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TOM TAT

Trong cdc co cau co khi ¢6 rat nhiéu co cdu truyén dong khéng gian, nhw truyén dong miii
khoan sir dung co cdu khéng gian ¢é khép cardan, mdy ép ding co cdu tay quay con trueot khéng
gian. Viéc gidi quyét cdc bai todn phdn tich dong hoc cho cdc co cdu ndy nhin chung la twong déi
phite tap. Trén thé giGi cé nhiéu phwong phép gidi quyét bai todn phan tich déng hoc, moi phirong
phdp déu cé nhitng wu diém riéng. Bai bdo ndy dé xudt mét phwong phdp méi gidi bai todn phén
tich dong hoc co cdu khéng gian. Véi phiong phdp nay, bai todn phan tich dong hoc co cau khéng
gian sé dwoc gidi quyét mot cach don gian va dé dang trong viéc thiét ldp cdc phwong trinh lién két
ciing nhw viéc mé phong chuyén dong ciia co cau khéng gian. Bang phwong phdp hinh chiéu vuéng
g6c, bai bdo tién hanh phdn tich dong hoc mét co cau khéng gian va mé phong chuyén dong ciia co
cdu nay. Két qua mé phong sé dwoe doi ching véi két qua thu dwoc khi sir dung phan mém Matlab.

Tir khéa: Co cdu co khi khéng gian; Phan tich déng hoc; Hinh chiéu vuéng goéc; Phwong
trinh lién két; Mé phong.

ABSTRACT

Spatial structures have been used widely for transmission in mechanical engineering, such
as a universal jointed shaft in drilling process or a slider-crank linkage in compressing process.
Solving kinematic problems in those mechanisms is quite complex. Some solutions have been
proposed with both strong and weak points. This study proposed a new method to analyze kinematic
problems for mechanisms using orthographic projection. Kinematic analysis of spatial structures
could be carried out easily by setting up associative equations as well as simulating the motion of
these structures. The simulated results were validated by Matlab software.

Keywords: Spatial structure; Kinetic analysis, Perpendicular projection; Link equation;
Simulation.
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1. TONG QUAN

Bai toan phan tich dong hoc 1a bai toan
dau tién can phai giai quyét, lam co so dé tir 46
c6 thé giai quyét tiép nhirng bai toan nhu: dong
luc hoc va do bén cua may, can b?mg may, tdi
uu hoa,...

Trén thé gidi c6 nhidu phuong phép giai
quyét bai toan phén tich dong hoc nhu phuong
phap ma tran Denavit-Hartenberg-Craig,
phuong phéap da giac véc to, phuong phap truy
hoi [1, 4]. Tuy nhién, cac phuong phap hién co
thuong kha phtrc tap va s€ cang phuc tap hon
khi ddi tugng nghién ctru 13 cac co cau khong
gian. Nhu phuong phap tach khép ¢6 vu diém
1a s6 lwong cac phuong trinh lién két kha it, tuy
nhién phai thiét 1ap cac diéu kién rang budc va
ddi v&i mot sd dang khop diéu kién rang bugc
twong dbi phirc tap, con phwong phap truy hoi
thi dua ra biéu thirc tinh gia toc cua timg khau
rat phirc tap va can lya chon phan mém tinh
toan phu hop. Bai bao nay dé xuat phuong phap
hinh chiéu vuéng goc phan tich dong hoc co
c4u khong gian. Phuong phép nay c6 vu diém
1a tinh truc quan cao, viéc phan tich dé dang
thun 1oi, cong thire khong qua cong kénh, giup
cho viéc giai bai toan phan tich dong hoc duoc
giai mot cach don gian, dé dang hon.

2.COSOLY THUYET PHAN TICHDONG
HOQC CO CAU KHONG GIAN

Moi co cau khong gian 1a mét hé co hoc

chiu lién két h6-16-nom gitr va dung, cac diéu
kién rang budc cua n6 c6 dang [1]:

E {[ =10 (1)
Ta su dung céc toa do suy rong du q,,

d,» 9;»--» 4 D€ xac dinh vi tri cua co cau f bac
tu do. Ngoai ra, ta dua thém vao cac toa dg suy

rong du dé dé dang thiét 1ap cac biéu thuc giai
tich xac dinh vi tri cua co cau. Goi z, z,, 7,,...,
z_la cac toa Ao suy rong phu thudc. Cac phuong

trinh lién két c6 dang [1]:

£ (@l 2ez) =0 (I=131) ()
Trong do, z, = 7,(q,,q,,.-.,q,) (k= 1=1) 3)

Giai hé phuong trinh dai sb phi tuyén
(1 va 2) dé xac dinh cac ham zi va cac dao ham
béc nhét, bac hai cia n6 bang phuong phép lip
la nhiém vu trung tdm cda bai todn phan tich
dong hoc co cdu khong gian.

3. PHAN TICH PONG HQC CO CAU
KHONG GIAN BANG PHUONG PHAP
HINH CHIEU VUONG GOC

Muc tiéu cia phuong phap la ap dung
phuong phap chiéu vudng goc va dua vao cac
toa do suy rong du dé xdy dung cic phuong
trinh lién két ctia co cau. Cac budce thuc hién dé
phan tich dong hoc co cAu:

Budc 1: M6 hinh héa co chu co khi
thanh mo hinh co hé co ban.

Budc 2: Chon hé toa d6 ¢b dinh Oxyz,
chon hé toa do gén v6i cac khau.

Buéc 3: Chiéu co hé va cac hé truc 1én
mat phang xoy.

Budc 4: Chon cac toa do suy rong.

Budc 5: Viét phuong trinh lién két dang
vector. Chiéu phuong trinh lién két 1én cac h¢
truc toa do co dinh.

Budc 6: Xac dinh ma tran cosin chi
hudng ctia moi khau. Thiét 1ap biu thirc vi tri,
van toc, gia toc cua moi khau.
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Chi y:

+ Khi chon hé truc toa do ¢b dinh Oxyz
can theo nguyén tic: Néu khau ndi gia quay
xung quanh truc ¢ dinh, chon mat Oxy song
song voi truc quay. Néu khau ndi gia 1 tinh
tién, chon 1 trong 2 tryc x hodc y song song véi
phuong tinh tién.

+ Pdi voi mdi khau, can xac dinh goc
gitra hinh chiéu cta 2 truc toa do gén vo1 khau
va truc Ox (hodc Oy), truc Oz. Néu c6 khép
tinh tién, can chon thém toa do suy rong la dich
chuyén dai.

4. PHAN TiCH PONG HQC CO CAU
KHONG GIAN CO KHOP CARDAN

Khép Cardan duge dung rat nhiéu trong
cac truyén dong cia co khi nhu truyén dong
ctia may khoan, truyén dong tir hop s6 dén bod
vi sai hodc truc sau ctia 6 t6. Uu diém 14 truyén
dong mé men xodn ém &i tron tru [4].

4.1. Thanh lap phwong trinh lién két

Chon AB vuodng goc voi SA, CD
vuong goc voi DE. Khau SAB quay quanh
cac truc SA. Khau BC chuyén dong khong
gian. Khau CD quay quanh DE. Dat AB =1,
BC=1,CD =1, (Hinh 1).

Hinh 1. Co cdu khéng gian c6 khép Cardan
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Ta chon hé truc vudng goc O, m C, gin
voi khdu SAB nhu sau: O, = A, huong & 1a
huéng AB, hudéng ¢, AS, hudng n, dugc chon
sao cho tao thanh mot hé quy chicu thuan.

Ta xac dinh mot mat phéng IT nhu sau:
Qua diém D v& mot dudng thang song song voi
truc quay SA cta khau 1 va mot duong thing
tring v6i truc quay DE. Hai dudng cit nhau
nay xac dinh mit phéing I1.

Qua O, v€ mot duong thang vudng goc
v61 mat phang I1 va cat IT tai O, n6i cach khac
O chinh Ia hinh chi€u cta O, 1én II.

Chon hé truc Oxyz voi: Géc O 1a hinh
chiéu cua A 1én 11, truc z hudng theo OO, truc
x huong DE, truc y dugc chon sao cho Oxyz
tao thanh mot hé quy chiéu thuan. Nhu vay,
Oxy nam trén mat phang I1.

Chon hé toa d6 0,& ., gin v6i BC va
c6 O, =B, &, la huong BC. Chon 1, theo huéng
BN, truc CZ, chon sao cho hé truc tao thanh mot
h¢ quy chicu thuan.

Chon h¢ toa 46 O,&m,C, gén voi khau
CDE vo6i: O= D, truc ¢, huéng theo DE,7 truc
& hudéng theo DC, tr}_lc n, dugc chon dé tao
thanh mogt h¢ quy chiéu thuan.

Chon h¢ toa d6 O,&n,¢, gén voi khau
MBN nhu sau: O, = B, truc £, hudqg theo M,
n,hudng theo N, truc n, dugc chon d€ tao thanh
mot hé quy chiéu thuan.

Nhan xét: Khau SAB quay quanh truc
¢d dinh SA nén luén nam trén mat phiang R
di qua A va vudng gbc voi tryc quay SA. Mat
phang R chita OA vudng goc v6i mit phang I1.
Theo tinh chét phép chiéu vudng goc thi hinh
chiéu cia mit phing R 1én II 1a mot duong

thang RII, tao voi truc y mot goc khong doi o. &
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Hinh chiéu ctia mot diém bat ky trén AB 1én I1
cling nam trén duong thang nay.

Khau CDE quay quanh truc ¢6 dinh DE
v6i CD vudng goc voi DE. Trong chuyén dong
quay, CD luén ndm trén miat phang R’ vudng
gbc voi DE. Vi DE thudc IT nén R’ vuong goc
v6i I1. Nhu vay, hinh chiéu cua R’ 1én IT 1a mot
duong thang R’I1. D& thay R’II L DE. Hinh
chiéu ctia mot diém bat ky nam trén CD 1a mot
diém nam trén R’T1.

Goi khoang cach gitra truc x va G, la d,
khoang cach OO, 1a h, khoang cach tir diém D
dén truc y 1a e. Trong mot co cdu cu thé, cac
kich thudc nay hoan toan xac dinh.

Theo tiéu chuan Gruebler, ta c6 [1]:

f= X5 fo; — 6ny — fy, 4

Voif, 1a 5O bac tu do cua khop i; n la
5O luong khO’p, n la s6 mach vong trong chu01
f la sO bac tu do thira. D61 v6i co cdu nay,
ton tai mot bac tu do chuyén dong cua khau
BC quay quanh truc cua chinh n6. Béac tu do
chuyén dong nay khong anh huong gi dén moi
quan hé dong hoc giira dau vao va dau ra cia
co hé. Vi vay, nguoi ta thuong goi bac ty do do
la bac tu do thura.

Taco:f=(1+3+3+1)-6-1=1.

Nhu vay, s6 bac tu do chuyén dong cua
co cau bang 1.

Ta chon toa do suy rong du Ia ¢, chon
cac toa d suy rong du 1a B(e), v(¢), 3(¢), A(¢).

Do cach chon hé truc toa dd nhu trén,
goc a 1a hang sd, C’D ludn vudng goc véi truc
x, do d6 c6 thé giam dugc 2 toa do suy rong néu
chon Oxy bét ky.

Ciing do cach chon hé toa d§ nhu trén ma
BM luén song song v6i mit phang xOy nén goc
gitra hinh chiéu ctia BM va hinh chiéu ctia BN lén
Oxy ludn vuong. Ta giam dugc 2 toa do suy rong
nita khi chon Oxy bét ky. Trong vi du ndy, ching
ta cO thé giam duoc 4 toa do suy rong du.

Tu hinh V€, ta c6 phuong trinh rang
budc chuyén dong cua co cau dang véc to [1]:

OA+AE +BC+(CD+D0=10 (5)

Diéu kién BM vudng goc voi BC:

BM.EC =0 (6)

Chiéu 1én cac truc toa do Xyz, ta dugc
cac phuong trinh:

fi=lsingsina+lcosfzsiny—e=10 (7
£ =—lsinpeosa+ lysinfsiny — lysind —d = 0(8)
E=h+licosg—lcosyp— ;0056 =10 9
fi = —sinacos f sin§ sin A + cosusin f sin & sin A — cosbeosh = 0(10)

4.2. Xac dinh toa d6 suy rong duw, van toc va
gia toc ciia ching

bao ham (7), (8), (9), (10) theo thoi
gian, ta dugc:

fi=lgcospsina—l;fsinfsiny + 7605 feosy = 0(11)
fo=-Lgcosgcosa + 1, fcos fsiny + Lyisin feosy - l;dcos 6= 0(12)
fo=h—l,@sing+ Lysim +.6simé=0 (13)
£, = sin o @ sing siy sin A — sina i cos f cos y sin /. — sin o cosf siny saslcosgoospsiny sin |

+cosay sing cosysind + cosalsing sinycosd + 7 siny cosi + leosy sind = 0 ( 14)

T hé phuong trinh (11 ~ 14), ta rit ra
duoc cac ma tran Jacobi:
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lycospsina
lycos @ cosco lycos § siny
J;=| —“lising 0
(sinfsinysindsina +
cos f siny sin A cos o)

—lysin fsiny

0

lycosfecosy
l,sinfcosy
[, =iy
(—cosfcosysindsing +
sin f cosy sin Acos o + sin ycos 4)

0
0

0 (15)

(—cosfisinycosdsing +
sin f siny cos Acos o + cosy sin d)

0
I, = —lycos & (16)

lysind

0

Ta ¢6 cong thuc xac dinh van tdc cac
khop [1]:

R P (17)

Ta tinh dugc dao ham cac ma tran
Jacobi theo thoi gian:

=1, sin @ sin o
1y ¢ sin g cos o
—1,p cos 1
0

iq=

—1,Beospsiny — Loy sin Pcos ¥
—1,f sin [ siny + 1,7 cos f cosy
0
{P(cosfsina — sin P cosa) sin y sin A
+y(sin [ sin o + cos f cos o cos ysin A+
A{sin [f sin o + cos fcos o) siny cos A)

—l,fisin feosy — Ly cos fsiny
1,f cos Beos ¥ — Ly sin fsiny
1, ycosy
B(sinf sin o + cos B cos o) cosy sin &
+¥{cos B sin o — sin f cos o) siny sin A + ¥ cos ycos A
+A(— cos Psin o + sin foos o) cos ¥ cos A — A siny sin A
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0
i
0
[i(sin fsin o+ cos feos o) siny cos A (18)
. +y{—cos Bsin o+ sin [f cos o) cos ycos A —Vsin ysind
+A(cos f sin o — sin B eos o) siny sind + Acos y cos A

0
[;8sind
[.6cos &

0

I.= 19)

Ta c6 cong thuc xac dinh gia téc cac
khop [2]:

§= 7 ek + Jot = ol ') (20)

Ap dung phuong phip Newton
Raphson cai tién, ta lan luot tinh duoc toa do,

van toc, va gia tdc cac toa do suy rong vdi cac
gia tri tham soO cua co cau nhu sau:

h = 15cm.l; = 18cm.1; = 40cm.l; = 22cm

d =20cm.e = 15cm, o = 453°(0.7854rad)

Quy luat chuyén dong cua khau cudi:
§ = 0.79680 + 0.4cos(2pi*t + 0.5pi)

Thay vao (7), (8), (9), (10), ta tinh dugc
b thong s dau vao nhu sau:

@, = 30°(0.5236 rad)
Bo = 1.3434(rad)
Yo = 0.5214 (rad)

5y = 1.2789 (rad)

Thay vao cac phuong trinh dudi, ta thu
dugc céac diéu kién dau vao veé van toc, gia toc

cua cac toa do phu thudc.
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4.3. Do thi mé phéng chuyén dong ciia co ciu

Ung dung phuong phédp Newton-
Raphson cai tién dé tinh toan vi tri, van toc
va gia téc cta cac khau [2]. Viéc tinh toan va
mo phong dugc dua vao phan mém Matlab, ta
dé dang giai bai toan dong hoc nguoc co cau
khong gian ¢6 khép Cardan. Mot s6 két qua mo
phong dugc trinh bay trén cac do thi tir Hinh 2
dén Hinh 4.

Hinh 2 mé phong d6 thi vi tri cua cac
khau d6 thi goc quay o(t) cua khau dan, do
thi A(t) gbc quay cua khau MC tai vi tri khép
cardan, d6 thi y(t) goc quay ctia khau MC tai vi
tri khép cau, do thi goc quay B(t) ciia khau MC
tai vi tri khop cau, hinh 3 13 d6 thi van tdc cua
cac khau. Hinh 4 1a d6 thi gia tbc. Quan sat trén
hinh v&, ta thay cac khau chuyén dong kha ém
4i tron tru. Tir hinh 2, ta thiy khau dan khong
chuyén dong toan vong.

4
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Hinh 2. Dé thi cac toa dé cia pfya

t(s)
Hinh 3. 6 thi vdn toc cia ¢ y A

t(s)

Hinh 4. Do thi gia toc ciia ¢ fy )

2
15
1

norm(e)em]

3

1
t(s)

Hinh 5. Sai s6 phwong trinh lién két

Két qua thu dugc dugc kiém nghi¢m
trén phan mém Matlab, véi d6 chinh xac 2x1013
hoan toan phu hop.

5. KET LUAN

Bai bao nay da dua ra phuong phap
hinh chiéu vudéng goc de giai quyét bai toan
phan tich dong hoc co ciu co khi khong gian.
Phuong phap nay don gian, c6 thé ap dung vao
thue té san xudt mot cach dé dang. Ngoai viée
dua ra cac budc tién hanh khi phan tich dong
hoc co cu khong gian bang phwong phéap hinh
chiéu vudng goc, bai bao con ap dung vao phan
tich dong hoc ctia mot co cau khong gian co hai
khép quay, mot khop Cardan, mot khép cau. <
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