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TOM TAT

Thong thuong cic mdy phay CNC truyen thong thuong c6 chudi dong hoc he. Tuy nhién,
trong nhiing ndm gan day cac mdy CNC c6 cau tric dong hoc song song dang dugc nhiéu nuéc
phat trién nghién ciru va phat trién. Trong bai béo tic gia trinh bay mot giai phdp diéu khién may
CNC nhiéu truc kiéu PSK két hop giita modul CNC 3 truc v6i modul robot song song hexapod.
Giai phdp nay nham tang tinh linh hoat va m& rong khong gian 1am viéc ciia méy ciing nhu khic
phuc sai s0 dinh huéng va dinh vi dung cu trong qua trinh gia cong bé mit phtic tap trén mdy
CNC 5 truc. Ngoai ra, tdc gia dé xudt thuat toan diéu khién /dinh hudng truc dung cu bang cach
xoay quanh mot véc to tai mot diém cb dinh sau d6 tinh tién dé kiém soét thong sé diéu khién
hinh dong hoc nhim tréch va cham gilta cdc chan cua modul robot song song hexapod khi gia
cong bé mat phuc tap. Trén co s& d6 tién hanh 1ap trinh tinh toan thong sé diéu khién dong hoc
cua mdy khi gia cong bé mit elipxoit béng dao phay ngén dau cAu nhim chiing minh cho cic
thuat todn dé xuAt.

Tir khéa. méay CNC nhiéu tryc, gia cong bé mit phtc tap

1. PAT VAN PE

Mdy cong cu c6 cau tric dong hoc song song PKMT (Parallel Kinematic Machine Tool)
duoc nghién ctu va phat trién bat dau tir ndm 1990, cy thé 1a mdy Octahedral Hexapod duogc
hang Ingersoll (My) gioi thiéu vao nam 1990 hay mdy Variax dugc gidi thiéu boi hang Gidding
& Lewis (M) vao nam 1994 [1], dén nay da cho ra doi nhiéu mau mdy khéc nhau, hau hét cac
cong trinh cong bd vé linh vuc nay cho dén gan day 2009 [2 -4] déu chi mo ta chung chung vé
giai phap va dua ra cic két qua nghién ciru, ndi dung cu thé vé thuat todn cling nhu phuong phap
khong dugc trinh bay do ban quyén cta cdc hang cling nhu céc du én nghién ctru. Vi dy David
Daney [5], dwa ra phuong phép do xdc dinh sai s6 diéu khién (vi tri va hudng cua co cdu chap
hanh) cho trung tam gia cdng Hexapod tir d6 dua ra giai phdp bu sai s0. Tuy nhién, trong cong
b6 ndi dung chi tiét khéng duogc trinh bay do khong duoc phép cia CMW. Mt khic, hau hét cic
trung tdm gia cong PKMT trudc day chi ap dung duy nhét modul RBSS mang du dao tryc
chinh hogc mang phoi. Cho dén nhitng nam gan ddy xuat hién cic mau mdy PSK (Parallel-Serial
Kinematic) két hop gitra 2 modul co khi chinh xdc chudi dong hoc song song (DHSS) va chudi
dong hoc ho (PHH) truyen thong Hinh 1 dudi day 1a cdc mau mdy kiéu dong hoc PSK.
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Qua mdt s6 cong trinh cong bd méi day [6 - 9] cho thay cic mdy CNC nhiéu tryc kiéu dong
hoc PKS dugc cdc nha nghién ctru quan tdm va la cdc mau mdy méi nhét hién nay. Trong nghién
clru nay tdc gia trinh bay thuat todn didu khlen hinh dong hoc trong gia cong bé mit phuc tap
cho mdy phay CNC nhiéu tryc kiéu PSK ph01 hop gitra modul robot song song (RBSS) va
modul CNC 3 tryc, véi modul RBSS 1a Hexapod, nhiam khéc phyuc mién 1am viéc han ché cta
may PHSS va ning cao tinh linh hoat cia may.

) o b) Mdy phay CNC May phay CNC
a) Mdy phay CNC 5 tryc cau tric PSK [7] 5 truc kiéu PSK [7] 4 tryc kiéu PSK [9]

Hinh 1. Cic mdy phay CNC nhiéu truc ciu tric PSK da dugc thiét ké ché tao nhitng nim gan day.

2. TINH PINH VI VA PINH HUONG TRUC DUNG CU TRONG GIA CONG BE MAT
PHUC TAP BANG PHAY MAY CNC NHIEU TRUC

Hlen nay cdc phuong phép tinh dudng dung cu (§) pho bién thuong duoc str dung trong cac
phan mém CAM thuong mai nhu: phuong phip dang phang, dang tham s6, chiéu cao nhap nho
khong déi [10, 11]. Tuy nhién, trong nghién ctru nay tac gia stt dung phuong phap diém tiép xdc
CCi trén bé mat gia cong 3's, dya trén co s& duong tiép xuc (& ) duogc sinh ra boi [12, 13] va co
s& 1y thuyét [14], xét trong truong hop tong quét (hinh 2) véc to xdc dinh diém dinh vi dung cu
CL; trong h¢ toa d6 phdi dugc cho boi phuong trinh :

Ly =l +tA+B (1
trong do:
ZT, zs: lan luot 1a bé mat dung cu va bé mit gia cong cho duéi dang phuong trinh tham
) S(u,v).
o A=CC K1 : xdc dinh vi trf tam xoay dung cu tai diém K ndm trén phuong phap tuyén i
tai diém tao hinh CC; thudc 3's (K la tdm xoay dinh hudng truc dung cu).

o Bo= KCL; - véc to xdc dinh diém dinh vi trén dung cu, véc to nay phu thudc vao viéc chon
diém dinh vi trén dung cu va phuong cua truc dung cu.

Néu goi :
+ (&) 1a quy tich diém tao hinh CC; trén ZS , khi d6 véc to tiép tuyén don vi T, cho bai
phuong trinh:
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d©
z —_dt (2)
bodE®
dt
+ Véc to phdp tuyén i cua ZS tai
diém CC; € (&) cho boi phuong trinh:
os(u, v) N os(u, V)

G—_ du ov (3)
ds(u, V) N ds(u,v)
Jdu ov

+ Véc to tring phdp tuyén T, hop voi
nvafq, dé tao thanh tam dién dong
tai diém tao hinh CC; dugc dinh nghia
boi:

T,=T, A0 “)

e Xdc dinh diém dinh vi dung cu

Pébi voi dao dau cau diém dinh vi CL;
duoc chon tai tim cau, khi d6 tim
xoay dinh huéng K LCL; va

A=Ri:B=0 phuong trinh (1) duoc viét lai:
fCL =fcc +R'ﬁi )

Phuong trinh (5) dugc viét lai:

[XCLi Yoo, Za, ]T = [chi Yee, Zec, ]T —"R'[nxi n, nZi]’r (6)
Vi R 1a ban kinh dao dau cau.

Phuong trinh (6) xac dinh toa do diém dinh vi dung cu CL; trong hé toa do géc phoi.
a) Huong cua truc dung cu trong tam dién dong

+ Do K la tdm xoay dinh hudng tryc dung cu trong tam dién dong, do dé K ludn nam trén
phuong phap tuyén 1 .
+ TCL 1a diém dinh vi trén dung cu khi d6 TCL 1uén nam trén duong tdm cua tryc dyng cu va
dugc dinh huéng béi €, .
Nhu vay, véc to don vi dinh hudng cua truc dung cu trong tam di¢n dong dugc cho badi phuong
trinh:
cos0.sin B
T _|sin@.sinf %

cosf
0
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trong do: ¢ M =R(n, 9).R(T[p ,B)
b) Huong cua truc dung cu trong hé toa do phoi

Néu goi: © fd la véc to don vi dinh hudng cia truc dung cu trong hé toa d6 phdi khi dé ta co:
p> _P ccy
t,= M. t, (8)
trong do, PMCC la ma tran cosin chi phuong gitta tam dién dong va h¢ toa d6 phoi O,x,y,z,, cic

ma tranR(n, 0) ,R(t,.B) ,"Mce, 't, dugc dinh nghia nhu sau:

cos® —sin® 0 0O sosB O sinf 0O Tox T D, O 0
sin@ cos6 0 O} I 0 0}, T, T, 0, 01 0

R(n,0) = R(t,.p)= —| oy Cwy Ty t, =
R(n.9) 0 10 Rw.B) —sinff 0 cosf O Mec Tpe Tw D, O o
0 0 01 0 0 0 1 0 0 01 0

Két lugn: Phuong trinh (5) va (8) xac dinh diém dinh vi dung cu va véc to don vi chi huéng truc
dung cu trong h¢ toa do phoi.

3. MO TA CAU TRUC MAY VA THIET LAP PHUONG TRINH PONG HQC
3.1. M® ta cAu tric may Zgs

May gém hai modul co khi chinh xdc la

modul\ RBSS Hexapod va modul CNC 3 , /”r“‘— Sen Yrp
truc (hinh 3). 1 1
. @% B; 3 \
trong do: X N
+ Modul RBSS: thyc hién diéu khién dinh AWk, | 4 ‘
vi va dinh huéng truc dung cy khi diém d; W
dinh vi CL; ({) ciia hé toa do phoi ndm A
trong mién v6i cia modul RBSS.

+ Modul CNC 3 tryc: thuc hién diéu khién
dua cic diém CL; trén ({) vé trong mién
gidi han ciia modul RBSS.

3.2. Thiét 1ap phuwong trinh dong hoc
modul RBSS Hexapod

a) Pat hé truc toa do

Goi:
+ Ho - OXYZ: 1a h¢ toa do quy chiéu gbc
dat tai goc mdy.

+ Hp - SraXrp YreZra: 12 hé toa do cd dinh,
dat trén gia cO dinh cua modul RBSS

Hinh 3. Dat hé truc toa do.
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Hexapod, sao cho Xgp//X, Yrp//Y va Zgg//Z.

+ Hpm -OpmXem YemZewm: 12 hé toa do gén trén ban may cua modul CNC 3 tryc, sao cho Xgu//X,
YBM//Y va ZBM//Z

+Hp - PUVW : 12 hé toa d6 dit tai tAm cua cum dau dao truc chinh.

+Hpy - TCI:UOVOWOZ 12 hé toa do dat tai diém gjnh vi dung cuy, tai thoi diém chuan ‘0’ ban dau
TCL (v6i mbi loai dao phay ngén khic nhau diém nay 1a khac nhau).

+ Hpi- "CLu;v;w;: 12 hé toa d6 dat tai diém dinh vi dung cu, tai thoi diém diéu khién thi i.
b) Vi tri chon géc chudn ‘0’ ban dau

+ Tai thoi diém chuan ‘0’
+ Piém CL, duoc chon c¢b dinh tai mot vi trf xdc dinh, khi d6 thong s6 diéu khién hinh dong hoc
modul RBSS Hexapod xéc dinh & vi tri:

dmax +dmin (s
d :T(v(nJ:l +6) 9

j0

trong d6:

+ dpnin, dinax: 140 luot 1a gidi han hanh trinh trugt nhé nhat va 16n nhat mdi chan ciia modul RBSS.
Mit khac, do diém CL, ¢b dinh duoc chon & vi tri thoi diém géc Hpo v6i hai thanh phé‘m X, Y sao
cho Xer, = Xy » Yor, = Vs

+ Cac hé Hy, Hg, Hgym, Hpo dugc chon sao cho céc truc toa do song song voi nhau.

Nhu vay, toa do cua diém CLy, tai thoi diém ban dau Hp, duoc xac dinh nhu sau:

' QO = [X TcL, Y CL, z TcL, I]T (%b)
Véitoadd "z, duoc cho boi:
! (10)

vOi:

H, _Hp _ 2 _(H, _Hy 2 _(Hy _Hy 2 s N
L= Ly \/djO X aji X j ( Y aji yBj) VaX s Xps Y aji» Y gj» Zp; hoan
toan x4c dinh tai vi tri chuan ‘0’ ban dau, ma trén chuyén tir hé dong Hp, v€ hé toa d§ Hgp 1a ma
tran don vi.

¢) Phuong trinh dong hoc modul RBSS Hexapod
Vi cach dat hé truc toa @6 nhu (hinh 3) ¢6:

HBBj = [XBJ. Yo Zg; l]T : 1a toa d6 tAm céc khép cau B; trong hé toa do Hp vé6i j = 1 + 6.
Néu goi:

Ho fBj : 1a véc to dinh vi toa do tAm cédc khdp cau B; trong h¢ toa 4o H, khi d6 ta co:

H, — -
OrBj:rO

+SB, (11)

SRB
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trong do:
+ i:OSRB - vée to dinh vi vi trf cia diém Sgp trong hé toa do Hy,
+SRBBj : véc to dinh vi vi trf cua tdm khép cau B; trong hé toa 4o Hp,

Viét phuong trinh (11) dudi dang véc to dai s:

H, T H

"B, =[Xps Yis Zws 1] +"B, (12)

o ™Y :lavécto dinh vi toa d6 cac khop cau Aji trong hé toa do Hy ta cé:

Hy 3 _Hy= _Hy=
O (13)
i A, =[x wi Yai Zan 1], phuong trinh (13) duoe viét lai:
\/IH(] Ho JT lH() Ho J

dji: Aji_ Bj . Aji_ Bj (14)

Phuong trinh (14) cho phép xdc dinh thong s diéu khién hinh dong hoc modul RBSS
Hexapod, tuy nhién trong phuong trinh (14) chi 14y 3 thanh phan dau cta véc to o B, o Ayl

4. BAI TOAN PONG HQC NGUQC VA GIAI THUAT PIEU KHIEN
4.1. Phwong phap va thuit toan diéu khién

Thong sb didu khién hinh dong hoc ciia may cho phép diéu khién phdi hop chuyén dong twong
dbi gitta dung cu va phdi theo quy luat duong dung cu (§) (bao gdm: quy tich cic diém dinh vi
dung cu CL,; va truong véc to dinh hudng truc dung cupzdi) sao cho dung cu va phdi ludén tiép
xtdc voi nhau tai diém tao hinh CC;. Cac thong s6 diéu khién dong hoc 1a két qua cua bai todn
dong hoc ngugc khi biét vi tri diém dinh vi dung cy va hudng cua tryc dung cu. Mit khic, quy
tich cdc diém dinh vi va truong véc to dinh hudng truc dung cu ludn bién ddi doc theo duong
dung cu khi dung cu quét bao hinh 1én bé mat gia cong. Nhu vay, néu dua truc tiép thong sb
duong dung cu lam co so dit liéu dé tinh thong s6 diéu khién cua mdy PSK thi xay ra hién tugng
xoan gitra cdc chén ciia modul RBSS (va cham gilta cdc chan). Dé khic phuc hién tuong trén tic
gia dua ra phuong phép va thuat toan diéu khién sau:

+ Phurong phdp: xoay véc to " t ,; trén truc dung cu quay mot géc quanh véc to ki tai diém diéu
khién tao hinh CL, sao cho dei =Pt

di

—

PT ATY
t do

trong d6: : ‘Pfdi’\deo‘ véi ai=2(" t d0) (xem hinh 3) (15)

_PT TT
cosO,= t,. ty

va Tado 1a véc to chi phwong cua truc dung cu tai vi tri chuan ‘0’ ban dau, khi d6 ty, €O

phuong trung véi phuong cuia truc zgg.

+ Modul RBSS: thuc hién diéu khién dinh vi va dinh huéng truc dung cu theo nguyén tic sau:
déu tién thuc hién diéu khién dinh huéng truc dung cu xoay quanh diém CL, (c dinh tai chuan
‘0’), sau d6 tinh tién tir diém CL, dén trung voi diém CL; trén ©.
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+ Modul CNC 3 truc: thuc hién diéu khién tinh tién cdc diém CL; trén () vé trong mién gi6i han
hinh hoc ciia modul RBSS, néu tai diém tao hinh CC; vi tri CL; va Pfdi khong nam trong mién
gidi han hinh hoc ctia modul RBSS.

4.2.1. Phwong phdp diéu khién hwéng truc dung cu

So sdnh véc to "t trén ({) voi véc to Tt ( tai thoi diém chuan ‘0’ ban dau) khi d6 o
=2("1,,"t,,), nhu vdy, géc Aoy diéu khién thyc tir vi tri th i dén i+1 duogc cho boi
phuong trinh:

Ao, =0, — 0, (16)
va dugc chon theo nguyén tic trong bang 1dudi déy.

Bdng 1. Tinh chon géc diéu khién hudng thyc ciia modul RBSS Hexapod
mang dau dao truc chinh.

Aoy Qi1 o PhuO’l’lg an diéu khién g()C
A%; >0 Quay quanh véc to ki tai diém dinh vi CLy mot géc Aoy
Aq; thude Z A
Ad; <0 Quay quanh véc to ki tai diém dinh vi CLy mot goc - Ag;
Aot thude D A
A =0 Khong thyc hién didu khién huéng

rong do: a mién ong gian gidi han rang budc hinh hoc cia modu .
T d6: (> A)l1a mién kh h budc hinh h dul RBSS

4.2.2. Thudt todn diéu khién mdy CNC nhiéu truc PSK
Giai thuat diéu khién duoc thuc hién nhu sau:

Buéce 1: modul RBSS xoay véc to dinh hudng truc dung cu B fdi quanh véc to Ei mot goc Aqy

tai diém diéu khién tao hinh CL, (chuén ‘0°) vé trung v6i © t,

Buée 2: modul RBSS tinh tién truc dung cu tu vi tri CL trén truc dung cu dén diém CL; trén ©,
néu diém CL; nim trong mién Z?u ctia modul RBSS. Néu diém CL; nim ngoai mién 27\, cua
modul RBSS chuyén sang budc 3.

Bwée 3: modul CNC 3 truc tinh tién diém CL; trén () vé gén vi tri géc cua h¢ toa do Hp,, dua
diém CL; vao trong viing véi téi cia modul RBSS béng cdch ting hodc giam gia sb Adx, Ady,
Adz diéu khién 3 truc tinh tién, sau d6 quay vé budc 2.

Nhu vay, trong giai thudt nay c6 hai truong hop:

+ Truong hop 1: di chuyén giita cic diém CL; trén () 12 di chuyén bé tir vi tri thir i dén i+1,
khi d6 viéc dinh vi vi trf va hudng dung cu dugc thyc hién bdi modul RBSS.

+ Truong hep 2: dlem CL; ngoai mién véi ciia modul RBSS, modul CNC 3 tryc thyc hién dwa
diém CL; vao trong mién v&i ciia modul RBSS, sau d6 dinh vi va dinh hudng truc dung cu dugc
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thuc hién béi modul RBSS nhu trong truong hop 1. Viéc chon diéu khién modul RBSS hay
modul CNC 3 tryc dugc tinh chon & bang 2

Bang 2. Tinh chon diéu khién giira hai modul RBSS Hexapod va modul CNC 3 truc.

Truonghop CC;e(€) CLie(®) 'f, ey Quyét dinh diéu khién
Ciéc diéu kién Piéu khién  modul
L) va RBSS théng qua céc
1 ... TCcL=CL; (Z ) (~ZX) thong 50 dj dua diém
thoa man TCL; vé& trung véi CL;

(di chuyén bé)
Cac diéu kién Piéu khién modul CNC
) va 3 tuc thong qua
(ZA ) vaq( Z;X) T(dx,dy,dz) dua diem
TCcL=CL, Khongthdamin ¢, v¢ gan goc chuan
‘0’ ban dau.

trong d6: (Z?u) va (Zx ): dugc xac dinh 6 myc 5 cua tai liéu nay.
4.2. Thiét 1ap phwong trinh xac dinh thong sé diéu khién

a) Truong hop 1: di chuyén giira cdc diém CL; 12 di chuyén bé (diém CL; ndm trong mién voi
cua modul RBSS)

Trong truong hop nay dinh vi dung cu va dinh hudng truc dung cu dugc thyc hién boi modul
RBSS.

Xdc dinh thong so diéu khién hudng
Goi: + dy; : 12 thong s6 diéu khién khi modul RBSS dinh huéng truc dung cu ¢ budc 1 cua thuft
toan tai diém "CL, (chuan ‘0°).
+ A’ji: 1a toa do tam cdc khép cau A; (j=1+6) trén gia di dong tai vi tri gid di dong & vi tri
sau khi da xoay mot goc o tai diém diéu khién hudng truc dyng cu CL,.
Nhu vay, véc to dinh vi diém A’ ji trong hé Hy:

M =Ty, FMK o).l + Mk o). (17)

Viét lai phuong trinh (17) dugc viét:
AL =y ey 7y 1AM L + MK, a) A, (18)
voi: Ly = [0ty L7ty L7t O] theo tai ligu [15, trang 94 - 95] ma tran M(k,a)dinh

nghia nhu sau:
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a =k k (I-ca)+ca
a, =k k (I-ca)+k,sa

a b ¢ 0
a, =k k, (I-ca)-k, sa
a, b, ¢, 0] ,. N .
Mk, a)=| ’ by y 0 vor: |b, =k k (I-co)—k,so va cOl =cosOl, s = sin ol
a ., C, -
z z z b, =k k (1-co)+ca
0 0 0 1 b, =k k,(1-co)+k, sa

¢, =k k (I-ca)+k so
¢, =kk (I-ca)-k s
c,=kk,(1-ca)+co

M(k, o) 1a ma trAn quay quanh véc to Ei tai diém diéu khién hudng truc dung cu CLomot géc
o;  thay phuong trinh (18) vao phuong trinh (14) x4c dinh dugc thong s6 diéu khién dhi.

Xdc dinh thong 6 diéu khién dinh vi dung cu

Trong truong hgp nay modul RBSS tinh tién dung cu tr vi tri CL (chuan “0’)dén vi tri CL;
trén duong dung cu ({) (hinh 4). A

Hinh 4. Tinh tién gi4 di dong tir vi tri "CL, dén CL;.

Goi d,; 1a thong s6 diéu khién cdc chan dé dua toa do tim cdc khop cau A; tinh tién theo véc to
i mot doana=" CL,CL khi d6 cé:

Mg ="7, +at (19)
trong do:
e ! CLOCLi 2 2 2
= A= (g, X)) Ve, ~Yre,) T (Za, ~Z0g,)
CL,CL,
Viét lai phuong trinh (19) ta c6:
X4, at,
oy =] T LT 20)
Zy, at,
1 0
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Thay phuong trinh (20) vao phuong trinh (14) xéc dinh duoc thong s6 diéu khién vi trf dj; vay
th6ng s0 di€u khién: dji= dhji + dvji (21)

b) Truwomng hop 2: khi diém CL; ndm ngoai mién (Z}\, ), modul CNC 3 truc dua diém CL, trén

© vé gan gdc ciia hé Hp, va cédc thong s6 diéu khién dx, dy, dz dwoc tinh trong bang 3.

Bdang 3. Xac dinh gia s6 diéu khién 3 tryc tinh tién cia modul CNC 3 truc.

biéu khién truc Kiém tra Thong s6 diéu khién
XcLi » XSRB dX(i+1) = dXi - Adx
Truc x
XcLi < XSRB dx(i+l) = dXi + Adx
YcLi > YsrB dys = dy; - Ady
Trucy
YcLi > YsrB dygsy = dy; + Ady
ZcLi > ZsRrB dZ(i+|) = dZi - Adz
Truc z
ZcLi > ZSRB dZ(i+1) = dZi + Adz

trong d6: Adx, Ady, Adz: 1an luot 1 gia s6 didu khién trén céc truc x,y,z cia modul CNC 3 tryc.

Khi diém CL; trén ({) dugc dwa vao mién véi cia modul RBSS viéc tinh todn dinh vi va dinh
hudng truc dung cu dugce thyc hién béi modul RBSS trong truong hop 1.

5. XAC PINH PIEU KIEN RANG BUQC HINH HQC CUA MAY PSK

Rang budc hinh hoc ciia may PSK bao gom cdc rang budc ciia modul RBSS Hexapod (Z A)va
rang budc gidi han hanh trinh khép trugt ciia modul CNC 3 truc (ZX ).

5.1. Xac dinh diéu kién rang buc hinh hoc ciia modul RBSS (D 1)

Trong qué trinh diéu khién hudng truc dung cu g véi mdi diém tirc thoi CL; trén duong dung
cu (§) céc thong sd diéu khién d; bién doi theo mot quy luat nao d6. Tuy nhién, phai thoa mén
céc diéu kién rang budc hinh hoc ciia modul RBSS dé diéu khién dinh vi va dinh huéng truc
dung cy, dbi voi modul RBSS Hexapod c6 3 rang budc hinh hoc cu thé:

+ Gidi han hanh trinh truot cua 6 khdp truot.

+ Gidi han géc mo cua 6 khdp cau trén va dudi.

+ Su va cham giita céc chin canh nhau trong qud trinh diéu khién.
a) Piéu kién giot han diéu khién hanh trinh trueot cia cdc chan
Néu 20i diin, dimax 140 Iuot 12 gii han hanh trinh truot nho nhit va 16n nhat mdi chan ciia modul
RBSS khi d6 d; v6i (j = 1 + 6) phai thoa man bat dang thirc:

Amin < dji < diax (22)

b) Piéu kién giGi han hinh hoc vé géc mé ciia khép cau lién két voi gid cé dinh va di dong
Do cdc khop cau lién két véi gid co dinh va gid di dong dugce gi6i han trong mot mién hinh nén
¢6 gbc 0 dinh Y, (hinh 5, hinh 6) nhu vay, néu goi:
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+ Yobmax Yepmax: 120 Iwot 13 géc gi6i han ¢ dinh hinh nén cta khop clu lién két véi gid di dong
(hinh 6) va khép ciu lién két véi gid b dinh (hinh 5)

+ Yooji» Yepji © 1an lugt 12 géc dinh hudng cua chan trong khép cau tai mdi thdi diém tic thoi géc
Y x4c dinh phéi thoéa man bat dang thirc:

0 < Yepji € YcDmax (23)
0 < Yobji £ Ypbmax (24)
e Khop cdu lién ket voi gid co dinh
Goi Yopsi vOi (j = 1 + 6) 1a géc m& khép cau lién két v6i gid cb dinh ciia cdc khép j twong tng tai
thoi diém thr i cua hé thong ta co:

(25)

Hinh 5. Hinh nén giéi han khép cu lién két véi gid cb dinh.

Trong d6: ™ §ji ,P §Cj lan luot 12 véc to don vi chi huéng cta chan thir i va véc to don vi chi
hudng 14p cua truc khép cau thi j.

Véc to §ji dugc xdc dinh trong hé toa do c¢b dinh Hy:

H, = AjiBji (26)

Phuong trinh (26) duoc viét lai:
H, Mo
g = l Aj Bji] 27)
Ho Hp H, H,
\/l Aji_ Bﬂr[ Aji_ Bji]

Mit khic, véc to < §Cj trong hé Hy:

o, _[op cD cD T
§cj - [ Scxj Scxj sczj O]
Nhu vdy, phuong trinh (23) duoc viét lai khi 14y 3 thanh phan dau cia S va ™ §; nhur sau:
H, cD Ho cD H CcD
0 <larccos( s ;. Syt Sye Seut U8, 84| S Yepmas (28)
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o Khop cau lién két véi gid di dong

| Yobji

P

L 7

U / k
j\ Pau truc chinh
b~ Dung cu

Hinh 6. Hinh n6n giéi han khép cau lién két v6i gid di dong.

Goc Ypg;i dugc dinh nghia nhu sau:
Yo = Z(HO §ji ’HODD §cji) (29)

trong d6: §ji PP §Cj lan luogt 1a véc to don vi chi huéng cua chan thir i va véc to don vi chi
huéng 13p khép cau trén gia di dong trong hé toa do H,.

. DD = W .
Vécto " s ; trong h¢ HO:

PP s i =Mk, ). "5 (30)
Nhur vay, phuong trinh (29) duge viét lai khi 4y 3 thanh phan dau cia ™" S va ™s
Yoo = arccos(™™s s 4PPg T PP g (31)
Nhu vay, phuong trinh (24) dugc viét lai:
0< ‘arccos(mDszﬁ.H“ Syt TS s s 1S OIS Yobma (32)

c) Piéu kién xdc dinh giot han va cham giita cdc chan cua modul RBSS Hexapod
Tai thoi diém thir i ta can xdc dinh h;j;.1 kKhodng céch gitra céc cdp chin canh nhau, nhu vay dé
trdnh hién twong va cham gitra cdc chin v6i nhau h;j,; phai théa méan biéu thirc:

h,, >D.
h,, >D, (33)
h5,6i > DC

trong d6: + hy g, hs 4, hsgi lan Iuot 1a khoang céch gitra cac cap chan canh nhau va D, 1a duong
kinh cua cac chan.
Khoang cach gitia cac cap chan dugc cho bdi phuong trinh:
Ho g Ao g
S S

h _ i j+Li [H T Mg ] (34)

(J,j+Di H, = AH, = Bji B(j+Di
ji Siati

1,21

3,4i
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Hinh 7. hoémg céach va cham gitra cdc cap chan.
5.2. Piéu kién xdc dinh giéi han hanh trinh khép trugt ciia modul CNC 3 truc (D _9)
Ngoai viéc xac dinh gidi han hinh hoc ciia modul RBSS, giéi han hanh trinh truot cta 3

truc tinh tién cﬁz; mgdul CNC 3 truc ciing phai duogc kiém tra. Nhu vay cic thong s6 dx;, dy;, dz;
phai théa man bat dang (35):

dxmin < dxi < dxmax
dymin < le < dymax (35)
dzmin < dZi < dzmax

6. VIDU AP DUNG

a) Théng s6 dong hoc modul Hexapod

Vo

Hinh 8. Thong s kich thudc gid c¢6 dinh

modul RBSS Hexapod. Hinh 9. Thong sb kich thuéc gid di dong

modul RBSS Hexapod.
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Bdng 4. Thong s kich thudc dong hoc ciia modul Hexapod.

1 | Gid cb dinh (Rcp = 300 mm)
Toa d cac khop cau B; (j =1 + 6) trong h¢ toa d§ Hp

B1 Bz B3 B4 B5 B6
R.,cod 3 R,.cos15’ —Rg,-sin15’ -Rg,.5in45° -R,,-sin45’ —Ry,-8in15°
—R_,sinls R,.sin15° R,.cos15° -R,.cos45’ —R,.cos45° -R,.cos15’
0 0 0 0 0 0

2 | Gié di dong (Rpp = 200 mm)
Toa do cac khép cau A (j=1+6) trong hé toa dd Hp,

A A, As Ay As A
R,,.cos15° R .cosl5’ -R_ .sinl5’ -R_ .sin45’ —-R  .sin45° R .sinl5’
-R,,.sinl5" R, .sinl5’ -R_.cosl5’ -R  .cos45’ —-R .cos 45" —R .cosls®

0 0 0 0 0 "0

1 =150 mm, D¢ = 30mm , dpye= 950 mm, dpi, = 250 mm, Yopmax = Yodma= 45°

vO1:
+ Rep 12 ban kinh dudng tron di qua vi tri tim cdc khép cau Bj trén gid ¢ dinh (hinh 8).

+ Rpp 12 ban kinh duong tron di qua vi tri tm cdc khép cau Aji trén gid di dong mang déu dao
truc chinh (hinh9).

b) Thong sé dwong dung cu

s, (u,v) a.sin u.cos
s(u,v)=|s,(u,v)|=| b.sinu.sin
s,(u,v) c.cosu
Véiu= O+§,V:O+2n
2

==

/

Véc to phap tuyén \—//
. CL .

Y
N Hu'(mg truc:dung cu
20 .
\\ -30
0 S 20
== -10
o .
0 ‘ : uéng dung cu (§)
-B0 . e § 0 v s
-40

5 i il
20 5
40 =
60 X

a0 40

Hinh 10. Gia céng chi tiét bé mt elipxoit,
trong d6: a =25mm, b = 50mm, ¢ = 20mm: lan luot 12 ban truc nho, 16n va ban truc thye duong dung cu
kiéu song song cich déu, véi dau dao ciu R = 2,5 mm, goc B =15% 6 =0°.
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Trén co s¢ thudt todn va cdc phuong trinh xédc dinh thong s6 diéu khién, tién hanh tinh todn,
lap tinh todn thong s6 diéu khién trong truong hop modul Hexapod mang dau dao tryc chinh gia
cong bé mit elipxdit.

c) Po thi xdc dinh thong 56 diéu khién

T 5

, , , ‘ l A \\
Y
1400
N
L e
1200 N
50
451

NWH 0"0 I

U Pid 500 1000 1500 2000 2500

-~ .

ol T @ " di 1,
u] 100 200 300 400 500 B00 700
Hinh 11. D) thi x4c dinh thong sb diéu khién.

54

D

[}

D

7. KET LUAN

Bai bdo dé xuit thuat toan diéu khién mdy phay CNC nhiéu truc kiéu dong hoc PSK trong
d6 modul mang dAu dao truc chinh 1a modul Hexapod va ban méy 1a modul CNC 3 truyc. Két qua
bai bdo 1a giai thudt diéu khién hinh dong hoc trong d6 dua ra giai phdp xoay truc dung cu tai
diém CL, cb dinh (diém chuén ‘0’), sau d6 tinh tién dén diém dinh vi tao hinh CLi trén duong
dung cu. Véi giai phap trén tranh dugc hién tugng va cham gilia cic chan trong qud trinh may
lam viéc ddng thoi ciing khic phuc sai s6 dinh huéng do sai s hai truc quay ctia may CNC 5
truc va giai phap nay dwoc dp dung cho hiu hét cic mdy PSK c6 sir dung RBSS 1am co ciu dinh
huéng. Céc két qua cua bai bdo con phuc vu cho céc nghién ciu tlép theo vé kiéu may nay nhu
dong luc hoc va diéu khién, sai sb gia cong, do cling viing dé c6 thé thiét ké ché tao hoan chinh.
Cic két qua dong hoc con 1a co sé dé thiét lap chuong trinh dleu khién cing nhu tinh todn mo
phong qua trinh gia cong bé mit phtrc tap trén mdy phay CNC nhiéu tryc kiéu PSK.
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ABSTRACT

KINEMATICS OF THE MULTI-AXIS CNC MILLING MACHINE
TYPE PSK: HEXAPOD 3- AXIS CNC MACHINE

Nguyen Hong Thai
School of Mechanical Engineering, Hanoi University of Science and Technology

Email: hongthai-dtm @mail.hut.edu.vn



Dong hoc may phay CNC nhiéu truc kiéu PSK: Hexapod — CNC 3 truc

The CNC machines with parallel kinematic structure have been researched and developed
in recent years. Before this time most of the CNC machines were designed with conventional
open-chain kinematic structure. In this paper the author presents a solution for control of multi-
axis hybrid CNC PSK machines combined 3-asix conventional CNC machine with parallel robot
hexapod. The solution helps to get a better maneuverability, larger working space and to
minimize not only orientation error but also location error of the tool during complex surfaces
machining process by 5-axis CNC machine. Furthermore, the author proposes a method to turn
the tool axis around a vector at the fixed point and also an algorithm for determination kinematic
control to avoid collision of the limbs while Hexapod module with spindle orientating tool axis
in machining complex spatial surface. Matlab program to determine control parameters for
machining elipsoidal surface by the ball-end finger-tool was also presented in this paper.

Keywords: multi-axis CNC milling machine, machining complex spatial surface.
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