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Nganh cong nghiép ché tao va sir dung may CNC ngdy cang phat trién,
su da dang va d¢ chinh xac cta san pham ngay cang dugc nang cao. Do
do, may CNC van s& phat trién va nang cao vai trd cia minh trong linh
vuc san xuit va giit vimg nhiing vai trd co ban trong cudc séng. Dicu
nay da dwa may CNC trg thanh mot phan khong thé thiéu trong san xut
cong nghiép. Bai bao s€ nghién clru viéc thiét 1ap mo hinh dong luc hoc
va dong lyc hoc ngugc cho may CNC 4D dang truc/ban. Nghién ctru
duogc thyc hién khi ty chu dong ché tao may hoan toan tai Viét Nam.
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Industry in manufacturing and using CNC machines is increasingly
development including the diversity and accuracy of the product. So,
CNC machines will still grow and enhance the role in manufacturing
sector and maintaining basic roles in life. This reason has made CNC
machines an indispensable part of industrial production. The article will
research in building inverse dynamic models of the 4D CNC big size
machines type shaft / table made by self-manufactured in Vietnam.
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1. GIOI THIEU

Su xuét hién cua cac may CNC da nhanh chong thay déi viéc san xuat cong nghiép. Cac
duong cong dugc thuc hién d& dang nhu duong thing, cic ciu tric phic tap 3 chiéu ciing dé
dang thyc hién, va mét lugng l6n cac thao tac do con ngudi thue hién duoc giam thiéu. Viée gia
tang tu dong hoa trong qua trinh san xudt voi may CNC tao nén su phat trién dang ké vé chinh
xac va chét lwong. Ky thuat ty dong ciia CNC giam thiéu cac sai sot va gitip nguoi thao tac ¢6
thot gian cho cac cong viée khac. Ngoai ra con cho phép linh hoat trong thao tac cac san pham
va thoi gian can thiét cho thay d6i may moc dé san xuat cac linh kién khac. May CNC ngay nay
duoc dicu khlen truc tlep tur cac ban vé do phan mem CAM, vi thé mot by phan hay lap rap co
thé truc tiép tir thiét ké sang san xuit ma khong can cac ban vé& in ciia timg chi tiét. C6 thé noi
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CNC la cac phan doan cua cac hé thong robot cong nghiép, tirc 1a chiung duoc thiét ké dé thuc
hién nhiéu thao cac san xuit. Tai Viét Nam trude nim 1990, cac khai niém cong ngh¢ NC, CNC
rat xa la va it nguoi biét dén. Tir ndm 1991, thong qua mot sb du an chuyén giao cong nghé, hop
tac voi nudce ngoai, lac d6 cac cong nghé CNC nhu [1-3]: may phay CNC, may tién CNC, do
luong CNC,... 1an d4u tién duoc gisi thidu va di thu hut sy quan tAm ctia nhiéu nha chuyén mén
cling nhu céc doanh nghiép trong nudc va lién doanh vdi nude ngoai. Hi¢n nay cac may CNC 2,
3, truc dang dugc st dung rong rdi ¢ nudc ta dé ché tao ra céac chi tiét co khi, dic biét 1a ché tao
cac khudén miu chinh xac, cac chi tiét phuc vu cong nghiép qudc phong. Cac thuong hiéu may
CNC thudng gip trong san xuit la Seimens, Index, Mazak, OKK. St dung may CNC cho phép
giam khéi luong gia cong chi tiét, ndng cao d6 chinh xac gia cong va hiéu qua kinh té, dong thoi
rit ngin dugc chu ky san xuat. Bén canh d6, nhidu nha may co khi trong nude da va dang co
nhitng dy 4n dau tu cac day chuyén san xuét voi phan 16n thiét bi trong day chuyén 1a cac may
CNC. Ngoai ra cac may cong cu didu khién sé CNC con duoc dung trong nghién ctru khoa hoc
va dao tao ¢ cac truong dai hoc va vién nghién ctru. Tir ndm 2010 tr¢ lai day trén thi truong bt
dau xuit hién may CNC 4D gia cong go do Trung Qudc san xuat. Mic du cong ngh¢ CNC du
nhép vao Viét Nam cham hon nhiéu so voi thé gidi, nhung trong mot thoi gian ngan c6 thé noi
cong nghé nay di c¢6 chd dung tai Viét Nam va tin chic trong nhitng ndm t&i ddy cong nghé nay
s€ dugc dung nhlcu trong céac xi nghiép, phan xudng, nha may, khu cong nghié¢p, khu cong ngh¢
cao, cac co s tiéu thu cong nghiép. Tuy nhién, su nghién ctu chua toan dién va déng bd da
khién cho qua trinh ché tao cac may CNC ¢ Viét Nam con nhiéu han ché dén thoi diém nay [4-
6]. Bé diéu khién duoc may CNC thi viéc diéu khién 1a quan trong nhat boi két qua diéu khién
anh huong tryc tiép dén chat luong gia cong, chat lugng san pham khi gia cong. Do d6, bai toan
dong hoc ngugc va dong luc hoc ngugc luon la nhitng bai toan thiét thuc va cép bach hién nay.
Bai bao dua ra quy trinh giai quyét bai toan dong hoc nguoc va dong luc hoc nguge cho md hinh
may CNC 4D dugc chu dong ché tao tai PTN Co hoc Ung dung - Truong Dai Hoc Bach khoa
TPHCM. Ket qua ctia bai toan cho thay nhiéu nhan dinh khach quan vé qua trinh di chuyén (quy
dao, van tdc, gia téc) ciia md hinh may phay CNC 4D ciing nhu qua trinh diéu khién (lyc tai cac
kh6p, moment,...). Trong do, cdc tac gia nhan dinh rang khi diéu khién may CNC 16n gap nhiéu
kho khén do su anh huong rat 16m tir Iy quan tinh va hoan toan khac biét so voi viée diéu khién
nhitng may nho, may mé hinh. Nhitng nghién ciru tiép theo dwgc trinh bay trong nhitng nghién
ctru doc 1ap khac.

2. THIET LAP MO HiNH PONG HQC MAY CNC 4D
2.1. Dong hoc may CNC 4D

Ta thiét ké va khao sat dong hoc ctia may 4D gém: x4c dinh vi tri miii dao, van toc va gia
téc mili dao tir dich chuyén ctia cac khau. Chi tiét ta mudn gia cong 1a cac tdm g& hodc nhom
moéng co kich thude 300 x 800 mm, chi tiét dang tron xoay c6 duong kinh lon nhat 300 mm. Céc
truc toa do cua may CNC cho phép xac dinh chidu chuyén dong cua cac co ciu may va dung cu
cit. Chiéu duong cua céc truc X, ¥, Z dugc xac dinh theo quy tic ban tay phai ( ngén tay céi chi
chiéu duong cua truc X, ngén tay giita chi chiéu duong ctia truc Z, ngon tay tré chi chiéu dwong
cua truc Y). Quy tic xac dinh céc truc toa do trén rnély thé hién o Hinh 1.

- Trén cac may diéu khién theo chuong trinh s0, chi tiét g1a cong dugc xem la ludn ludn cb
dinh va ludn gin voi hé thong toa do c¢b dinh noi trén, con moi chuyén dong tao hinh va cit got
déu do dung cu thuc hién dudi su diéu khién ctia hé thong may do nguoi 1ap trinh dé ra.
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Hinh 1. H¢ thong toa do theo quy tic ban tay phai

- Véi quy udc:

+ Truc Z ludn triang véi truc chuyén dong chinh

+ Truc X nam trong mit phang dinh vi song song ban may

+ Truc Y con lai ndm trong mit phang dinh vi vuéng goc ban may

Cantilever-type Portal / Gantry-type

t-(C)-Z-Y-X-b-w t-(C)-Z-Y-[X1X2]-b-w

Column-type Spacialised Forms
e.g. 5-axis-machine

t-(C)-Z-Y-b-X-w t-(C)-Z-Y-X-b-B-C-w

Hinh 2. H¢ théng toa do gén trén cac dang may CNC

- Nhu vay, hé thong toa do trén may CNC 4D chit H duogc thiét ké co bang thong s6 dong
hoc cua may dang nhu sau:

Bang 1. Bang thong s dong hoc ciia may

Khau o « A, (m) D; (m)

0 0 0 0 0
1s0v6i0 0 0 dyor +uy dxo1, dyo1,dzo
2 s0voi 1 0, 0 - dxiz, dyi2,dzi»
350 voi 0 0 0 dxes+ u3 dxo3, dyo3,dZos
450 voi 3 0 0 Uy + dzs, dx34, dys34,dz34
Véi:

dx{)] = 01’1’1, dy{)] = 01’1’1, dz()] = 0,21’1’1, dx12 = 01’1’1, dy12 = 01’1’1, d212= 0,21’1’1, dxo3 = 01’1’1, dy03 = 01’1’1,
dz()j’ = 0,91’1’1, dx34 ‘= 01’1’1, dy34 = 0,161’1’1, d234 = 0,41’1’1
Ta c6 so do dong hoc cho may CNC 4D:
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Hinh 3. So d cac khau cia may

2.2. Cic két qua tinh toan vé sy dich chuyén ciia toa dd, van toc, gia téc ciia miii dao so véi
phoi

Bét ky mot may CNC nao ciing co thé coi 1a mot tap hop cac khau (links) gan lién voi
cac khép (joints). Str dung cac phép bién ddi thuan nhat c6 thé mé ta vi tri tuong ddi va hudng
gita cac hé toa do nay. Denavit. J. dd goi bién d6i thuan nhat mo ta quan hé giita mot khau va
mot khau ké tiép 14 mot ma tran A. Néi don gian hon, mot ma trén 4 1a mot mo ta bién d6i thuan
nhét boi phép quay va phép tinh tién twong d6i giira hé toa do cua hai khau lién nhau. 4; mo ta vi
tri va hu:ong ctia khau dau tién; 4, mé ta vi tri va hudng ctiia khau thu hai so v6i khéau thir nhit.
Nhu vay vi tri va hudng cua khau thir hai so voi hé toa do goc duoc biéu dién béi ma tran:

T, = 4,4, (1)
- Ciing nhu vay, 43 mo ta khau thir ba so véi khau tha hai :
Ty = A4, 4, (2)

- Cling theo Denavit, tich cua cac ma tran 4 dugc goi ma tran 7, thuong c6 hai chi s6: trén
va dudi. Chi s6 trén chi hé toa d§ tham chiéu, bo qua chi s6 d6 bang 0. Chi s6 dudi thuong dung
dé chi khau chap hanh cudi. Néu mdt may CNC c6 n khau ta co:

T, =A4,'4,%...4" 3)

T, mo ta mdi quan h¢ vé hudng va vi tri cia khau chép hanh cudi dbi vai hé toa dd géc.
Mot may CNC c6 4 khau c6 thé co 4 bac tu do va co thé xac dinh duoc vi tri va dinh hudng
trong trudng van dong ciia né (range of motion). Hai bac tu do duoc xac dinh vi tri thuin tay va
hai bac tu do khéc x4c dinh huéng mong mudn.
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Khép n , Khdp n+l
[
> 0,

D)

(A Y:

Khiu n

Khiu n-2

Hinh 4. Chiéu dai va goc xoan ctia mot khau

Thong thudng ngudi ta goi a, 13 chiéu dai va a, 1a goc xodn cua khau. Phd bién 1a hai
khau lién két v6i nhau & chinh truc ciia khép. Nguyén tic chung dé gin hé toa do 1én cac khau
nhu sau:

- Gbc hé toa do gin 1én khau thir n dit tai giao diém cua phap tuyén an véi truc khép
thir n+1. Truong hop hai truc khop cit nhau, gbc toa do sé dat tai chinh diém cat d6. Néu cac
truc khép song song véi nhau, géc toa do duoc chon trén truc khdp cia khau ké tiép, tai diém
thich hop.

- Truc z cuia hé toa do gén 1én khau thir n dat doc theo truc khép tha n+1.

- Truc x thuong duoc dit doc theo phap tuyén chung va huéng tir khop n dén n+1.

- Trong truong hop cac truc khép cit nhau thi truc x chon theo tich vecto. Truong hop
khép quay thi 14 cac bién khép, trong truong hop khép tinh tién thi dn 1a bién khép va bang 0,
Céc thong sb ay, o, d, va n duoc goi 1a bo thong sé DH

2.3. Ma tran toa do miii dao so véi phoi

Sau khi x4c dinh duoc cac ma tran bién d6i. DS v6i khau 1 va khau 2 (bac tu do thuin tiy)
ta chon 1 diém trén phoi va xac dinh vi tri cudi cua diém d6 trén phoi so voi hé toa do ¢ dinh
sau khi thuc hién cac thao tac di chuyén phoi dya vao ma tran chuyén xac dinh vi tri (4). Hai
khau xac dinh huéng mong mudn duogc xac dinh theo (5).

1 0 0 dx, +u, || Cos8, 0 Sinf, dx, Cos6, 0 Sin6, dx, +u, +dx,
0414 = 0 1 0 dyy, 0 1 0 dy,, _ 0 1 0 dyy, +dy,, @
U210 0 1 dz, ||-Sin@, 0 Cos#, dz,| |-Sinf, 0 Cosf,  dz,+dz,
0 0 O 1 0 0 0 1 0 0 0 1
1 0 0 dx, 1 00 dx,, 1 00 dx,, +dx,,
0434 = 0 1 0 dyy+u;||O 1 0 dyy, 0 1 0 dy,+u,+dy,
3 Ay = = (5)
0 0 1 dz,, 0 0 1 —dz,+u, 0 0 1 —dz,+dz,+u,
0 00 1 0 0 0 1 0 00 1

Thong qua céac bién ddi toa do va thiét 1ap mdi quan hé giita cac khau ciia may CNC, ta xdy
dung duoc quan h¢ vi tri miii dao so voi phoi khi do6 toa do cuia miii dao so voi phoi:
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0| | Sin(6,)(dz, —dzy; +dzsy +dz,, —u, ) +Cos (6, )(—dixy, +dxy; —d, +dxy, —u,)

0 Ay, +dy, —dvy, —dy, +ug

0 Sin( 6, )(—dx,, +dx,, —dx,, +dx Cos(6,)(dz,, —dz,, +d dz,, — (6)
m( )( o1 T A% 1 TaX, ul) S( 2)( o1 o Tazy, +az;, “4)

1 1

2.4. Ma tran van toc giira miii dao so véi phoi

Van tdc chinh 1a dao ham bac nhat ciia vec-to x. Ta dao ham hai vé ctia hé thirc x= f(q)
theo thoi gian, tur do ta co:

_of . .

-9 5= J(q). 7
£=5 (9)-4 (7)
Trong do:

o o O [on ox O, |

o oq, ©oq,  0q,| |0oq g, ~ 0g,
O e B ®)

Y Y Y| | O, ox,,

| 0q, oq, ~ 0q,| |0q, 0q,  0oq, |

Nhu vy ta tinh toan ma tran Jacobi dé tinh toan vén tdc:

—@9(92) (hg(ez)(dzm_dzm"'dzm""aklz_%) Sm( )(_del—i_dx[B d>Q2+d)%4 ul) —Sin(&z)

0 0 1 0
= 9
—Sm(@) _Cag(ez)(dxm — vy, + e, i, +%)+Sin(92)(a%01 —dy + iy + _”4) 0 Cag(ez) 2
0 0 0 0
2.5. Ma trén gia tdc giita miii dao so véi phdi
Ham gia toc: i=J(q)d+J(q)4 (10)
Ta can tinh thém ma trin Jacobi dao ham
0 _Sm( )(‘tm —dy iy i ”4) (@)(_dxm +db, _dcl2+d(34_ul) 00
10 0 00
0 Cbg(@)(‘tm _‘tm +‘t34 +‘t12 _”4)_&’7(@)(_‘1’(01 +dx03 _d(iz +d(34 _ul) 00 (1 1)
0 0 00

3. THIET LAP MO HINH PONG LU'C HQC, PONG LUC HQC NGUQC MAY CNC 4D
3.1. Bai toan dong luc hoc

Dang tong quat cua phuong trinh dong lyc hoc duoc hinh thanh tir phép lap Newton-Euler
lubn ludn c6 thé biéu dién nhu sau (& dang phuong trinh khong gian trang thai):

r=M(0)0+V(0,6)+G(0) (12)
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Véi p(p): La ma trén khéi Iugng robot (nxn) ;V(H,é): La mot vecto (nx1) mo ta cac
thanh phan ly tdm va Coriolis; G (6): La mot vecto (nx1) mo ta thanh phan trong lwong, chi phu
thudc vao thanh phan vi tri; 7 : La cac moment can thiét, cung cap cho cac qua trinh diéu khién

dé thuce hié‘n chyyéq d(f)ngqmong mudn.
So d6 khoi diéu khién CNC c6 dang:

A(r), (), ..., Ei(r)

orward

Y

lwe hoc e " E— a

.’v tme /’r
L /

yna o+
2060 )y o Tl1) |_Synamic A1), 1), oou Bulr)

Hinh 5. So d6 khéi diéu khién CNC Hinh 6. So dd bai toan dong luc hoc thudn va nguoc

Tur phuong trinh dong luc hoc, chung thudong dugce chia lam 2 bai toan co ban

r=M(0)6+V(0.6)+G(0)

Bai toan dong luc hoc thuan: M6 phong chuyén dong cua cac robot khi biét cac moment
tao ra tir cac dong co: r —(6,6,6), bai toan dong lyc hoc ngugce: Tinh todn cac moment can thiet

cung cép cho qué trinh diéu khién dé thyc hién chuyén dong mong muén: (6.4,6) - <.

3.2. Tinh toan dong hoc cho may CNC 4 truc
Ta c6 mbi quan hé ctia miii dao so voi phdi di tinh & phan dong hoc theo (6)
Gia stir miii dao chuyén dong dung vong quay cua spindle theo cac tryc nhu sau:
x=0,3+0,08cos(¢), y=0,3+0,08sin(¢), z=0,05cos(t) (13)
Khi ta giai bai toan dong hoc nguoc, toa do mii dao thay d6i theo ba phuong x, y va z,
nhung trong ma tran truyén c6 bon toa do suy rong can tinh 13 u,, @,, u;, u, Nhu vay, bai toan nay
duoc goi 1a bai toan du chuyén dong. Dé giai, ta dat mot toa do suy rong c6 phuong trinh chuyén
dong cho trude, trong truong hop nay ta chon toa do suy rong ¢, la hang s, tirc khau 2 ( phoi)

quay déu:
@, =t(rad), ¢=1(rad/s), ¢:0(rad/s2) (14)
Thay ¢, va cac gia tri khoang cach c¢b dinh vao ma tran quan hé giita miii dao so v&i phdi,
ta co:
0,3+ 0,08cos(?) —0,05cos(¢) —0,1sin(¢) —sin(t)u, — cos(t)u,
0,3+0,08sin(z) | = -0,2+u, (15)

0,05cos(t) —0,05sin(¢) — 0,1 cos(#) — cos(t)u, —sin(t)u,
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Nhu vay, céac gia tri suy rdng vé vi tri cia tung khau gidi dugc nhu sau:

DO THI TOA DO
T T

y (o T T
3
0.8
g 0.5
S 04
§ 0.2
04
0.2
0.4
" Thoi gian {s)
Hinh 7. D4 thi biéu dién cac toa do suy rong
DO THI GIA TOC
E:j igb /EFI‘] I I 'P"b\ maq' ! I g,’th\ ';'E I I = =] i
iz . . B‘ ................ .............. i R— ;‘\ RN bl\ .............. - ;.,é ...... Eheord h}g ............................ e —& — a3
LY : ® ‘ : & ; ] —e—a,
Py Dz*:ﬁ % E:i\ : . :;5 % % : e ? 2Q\ . _’S ]
£, 00 =l B ‘ : Pl oo : @ - & j PR
R i o aar L ¥
& nd &%‘g&w EE%‘{Q ........ 5'{: ........ 9&0"’09 E@ﬁgﬁlﬁ ............. .‘;5‘.’ ..... Wvﬁgﬂgﬁ,ﬂm Y- . |;i Fie -
: ;s o o :
O \;{d ..... b\ ....... SR RN ﬁ,ssﬂ ..... § g ) R d .............. ESTNIT: PRI -
0.3 Rgdﬂ 2 Nh m;:!l :kdb ta ’F_'l : k.a,e}{ : %tp:{m —
0.4 1 i L= 1 1 L= i i
o 2 4 & ) 10 12 14 16 18 20
Thoi gian (s)
Hinh 8. D6 thi két qua van toc
DO THI VAN TOC
0.4 T T T T T T T
N ] : ﬂeqé) ] —a—v
-4 : : : : = ; : !
oz _.P’. ........ F(&:EEEEEIE.E ................ L 6’.6 ...... m = R S d;‘gaﬂﬂﬂﬂ ............... ——
i N : Lo : ; Cag —a—y,
£ freeoed % B2 00 08 dae.tS HIR Eﬂ%ﬁw *8%0eag b\ﬂ o 4
= D{ %u : 1 f) % & 0,0.0"9 : i M h % 4
= c ;‘ : 0'9%0 ]51 .19 bt [ /q; F«I: L2 S & @
o2k 75 ?Q m,? Im’ ;“%th.@ ;ﬁ ; . a%‘e \el E’F
F‘ : s\o‘cxeohm @ eegm o : be-BB%ﬂ‘;f
- 42‘ i i IEE’EI 1 1 i i I I
u] 2 4 5] g 10 12 14 16 18 20
Thoi gian {(s)

Hinh 9. D6 thi két qua gia toc

3.3. Tinh toan dong luc hoc hgc ngwge cho may CNC 4 truc
Str dung phuong trinh Lagrange:

2]t (16)
dt\ op ) op
m, +m, 0 0 0| x 0 T,
0 m, R’ 0 0| ¢ 0 7,
LT = 17)
0 0 my+m, m |y 0 7,
0 0 m, m, || z m,g T,

Thay cac dao ham cdp 2 vao ma tran da tinh tir phwong trinh Lagrange, ta tinh duoc cac
moment/luc can thiét cho di€u khién dé cac khau thyc hién cac chuyén dong nhu mong mudn, va
ta co két qua nhu sau:
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: 0.006 \
20
0.004
() 5 Momeni(Nm) Luy) 10
0.002
1 1
10 B b
A, A thotlgian()
¥ 1 2 s 10 20 10 2 30 =10
Joighan(s) thotigian(s) ; doi (s}
i =
-0.002 -20
Lue( V)
P
g 2
0004 -30
-10
o -0.006 4
— F() —— Moment phoi( Nm) — AY) Fy(N)

(a) (b) (© (d)

Hinh 10. D6 thi lyc (moment) trén khau bén

Céc ket qua ve toa dg, van toc, gia toc ting khau:

5 % ¥ L N
3 4 B
L N 3
2t 60 .t
# .
2 2 e - .
5 * x *
toado|m, rad) & & 10 .
vantoc(ms, rads) . * giaoe[m\5%, rad s?) -
1 -4 :
¥ +
¥
'

e
o oo og, i ey
e g om0 VR ——

- * 4 Y

0 T T — AT 1
Ll HEN 4 10
L™ * thot giltme" 4 §
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Hinh 11. Toa do, van tdc, gia tde ting khau

Luc didu khién ciia cac cum khau trén may CNC 4D véi 2 khau doc lap va 2 khau chi
hudng:
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Hinh 12. Lyc diéu khién cua cac cum khau
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4. KET LUAN
- B6i véi khao sat dong hoc ctia m6 hinh may CNC 4D

e Miii dao chuyén dong theo ham diéu hoa nén cac khau ciing chuyén dong ciing tuén
theo ham diéu hoa, riéng khau hai ta gén chuyén dong quay déu, nén d thi tuyén tinh.

e Van tdc cac khau mot, hai, bon thay ddi theo chu ki do vi tri cling thay d6i theo chu ki
sin(x), cos(x) va khau hai chuyén dong déu, nén dd thi van toc 1a hang sO

e Cac khau mot, ba, bon ctng thay d6i theo chu ki. Khau hai chuyén dong déu, van tdc la
hing s6, nhur vdy gia tc bang khong

- B6i voi khao sat md hinh dong luc hoc nguoc clia may CNC 4D

* Qua cac ma tran tinh lyc va moment. Lyc, moment chu yeu phu thudc vao gia tdc va gia
téc gbe, nén cung s& thay d6i theo chu ki cua gia tdc, gia tdc khau mot 1on nhét nén luc
14 16n nhét, gia toc khau hai nho nhét, nén lyc nho nhat

e Khau mot va hai c6 van tdc va gia téc bi gian doan, dd thi ¢ tiém can, nén luc & hai
khau nay ciing s& bi gian doan quanh mdc thoi gian 8s. Nhu vay, két qua twong tac giita
luc va gia tdc, van toc 1a hop ly
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