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TOM TAT

Thong thuong cac may phay CNC truyen thdng thuong c6 chudi dong hoc ho. Tuy nhién,
trong nhiing nam gén day cac may CNC ¢6 ciu truc dong hoc song song dang dugc nhiéu nude
phat trién nghién ctru va phat trién. Trong bai béo tac gia trinh bay mot giai phap diéu khién may
CNC nhiéu tryc kiéu PSK két hop giita modul CNC 3 truc v6i modul robot song song hexapod.
Giai phap nay nham ting tinh linh hoat va mé rong khong gian 1am viéc cia may ciing nhu khic
phuc sai s6 dinh huéng va dinh vi dung cu trong qua trinh gia cong bé mit phic tap trén may
CNC 5 truc. Ngoai ra, tic gia dé xuat thuat toan diéu khién dinh huong truc dung cu bang cach
xoay quanh mdt véc to tai mot diém cd dinh sau d6 tinh tién dé kiém soat thong sb diéu khién
hinh dong hoc nham trach va cham giira cac chan ciia modul robot song song hexapod khi gia
cong bé mat phirc tap. Trén co s d6 tién hanh 1ap trinh tinh toan thong sb diéu khién dong hoc
cia may khi gia cong bé mit elipxdit bang dao phay ngén dau cau nham chimg minh cho cac
thuat toan dé xut.

Tir khéa. may CNC nhiéu truc, gia cong bé mit phtic tap

1. PAT VAN PE

May cong cu ¢ ciu tric dong hoc song song PKMT (Parallel Kinematic Machine Tool)
dugc nghién ciru va phét trién bat ddu tir nim 1990, cu thé 1a may Octahedral Hexapod dugc
hang Ingersoll (M¥) gidi thiéu vao nam 1990 hay may Variax dugc gidi thi€u boi hang Gidding
& Lewis (My) vao nam 1994 [1], dén nay da cho ra doi nhiéu miu may khac nhau, hau hét cac
cong trinh cong bd vé linh vic nay cho dén gan day 2009 [2 - 4] déu chi mo ta chung chung vé
giai phap va dua ra cac két qua nghién ctru, ni dung cu thé vé thuét toan ciing nhu phuong phap
khong dugc trinh bay do ban quyén cia cac hang cling nhu cac duy an nghién ctru. Vi du David
Daney [5], dwa ra phuong phap do xéac dinh sai s6 diéu khién (vi tri va huéng ciia co cdu chdp
hanh) cho trung tdm gia cong Hexapod tir d6 dua ra giai phap bu sai s6. Tuy nhién, trong cong
bd no6i dung chi tiét khéng dugce trinh bay do khong duoc phép cia CMW. Mat khac, hau hét cac
trung tdm gia cong PKMT truéc day chi ap dung duy nhét modul RBSS mang dau dao truc
chinh hodc mang ph01 Cho dén nhiing nim gan day xuat hién cac mau may PSK (Parallel-Serial
Kinematic) két hop giira 2 modul co khi chinh xac chudi dong hoc song song (DHSS) va chudi
dong hoc hd (PHH) truyén théng. Hinh 1 dudi dy 1a cac miu may kiéu dong hoc PSK.
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Qua mdt sé cong trinh cong bd méi day [6 - 9] cho thay cac may CNC nhiéu truc kiéu dong
hoc PKS dugc cac nha nghién ciru quan tdm va 1a cac mau may méi nhét hién nay. Trong nghién
ctu nay tac gia trinh bay thudt toan diéu khién hinh dong hoc trong gia cong bé mat phirc tap
cho may phay CNC nhiéu truc kiéu PSK phdi hop gitta modul robot song song (RBSS) va
modul CNC 3 truc, véi modul RBSS la Hexapod, nham khic phuc mién lam viéc han ché cua
may PHSS va nang cao tinh linh hoat cua may.

Paraliel module

Tilfing table

, L b) Méy phay CNC Méy phay CNC
a) May phay CNC 5 tryc céu trac PSK [7] 5 tryc kiéu PSK [7] 4 tryc kiéu PSK [9]

Hinh 1. Cac may phay CNC nhiéu tryc ciu trac PSK da dugc thiét ké ché tao nhitng nam 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

. Hién nay cac phuong phap tinh duong dung cu (C) ppé biép thuong dugc st dung trong cac
phan mém CAM thuong mai nhu: phuong phap dang phang, dang tham so, chieu cao nhap nho
khong do6i [10, 11]. Tuy nhién, trong nghién clru nay tac gia su dung phuong phap diém tiép xuc
CCi trén bé mit gia cong s, dya trén co s duong tiép xtic (&) duoc sinh ra boi [12, 13] va co
s& 1y thuyét [14], xét trong truong hop tong quat (hinh 2) Véc to xac dinh diém dinh vi dung cu
CL; trong hé toa d6 phdi dugc cho boi phuong trinh :

i =lkat+A+B 1)
trong do:
ZT, ZS: lan luot 1a bé miat dung cu va bé mit gia cong cho duéi dang phuong trinh tham
s6 S(u,v).

o A=CC K. : x4c dinh vi tri tim xoay dung cu tai diém K ndm trén phuong phap tuyén i
tai diém tao hinh CC; thudc 3's (K 1a tdm xoay dinh hudng truc dung cu).

o B =KCL; - véc to xéac 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 cy.

Néu goi :
+ (&) la quy tich diém tao hinh CC; trén )_S, khi do véc to tiép tuyén don vi T, cho boi
phuong trinh:
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de©)
= __dt 2)
TG

dt

+ Véc to phap tuyén fi cua ZS tai

diém CC; (&) cho bsi phuong trinh:
os(u, V) . os(u, V)

—l ov ©)
os(u,v) N os(u,v)
ou ov

+ Véc to trung phép tuyén Ty hop voi
nova Ty, dé tao thanh tam dién dong
tai diém tao hinh CC; duoc dinh nghia
béi:

T, =Ty AN 4)

tp

o Xdc dinh diém dinh vi dung cu

Doi v6i dao dau cdu diém dinh vi CL;
dugc chon tai tdim cau, khi d6 tdm
xoay dinh huéng K 1CL; va
A =R.i:B=0 phuong trinh (1) duoc viét lai:

fer, =Toe, TR, (5)

Hinh 2. Méi quan hé giira dung cu va phoi.

Phuong trinh (5) duoc viét lai:

[XCLi Yo, Zc ]T = [chi Yoo, Zec, ]T + R'[nxi n, nzi]T (6)
V6i R 1a ban kinh dao déu cau.

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

+ Do K la tdm xoay dinh hudng truc dung cu trong tam dién dong, do d6 K ludn nim trén
phuong phap tuyén i .

+ 'CL 1a diém dinh vi trén dung cu khi d6 "CL luén nam trén dudng tim cua truc dung cu va
dugc dinh huéng boi .

Nhu vay, véc to don vi dinh hudng cua truc dung cu trong tam dién dong duoc cho bdi phuong
trinh:

co0s0.sinf
_|sin6.sinP )

cosp
0
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trong do: ““M =R(n,0).R(t,,,B)
b) Huong cua truc dung cu trong hé toa do phoi

Néu goi: P fd la véc to don vi dinh hudng cia truc dung cu trong hé toa do phdi khi do ta co:
Py _P ccy
£ ="M ¥, (®)
trong do, P M. 1a ma tran cosin chi phuong gitra tam di¢n dong va hé toa do phoi OpXyypz,, Cac
ma tran R(N, 6) ,R(z,,,B) ,"Mcc, 't, duoc dinh nghia nhu sau:

cos® —sin® 0 O sof O sinp O T T N O 0
R(n.0) = sin@ cos6 0 O ’R(TWB)= ) 1 0 O IV Ty Ty N, Op "t = 0
- 0 0 1 0 —sinB 0 cosp O Ty T N, O 1
0 0 01 0 0 0 1 0 0 01 0

Két lugn: Phuong trinh (5) va (8) xéac dinh diém dinh vi dung cu va véc to don vi chi hudng truc
dung cu trong h¢ toa d6 phoi.

3. MO TA CAU TRUC MAY VA THIET LAP PHUONG TRINH PONG HQC
3.1. M ta céu triic may Zgs

May gdom hai modul co khi chinh xéac la

modul RBSS Hexapod va modul CNC 3 , ///TT Sen Yre
truc (hinh 3). I 7

. ékﬁ B 3 \
trong do: Xr N
+ Modul RBSS: thyc hién diéu khién dinh A, | 4 ‘

vi va dinh hudng truc dung cu khi diém
dinh vi CL; (§) cta hé toa d6 phdi nim
trong mién véi cia modul RBSS.

+ Modul CNC 3 truc: thuc hién diéu khién
dua cac diém CL; trén (C) vé trong mién
gi61 han cua modul RBSS.

3.2. Thiét 1ap phwong trinh déng hoc
modul RBSS Hexapod

a) Dat hé truc toa do

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

+ HB - SRBXRBY’RBZRB: lIa hé t(_)a d6 Cé dinh,
dat trén gia c6 dinh ctia modul RBSS

Hinh 3. Dat hé truc toa do.
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Hexapod, sao cho Xge//X, Yre/lY va Zgsl/lZ.

+ Hgm -OsmXemYemZew: 1a hé toa do gén trén ban may cua modul CNC 3 truc, sao cho Xgw//X,
Yeuml/lY va ZgullZ.

+Hp - PUVW : 12 hé toa do dat tai tim cua cum dau dao truc chinh.

+Hpo - 'CLUVoWo: 14 hé toa d6 dit tai diém dinh vi dung cu, tai thoi diém chuan ‘0’ ban déu
TCL (v6i mdi loai dao phay ngén khéc nhau diém nay 1a khac nhau).

+ Hpi- "CLu;viw;: 12 hé toa do dat tai diém dinh vi dung cu, tai thoi diém diéu khién thi i.
b) Vi tri chon goc chudan ‘0’ ban dau

+ Tai thoi diém chuan ‘0’
+ Piém CLq dugc chon ¢b dinh tai mot vi tri xac dinh, khi d6 thdng s diéu khién hinh dong hoc
modul RBSS Hexapod xac dinh & vi tri:

+d . .
d. zg(vélj =1 +6) 9)

trong do:

+ Oumin, Omax: 140 Tuot 13 gidi han hanh trinh truot nho nhat va 16n nhat mdi chan caa modul RBSS.
Mit khac, do diém CLq ¢ dinh duoc chon & vi tri thoi diém gdc Hpo voi hai thanh phan x, y sao
cho Xer, = Xsor Yo, = Ysy,

+ Cac hé Ho, Hg, Hawm, Hpo dugc chon sao cho cac truc toa d6 song song véi nhau.

Nhu vay, toa d6 cta diém CL, tai thoi diém ban diu Hpo duge xac dinh nhu sau:
T
io = |.XTC|_O yTCL0 ZTCLO 1JT (9b)

Véi toa do Ho Zey, duogc cho boi:

Ho Ho

Ze, = Zy — (10)

vOi:
H _H 2 H H 2 (H H 2 s N
OZAi_ OZBj_\/djO _( DXAji_ OXBj) _( Oiji_ OyBj) VaXAji’XBj7iji’yBj’Zth0an

toan xac dinh tai vi tri chuan ‘0’ ban dau, ma tran chuyén tr hé dong Hp vé hé toa d0 Hgg 12 ma
tran don vi.

C) Phuong trinh dong hoc modul RBSS Hexapod
Vi cach dit hé truc toa d6 nhu (hinh 3) co:

HBEJ- = [XBj Yo Zg 1]T : 1a toa do tm cac khop cau B; trong hé toa d6 Hg v6ij =1+ 6.
Néu goi:

Fo ?Bj: 1a véc to dinh vi toa d6 tam cac khép cau B; trong hé toa d Hy khi d6 ta co:

H, = —
°To; =Tos, +SgsB;

, (11)

SRB
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trong do:

+ F o véc to dinh vi vi tri ctia diém Sgg trong hé toa do Hy,

+ S B véc to dinh vi vi tri cua tam khop cau Bj trong hé toa d§ Hg
Viét phuorng trinh (11) dudi dang véc to dai so:

H T H
OBJ = [XRB Yre Zre 1] ° B (12)
o o ?Aji - 1a véc to dinh vi toa do cac khép cau Aji trong hé toa do Hy ta co:
Ho d =" Ty (13)

AL = [ ai Yai  Zaj l]T phuong trinh (13) dugc viét lai:

I oy | icry

Phuong trinh (14) cho phép xac dinh thong sb dleu khién hinh dong hoc modul RBSS

A . ) 14 \ A aA . Ho Ho
Hexapod, tuy nhién trong phuong trinh (14) chi lay 3 thanh phan dau cua vécto °B;, " A;;.

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

Thong sb diéu khién hinh dong hoc ciia may cho phép didu khién phdi hop chuyén dong tuong
dbi giita dung cu va phdi theo quy ludt dudng dung cu (£) (bao gdm: quy tich cac diém dinh vi
dung cu CL; va truong véc to dinh hudng truc dung cupfdi) sao cho dung cu va phoi luén tiép
xuc voi nhau tai diém tao hinh CC;. Céc thong sd diéu khién dong hoc 1a két qua ctia bai toan
dong hoc nguoc khi biét vi tri diém dinh vi dung cu va hudng cua truc dung cu. Mat khac, quy
tich cac 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 mit gia cong. Nhu vay, néu dua tryc tiép thong sb
duong dung cu 1am co s¢ dir liéu dé tinh thong so6 diéu khién cua may PSK thi xdy ra hién tuong
xoan gitra cac chan cua modul RBSS (va cham gitra cac chén). Dé khic phuc hién tuong trén tac
gia dwa ra phuong phép va thuat toan diéu khién sau:

+ Phuong phap: Xoay véc to tdi trén truc dung cu quay mot goc quanh véc to Ri tai diém diéu
khién tao hinh CL, sao cho "t,="1,,
LT

‘PfdiAdeo‘ voi 05 =Z("ty," ty) (xem hinh 3) (15)
cosa, = t,." t,,

—

trong do:

va deo : 1a véc to chi phuong cua truc dung cu tai vi tri chuan ‘0’ ban dau, khi do deo cod
phuong tring véi phuong cla truc zgg.

+ Modul RBSS: thuc hién diéu khién dinh vi va dinh hudng truc dung cu theo nguyén tac sau:
dau tién thyc hién diéu khién dinh hudng truc dung cu xoay quanh di€ém CL, (co dinh tai chuan

‘0), sau d6 tinh tién tir diém CLo dén trung voi diém CL; trén (©).
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+ Modul CNC 3 #ruc: thuc hién diéu khién tinh tién cac diém CL; trén () vé trong mién gi6i han
hinh hoc ctia modul RBSS, néu tai diém tao hinh CC; vj tri CL; va Pfdi khong nam trong mién
gidi han hinh hoc cia modul RBSS.

4.2.1. Phuong phdp diéu khién hwéng truc dung cu

So sanh véc to © T, trén () voi véc to T, ( tai thoi diém chudn 0’ ban dau) khi do o
=/(°%,,"t,,), nhu vy, goc Ac; diéu khién thyc tir vi tri thir i dén i+1 dugc cho béi
phuong trinh:

AOLi =0y — O (16)
va dugc chon theo nguyén tic trong bang 1dudi day.

Bang 1. Tinh chon géc diéu khién huéng thyc ciia modul RBSS Hexapod
mang dau dao tryc chinh.

Aa; Oli+1 a; Phuong 4n diéu khién goc
Aa; >0 Quay quanh véc to ki tai diém dinh vi CLy mot goc Aa;
Aa; thude Z?L
Aa; <0 Quay quanh véc to ki tai diém dinh vi CLy mot goc - Ag,
Ao, thude Z A
Ao; =0 Khéng thuc hién diéu khién huéng

Trong dé: () A)la mién khong gian gidi han rang budc hinh hoc cia modul RBSS.
g gguang g

4.2.2. Thudt todn diéu khién mday CNC nhiéu truc PSK

Giai thuat diéu khién duoc thuc hién nhu sau:

Buwde 1: modul RBSS xoay véc to dinh hudng truc dung cu T_fdi quanh véc to Ki mot goc Aa;
tai diém diéu khién tao hinh CL, (chudn ‘0°) V& tring voi " T ;.

Buée 2: modul RBSS tinh tién truc dung cu tir vi tri CLo trén truc dung cu dén diém CL; trén (C),
néu diém CL; ndm trong mién ZX ctia modul RBSS. Néu diém CL;nim ngoai mién ZK cua
modul RBSS chuyén sang budc 3.

Buée 3: modul CNC 3 truc tinh tién diém CL; trén (£) vé gin vi tri gbc cua hé toa do Hpo, dua
diém CL; vao trong ving véi téi cia modul RBSS bang cach ting hodc giam gia sé Adx, Ady,
Adz diéu khién 3 tryc tinh ti€n, sau d6 quay vé budc 2.

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

+ Truong hop 1: di chuyén giira cac diém CL; trén () 1a di chuyén bé tir vi tri thir i dén i+1,
khi d6 viéc dinh vi vi tri va huéng dung cu dugc thyc hién bdi modul RBSS.

+ Trudng hop 2: d1em CLingoai mién véi ciia modul RBSS, modul CNC 3 truc thyc hién dua
diém CL; vao trong mién voi caa modul RBSS, sau d6 dinh vi va dinh huéng truc dung cu duoc
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thuc hién boi modul RBSS nhu trong trudng hop 1. Viée chon diéu khién modul RBSS hay
modul CNC 3 tryc dugc tinh chon & bang 2

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

Truong hop CC;e(8) CLie(l) °f, cL Quyét dinh diéu khién

Céc dicu kién biéu  khién  modul

L) va RBSS thong qua cac

1 "CL=CL, (Z ) {ZX) thong s6 dj dua diém
thoa man cL; vé trang véi CL;

i (di chuyén bé)

Cac diéu kién biéu khién modul CNC

L) va 3 truc thong qua

2 (Z ) (ZX) T(dx,dy,dz) dua diém

TcL=cL; Kkhongthoaman i v& gin goc chuan
‘0’ ban dau.

trong do: (z A)va (Z X ): dugc xac dinh & muyc 5 cua tai liéu nay.
4.2. Thiét 1ap phwong trinh xac dinh thong s6 diéu Khién

a) Truong hop 1: di chuyén giita cac diém CL; 1a di chuyén bé (diém CL; ndm trong mién véi
cua modul RBSS)
Trong truong hop nay dinh vi dung cu va dinh hudng truc dung cu dugc thuc hién béi modul
RBSS.
Xdc dinh théng sé diéu khién hudng
Goi: +dy;i: la thong s6 diéu khjén khi modul RBSS dinh hudng truc dung cu & buéce 1 cta thuat
toan tai diém 'CL, (chuén ‘0°).

+ A’ la toa do tam cac khop ciu A (j=1+06) trén gia di dong tai vi tri gid di dong & vi tri
sau khi da xoay mot géc o tai diém di€u khién hudng truc dung cu CL,.
Nhu vay, véc to dinh vi diém A’ ji trong hé Ho:

Ho = = 7 Hp =
T = Tor, +M(k, o). 44 + M(K, 01)." T a7

Viét lai phuong trinh (17) dugc viét:
A = I.XTCLO Yie, Zre, lJT +M(K, o)Ly + M(K, o). " A, (18)

voi: £y :[ff’tdxi 0ot 0Pty 0]T theo tai li¢u [15, trang 94 - 95] ma trin M(K, o) dinh

nghia nhu sau:

dyi
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a, =kk (1-ca)+ca
a, =k k (1-ca)+Kk,sa

a, b, c 0
b 0 a, =kk,(1-ca)-k, sa
M(k,a) = Zy by zy . voi: b, =k.k, (1-ca)-k,so Va Ca =cosa,So =Ssina
z z z by = kyky(l—COL) + Ca
0 0 0 1 b, =k,k,(1-ca)+k, 0

¢, =kk,(1-ca)+k, sa
¢, =k,k,(1-ca)-k,sa
¢, =k,k,(1-ca) +ca

M(K, o) 12 ma tran quay quanh véc to Ri tai diém diéu khién huéng truc dung cu CLo mét goc
a; thay phuong trinh (18) vao phuong trinh (14) x4c dinh dwoc thong s didu khién dhji.

Xac dinh thong 6 diéu khién dinh vi dung cu

Trong truong hop nay modul RBSS tinh tién dung cu tir vi tri CLg (chuén ‘0”)dén vi tri CL;
trén duong dung cu (€) (hinh 4).

Hinh 4. Tinh tién gi4 di dong tr vi tri "CLo dén CL;.

Goi d,; la thong s6 diéu khién cac chan dé dua toa do tim cac khop cau Aji tinh tién theo véc to
fi mot doan a =TCLOCLikhi do co:

T, =T, ak (19)
trong do:
[
- CL ,CL.
f = \/( e, =X ) A Ve, =Yg ) (2o, =24 )
CL,CL,
Viét lai phuong trinh (19) ta co:
XA',. a tx,
Ay =Y ] B (20)
Zy, at,
1 0
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Thay phuong trinh (20) vao phuong trinh (14) xac dinh dugc thong sO diéu khién vi tri dyji, vay
thong so diéu khién: d;i= dpji + dyji (21)

b) Trwong hop 2: khi diém CL; nim ngoai mién (Zk ), modul CNC 3 tryc dwa diém CL; trén
() vé gan gdc cua hé Hpg va cac thong sé diéu khién dx, dy, dz dugc tinh trong bang 3.

Bdng 3. Xac dinh gia s6 diéu khién 3 tryc tinh tién ctia modul CNC 3 truc.

bicu khién truc Kiém tra Thong so diéu khién
XcLi > XsrB dX+) = dx; - AdX
Truc x
XcLi < XsrB dXis1) = dX; + AdX
YeLi > Ysre dy(+) = dyi - Ady
Trucy
YeLi > Ysre dy(+1) = dy; + Ady
ZcLi > ZsrB dzis1) = dzi - Adz
Truc z
ZcLi > ZsrB dzjsg) = dz; + Adz

trong d6: Adx, Ady, Adz: 1an luot 14 gia s diéu khién trén cac truc x,y,z ctia modul CNC 3 truc.

Khi diém CL; trén (&) dugc dua vao mién véi cia modul RBSS viée tinh toan dinh vi va dinh
hudng truc dung cu dugc thye hién boi 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 gdom cac rang budc ciia modul RBSS Hexapod (ZX) va
rang bugc gisi han hanh trinh khép trugt cia modul CNC 3 truc ()" ).

5.1. X4c dinh didu ki¢n rang buc hinh hoc ciia modul RBSS () )

Trong qua trinh diéu khién hu(')'ng truc dung cu tmg v&i mdi diém tirc thoi CL; trén dudng dung
cu (§) cac thong sé didu khién dji bién ddi theo mot quy luat nao do. Tuy nhién, phai théa man
cac diéu kién rang budc hinh hoc ciia modul RBSS dé diéu khién dinh vi va dinh huéng truc
dung cu, dbi véi modul RBSS Hexapod ¢6 3 rang budc hinh hoc cu thé:

+ Gidi han hanh trinh truot cua 6 khop truot.

+ Gi6i han géc md cta 6 khép cau trén va dudi.

+ Sy va cham giira cac chan canh nhau trong qua trinh diéu khién.
a) Piéu kién gioi han diéu khién hanh trinh truot ciia cdc chan
Néu g0i dmin, drmax 140 Tuot 14 giéi han hanh trinh trugt nho nhit va 16n nhat mdi chan cua modul
RBSS khi do dji voi (j = 1 + 6) phdi thoa man bat dang thirc:

Amin < dji < dmax (22)

b) Piéu kién gi6i han hinh hoc vé géc mo ciia khép cau lién két véi gid cé dinh va di dong
Do cac khop cau lién két v6i gia ¢ dinh va gié di dong dugc gidi han trong mot mién hinh nén
c6 goc ¢ dinh ymax (hinh 5, hinh 6) nhu vay, néu goi:
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+ YpDmax Yoomax: 1an luot 14 goc gidi han ¢ dinh hinh nén cta khép cau lién két voi gia di dong
(hinh 6) va khop cau lién két voi gia co dinh (hinh 5)

+ Ypojis Yepii - 1an Tugt 1a goc dinh hudng clia chan trong khép cau tai mdi thoi diém tic thoi goc
vji Xac dinh phai théa man bat dang thirc:

0 < ycoji £ Ycomax (23)
0 < Yonji < Yppmax (24)
o Khop cau lién két voi gia co dinh
Goi yepji Vi (j = 1 + 6) 12 goc m& khop cau lién két voi gia ¢d dinh cua cac khép j trong tmg tai
thoi diém thr i cuia hé thong ta co:

(25)

Hinh 5. Hinh nén gi6i han khop cau lién két véi gia cd dinh.

.. Hog
Trong do: " S,
hudng lip cua truc khép cau thi j.

CDg A N S , A Lo s C g
S lan luogt 1a véc to don vi chi hudng ctia chan thir i va véc to don vi chi

Véc to §ji duogc xéac dinh trong hé toa do ¢b dinh H:

Hog :ﬁii (26)
" AB,
Phuong trinh (26) duoc viét lai:
Ho Ho
Hos__ _ Aji_ Bji| (27)

A \/[HUA“_HOBFJT'[HOAH_HOBH]

Miit khac, véc to P §cj trong hé Hy:
co. _[co cp co
§Cj - [ Sc><j Scxj Sczj O]T

Nhu vay, phuong trinh (23) dugc viét lai khi ldy 3 thanh phan dau ciia cp §cj va e §ji nhu sau:

Ho
0< ‘arccos (S Soqt Sy SeyiF Sy Sey)| S Yopmax 28)
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o Khép cdu lién két véi gid di dong

] / K
j\ Pau truc chinh
I~ Dung cu

Hinh 6. Hinh nén gi6i han khop cau lién két véi gia di dong.

GOcC ypgji dugc dinh nghia nhu sau:
H, = H,DD =
Y ooji =Z( Siis S

cji (29)
Hy §JI ,H
hudng ldp khop cau trén gia di dong trong hé toa do Hy.

. DD = N .
Vécto 7S trong hé HO:

. DDz 43 L Do , A L Do
trong do: TS lan luot 1a véc to don vi chi hudng cta chan thir i va véc to don vi chi

M55 =Mk a). s (30)
Nhu vay, phuong trinh (29) duoc viét lai khi Iay 3 thanh phin dau ciia ™" S; va s ;:
Yoo =arccos(®™’s ;.o s +"Ps s +Ps s (31)
Nhu vay, phuong trinh (24) duogc viét lai:
0< [arccos (s, ;. s, +"Ps s 415 s ) < Yooma (32)

¢) Piéu kién xdc dinh gi6i han va cham giita cdc chan ciia modul RBSS Hexapod
Tai thoi diém thu i ta can xac dinh hjj+1 khoang céch gifra cac cdp chan canh nhau, nhu vay dé
tranh hi¢n twong va cham gitta cac chan v6i nhau hjj.; phai théa mén bicu thurc:

h1,2i >D¢
h3,4i >D¢ (33)
h5,6i >D¢

trong do:  + hy i, ha g, Ns i lan luot 1a khoang cach gitra cac cap chan canh nhau va D, 1a duong
kinh ctia cac chan.
Khoang cach gitra cac cap chan dugc cho boi phuong trinh:
Hog AHog
S. S. ..
_ ji j+Li Hy, 2 Hy, 3
h(j,j+1)i T Hy =2 AHo = ‘ [ rBji - rB(j+1)i ] (34)

Sji ° Sj+1,i
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Z,

Hinh 7. hoéng cach va cham giira cac cap chan.
5.2. Piéu kién xac dinh giéi han hanh trinh khép trugt ciia modul CNC 3 truc (Z d)
Ngoai viéc xac dinh gidi han hinh hoc ciia modul RBSS, gidi han hanh trinh trugt cta 3

truc tinh tién ctia modul CNC 3 tryc cling phai dugc kiém tra. Nhu vy cac thong sb dx;, dy;, dz;
phai théa man bat dang (35):

dxmin <dXi <dxmax
d, . <dy, <d, ., (35)
dzmin <dZi <dzmax

6. Vi DU AP DUNG

a) Thong sé dong hoc modul Hexapod

Hinh 8. Thong s6 kich thudc gia c¢b dinh
modul RBSS Hexapod.

Hinh 9. Thong s6 kich thudc gia di dong
modul RBSS Hexapod.
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Bang 4. Thong s6 kich thuée dong hoc ctia modul Hexapod.

| Gia ¢6 dinh (Rcp = 300 mm)
Toa d6 cac khdp cau B; (j = 1 + 6) trong hé toa d6 Hg

B, B, B, B, Bs Bo
Rp.C0s15° Rp.C0S15° ~R_p-5in15° ~R,.5in45° ~R,.sin45° ~Rp-8in15°
-R_,.sin15° Rp-5in15° R .C0s15° -R,.c0s45° -R_,.C0845° ~Rp.C0815°
0 0 0 0 0 0

| Gia di dong (Rpp = 200 mm)
Toa d6 cac khdp cau A; (j = 1 + 6) trong hé toa do Hpo

A A, A A, As Ag
R,,.C0s15° R .cos15° -R_ .sin15° -R_ .sin45° -R_.sin45° R, .sin15°
~R,,.sin15° R _.sin1s’ -R_.c0s15° -R_.c0s45° -R_.cos45° -R_.cos15°

0 0 0 0 0 "o

1 =150 mm, D¢ = 30mm, dipa= 950 mm, dpin = 250 MM, Yppmax = Ycdmax= 45°

VoI
+ Rep 12 ban kinh dudng tron di qua vi tri tdm cac khép cau Bj trén gia ¢6 dinh (hinh 8).

+ Rpp 14 ban kinh duong tron di qua vi tri tim cac khop cau Aji trén gia di dong mang dau dao
truc chinh (hinh9).

b) Théng 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= 0T V= 021

Véc to phép tuyén \/

i \
N Hl_rongtruc ung cu
20 \\ -30
10 e et 5l -0
= SN -10
0 L ’ . ) a
o TR T : - Duong dung cu ()
-40 . .

-20

40 30
60 *

w© a0

Hinh 10. Gia céng chi tiét bé mit elipxdit,
trong d6: a=25mm, b = 50mm, ¢ = 20mm: 14n luot 12 ban truc nhé, 16m va ban truc thuc duong dung cu
kiéu song song cach déu, voi ddu dao cdu R =2,5 mm, goc B =15% 9 =0°,
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Trén co s thuat toan va cac phuong trinh xac dinh thong s diéu khién, tién hanh tinh toan,
18p tinh todn thong so6 di€u khién trong trudng hop modul Hexapod mang dau dao truc chinh gia
cong bé mat elipxoit.

¢) B6 thi xdc dinh thong so diéu khién

\
, , , 1400
1200
500
45

nn m

EI 7z 500 1000 WS:ZIEI ZD;:IEI 2500
X
350+ _ d 4 di t .

1 1 1
0 100 QDD SDD leD 500 G000 700
Hinh 11. b thi x4c dinh thong s6 diéu khién.

55

D

D

7. KET LUAN

Bai bao dé xuét thuat toan diéu khién may phay CNC nhiéu tryc kiéu dong hoc PSK trong
d6 modul mang dau dao truc chinh 1a modul Hexapod va ban may 1a modul CNC 3 truc. Két qua
bai béo 1a giai thuat diéu khién hinh dong hoc trong d6 dwa ra giai phap xoay truc dung cu tai
diém CL, ¢ dinh (diém chuéan °0°), sau d6 tinh tién dén diém dinh vi tao hinh CLi trén duong
dung cu. Véi gidi phéap trén tranh dugce hién tugng va cham gilra cac chan trong qua trinh may
lam viéc dong thoi cling khic phuc sai s6 dinh hudng do sai sé hai truc quay ciia may CNC 5
truc Va giai phap nay dugc ap dung cho hau hét cac may PSK co sir dung RBSS 1am co cau dinh
hudng. Cac két qua ciia bai bao con phuc vu cho cc nghién ctu tiép theo vé kiéu may nay nhu
dong lyc hoc va diéu khién, sai sb gia cong, do cing viing dé c6 thé thiét ké ché tao hoan chinh.
Céc két qua dong hoc con 1a co s dé thiét 1ap chuong trinh didu khién ciing nhu tinh todn mo
phong qua trinh gia cong bé mat phirc tap trén may phay CNC nhiéu truc kiéu PSK.
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ABSTRACT

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