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NGHIEN CU'U PHAT TRIEN POSTPROCESSOR
CHO MAY CNC 5 TRUC 2 AU XOAY
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TOM TAT

Cac phan mém CAM pha bién hién nay (nhu Siemens NX, Catia, Creo, Mastercam,...) 6 thé tao ra dutng chay dao d€ gia cong vdi rat nhiéu chién luoc rat
hiéu qua, tuy nhién dé c6 thé st dung trén cdc may CNC dé thuc hién cat got thuc té thi cn phai bién dich dudng chay dao xudt ra tif cdc phan mém CAM thanh
& ma lénh G-Code, M-Code phir hap cho tiing loai may. Cac bd postprocessor ¢6 san trong cic phan mém CAM thuong mai hién nay thutng chi sir dung duoc
cho may CNC 3 truc hodc mot s6 loai may CNC 4 trug, 5 truc co ban. (6 3 dang may CNC 5 truc phd bién, @6 Ia dang may 2 ban xoay (Table- Table Rotary) , mdy 1
dau xoay va 1 ban xoay (Head- Table Rotary) va mdy 2 dau xoay (Head- Head Rotary) trong dd véi may CNC 5 truc c6 ddu xoay, ma G-Code khong nhiing phu
thudc vao két cdu ché tao clla may ma con phu thudc cd vao chiéu dai cdia dung cu. Nghién ctiu nay tap trung vao phat trién b postprocessor cho may CNC 5 truc
vdi 2 dau xoay nghiéng do, loai postprocess nay thutng khdng duoc cung cap san trong cac phan mém CAM.

Tirkhéa: Postprocessor, mdy CNC 5 truc ddu xoay.

ABSTRACT

Current popular CAM software (such as Siemens NX, Catia, Creo, Mastercam, etc.) can generate toolpaths for machining with many highly efficient strategies.
However, to be able to use them on CNC machines for actual cutting, it is necessary to translate the toolpaths generated by CAM software into suitable G-Code
and M-Code commands for each type of machine. The built-in postprocessors in commercial CAM software usually only work for 3-axis CNC machines or some
basic types of 4-axis and 5-axis C(NC machines, not for all of CNC machine type. There are three common types of 5-axis CNC machines: Table-Table Rotary, Head-
Table Rotary, and Head-Head Rotary. For 5-axis C(NC machines with rotary heads, the G-Code depends not only on the machine's manufacturing structure but
also on the length of the tool. This research focuses on developing a postprocessor for 5-axis CNC machines with two tilting rotary heads, a type of postprocessor
that is often not provided in CAM software.

Keywords: Postprocessor, Head-Head CNC 5 Axis.
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1. GIGI THIEU mém CAM thudng gén kém mét s6 bd Postprocessor cho

Postprocessor ¢ nhiém vy chuyén déi dir liéu dusng MOt s6 loai may phay CNC 3 truc va mot s6 loai may CNC
chay dao tir phan mém CAM thanh di liéu G-code, M- 5 truc co bén, phu thudc vao cau hinh va hé diéu khién
Code ma cac may CNC c6 thé doc va thuc thi. M3i phan ~ €Ua may. Daéi véi cac may CNC 5 truc, c6 nhiéu tham s6
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anh hudng dén qua trinh bién dich di liéu va moét bo
postprocessor khong thé dugc st dung cho nhiéu loai
may CNC 5 truc khac nhau ma méi loai mdy CNC 5 truc sé
c6 bd postprocessor phu hop. Nhiéu nghién ctu truéce
day da nghién ctu cac bd postprocessor cho cac may CNC
5 truc. Vi du, Lee va She da phat trién mét postprocessor
cho 3 loai may CNC 5 truc: loai ban nghiéng, loai dau
nghiéng va loai ban/dau nghiéng [1]. Chen-Hua She va
Rong-Shean Lee nghién clu postprocessors cho ba loai
may phay CNC 5 truc: loai ban nghiéng, loai truc chinh
nghiéng, loai ban/truc chinh nghiéng dua trén mé hinh
déng hoc téng quat clia cac dung cu gia céng nadm truc
[2]. Jung va cong su da phat trién mét bo post-processor
cho mdy phay 5 truc loai ban quay/nghiéng. V&i loai may
nay, viéc dich turtoa do phéithanh toa do tuyét déi khéng
phu thudc vao chiéu dai dung cy, diéu nay c6 nghia la khi
thay déi chiéu dai dung cy, chuang trinh CNC khéng thay
déi [3]. 0. Remus Tutunea Fatan va Hsi-Yung Feng da phat
trién mot mé hinh déng hoc téng quat cho cac cau hinh
cla cdc mdy CNC 5 truc [4]. Knut Serby trinh bay mot
thuat toan dé tinh toan déng hoc ngugc clia may nam
truc va phan tich déng hoc ctia loai may nam truc véi cac
truc quay khong truc giao [5]. Chen-Hua She va Chun-
Cheng Chang da trinh bay mét thuat todn postprocessor
cho may CNC 5 truc c6 mot dau xoay nghiéng [6]. Jung
HyounChul, Hwang Jong-Dae, Park Ki-Beom, Jung Yoon-
Gyo phat trién postprocessor cho cac may 5 truc ban quay
va nghiéng dé [7]. Hwang Jin Son, Young Tae Cho va
Yoon Gyo Jung gidi thiéu mét chuong trinh
postprocessor vai truc B nghiéng 45° va di chuyén thang
theo cac truc X va Z, truc C gén véi ban quay va di chuyén
theo truc Y [8]. Tran Duc Tang nghién cdu bod
postprocessor cho may phay 5 truc dang 2 ban xoay, v&i
truc B nghiéng 45 d6 so vai truc Y, [9]. Chu Anh My va
déng nghiép da phat trién postprocessor cho may phay 5
truc Spinner U5-620 [10]. Mdy nay la loai xoay ban kép
nén do dai cong cu khong anh hudng dén viéc truyén di
liéu CAM. Nghién cttu nay trinh bay phucong phap clia tac
gia trong xdy dung mot postprocessor dung ca cho hai
loai mdy phay 5 truc véi 2 dau xoay: May CNC 2 dau xoay
khong nghiéng dé va may CNC 2 dau xoay nghiéng do,
dua trén viéc xac dinh ma tran chuyén ddi toa dé. Dua
trén phuang phap nay, thong qua viéc xay dung ma tran
chuyén ddi toa do, c6 thé xay dung mét bd postprocessor
cho cac cdu hinh may CNC 5 truc khac nhau dé dang.
Trong nghién ctru nay, phan mém postprocessor cho mé
hinh mdy phay CNC 5 truc v6i dau quay gén vdi truc B/
dau quay gan véi truc C, c6 hudng quay B+ va C-.
Postprocessor cho cac may CNC 5 truc khac ciing c6 thé
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thém vao phan mém mot cach dé dang bang céach thay
déi cong thuc cta ma tran chuyén déi toa do. Co ba yéu
t6 quan trong cho viéc xay dung mot bd postprocessor:
M hinh déng hoc ctia méay CNC, tuy thudc vao cdu tric
va cau hinh chuyén déng cla cac truc, dinh dang di liéu
CL-Data, phuong phap xt ly d(r liéu CL-Data. Muc tiéu cta
nghién cu nay la xay dung mét bé postprocessor véi di
liéu dau vao dinh dang CLSF dugc xuat tir phan mém
Siemens NX va dit liéu dau ra G-code c6 thé dugc sirdung
cho cac may CNC.

2. PHUONG PHAP NGHIEN CUU
2.1 Xay dung hé phuong trinh dong hoc ctia may CNC

2.1.1. Lua chon dang mdy CNC

Nghién ctu nay lua chon 2 mau may CNC dang 2 dau
xoay:

- May CNC 2 dau xoay vdi cac truc quay vudng goc
(Head- Head Type) (hinh 1).

- May CNC 2 dau xoay véi cac truc quay khong vudng
goc (Head- Head Tilting Type) (hinh 2).

Hinh 2. Mdy CNC 2 d4u xoay dang Head- Head Tilting & = 45° ¢6 chiéu
quay B+, (-
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2.1.2. Déng hoc ciia mdy CNC 5 truc

Ky hiéu cac tham s6 ctia may CNC:

* Gidi han cuda truc quay:

- Gia tri goc B tir -B° dén +B° (c6 thé thay déi trong bd
postprocessor)

- Gia tri goc C tur 0° dén 359,999°

* L: Khodng cach ti mii dao dén giao diém 0, cla truc
B va truc chinh (0,T = L)

* a: Géc nghiéng cla truc B theo tuong quan vdi truc
chinh (hinh 3).

*Axyz: Hé toa do tuyét déi cd céc truc Ax, Ay, Az song
song V&I cac truc tinh tién cla may CNC,
gan lién véi ban X-Y. Déi véi may CNC 5 truc dang 2 dau
xoay hay 2 dau xoay nghiéng do, hé toa d6 nay trung vai
hé toa do phoi.

*0,X1Y1Z, : Hé toa d6 gén véi truc quay C.

*0,X,V2Z, : Trong trudng hgp chung, hé toa dé nay
khong phai hé truc giao, gan lién véi truc chinh,cé géc 0,
la giao diém clia truc B véi truc chinh. 0,z, déng truc vdi
truc chinh, 0,y, déng truc véi truc B. Khi B =0°,
C = 0°:0,x, song song véi truc AX.

*T:Tam cla dao (hinh 3)

4,3, k: Vec-to don vi tuong Uing véi cac truc AX, AY, AZ.

4], Ky: Vecto don vi tuong Ung Vvéi cac truc
011,011, 0124.

1,72, K,: Vec-to don vi tuong Ung véi cac truc
02x3,02y2, 022,

*X,Y, Z: Toa d0 tuyét doi (Toa doé trong file NC)

*Xw Ywr Zw: T0a d0 phoi (Toa d6 trong CL Data)

*L,: Khoang céch tir 0, dén giao diém H cda truc 0;x,
V@i truc 0,x, (L; = O.H)

*y1: DO dai dai s6 cdia doan 0,H , chiéu duong theo
truc 05y, . (yn = O,H)

(cosBcosC + sinasinBsinC)

cosasinC

[A;] = (cosasinBcosC )

+ i sin2a(1 — cosB)sinC

*Bprevious: GOC B tai thai diém trudc

*Cprevious: GOC C tai thai diém trudc

M6i lién hé gitra toa do phéi va toa dé tuyét doi:

Dé tinh toan dong hoc ngugc va thuan ctia may CNC
5 truc, can xac dinh méi quan hé gilra cac hé toa do
(01x1y171), (02%3y27;) va (AXYZ).
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Déng hoc thudn cda mdy CNC 5 truc dang Head - Head
Tilting:

Hinh 3. Mdi lién hé giira cac hé toa do

Ta co:
AT = AO; + O,H + HO, + 0,T (1)
Khai trién:

A0, = Xi+ (Y + yycosa)] + (Z + L + L, + yysina)k

0,H = _L1k_1)

HT)£ ~Vulz
02T = _Lkz (2)
Do
I i] [z i
1| =[Ad]T]: 0z [ = [A]]7 (3)
K, kl [k, K
O day:
cosC —sinC 0
[A;]={sinC cosC 0
0 0 1
— sin C cosB + sinasinB cos C —cosa sin B
cosa cos C sin a
— sin C cosasinB L ) (4)
+%sin2a(1 — cosB) cos C (sin®a + cos” acos B)
Hudng clia truc dao la E:
1
k,=[1 ] KI|T (5)
K
Tu (1), (2), (3), (4):
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X — ygcosa sin C

AT = o cosiocschosC 7
+ EsinZa(l — cosB)sinC

Y + yycosa(1l — cos C)

cosa sin CsinB -
el 1 )
- EsinZ(x(l — cosB) cos C
+ (Z )K (6)
+Lcos?a(1 — cos B)
Mat khac:
AT = X1+ Vo] + ZoK (7)

Tu (4), (5), (6), rat ra hé phuang trinh d6ng hoc thuan
clla mdy CNC 5 truc dang Head-Head Tilting:

(1 = cosasinBcosC + %sinZa(l — cosB)sinC
] = —cosasin CsinB + %sinZa(l — cosB) cos C

K = sin® a + cos? acos B

Xy = X — ygcosa sin C

) L ) .cosocschosC ' 8)
+ Esm2a(1 — cosB)sinC

Yw = Y + ygcosa(1l — cos C)

cosa sin C sinB
+L{

%sinZa(l — cosB) cos C

Zy = Z + Lcos?a(1 — cos B)
2.2.Ddng hoc ngugc ctia may CNC 5 truc

Tu (8), ta thay cd 2 gia tri ca géc B thod man hé
phuang trinh ddng hoc thuan, khi géc B dugc xac dinh thi
g6c Cva cac gia tri toa do tuyét déi (X, Y, Z) cling dugc xac
dinh duy nhat theo géc B. V6i mbi dudng chay dao, khi
gébc B ban dau dugc xac dinh, cac goc B & thai diém sau
sé xac dinh duy nhat dua vao tinh chat lién tuc ctia dudng
chay dao. Trong nghién ctu nay, gia tri (X, Y, Z, B, C) c6 thé
xac dinh theo cong thiic sau:

K-sin? a

B = arcos———, a # 90°
Ccos“
or:
K-sin? a
1B = —arcos———, a # 90° ©)
cos“
or:

B = Bprevious' khi:K = Kprevious
Goc C dugc xac dinh theo goc B va cac gia tri (1, ]):

IcosasinB
+§] sin 2a(1-cos B)
cos? asin? B ’
+4l sinZ 2a(1—cos B)?

ilsinZa(l—cosB) —JcosasinB > 0,B # 0°
4 IcosasinB

0 +%] sin 2a(1-cos B)
C=360" —arcos| = aosmg — |/
+%sin2 2a(1-cos B)2

C =arcos

(10)

%IsinZa(l—cosB)—]cosasinB <0,B#0°
B=0

C= Cprevious'
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TU (9), (10), toa d6 (X,Y,Z) dugc xac dinh bdi cong
thuc:
X = Xy + ygcosasin C
+L (cosasinBcosC + isinZ(x(l - cosB)sinC)
Y =y, — ygcosa(1l — cos C)
-L (cosa sin CsinB — %sinZa(l — cosB) cos C)
Z = z,, — Lcos?a(1 — cos B)

Phan mém CAM sé xudat ra cac gia tri toa d6 phoi va
vec-to chi huéng clia dao Xy, Y, Zw, L, ], K , thong qua bd
postprocessor, cac gida tri toa do tuyét doi
X,Y,Z,B,C dugc xac dinh va cung cap cho mdy CNC hoat
dong.

3. PHAT TRIEN VA THU NGHIEM BO POSTPROCESSOR

3.1. Phat trién bo Postprocessor

(1)

Trong nghién ctu nay, nhém tac gia st dung ngoén
ng TCL (Tool Command Language) va xdy dung mét
chuong trinh tinh todn toa do tuyét déi ti toa dé phoi
trong dudng chay dao, sau dé xuat ra ma G-Code.

3.2. Kiém tra d6 chinh xac cia b6 Postprocessor

Trong nghién ctu nay, nhém tac gia thuc hién cac
buéc sau:

+ Tao chuang trinh gia cdng canh turbin bang phan
mém CAM (hinh 4).

Hinh 4. Dudng chay dao trong phan mém CAM
+ Xudt ra dit liéeu CL Data.

+ S dung bo postprocessor da phat trién dé xuat ma
G-Code véi cac tham s6:

- Chiéu dai: L = 433,75mm
- Géc nghiéng clia truc B: a = 0°
-Tham sé yy = —5mm

So sanh dir liéu CL-Data va G-Code nhu thé hién trén
hinh 5.

Dong Iénh trong hinh cht nhat mau dé bén tréi thé
hién dit liéu CL-Data, dong lénh trong hinh chi{r nhat mau
dé bén phai thé hién dit liéu G-Code tuang tng. Vi tri mai
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dao trong phan mém CAM va trén may CNC 4o vdi I1énh
G-Code thé hién d(tliéu toa dé trong 2 hinh chir nhat mau
dé trong hinh 5 nhu thé hién trén hinh 6.

Dit liéu CL-Data

FEDRAT /MMPM, 250.0000
GOTO/84.8746,-207.4078,-150.9063
GOTO/84.9588,-207.7524,-151.4941
COTO/85.4864,-207.5264,-151.8597
GOTO/85.9579,-207.0068,-151.9605
GOTO/86.3389,-206.4067,-151.9694
GOTO/86.6537,-205.7699,-151.9350
GOTO/86.9174,-205.1119,-151.8754
GOTO/87.1400,-204.4405,-151.7997
GOTO/87.4871,-203.0729,-151.6178
PATINT/COLOR, 31
TO/B87.9707,-200.7818,-151.2913,0.2075089,0.6068720,0.7672330)

GOTO/88.4628,-198.4442,-150.9313,0.2106244,0.5958755,0.7749643
GOTO/88.9644,-196.0525,-150.5232,0.2141208,0.5854930,0.7818888
GOTO/89.4660,-193.6608,-150.1150,0.2175813,0.5750122,0.
GOTO/89.9755,-191.2194,-149.6462,0.2214654,0.5652160,0.7946596
GOTO/90.4850,-188.7780,-149.1774,0.2253171,0.5553368,0.8005206
GOTO/90.9975,-186.3098,-148.6531,0.2294894,0.5459431,0.8057795

0. 0. 0.

0. 0. 0.

0. 0. 0.

7886820

GOTO/91.5099,-183.8416,-148.1288,0.2336312,0.5364767,0.8109311
GOTQ/92.0209,-181.3658,-147.5547,0.2380081,0.5273115,0.8156560
GOTO/92.5318,-178.8899,-146.9806,0.2423551,0.5180802,0.8202786

Dir liéu G-Code

NOOBO GO1 X178.875 ¥64.555 zZ-255.519 F250. M08
NO090 X178.959 Y64.21 Z-256.107

NO100 X179.487 Y64.436 Z-256.473

NO110 X179.958 Y64.956 Z-256.574

N0120 X180.339 Y65.556 Z-256.583

NO130 X180.654 Y66.193 Z-256.548

N0140 X180.918 Y66.851 Z-256.489

N0150 X181.14 ¥67.522 Z-256.413

NO160 X181.487 Y68.89 Z-256.231

NO170 X183.181 Y66.17 Z-252.254 C288.877 B39.894]
NO180 X185.006 Y63.683 Z-248.54 C289.467 B39.198
N0190 X187.004 Y61.515 Z-245.128 C290.088 B3B.566
N0200 X188.983 ¥59.302 Zz-241.772 Cc290.726 B37.937
N0210 X191.155 ¥57.438 Z-238.713 €291.396 B37.377
N0220 X193.313 ¥55.53 Z-235.701 C292.084 B36.82
N0230 X195.609 Y53.859 Z-232.894 C292.8 B36.314
N0240 X197.891 ¥52.159 Z-230.137 C293.533 B35.813
NO0250 X200.272 ¥50.594 Z-227.515 C294.293 B35.348
N0260 X202.635 Y48.995 Z-224.933 C295.07 B34.887

Hinh 5. Dif liéu CL-Data va G-Code tuong ting

Vi tri tdm dao Vi tri tam dao trén may (NC ao
trén phan mém CAM véi G-Code tuong iing

Hinh 6. Vi tri miii dao tuang ting véi CL-Data va G-Code
4. KET QUA VA MO PHONG GIA CONG TREN MAY CNC
AO

Vi du 1: M6 phéng gia cong trén may CNC 5 truc
dang Head /Head:

Tao G-Code tur dir liéu CL-Data véi tham s6 clia may
CNC 5 truc Head/Head Rotary Mill 5-Axis nhu sau:

- Khoang cach tir mii dao dén giao diém clia truc quay
B vatruc chinh: L = 433,75mm (do truc tiép trén may CNC
ao)
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- Géc nghiéng clia truc B: a = 0°
-yg = —5mm (do tryc ti€p trén may CNC ao)

Hinh 7. M@ phdng gia cong trén mdy CNC 5 truc dang Head/ Head Rotary
Clip mo6 phdéng gia dia chi:
https://youtu.be/yv9xuK60R98

Vi du 2: Mé phéng gia cdng trén may CNC 5 truc
dang Head Tilt 45° /Head:

Tao G-Code tur dir liéu CL-Data vGi tham sé clia may
CNC 5 truc Head Tilt 45°/Head nhu sau:

- Khoadng cach ti mii dao dén giao diém cuia truc quay
B va truc chinh: L = 390mm (do tryc ti€ép trén may CNC
ao).

cong tai

- G6c nghiéng cla truc B: a = 45°
-yg = 12,929mm (do truc tiép trén may CNC 4o)

Wi
oY
o=

Hinh 8. Md phdng gia cdng trén mdy C(NC 5 truc dang Head Tilt 45/ Head

Clip mo6 phdéng gia <ong tai dia chi:
https://youtu.be/XgV2rwWCFQc
5. KET LUAN

Nghién clu nay da gigi thiéu mét phuong phap méi
dé thiét lap mdi quan hé gilia toa d6 may va toa do phoi
cho cac loai may phay CNC 5 truc 2 dau xoay c6 ké dén
g6c nghiéng clia truc xoay. SU dung phuong phap nay, cé
thé phat trién bd postprocessor cho nhiéu cau hinh khac
nhau ctia cdc may CNC 5 truc bang cach thay thé cac gia
tri trong cac ma tran [A],[A,]. Hon niia, phuong phap
dugc s dung trong nghién cliu nay cho phép viéc tich
hgp cac tham s6 bé sung anh hudng dén dé chinh xac
cla dudng chay dao dé dang hon. Nhiing tham sé nay
bao gom cac yéu t6 nhu dé khong giao nhau cla truc
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P-ISSN 1859-3585 | E-ISSN 2615-9619 | https://jst-haui.vn

SCIENCE - TECHNOLOGY

chinh va truc B, ciing nhu danh gia tac dong cua sai s6
trong géc nghiéng cua truc B d6i véi dé chinh xac téng
thé cla dudng chay dao. Phuong phap nay cling c6 thé
dugc 4p dung vao viéc phat trién déng hoc cho robot
céng nghiép cé hon 5 bac tu do. Chuing toi sé tiép tuc
kham pha huéng nghién cltu nay trong cac nghién ctu
tiép theo.
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