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NGHIEN CUU XAY DUNG POSTPROCESSOR
CHO MAY PHAY CNC 5 TRUC DANG DAU XOAY

RESEARCHING AND DEVELOPING A POSTPROCESSOR

FOR A 5-AXIS CNC MILLING MACHINE WITH A ROTARY HEAD

DOI: https://doi.org/10.57001/huih5804.2023.112

TOM TAT

Dé bién dich di liéu tir phan mém CAM cho mdy CNC 6 thé hiéu va thuc
hién chuyén dong cdt got tao hinh thi can dugc chuyén sang cac ma lénh G-Code,
M-code phii hop véi timg hé diéu khién CNC khac nhau. V6i mdy CNC 5 truc thi
viéc bién dich nhu vy khd han rdt nhiéu so véi may CNC 3 truc va 4 truc, dac biét
vi cdc mdy CNC 5 truc dang dau xoay lai cang khd han vi chuong trinh gia cong
sau khi bién dich thanh dif liéu Gcode, Mcode khdng nhiing phu thudc vao hé
diéu khién CNC ma con phu thudc truc ti€p vao chiéu dai dung cu. Gia thanh méi
bd PostProcessor c6 gia rat cao va phu thudc vao cac hang cung cdp phan mém
CAM. Nghién c(fu nay c6 muc dich xay dung mot phan mém PostProcessor cho
mdy CNC 5 truc dang ddu xoay véi ddu vao la dit liéu CL Data tiéu chudn va xudt
ra ma lénh Gcode cho mdy CNC thyc hién, phan mém nay doc 1dp véi cac phan
mém CAM va cd thé tuang thich véi nhiéu hé diéu khién C(NC khac nhau.

Tir khéa: PostProcessor; (NC 5 truc

ABSTRACT

To translate data from CAM software into C(NC machine-readable code for
cutting and shaping, it needs to be converted into appropriate G-Code and M-
Code commands that correspond to different CNC controllers. Compiling such
code for 5-axis CNC machines is much more challenging than for 3-axis or 4-axis
machines, particularly for 5-axis machines with rotary heads, because the
machining program, after being compiled into G-Code and M-Code data,
depends not only on the CNC controller but also directly on the tool length. The
cost of each PostProcessor package is high and depends on the CAM software
providers. This study aims to develop a PostProcessor software for 5-axis CNC
machines with rotary heads, which takes standard CL Data as input and outputs
G-Code commands for the CNC machine to execute. The software is independent
of CAM software and can be compatible with various CNC controllers.
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1.MO PAU

POSTPROCESSOR Ia cau néi giira phan mém CAM va
may CNC, c6 nhiém vu chuyén di liéu dudng chay dao tu
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Pam Viét Phuong'”

phan mém CAM sang d liéu G-CODE dé may CNC c¢6 thé
doc va thuc hién. M&i phan mém CAM thudng sé cé nhiing
bd PostProcessor di kem cho cadc may phay CNC 3 truc va
mot vai loai mdy CNC 5 truc.

Tuy nhién, véi nhiing may CNC 5 truc thi cé rat nhiéu
tham s anh hudng tGi viéc bién dich dit liéu va khong thé
dung chung mét bé PostProcessor cho nhiéu loai may CNC
5 truc khac nhau ma thudng maéi loai may CNC 5 truc sé cé
mot bo PostProcessor phu hop.

C6 nhiéu nghién clu trudc day da nghién cltu ky vé van
dé viét PostProcessor cho cac may CNC 5 truc. Chang han,
tdc gid Tran Buc Tang nghién clu bd PostProcessor cho
may phay 5 truc dau xoay c6 truc xoay nghiéng goc 45° so
vGi truc Y. Nhin chung tat ca cac may CNC 5 truc hién nay
déu da c6 nhiing bd PostProcessor phu hgp, do d6 van dé
nghién ctu nay khong phai l1a mai, tuy nhién thuc té€ cho
thdy cac sdn phadm Postprocessor van chua dugc phd bién
nhiéu tdi cac ca s& san xuat do gia thanh rat cao. Hon niia,
cac bo PostProcessor cho may 5 truc hién nay thudng yéu
cau goc toa do gia cdng nam trén truc xoay con phan mém
PostProcessor trong nghién ctru nay cho phép dat géc toa
do gia cong tai bat ky vi tri nao trén ban may. Nghién cltu
nay chi trinh bay hudng tiép can cla tac gid vé phuong
phap dé€ xay dung bo PostProcessor cho may phay 5 truc
dang dau xoay vai truc B (truc xoay song song vdi truc Y),
ban xoay vai truc C. Phuong phap ti€p can trong bai bao
khong chi ap dung cho loai cadu hinh may phay CNC 5 truc
dang B-Head, C-Tab ma c¢6 thé ap dung dé xay dung
PostProcessor cho cac loai cdu hinh may 5 truc khac nhau.

Nghién ctiu nay tap trung vao loai mdy CNC 5 truc dang
dau xoay loai B Head - C Tab v&i c4u hinh chiéu quay B+, C-.

C6 ba yéu t6 quan trong dé xay dung bd PostProcessor
la:

- Mé hinh dong hoc ctia may CNC, phu thudc vao két
cdu va cdu hinh chuyén dong cla cac truc.

- binh dang dr liéu CL Data

- Phuong phap xt ly dir liéu CL Data

Muc tiéu cia nghién clu nay sé xay dung moét phan
mém PostProcessor vai dir liéu dau vao la file dinh dang
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CLSF xuéat tir phan mém SIEMENS NX, di liéu dau ra la dir
lieu G-Code c6 thé sit dung cho may CNC.
2. PHUONG PHAP NGHIEN cUU
2.1. Dong hoc thuan va dong hoc ngudgc cia may CNC 5
truc ki€éu HEAD- TABLE

Cau hinh may CNC 5 truc lua chon trong nghién ctiu nay
la dang may HEAD- TABLE véi dau xoay la truc B, ban xoay
la truc C va chiéu quay dang B+ C-

Hinh 1. Mdy CNC5 truc B Head- C Tab cu hinh B+, C-

Céc ky hiéu va gidi han cac truc quay nhu sau:

- Truc B thay ddi tir -90° dén +90°

- Truc C thay d&i tu 0° dén 360°

- Ky hiéu khoang cach tir tam dao dén truc xoay B la L
(chinh la d6 dai doan TO,)

- Ky hiéu hé toa dé phéi la Oixyz, hé toa do nay gan lién
Vdi chi tiét

- Hé toa d6 (OXYZ) c6 cac truc OX, QY, OZlan lugt song
song vdi cac truc X, Y, Z cia may CNG, 1a hé toa d6 dugc thé
hién trén file NC.

- T: Tam mii dao

- i,j,k la vecto don vi tuang ing vdi cac truc OX, OY, OZ

- — —

- i, J,, K, la vecto don vi tudng ting véi cac truc O:x, Ovy,
O]Z
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- i,,j,,k, la vecto don vi tuong Ung v6i cac truc O,X,,
02Y2: OZZZ

Hinh 2. Mdi quan hé giiia cac hé toa do

Nhu vay, toa do trong file NC chinh la toa d6 ctia mai
dao T khi xét trong hé toa d6 (OXYZ)

Pé tinh toan dugc déng hoc thuan va déng hoc ngugc
clia may CNC, ta can xac dinh dugc méi quan hé clia cac hé
tQa dé (O1XyZ), (OXYZ) va OzXzYzZz

Ta co:

0T=00+00, +0,T

Xét trong hé toa do (OXYZ), hé toa d6 nay chinh la hé
toa do dugc biéu dién trong file NC, nhu vay toa d6 diém O,
trong hé (OXYZ) la: (X, Y, Z+L)

Hay:

00, = (X—X, )i+(Y Y, )j+Z+Lk
0,0 = —Rcos(a, + C)i— Rsin(a, + C)j
Vai:

a, =arcos % Yo <0
VXo +Yo
0 —Xo
a, =360" —arcos — Yo >0
VXo tY¥o

a,=0:x,=0,y,=0
N
Trong hé toa d6 0.X,Y,>Z,:
0,T =Lk, =LsinBi—LcosBk
Nhu vay:
ﬁ = (—Rcos(a, + Q)+ X — x4 — LsinB)i

— —

+ (—Rsin(a, + Q)+ Y —y,)j+ (Z4+L—LcosB)k
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Mat khac:

Fﬂ = Xa + yi + zkﬂ1

va dé y mdi quan hé:

i, = cosCi+sinCj; j, = —sinCi+ cosCj;k, =k

Ta dugc:

x =(—Rcos(a, +C) +X—X,, —LsinB)cosC
—(—Rsin(a, +C)+Y —y,)sinC

y =(—Rcos(a, +C)+X—x, —LsinB)sinC 1)
+(—Rsin(a, +O+Y -y, )cosC

z=Z7+L—LcosB

Va:

X=xcosC+ysinC+Rcos(a, +C) +LsinB+x,

Y =—xsinC+ycosC+Rsin(a, +C) +y,

Z=z+LcosB—L )

B =+arcosK

C=darcos(l/ sinB)

Véi: x,y, zla toa d6 tam dung cu trong hé toa dé phdi, |,
J, K 1a toa d6 cda vec-ta don vi biéu thi hudng clia dung cy,
X, Y, Z, B, C la toa d6 thé hién trén may CNC, L la khoang
céach tur tdm dung cu dén truc B, xo, yo biéu thi vi tri ctia tam
ban xoay truc C so véi gic toa do may.

Cac phan mém CAM sé xuat ra cac toa do x, y, z, 1, J, K,
d€ méay CNC c6 thé hoat dong theo di liéu nay can xac
dinh cactoa d6 X, Y, Z, B, C theo hé phuong trinh (2).

Hé phuong trinh (2) la hé phuong trinh khong c6
nghiém duy nhat, do dé can phai xac dinh gia tri X, Y, Z, B, C
phu hop nhat.

e Phuong an lua chon giad tri X, Y, Z, B, C phu hgp.

Khi cé nhiéu gia tri X, Y, Z, B, C thda man (2), cac gia tri
dugc lua chon theo thi tu uu tién nhu sau:

- Goc B uu tién thay d8i vdi gia tri nhd nhat.

- Tiép theo goc C uu tién thay déi vdi gia tri nhd nhat

- Cu@i cung la cac chuyén dong X, Y, Z

Nhu vay, chuyén déng hop ly dugc lua chon trong

nghién ctiu nay la han ché téi thiéu sy thay déi clia cac goc
B, C.

Céc gia tri géc B, C dugc lva chon trong pham vi theo
bang 1.

Bang 1. Bang lua chon gid tri B, C theo thr tu vu tién

| J C B
>0 >0 90°<(<180° -90°<B<("
>0 >0 270°<(<360° 0°<B<90°
<0 <0 90°<(<180° 0°<B<90°
<0 <0 180°<(<270° -90°<B<("
>0 <0 90°<(<180° 0°<B<90°
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>0 <0 270°<(<360° -90°<B<0’
<0 >0 90°<(<180° -90°<B<0°
<0 >0 270°<(<360° 0°<B<90°
0 >0 90° -90°<B<0’
0 <0 270° -90°<B<0°
>0 0 0° -90°<B<0’
<0 0 180° -90°<B<(0°
>0 0 180° 0°<B<90°
<0 0 0° 0°<B<90°
0 >0 270° 0°<B<90°
0 <0 90° 0°<B<90°
0 0 0° 0°

2.2, Xay dung phan mém PostProcessor

Dir liéu CL Data dau vao lay tr phan mém SIEMENS NX
theo chudn CLSF ISO.

D liéu c6 dang nhu sau:

e Chay dao nhanh:

RAPID

GOTO/x,y, z1,J, K

e Chay dao theo doan thang:

GOTO/x,y, z1,J, K

e Chay dao theo cung tron:

ClRCLE/Xc, yC, Zc, |c, Jc, Kc, R

GOTO/x, y, z

o} day, gia tri xc, ¢, zcla toa d6 tam cung tron, I, Je, Kc
thé hién chiéu quay clia cung tron, R 1a ban kinh cung tron,
X, Y, z 1a toa do diém cudi cung tron.

e Phdn mém POSTPROCESSOR duoc viét trong méi
truong Matlab.

4

POSTPROCESSOR FOR § AXIS MILL MACHINE

Type of Machine
B Head- C Tab
)

Distance Tool Center to Head Rotary Axis: L 100 Feedrate:F | 1000

Workpiece Origin to Table Rotary Axis: X 0 Y, 0

Input CL Data File Output file

Hinh 3. Phan mém PostProcessor
e Giao dién phan mém gom:
- Trudng lua chon ki€u may CNC

- Trudng nhap tham sé khoang céch ti tam dung cu
dén truc xoay

- Trudng nhap toa d6 goc phéi so vai truc xoay
- Trudng nhap van téc cat
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- Chiic ndng chon file CL Data
- Chiic nang xuat file NC

= CADICAE > 0> SIS
POSTPROCESSOR FOR § AXIS MILL MACHINE
v Newloidr =.

oe
Tipechhtctine
Bhex CTb

Disance Too Converto Head Rotay ois L | 0| Feedrate P | 1000

P Vit O e Ry s x | 0] v

Ingu CL Dt Fle Osprfie

POSTPROCESSOR FOR § AIUS MILL MACHINE.

Tpecfbaine
w Nare Ui P ® | BheaClt

Oisance Tod CerteroHeadRotary Axs L | 100 Feecrale | 100

M iripecsCrgnioTaieRamyaes x| o v ol

InptCL etaFle Outpafe
v Wi

- Vs

-DAE

-GETUPF 3TN

Flerane: durgrohgaccny

Smemtype ('n)

A HideFeldes S (]

Hinh 4. Cac chiic nang cta phan mém PostProcessor
2.3. Thi nghiém phan mém

Thi nghiém xuat ma G-Code tu file CLSF xuat ti phan
mém NX

e Ditliéu CL Data ddu véo:

Hinh 5. Budng cong chay dao thif nghiém
(L Data
TOOL PATH/CONTOUR_PROFILE,TOOL,BALL_MILL_1
TLDATA/MILL,20.0000,10.0000,275.0000,0.0000,0.0000
MSYS/0.0000,67.5000,0.0000,1.0000000,0.0000000,0.0000000,0.0000000,0.00

74 | Tap chi KHOA HOC VA CONG NGHE @ Tap 59 - Sé 3 (6/2023)

00000,1.0000000

$$ centerline data

PAINT/PATH

PAINT/SPEED,10

PAINT/COLOR,186

RAPID
GO0TO0/115.1631,-37.7786,50.9222,0.8484953,0.0180935,0.5288936
PAINT/COLOR,211

RAPID

G0TO0/61.8544,-38.9154,17.6931

PAINT/COLOR, 42

FEDRAT/MMPM,250.0000

G0T0/60.6868,-38.5396,17.1154

G0TO0/59.6457,-37.6553,17.0103

G0TO0/58.7079,-36.6831,17.2743

G0TO0/57.8106,-35.7581,17.7616

G0T0/56.9262,-34.9090,18.3914

G0TO0/56.0439,-34.1380,19.1177

G0TO0/55.1597,-33.4400,19.9124

G0TO0/54.2719,-32.8081,20.7571

G0TO0/53.3804,-32.2355,21.6393

PAINT/COLOR,31
G0TO0/52.7743,-31.8659,22.2484,0.8411551,0.0199975,0.5404240
G0T0/52.0702,-31.4983,22.7860,0.8335804,0.0215555,0.5519774
G0T0/50.6260,-30.7810,23.7869,0.8179281,0.0245250,0.5747974

G Code

T7 M6

G43 H7

(90 G0Z-137.520

(90 GO X-453.807 Y40.225

(90 GO B-58.069 (178.779

(90 G0 Z-170.749

(90 GO X-400.486 Y40.225

G1X-399.327 Y39.824 7-171.327 F1000.0
G1X-398.305Y38.918 Z-171.432
G1X-397.388Y37.926 Z-171.168
G1X-396.510Y36.982 Z-170.681

G1X-395.644 Y36.115 2-170.051
G1X-394.779Y35.3257-169.325

G1X-393.910 Y34.608 Z-168.530
G1X-393.035Y33.958 Z-167.685

G1X-392.156 Y33.366 Z-166.803
G1X-388.559Y33.111Z-161.582 B-57.287 (178.638
G1X-384.782 Y32.834 7-156.423 B-56.497 (178.519
(1X-376.999 Y32.285 7-146.294 B-54.915 (178.282
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e Kiém ra két qud trén phan mém CIMCO EDIT: NC Data:
CLData: ETMG
G43 HT

RAPID 690 GO 2Z-137.520
GOTO/115.1631, -37.7786,50.9222,0.8484953,0.0180935,0. 5288936 690 GO X-453.807 Y40.225
PAINT/COLOR,211 G90 GO B-58.069 C178.779
RAPID 690 GO Z-170.749
GOTO/61.8544,-38.9154,17.6931 90 GO X-400.486 Y40.225
PAINT/COLOR, 42 G1 X-399.327 ¥39.824 2-171.327 F1000.0
FEDRAT/MMPM, 250. 0000 G1 X-398.305 ¥38.918 z-171.432
GOTO/60.6868, -38.5396,17.1154 G1 X-397.388 ¥37.926 z-171.168
GOT0/59.6457,-37.6553,17.0103 Gl X-396.510 Y36.982 2-170.681
GOT0/58.7079,-36.6831,17.2743 Gl X-395.644 ¥36.115 z-170.051
GOTO/57.8106, -35.7581,17.7616 Gl X-394.779 ¥35.325 z-169.325
GOTO/56.9262,-34.9090,18.3914 G1 X-393.910 Y34.608 z-168.530
GOTO/56.0439,-34.1380,19.1177 Gl X-393.035 ¥33.958 z-167.685
GOT0/55.1597,-33.4400,19.9124 Gl X-392.156 ¥33.366 z-166.803
GOTO/54.2719,-32.8081,20.7571 G1 X-388.559 ¥33.111 z-161.582 B-57.287 C178.638
GOTO/53.3804,-32.2355,21.6393 G1 X-384.782 ¥32.834 2-156.423 B-56.497 C178.519

. - Gl X-376.999 ¥32.285 z-146.294 B-54.915 C178.282

Hinh 6. Dit liéu CL Data Gl X-368.930 ¥31.721 z-136.346 B-53.329 C178.049

Gl X-360.609 Y31.161 Z-126.621 B-51.744 C177.809
Gl X-356.531 ¥30.988 Z-122.014 B-50.966 C177.644
Gl X-352.046 Y30.608 Z-117.132 B-50.160 C177.559
Gl X-347.820 Y30.420 z-112.610 B-49.381 C177.395
Gl X-343.384 Y30.144 Z-108.007 B-48.590 C177.263
Gl X-334.450 ¥29.660 z-99.085 B-47.019 C176.961
Gl X-325.302 ¥29.194 z-90.429 B-45.456 C176.627
Gl X-315.990 Y28.768 z-82.077 B-43.903 C176.245
Gl X-306.534 Y28.387 Z-74.036 B-42.362 C175.811
Gl X-297.042 Y27.990 Z-66.332 B-40.850 C175.378

Gl X-287.446 Y27.679 2-58.329 B-39.301 C174.814 w606 I
Gl X-277.793 Y27.343 2-50.650 B-37.776 C174.258 ﬁ)*:%m d:
Gl X-267.873 Y26.976 2-43.183 B-36.244 C173.703 Z[_ gk

Hinh 8. So sanh dif liéu CL Data va dit liéu trén CIMCO EDIT

Dong lénh dugc bdi den trén dir liéu CL Data thé hién
hé toa do phdi la:

(60.6868, -38.5396, 17.1154)

Trong chuong trinh NC dugc xuéat ra tuong Uing vdi toa
do trén may la (-399,327; 39,824; -171,327) va toa doé phoi
dugc thé hién trén phan mém tuong ung la:

X:[ 60.688| I: | |
T v -38.540] J: | ]
| 17.114] K[ |

Hinh 9. Toa d6 phdi trén CIMCO EDIT

So sanh két qua nay vdi két qua tu file CL Data thdy rang
dir liéu tuong thich véi nhau.
3. KET LUAN

Nghién ctu nay da thiét lap dugc moi quan hé gilia toa
d6 may va toa do phoi d6i véi may phay CNC 5 truc dau xoay
dang B- Head, C- Tab, truc xoay B song song vdi truc Y. Phan
mém PostProcessor cho phép thiét 1ap géc toa dé gia cong
tai bat ky vi tri nao trén ban mdy chit khéng nhét thiét phai
nam trén truc quay.

Dung phuong phap nay ta c6 thé xdy dung bod
PostProcessor cho nhiéu cau hinh may CNC 5 truc khac nhau.

Mé phéng gia cong trén may CNC o c6 thé xem tai dia

Hinh 7. M6 phéng gia cong trén may CNC o bing phan mém VERICUT chi: https://www.youtube.com/watch?v=gHWnBIPwx9k

Website: https://jst-haui.vn Vol. 59 - No. 3 (June 2023) e Journal of SCIENCE & TECHNOLOGY | 75



CONG NGHE P-ISSN 1859-3585 | E-ISSN 2615-9619

TAI LIEU THAM KHAO

[1]. Tran Duc Tang, 2013. A Five-Axis CNC Machine Postprocessor Based on
Inverse Kinematics Transformation. Advanced Materials Research Vols 622-623
(2013) pp 525-530

[2]. Jung Y.H., Lee D.W., Kim J.S., Mok H.S., 2002. NC Postprocessor for 5-axis
milling machine of table-rotating/tilting type. Journal of Materials Processing
Technology 130-131(2002), p641-646.

[3]. Lee R.S., She C.H., 1997. Developing a Postprocessor for Three Types of
Five-Axis Machine Tool. International Journal of Advanced Manufacturing
Technology 13, p658-665

[4]. Bohez E. L. J., 2002. five-axis milling machine tool kinematics chain
design and analysis. International Journal of Machine Tools & Manufacture 42,
p505-520.

AUTHOR INFORMATION
Dam Viet Phuong
Military Technology Academy, Vietnam

76 | Tap chi KHOA HOC VA CONG NGHE @ Tap 59 - S 3 (6/2023) Website: https://jst-haui.vn



