NG DUNG CAU TRUC HINH-DONG HOC (G-KS)
TRONG THIET KE MAY CNC GIA CONG GO

THE APPLICATION OF GEOMETRIC-KINEMATIC STRUCTURE
IN THE DESIGN OF WOOD PROCESSING CNC MACHINE
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'Khoa Co khi, Truong Dai hoc Bach Khoa TP. Ho th Minh
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TOM TAT

O giai doan phat tr ‘ién y tuong tdng thé dau tién trong qud trinh thiét ké may CNC la cuc ky
quan trong, quyét dinh dén cdc ﬂmng 50 ky thuat va van hanh cua may Bai bao trinh bay wec thiét
ké y twong cho cac phirong dn két cau may CNC 3 truc gia cong go dia vao phirong phap cdu triic
hinh - dong hoc (G-KS). Sau do itng dyng dai so  Boole két hop cdac diéu kién rang bugc va sir dung
phan mém CAD/CAE nham phan tich, danh gid cdc déc tinh ky thudt cia két cau may. Két qua dat
dwoc phwong dn thiét ké phit hop nhdt cho két cau may CNC gia cong g0 3 truc.

Tir khéa: Mday CNC gia céng go; Pai sé Boole; Cau triic G-KS.
ABSTRACT

At the initial stage of developing the overall concept in the process of CNC machines design
is extremely important, decisive technical parameters and operation of the machine. This paper
presents the concept design for the structure plan of wood processing CNC machine based on
Geometric-kinematic structure methods (G-KS). Then, Boolean algebra application and combined
with structural constraints conditions and the using CAD/CAE system to analyze and evaluate the
technical characteristics of the machine structure. The achieved result were a reasonable design
option for wood processing 3-axis CNC machine structure.

Keywords: Wood processing CNC machine, Geometric-kinematic structure, Boolean-algebra
technique.

1. GIOI THIEU

Cau tric hinh-déng hoc (G-KS) cua
may cong cu no6i chung 1a mot biic tranh tong
thé vé cdu trac va tinh nang van hanh cia may,
g6m chuyén dong cat va su phan phdi chuyén
dong gitra truc chinh va cac bo phan khac. Cau
tric G-KS con chi ra moi tuong quan gitra
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cac b phan chinh véi nhau. Nam 1970, J.D.
Vragov, nha khoa hoc nguoi Nga da dua ra
nhirng khai niém dau tién vé G-KS cung voi
cac phac thao vé hinh dang phan tir chinh trong
cau tric dong hoc may céng cu [1]. Cong viée
cua Vragov duge tiép tuc va phat trién boi
nhiéu nha nghién ciru trén thé gisi, chu yéu la
& chau Au va Nhat Ban trong céc linh vire thiét
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ké, ché tao, kiém thir va van hanh cac loai may
cong cu [2, 3, 6, 7].

Nam 2012, Grzegorz Szwengier (Ba
Lan) va cac cong su cua minh dua ra nghién

ctru vé lya chon G-KS cho may phay 3 truc -

[1]. Dén nam 2014, S. B. Chandgude va S. S.
Patil (An Do) da phat trién nghién ctru nay
mot cach tdng quan va chit ché hon, tuy nhién
chua di sdu vao viéc phan tich mé phong dic
tinh ciu trac bang phan mém CAD/CAE [4,5].

Bai bdo trinh bay viéc thiét ké ¥ twong
cho cac phuong 4n két cdu may CNC 3 truc
gia cong gd dua vao phuong phap ciu tric
hinh - déng hoc (G-KS) va phan tich, danh gia
cdc ddc tinh k¥ thuat cua két cau may dé chon
phuong 4n thiét ké phu hop nhét.

2.COSO LY THUYET

Vragov dua ra quy ude vé cong thirc
két cAu G-KS clia may, bao gdém thong tin truc
tiép vé so luong, loai va huéng chuyén dong.
Ky hiéu O dai dién cho than may ding yén; X,
Y, Z tuong tng véi cic bd phin chuyén dong
theo cac phuong X, Y va Z; A, B, C tuong ting
vO1 cdc bd phan quay theo truc X, Y va Z.

Cong thirc két ciu cua may dugc xay
dung nhu sau: [phdi - WP] — ky hiéu truc toa
do u'ng voi huong chuyén déng lan luot cua
cac phan tr chuyén dong cua hé thong S0 VO
than may dirmg yén — [dung cu cit - T]. Hinh

I vi du vé ky hiéu cong thire cdu trac G-KS cua
may phay ding.

O

XYZOC

Hinh 1. Céng thitc cau triic G-KS [1]
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Phuong phédp G-KS duoc tién hanh theo 4
budc sau day:

Budc 1: Khoi tao bo bién thé G-KS:

Dé khoi tao mot bo bién thé G-KS
hoan chinh thi dir liéu dau vao 1a loal may can
thiét ké duoc mé ta mot cach chi tiét, bao gom
ca nhtng ky hi¢u dai dién nhu O (thdn may),
X, Y, Z...(cac thanh phan chuyén dong). Cac
bién thé G-KS duoc tao thanh theo nguyén tic
hoan vi cac ky tu tir bién thé co s& ban dau. Dé
thé hién toan b céc bién thé G-KS, ngudi ta st
dung ma trén cong thirc cau tric nhu Hinh 2.

‘,“ - ' H e e

[ L o ' X4 " -
g v,;_‘../‘ﬁ ) | )
( == ] —t
XYZO - ¥YXZOQ - XZOY - ZOXY
cdng thirc cdu tric
o~ g
XYZ0 | %Y0Z | XOVZ |
XIYO | XF0Y mzv'm"
ma trén - 1 Bene | voxe o
chutric  vpo VROl VoBClOvax
2evo [ o | 20xy ooy
2YX0 | 7¥OX | 20%X | OZVX

Hinh 2. Ma trdn cdu tric cua bién thé [1]

Budc 2: Lua chon so bd cac bién thé
G-KS

Dua vao cac diéu kién rang bude tir yéu
ciu k¥ thuat, xac dinh cong thure logic va loai
bo céc bién thé khong phu hgp.

ma trdn
cdu tric
|

IXYZO, YXZO, XZ0OY]

Hinh 3. Vi du vé lwa chon so b cdc bién thé

GLES 1]
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Véi mdi diéu kién rang
budc xac dinh duoc mot tap bién
thé mdi thoa man rang budc do.
Két hop cac tap bién thé m&i (phép
giao) sé hinh thanh duoc cac bién
thé G-KS so bo. Vi du thé hién trén
Hinh 3.

Budce 3: Phén tich céac bién
thé G-KS:

Budc lva chon so bd thuong
khong giai quyét van dé lua chon
G-KS. N6 chi cung cip mot sb giai
phép cu tric G-KS tmg véi cac
rang budc. Vi vdy, can thiét phai
tién hanh phén tich su khic biét
va danh gia bd sung, sir dung phan
mém CAD/CAE dé phan tich cac
ddc tinh céu triic céc bién thé G-KS
duoc chon dé dat dugc cac két qua
chinh xac hon.

‘ Budce 4: So sanh va chon
bién thé G-KS tbi uu:

Ket qua tinh toan phan tich
cung cap cai nhin tong quan vé cac
dac tinh cAu tric cua tat ca cac blen
thé. N6 chi ra su khac nhau vé do
cling cha cau tric may khi ciing
ap dung mot diéu kién ban dau.
Két qua thu duge ¢ budc nay la
cac bién thé duoc phan tich danh
gid va duoc sip xép theo thir ty vé
chit lvong cdu tric. Cudi cling giai
phap cAu tric tot nhit s& dugc lua
chon va quy trinh lga chon G-KS
két thc.

Tu  phuong phap luan
G-KS, ta co giai thuat chon so bd
bién thé G-KS nhu Hinh 4.

(Bt di)

Khat tao bd phuong én G-KS hoan chinh
(n truc thidng vl (n+1)! phueong én)

( Chon so b cdc phuong dn G-KS ]

[Ph'&n tich k¥ thuat cic phwong an G-KS ]

(So sanh, danh gid va chon phwong dn t6i wu)

Ceétthic)

Hinh 4. Giai thuat hea chon G-KS

3. MO PHONG TIiNH TOAN
3.1. Khdi tao bd bién thé G-KS

Déi tuong 1a may CNC phay g6 3 truc. Goi O 1a
than may cd dinhva X, VY, Z lan luot la chuyén dong tinh
tién cua ban may. Nhu vay, cong thure cAu trac c6 4 ky tu
(vi du XYZO), bd bién thé G-KS day di dugc khoi tao
bing cach hodn vi 4 ky tu nay. Két qua thu dugc 24 (4!)
G-KS nhu Hinh 5.

XYZO | XYOZ | XOYZ | OXYZ

XZYO | XZOY | XOZY | OXZY

YXZO | YXOZ | YOXZ | OYXZ

YZXO0 | YZ0X | YOZX | OYZX

ZXYO | ZXOY | ZOXY | OZXY

ZYXO | ZYOX | ZOYX | OZYX

Hinh 5. Ma tran cong thirc cau tric

- 7056
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3.2. Lura chon so b cic bién thé

Trong budc nay, cac diéu kién rang
budce dugce sir dung lam tiéu chi dé giir lai hodc
loai bo cac bién thé. Cac diéu kién rang budc
dugc thé hién duéi dang cong thire logic, tmg
dung dai sé Boole, mdi didu kién s& cho ra mét
nhém nho bién thé tuong tmg. M6t sé quy ude
ding dé thiét 1ap cong thire logic: 1 - don vi
di chuyén theo phuong Z; 1™ - don vi khong di
chuyén theo phuong Z; 0 - Than may ¢ dinh;
0™ - Cac don vi di chuyén bét ky khong phai
than may. Sau day sir dung cac diéu kién rang
budc dbi véi may CNC phay g6 3 truc:

Diéu kién 1:
N1 dung: Mo rong kha nang gia cong
do61 voi phoi co kich thude 1on va giam kich

thude cua may.

Tinh ning két cau: Phoi chuyén dong
toi da theo mot phuong.

Cong thire logic: 0000 + 0000
Hoat dong cua diéu kién:

XYZO XYOzZ X0YZ 0OXYZ

XZYO XZ0Y X0ZY OXZY
RSO YXOZ YOXZ 0YXZ
YZXO YZOX YOZX OYZX

0ZXY

ZXYO ZXO0Y ZOXY

ZYXO ZYOX Z0YX 0ZYX

1[ 0000 + 0000 ]
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XO0YZ OXYZ
XOZY OXZY
YOXZ oYXz
YOZX 0YZX
Z0OXY 0OZXY
Z0YX 0ZYX

Hinh 6. Hoat déng ctia diéu kién I

Diéu kién 2:

Noi dung: Han ché anh hudng cua khoi
lugng phoi dén cac chuyén dong thang dimng
cua ban may.

Tinh nang két cdu: Phoi khong di
chuyén theo phuong ding.

Cong thure logic:

1101 + 1000 + 0000

Hoat dong cua diéu kién:

XYZO XYOZ XO0YZ OXYZ
X7YO XZ0Y XOZY OXZY
YXZO0 YXOZ YOXZ OYXZ
Y7XO YZOX YOZX oYzZX
7XYO ZXO0Y ZOXY OZXY
7YXO ZYOX ZOYX 0ZYX -
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XYOZ

X0YZ

OXYZ

YXOZ

YOXZ

0YXZ

XYOZ X0YZ OXYZ
XOYZ OXYZ

YXOZ XOZY OXZY
YOXZ OYXZ

0YZX

0ZXY

Hinh 8. Hoat dong cua diéu kién 3

Tién hanh thuc hién phép giao cac tap
bién thé tir cac rang budc, thu dugc tip bién thé
cudi cung nhu Hinh 9.

Hinh 7. Hoat déng cia diéu kién 2
Piéu kién 3:

Noi dung: Han ché t6i da trong luong clia
bo phan chuyén dong theo chiéu thing dimg.

Tinh nang ciu trac: Pon vi di chuyén

X0YZ

OXYZ

YOXZ

0YXZ

Hinh 9. Tap bién thé cuoi ciing

theo phuong Z chi mang theo truc chinh.

Cong thirc logic:

101 +1011 + 0111

Hoat dong cua diéu kién:

XYZO XYOZ X0YZ OXYZ
XZYO XZ0Y XOZY OXZY
YXZO YXOZ YOXZ 0YXZ
YZXO YZOX YOZX 0YzZX
ZXYO ZX0Y ZOXY 0zZXY
ZYXO LYTIX Z0YX OZYX

ISSN 0866 - 7056

Nhu vay, con 4 bién thé thoa man cac
rang budc néu trén la XOYX, YOXZ, OXYZ
va OYXZ. Tuy nhién, néu chon phuong an
XOYZ thi phoi thuc hién chuyén dong theo
phuong X lam cho kich thuéc theo phuong X
clia may rat 1on. Doi véi phuong dn OXYZ,
vé mit két cau khong phu hgp. Vi vay, chi con
lai hai phuong an: YOXZ va OYXZ, nghia la
cho 2 truomg hop ban may chuyén dong va ban
may dung yén.

Trong bai bao nay, phan mém Inventor
duge chon dé thiét 1ap ciu tric mo hinh 3D
don gian cho may, sau do chuyén né sang mo
hinh CAE, cubi cung tinh toan mo phong tinh
va dong dugc thuc hién. M6 hinh 3D dugce
xay dung vai kich thude may: 800x800%650
mm (XxYxZ), khoang cach lam viéc XxYxZ:
600%600%200 mm nhu Hinh 10.
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b.Phuong an OYXZ
Hinh 10. M6 hinh so bé

3.3. Phén tich c4c bién thé dwoc chon

C6 nhiéu thong sé dé so sanh cac
phuong an, tuy nhién d¢ ctmg 14 théng sb uu
tién vi né anh huéng dén hau hét cac dic tinh
cua may. Tién hanh dit luc theo nghién ciru
cua Raquel Gongalves va Antonio Carlos Néri
[3]. Viée dat luc ¢ day mang t1nh tuong ddi,
chi dé so sanh co tinh ctia két ciu trong cung
mot diéu kién tic dung cua luc. Luc tac dung
[én diu miii dao theo phuong X: F, = 200 N,
theo phuong Y: F, =200 N, theo perO‘ng Z:F,
=50 N; Moment tac dung [én mii dao: M =
1000 Nmm. Két qua phén tich nhu hinh 11.

TAP CHI CO KHI VIET NAM, S6 4 nim 2017
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a.Phwong an YOXZ

b.Phirong an OYXZ
Hinh 11. Két qua chuyén vi mé hinh

Tir két qua mo phong tinh toan ¢ trén
c6 thé thiy ngay ring chuyén vi 16n nhét cia
phuong an OYXZ la nhd hon phuong an
YOXZ c6 nghia 12 trong cing mot diéu kién
vé rang bude va luc tac dung thi phuong an

OYXZ ¢6 dg cing virng cao hon phuong 4n
YOXZ.

3.4. Phéin tich dao dgng va ché tao thir
nghiém mo hinh

Vi cac thong sé mong mudn sau khi

thiét ké, ché tao cua may nhu sau: Kich thudc
may: 800x800x650 mm (XxYxZ), khoang
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cach lam viée XxY*Z: 600x600x200 mm, toc
dd quay truc chinh 0 — 12000 vong/phut, cong
suit truc chinh 1 kW va do chinh xac lam viéc
120.1 mm.

Phan tich tin sb riéng va ché tao mo
hinh thue té duoc thuc hién dé phan tich, dénh
gid va kiém tra két qua thiét ké. Két qua nhu
hinh 12 va 13.

No. | Mode | Frequency [Hz]
1 |1 119.76
2 |2 153.43
3|3 186.28 ]
4 |4 361.61
S |5 405.89
6 |6, 452,78

Hinh 13. M6 hinh thiec té may phay g0
4. KET LUAN

Bai béo trinh bay viée thiét ké y tuong
cho cic phuong 4n két cau may CNC 3 tryc gia
cong gb dua vao phuong phéap céu tric Hinh
- Pong hoc (G-KS) két hop véi dai sb Boole.
Két qua v6i bd 24 phuong én cau trac G-KS da
chon dugc hai phuong an YOXZ va OYXZ.

ISSN 0866 - 7056

www.cokhivietnam.vn

Xay dung mo hinh 3D va st dung phan mém
phan tich ky thuat CAE dé so sanh va déanh
gi4 hai phuong an YOXZ va OYXZ theo do
clmg va két qua chon dugc phuong dn OYXZ
phu hop nhét. Mt mo hinh may phay gd theo
phuong an OYXZ da duoc ché tao thir nghiém
va cho két qua tuong ddi chinh xdc. Tuy nhién
dé c6 mot may gia cong gd hoan thién cn phai
tiép tuc nghién ctru dé ning cao do chinh xac
gia cong, cai thién tin s6 dao dong riéng...
trong tuong lai.
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