41). Tam dao lic dau dich chuyén tir diém 3 xudng diém 4 va sau dé6

197



vai lugng chay dao F=40 mm/ph dao dich chuyén t6i diém 5 (toa do

X=200).

Cau lénh N30: hiy bd lénh hiéu chinh dao (G40), dao dich
chuyén t6i diém 6 r6i trg vé diém 0 (toa do X=240).

Chuong trinh nay cho thay: bang cach thay déi hiéu chinh dao c6
thé thuc hién gia cong theo hai budc d6 1a D02-gia cong tho va DOl-gia

cong tinh.

Vi du 3: Gia cong chi ti€t vdi thay déi hiéu chinh dao ¢ mot phia

(hinh 13.4):

y N35
N4O N30
Né5 4 3
! Q0
i i
6 5 2
N50 /S ‘
/ |
/ '
(1 qg” z
QS / 3w o 100 140 X

Hinh 13.4. So do gia cong voi thay 4oi hiéu chinh dao ¢ mét phia

Trén s6 hi¢u chinh DO8 cho gid tri ban kinh dao phay l1a 10mm va
trén s6 hiéu chinh D07 xdc dinh gia tri hiéu chinh 14 12mm. Chuong trinh
gia cong doan contour chi tiél trén hinh 13.4 dugc viét nhu sau:

N10 G90 G17

N15 GO0 X140 Y40

N20 G42 D08

N25 GO X100 F60

N30 GO3 X90 Y50 1-10J0O

N35 GOl X40 D07

N40 G03 X30 Y40 10 J-10 DO8

N45 GO01 X0

N50 GO0 G40 X-35 M02

Giai thich chuong trinh:

Cau 1énh N10: xdc dinh hé kich thudc tuyét d6i (G90) va bé mat
gia cong XY (G17).

Cau lénh N15: dich dao dén diém 1(toa do X=140, Y=40).
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Cau 1énh N20: xac dinh hiéu chinh dao bén phai contour (G42) va
dao dich chuyén mot doan bang ban kinh 10mm theo s6 hiéu chinh DOS.

Cau lénh N25: n6i suy dudng thang, dao dich chuyén tir diém 1
dén diém 2 véi F = 60mm/ph (toa do diém 2: X=100).

Cau 1énh N30: ndi suy dudng tron ngugce chiéu kim dong ho
(G03), toa do tam cung tron tai diém 2: I=-10 va J=0, diém 3 c6 toa do
X=90 va Y=50.

Cau Iénh N35: lenh dich chuyén tir diém 3 dén diém 4. nhung do
¢6 hiéu chinh DO7 (12mm) cho nén lic dau dao dich ra xa 2mm roi sau
dé méi dich chuyén dén diém 4. Nhu vay trén bé mat (doan tir diém 3 dén
diém 4) con dé lai luong du la 2mm.,

Cau lénh N40: néi suy cung tron nguge chiéu kim dong ho véi
hi¢u chinh dao D08, toa do tam cung tron tai diem 4: 1=0 va J=-10.

Cau Iénh N45: noi suy dudng thang (GOl), dao dich chuyén tr
diém 5 dén di€m 6 (toa do cha diém 6 1a X=0).

Cau lénh N50: huy bo Iénh thay dao (G40), dao dich chuyén dén
diém 7 (toa do X=-35), M02 1a két thiic chuong trinh.

Vidu 4 : gia cong chi tiét v6i hiéu chinh lugng chay dao (hinh 13.5).

N30 |

P | N10

140 SN ]

%}s
[ %)
wl
(5,1
wny
~
wn

140 180 X

Hinh 13.5. So do gia cong vai hiéu chinh lugng chay dao

199



D€ hiéu chinh lugng chay dao khi gia cong ngudi ta sir dung G28.
Bén chit cua hiéu chinh lugng chay dao 1a khi dao dich chuyén gan dén
di€ém dich cia mot quy dao gia cong ndo dé (cic doan K trén hinh 13.5)
nguoi ta giam luong chay dao xuéng mot gid tri ndo do so véi luong chay
dao ban dau.

Dao phay dugc dung dé gia cong chi tiét trén hinh 13.5 cdc bdn kinh
10mm véi $6 hiéu chinh DO8. Chuong trinh gia cong chi tiét nay duge
viét nhu sau:

NO5 GO0 G17
N10 GO0 X180 Y140
N15 GOl F210
N20 G42 D08
N25 G28 K15 F147
N30 X30
N35 Y60
N40 GO3 X55 Y35 125
N45 G28 K5 F50
N50 GOI X75 F100
N55 G29
N60 GO0 G43 X140 Y35 D08
N65 G02 G41 X180 Y75 140 F80 D08
N70 GOO...
Giai thich chuong trinh:
Cau lénh NS5: xdc dinh kich thudc tuyét d6i (G90) va mit phang
gia cong XY (G17).
Cau lénh N10: dich chuyén dao nhanh dén diém 1 (toa do X=180
vaY=140).
Cau Iénh N15: noi suy dudng thang (GO1) va xé4c dinh luong chay
dao F=210 mm/ph.
Cau 1énh N20: hiéu chinh dao bén phai contour (G42) véi $0 hiéu
chinh dao DOS.

Cau Iénh N25: xdc dinh ché do hiéu chinh chay dao (G28), trén
doan K= 15 mm (tr diém 2 dén diém 3) luong chay dao giam
30%(F=30).
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Vi lénh N25 khi dao dich chuyén tir diém 2 dén diém 3 va ti

diém 4 dén diém 5 luong chay dao giam 30%, nghia la:
210(100% -30%) = 147 mm/ph

Cic Iénh N30-N35: dich chuyén dao tir diém | dén 3 va tir diém 3
dén diém 5.

Cau lénh N40: gia cong cung tron (GO03) dén diém 6 (X=55,
Y=35, [=25).

Cau lenh N45: hiéu chinh luong chay dao (G28) truéc diém 7
(K=5mm), & day lugng chay duo giam 50%.

Cau 1énh N50: dao dich chuyén dén diém 7 véi luong chay dao
giam 50% (theo N45). do do& F=50mm/phut.

Cau lénh N55: hus bo lénh hi¢u chinh lugng chay dao (G29).

Cau lénh N60: dich chuyén dao nhanh dén diém 8 .Chiic ning
G43 xac dinh vi tr cua dao khi dich chuyén dén contour chi tiét (& phia
ngoai cung tron ban kinh R=40). Toa do clia diém 8: X=140 va Y=35. S6
hiéu chinh dao: DOS.

Cau lénh N65: gia cong cung tron (G02) tir diém 8 dén diém 9 va
dao & bén trdi contour chi tiét (G41). Diém 9 ¢c6 toa do: X= 180 va Y=75.
Toa do tam cung tron: 1 = 40.

13.3. Lap trinh trong hé toa dé cuc.

Trong hé toa do cuc vi tri cla diém dich dugc xdc dinh bang ban
kinh va géc. Khi lap trinh nguoi ta dung chiic nang G20 véi toa do cuc dé
xdc dinh mat phang gia cong. Ngoai ra nguoi ta con dung cdc chire nang
sau diy d€ thay cho cédc chitc nang tuong tu dugc sir dung trong hé toa do
be Cac:

G10 - dich chuyén dao nhanh (tuong tur G0O).

G11- noi suy duong thang (tuong tu GO1).

G12- nodi suy cung tron theo chiéu kim dong hé (tuong tu GO2).

G 13- noi suy cung tron nguoc chiéu kim dong ho(tuong tr GO3).

Trong mot s6 hé diéu khién ¢6 thé sir dung déng thoi ca hé toa do
bé Céc va hé toa do cue.

Duéi day ta nghién ciu maot sO vi du 1ap trinh trong hé toa do cuc.

Vidu I: phay chi ti¢t 6 canh (hinh 13.6).

S6 hiéu chinh D04 véi dudng kinh dao phay [4mm.

Chuong trinh phay chi ti&t 6 canh dugc viét nhu sau:
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N5 G20 X100 Y75
NIOGI1 X45 A0
NI5 A60

N20 A120

N25 A180

N30 A240

N35 A300

N40 A0

Giai thich chuong trinh:

‘s

100 145 X

Cau lénh N5: xac X )
dinh mat phé’ing XWY véi Hinh 13.6. So do phay chi tiét sau canh

tam cuc diém M. Piém M ¢6 toa do: X=100 va Y=75.
Cau Iénh N10: n6i suy dudng thang (G11) va diém xuat phat |
(toa do X=45). Bin kinh R duoc tinh theo dia chi X, con géc theo dia chi

A.

Céc 1énh N15 + N40: dich chuyén dao lan luot theo cdc diém 2-3-
4-5-6-1. Ban kinh X=45 khong thay doi (theo N10).

Vi du 2: chuyén dong cua dao theo quy dao phiic tap (hinh 13.7).
Khi lap trinh gia cong theo mot quy dao phic tap ta ¢6 thé dich chuyén

cuc bang G20 hoac
bang G110, G111
(trong mot s6 hé
diéu khién ). Chic
nang GI110. G111
ngoai tinh chat nhu
G20 con xac dinh
chuyén dao nhanh
(G110) hoac ndi suy
dudng thang
(GI11).

Chuong
trinh cho quy dao
chuyén dong cua
dao trén hinh 13.7
duoc viét theo hai
phuong dn sau day:
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*Phuong 4n |:

NO1 G90 GO0 X0 YO

NO02 G20 X0 YO

NO3 G10 A30 B40

N04 G20 X37 Y17

NO5S G11 A60 B28 F60

NO06 G20 X50 Y42

NO7 A0 BI2

NO8 G20 X65

N09 A-65 B25

Giai thich chuong trinh:

Cau 1énh NO1: dao dich chuyén nhanh dén diém W (toa do X=0;
Y=0).

Cau Iénh NO2: xac dinh mat phang cuc (G20) va toa do tam cuc
(toa do X=0, Y=0). '

Cau lénh NO3: dich chuyén dao nhanh (G10) dén diém 1(bdn kinh
cho theo dia chi B, con goc - theo dia chi A). Cu thé trong lénh NO3 ta c6
B=40 va A=30". Chiéu duong ctia géc duoc tinh tir truc X dén truc Y.

Cau lénh NO4: dich chuyén tam cuc dén diém1 (X=37, Y=17).

Cau lénh NO5: dich chuyén dao dén diém 2 theo G11 (noi suy
dudng thang) véi luong chay dao F=60mm/ph, bin kinh B=28 va géc
A=60".

Cac cau lénh N06, NOS: dich chuyén tam cuc va xdc dinh mat
phing gia cong theo G20 tai cic diém 2, 3.

Ciéc cau lénh NO7, N09: thuc hién gia cong gitta cdc diém 2-3 va
3-4. Tai diém 3 ta c6 B=25, A=-65".

*Phuong dn 2:

Chuong trinh duge viét bang tmg dung G110 va G111 s& don gian
hon doi véi mot so hé diéu khién nhat dinh.

NO1 G90 GO0 X0 YO

NO2 G110 A30 B40

NO3 G111 A60 B28 F60

N04 GI11 AOBI2

NO5 Gi11 A-65 B25

Ta thdy trong cau lénh NO2 chitc nang G110 x4c dinh vi tri cua tam
tai cuc diemW va dong thoi dich chuyén nhanh theo quy dao c6 ban kinh
40 va géc 30", Chite nang G111 Ian luot dich chuyén tam cuc dén diém |-
2-3 va xdc dinh luong chay dao F cung céc thong <6 A, B.
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CHUONG 14 : TU PONG HOA LAP TRINH CHO MAY CNC

0 chuong 6 ching ta da lam quen vdéi khdi niém vé lap tinh bang
mdy (1ap trinh tw dong). Tuy nhién dé hi€u chi ti€t vé lap trinh tr dong va
kha nang ting dung thuc t&€ san suat ching ta phai nghién ctiu sau mot s6
van dé, dong thdi phan tich mot s& vi du cu thé,

14.1. Phan loai hé thong tu dong hoa lap trinh,

Céc hé thong tu dong hod lap trinh duoc phan loai theo cdc ddu hiéu
sau:

- Dua vao thiét bi va kha nang tr dong hoa chuan bi cong nghé: tu
dong hoa cong nghé va khong tu dong hod cong nghé.

- Dua vao chiic nang: chuyén dung; van ning; t6 hop. Hé thong tu
dong hod 1ap trinh chuyén dung dugc 1ap cho mot sd loai chi tiét va mot
sO loai mdy nhat dinh. Hé théng tu dong hod lap trinh van nang duoc lap
cho nhiéu loai chi tiét va nhiéu loai mdy khdc nhau. Hé thong tu dong hoa
lap trinh 16 hgp duge 1ap cho nhiéu nhom mdy khac nhau trén co s& mot
ngon nglt dau vao dé thuc hién nhitng nhiém vu dong nhat.

- Dua viio pham vi tng dung: dé gia cong cdc mat phéing song song
v6i cdc mat phang toa do; dé phay 2,5D; dé gia cong trén mdy tia llra
dien; dé gia cong cac chi tiét tréen may phay nhiéu toa do; dé gia cong
trén may tién; dé gia cong 16 trén cac méay khoan; dé gia cong céc chi 1iét
dang hop trén may khoan - doa va céc trung tam gia cong. .

- Dua vao mic do tu dong hod: mic do thap; mic do trung binh;
muc d6 cao. Hé thong tu dong hod lap trinh mdc do thap thuc hién cic
phép tinh hinh hoc trén mdy vi tinh (xédc dinh toa do cdc diém cta quy
dao dung cu cit) va thuc hién cédc chi dan vé thanh phian chuong trinh. He
théng tu déong hod lap trinh mic do trung binh cho phép chon thit tu céc
budc cong nghé khi gia cong timg bé mat chi tiét. Hé thdng tu dong hoa
lap trinh mic do cao cho phép thiét k&€ nguyén cong; diéu chinh dao, thit
tu cdc budc cong nghé va ché do cit.

Lap trinh tu dong (lap trinh bing may) cé hiéu qua cao hon hin so
v6i lap trinh bang tay.
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Vi du, khi lap trinh béing tay dé gia cong cénh tuabin trén mdy phay
phai can thuc hién 8000 phép tinh s6 hoc trén ban phim diéu khién clia
méy. D€ thuc hién 8000 phép tinh d6 cong nhan phai mat 8,5 ngay. Néu
dung mdy tinh va lap trinh bang ngon nglt APT (Automatically
Progammed Tool) thi chudu bi théng tin cho may tinh mat 30 phdt va
thuc hién cic phép tinh trén may tinh mat 3 phait.

Mot vi du khdc: gia cong dia ¢6 73 16 ndm cdch déu trén vong tron
dudng kinh 250 mm. Moi 16 can gia cong theo 3 budc: khoan tam, khoan,
doa. Khi lap trinh bang tay can phai tinh 146 toa do (mdi 16 cén tinh hai
toa do) vGi 438 cau lenh (mdi 16 can 3 budc cong nghé). D€ hoan thanh
cong viéc nay phai mat & gid. Néu 1ap trinh tu dong can 45 phit dé chuan
bi thong tin va 15 phiit d¢ thuc hién cdc phép tinh trén may vi tinh.

14.2. May tinh dung cho lap trinh tu dong.

Tdc do va dung luong bo nhé chia may tinh ¢6 anh huong quyét dinh
dén cac chi tiéu kinh t€ - ky thuat cua viéc lap trinh tu dong (lap trinh
bang may).

Ngoai nhitng mdy tinh van nang 16n ngudi ta da va dang su dung
nhitng mdy tinh nho dat ngay trong phan xudng gia cong dé thuc hién
viéc lap trinh. Hién nay ngudi ta con trang bi cho méi mdy mot may tinh
rieng. Nhu vay hé thong diéu khién c6 phitc tap hon nhung né lai cho
phép du dodn tinh trang mdy va lap trinh gia cong tai chd lam viéc. Mot
uu diém khdc cua mdy tinh ¢& nho 1a gid thanh thap va khi hong c6 thé
thay th€ mot cdach dé dang.

14.3. Cau truc cua hé thong tu dong hoa lap trinh.

Su hinh thanh mot chuong trinh diéu khién bang hé thong tu dong
ho4 lap trinh c6 thé dugc xem nhu 1a mét qua trinh xir 1y thong tin. Thong
thuong chuong trinh diéu khién duge hinh thanh qua 3 chuong trinh.
14.3.1. Chuong trinh tien xu 1y (preprocessor).

Chuong trinh tién xu 1y 1a nhitng chuong trinh dich nhimg thong tin
tir ngon ngir ddu vao sang ngdn ngir ctia mdy tinh. Chifc nang cua chuong
trinh nay bao gém:

1. Tinh todn cdc thong tin ban dau cua chi ti€t gia cong.
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2. DPua cac thong tin ban dau cua chi tiét gia cong trén man hinh

diéu khién hodc in ra gidy.

3. So sdnh véi nhitng thong tin nap vao véi két qua in ra dé phat hién
sai sot.

4. Chuyén nhiing thong tin dau vao thanh nhiing s6 thuc, con cic tlr
thanh ma quy dinh.

14.3.2. Chuong trinh xur ly (processor).

Chuong trinh xtt 1y c6 cdc chdc nang khdc nhausau:

[. Chuyén tat cd cdc dif lieu hinh hoc vé dang cong thiic todn hoc.

2. Xac dinh céc diém va cdc dudng cit nhau cla cdce y&u 16 hinh hoc.
3. Xap x1 hoa cac duong cong khiac nhau vdi dung sai nao do.

4. Du dodn céc sai s6 hinh hoc .

5. Xay dung cdc dudng cach déu ¢6 tinh dén phuong dich chuyén va
bidn kinh cua dao.

14.3.3. Chuong trinh hau xir 1y (post processor).
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Chuong trinh hau xu ly ¢é cic chite nang sau:

1. Tinh toan tit ca dit liéu cua chuong trinh xur ly.

2. Chuyén doi dit liéu dé sang toa do mdy.

3. Kiém tra theo gidi han clia may.

4. Tao cdc lénh dich chuyén cua dao ¢6 tinh dén gid tri cla cdc xung
diéu khién.

5. Tao cdc lénh cho chu ky thay dao.

6. Mai hoa va cho cac gid tri t8c do va lugng chay dao.

7. Cho lénh m& dung dich tron ngudi.

8. Xac dinh luong chay dao c6 tinh dén gidi han clia may.
9. Tao lénh hié¢u chinh dao.

10. In ra chuong trinh gia cong chi tiét.

1 1. Du dodn cdc sai s0.

[2. Xdc dinh thoi gian gia cong, tudi bén cla dao dé dinh mic va 1o
chitc cong viéc trén may.



14.4. Cac thuat ngit co ban dung cho lap trinh tu dong
(theo ISO).

Dé dinh nghia hinh hoc contour chi tiét ngudi ta dung céc thuat ngir
ticng anh ISO (bang 14.1).

Bang 14.1. Cdc thudt ngit co han ding cho 1dp trinh tie dong (theo 1SO

Thi Khdi nicm Thuatnglr | 7y Khdiniem | Thuatngt
. - Anh theo _ Anh theo
tu (y nghia) 1SO tu (y nghta) S0
f biém POINT 19 Hinh cau SPHERE !
2 buong thang LINE 20 Hinh tru " CYLINDR
3 Nam ngang XPAR 21 Hinh con CONE
i ;
) Cho bé mat ‘
4 Thiing diing YPAR 22 , i TABCYL |
theo bing 5
5 True X XAXIS 23 Vécto | VECTOR |
6 TryeY YAXIS | 24 Hé toa o MATRIX |
—
7 True Z ZAXIS 25 Lugng du I THICK
8 Dudomg tron CIRCLE 26 Tam i CENTER
9 Elip ELLIPS 27 Bin kinh RADIUS
to Hypepol HIPERB 28 Goc ATANGL \
Cho dudng cong o . | !
t N GCONIC | 29 Budc ‘ AT
bang giai tich
Cho dudmg cong .
12 . LCONIC 30 Ludi GRID
theo bing o
13 He cic diém PATERN 31 Cat nhau INTOF
14 Mat phang PLANE 32 Dich chuyén TRANSI.
15 Mt phiang XY XYPLANE | 33 Thay doi ty lé SCALE
16 Mat phane YZ - YZPLANE | 34 Tiép tuyén | TANTO
17 Mt phing ZX « ZNXPLANE | 35 Hinh anh guong MIRROR
18 Mait phang // XY )l ZSURF 36 Theo kim déng ho CLW
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Tiép bang 14.1

Thi Khai niém Thudtngd oy Khai ni¢m Thuat ngir |
w (5 nghta) Ao}y (¥ nghia) Ank e
![ 37 Nguge kim dong hd CCLW 59 Mat dan hudng DS
38 Bén tréi LEFT 60 Mit giGi han CS
39 | Cho ;fii":fghbﬁ"g QADRIC | 61 | Quay sang phai RIGHT
40 Lén han LARGE 62 Bén trong IN
31 Nho hon SMALL 63 Bén ngoai ouT
42 X 16n hon XLARGE 64 Dao & bén rdi TLLFT
43 X nho ho’rl XSMALL 65 Dao & bén phai TLRGT
44 Y 16n hon YLARGE 66 Dao nfim l.rén ma TLONPS
gia cong
45 Y nho hon YSMALL | 67 ‘31‘1‘1‘":'53 ’;t‘);vg‘" TLOFPS
46 Z 16n hon ZLARGE 68 bi GO
47 Z nho hon ZSMALL 69 Di t6i GOTO
48 Sang bén trai LFT 70 Gia 80 GODLTA
49 Sang bén phai RGT 71 Di bén trdi GOLFT
50 Tién FWD 72 Di bén phii GORGT
51 Lui BACK 73 Di vé phia trudc GOFWD
52 Lén trén Up 74 Lui vé phia sau GOBACK
53 Xudng dudi DOWN 75 bi Ién phia trén GoupP
54 bén TO 76 Di xuéng GODOWN
55 & tén ON 77 Quay quanh Z XYROT
‘L 56 Ding sau PAST 78 Quay quanh Y ZXROT
57 Vi tri ban diu FROM 79 Quay quanh X YZROT
58 Mat gia cong PS 80 Dao phay CUTTER




14.5. Cac ngon ngir lap trinh tu dong.

Hién nay trén th€ gidi cé khoang hon 100 ngén ngir 1ap trinh tu
dong. Cac ngon nglt ndy duoc trién khai d€ 4p dung vao thuc 1& san xudt.
Tuy nhién mot s6 ngon ngit khong duge st dung rong rai vi ching c6
nhitng nhugc diém nhat dinh.

Trong khi d6 ¢6 mot s6 ngon ngit tuy duge xay dung tir lau nhung
van con duoc str dung cho dén ngay nay. Cac ngon ngit d6 ¢o vu diem
nhu sau:

- Xdc dinh bai toin moét cich don gian (khong can tinh todn
nhiéu).

- Céac ngon ngir dé hiéu va dé nhd, phu hop véi cac khai niém cua
cong nghé ché tao may.

- V6i it dit liéu dau vao van ¢6 thé san sinh duoc nhiéu dit li¢u dau

- Nhitng tinh todn can thiét déu do mdy tinh thuc hién.

- Han ché& cac 161 1ap trinh.

Dudi day 1a mét s6 ngon ngit 1ap trinh NC duge st dung rong rdi 0
cdc nudc cong nghiép phat trién.
- APT (Automatically Programmed Tool). Ngon ngir 1ap trinh nay duge
xay dung & M§. N6 cho phép giai quyét nhiéu bai todn hinh hoc khéc
nhau khi lap trinh gia cong trén mdy phay nhiéu toa do. Ngon ngir nay la
co s6 cho cdc ngon ngit cua 1SO. Trén co s cha APT da hinh thanh cic
ngon ngit sau day:
- ADAPT dé lap trinh gia cong trén may phay 2,5D.
- AUTOSPOT dé lap trinh cho nguyén cong khoan .
- EXAPT-1; EXAPT-2; EXAPT-3 (Diic) c6 thé thuc hién chon dao va
xdc dinh thong s6 ché do cit.
- NELNC (Anh)
- IFAPT (Phép)
- FAPT (Nhat)
- MODAPT (Y)
- PROGRAMAT (Diic).



G Lién X6 va cic nudc dong Au trude day ciing da xay dung
nhiéu ngén ngtt tu dong khac nhau, vi du:
+ CITIC, CATI1-2, CIITC. Cic ngdn ngir nay dugec xay dung vao nhitng
nam dau cua thap nién 60 cta th€ ky XX.

Ngon ngit CTITC duge st dung dé lap trinh gia cong céc bé mat
chi ti€t 2,5D.

Ngon ngit CATI-2 dugc sir dung dé lap trinh gia cong cdc contour
chi ti€t trong mat phang song song véi cidc mat phang toa do.

Ngon ngir CTITC duoc st dung dé lap trinh gia cong chi tiét dang
truc trén cdc mady tién.

- CIC-T duge xay dung trén co s& cua CIITC dé lap trinh gia
cong trén cadc may tién.

- CATIC dugc xay dung trén co sd clia APT, ¢6 kha nang phat
hién cdc 16i va chi ra cdch stra cic 16i dé.

- CIIC-K dé lap trinh gia cong trén cdc mdy khoan - doa va céc
trung tdm gia cong.

- ECTIC-TAY dé lap trinh gia cong trén cdc mdy phay 2,5D.

- TAY-C dé lap trinh gia cong 18.

- TAY-CP® dé lap trinh gia cong trén cac may khoan, mdy doa va
gia cong 16 trén mdy phay 2,5D.

- TAY-T dé lap trinh gia cong trén may tién.

- CAII-EC dé€ lap trinh gia cong trén cdc mdy tién, phay, khoan,
doa bang mot hodc nhiéu loai dao .

- CI1[] YITY dé lap trinh gia cong trén nhiéu loai mdy phay va
mady khoan.

- TEXTPAH dé lap trinh gia cong trén nhiéu loai may khac nhau.

- MUK POAIIT dé lap trinh gia cong trén cdc mdy tién, mdy
khoan, may phay va mdy gia cong dién an mon.

- ECTIIT dé lap trinh gia cong trén cac nhém mdy khoan, may tién
va mdy phay.
14.6. Cac khai bdo dinh nghia .

Nhin chung, cdc chuong trinh dugc 1ap bang ngon ngit 1ap trinh tu
dong déu bao gdm cic khai bdo dinh nghia nhu: khai bdo s6 hi¢u chuong
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trinh, khai bdo s6 hoc, khai biao dinh nghia hinh hoc, khai bdo ché do gia
cong, khai bdo chuyén dong cta dao, v.v... Dudi day, ta nghién ciu cic
khai bdo dinh nghia néi trén.

14.6.1. Khai bao PARTNO, MACHIN va CLPRNT.

- Bit dau chuong trinh dugc xac dinh (khai bdo) bang thuat ngir
PARTNO va sau tir nay c¢6 cdc ki hiéu / v&i cdc chir va s6 khac nhau. Vi
du: PARTNO/PRNI.

- Lénh MACHIN / ... cho biét bo hau xur ly nao phai goi ra sau bd
xur ly. Lénh nay dugc dat sau lénh PARTNO hoac truée 1énh FINI & cu6i
chuong trinh.

- Lénh CLPRNT cho phép céc file CL hay (CLDATA) duoc in ra
0 dang thong ké ma ta cé thé quan st duge. Lénh nay duge xdc dinh
bang mot tir CLPRNT.

14.6.2. Khai bao s6 hoc.

Dé thuc hién céc phép tinh ngudi ta st dung cdac ham s6 luong
gidc nhu: SINF (sin), COSF (cosin), TANF (tang), ATANF (actang).
SQRTF (can bac hai) va ABSF (gia tri tuyét d6i). Vi du: B=20*SinF(30.5)
c6 nghia 1a gid tri bién doi trong toa do cuc B bing 20 nhan véi sin
3030,

14.6.3. Cac khai bao hinh hoc.

Céc khai bdao hinh hoc duge biat dau bang mot tir, sau do6 [a ki
hiéu /, sau ki hiéu nay 1a phan xdc dinh cu thé yéu t6 hinh hoc. Dang
chung ctia khai bao hinh hoc dugc viét nhu sau:

A=B/C
O day: A - ky hiéu cha gia tri bién di hinh hoc;

B - tir chinh;

C - tir cap hai xic dinh yéu t6 hinh hoc.
14.6.3.1. Khai bao xac dinh diém.

Khai bdo hinh hoc xdc dinh diém duge xdc dinh bing tir POINT
véi cdc phuong phap sau day:

1. Diém dugc xdc dinh bing céc toa do (hinh 14.1a).

Ppiém = POINT/X, Y ,Z
P1 = POINT/50.24, 63.8
P10 = POINT/50.24, 63.8, 100



2. Diém dugc xac dinh bang cic toa do cuc (hinh 14.1b).
P1 = POINT/RTHETA, XYPLANE, 72.3, 37.5

Cic tir phu RTHETA va XYPLANE cho biét diém duge xdc dinh
bing toa d6 cuc trong mat phang XOY. Thong s6 modun cla vecto xuat
phat tir goc toa do, con goc la goc giira vecto va truc X.

3. Diém duogc xac dinh bing su giao chia hai duong thang (hinh
14.1¢).

P2 = POINT/INTOF, L1, L2

Tu INTOF cho biét diém dugc xac dinh bang su giao nhau cla céc
dudmg thang. Cac dudng thing duogc ki hiéu bang L1 va L2,

4, Diém duogc xdc dinh bing sy giao nhau gita duong thang v6i
duong tron (hinh 14.1d).

XSMALL
2 XLARGE )
Diém = POINT , INTOF, duong thang , dudng tron
YSMALL
YLARGE

Toa do X nho duogce ki hieu XSMALL: Ynho - YSMALL; X 16n -

XLARGE va Y lén - YLARGE.

Y
638  PI
// ]
PO
} )
i
0 L ,gso,zz. )
s 0 P
z/____i/ X b) X x
100 a)
y Y c7
P25
O P7
L9 4]
0
X 0 P3 X
d)
c2 tf)

Hinh 14.1. Khai bdo dinh nghia cdc diém
Diém P7 va P25 trén (hinh 14.1d) dugc viét nhu sau:
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P7 = POINT/YSMALL, INTOF, L9, C6
P25 = POINT/YLARGE, INTOF, L9, C6
Cic trudng hop dic bict: dudng thang ndm ngang ta c6 XSMALL
vd YLARGE ; duong thiang dimg - YSMALL va YLARGE.
5. Diém dugc xdc dinh bang diém giao nhau cta hai dudng trdon
(hinh 14.14d)
XSMALL
L XLARGE
Diém = POINT , INTOF, duong tron 7, duong tron 2.
YSMALL

YLARGE

Cédc ki hiéu XSMALL, XLARGE, YSMALL va YLARGE dong
thdi cho biét giao nhau ctia hai duong tron. Diém P3 va P1 duoc xdc dinh
nhu sau:

P3 = POINT/YSMALL. INTOF, C7, C2

Pl = POINT/YLARGE. INTOF, C7, C2

6. Diém trén duong tron duge xdc dinh biang géc & tam (hinh
14.1e).

biém = POINT/tén dudng tron, ATANGL, géc

P5 = POINT/C10. ATANGL, 45

T ATANGL cho biét diém dugc xdc dinh bang géc gilta ban
kinh (néi tam dudng tron vai diém) va truc X.
14.6.3.2. Khai bao xac dinh duong thang.

Pudng thing dugc ky hiéu bang tir LINE va duge xdc dinh bang cdc
phuong phdp sau day (hinh 14.2):
I. Puong thang di qua hai diém.
Puong thang = LINE/diém |, diém2
Dudng thang = LINE/X1, Y1, X2, Y2
X1,Y1, X2, Y2 - toa do ciia diém | va diém 2 (gia dinh).
Trudng hop trén hinh 14.2a cho ta:
L1=LINE/P7, P9
L1=LINE/60, 47.8, 25, 55

Doi véi cac dudng thang cat truc X va truc Y:
LX=LINE/0, 0, 30,0



LY=LINE/0, 0, 0, 30
Ta thdly: dudng thang LX di qua goc toa do (X=0, Y=0) va diém
trén truc X ¢6 toa do (X=30, Y=0), duong thang LY di qua goc toa do
(X=0, Y=0) va diém trén truc Y c6 toa do (X=0, Y=30).

Y Y Y L1
P1

P3

551-= P7 30p--- 0nn/
o -—\—}kq\u |~ 31°30 )

| | ! 90

! | | L3 P7

i ' i

: ] f L8
4] 1 i { —

25 60 X 0 15 X 0 X

a) b) c)
Y iz sV L3
S c5
4
L7
P1
4 >
0 X 0 X
d) 7)

Hinh 14.2. Khai bdo xdc dinl dicong thing
2. Pudng thang di qua mot diém cho trudc va tao thanh mot géc
31930 véi truc X (hinh 14.2b).
DPuong thang=LINE/diém, ATANGL, géc
Duong thang trén hinh 14.2b duogc x4c dinh nhu sau:
L3=LINE/P1, ATANGL,-31.5
L3=LINE/IS5, 30, ATANGL, -31.5
3. budng thing di qua mot diém cho trudc va vuong géc voi mot
dudng thang cho trudc (hinh 14.2c).
Puong thaing=LINE/diém, PERPTO, dudng thiang
LI=LINE/P7, PERPTO, L8
Tir PERPTO cho biét duong thang can xdc dinh vuong goc véi
dudng th'c‘ing cho truge (L8).
4. Buong thang song song véi dudng thing cho trudc va cach
duding thang nay mot khoang nhét dinh (hinh 14.24d).
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XSMALL
) 5 XLARGE , .
Duong thang = LINE/PARLEL, duong thing l,{ YSMALIJ . khoang cich

YLARG

Duong thang 2 - duong thing cho truéc. Khoang cach la khoang
cdch tir dudng thang 2 dén dudng thing can tim. Céc ky hi¢u XSMALL.
XLARGE, YSMALL vi YLARGE cho biét vi tri clia dudng thang phai
tim so v&i dudng thang cho truée. Nhu vay dudmg thing L1 duge xéc dinh
nhu sau:

LI=LINE/PARLEL, L2, YSMALL, 15

Tir PARLEL cho biét duong thang phéi tim song song véi dudng
thing cho trudc.

Néu duong thang L1 song song véi truc X ta dung ky hiéu
YSMALL va YLARGE, con néu dudng thang L1 song song vdi truc Y ta
dung ky hiéu XSMALL va XLARGE. ‘

5. Dudng thiang di qua mot diém cho truée va tiép tuyén véi mot
dudng tron (hinh 14.2d).

Duong thing = LINE/dié'm,{ RLISIEITT } TANTO, dudng tron

Diém va dudng trdn duge cho trude. RIGHT chi diém tiép tuyén
ndm & bén phdi dudng thing néi tir diém cho trudc véi tam dudng tron
néu ta nhin tir diém cho trude t6i tam duong tron. LEFT chi vi tri di¢m
tiep tuyén ¢ bén trdi. Tir TANTO chi ti€p tuyén hinh hoc. Nhu vay cac
duong thang L7, L3 (hinh 14.2d) duge x4c dinh nhu sau:

L7 = LINE/P1. LEFT, TANTO, C5
L3 = LINE/P1., RIGHT, TANTO, C5

6. Duong thing tiép tuyén v6i hai dudng tron (hinh 14.2e).

. s RIGH . R RIGH
Duong thang--LINE/{LEFT , TANTO, duong tron 1’/{LEFT .

TANTO, dudng tron 2

Cac duong thang L10, L11, L12 va L13 trén hinh 14.2¢ duoc xdc
dinh nhu sau:

L10=LINE/LEFT, TANTO, C7, LEFT, TANTO, C6
L10=LINE/RIGHT, TANTO, C7, LEFT, TANTO, C6
L10=LINE/RIGHT, TANTO, C7, RIGHT, TANTO, C6

(8]
—
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LI10=LINE/LEFT, TANTO, C7, RIGHT, TANTO, C6

O day: RIGHT va LEFT chi vi tri cba diém tiép tuyén bén phai
hodc bén trdi dudong thang noi hai tam cta hai dudng tron.
14.6.3.3. Khai bao xac dinh duong tron,

Ciling nhu cdc trudng hgp ¢ trén ta gia st dudng tron nam trong
mat phing XOY (khong tinh kich thuéc theo Z). Puodng tron duge xic
dinh bang cac phuong phdp sau day (hinh 14.3):

1. Buong tron duge xdc dinh bang tam va ban kinh (hinh 14.3a).

Duong tron=CIRCLE/X, Y, ban kinh

3 day: X, Y 1a toa do cha tam dudng tron: ban kinh la gid tri cia
bdn kinh dudng tron phai tim.

2. Budng tron duge xdc dinh bang ban kinh va ti€p tuyén vdi hai
dudng thing cit nhau (hinh 14.3b).

XSMALL XSMALL
. . XLARGE . . | XLARGE .
buong tron=CIRCLE/< ysmALL /. dudng thangg ySMALL ¢ duong
YLARGE YLARGE

thang, RADIUS, bén kinh.

O day: cdc dudng thang dugc cho truée. RADIUS la bin kinh cia
duong tron phai tim. Cdc ky hiéu XSMALL, XLARGE, YSMALL va
YLARGE cho biét vi tri cia tim dudng tron phai tim so v§i cdc duong
thiang cét nhau (cao hon, thap hon, bén trdi hodc bén phai). Nhu vay céc
duong tron CI, C2, C3 va C4 trén hinh 14.3b dugc xac dinh nhu sau:

Cl = CIRCLE/XLARGE, L7, YSMALL, L9, RADIUS, I5

Cl = CIRCLE/XSMALL, L7, YSMALL, L9, RADIUS, 15

C3 = CIRCLE/ XSMALL, L7, YLARGE, L9, RADIUS, 15

C4 = CIRCLE/XLARGE, L7, YLARGE, L9, RADIUS, 10

Cic dudng tron trén day ciing ¢6 thé duge xdc dinh bing cédch
khdc, vi du, duong trdn C4 ¢6 thé dugc xdc dinh nhu sau:

C4=CIRCLE/YSMALL, L7, XLARGE, L.9. RADIUS, 10

3. Dudng tron dudc xdc dinh bang bidn kinh ti€p tuyén vdi dudng
thang va di qua mot diém cho trude (hinh 14.3¢).

XSMALL
Pudng tron =CIRCLE/TANTO, dudng thing, ?%ﬁiﬁﬁ diém, RADIUS,
ban kinh YLARGE
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Hinh 14.3. Khai bao xdc dinl duong tron

G day: diém c6 thé thude hoac khong thuoc duding thing, RADIUS
la ban kinh ctia dudng tron phai tim, con XSMALL, XLARGE, YSMALL
vd YLARGE chi vi tri clia tam dudng tron so véi diém cho trudc. Cic
duomg tron C7, C8 trén hinh 14.3c dugc xac dinh nhu sau:

C8=CIRCLE/TANTO, XLARGE, P6, RADIUS, 25

C7=CIRCLE/TANTO, XSMALL, P6, RADIUS, 25
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Ta c6 thé thay XSMALL vd XLARGE bing YSMALL ma véin
khong thay doi tinh déng nhat cta C7 va C8.
4. Duong tron duge xdc dinh bing ban kinh tiép tuyén véi duong
thing va cung clia dudng tron cho trude (hinh 14.3d).

XSMALL XSMALL
. o XLARGE . B XLARGE| [IN
Puong tron = CIRCLE YSMALL , dudng thang, YSMALL ’{OUT}’
YLARGE YLARGE

duong tron RADIUS, bén kinh.

Vi du: cac dudng tron C1 va C4 wrén hinh 14.3d duge xdc dinh
nhu sau:

CI=CIRCLE/YLARGE. L.20, XSMALL. OUT, C9, RADIUS, 15
C4=CIRCLE/YSMALL, L20, XLARGE, IN, C9, RADIUS, 15

o day: duong thang (L20) va dudng tron (C9) di cho trudc.
RADIUS la ban kinh cta dudng tron can tim. IN vd OUT cho biét diém
ti€p xtc bén trong hay bén ngoai dudng tron (IN - tiép xuic trong, OUT -
ti€p xuc ngoai). Cic ky hiéu dau XSMALL, XLARGE, YSMALL,
YLARGE cho biét vi tri cia tam dudng tron phai tim so véi dudng thang
cho truée, con cdc ky hi¢u cuoi XSMALL. XLARGE., YSMALL,
YLARGE cho biét vi tri cia tam duong tron phai tim so véi tam duong
tron cho truée (doi véi dudng tron Cl thi YLARGE cho biét tam duong
tron ndm & phia trén dudng thang L.20, con XSMALL cho biét tam dudng
tron C1 nam bén trdi tam duong tron cho truge C9 va nam ngoai (OUT)
dudng tron C9).

5. Pudng tron dugc xdc dinh bing bdn kinh va ti€p tuyén véi hai
duong tron cho trude khdc (hinh 14.3d).

YSMALL OuT
YLARGE
dudng tron 2, RADIUS, ban kinh

C3=CIRCLE/YSMALL, IN, Ci, OUT, C2, RADIUS, 21

G day: ciac duong tron Cl, C2 la cac dudng 1ron cho trude (da xac
dinh trude), IN va OUT cho biét cac ti€p tuyén bén trong hay bén ngoai
voi mot trong cac duong tron cho trude. Cac ky hiéu XSMALL,
XLARGE, YSMALL, YLARGE cho biét vi tri cta tam dudng tron phai
tim. Nhu vay ta ¢6 dudng tron phai tim C3 nim & dudi tam dudng tron Cl

XSMALL IN
Pudng tron=CIRCLE /] XLARGE { IN },dufmg tron | {OUT}’
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va & bén trong (IN) duong tron Cl, tiép tuyén bén ngoai (OUT) véi dudng
tron C2.

6. Pudng tron duoc xdc dinh bing tam va ti€p tuyén vai dudng
tron khac cho truge (hinh 14.3e).

e . .. [LARGE L
buong tron=CIRCLE/CENER. diém, {SMALL} TANTO, dudng tron
CI=CIRCLE/CENTER. P3. SMALL, TANTO, C7
Cl=CIRCLE/CENTER. P3. LARGE, TANTO, C7
3 day: diém 12 tam duding tron cho trude, dudng tron & cudi dong
chinh la duong tron cho trudce. ti€p tuyén véi dudng tron phai tim.
CENTER va TANTO cho biét tam va tiép tuyén cta dudng tron. LARGE

va SMALL cho biét cach chon mét trong hai dudng tron (I6n hon hay nho
hon).

7. Dudng tron di qua ba diém (hinh 14.3g).
Pudng tron=CIRCLE/diém I, diém 2, diém 3
C6=CIRCLE/P3, P2, Pi

biém 1, diém 2 va diém 3 1a céc diém cho trudc mi dudng tron sé
di qua (ba diém c6 khoéng cdch biang nhau dén mot tam chung).
14.6.3.4. Khai bao xac dinh contour.

Khai bdo xdc dinh contour (hinh 14.4) dugc viét nhu sau:

Contour=CONTUR/ diém 1, cdc yé€u t6 cla contour va cac ky
hiéu, diém 2.

- Contour gém nhitng doan thang (hinh 14.4a):

CONTI1=CONTUR/PI1,L1, L2, L3, L4, L5, L6, P2.

0] day: chi cé cdc doan thang cat nhau cho nén khéng cé cdc ky
hiéu XSMALL, ..., YLARGE.

- Contour gém cdc dudng thing va cdc dudng tron (hinh 14.4b):

CONT2=CONTUR/P3, L1, CCLW, YSMALL, C1, XLARGE. L2, L3,
CLW, YLARGE, C2, XLARGE, L4, P4.

Trong vi du nay cdc ky hi¢u CLW (theo chiéu kim déng hd) va
CCLW (ngugc chiéu kim dong hd) chi phuong chuyén dong theo cung
tron, con cac ky hieu XSMALL,..., YLARGE chi cédc diém cat nhau.

- Contour gém nhiéu doan théng chuyén ti€p lién tuc (hinh 14.4¢):
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CONT3=CONTUR/P4, L1, CLW, C2. CCLW. C3, CLW, C4, L3, CLW, C5, L4,
PS

3 day chi ding céc ky hiéeu CLW vd CCLW (vi contour chuyén
tiép déu). Trong thuc t€ dang contour ndy dugc sir dung rong rii hon cdc
dang contour khac
(vi n6 cho phép hiéu
chinh dao theo bdn
kinh mot ciach dé
dang).

14.6.4. Khai bao
chuyén dong cua
dao

Khai bao nay
cho phép mo ta dich
chuyén ctia tam dao
dén diém cho trudc
va phuong phdp dich
chuyén (xdc dinh
diém xuat phdt, dich
chuyén dén diém xic
dinh, dich chuyén
theo gia s0).

Dang khai
bio nay duogc viét
nhu sau: Hinh 14.4. Vi du cdc contour chi tiét

Tir chinh / phan thi cap

Phan thit cap la cdc hing s6, cdc bién déi hoac t6c do dich
chuyén.

14.6.4.1. Khai bao xac dinh diém xuat phat.
Khai bao nay dugc viét nhu sau:
[. FROM/Diém
2. FROM/X,Y,Z
O day: FROM - tir chinh cho biét dang khai bio;

Diém - chi diém ban diu (diém xudt phdt) ciia chuyén dong;



X, Y, Z - cic toa do clia diém xudt phat theo cac truc.

Vi du: FROM/P2: FROM/P4; FROM/150, 40, 100

(P2. P4 la tén cidc diém xudt phat; X=150, Y=40 va Z=100 1a toa
do cua diém xuat phat).
14.6.4.2. Khai bao xac dinh diém dich.

Khai bdo nay cho phép xdc dinh toa do cta tam dao sau khi da
chuyén dong tir diem dau (diém xuat phat) dén diém cudi (diém dich) va
duge Ky hiéu bang tir GOTO. Dudi day 1a mot s6 vi du cta khai bio nay.

- GOTO/P8 cho bié¢t tam dao dich chuyén dén diém PS.

- GOTO/PS8, 1200 cho biét tam dao dich chuyén dén diém P8 vai
luong chay dao 1200 mm/phuit.

- GOTO/205, 136.7, 25.86, 50 cho biét tam dao dich chuyén dén
diém c6 toa do X=205, Y=136.7, Z=25.86 vdi lugng dao chay 50
mm/phut.

- GOTO/44+35.7#COSF(35),98+35.7*SINF(35),102.5, 800 cho
biet tam dao dich chuyén dén diém co toa do: X=44+35,7cos35",
Y=98+35,7sin35", Z=102,5 véi luong chay dao 800mm/phuit.
14.6.4.3. Khai bao chuyén dong theo gia so.

Khai bdo ndy cho phép xdc dinh gia tri dich chuyén theo gia 6 cla
tam dao. T chinh cua khai bdo nay 1a GODLTA. Xét hai vi du sau:

- GODLTA/0, 0, -50 cho biét tam dao chuyén dich theo truc Z véi gia
tri Z=-50 (dich chuyén tir chi¢u duong dén chiéu am).

- GODLTA/20, 30, 50. 180 cho bi¢t tam dao dich chuyén theo ca
3 truc véi gid tri (gia s0) X=20, Y=30, Z=50 va luong chay dao
180 mm/phuit.
14.6.4.4. Khai bao chuyén déng theo contour.

Khai bdo nay dugc viét nhu sau:
ACT/CONTUR

O day: ACT la tit chinh, con CONTUR i contour da xac dinh
trude (xem 14.6.3.4), vi du:

CONTI=CONTUR/PI, L2, CLW, C3, L4, P2
ACT/CONTI

Ciach khai bdo nay c6 thé dugc Gng dung dé xac dinh chuyén dong
ctia mot contour phiic tap gébm nhiéu contour don gian,vi du:

CONT2=CONTUR/P1 ... P2
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CONT3=CONTUR/P2 ... P3
CONT4=CONTUR/P3 ... P4
CONTS=CONTUR/P4 ... P5
ACT/CONT2, CONT3, CONT4, CONT5

14.6.5. Khai bao ché do gia cong.

Khai bdo nay con dugc goi la khai bdo cong nghé. Ngudi ta ding
khai bdo nay dé xdc dinh cdc diéu kién cong nghe dé gia cong chi tiét.
Duéi day la mot $6 khai bao cong nghé.

I. Khai bdo ché dé chay dao.

FEDRAT/toc do. { MIPM }

O day: MPT

FEDRAT la tir chinh xac dinh dang khai bdo con t6c¢ do la gid tri
cua toc do chay dao.

Ky higu MPT va MPM cho biét t6c d6 chay dao cho theo
vong/phut (MPT) hay mm/phit (MPM).

Vi du: FEDRAT/800, MPM cho biét sau khi cho khai bdo bo hau xur

[y (postprocessor) tao ra doan chuong trinh diéu khién co cau chdp hanh
ctia mdy véi luong chay dao 800 mm/phut.

2. Khai bao mo va dong truc chinh ciua may.

ON
SPINDL
OFF

O day: SPINDL la tir chinh xdc dinh dang khai bdo, ON 12 md
truc chinh va OFF la déng truc chinh.
3. Khai bdo dich chuyén nhanh RAPID.
4. Khai bao ding gia cong STOP hodc trong chuong trinh ¢é lénh
tuong duong MOI (M1).
5. Khai bdo xdc dinh chiic nang phu AUXFUN/s0.
S6 & sau ky hiéu / cho biét chic nang phu. Vi du, AUXFUN/8: s6 8
nghia [a MO8 (M8) va m& dung dich tron ngudi.
6. Khai bdo thoi gian ding DELAY/thoi gian.
Ti thoi gian & sau ky hiéu / cho biét thoi gian dung theo giay. Vi du:
DELAY/2 (dung 2 giay).
7. Khai bdo hiéu chinh dao CUTCOM/thong so.
Tir “thong s6” & sau ky hiéu / cho biét dang hiéu chinh dao. Vi du,
CUTCOM/4305. Y nghia ctia khai bdo ndy nhu sau: hiéu chinh dao
duong (G43) theo chiéu dai (truc Z), s& hiéu chinh N°5 (D5).
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14.7. Cac vi du lap trinh tu dong.

Dudi day ta nghién citu mot s6 vi du lap trinh tu dong bing cic
ngon ngit  khéc

nhau. . X
c
Vidu I: g lp=210 '
Lap trinh —"]
cho nguyén cong || 7
tien chi tiét trén ) (I N A1
hinh 14.5. zm S-+1] 2
Hinh 14.6 T
la ky hiéu céc j 8
guyén t6 hinh hoc Lyemi = 180
cia contour chi
tiét.
Trong vi 260

du nay ta lap trinh
gia cong budc | Hinh 14.5. So do cho ldp trinh bang ngon ngit EXAPT-2
(tién dau phai cia

chi tiét nhu so dé gd dat trén hinh 14.5). Nhu vay ¢ budce | ta chi gia cong
duoc 3 doan v6i chiéu dai fa 110 mm.
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Hinh 14.6. Ky hiéu cdc véu 16 hinh hoc cho EXAPT-2
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Chuong trinh dugc viét bang ngon ngit EXAPT-2 nhu sau:
I PARTNO/WALSZ
2 MACHIN/I6K20F3-N221
3 PART/MATERL, 4
4 CONTUR/BLANCO
5 BEGIN/O, 0, XLARGE, PLAN, 0
6 RGT/DIA, 60
RGT/PLAN, 210
RGT/DIA, 0
9 TERMCO
10 CONTUR/PARTCO
11 BEGIN/O, 0, XLARGE, PLAN, 0, BEVEL, 2
12 M1, RGT/DIA, 30
13 LFT/PLAN, 40
14 P1=POINT/40, (40/2)
15 A=ATAN(1/10)
16 LI=LINE/P1, ATANGL, A
17 RGT/LI
18 LFT/PLAN, 85
19 RGT/DIA, 54
20 M2, RGT/PLAN
21 LFT/DIA, 50, BEVEL, |
22 RGT/PLAN, (210-75.4)
23 LFT/DIA, 38, BEVEL, |
24 RGT/PLAN, (210-30)
25 LFT/DIA, 23, BEVEL, |
26 M3, RGT/PLAN, 210
27 RGT/DIA, 0
28 TERMCO
29 CLDIST/2
30 SAFPOS/220, 50,
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[ OVSIZE/FIN, 0, 5
32 CHUCK/810006, 180, 100, 30, 40, 30
3 CLAMP/O

34 AI=TURN/SO, LONG. TOOL. I, I. OSETNO. I, SETANG. 90.
ROUGH

35 A2=CONT/SO, TOOL, 2, 2, OSETNO, 2. SETANG, 90, FIN
36 CUTLOG/BIVORE

37 COOLNT/ON

38 WORK/AL, A2

39 CUT/M2, TO, M3

Giai thich chuong trinh:

Cac khat bdo (1 + 3): 1-s6 chi ti¢t (truc); 2-may (16K203H221):
3-chi tiét, vat ticu, mia 4. :

Cdc khai bdo (4 + 9): d-contour phoi; 5-di¢m goc (X=0. Z=0. X
I6n hon. chiéu theo mat dau, Z=0); 6-bén phai, duong kinh 60: 7-bén
phai, chi¢u theo mat dau, Z=210; 8-bén phai, dudng kinh 0 (doan ao dé
khép kin contour); 9-két thic contour.

Cac khat bao (10 = 28): md ta contour chi tiét (hinh 14.6).

Trong d6: [4-diém Pl ¢6 toa do Z=40, X=40/2: 15-xic dinh o
hoc A=arctg(1/10); 16-dudng thing L1 duge xdc dinh biang di¢m Pl va
oie ¢b gia tri biing géc & khai bdo 15; trong cdc dong 11 = 13va 17+ 27
la cdac dinh nghTa hinh hoc cua contour chi tiét.

Cic ky tu M1, M2 va M3 duoc dung cho cac contour gigi han
wrong cde khai bdo theo thue hién cdce chi dan cong nghd.

Khai bdo 29: khodang an toan dé dao khong di vao viing gia cong
khi dich chuyén nhanh.

Khai bao 30: vi tri an toan (tai do thue hién thay dao).

Khai bao 31: vi tri lvong du gia cong.

Khai bio 32: cdc thong s6 cua do gd.

Khai bdao 33: gi phoi va kep chat ¢ bude thi nhat.

Khat bdo 34: xdc dinh nguyén cong tién (Al). phuong chay dao
song song truc quay. dao so 1 duge ga ¢ vi tri thir nhat caa dai gd dao. 50
hi¢u chinh 1, goc gd dao 90", tién tho (ROUGH).
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Khai bdo 35: budc gia cong doc theo contour (A2), dao s6 2 duge
g4 & vi tri tht hai cua dai ga dao, s6 hiéu chinh 2, géc ga dao 90, tién ban
tinh,

Khai bdo 36: vi tri cta dao (trude truc quay).

Khai bdo 37: md dung dich tron nguoi.

Khai bdo 38: goi cdc nguyén cong Al va A2.

Khai bdo 39: gia cong doan tir M2 dén M3.

Vi du 2: Lap trinh cho nguyén cong tién (bude 2) cla chi tiét trén
hinh 14.6 bang ngon ngir GTL-T.

Hinh 14.7 la ban vé chi tiét véi cic yéu té hinh hoc.

o™
~J
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)

Hinh 14.7. Ky hiéu cdc véu 16 hinh hoc theo GTL-T

Chuong trinh dugc viet bang ngon ngit GTL-T nhu sau:
001 SVS/CPR, CC
002 P1=72200/X0O
003 P2=70, X60
004 LI1=PI, AO
005 L2=LX,Z210
006 L13=7210, X26, AI135
007 L4=-LZ, X30
008 L5=7174, X27.8, A-150
009 L6=-L7Z.X27.8
010 L7=LX,Z125
011 L8=Z170, X40, Z70, X60



012 L9=LX, ZI125
013 L10=-LZ, X54
014 L11=LX,Z110
015 L12=-LZ, X60
0l6 PFI=PI, LI, L2 L3, L4, L5, L6*
017 L7.L8 L9, LIO.LII1, LI2,P2
018 PF2=PI.LI1,L2,L12,P2
019 CTUR/Z260. X260
020 OUS.5/L4, L10
021 TLI/FATL, SD2, CLNT, CORR4
022 RUGH/LA4, L10, PARA
023 TL2/FA2, SD2, CLNT, CORRS
024 FINI/L3, 10
025 TOOL4/CODE3, CS50. FR1.5, M4*
026 PZ-22, PX-88, ANG90, METR
027 TL4/FA4, SD3, CLNT, CORR6
028 THRD/Z210, X30. LEGH-36%
029 NPASS5. WDCL4
030 PLOT/S.75, D100, L240, ALL
031 UST2*%22/8/1988
032 END

Giai thich chuong trinh:

Khai bdo 001: thong s6 cho hé (SVS) vé chuyén lénh in két qua tinh
todan hinh hoc (CPR) va kiém (ra trdanh va cham giita dao va chi tiet khi
dich chuyén dao nhanh.

Ciac khai bdo 002 va 003: cic diém P1 va P2 v6i cdc toa do Z, X.

Khai biao 004: duong thang L1 duoc xic dinh bang cdc diém Pl va
géc 0" (A0) (gitra truc quay va phuong cia dudng thang).

Cic khai bdo 005, 010, 012 va 014: cic dudng thing L2, L7. L9 vi
L1 song song véi truc X, dugc xac dinh béng toa do Z.

Cic khai bdo 006, 008: cic duong thang L3 va L5 duge xdc dinh
bing céc toa do Z, X va hai diém cua géc (A).
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Cic khai bdo 007, 009, 013, 015: cic duong thang L4, L6, 110 va
L.12 song song vdi truc Z., duoce xac dinh bang toa do X.

Khai bio 011: duong thang L8 dugc xic dinh bing cic toa do Z, X
cta hai diém (phuong cia duong thang duge chon tir diém tha nhat dén
di¢m tha hai).

Cic khai biao 016, 017: conmour chi ti¢t (PF1) dugc xdc dinh tir diém
P1 va ldn luot theo céc dudng thang L1+L12 dén diém P2.

Khai bao 018: contour phoi (PF2) duoc xdc dinh tir di¢m P1 va lan
luot theo cdc dudng thang L1, L2 va L12 dén diem P2.

Khai bdao 019: vi tri ban dau caa dai gd dao (CTUR) duoc xdc dinh
bing cac toa do cua di¢ém chuan trong hé toa do chi tiét Z=260 va X=260.

Khai bao 020: luong du gia cong lan cuoi (OUS) 0,5 mm cho doan
contour

chi ti¢t dugc xac dinh bang cic dudng thang L4; L10.

Céc khai bdo 021, 023, 027: di¢u kién lam viéc cta dao TLI, TL2
va TL4: s6 vi tri (FA); khoang cdch an toan (SD); dung dich tron ngudi
(CLNT); s6 hié¢u chinh dao (CORR).

Khai bdo 022: ti¢n tho (RUGH) doan contour chi tiét duoc xac dinh
biang cdc dudng thing L4:L10 voi cic bude song song véi truc quay
(PARA).

Khai bao 024: ti¢n tinh 1an cuoi (FINI) doan contour chi tiét dugc
xdc dinh biing cic duong thang 1.3+L10.

Cidc khai bdo 025, 026: cic thong s0 cua dao TL4; ma (CODE) 3
(ma xdc dinh cong dung cla dao: I-tién tho; 2-tién tinh; 3-cit ren; 4-tién
ranh ...); t6¢ do cat (CS) 50 m/phit; luong chay dao (FR) 1.5 mm/vong;
truc chinh quay nguoge chi¢u kim dong ho (M4); toa dd tam dao véi goc
tai diém chudn clia dai gd dao: Z=-22 va X=-88; gbc gi dao (ANG)90";
loai ren hé mét (METR).

Cic khai bdo 028, 029: cit ren (THRD) bang nhiéu bude tir diem ¢6
toa do Z=210, X=30 v¢ bén trdi voi chiéu dai (LENG) 36; so6 budc
(NPASS) 5; bé rong ranh d¢ thoit dao cat ren (WDCL) 4 mm.

Khai bdo 030: v& (PLOT) véi ty 1é (S) 0,75; khuon kho ban vé dugc
¢iGi han bang duong kinh (D) 100 va chiéu dai (L) 240; v& contour chi
Lt va contour phoi, dong thoi vé quy dao dao ¢ at ca cac bude (ALL).

Khai bio 031: tén chuong trinh diéu khién va ngdy lap trinh
(22/8/1988).
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Khai bdo 032: thong bdo cho mdy tinh két thic (END) chuong trinh.

Ghi chii: trong chuong trinh nay chi mo ta dao TL4, con cac dao
khac da dugc xdc dinh khi lap trinh gia cong bude thit nhat va cic thong
s§ vé dao van dugc luu giir trong dia tir,

Theo khai biao 001
bang s0 liéu cic yéu 10
hinh hoc cua contour chi
tiét va phoi duogc in ra dé
kiém tra. Tiép theo do, vai
khai bdo 030 mdy V€ ra
contour chi tiét va phoi,
quy dao cua dao khi tién
tho, tién tinh va cat ren,
dong thoi in ra ca cdc l1énh
cta chuong trinh diéu
khién v6i cic thong so
cua cac dao, thoi gian lam
viéc cta cdc dao va thoi
gian lam viéc cua may
theo chuong trinh diéu
khién trong chu ky tu
dong.

Vidu 3:

Hinh 14.8.Vi du phay contour cong

Lap trinh gia cong chi tiét trén hinh 14.8 bang ngon ngit CNA.

Chuong trinh dugc viét bang ngon ngit CMO nhu sau:

PARTNO/PR1
CLPRNT
FROM/0, 0, 200

CUTCOM/0405
P1=POINT/100, -5

P2=POINT/-3, 80
9 P3=POINT/-3. 94

00 ~1 &N B W N —

10 L1=LINE/100, 0.100, 20
11 L2=LINE/100,15, 75, 80

GOTO/120, -5, 200, 2000

GODLTA/0, 0, -200, 500
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12 L3=LINE/0, 80, 75, 80
13 CI1=CIRCLE/XSMALL, L1, YSMALL, L2, RADIUS, 15
14 C2=CIRCLE/YSMALL, L3, YSMALL, L2, RADIUS, 15
15 CONTI=CONTUR/PI, L1, CCLW, CI1, L2, CCLW, C2, L3, P2
16 CUTCOM/RIGHT, 11
17 CUTCOM/8110
18 FEDRAT/100, MPM
19 ACT/CONTI
20 CUTCOM/9110
21 GOTO/P3
22 CUTCOM/4005
23 GODLTA/0,0,200,500
24 GOTO/0, 0, 200, 2000
25 FINI

Chuong trinh NC ng v6i nhimg thong tin trén day c6 thé dugc vict
cho mdy véi he diéu khién H33 nhu sau:

%NOO01, G17

N002 GOI X+012000 Y-000500 F4720

NOO3 Z-020000 F0650 L405

N00O4 X-000900 FO610 L810

N0O5 Y+002200

N006 GO03 X-000200 Y+001600 [+002600 LO10

NO07 GO1 X-002000 Y+004800

N008 GO03 X-002400 Y+001600 [+002400 J+001000 LO10

NO09 GO1 X-006800

NO10 G50 Y+000300 L810

NOI1 GO04 FO560 LO0O

NOI12 G40 Z+020000 F4650 L405

NO13 GO1 X+000300 Y-009400 FO720

NO14 F0000 M02

Giai thich chuong trinh:
Cau fénh NOO2: dich chuyén dao dén diém co toa do X=120,

Y=-5, lugng chay dao F=472mm/phit.
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Cau lénh NOO3: hiéu chinh dao theo Z (s6 4 la ma hiéu chinh theo
Z, ¢on 05 1a s6 hiéu chinh), dao dich chuyén theo chiéu am ctia Z mot
doan (Z=-20), luong chay dao F=65 mm/phut. Hiéu chinh dao theo Z
duge xdc dinh & khai bdo s6 5 CUTCOM/0405.

Cau lénh NOO4: dao dich chuyén dén contour véi hiéu chinh bdn
kinh (L810), hiéu chinh dugc xdc dinh ¢ khai bdo s6 17 CUTCOM/8110
(s0 8 la mi hiéu chinh, con 10 la s hiéu chinh).

Trong khai bao s6 16 (CUTCOM/RIGHT, I ) xac dinh dich dao tu
dong vé bén phai contour 11 mm (duong kinh dao $22). Nhu vay véi khai
bdo CUTCOM/RIGHT,11 qud trinh tinh todn bé mat cach déu duogc thuc
hién tu dong. Dich chuyén trong chuong trinh NC la dich chuyén cta tam
dao, con dich chuyén contour dugc xdc dinh bang ky hiéu RIGHT hoac
LEFT tuy thudc vao phuong chuyén dong clia dao va vi tri cta nd doi vdi
contour chi tiét. _

Ghi chii: G50-hiéu chinh dao mét khoang 3 mm; GO4-I¢nh ding
trude khi thue hién moét 1énh khédc; G40-huy bo 1énh hiéu chinh dao.

Vi du 4:
Lap trinh ‘gia > 00
cong bang - I
ngon ngit © . L
EXAPT cho L Vo 25 B .
chi i€t trén < WIIE////// ’% l %% 1ZS
hinh 14.9. Cic q)@;g 010 r X
b¢ mat gia pos
cong bao .
gébm:  khoan J
rong 16 ¢ 30, , =

khoan va tard
bon 16 MIO0,
khoan siu 16

40

&
¢
b @

_$_

&
&

&

¢ 10.

Chu’(mg _@_ @ O
trinh gia cong S
duoc viét bfmg 200 X
ngon ngir
EXAPT - nhu Hinh 14.9. Chi tiét diroc gia cong trén mdy khoan CNC
sau:
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P e

S A

9.

10.
1.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

PARTNO/PLATE 180-05-07

MACHIN/PPI, SETPOS, -100, 100, 1

CLPRNT

TRANS/387 ,8.419,27,0

P1 - POINT/100. 60. 25

ZSURF/25

K1 - CIRCLE/CENTER, P1. RADIUS, (80/2)

K2 - PATERN/ARC, K1, 0, CLW_ 4

P2 — POINT/15, 20, 15

P3 - POINT/185, 20, 15

ZSURE/IS5

L1 - PATERN/LINEAR, P2, ATANGL, 90, INCR, 2, AT, 40
L2 - PATERN/LINEAR, P2, ATANGL, 90, INCR, 2, AT, 40
PART/MATERL, | '

Al - REAM/DIAMET, 30, DEPTH, 25

A2 - TAP/DIAMET, 10, DEPTH, 15, TAT, | BLIND, 1
A3 - DRILL/DIAMET, 10, DEPTH, 15

CLDIST/2

COOLNT/ON

FROM/10, -10,0

WORK/AI

GOTO/PI

WORK/A2

GOTO/K?2

WORK/A3

GOTO/L1

GOTO/L2

Giai thich chuong trinh:

Céc khai bdo (1+4): 1 - 6 chi tiét (tAm phang); 2 - mdy gia cong:

3 —in tho

ng tin trung gian; 4 — xac dinh tuong quan gitta dung cu va hé

toa do cua mdy.
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Cac khai bio (5+8): 5 — toa do ctia diém P1 (16 ¢ 30 mm): 6 - toa
do z cho cic 10 ti€p theo: 7 - vong tron ma trén dé ¢6 bo tri cic 16 duge
ghi trong khai bdo 8.

Cac khai bdao (9+13) xdc dinh vi uri c¢dc 16 ¢6 ¢ 10 mm nhu la
nhiéu diém L1 va L2.

Khai bdo 14 xic dinh vat liéu gia cong.

Khai bao 15 xdc dinh khoan rong 16 ¢6 duong kinh ¢ 30mm va
chiéu sau 16 25mm.

Khai bao 16 xdc dinh cit ren hé¢ mét M10 & cic 16 khong thong
suot ¢6 chiéu sau 15mm.,

Khai bdo 17 — khoan 16 ¢6 duong kinh ¢ [0mm va chiéu sau
[5Smm.

Cic khai bdo (18+27): 18 — xdc dinh khoz’lhg cach gita dung cu va
bé mat chi tiét; 19 — m& dung dich tron nguoi; 20 — xac dinh diém goc:
21 — goi nguyén cong Al (dong 15); 22 — xdc dinh vi tri gia cong tiép
theo; 23 — goi nguyén cong A2 (dong 16); 24 — xdc dinh vi tri gia cong
tiep theo; 25 — goi nguyén cong A3 ( dong 17); 26,27- tré ve vi tri ban
dau; 28 — két thic chuong trinh.

14.8. Ngon ngir lap trinh PROGRAMAT cho may tién.

PROGRAMAT la ngdn ngir 1ap trinh tu dong cho nhém may ticn
duge xély dung o Cong hoa lién bang DPidc (hing Pittlver) trén co s¢ cua
APT. Ngon ngir ndy ¢6 mot s6 uu diém so véi cdc ngdn nglt ma ta da
nghién ciu ¢ trén, cu thé li:

- C6 kha nang tr dong hod khong chi phan tinh toan-phan tich ma ca
phan cong nghé & mdc cao hon cdc ngdn ngi khéc.,

- C6 kha nang phat hién cic 161 va cdc 161 ¢6 thé dugc in ra.

- PROGRAMAT c¢6 may tinh riéng, do d6 nang cao hicu qua lap
trinh.

Ngon ngtr cua PROGRAMAT duge st dung 1a tieng Anh va duoc
viét tat bang cach ghép wr. Vi du: CUTTING SPEED (toc do cit) duge
vidt tat 1a CSPEED; FEED RATE (luong chay dao) duoc viét tit la
FEDRAT; TOOL NUMBER (56 dao) dugc viét tat 1a TOOLNO, v.v...

Duéi day ta nghién cttu cac khai bio dinh nghia hinh hoc va cic lénh
co ban cia PROGRAMAT.

[§9]
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14.8.1. Pinh nghia duong thang.
. Budng thang duge xic dinh bang hai di¢m (hinh 14.10a).
L1=LINE/30. 100, 14, 130
2. budng thang dugc xac dinh bang diém va gde (hinh 14.10b).
L1=LINE/30. 60. ATANGL, 20
3. Puong thang song song v6i mot dudng thang khac (hinh 14.10¢).
L2=LINE/PARLEL. L1, XSMALL, 12
4. Puodng thing duge xdc dinh bang diém va duong won (hinh
14.10d).
L1=LINE/25, 45, RIGHT, CI
Qua mot diém ¢o thé v& duge hai dudng tiép tuyén v6i dudng tron
nhung chon dudng tiép tuyén nam bén phai duong tron.
5. Puong thang duge xdc dinh bang dudng (ron va géc (hinh 14.10d).
L1=LINE/XLARGE, Cl, ATANGL, -25
Chon duong thang tiép tuyén véi dudng tron ¢ toa dé X 16n hon
(XLARGE).
6. Puong thing duoc xdc dinh bang hai duong tron (hinh 14.10e).
LI=LINE/LEFT, CI. RIGHT. C2.
O day: L1 nam bén trdi C1 va nam ben phai C2.
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Hinh 14.10. Dinh nghia hinh hoc theo PROGRAMAT
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14.8.2. Pinh nghia duong tron.
1. Buong tron duge xic dinh bang tam va bdn kinh (hinh 14.10g).
CI1=CIRCLE/35. 60, 25
Toa do tam duong tron: X=35, Z=60. ban kinh 25.
2. buong tron duge xac dinh bang hai diém va bédn kinh (hinh
14.10h).
CI=CIRCLE/17.5. 65, 17.5, 95, XLARGE, RADIUS. 25
Qua hai diém ¢6 thé vé ducc hai dudng tron, nhung trong truong
hop nay ta chon duong tron ¢o toa do X 16n hon (XLARGE).

3. Puong tron duge xdc dinh bing diém, tiép tuyén vi bdn kinh
(hinh 14.101).

C1=CIRCLE/30, 40, XLARGE, L1, ZLARGE, RADIUS, 10

Duding tron Cl duge xédc dinh di qua diém c6 toa do X=30. Z=40
va ti€p tuyén (tring vé6i L1). O day ta ciing chon dudng thing ¢6 toa do Z
I6n hon (ZILARGE).

4. Puong tron duge xdc dinh bang hai ti€p tuyén va bdn kinh
(hinh 14.10k).

CI=CIRCLE/ZLARGE. L1. XLARGE, L2, RADIUS, 10

Duong tron Cl duge xic dinh di qua tiép tuyén L1 ¢é Z 16n hon
(ZLARGE) va tiép tuyén L2 ¢6 X 16n hon (XILARGE).

5. Khi cdc dudng thiang song véi cic truc thi dudng tron duge xic
dinh nhu sau: (hinh 14.10/).

CI=CIRCLE/XLARGE. DIA20. ZL ARGE, PLAN25, RADIUS. 13.5

Trong trudng hap nayv dé thay thé cho cic dudng thang ngudi ta
dung tr DIA (duong kinh) va PLAN ( mat dau). Nhu vay duong tron Cl
nim phia trén duong kinh (XLARGE) $20 vi ¢ bén phai mat dau (PLAN)
vai toa do Z= 25.

6. Dudng tron duge xdc dinh bang tiép tuyén, duong tron vi ban
kinh (hinh 14.9 m).

C2=CIRCLE/ZLARGE, L1, ZSMALL, CI, OUT, RADIUS, 8

Ta thay: dudng tron C2 niam phia bén phai L1 va bén trdi dudng

tron C1 va ndm & bén ngoai (OUT) C1.
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14.8.3. Cac lénh co ban cua PROGRAMAT.
Trude hét, xét hé toa do cua ngon nglt PROGRAMAT (hinh 14.11).
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Hinh 14.11. H¢ toa do cita ngon ngiit PROGRAMAT
Phan biét cdc diém sau day:
M- diém 0 (zero clia mdy);
W- diém 0 (zezo) cua chi tiét ( c6 tinh dén mam cap va lugng du
gia cong);
F- diém chuin cla dai g dao;
P- dinh dao:
S- tam dudng tron dinh dao;
B- diém 0 cua chuong trinh.
Ky hi¢u ZMW c¢6 nghia I toa do Z cia diém M doi v6i diém W.
Duéi day la nhitng lenh co ban cia PROGRAMAT.
1.Vi tri ctia diém F.
FROM/XMF, ZMW.
2. Lénh dich chuyén.
GOTO/X, Z
o) day: X, Z—toa do theo cac truc X va Z.
3. Lénh dich chuyén theo gia s0.

GODLTA/AX, AY



O day: AX. AY-gia s6 theo cic truc X va Z.
4. Lénh dich chuyén theo duting tron.
CIRCLE/X, Z, R, CLLW
O day: X, Z-toa d¢ tam duong tron;
R—ban kinh dudng tron;
CLW-theo chiéu kim dong ho;
CCLW-ngugc chicu kim dong ho.
Lénh nay chi duoce thue hién eho mot duong tron. Néu ¢o duong
tron thet hai thi phai can I¢nh CIRCLE méi.
5. Lénh dich chuyén 16i duong thang (hinh 14.12a).
XL/LI
Lénh ndy ¢6 nghia la dich chuyén tr mot yéu t6 di dugc gia cong
trudc (dudng thang) (61 dudng thang L1. Ky hiéu XL 1a toa do X lén hon
(XLARGE), n6 cho bi¢t duding cdach déu nam phia trén dudng thing L1.
Trong nhimg truong hgp khac nguoi ta dung ky hiéu XS (XSMALL), ZL
(ZLARGE), ZS (ZSMALL).
Néu duong thang song song véi cdc truc toa do la thay L1 bing
DIA (dudng kinh) vai PLAN (mit ddu vdi kich thudce cu thé). Pai véi cic
truong hop trén hinh 14.12b, ¢ ta co:
XL/DIA, 80 va ZL/PLAN, 60
Né&u contour ban dau la mot duong tron (hoidc mot cung tron) va
chuyén ti¢p sang mot dudng thang md dudng thang khong phai 1 tiép
tuyén véi duong tron thi trong Iénh cin phai bo sung théem hudng dich
chuyén. Nhu vay, doi véi truong hap trén hinh 14.12d ta viét:
XS/Lt, ZSMALL
Con déi véi truong hop trén hinh 14.12d:
ZL/PLAN, 116, XLARGE
6. Lénh dich chuyén tGi dudng tron duoc viét nhu sau (hinh
14.12¢).
RS/Cl, CLW
Lénh nay cho biét dich chuyén tr mot dudng thang (contour
thang) t6i mot dudng tron CI. Ky hiéu RS ¢6 nghia Ia ban kinh duong
cach déu nho hon ban kinh dudng tron (néu ban kinh dudng cach deu 16n
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hon ta dung ky hiéu RL). Tt CLW ( theo chiéu kim dong hé) cho biét
chiéu dich chuyén. D6i vdi trudng hop trén hinh 14.12g ta viét:

RL/Cl, CCLW
7
\\ o U_\\. . /
N |
a) \ b)

c)

e) 9) h) ()

Hinh 14.12. Mo td lénh dich chuyén ny yéu 16 nay dén yéu 16 khdc trong ngon
ngit PROGRAMAT

Néu mot dudng thang khong phai la tiép tuyén véi dudng tron ma
la mot day cung doi véi dudng tron thinh 14.12h) thi Iénh dich chuyén
¢O dang sau:

RL/C1, ZLARGE, CCLW
7. Lénh tién dao téi duong tron (hinh 14.121) duge viét nhu sau:
RS/Cl1, ZSMALL, ON

Lénh nay cho biét dao dich chuyén dén dudng tron tir phia 1dm
theo hudng giam toa do Z.

8. Lénh 1bi dao nhanh dugc viét bang RAPID/n.

O day: n- s6 phuong dn fui dao. C6 sdu phuong dn lui dao nhu
sau:

+ n=1- 1bi dao theo dudng thang;

+ n=2- lui dao theo hai toa do (lic dau lui dao theo truc Z sau dé
lti dao theo truc X);

+ n=3- lic dau i dao theo truc X sau d6 lui dao theo truc Z;

+ n=4- lic dau i dao mot doan bing ban kinh dinh dao, sau dé
lui dao khong theo céc truc;
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+ n=5- lic dau lui dao mot doan bang ban kinh dinh dao. sau dé6

[ti dao theo cic truc Z. X.

+ n=06- lic dau i dao mot doan bang ban kinh dinh dao. sau dé

1ui dao theo mot trong céc truc X, Z.
9. Lénh xac dinh toc do cat:
CSPEED/v. CLW

O day: v- to¢ do cat:

CLW hoiac CCLW - chiéu quay cla truc chinh.

10. Lénh xac dinh lugng chay dao:

FEDRRAT/s
o day: s- luong chay dao mm/vong hoac mm/phuit.
1. Lénh ding truc chinh:
SPIND/OFF
12. Lénh cho:
DELAY/a

1}

O day: a- thoi
gian cho ( giay).

Ngon ngt
PROGRAMAT ciing ¢o
cic lénh nhu bat dau
chuong trinh PARTNO...
( sO chi tict) va két thic
chuong trinh FINI.

Uu diém chinh
cua PROGRRAMAT la
¢o kha nang thuc hién cic
chu ky tu dong khi gia
cong chi tiét bang nhicu
budc doc (tién dao doc)
hoac nhiéu budc ngang

j :
2155

(ti€n  dao ngang) \di NS -
chiéu sau cit nhat dinh. O ¢l
day v luong du cho b)
budc gia cong tinh va anh
huong ctia mon dao duge

~
.

Hinh 14.13. Cdc chu ky gia cong tir dong
a) tién dao doc, b) tién dao ngang
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tinh toan tu dong cho nén khong can phai tinh todn lai. Hon nira. ranh
giGi gitta cdc bude gia cong tho vi cdc bude gia cong tinh déu cé dang
coutour chung, vi viy luong du gia cong tinh duge xdc dinh tu dong. Mot
nguyén cong nhu vy duge goi la mdt nguyén cong “chia ra cdc bude”
(hinh 14.13a) va né duoc viét nhu sau:

WORK/t, K, ZLLARGE. L1

J day: - chiéu sdu ciit cua cic budc;

K-ky hi¢u hudng tien dao (doc hay ngang) va hudng an
dao;

L1- yéu ta gidi han coutour thi nhat

ZLARGE- dudng cich déu nam bén phai duong L1;

Chiéu sau cit duge xdc dinh bing mm, con s6 bude duoce xac dinh
bang ¢id tri lugng du chia cho chi¢u sau cit. Chiéu sau cat duoe ki hieu
bang dau (+.-) tuy thudc vio hudng dn dao. Néu an dao cung véi chiéu
duong cua true X thi chon dau (+), con néu ngugce chiéu chon dau (-). Doi
voi treong hop trén hinh 14.13a chon dau (-).

Nguyén cong * chia ra cic bude™ duoe thue hién véi hai phuong
phip tién dao (doc va ngang) v dn dao theo ¢a hai chicu (+) va (-) cla
cac truce toa do. Vi vay K ¢6 4 gia trn sau: K=0- ti¢n dao doc véi an dao
theo chi¢u am (-) cta X; K=1-tién dao doc voi an dao theo chiéu duong
(+) cta X: K=2- tién dao ngang vdi an dao theo chiéu am (-) cta Z; K=3-
1én dao ngang vai an dao theo chi¢u duong (+) cla Z.

Sau moi bude cat dao nhay ra khoi bé mat gia cong maot doan
bang ban kinh dinh dao va [t dao nhanh vé vi trf ban dau dé thue hién
budic tiép theo. Trude lénh WORK dao cin phai dich chuyén vé di¢m diu
(vi tri ban dau) dé thuc hién an dao diu tién (budc cit thi nhat). Tat ca
cac budc vai luong chay dao déu dimg trude lenh WORK.

DPoi véi coutour chi tict trén hinh 14, 13a chuong trinh duge vict bang
ngon nglt PROGRAMAT nhu sau:

GOTO/65,131

FEDRAT/0, 5

WORK/-6, 0, ZLARGE, LI

RS/CI1,Z

XL/L2, CCLW

XL/DIA. 70

WORK/OFF
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GOTO/35,131

XL/L2
RS/Cl, CLW
ZL/L1
XL/DIA, 130

Chuong trinh trén day xdc dinh vi tri ban dau cia dao (X=65,
Z=131), luong chay dao 0,5 mm/vong, chu ky gia cong WORK tu dong.
Lugng du 30mm duoc cat qua 5 bude. moi bude cé chiéu sau t=6mm.
Nhitng y&u t& gisi han coutour chi ti€t: dudng thang L1, duong tron (cung
tron) Cl va dudng thing L2. Chu ky gia cong tu dong WORK sé dé lai
lvong du cho budc cit tinh. Budc cit tinh duge thuc hién ngay sau khi két
thiic chu ky cit tho (cat tinh duge thuc hién theo 4 Iénh cudi cta chuong
trinh).

Doi véi trudng hop tién dao ngang trén hinh 14.13b chuong trinh
duogc viét bang ngon nglt PROGRAMAT nhu sau:

GOTO/23, 70

FEDRATY/-4.5, 2, XSMALL, DIA, 135

RS/CI1, CCLW

RS/C2, CCLW

" ZL/L

XL/DIA, 48

WORK/OFF

GOTO/23, 64

ZL/L

RS/C2, CLW

RS/Cl, XSMALL, CLW

XS/DIA, 135

ZL/PLAN, 70-

Chuong trinh trén day xdc dinh vi tri ban dau cua dao
(X=23,Z=70), luong chay dao 0,4 mm/vong, chu ky gia cong WORK tu
‘dong.

Luong du gia cong tho mat ddu duge cit qua 7 budc, moi bude ¢b
chiéu sau cat t=4,5mm.
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Nhitng yéu t6 gidi han contour chi ti€t: dudng thang L1, dudng
tron C2 va dudng thang L.

Chu ky gia cong tur dong WORK sé dé lai luong du cho budc cit
tinh. Budc ct tinh duge thuc hién ngay sau khi két thic chu ky cat tho va
duoc bat dau tr dudng thang L qua cdc duong tron C2, Cl t6i duong
thiang L1.

Khi két thic gia cong dao cé vi trf tai diém ¢=135mm va
Z=T70mm.

Qua hai vi du trén day ta thay viét chuong trinh biang ngoén ngir
PROGRAMAT cho phép giam dugc khoi lugng lap trinh, giam 16i
chuong trinh va giam dung luogng cua phéan tir mang chuong trinh.
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CHUONG 15. PO CHINH XAC GIA CONG TREN MAY
CNC

0 chuong 2 khi nghién cttu cdc chi tiéu gia cong cua may CNC
chiing ta da 1am quen v&i khdi niém vé do chinh xdc cia mdy va do chinh
xdc gia cong téng cong, tuy nhién dé hiéu sau ban chat cla sai s gia
cong trén mdy CNC, trong chuong nay ching ta s€ di sdu nghién cttu cdc
nguyén nhan gay ra sai s6 gia céng, phuong phap nghién ciru do chinh
xdc gia cong, phuong phdp dat do chinh xac gia cong va sai so gia cong
tong cong trén may CNC.

15.1. Cac nguyén nhan anh huéng dén dé chinh xac gia cong.
15.1.1. P chinh xac cua may.

Do chinh xdc cua mdy trong trang thdi khong tai dugc goi la do
chinh xdc hinh hoc. Tuy theo do chinh xdc cia mdy CNC ngudi ta chia
ching ra 4 loai:

1. Mdy c6 do chinh xdc binh thudng.
2. Mdy c6 do chinh xac tuong doi cao.
3. Mdy c6 dod chinh xac cao.

4. Mdy c6 do chinh xdc rat cao.

Néu so sanh do chinh xdc gia cong trén ciac mdy do, ta cé ty 1é nhu
sau: gia su dung sai trén loai may thit nhat la 1 thi dung sai gia cong trén
mady loai thar 2 12 0,6, trén mdy loai thir ba 1a 0,4 va trén mdy loai thit tu 1a
0,25.

Khi kiém tra do chinh xac clia may ngudi ta xdc dinh :

- Do chinh xac hinh hoc va vi tri tuong quan cta cdc bé mat dé dinh
vi chi tiét gia cong va dung cu cit.

- Do chinh xdc chuyén dong clia cdc co cdu chap hanh clia mdy trén
cac co cau dan hudng.

- D6 chinh x4c vi tri clia cdc truc quay va do chinh xéc dich chuyén
clia céc co cdu chdp hanh mang chi tiét va dung cu cat.

- Do chinh xdc va do nhdm bé mat gia cong.

Ngoai ra, dd chinh xdc cia may CNC con duge dac trung boi cac
yéu t6 nhu: d6 chinh xac dinh vi vi tri dudng thang cla cdc co ciu chap
hanh khi thay d6i huéng chuyén dong; do chinh xdc chuyén vé vi tri ban
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dau clia cdc co cau chap hanh; kha nang dich chuyén 6n dinh clia cic co
cilu chdp hanh dén mot diém xdc dinh; do chinh xdc nodi suy dudng cong
va vi tri 6n dinh cta dao sau khi thuc hién chay dao tr dong

15.1.2. B¢ chinh xic cua hé thong diéu khién.

15.1.2.1. Sai s6 ciia bé néi suy va ché do noi suy.

Sai 56 cliia b noi suy c6 anh hudng déng ké dén sai s6 gia cong. Doi
vdi bo noi suy thi sai s6 hinh hoc 8 (sai s6 cua quy dao thuc hién so véi
qu¥y dao da dinh) phu thudc vao géc nghiéng cua quy dao so vdi cdc truc
toa do va khong vuot qua gid tri xung A trén moi doan chi tiét. Céc may
CNC thé hé cii ¢6 gid tri xung A=0.Imm. cho nén né anh hudng rat lén
dén sai 6 gia cong. Doi vi cic may CNC thé€ hé mdi gia tri A trong
khoang 0,001+0,002 mm, do d6 né khong anh hudng nhiéu dén sai so gia
cong, tuy nhién né anh huong dén do nham bé mat.

Mot loai sai s6 khdc khong phu thudc vao bd nodi suy nhung lai xudt
hién trong ché dd ndi suy. Nguyén nhan cua cdc sai s0 dé 1a do sai s6 chu
ky Khi truyén dong cta cac co cau chay dao. Cu thé, cdc sai s6 ndy xuél
hi¢n do cic nguyén nhan: dao dong doc va sai $6 budc cua truc vit me; sai
sO tich luy ctia bdnh rang v cta datric phan hoi; do khong dong tam cua
cdc truc trong hé¢: dong co chay dao-hop giam toc-truc vit me-datric. Khi
gia cong chi theo
mot toa do nao do X4
nhiing sai s& trén
day thé hién & do
khong dong déu
cua ¢o ciu chay
dao (lugng chay
dao thay déi chiit
it) va ching khong
anh huong dén sai

sO gia cong cling
nhu do nham bé
mat,

Tu nhién, |
. . y n 7 }‘_ ;‘
khi gia cong theco L”z/ZHJPZ |
nhiéu toa do cung 2T
hic (Ché dé n()l
suy theo nhicu  Hink 15.1. S0 d6 xudt hign sai s6'trong ché' dg noi suy
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truc) thi ngay ca chuyén dong khong déu theo mot truc niao dé clng dnh
hudng dén sai so gia cong va do nham bé mat.

Gia sir trong hé toa do hai truc XZ (hinh 15.1) chuyén dong cua co
ciu chip hanh sau mdi vong quay cuba truc vit me theo truc X 1a deu, con
theo truc Z la khong déu. Ta ky hicu P, va Py fa bude cua truc vit me theo
cdc truc Z va X. Pau tien. ta gia dinh noi suy dudng thing (tién con dudi
mot gdoc o, so vdi truc Z). do ¢6 sai s6 chu ky theo truc Z sau 1/2 vong
quay cua truc vit me. ban xe dao di qua mot quang dudng 1én hon 1/2
budc, nghia 1a AP, v co ¢iu ¢hap hanh khong nim & diém A ma ¢ diém
A,. Trén bé mat gia cong xudt hién do séng véi chiéu cao do song

| & & Y . & g <
« S e P,
0, =AP,sina, va bude song P, =—~4— .
cosq,
Khi géc con (a,) tang thi chicu cao do séng 3, = AP, sinw,  va
) ' .
budc song P, =—~%— clng tang. Nhu vay, khi danh gid chicu cao vi
cosa,
budc séng trén bé mat gia cong ta ¢é thé xdc dinh duoc cac yéu to gay ra
o B = é‘ . v ) &
sai s& chuyén dong chu

ky. 14 |

N 3 . . y % o 3 _i(

O vi du trén (gia ' ay=zarcos (1-—)
cong bé mat véi hai goc y . ©/
cOn oy vaw, ) la ¢o ’
th¢ két fuan : nguyén
nhan chinh gay ra sai so
gia cong la do co cau B
truyén dong lam viée ~4_‘_f*;,/
theo truc Z. ‘
15.1.2.2. Sai s0 cua y, L ;
phuong phap xap xi. N2t

o X, Xq )(b As X

Khi @ng dung
noi suy duong thang dé o \ ,
oia cong chi (&l theo Hinh 15.2. Xdp xt cung tron theo duong thang
coutour thi phai dung
phuong phip xap xi dé xdc dinh toa do cdc diém va nhu vdy ¢ gay ra sai
sG gia cong. D¢ giam sai sO gia cong phai giam budc xap xi, nghia la
giam A (hinh 15.2).



15.1.3. Sai so ga dat phoi.

Nhu da biét trong gido trinh “cong nghé ché tao mdy” néu khong
tinh dén sai s6 do ga thi sai s6 g dat ¢, duge xdc dinh biang tong cla sai
0 chudn €, va sai s6 kep chat ¢,.

Dai véi chi tiér dang hop (hinh 15.3.a) dé dat do chinh xédc cao nhat,
theo khdi niém cong nghé truyén thong thi chuin do ludng (cdc mat K,L)
v chuan dinh vi phéi truing nhau (khi gia cong cin dat cdc kich thudc
a,b,c.d).

Nhu vay, dé dat duoc kich thudc a, b, ¢, d & nguyén cong thi nhat
(hay budc thi nhit) ta phai gia cong cac mat chuin K va L (cting la cac
mat chuin do luong).

Tuy nhién doi v6i cac may CNC ¢6 thé dat do chinh xdc cao hon khi
trong mot lan gé ta gia cong tat ca cic mat chuan do ludng va tat ca cic
mat phing khdc ¢6 kich thuée xdc dinh tir cdc mat chuin do ludng (hinh
15.3b).

a

<
G

> ~Q

L

)

Hinh 15.3. Sui s6 chudn va sai s6' kep chat cua chi tiét dang hop
a)-chuan dinh vi tring véi goc kich thude: b)-chuén dinh vi khi gia cong trong mot lan
gd: ¢)-xuat hién sai s0 kep chat (1.- chi (iét; 2- co ciu dinh vi: 3. thin d6 ga).
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Véi cdach dinh vi nhu trén hinh 15.3b thi dau tién gia cong cdic mat
K, L. sau dé la cdc mat khdc (cdc 16). Nhung cling ¢6 phuong dn gia cong
khdc: diu tién gia cong cdc 16, sau dé gia cong cic mat K, L.

Nhu vay, vé6i truong hop gia cong trong mot 1an gd cd thé dung cdc
mat phiang phu dé {am chuan dinh vi,.tham chi ca cdc bé mat khong gia
cong (hoac chua gia cong). Diéu dé ¢6 y nghia quan trong déi véi gia
cong chi tiét trén cac trung tam gia cong.

Hinh 15.3c la so do ga dat chi tiét gia cong 1. Dud6i tic dung cua cic
luc kep Q,, Q, s€ sinh ra sai s0 kep chat g,. Sai s6 kep chat g, nay sinh ra
do cédc bi€n dang: bién dang chi tiét 1 (8); bién dang cua co ciu dinh vi
(3,) va bién dang cua than do gé (3,).

Né€u bi€n dang clia tat ca céc chi tiét trong loat 1a nhu nhau thi cé the
xdc dinh chinh xdc kich thudc khi diéu chinh may hoic ¢é [énh bu khi
hiéu chinh dao. Tuy nhién, do vt lié¢u chi tiét khong déng déu va luc kep
khong on dinh cho nén sinh ra sai s6 kep chit. ‘

15.1.4. Sai s6 dieu chinh dao.

Cic thiét bi do luong hién dai ¢é do chinh xdc rit cao (thang chia do
dat t6i 0,00lmm) va do phong dai hinh chiéu t&i 30 lan. Tuy nhién, du
cho do chinh xac cta cic thi€t bi do ludng rat cao nhung khi diéu chinh
dao van c6 sai s0. Sai $6 nay sinh ra la do: cdc sai s6 dung cu do (3,...8,)
va cdc sai s0 kep chit dao trén mdy khi diéu chinh dé dat kich thudc
(&;...04).

Theo nguyén tiac cong céac dai luong ngdu nhién thi sai s6 diéu
chinh dao duoc xdc dinh nhu sau:

|
B =T (K8 ) (K8, +(K 18 (K (8, (K 585 +(K o8 ) +(K 8, Y +(K 8y = (15.1)
O day: 8,-sai $6 clia thang chia do (ctia dung cu do);
9, -sai s0 tinh kich thuéc theo thang chia do;
8, -do léch cua dinh dao so véi dudng cat nhau trén man hinh cta
may chiéu;
&, -d0 khong tring nhau gifta cdc diém dau cua thang chia do va
cua co cau kep dao;
8 -sai 0 vi tri goc trén dung cu do clia co ciu kep dao;
5, -diém 0 ctia toa do dao thuc t€ khong tring v6i diém 0 ly thuyét
(do sai s6 vi tri cta cic bé mat dao dung lam chuén dinh vi
trén may);
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§,-sai s6 vi tri géc clia cdc bé mat lam chuan trén may:
Oy -sal sO do bi¢n dang cua cic co cau kep dao;
K, -cdc hé 56 phu thuoc vao dang quy luat phan bo kich thude.

Sai s0 di¢u chinh dao ¢6 thé duge xdc dinh biang phuong phdp tinh
toan. Khi tinh ¢6 thé lay: §,=1.5um: 8,=lum; &, =6, = ... =8, =3pm;
K, =K,= ... = K= lpum (cdc sai s6 phan bo theo quy tuat chuan). Can nhd
a

rang cdc sai 50 ;. 8, Vi
&, khong thé bu khi diéu
chinlv dao, bai vi mot
dung cu do thong
thuong dugce dang cho
nhicu may khdc nhau
ma sai s6 cla moi miy
lai khac nhau,

15.1.5. Sai so diéu
chinh may.

Sai s0 dicu chinh
miy duoc xic dinh téng
hop khi diéu chinh dao.
diéu chinh c¢dc ¢o cau
cla may va cua do gd ¢o
tinh dén cic yéu 16 xudl

hi¢n trong qua trinh gia
cong dé dat kich thuée
vdi dung sai yéu cau. Vi
tri tuong quan cua hé
thong cong ngh¢ (may-
dao-do gi-chi tict) duge
goi la “kich thude diéu

.. b) :
Hinh 15.4. Sai $6 ctia cde bé mndt ki gia cong

chinh™. heng duo ¢é6 dinh cung tron
Sai s6 didu chinh a) dich chuyén cta cdc didm cit theo tinh widin:
. . . , b) sai s¢ gia cong trong trudng hop dinh dao khong
may 9J,.,, bang hicu cic chinh xdc.

gid (1 @iéi han  cua

“kich thude dicu chinh” va phu thude vao: sai s6 diéu chinh dao 8, sai

LIHI:
s vi tri diém 0 clia chuong trinh §,,: sai sO cla cac chi iét cat th §,, vau do
[¢ch cta tam phan bo clia cdc chi tiél cat thir so véi tam phan bo lic diéu

chinh §_. Nhu vay, sai s6 diéu chinh may dugc xdac dinh nhu sau:
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8=l (K, 85e)? + (K, 8,02+ (K ,8,)% + (K 8 )1"? (15.2)
O day: K=K, =K =1+1,73

K=1

8= 3o

Jn

(o-sai léch binh phuong trung binh tai thoi diém hiéu chinh; n-s6 chi tiét

cit thir dé xic
dinh “kich thudc
diéu chinh™).

bo chinh xac
diéu chinh may
tang khi s6 chi tiét
cat th tang. Tuy
nhién, khi gia
cong loat nho chi
tiét thi $6 chi tiét
ciat thir chi cho
phép bang 1, vi
vay dé dat yéu cau
phai  xdc dinh
chinh xdc w1 tri
diém 0 cua
chuong trinh va st
dung sai s6 hiéu
chinh dao thich
hop.
15.1.6. Sai so
ché tao dao.

Khi tién, bé
mdt gia cong duoc
tao hinh béing cdc

0

x"

b)

Hinh 15.5. Gia cong cdc profil ¢é toa dé cong thay doi.
a) profil 161; b) profil 16m

diém khéc nhau ndm trén phan cung tron cda dinh dao (hinh 15.4a): r-ban
kinh cung tron; mit tru duoc tao hinh bing diém A; mat diu dugc tao
hinh bing diém B. Cédc yé&u t6 nay luon luon duge tinh dén khi lap trinh
gia cong mat con va mat cong. Khi gia cong cdc mat con chi can dua vao
chuong trinh gid tri hiéu chinh a theo truc Z (khoang cach gitta B va C
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trén hinh 15.4 a). Né&u bin kinh dinh dao thuc t€ khac ban kinh dinh dao
lap trinh thi s& xuat hién sai s0 gia cong cla chi tiét.

Hinh 15.4 b 1a so d6 gia cong mit con véi gbc «. Ta phai lap
trinh gia cong bing dao ¢é bdn kinh dinh dao 1a r va phai tinh dén gid tri
dich chuyén a. Tuy nhién, dao thuc t& lai ¢6 ban kinh la r, khac véi ban
kinh r mot gid tri 1a Ar (Ar=r-r,). Do mot s6 mdy tién CNC khong cé
hiéu chinh ban kinh dinh dao ma chi hiéu chinh vi tri theo tirng truc toa
do6 cho nén cdc kich thude duong kinh D, va D, dat duge nho hiéu chinh
dao theo truc X’. Sai s6 kich thudc theo truc 2’ duge xdc dinh bing cong

thic: &, = Ar .1g%, con sai so profil S=2Arsin" %.

Hinh 5.15 la cdc truong hop gia cong cac bé mat 161 va 16m véi do
cong thay doi. Cic géc o, vd a, la cic géc nghiéng (doi véi Z°) 16n
nhat cua cdc profin bén trdi va profin bén phai (cidc dudng cong 1). Néu
ban kinh dinh dao giam so v&i ban kinh lap trinh thi d6 cong cua profin
[6m sé tang lén va do cong cla profin 16i s& giam xudng (cac dudng cong
3). Nguoc lai, khi ban kinh dinh dao tang Ién so véGi ban kinh lap trinh thi
do cong cua profin 16m s¢& giam xuong va do cong cla profin 10i s¢ ting
lén (cdc dudng cong 2). Doi v6i cac manh dao hop kim ciéng khong mai
lai (chi ding 1 1an) thi sai $6 ban kinh dinh dao Ar = £0,Imm cling c6
anh huodng rit 16n dén profin chi tiét. Vi du, a; = a; = 35° thi sai s6 profin
& maéi phia (phai va trdi) 6, = 0,018mm.

15.1.7. b6 mon dao.

Do mon dao cé anh hudng rat 16n dén sai s6 gia cong dac biét la khi
ché tao cac chi tiét tir vat liéu chiu lira va vat liéu c6 do bén cao.

Chi tiéu mon 1a kich thuéce h, cta dién tich mon theo mat sau, con 46
mon kich thude h, 1 gid tri ma chiéu dai cha dao giam xudng sau mot
thoi gian lam viéc ( hinh 15.6a).

Nhu vay, dao bi ngin di va dudng kinh tang 1én. Do mon cua dao 1a
sai 50 hé thong thay déi (hinh 15.6b).

Ta thdy trong 14n diéu chinh dao thd nhat trudng phan bo kich
thudc 66 1éch mot khodang so véi giGi han dudi cha dung sai d.

Sau thoi gian T, thi trudng phan b kich thudc khong thay déi
nhung tdm phan bo xé dich mot gia tri AC; ’

AC,=AC,=D,-D, (do d6 mon cua dao gay ra).



Sau mot khoang thoi gian T, nita thi tam phan bo lai xé dich mot
gid tri AC,. Sai s6 hé thong tong cong sé la: AC,=2AC,

D¢ cho kich thuéce gia cong khong vuot ra ngoai pham vi dung sai
thi sau mot thai gian ngudi ta phai diéu chinh lai dao (goi la vi chinh).Véi
truong hop nhu so d6 trén hinh 15.6b thi chu ki vi chinh bang T, va dao
phai duge dich chuyén theo phudng hudng kinh mot khoang bang AC,.
Qua trinh vi chinh s¢ bl lai do mon hudng kinh ctia dao va trudng phan
bo kich thude gia cong sé trd vé vi tri ban dau.

2z j';',. - / T
22N S|
A |
o N
I 3
v .

2R AN

¢ : .
E o o T

Hinh 15.6. Anh huréng ciia mon dao dén kich thide gia cony
a) sai s0 kich thude chi tiét; b) xé dich tam phan bo.

Nhin chung, sai s6 h¢ thong thay doi duoc xdc dinh theo cong
thirc:

AC = tga.. T (tga la cudng dd mon kich thudce cua dao ).

Vi chinh ¢6 thé dugc thuc hién bang tay va ty dong. Khi vi chinh
biang tay cho cic may CNC thi cong nhan sau mot khoang thoi gian nhat
dinh (hoac sau mot so chi ti¢t duge gia cong ) phai thuc hién khai bao
hi¢u chinh dao. D6i véi vi chinh ty dong thi hiéu chinh dao duogc khai bio
trong chuong trinh da lap san.

15.1.8. D¢ ciing vitng cua hé thong cong nghe.

Nhu ching ta da biét, theo gido trinh "Coéng nghé ché tao mdy "
thi hé thdng cong nghé bao gom: mdy- dao- d6 ga -chi tiét gia cong.
Trong qua trinh gia cong hé thong nay bi bién dang dan hoi dudi tic dung
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cua luc cit. Ngoai ra, luc cit con gay bién dang tiép xuc giita cac chi tiét
trong hé théng cong nghé. Bién dang dan hoi va bién dang tiép xtc céd
anh hudng rat 16n dén sai s6 gia cong. Sai s6 gia cong giam dan qua cic
nguyén cong va ti I1¢ gilta cac sai s6 sau va trude khi gia cong duge goi la
hé s6 chinh xac hod K:
Ab

Ada

K= (15.3)

O day: Aa-sai s6 trude khi gia cong:
Ab-sai $6 sau khi gia cong.

H¢ 6 K luon ludn nhé hon 1, do d6 & médi nguyén cong (hay moi
budce) ti€p theo cin phai gidm luong du hodc chiéu sau cit. DE nang cao
do chinh xdc gia cong phai thuc hién quy trinh cong nghé¢ qua nhiéu
nguyén cong (hay nhiéu budc), tuy nhién néu mdy cé do cing viing cao
thi ta c6 thé giam dugc s6 nguyén cong (hay s& bude) ma van dam bio
dugc d6 chinh xdc yéu cau.

Cac may CNC ¢6 do cing viing cao hon cic may van nang thong
thuong khoang 40+50%, vi vay trong cling mot diéu kién gia cong thi do
chinh xdc dat dugc tren mdy CNC s¢ cao hon.

15.2. Cac phuong phap nghién citu do chinh xac gia cong.

Céc phuong phdp nghién cttu do chinh xdc gia cong trén cdc may
van nang thong thudng cling ¢6 thé duoc dp dung dé nghién citu do chinh
xdc gia cong trén cac mdy CNC. Dudi day 1a tém tat cdc phuong phép do.
15.2.1. Phuong phap duong cong phan bg.

Trong cong nghé¢ ché tao mdy, cac qui ludt phan b duge st dung
rong rai nhat dé nghién cttu d6 chinh xdc gia cong la:

I. Quy luat chuan hay quy luat Gauss (hinh 15.7a).

Trong thuc té cic kich thude duong kinh hoac cic kich thudce
chicu dai déu phan bo theo quy luat ndy.

2. Quy luat hinh tam gidc hay quy luat Simson (hinh 15.7b).

Khi do cting vitng cua hé théng cong nghé khong cao thi kich
thudc gia cong thudng phan b theo quy luat nay.

3. Quy luat l&ch tam (hinh 15.7¢).

Cac sai 86 hinh dang (d6 6van, do con, do da canh, v.v...) va cic
sai sO vi tri tvong quan (do 1éch tam, do dao mat dau, do song song, do
vuong géc, v.v...) déu phan bd theo quy luat nay.
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4. Quy luat xac suat déu (hinh 15.7d).

Khi gia cong, do0 mon dao gay ra cic sai s6 kich thude nhu nhau
trong nhitng khodang thoi gian nhu nhau, do dé kich thude gia cong chiu

anh huong cua mon dao s&€ phan bo theo quy luat nay.
m-

’

m; (R)
m m f o
n n it
3! ,
L L |[/HESYIR. R
o 0 01 w-5256p
a) b) c)
m;
Ln- L. —
n
0

d) )
Hinh 15.7. Cac quy ludt phdn bo' ciia kich thioe gia cong.

a) quy ludt chudn; b) quy ludt hinh tam gidc; ¢) quy luat loch tam;
d) quy ludt xdc sudt déu; d) tong hop quy ludt chudn va quy it xdce
sudt déu.
m-tin 6 cla chi tiét (s6 chi tiét trong mot khoang kich thuéc ndo d6): n-1ong <6 chi

tict dugc nghién ctu; — -tan sudt cua chi tiét; L-kich thude gia cong: o-sai s6 binh
n

phuong trung binh; o-trudmg phin bd: R-dd léch tam; f(R)-haim s& cua do léch
tam; O, -sai s& binh phuong trung binh ca gid tri bién d6i ngu nhien R: P(X))-xdc
xudt cua nhiéu quy luat; X;-dai lugng ngdu nhién.

5. Téng hop hai quy luat: quy luat chudn va quy luat xdc sudt déu
(15.74d).

Néu qud trinh gia cong chiu tic dong cia nhiéu y&u 1o khice nhau
tht sai s gia cong (kich thude gia cong) s¢ mang tinh ngau nhi¢n va tinh
h¢ thong. cho nén dang dudng cong phan bé s& mang tinh tong hop cua
nhicu quy uat.

[N
N
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Trong $6 cac quy luat phan bé trén day thi quy luat chuan duge sir
dung nhiéu nhdt dé nghién ciru do chinh xdc gia cong (quy luat nay duoc
trinh bay chi tiét trong gido trinh “Cong nghé ché tao may™ [1]).

15.2.2. Phuong phap do thi cac diém. ,

Nghién cttu do chinh xdc gia cong bing phuong phdp duong cong
phan bo (phuong phap quy luat phan bo) khong phan dnh duge su thay
doi do chinh xéc theo thot gian. Mot nhuge diém khic clia phuong phap

8, quy {udt phan bo
R I YR R K la qua trinh kiém
tra chi duge thuc
o o . . oL
= . hién sau khi gia
L] . »
N ;ﬁ%‘f cong xong tat ca
i . o cac chi tiét.
| B2
SN a) Phuong phip
dé thi cac diém
“ tranh duoc nhing
®

nhuoc diém trén
day coa phuong
phip quy luat
phan bo. Theo
phuong phip do
thi cdc diém thi
trén truc hoanh la
Hinh 15.8. Do thi cdc diém: s0 thir tu cdc chi

a) gia cong mdt ngoai; b) gia cong mdt trong; chi tiét gia cong
d-dung sai: Bj-B,-gi6i han trén cua kich thude: By-B,-gidi  theo thoi gian, con
han dudi cha kich thude; A,-dudng dicu chinh dao khi gia
cong mat ngoai; A,-dudng dicu chinh dao khi gia cong mat N
trong: A,-A, vd A,-A, - cidc duimg kiém tra bidu thi do phan  bi€u thi kich thudc
tan kich thude trung binh clia cdc nhém chi Gét. gia cong (hinh

15.8).

Cic diém (cac kich thudc) nam trong pham vi dung sai § (gitta cic

fe——————
4/5 5 N

trén truc tung

dudng B,-B, vd B,-B,) 1a cdc chi tiét dat yéu ciu, con cac diém nam ngoai
pham vi néi trén la cac chi tiét phé¢ pham. Cin nhd rang cac diém trén do
thi 1a cdc kich thudce cla timg chi tiét riéng biét, con duong cong trén do
thi 14 su thay déi kich thudc trung binh cla cdc nhém chi tiét theo thoi
gian. Nhu vay, cdch lap do thi wen day theo thoi gian gia cong cho phép
xdc dinh duoc thoi diém can phai diéu chinh lai mdy dé dat kich thude.
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Trong qud trinh gia cong néu cdc di€ém (cac kich thudc gia cong)
nam gan duong kiém tra A, -A, hoac A, -A, thi ph¢ pham cé kha nang
xudt hién. do dé cin phai ngimng gia cong va diéu chinh lai mdy hoac thay
dao.

Mot trong nhitng yéu t6 gay phé pham chi tiét theo thai gian gia
cong 1a do mon dao., do dé khi lap trinh gia cong trén may CNC ¢6 the
dua vao chuong trinh mot gid tri cta hiéu chinh do mon dao, nhung van
phai dua vio két qua kiém tra kich thude gia cong. Vi vay phuong phap
d6 thi cde diem dang duge sir dung dé nghién cttu do chinh xdc gia cong
¢d tinh dén yé&u ta thoi gian cho tat cd cdc loai mdy cong cu.

15.2.3. Phuong phap do thi do chinh xac.

Cic phuong phdp nghién ctru dé chinh xdc gia cong nhu: phuong
phdp dudng cong phan b va phuong phéap do thi cic diém chi duoc thuc
hién c¢6 hiéu qua khi so luong chi ti€t du 16n. Phuong phdp do thi do
chinh xdc cho phép nghién citu su bién doi cha do chinh xdc (sai s0) gia
cong theo thoi gian ngay ca véi s6 fuong chi tiét khong 16n.

Né&u chon mot s nho chi tiét dé nghién ciru trong mot khoang
thoi gian ngdn ndo dé ctia mot ca 1am viée thi ta ¢6 thé danh gid duoc do
chinh xdc va do 6n dinh cla nguyén cong trong sudt ca mot ca lam viée
(hinh 15.9a).

Pé nghién ctu nguyén cong chi can chon cic nhém nho chi tiét
(3--10 chi 1i€1) theo ting khoang thoi gian nhat dinh va xdc dinh gia tri
trung
binh ( X) va sai lech binh phuong trung binh (S) cua tirng nhom.

Pé danh gida do chinh xdc vi 6n dinh clha nguyén cong ta xay
dung dé thi do chinh xdc theo nguyén tac sau day: trén truc hoanh la so
thit tr cac nhém nho chi tiét (hodc cdc moc thoi gian dé kiém tra cic
nhém nho chi tiét); trén truc tung 1a cdc gid tri X, X +S va .Y -S. Sau do
ta ndi tat ca ciac gid tri X', X +S v X -S lai véi nhau va duoge ciac duong

gap khic (hinh 15.9b). Gid tri X Vs duoc xdc dinh theo cong thuc sau:
S
|

n

X =

(15.4)

tJ
N
N



O day: X, - kich thude ctia chi tiét thit i trong nhém;
n - $6 luong chi tiét trong nhom (n=3+10).

Dua theo gid tri X' ¢6 thé quan sat dugc su thay doi cia tam diéu
chinh nguyén cong, con theo gid tri S ¢ thé két luan duge do phan tdn
cua cua nguyén cong. Nhu vay. nguyén cong c6 thé duoc 6n dinh theo ca
tam diéu chinh va do phan tan (hinh 15.9b ) hoac chi 6n dinh theo do
phan tin (hinh 15.9¢) hoac hoan toan khong on dinh (hinh 15.9d ).

S6” nhém chon k T2 3 4 5 6§ 7 kK

a°
J b)

S37nhdm chon K S&" nhdm chan K

c) d)

Hinh 15.9. Cdc do thi dé chinh xdc

P,-dac tinh cua thong k¢ xde suat;

X . S- gia tri trung binh vi sai lech binh phuong trung binh.



So dé trén hinh 15.9¢ cho biét nguyén cong 6n dinh theo do phan
tdn nhung khong 6n dinh theo tam diéu chinh. Tuy nhién, tam diéu chinh
& day thay déi wong doi déu (gan nhu tang theo dudng thang) do dé
trong trudng hop ndly nguyén cong ¢d sai s6 hé thong thay doi ma nguven
nhan chinh la do mon cua dao hoic cua do ga.

Nguyén nhan gay ra do khong on dinh nhu so d6 trén hinh 15.9d
6 thé 1a do hé thong cong nghé (mdy-dao-d6 ga-chi tiét gia cong) chua
dugc diéu chinh chinh xdc va ché do cit chua phai la t6i vu.

Ung dung phuong phdp d6 thi chinh xdc dé nghién ciu nguyen
cong trén may CNC cho phép giam phé pham va nang cao hi¢u qua s
dung may.

15.3. Phuong phap dam bao do chinh xac gia cong
trén may CNC.

D¢ dat duge do chinh xdc cta chi tiét khi  gia cong trén cic mdy
van nang thong thudng cling nhu cdc mdy CNC déu phai dung hai phuong
phdp dam bao do chinh xdc gia céng. Hai phuong phdp dé la phuong
phap cit thir va phuong phip tr dong dat kich thuge. Tuy nhién d6i véi
cic miay CNC ngudi ta thuong ng dung phuong phap thi hai (phuong
phap tr dong dat kich thudc).

Dudi day Ia tém tat phuong phap nay.

Theo phuong phip nay thi may duge diéu chinh trude dé tu dong
dat kich thudc gia cong. Ban chit cua phuong phip nay 1a tinh todn dich
chuyén cta co cau chap hanh (cta mdy) va giai chudi kich thudc dé xic
dinh do chinh xdc dich chuyén,

Chudi kich thude duogc goi 1a tong hgp cac kich thude ¢d mai lién
he¢ v&i nhau tao thanh mot contour khép kin.

Xét so do trén hinh 15.10.

Hé thong cong nghé trén hinh 15.10 gom: mdy-d6 gd-dao (3)-chi
tiét gia cong (1). Dao (3) dugc ga trén co ciu ga dao (4) va co cdu gd dao
(4) duge ga trén dai ga dao (5) (hoic dau ronvonve). Dai ga dao (5) duge
dinh hudng so v6i diém chuan M ctia mdy. Phan cit (2) cua dao gom
manh hop kim cing nhiéu ludi khong mii lai va dinh dao P. Cic yéu to
trén day cta dao déu tham gia vao hé diéu chinh kich thude va mai véu to
déu ¢o toa do sai sO riéng.

Cic toa do cua heé thong cong nghé trén hinh 15.10 tao thanh
chubi kich thude:

XMW=XMF+XFK+XKT+XTN+XNP+XWP (15.6)
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O day: XRW-kich thudc can dat, XRW=XWP;
XMW-toa do diém chuan clia may;
XMF-budc phu cua dai gi dao;
XFK- toa do cua dung cu phu trong hé thdng dai gd dao;
XKT-toa do cua co ciu ga dao trong hé thong dung cu phu;
XTN-toa do tam ctoa manh hop kim ctng trong hé thong co ciu ga

dao;
XNP-toa do dinh dao trong hé théng manh hop kim cing:
XRW-bin kinh chi tiét trong hé thong diéu chinh;
1
v -
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Hinh 15.10. Chudi kich thirée ciia hé thong ¢ong nghé
i-chi ti¢t gia cong: 2-phan cit; 3-dao; 4-co ciu gd dao; 5-dai gd dao.

Chuoi kich thude tren hinh 15,10 1a chuoi kich thude duting thang.
kich thude XRW lia khau khép kin va cdce kich thude con lai 1a ciac khau
thanh phan. Trong do: kich thude XMW [a khau tang (khi no tang thi
khau khép Kin cling tang) va cde kich thude con lai 1a cac khau giam (khi
chung tang lam cho gid tri ca khau khép kin giam). D¢ giai chudi kich
thude tren day (cho cac may CNC) ticn hanh nhu sau:

Cic khau XKT, XTN, XNP duoc thay biang khau XKP dé dugc
chudi kich thudc ngin hon: XPW=XMW-XMF-XFK-XKP, do dé dé dat

do chinh xéc diéu chinh hon.
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Diéu chinh chuoi XKP=XKT+XTN+XNP dugc thuc hi¢n bang
hai phuong phéap: di¢u chinh ngoai may va diéu chinh trén may.

X KP

z 3

Hinh 15.11. Dicw chinh kich thioce dao

a) ngoal muy: b) trén mdy.

a. Diéu chinh kich thiide dao & ngodi mdy (hinh 15.11a).

Pe diéu chinh dao & ngodi mdy ta phai ¢6 dé ga chuyen dung.
Phuong phédp nay cho phép dat do chinh xdc cao, nhung cé nhuge diém
sau day: phai ché tao co cau diéu chinh chuyén dung; ¢dn c6 dién tich dé
lap dat co cdu diéu chinh; chudi kich thuéc tuy ¢6 dinh vi ngin hon
nhung lai phic tap hon: khong bt duge sai $6 dinh vi vi tri, sai 6 goc
quay cua dau rovonve va khong phdt huy duge tinh wu viét cua manh hop
kim nhiéu ludi (vi tinh uu viét ctia manh hop kim 1a kha nang xoay nhanh
trén may).

h. Diéu chinhy kich thioc dao trén mdy (hinh 15.11h).

Phuong phap nay 6 the duoce thue hién theo hai cdch:

- Cach tha nhat: médy dudce trang bi mot thiét bi do dé xac dinh vi
tri cua dinh dao. Trong trudng hop nay néu dinh dao ¢6 sai so thi datric
phat hién va tu dong hiéu chinh de dua dinh dao vé ding vi tri. Muc dich
clia phuong phip nay la xdc dinh Khoang cdch thue XMP (vi trf cua dinh
dao so véi diém chuian M cua miy). Khi dinh dao ti€p xic véi datric D,
n6 dugc xdc dinh bang kich thude XMD. Khi d6: XMW =XMD+XDW la
chudi hiéu chinh vi tri ban dau con XPW=XMW .-XMP la chudi cua do
chinh xdc diéu chinh.

- Cach thtt hai: theo chuang trinh, dinh cao dich chuyén dén chi
tiét va hot mot lugng du, roi xdce dinh kich thude thue va so sanh véi kinh
thudc can dat, sau d6 tién hanh hi¢u chinh tu dong quy dao chuyén dong
clia dao. Phuong phip nay duoc goi la phirong phdp car tii e dong.
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15.4. Sai so tong cong cua chi tiét khi gia cong trén may CNC.

Sai ¢ gia cong trén mday CNC ¢6 thé duoc chia ra ba nhoém sau

day: sai s0 kich thude (A,); sai s6 hinh dang (A,) va sai s6 hé thong tich
luy (A).

DA A

X x 2

10.
1.

260

Sai 56 t0ng cong duge xédc dinh theo cong thic:

A=A +AL+ A (15.6)

Lan lugt xét cac sai s6 trén.
A,,-sai s6 kich thude sinh ra do sat s6 cua he théng diéu khién.
A-sal sO kich thude sinh ra do sai s0 tdi tao chuong trinh.
A s-sai s0 kich thude sinh ra do sai so dinh vi vi tri.
A, -sai s0 kich thudc sinh ra do sai $6 cua co cau chay dao.
As-sai 50 kich thude sinh ra do sai $0 ctia co ciu truyén dong cua
may.
A,,-sai 0 kich thudc sinh ra do sai s6 chuan bi chuong trinh.
A,-sai s0 kich thudce sinh ra do sai s6 ndi suy.
Ag-sai s0 kich thudce sinh ra do sai so khi lap trinh.
A,o-sai sO kich thude sinh ra do sai s diéu chinh may.
A, p-sai 80 kich thudce sinh ra do sai s6 kiém tra khi diéu chinh may-
A,;-sai s0 Kkich thude sinh ra do sai s6 kep chat dau ga dao quay va

dau

rovonve.

. A,;--sal 50 kich thude sinh ra do sai s6 gd dat co cau diéu chinh dao.

. A,-sai s6 kich thude sinh ra do sai s6 diéu chinh dao so bd (trong co

cau diéu chinh dao).

. A, ,-sai s0 kich thude sinh ra do sai 6 ga dat phoi.

. A,,s-sai s6 Kich thude sinh ra do sai s6 cta do ga.

A, ,-sai s0 kich thudce sinh ra do sai $6 kep chat phoi.

. A,,5-sai $6 kich thudc sinh ra do sai s6 dinh vi phoi.
. Ay-sai sO hinh dang sinh ra do sai s6 hinh hoc cua cac chi tiét may.

. Ay»-sai s0 hinh ddng sinh ra do sai s6 hinh hoc cla céc co cdu lap rdp

cua may.



. Ay;-sai s0 hinh dang sinh ra do sai $6 hinh hoc cua dao.

. A,,-sai s hinh ding sinh ra do bién dang dan hoi cua hé thong cong

nghé.

. Avs-sai s0 hinh ddng sinh ra do bién dang dan hoi cia may.

. Ag-sal $0 hinh ddang sinh ra do bién dang dan hoi cta dao.

. Ay;-sai sO hinh ddng sinh ra do bién dang dan hoi ctia do ga.

. Ang-sai so hinh dang sinh ra do mon dao.

. Ayo-sal s6 hinh dang sinh ra do bién dang nhiét cua do ga.

. Ay -sai s6 hinh ddng sinh ra do bién dang nhiét cia may.

. A,;,-sai 0 hinh ddng sinh ra do bi¢n dang nhiét cua dao.

. A, 1»-sai s0 hinh ddng sinh ra do bién dang nhiét cia chi tiét gia cong.
. A -sai s6 he thong tich luy sinh ra do mon dao.

. A,-sai 6 hé thong tich tuy sinh ra do bién dang cta do ga.

. As-sai s6 hé thdng tich 1uy sinh ra do bién dang nhiét cua may.

. A~sai s6 hé thong tich lu sinh ra do bién dang nhiét cua dao.
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CHUONG 16. HIEU QUA KINH TE KHI
GIA CONG TREN MAY CNC

Hiéu qua kinh t¢ khi gia cong chi tict trén mdy CNC 1a chi tiéu
quan trong d¢ xdc dinh sy can thi¢t st dung may CNC trong qud trinh
cong nghé va pham vi tng dung cua nd. Cic may CNC cé gia thanh rat
cao so vdi cac mdy van nang thong thuong, vi vay hiéu qua su dung
ching phai duge thé hién ¢ nang sual lao dong, do chinh xdc, hé 6 chat
tai va kha nang thuc hién cdc chuong trinh da dugc lap sin.

16.1. Cac chi tiéu cua hiéu qua Kinh te.

Cic chi tiéu ctia hiéu qua kinh 1€ khi gia cong trén may CNC la: hiéu
qua kinh t¢ hang nam E;; thai gian hoan von T,; hiéu qua kinh 1& trong
suot thot gian sirdung may E_ va giam gid thanh gia cong AC.

16.1.1. Hiéu qua kinh té hang nam.

Hiéu qua kinh t¢ hang nam E; khi st dung mdy CNC duoc xdc dinh
bing hi¢u cdc chi phi quy doi hing nam dé che tao mot khoi luong san
phim nhu nhau:

E,=P,-P.=(C +mk,)p-( C.+mk,) (dong) (16.1)
0] day: E, dugc tinh theo dong Viéet Nam;

P,, P, - chi phi quy doi trong mdt nim cua phuong dn chuin (gia
cong trén may van nang) va phuong dn maéi (gia cong trén may CNC) va
dugc tinh theo dong Viét Nam;

C,, C, - gid thanh gia cong trong ca nam cla phuong dn chuan vi
phuong dn mdi (dong);

K,, K, - von diu tu ¢6 dinh va luu dong (dong);

B - hé s6 chi phi quy doi, B=xy (x 1a h¢ s6 tang ning suat twong
doi cua may CNC so v6i mdy van nang; y la ty so gitta quy thoi gian
nguyén cong cua may CNC va mdy van nang);

m- h¢ so hicu qua dau tu (im=0.15).

Ta thay hiéu qua kinh té¢ hang nam cua mdy CNC tang khi 3 tang,
C, va K, giam. Trong truong hop niy hé s0 X trong cong thic B=xy
(x luon >1) tang chi phi quy déi theo phuong dn chuin (mdy van niang) va
giam chi phi quy doi theo phuong dn méi (mdy CNC), néi cich khic,



nang sudt gia cong tang lam cho chi phi quy doi may CNC giam xuong so
vdi chi phi quy doi diing mady van nang.
16.1.2. Thoi gian hoan vén.
Thoi gian hoan von T, khi str dung mday CNC duge xdc dinh theo
cong thuc:
- (K: B IBKI )

e (nam) (16.2)
| 2

(}

Gia cong trén mday CNC chi ¢6 hiéu qua khi T,<—. Véi m=0.15
m

thi thai gian hoan von T,<6+7 nam.
16.1.3. Hiéu qua kinh té trong suot thoi gian sir dung may CNC.
E. 14 hiéu qua kinh (& trong sudt thoi gian sir dung miy CNC. D¢
xac dinh E_ta dung cong thire sau:
_EN(T. +m)

S — (nam) (16.3)
a

E

O day: o -hé s6 chi phi lip dat may CNC; a=1,1
T,-thoi gian s dung mdy (nam).
16.1.4. Giam gia thanh gia cong.
Giam gia thanh gia cong AC duge xdc dinh theo cong thic:
AC=BC|-C, (16.4)

O day: C,, C, - gi4 thanh gia cong trong ci nam cia phuong dn
chudn (gia cong trén mdy van nang) va phuong dn méi (gia cong trén
may CNCO);

B - hé s6 chi phi quy doi (xem muc 16.1.1).

Gia thanh gia cong C (C, hoac C,) duoc tinh theo cong thac don
gian nhat de so sdnh:

C=L 1+—Z~j(d(3ng) (16.5)
100

B

O day: L - tién luong cong nhan (dong);
Z - phan tram chi phi phan xudng tir L(%) (gid tri Z phu

thude vao mie do tu dong hod san xuat).
Thuce t¢ cho thay khi tinh gia thanh gia cong trén mdy CNC thi
Z=140% 61 v6i may CNC the hé¢ dau tien va Z=600% doi véi may khoan
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CNC ¢6 dau rovonve 6 truc.

be¢ xdc dinh chinh xdc mic do giam gid thanh gia cong khi s
dung mday CNC can phai tinh tat ca cic khoan chi phi cta hai phuong én
(phuong dn gia cong trén mdy van nang va phuong an gia cong trén may
CNC) roi so sinh v6i nhau, Khi tinh cic khoan chi phi dé ¢6 thé tham
khao tai tiéu [2].

Can nhd rang gia mua may va st dung may CNC cao hon nhiéu
lan so véGi cdc may van nang thong thuong. Gid mua dung cu cit cling cao
hon so véi dung cu cat trén cdc may van nang, vi vay trong chuong trinh
chon ch€& do cit 161 uu phai tinh dén tuoi bén cua dung cu. Tudi bén cua
dung cu cé thé giam chit it d¢ tang (6¢ do cat nham nang cao hi¢u qua
kinh t& khi gia cong.

16.2. Nang cao hiéu qua gia cong trén may CNC.

Kinh nghiém san xudt véi cic may CNC cho phép xic dinh
phuong huéng va bién phap nang cao hi¢u qua gia cong. Sau day la cic
phuong hudng dé:

[. Tu dong hod 1ap trinh nham giam chi phi vi 6i uu hod qua
trinh gia cong trén may CNC.

2. biéu khién cidc mdy bang may vi tinh.

3. Diéu khién thich nghi cac may CNC.

4. Md rong pham vi cong nghé ctlia cac may CNC.

5. Hoan thi¢n co ciu truy nhap thong tin va co cau di¢u khién rit
gon cua may CNC.

6. Trang bi cho cic may CNC co cdu tu dong cip phoi vit chuyén
phoi ra ngodi.

7. Nang cao d¢ an toan ctia may CNC.,

8. Hoan thién phuong phap su dung mday CNC.

16.3. Cac yéu to dam bao gia cong toi uvu trén may CNC.
16.3.1. Cac yéu to giam gia thanh gia cong.

I. Chon chi tiét va tinh cong nghé thich hop cho timg may CNC cu
thé.

2. Chon quy trinh ¢ong ngh¢ t6i uu vai quy dao chay dao gia cong va
chay dao nhanh ngin nhat.

3. Chon ché& do cat 161 uu.

4. Chi phi thoi gian it nhat cho buée chay dao nhanh.
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5. Tap trung nguyén cong.

6. Di¢u khién thich nghi qud trinh gia cong theo cdc thong so da
chon.

7. Dam bdo thoi gian cit hop 1y khi ¢6 1énh chd cta chuong trinh diéu
khién.

8. T6 chuc ddng nhi¢u may.

9. Ning cao d¢ chinh xdc cua phoi, giam luong du gia cong.
10.T6i vu hod tien trinh cong nghé va phi€u nguyén cong.

[ 1. Giam chi phi cho chuong trinh diéu khién.

[2. Giam chi phi cta dung cu cit (nhd giam do mon kich thude ).

I3. Giam chu ky chudn bi v thdi gian diéu chinh cdc dé gd "van nang
diéu chinh".

[4. Tang h¢ sO phu tai cua mdy.
16.3.2. Cac yéu to nang cao nang suat lao dong.
D¢ nang cao ning sudt lao dong khi gia cong trén may CNC ngoai cdc

yéu 1o 1+ 10 va 13, 14 trong muc 16.3.1 (cdc yéu 16 giam gia thanh gia
cong) con ¢6 cdc yéu to sau day:

[. Tu dong bé phoi vi tu dong chuyén phoi ra ngodi ving gia cong
clia may.

2. Gia cong bing nhiéu dao va tu dong thay dao.

3. Tu dong thay cdac cum truc chinh cua mdy.

4. Gia cong song song - noi ti¢p va gia cong song song.

5. Gia cong trén day chuyén ty dong véi cic mdy CNC.

6. Str dung dao lap ghép va dao 16 hop nhicu ludi cit.

7. Nang cao do an toan cua may CNC va cdc thiét bi phu kem theo.
16.3.3. Cac véu to giam chi phi qui doi va tang hi¢u qua
Kinh te hang nam.

[. Giam gid thanh gia cong chi ti¢t.

2. Tang nang suat lao dong.

3. Giam von dau tu (161 muc 18i thi¢u) cho mdy, nha xuong, do ga.
chuong trinh di¢u khién va dao tao cin bo.

4. Giam chu ky chuan bi vi chi phi cho chuong trinh diéu khicn bang
cach tr dong hod 1ap trinh.



bac trung cta cong nghé trén may CNC doi hoi phai dao tao doi
ngl k¥ su va ky thuat vién, dac biét la cidn bo lap trinh ¢6 du trinh do
chuyén mon dé hoat dong trong linh vuc ndy.

Str dung mdy CNC khong chi mang lai hiéu qua kinh t¢€ ma con ¢é
y nghia vé mat xa hoi. Trude hét, né tao dic¢u kién dé phat trién mot luc
luong lao dong c6 trinh do cao. Cic ky su 1ap trinh, thg diéu chinh va
cong nhan diing mdy khong ngimng dugc niang cao trinh do chuyén mon
dé ddp tng yéu ciu cua su nghiép cong nghiép hod va hién dai hod dat
nudc. Sau nira, viée st dung cac may CNC tao diéu kién dé ting thu nhap
kinh t& cho cédc cdn bo hoat dong trong linh vuc nay, dong thai né cling 1a
yéu t0 quan trong dé tang GDP clia dat nudc.
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