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Tom tat:

B hdu xir Iy (Postprocessor- PP) la mét giao dién lién két cac hé thong CAM véi mdy CNC va né
chuyén doi dir liéu CL sao cho twong thich véi timg mdy CNC cu thé [1], [2]. N6 ¢6 chire nang doc, dich
cac lénh san xuat duwoc dwa ra boi hé théng CAM va chuyén doi chung thanh ma NC tuy thudc vao su két
hop ciia mdy va cau hinh diéu khién. Bai bdo nay trinh bay so lwpc vé Postprocessor, dé xudt thudt todn
tuyén tinh héa dwong chay dao va xdy dung bg hdu xir Iy cho may CNC 5 truc.

Tir khéa: Tuyén tinh héa dwong chay dao; Bo hiu xir Iy; May CNC 5 truc; Pong hoc nguoe; Ldp trinh

CNC; CAD/CAM/CNC.

Cac tir viét tit

CC Cutter Contact

CL Cutter Location

PP Post-processor

CAD  Computer-Aided Design

CAM  Computer-Aided Manufacturing
CNC  Computer Numerical Control
MCS  Machine Coordinate System
WCS  Workpiece Coordinate System
1. Mé déu

Postprocessor 1a mot mo-dun cua phan mém
CAM van nang, g1u vai tro giao dién gitta CAM va
CNC. CAM la phan mém may tinh chuyén dung
¢6 nhiém vu cung cip chuong trinh diéu khién cho
cac thiét bi san xuét 1a ciac may CNC. Yéu cau co
ban di v6i mot chuong trinh NC 1a né phai tuong
thich vdi may ma né phuc vu. Sy tuong thich ¢ day
bao gdm ca vé ngdn ngit 1an cau tric, tinh ning cua
may. No6i chung, cac thong tin chira trong chuong
trinh NC gém 2 loai: Loai thir nhét chi lién quan
dén cac yéu t6 ndi tai cua qua trinh gia cong, gdm
quy dao chuyén dong tuong ddi cua ludi cit sao voi
phoi, cac thong $6 cong nghé nhu: dung cu, luong
tién dao, téc do truc chinh,... ddm bao chét lugng
va tinh kinh t& ctia qué trinh. Loai thtr 2 lién quan
dén dic tinh ky thuat ctia may cong cu, nhu kiéu bo
didu khién (mdi bo diéu khién chi c6 thé hiéu va xir
ly duoc chuong trinh ¢ céu triic va ca phap nhét
dinh), cau trac co khi ciia may cong cu (sb luong
va loai truc diéu khién, gi6i han cac thong s6 cong
nghé,...). Bt ky phin mém CAM nao ciing phai
thoa man yéu cau trén, co 2 giai phap ky thuat cho
van dé nay:

Moét 1a tao ra phﬁn mém CAM duy nhét,
chuyén dung dé tryc tiép xuit chwong trinh gia cong
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cho mdi may CNC cu thé. Giai phap nay kém hiéu
quéa vi mbi nhoém may doi hoi mot phan mém CAM
cho riéng minh.

Hai 1a tach phin mém CAM thanh 2 mo-
dun. Mo-dun thir nhat goi 1a b xir 1y (Processor),
¢6 nhiém vu xudt mot chuong trinh trung gian, ding
chung chi mo ta quy dao cuia dao va dung mot ngén
ngit chung, chua can quan tim dén cau trac, tinh
ning ctia may va bo diéu khién cu thé. Mé-dun thi
hai goi 1a b9 hau xur ly thong dich chuong trinh
trung gian sang dang tuong thich voi may CNC cu
thé. Khi gap mot bo may CNC méi, ta chi viéc tao
ra mdt PP tuong ing.

Céc phan mém CAD/CAM c6 diy du chuc
nang rat dat, nhung chi dam bao chiic ning xr 1y.
Nho ¢6 bd hau xir Iy ma ta c6 thé dung chung phan
mém CAD/CAM cho nhiéu may CNC.

Dé chuén bi cac chuwong trinh NC cho céc
méay CNC phai quan tim dén ca hai yéu t6: yéu td
hinh hoc cua san phim gia cong va yéu td vé cac
yéu cau chuyén biét khac nhau cua cic may cong
cu. Trong thuc tién hién nay, tit ca cac hé thong déu
quan tdm dén diéu d6 bang cach hoic 1a sir dung
mot chuong trinh don duy nhét, hodc 13 bang cach
st dung hai chuong trinh (hai cong doan riéng r€)
dé chia s¢ ganh ning trong qué trinh tao 1ap cac
chuong trinh gia cong, do la:

- Qua trinh xir 1y dua ra két qua chung.

- Qua trinh hau xtr 1y dua ra két qua riéng
biét.

Qua trinh xtr Iy dua ra xudt két qua chung sé
sinh ra dit li¢u vi tri qui ude cia dung cu (CL-data).
Théng thuong, CL-data khong phu thudc vao cac
méay CNC riéng biét. V& mit ban chét, CL-data 1a
mot tdp hop cac bd gia tri toa do X, Y, Z cua vi tri
miii dao (Tooltip), cac phan tir ciia tap hop dugc
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sap xép tuan ty theo trinh tu di chuyén cua dung cu
theo qui dao hinh hoc. Cac cau 1énh déc biét trong
chuong trinh gia cong (vi du nhu téc d6 truc chinh,
lwong tién dao, thay ddi dung cy, dbi phéi,...) chi co
thé duoc xir Iy bai Postprocessor.

Céc hing san xuit may cong cu khac nhau
hoan toan c6 thé dua ra cac cu tric may cong cu
v6i cac bo diéu khién CNC khéac nhau. C6 nhitng
bo diéu khién yéu cAu céc vi tri chay dao phai duoc
tinh toan sao cho gia toc cua cac tryc trong chuyén
ddng chay dao khong dwoc vuot qua gia tri toi da
cho phép. Tuy nhién, hdu hét cac hé thong khac hién
nay, co tich hop voi cac mach dién tir, cho phép
giai quyét van dé nay. Do viy, can thiét phai tién
hanh cac tinh toan dac biét sao cho chuong trinh
gia cong tuong thich dwoc véi mdi té hop may cong
cu va bo diéu khién cu thé. Vi cac ngdn ngir 1ap
trinh gia cong dua ra két qua chung, vi du nhu:
APT, ADAPT, EXAPT, v.v..., viéc xay dung cac
phép tinh toan khac nhau phu thudc vao cac to hop
méy khac nhau trong mot chuong trinh 1a can thiét,
chuong trinh do6 dugc goi 1a Postprocessor.

Céc hé théng CAD/CAM ngay nay lam cho
cac ngdn ngir 1ap trinh xir 1y két qua chung tré 1én
16i thoi, viée tinh todn duong chay dao 1a mot nhiém
vu ctia cac phin mém CAD/CAM nay. Di véi cac
phdn mém nhu vy, nguoi sir dung tién hanh gia
cong trén man hinh d6 hoa (graphic machining),
thong thuong, cac phin mém CAD/CAM ciing st
dung cung kiéu cac cdu 1énh (menu 1énh) véi cac
ngon ngit 1ap trinh ké trén. Phan CAM cua cic hé
thdng thuce hién cac phép tinh hoan toan tuong tu dé
dwa ra duong chay dao giéng nhu cac ngon ngit 1ap
trinh NC dua ra két qua chung khac. Pudng chay
dao c6 thé duge hién thi trén man hinh dd hoa tuy
thudc vao ngudi sir dung. Diéu nay cho phép kiém
tra, danh gia chuong trinh gia cong khong can chay
may trudc khi str dung.

Céc hé théng CAD/CAM ciing thuong bao
gdm cac cong cu dé phat trién PP. Tuy nhién rat
nhiéu hé thong CAD/CAM khong dua ra két ndi
truc tiép voi CL-data tiéu chudn (doc 1ap v6i véi cac
may CNC). Phan PP phat trién trong cac méi truong
khép kin nhu thé nay s& rat kho hodc khong thé sir
dung dugc cung voi cac hé théng khac. Mot vai hé
thong CAD/CAM c6 thé sinh ra cac ma chuong
trinh gia cong theo mo hinh hinh hoc hodc tham
chi ca chuong trinh gia cong hoan chinh. Cac ma
chuong trinh nay sau d6 phai dugc xt ly thém nho
bd xur Iy ngdn ngir hodac bo PP cho cac may CNC
cu thé.

2. Céc yéu t6 chinh cin giai quyét trong PP
2.1. Pong hgc may CNC
Doi voi cac h¢ dieu khién theo dang duong
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lién tuc b postprocessor phai tinh dén dong hoc[5]
cua chuyén dong dé tranh sai so vi tri.

2.2. Phép bién d6i hinh hoc dbi véi cac may CNC
nhiéu truc

Trong qua trinh sinh ra duong chay dao
(toolpath generation), trén cac may CNC nhiéu truc
doi héi mot qua trinh xwr 1y tinh toan sy dinh vi cia
truc dung cu (tool axis orientations). Trong truong
hop nay, qua trinh tinh toan chung s€ sinh ra dit li¢u
CL, trong d6 mdi ban ghi ctia dit liéu nay chira dung
thong tin theo dang X Y Z1J K [6]. Cac gia tri X Y
7 1a gié tri toa d cuia cac diém miii dao trén qui dao
chay dao trong h¢ toa do phoi, va cac giatri [ J K 1a
cac cosin chi phuong cua véc to truc dung cu twong
(g vdi cac vi tri ciia dao ké trén trong ciing mot hé
toa d9. Do vay, cac bo PP cho cac may CNC nhiéu
truc phai c6 kha nang chuyén doi cac gia tri X Y Z 1
J K cta CL data sang céc dich chuyén cua cac truc
ctia m&i may CNC c6 cau hinh cu thé.

2.3. Hiéu chinh sai 1éch (bu sai s6)

Khi yéu cAu tai dinh vi truc dung cuy, thi can
thiét phai dich chuyén cac tim quay trong khi quay
mot hodc ca hai truc quay mot cach df“)ng thoi. Néu
cac dich chuyén tinh tién va dich chuyén goc nay la
¢6 ¢ trong cung mdt cau 1énh gia cong trong bo didu
khién CNC, thi cac dich chuyén tuyén tinh Va dich
chuyén goc s& dong thoi dién ra theo gia sé thoi
gian. Két qua 13, qui dao cua diém miii dao s& tuan
theo mot duong cong nao dé cd quan hé vdi phoi
gia cong. Viéc hi¢u chinh sai 1énh gilta cac duong
cong niy va cac doan tuyén tinh nhu mé ta trong
CL data la trach nhiém ctia phan PP. Trong thyc té,
cac bd PP hién hanh mdi chi dam bao duoc ré“lng sai
1&ch cua qui dao thyc cua diém mii dao nam trong
gidi han c6 thé nao do6 so vé6i qui dao mong mudn.

L& tu nhién, qui dao phi tuyen ctia diém miii
dao luén c¢6 nhu cau dugc tuyen tinh hoéa [7],[8].
Khi do cong cta qui dao dao xap xi voi dd cong cua
bé mit gia cong, thi co thé cho phép PP sat nhap
mot sd cac cau Iénh cit thang thanh mot cau lénh
don. Diéu nay cho phép nang cao chit luong bé mit
gia cong va hiéu sudt lam viéc ciia may.

3. Tao postprocessor cho may CNC 5 truc
3.1. Thuit toan tuyén tinh héa dwdong chay dao
Khi gia cong trén may CNC 5 truc, cac
dudng chay dao thuc sy giita hai diém CL khong
phai tuyén tinh ma 1a dudng cong. Cac dudng cong
trong Hinh 1 cho thay su khéc biét giira diém CL va
diém CC thyc té. Puong chay dao thyc nay 16 rang
1a mot 18i do ndi suy tuyén tinh ciia may 5 truc tao
ra. Li nay can duoc kiém tra va bu sai sd, va diéu
nay dugc thyc hién trong PP [10].
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Hinh 1. Puong dan cong cu thic té giita hai diém
CL[10]

Tuyén tinh héa duong chay dao duoc thyuc
hién trong PP boi noi suy dir liéu diém CL méi doc
theo dudng chay dao 1y tuéng va do dé thém khdi
m&i cho chuong trinh NC. M6t 1énh trong file CL ¢o
thé tao ra mot vai dong trong tap tin NC, vi vy kich
thude cia chucmg trinh NC tang 1én. Cac ducmg
chay dao cubi cting bao gdm céc vi tri c6 ngudn gbc
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tryc tiép tir file dit liéu CL, va vi tri méi dugc tao ra
boi CL ndi suy dit liéu trong PP. Tuyén tinh hoa s&
khong cung cép chuyén dong hoan hao cua dung cy,
nhung d6 sai 1éch véi duong chay dao 1y tudng cod
thé duoc giam dén mot [9] mirc do chip nhan duoc.

Néu duong chay dao thyc 1éch hon dung sai
T d6i véi dudng CL tuyén tinh, thi duong chay dao
s& phai duoc tuyén tinh héa. Van d& tuyén tinh hoa
dugc giai quyét trong PP bang cach chen chc diém
trung gian glua hai diém CL lién tiép, khi d¢ léch
nam trong mlen dung sai khong thoa man.

Cho ring V,V, vaV, laba diém lién tiép
trong dir liéu CL (Hlnh 2). Cac chuong trinh NC
twong ing cua V, la N, = [X,Y,Z,B,C]l Madi truc
dugc gia dinh dé di chuyen tuyen t1nh giita cac diém
quy dinh. Vi vdy, mdi diém trong dudng cong thuc
té ¢6 thé dugc thé hién la:

N =N+tN, —N) (1
Trong do t 1a thoi glan (0 <t<l).

Tuong tng CL dix ligu V. cho N co thé
duogc xac dinh boi phuong trinh dong luc hoc trong
[3, 4]. Hon nita, mdi diém trén duong chay dao ly
tuong c6 thé dugce xac dinh nhu sau:

V Vl + 1(V1+1 Vl) (2)
—  Puingcong chay dao thyc
— —— —— Bubdng chay dao ndi suy
Puidng chay dao 1y twong
Vn-'-l.t Nn+1 A
o —— ~ -
'r"f—-\h._‘h _,-"F_-_}“\‘h\ N

S e e 1+2

Vi Ny, Vi

Hinh 2. Tuyén tinh dwong chay dao

C6 thé dugc nhin thiy tir Hinh 2, khoang
cach glua V  vaV, tao thanh mot do 1éch, ky hiéu
d, . Néu do lech tbi da (d, ) ey VUOt qua dung sai cho
phep th1 cac dit ligu V,, duoc cheén vao cac dir li¢u
CL goc Théng thuorng, diém trung binh c6 t = 0,5
1a diém duoc chon. Sau khi diém trung gian Vv, da
dugc dua vao, cac ma NC tuong tng co thé duoc
tao ra.

Thuét toan tuyén tinh hoa duong chay dao
nhu sau:

1. Chon t=0.5

2.bocV, V,_ tir CL file

3. Tinhtoan V, =V, +t(V, - V)

4. Tinhtoan N ,N_ trV,vaV,_
dong hoc nguoc [3, 4].

trén co s&
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5.Tinh N =N +t(N,, —N)
6. Tinh Vn’t tor Nn’t trén co sé dong hoc thuan
7. Tinh khoang cach d,|
8. Sosanh d, véi dung sai T
- Néu di, d < T, thi doc tiép diém CL, i
=i+1.
-Neud >T,chénV, ¢giraV,vaV,, va
lap lai tir budc 2 den budc 8.
So db thuat toan tuyén tinh hoa dudng chay
dao dugc thé hién trong Hinh 3.
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BEGIN

DocdiémV,va V. |4

tir CL file
v

{ !
Pong hoc nguoc

Il | Vie= Vit Vi, - V) i & floe g

x tinh N, N, |

s .

g

I N, =N+t -N)

s ;
Pong hoc thuan

tinh Vit

Yes

No

Diém CL tiép (i=i+1) |-

Doc hét C

L file?
Yes

Hinh 3. Thudt todn tuyén tinh dwong chay dao

3.2. Tinh todn hé toa d may

Dt liéu CL la nhiing vi tri can cit (x, Y, Z)
va dinh hudng (i, j, k) dugc dinh nghia trong hé toa
d6 phoi. O day cac dir liu x, y, z, 1, j, k phai duoc
chuyén vé hé toa do may X, Y, Z, va (B, C) hoac
(A, B) hodc (A, C) & diéu khién su chuyén dong
clia truc may. Bang phuong phép bién doi dong hoc
ngugc, co thé dugc tinh toan duge dit liéu CL g6m
¢6: ba chuyén dong lién tuyén tinh (X, Y, Z) va hai
chuyén dong khép quay (B, C) hoidc (A, B) hodc (A,
C). Diéu nay c6 thé dugc thuc hién bang viée chuyén
d6i hinh hoc tir hé toa d WCS sang hé toa do MCS.

Hinh 4 1a m6 hinh may CNC nam truc DMU
70 eVolution dugc st dung dé chung minh cho
phuong phép duogc dé xuat. Dé tinh toan toa do may
X,Y, Z,B, C) tu dt liéu CL (x, y, 7, 1, j, k), thi phai
bd sung hé toa & mot s6 khép. Cac hé toa do tham
chiéu dugc xac dinh tir viéc viée chuyén ddi tir hé
toa do phoi sang hé toa d6 may. Cac hé toa do tham
chiéu trung gian dugc hién thi trong Hinh 5 va sy
chuyén ddi dugc tinh nhu sau:

Hinh 4. May CNC nam truc DMU 70 eVolution
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Hinh 5. Cdc hé toa @6 tham chiéu trung gian

0, (x,y,Z,): ndm ¢ tm bé mit ban C, khi B =
C = 0°. Tryc z, trung v6i tam truc C.
O, (x,y,z): Thu duwgc bang cach quay
(X,Y,Z,) quanh z, mot goc C.
0, (x,y,Z,): Thu dugc bang cach dich (x,y z,)
mdt khoang cach +d theo z,
O, (xy,z): Thu duwgc bang cach quay
(x,y,7,) quanh x, mot goc +45°
O, (xy,z): Thu duwgc bang cach quay
(X,¥,7,) quanh z, mot goc B
O, (x,ysz): Thu duwgc bang cach quay
(x,y,z,) quanh x, mot goc -45°
O, (x,y,z): Thu dugc bang cach dich
(x,y,z,) mot khoang cach la -d theo z,
O, (xyz): H¢ toa d0 may c6 dinh & truc
chinh.
Budc 1: Quay quanh z, mot goc C
Xx; = xyc0s C—y,sinC
Y1 =xgsinC +y,cos C 3)
Zy = Zy
Budce 2: Dich chuyén O, — O, theo truc z;
khoang cach +d
Xy =X+ X0

Yo =0t Yor
2, =21 Zoo

voiz, ,=d 4)
Bude 3: Quay quanh x, mot goc +45°
X3 = X
y3 = y,c0845" + z,5in 45° (5)
2, =— y,5in45° + z,c0s45°
Budc 4: Quay quanh z, mot goc B
X4 = X3c0s B+ y;sinB
y, =—Xx38in B+ y;cos B (6)

Zy =z
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Buéc 5: Quay quanh x, mot goc -45°
X5 = X4
V5 = y,c0545° — z,5in 45" (7
25 = y,s5in45° + z,cos45°

Budce 6: Dich chuyén mot khodng -d theo z,

ISSN 2354-0575

O day Xg» Vor Zp bgp Jo» Ky 12 Vi tri mili dao va
dinh hudng dung cu duoc dua ra trong dir li¢u CL.
Bang phuong phap tuong tu va luu y rang
[14 =0
4{ J1 =0, thi cac truc C va B dugc xac dinh:
k=1

xw = x5 + xoSnw
w 5+ 050w 51 =d 8 _ . AN
yu,_)/,+y véiz, (3) €' = arctan (1 ko)lo"'*/z(ko k; )J07 o)
Zw - ZS Z, 50w . 2\ .
’ : ko— 1)),/ 2(k,— k)i
Dit liéu NC cua cac thong s6 X, Y, Z duoc (k= 1)y (ko= ko' )i
xac dinh: cosB =2k, -1 = B = arccos(2k, - 1) (14)

X=x=x,
Y=y=y,
Z=z,=zp0"2zrtz,
Trong do: Z 12 chiéu dai cua dung cu cit.
VéicosB =2k -1, X,Y, Z s€ la:

X= [_yo Yy z(ko — kUZ) —Xx,t+ Zxoko]CQS Cc+
+ [xo % 2(’% - k()Q) + 2y0kq —yo]sin C+
+(d_20) 2(ko_k02)

r= [xO v 2(k0—kﬁz) +)’0k0]005 c+

+[)’0 v z(ko - k02) _xgko]sinC—zo +d—dky+ zyk,

(1)

zZ= [xo 1/2(k0 - k02) + vk —yﬂ]cos Cc+

o 20k — ki) = xoky + x, |sin C+ d — dlk + 2k,
(12)

(10)

3.3. Phin mém ving dung

Mot moé-dun phin mém tuyén tinh hoa
duong chay dao da duoc phét trién bang ngon ngit
Visual Basic. Giao dién nguoi dung cua chuong
trinh dugc thé hién trong Hinh 6.

Pé thé hién rd hiéu qua cua cong cu thudt
toan tim dudng tuyén tinh dau tién ching ta kiém
tra d6i voi truong hop ciia bén diém CL. Bang 1 cho
thdy bdn diém dir liéu CL dé thir nghiém, va Bang 2
cho thay cac dir liéu CL sau khi tuyén tinh hoa bang
cac thuét toan dugc dé xuat. Trong vi du nay chon
dung sai T=0.1, dit liéu CL sau khi tuyén tinh c6 11
diém thay vi bon diém; cac dong in dam trong bang
2 14 cac diém chén vao. Hinh 7 1a giao dién nguoi
dung nhép dir liéu kiém tra CL. Hinh 8 1a giao dién
cua Postprocessor.

Bang 1. CL data truée khi tuyén tinh héa

X y z i j k
Diém 1 20 0 -155 1 0.6327447124 0.465569252 0.6187742456
Diém 2 100 0 -150 ] 0.628284235 0.461387437 0.62640867
Diém 3 200 0 -146 | 0.623829809 0.457180279 0.634039219
Diém 4 300 0 -139 | 0.618938519 0.452948814 0.6416794216
Béng 2. CL data sau khi tuyén tinh héa
X y z i j k
Piém 1 20 0 -155 0.6327447124 0.465569252 0.6187742456
Piém 11 60 0 -152.5 | 0.63051447415 | 0.4634771812 0.6225885563
Diém 2 100 0 -150 0.628284235 0.461387437 0.62640867
Piém 21 125 0 -149 0.62713392215 | 0.460335647825 | 0.628311955
Piém 22 150 0 -148 0.6259836048 0.45928385845 0.630221043
Piém 23 175 0 -147 0.62483329465 | 0.458232069075 |0.632130131
Diém 3 200 0 -146 0.623829809 0.457180279 0.634039219
Diém 31 255 0 -144 0.6224968656 0.45612241345 0.63594926965
Piém 32 250 0 -142.5 | 0.6213107503 0.4550645472 0.6378593203
Piém 33 275 0 140.75 | 0.620126435 0.45400668095 0.63976937095
Diém 4 300 0 -139 0.618938519 0.452948814 0.6416794216
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Hinh 8. Giao dién ciia postprocessor
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4. Két luan

Dua trén phuong phap da tinh toan, tac gia
xdy dung mot mo dun phan mém trén nén windows
bang ngdn ngit lap trinh Visual Basic. Két qua mo
phong kiém chimg, 4p dung cho may phay CNC
S truc voéi hai truc quay trén ban ga phdi (Deckel

Tai liéu tham khao

ISSN 2354-0575

Maho DMU 70 eVoluion), chi ra réng bo hau xur
1y c6 tinh toan tuyén tinh hoa duong chay dao lam
giam sai s6 duong chay dao, bo hau xir ly dang tin
cdy va co thé tiry bién dé ap dung cho cac kiéu cau
hinh may CNC khac nhau.
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POSTPROCESSOR FOR FIVE-AXIS CNC MACHINE

Abstract:

Postprocessing is a link interface with computer systems NC and its CAM data conversion CL-
compatible so that each particular CNC machine [1], [2]. It has functions to read, translate production
orders given by the CAM system and convert them into NC code depending on the combination of machine
and control configuration. This paper outlines the postprocessors, proposed linearization algorithm
toolpath and construction of post-processing for 5-axis CNC machine.

Keywords: Linearization toolpath; post-processor;
programming; CAD/CAM/CNC.
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