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TOM TAT

Céng nghé tao hinh gia tang tam kim loai la phiong phdp tao hinh linh hoat, phit hop véi
sdn xudt don chiéc va ché tao mdau nhanh khéng yéu cau khuén chuyén ding. Tuy nhién, viéc xdy
dung dwong chay dao bang cdc phan mém CAD/CAM truyén thong van ton nhiéu thoi gian va khé
hiéu chinh khi thay doi kich thuée hinh hoc. Noi dung nghién civu nay tdp trung xdy dung b cong
cu lap trinh Macro nham tu dong tao chuong trinh G-code cho cac chi tiét con tron va con chir nhdt
trong gia céng ISF trén may phay CNC. Cdc théng s6 hinh hoc va thong sé cong nghé dwoc tham
6 héa dé tr déng xdc dinh toa dé dwong chay dao va sinh chwong trinh gia céng bang ngén ngir
FANUC Macro B. Péong thoi, b cong cu dwege phdt trién trén nén tang Visual Studio nham hé tro
nhdp dir liéu va két xudt tw dong chirong trinh G-code phuc vu gia céng ISF.

Tir khéa: Cong nghé tao hinh gia ting tam kim logi; Ldp trinh Macro; Céng nghé CAD/
CAM.

ABSTRACT

Incremental Sheet Forming (ISF) is a flexible forming method suitable for single-unit
production and rapid prototyping without requiring specialized dies. However, generating toolpaths
using traditional CAD/CAM software remains time-consuming and difficult to adjust when
geometric dimensions change. This research focuses on developing a Macro programming toolkit
to automatically generate G-code programs for circular and rectangular conical parts in ISF on
CNC milling machines. Geometric and process parameters are parameterized to automatically
determine toolpath coordinates and generate machining programs using the FANUC Macro B
language. Additionally, the toolkit is developed on the Visual Studio platform to support data input
and automatically export G-code programs for ISF applications.
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1. PAT VAN PE

Trong nhiing nim gan ddy, cong nghé
tao hinh gia ting tim kim loai (Incremental
Sheet Forming — ISF) di thu hat duoc nhiéu
su quan tam cua cac nha nghién ctru nho tinh
tmg dung cao trong san xuit tao mau nhanh
hodc san xuét chi tiét dang tdm 16n véi chi phi
san xuat thap va tinh linh hoat cao. Khac véi
phuong phép gia céng 4p luc truyén thong,
phuong phap ISF khéng yéu ciu hé thng
khuon chuyén ding, phit hop voi dang san xut
16 nho va san pham ca thé hoa [1+4].

Céc hé théng CAD/CAM hién dai ngay
nay da hd tro rat manh mé cho qua trinh lap
trinh gia cong ISF trén cac may CNC hodc canh
tay robot, tuy nhién viéc xay dung duong chay
dao cho cac hinh dang ISF trén cac hé thong
CAD/CAM van doi héi nhiéu thao tac thu cong
va phai xdy dung lai m6 hinh khi thay déi kich
thudc hinh hoc. Lap trinh Macro dugc phat trién
nham ty dong hoa qua trinh tao duong chay dao
trén may CNC, cho phép thay d6i linh hoat cac
tham s6 hinh hoc ma khong can xdy dung lai
chuong trinh gia cong bang phan mém CAM
truyén thong [5+7]. Phuong phap nay giup don
gian hoa qua trinh 1ap trinh, nang cao kha nang
tai su dung ma Iénh va thuan tién cho viéc hi¢u
chinh kich thuéc chi tiét trong cac nghién ctru
thuc nghiém. Bén canh do, ma G-code dugc tao
ra ¢6 cAu tric ngin gon, d& chinh stra va phu
hop véi cac bai toan nghién ctru hodc san xuat
linh hoat. Vi vay, viéc ung dung 1ap trinh Macro
duoc xem 1a mot giai phap hiéu qua nham rat
ngan thoi gian chuan bi gia cong va hd trg qua
trinh nghién ctru cong nghé tao hinh gia tang
tam kim loai.

[
P il TR L gl IO

Hinh 1. Chuong trinh G-code trong gia cong ISF

Ngoai ra, chét luong tao hinh trong
phuong phép ISF phy thudc nhiéu vao cac chién
luge chay dao. Quy dao chuyén dong ciia dung
cu anh hudng truc tiép dén do chinh xac kich
thudce, sai Iéch hinh dang, chét luong bé mat
va luc tao hinh. Cac chién luoc chay dao phé
bién thuong duoc sir dung trong phuong phap
ISF 14 chién lugc chay dao hudng trong dugc
mo ta trén hinh 2a (trong chién luoc chay dao
nay, dung cu s& di chuyén theo contour ngoai
ctia tiét dién trén cing mot mat phing cho dén
khi quay tr¢ lai vi tri bét dau. Sau do, dung cu
dich chuyén theo phuong thiang dimg xudng
dudi mot khoang bang khoang dich dao dé thuc
hién 16p gia cong ké tiép), chién luge chay dao
xodn dc mé ta trén hinh 2b (Chién luoc chay
dao nay, dung cu di chuyén lién tuc ma khong
xuét hién bude chuyén 16p dot ngdt nhu chién
lugc chay dao hudng trong dé tao sy 6n dinh
trong qué trinh gia cong), chién lugc chay dao
huéng ngoai mé ta trén hinh 2¢ (Trong chién
luoc chay dao hudng ngoai, dung cu bat dau di
chuyén tir tAm ctia mat phang gia cong va dich
chuyén dan ra phia bién ngoai v6i mot budc
tién ngang xéac dinh cho dén khi dat dén chu vi
ngoai cua lép tao hinh hi¢n tai. Sau do, dung cu
quay trd lai vi tri tAm dé ha xudng theo phuong
thang dimg nhu da thiét 1ap dé chuyén sang 16p
ké tiép).
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a) b) c)
Hinh 2. Cdc chién lwoc chay dao thuong diing
trong phuwong phap ISF
2. XAY DUNG BQ CONG CU

2.1. Thong s6 hinh hoc

D01 tuong nghién clru cia bai bao la
hinh con chit nhat va con tron dugce xac dinh
boi cac thong so:

« Chiéu dai miéng con: L (mm);

« Chiéu rong miéng con: B (mm);
« Chiéu dai day con: 1 (mm);

« Chiéu rong day con: b (mm);

« Chiéu cao con: H;

* Ban kinh mi¢ng con: R (mm);

* Ban kinh ddy con: r (mm);

* G6c nghiéng con: a (d0).

Cong thirc quy d6i kich thude hinh hoc:

Déi v6i hinh con tron:
tg(a)) = 2H/(D — d) (1)

Ddi vé6i hinh con chit nhat:
tg(a) = 2H/(L-1) (2)

Ngoai ra, chiing ta c6 cac thong sé hinh
hoc cong nghé gia cong gom:

* Khoéang dich dao doc: AZ (mm);
« Ban kinh dung cu cat: R (mm);
» Khoang dich dao ngang: AX (mm).

Hinh 3. Théng s6 hinh hoc con tron va cén
chir nhat

2.2. Xay dung chwong trinh macro

Dé xdy dung duoc Macro cho chuong
trinh gia cong, chiing ta can xac dinh céc gia tri
bién cho tham s6 dau vao cua chuong trinh, cu
thé ¢ day 1a toa d6 cac diém dich trong chuong
trinh gia cong. Cac budc xac dinh toa dd cac
diém dich duogc thuc hién theo cac budc:

Budc 1: Xac dinh toa do cac diém dich
ban dau.

I::"";:.L.ﬁ

Hinh 4. Toa dé diém dich contour bdt dau

Do dung cu gia cong trong phuong phap
ISF thuong 1 chi tiét hinh ciu nén diém diéu
khién dung cy (miii dung cu) va diém gia cong
(diém tiép tuyén) s& khong tring nhau. Chinh

vi vay ma khi bat dau gia cong, chung ta can =~
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xéc dinh cac toa dd diém dich cua contour bat
dau gia cong (Z, = 0) theo cong thirc:

Déi véi tiét dién chit nhat:

X, =L2—tg(a) vaY, = H/2 —tg(a) (3)

Ddi voi tiét dién tron:

X, =Y, =D/2 - tg(a) 4)

Budc 2: Xéc dinh sb 16p cit.

S6 16p cat duge xac dinh bang ti s giita
chiéu cao con véi luong dich dao doc dugc 1am
tron 1én theo cong thuc (4). Khi do, cac 16p cit
dau s& duoc 1ap trinh theo gia tri AZ con 16p cit
cudi cung dugc 1ap trinh theo cong thic (5):

n=[H/AZ] 5)

AZ .=H-n*AZ (6)

Budc 4: Xac dinh gia tri toa do cac diém
dich cua duong chay dao 16p ke tiép theo cong
thirc:

X, =X—-AX,Z =7 -AY,Z =7 +AZ(7)

Trong d6: AX =AY = AZ/ tg(a)

Budc 5: Lap lai bude 4 cho dén gia tri

(n-1).

Budc 6: Xac dinh toa do (X
Z ;) theo cong thire (6) va (7).

Y .,
cuo1

cuoi’

Sau khi c6 toa do cac bién, chung ta sé€
xay dung cic Macro bang ngoén ngit FANUC
Macro B theo cac tham sé. Sau ddy 1a ciu triic
chuong trinh Macro gia cong hinh con tron:

% G1 Z#104 F800
01000 G02 X#105 YO I[-
#100 = “DK BAN #105] JO F1200
DAU O BUOC 17 #104 =#104 - #103
#101 = “DK CUOI O IF [#104 LT -#102]
BUOC 6~ THEN #104 = -#102
#102 = “CHIEU SAU #105=#105 -
CON” #106

#103 = “BUOC DICH IF [#105 LT #101]
DAO DOC” THEN #105 =#101
#104=0 GO X#105Y0
#105 =#100 ENDI1

#106 = [#100-#101]/ Gl Z-#102
[#102/#103] G02 X#105 YO I[-
G21 G17 G0 G&O #105]J0

G49 G40 GO0 Z50

M3 S1000 M30

GO0 Z5 %

GO X#105Y0

WHILE [#104 GT

-#102] DO1

2.3. Xay dung cong cu tao file G_code

Bd cong cu tao file G code dugc lap
trinh trén phan mém Visual Studio v&i giao
dién chinh nhu mo ta trén hinh 5. O giao dién
nay, chung ta co thé lua chon ddi tuong 1ap
trinh 12 G_code cho hinh con tron hodc hinh
con chit nhat.

CONG CUJ TAO CHUUONG TRINH GIA CONG CHO PHUONG PHAP
INCREMENTAL SHEET FORMING

LAJA CHI BIEN DANG

HiNH CH s
NHAT i TRON

Hinh 5. Giao dién chinh cua bo cong cu

Sau khi lya chon ddi tugng 1ap trinh,
bd cong cu s& chuyén sang giao dién dé nhap
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thong s6 hinh hoc cuia chi tiét va cac thong s6
gia cong cua chuong trinh gia cong nhu trén
hinh 6.

Baén dyng
Thing 56 hinh hoc
Thifas can ()
i g ol 1 (B}
Chilu ik millag ofn [L)
s rghieg
Chibw g diry o )

Thang a6 gia céng

s e chiy

Chibe i iy s )
0l el B ol [P

L ih b dang cho phip B ol [F)

T o iy T 4 {5

T Tk L THOAT T )

Hinh 6. Giao dién chinh cua bo cong cu

3. THU'C NGHIEM GIA CONG

Tai giao dién nay, ching ta tién hanh
nhap théng sb can 1ap trinh va tién hanh “két
xuat” chuong trinh Macro, chuong trinh Macro
nay sé duoc st dung tryc tiép trén may gia cong
CNC dé tién hanh gia cong theo phuong phap
ISF.

Hinh 7. Két qua két xudt chirong trinh Macro

Bdng 1. Cdc yéu t6 ldp trinh gia cong

~ £ L, en . C?ip do
TT Thong so Ky hi¢u Don vi
; : 1 2 3 4
1 | Chiéu sau cit doc AZ mm 0,1 0,2 0,3 0,4
2 Budc tién F mm/phit 500 1000 1500 2000
3 | Tocdo quay true S Vong/phtt | 1000 2000 3000 4000
chinh

buong kinh dao D mm 8 10 12 14

5 Goc nghiéng o bo 72,5 75 77,5 80

Str dung b cong cu xay dung chuong
trinh Macro dé tién hanh gia cong ISF trén
may phay CNC 3 cho vat liéu hgp kim nhém
A6061 co kich thude 200%x200%2 mm voi cac
cap thuc nghiém nhu trén bang 1 da cho thiy
su cai thién dang ké vé thoi gian lap trinh bang
cong cu xay dung chuong trinh Macro so véi
phuong phap lap trinh CAM truyén thong khi
gia cong ISF (cu thé két qua thuc nghiém cho
thdy bo cong cu da gitip giam khoang 60% thoi
gian 1ap trinh). Ngoai ra, chi tiét dugc tao hinh
khi gia cong dat do chinh xac hinh hoc tuong
dbi tot. Sai léch hinh dang so véi lap trinh bang
phan mém Master Cam 14 khong dang ké, chu

yeu xuat hién tai mot so vi tri do anh huong cua
hién tuong dan hoi.

4. KET LUAN

Nghién ctru di phat trién thanh cong bd
cong cu lap trinh Macro trén nén tang Visual
Studio, giai quyét hiéu qua han ché vé thoi
gian va kha nang hiéu chinh cta cic phin mém
CAD/CAM truyén thdng trong cong nghé tao
hinh gia ting tim kim loai. Thong qua viéc
tham sb hoa cac théng sé hinh hoc va cong
nghé, hé théng cho phép tw dong hoa hoan toan

quy trinh tinh toan dudng chay dao va xudt &
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chuong trinh G-code bing ngén ngit FANUC
Macro B cho céc chi tiét con tron va con chir
nhat trén may phay CNC. Két qua nay khong
chi t6i wu hoa quy trinh chuan bi gia cong, nang
cao tinh linh hoat cho phuong phéap ISF trong
san xuét don chiéc va tao mau nhanh, ma con
m¢ ra hudng g dung hiéu qua giai phap lap
trinh tham s6 vao thuc tién san xuat co khi.
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