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ABSTRACT

The approach to singularity configurations of the parallel manipulator is represented
which supposes to consider the degree of freedom of the final output link and the quan-
tity of the kinematic subchains connecting the base and the output link. The theorem of
A.P. Kotelnikov is used in order to exclude non-controlled mobility of the output link. How
fo avoid infinitesimal non-controlled mobility in singularity configurations is considered.

TOM TAT

Cégh tiép can nﬁ[mg céu hinh d&c biét ctua tay méy song song dé: duorc trinh béyy(yi gia
thiét xem xét s@ bac tuj do cua khau ra (khau ,téc déng cudi) va so luong cac chgéi doéng
hoc phu Iit’én két voi nép va k,héu ra. Ly thuyét A.P. {(otelnikov da duwoc dgng dé loai t(L‘P
d/ch chuyén khéng - diéu khién,cda khau ra. Cach dé tranh cac dich chuyén khéng - diéu
khién vé cung nhé trong cac cau hinh déac biét da duwoc xem xét.

I. GIOI THIEU cap dong hoc [3]. Rdi cach tiép can tuong
tu khi dung nhom vit kin duwgc mé rong cho
cac tay may song song [6]. Hunt da thao
luan vé cac cau hinh dic biét cta tay may
song song [2]. N6 dugc trinh bay bang cac
nhém vit ma cac cdu hinh dic biét tao nén
dang cua cac vung lién tuc [5, 6, 8, 11], cac
nhom vit huéng dén ving 1an can cta cau
hinh dac biét da dugc mo ta boi Glazunov
[9] va rdi cach tiép can nay duge mo rong
cho cac tay may voi ciu tric song song
trong mdi chudi dong hoc phu [10, 11].
Trong bai viét nay, chung ta xem xét dén
mot s6 van dé vé cdu tric cua cac tay may
song song tuong xung voi vung dac biét
cua chung.

II. PHAN LOAI

Khi mdt vat ran (khau ra) c6 thé chuyén

Tay may song song (vi du b¢ Stewart [1]
va nhiéu dang khéc [2, 3, 4, 5, 6, 7, 8, 9,
10, 11]) 12 loai co cau c6 d6 chinh xéc cao
vé vi tri, do climg vimg cao va kha ning
chiu tai 16n. DPau tién, loai tay may nay da
duoc phan loai béi Hunt, Hunt da xem xét
va sap xép theo hé thong dua vao sb cac
chudi dong hoc phu va bac ty do cia khau
ra [2]. Sau do, sy phan loai nay da duoc
mo rong bdi Glazunov, Kraynev va mot
sd tac gia khac [5]. Su phan loai cua tay
may | - toa d6 (la dang cua bé Stewart) bao
gdm sau cac chudi phu v6i hai khop cau
va mot cdp dong hoc trugt da dugc ché tao
bdi Koliskor [7]. Vit thuan nghich da duoc
Mohamed va Duffy dung cho viéc phan
tich dong hoc cta cac co cau song song voi

sdu bac tu do [4]. Sugimoto da xem xét cac
co cau vugt qua rang budc dung phuong
phap tich vit ctiia cac vector don vi cua cac

dong hoan toan tu do ma khong hé co bat
cu rang budc nao thi ching c6 sau bac tu
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do. Néu chung ta néi vat thé nay véi nén
bang m chuoi dong hoc phu thi bac tu do
cua no la:

W=6->D, (I)

voi W — béc tu do cua khau ra; D, — s6
cac rang bugc cua chuoi dong hoc phu thir i
(i=1...n,n—s0 cac chuoi dong hoc phu)

Di=-6m + 5p,, +4p,..., (2)

- 50 luong cac lién két dong b tri
gitra nén va khau ra; p5i, p4i...- sO cac cap
dong hoc voi 1, 2... bac tu do cua chudi
phu thir i.

Nhu vay, chung ta ¢6 bang dong hoc co
ban cua cac tay may song song khi thay
ddi sb bac tu do cua khau ra va sd luong
cac chudi dong hoc phu lién két. Hon nita,
ching ta xem xét s6 dich chuyén trong mdi
chudi dong hoc phu va cach tiép can nay
chung ta trinh bay & bang 1 (vi du cach ghi
644(2) vo1 W =2 va m = 3 c6 nghia 1a mdt
tay may song song c6 2 bac tu do, 3 chudi
dong hoc phu lién két tuong ung 6, 4 va 4
cac cdp dong hoc mot - dich chuyén va 2

phuong an khac nhau ciia cach bé tri cac
truyén din — ca hai dugc bb tri trong chudi
phu 6 bac tu do hoac mdt trong ) ching
dugc bd tri chudi phu 6 bac tu do va cai
con lai & trong bat ky chudi dong hoc phu
4 bac tu do).

Khi chi xem xét s6 lugng cac chudi dong
hoc phu va bac tu do, ching ta c6 57 su
sap xép theo hé thong co ban cia tay may
song song. Ciing nhu khi xem xét s6 cac
truyén dan trong m01 chu01 dong hoc phu
chung ta co 132 su sap xép theo hé thong
co ban. Mdi su sap xép cua tay may song
song tuong ung voi cac glan d6 dong hoc
khéc nhau (mot vai sy sap x€p trong chung
c6 thé c6 cac lién két bo tri song song trong
cac chudi dong hoc phu lién két). Hinh 1
trinh bay tay may song song tuong rng V0’1
glan d6 co ban 666 (W =6,n=3), va moi
chu01 phu bao gbém 3 truyén dan Taido 1 -
nén, 2 — khéu ra, 3 — cac truyen dan, A, B,

-(1=1...3) —cac dlem tuong ung tren
nen khau ra va cac truyén dan Mot trong
ba chudi dong hoc phu bao gom 3 truyen
dan, chudi thr hai ¢6 2 truyén dan, va chudi
thir ba ¢6 1 truyén dan.

w n (s6 cdc chudi dong hoc)
(bdc tu do) 6 5 4 3 2

6 666666(1) 66666(1) 6666(2) 666(3) 66(3)
5 666665(1) 66665(2) 6665(4) 665(6) 65(5)
4 666655(1) 66655(2) 6655(5) 655(6) 64(4)
66664(1) 6664(2) 664(4) 55(3)
3 666555(1) 66555(2) 6555(4) 555(3) 54(4)
66654(1) 6654(3) 663(2) 63(3)

6663(1) 654(6)
2 665555(1) 65555(2) 6644(1) 662(1) 53(3)
66554(1) 6651(1) 653(3) 62(2)
6554(3) 644(2) 44(2)

5555(2) 554(4)
1 655555(1) 65554(1) 5554(2) 544(2) 43(2)
55555(1) 6553(1) 553(2) 52(2)
6544(1) 643(1) 61(1)

652(1)

Bdng 1: Phan logi tay mdy song song
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Hinh 1: Tay mdy song song

III. CACH LOAI TRU DICH CHUYEN
KHONG-PIEUKHIENVOCUNGNHO

Dé loai trir dich chuyén khong - diéu
khién v6 ctng nhé cia khau ra, ching ta
phai xem xét cach sip dat cac cip khong -
truyén dan cua tay may song song. Chiing
ta dung 1y thuyét A.P. Kotelnikov ma chi
c6 cac nhom vit kin dién ta cac nhom dich
chuyén. Mot cach twong tmg, tit ca cac
cong thic cau triic duoc lién két véi cac
nhom vit kin. C6 8 nhém vit kin: nhom
mot - thanh phan (né co thé biéu dién nhur
mot cap dong hoc 1 - dich Chuyén), nhom
hai - thanh phan (thé hién boi hai cip dong
hoc truot), nhom ba - thanh phan (thé hién
boi cac co cu cau, cac co cAu khong glan
chi vdi cac cap trugt, va cac co cau phang
hodc cac co cau véi cac cap dong hoc vit
c6 cuing budc va huéng), nhom bdn - thanh
phan (thé hién boi ba khong - song song
clia mot cap truot phang va mot cip quay
vudng goc v6i mot mat phang), va nhom
sau - thanh phan (thé hién tat ca cac dich
chuyen khong gian). Cac nhom kin bao
gOm tat ca céc tich vit clia cac thanh phan
chinh cta cac nhom nay. Cong thuc cau
tric ctia chinh né phu hgp véi modi nhom.

Chung ta hay xem xét nhom 4 - thanh
phan boi vi nd duge ding trong cac co cdu
thuong khong thude cac nhom kia. Hinh 2
trinh bay co cdu song song voi ba bic tu
do, n6 bao gdm ba chudi dong hoc lién két
v6i nén va khau ra, mdi chudi c6 mot cap
cho phép quay xung quanh cac truc vuong
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goc véi cuing mit phang (cap xoay, cip tru
va cap vit twong Ung) va ba hoac hai cap
trugt. Cac co cau tuong tu dugc mo ta boi
cong thuc cau truc:
W=4-D. (3)
voi W — bac tu do cua khéu ra, D, — sO
cac rang budc ctia chuoi dong hoc phu thir i
(i=1...n, n—s06 cac chuoi dong hoc phu)
D.=-4m +3p.+2p,.... 4)
m - s6 luong cac lién két dong bb tri
gitra nén va khau ra, pg, p,;...- 80 cac cdp
dong hoc voi 1, 2... bac tu do cua chuoi
thtr 1 (Cac co cau nay khong tuong ung véi
viéc phan loai ¢ bang 1).

A

Hinh 2: Co ciu song song twong irng

véi nhém vit 4 - thanh phin

Hinh 3: Tay mdy song song
v6i hai chudi dong hoc lién két

Nhu vay, dé loai trr dich chuyén khong
- diéu khién ching ta sip dat cac cap dong
hoc khong - truyén dan sao cho khong xéac
dinh quay vit bang viéc mo ta cac nhom vit
kin trén. Vi dy, tay may song song duoc
trinh bay ¢ hinh 3, ching bao gdm hai
chudi dong hoc phu lién két va twong tmg
v6i gian dd co ban 66 (W = 6, n = 2). Mdi
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song song

chudi phu ¢6 3 truyén dan. B¢ loai trir dich
chuyén khong - diéu khién v6 ciing nho,
mot trong hai cip cau dugc bé tri gitra khau
ra va cac chudi phu lién két 1a 2 bac tu do.

IV. VUNG PAC BIET CUA TAY MAY
SONG SONG

Tay may song song trong tu thé cu hinh
dac biét, chung c6 dich chuyén khong - diéu
khién v6 cting nho, vi thé, chiing ta xem xét
cac cau hinh ndy nhu mot su thay d6i cdu
truc cua chung. Thong thuong, nhom sau -
thanh phan cua xodn vit don vi ctia thong s6
zero R (1, 7")(i=1,6) tic dong trén khau
ra cua tay may cung loai. Pinh thtrc cuia cac
toa do vit clia cac xodn vit nay la:

0 0 0

rlx I.ly I.lz I.lx I.ly rlz
A=l . . . . . e

0 0 0

I.6x r6y réz r()x I.6y I.62

Thong thudng, truc xoan vit tuong tng
voi truyén dan thtr i duoc bd tri trong mot
mit phang (AB,C), xuyén qua tdm khop
Cvala hudng vudng goc v6i dich chuyén
¢6 thé cua no. Cho co chu nhu trong hinh
1, nhitng thanh phan cua xoan vit R co thé
duoc tim thdy nhu sau:

n :l/pi {ai +|:sj/fj*(1/fj+1/sj)(ai ’bj)/dj}bj} ©

Vi p, — vector dinh rd truc xodn vit; a,
— vector tir diém A dén diém C; b.— Vector
tir diém D, dén dlem Cs - vector ban kinh
ctia diém C d —toa do suy rong.

Tai ciu hinh dic biét A =0, ching ta
phai tim gradient - vit giam nhanh nhat
tir cdu hinh dic biét ctia tay may va nhom
nam - thanh phan cua quay vit “truc giao”
dén no va huc’mg dén vung 14an can vo cung
nho cua cau hinh dac biét [8, 9, 10, 11]
Pé xac dinh ching, viéc xem xét mot sb
gia cua dinh thuc A dugc chu y nhu dA
thich hop voi 6 thanh phan dich chuyén cta
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khau ra 13 can thiét. S6 gia cua toa d6 xoin
vit c6 thé duoc thé hién nhu tich cua toa
d6 vit cua quay vit véi mot vai hé sé vo
hudng phu thudc trén vi tri duy nhat cia co
ciu. Vi du, trong truong hop dich chuyén
cua khau ra cuia tay may nhu hinh 1 doc
theo quay vit Q* (4x,0,0,0,0,0) chung ta
c6 phuong trinh:

drt =dx (1/] p|) 4z, Y, = Yo, 20)/d. (f/d +(a;-by)(d, £) (1/d, = V£, )+

+ZCJ(Y/\I + YDJ)_ yCJ(ZAl + ZDJ)/dJ (l/dj _l/fj )bx } @)

voi fJ — Chiél{ dai cua khau. Trong nhiing
tinh todn nay, can thiét chiing ta c6 thé loai
bo di s6 v cing nho cua bac tht hai cia
phuong trinh. Nhu vay, dich chuyén doc
quay vit nay chung ta c6 thé viét lai:

dri =dx K} ,dry =dx- KX

(i=1.6) ®)

Ox __ X
dr,” =dx 'Krg

voi K, ..., K. -1la nh&ng hé s6 phu thudc
vao vitricta tay may; d,,dr.. -dr” - 1a nhitng
5O gla cua toa do xoan vit phu hop véi dlCh
chuyén doc theo quay vit . Mot sb gia
cua dinh thtre phu hop voi dich chuyén doc
mot quay vit Q(dx,dh,dz ,dx’,dh’,dz") phu
thudc tuyén tinh trén toa dJ vit ciia quay
vit nay la:

dA=dx L +dh[* +dz I +dx"L" +dh 1" +dz "L’ (9)

hé sé r,2,...z" 1a nhitng dao ham riéng
OA/0x,0A/0h,0A/0z ,0A/0x°,0A/6h°,0A/ 0z °
va ching biéu dién mot gradient ciia mot
ham v6 hudéng A cua nhling argument
x;h,z x"h%z° Nhu viy, dé co thé tranh cu
hinh dic biét mot cach nhanh nhét, chung
ta can phai cung cap cho khau ra mét dich
chuyén nho doc theo quay vit, ma nhiing
toa do vit c6 mbi tuong quan gilra cac hé
s6 nhu dd dé cap ¢ trén. Nhom nam - thanh
phan cta nhimg quay vit “truc giao” dén
gradient - quay vit hudng dén ving lan can
ctia cac cAu hinh dic biét va nhu vay chung
ta c6 thé tim thay 5 - hudng ving dic biét
clia tay may song song [8, 9, 10, 11]. Bé
loai trir dich chuyén khong - diéu khién
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trong cac cau hinh gan dic biét, chung ta
c6 thé tim gradient - vit va hai mat phang
vudng goéc vol vector va moment tuong
g ctia n6. Sau do, chiing ta co thé tim cac
thanh phan cta quay vit mo udc 1am léch
di mot cach t6i thiéu qui dao [8, 9, 10, 11].
Chung ta ciing c6 thé cung cip cho tay may
mot truyén dan phu. Vi du, chiing ta co thé
b6 tri mot truyén dan quay tai diém Ai hodc
D. (hinh 1).

V. KET LUAN

Nhu vay, cach tiép can nhimg cdu hinh
dac biét cua tay may song song duogc trinh
bay trong bai viét nay véi gia thlet xem
xét s6 bac tu do cua khau ra va sb IU:O’ng
cac chudi dong hoc phu lién két véi nén
va khau ra. Ly thuyét A.P. Kotelnikov duoc
dung trong nhom vit kin duy nhét biéu dién
nhitng nhom dich chuyén dé loai trir dich
chuyén khéng diéu khién cua khéu ra.
Ngoal ra, dé tranh céac dich chuyén khong
- diéu khién v6 cung nho trong cac ciu
hinh dac bi¢t (ma co thé tao ra dang cua
cac vung dac biét) chl'mg ta phai cung cap
cho tay may mot truyén dan phu hoac qui
dao phang hudng ra ngoai cac cau hinh dic
biét.
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