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TOM TAT
Bai bao dé cdp dén van dé mo réng khéng gian lam viéc ciia bé Stewart dang tay quay thanh
truyén. Bang cdch xdy dung dong hoc nguoc cua hé Stewart dang tay quay thanh truyén mét cdch
chinh xdc theo cdc tham sé ciia né, cé thé kiém tra kha ning dap ing cua be doi véi khong gian
lam viéc. Bé mé rong khong gian lam viéc cho bé, bai bdao da dé xuat thay do6i mot s6 kich thudce
hinh hoc cua bé. Cac két qua cua bai bao da dwoc kiem chirng bang mo phong.
Tur khéa: Stewart platform; Bong hoc ngugc; Khong gian lam viéc.

1. PAT VAN PE

Mit trén

Truc lién két
( d6 dai thay doi)
Khép ndi MO to hodc van
thuy luc

Mait dudi

Hinh 1. Cdc thanh phan ciia bé Stewart.

Co chu bé 6 truc song song Stewart platform ra doi tir nhig nam 1960, vé mit cau tao gdm ¢
mat trén, mat dudi lién két véi nhau bang 6 truc lién két c6 thé thay ddi do dai duogc b tri theo
dang hinh hoc déi ximg 3 diém léch nhau goc 120 do. Thong qua viée thay d6i chiéu dai cac truc
lién két co thé thay ddi vi tri tuong ddi mit trén so v&i mat dudi theo vi tri tinh tién (surge, sway,
heave) va cac goc nghiéng (roll, pitch, yaw).

Sl

Hinh 2. Cdu triic bé dang truc tinh tién (trdi) va dang tay quay- thanh truyén (phdi).

Theo céu trac khép va truc lién két mit trén — mdt dudi, c6 thé phan loai bé thanh hai loai: dang
tryc tinh tién - thay doi chiéu truc dai lién két bang xy lanh hodc truc vit, va dang tay quay/thanh
truyén - mit trén va ‘mit dudi lién két bang co cau tay quay/thanh truyén c6 khop & gilia, chiéu dai
tay quay/thanh truyén cb dinh, thay d6i chiéu dai lién két mat trén/mat dudi nho thay ddi goc quay
clia tay quay bang md to.
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~So voi cAu tric tinh tién, cdu tric dang tay quay phtrc tap hon vé mit tinh toan, bu lai c6 uu
diém vé mit gia thanh va tai trong. Chinh vi vdy, phong thi nghiém “Céc hé théng diéu khién hoa
lye trén phuong tién co dong” [2], bé da hoat dong t6t va phuc vu c6 hiéu qua trong thir nghiém
céc h¢ thong diéu khién hoa lyc trén phuong tién co dong. Tuy nhién, do y€u ciu cua cac hé théng
diéu khién hoa luc ngay cang cao [3], nén d6i véi mot s6 trudng hop khong gian lam vigc cua bé
khong thir nghiém dugc day du tinh ning ch1en -k thuat cta hé thong. Piéu nay dit ra van d& phai
nang cép bé Stewart hién co6 dé dam bao yéu cau thyc té trong thir nghiém. Bai bao nay trinh L bay
giai phap thay d6i mot s tham sd, kich thudc hinh hoc cia bé dé dat dugc két qua mong mudn.

Bing 1. Mt s6 théng s6 ky thudt va yéu cau mé réng khéng gian lam viéc ciia bé.

Model: 710-6-4500, hdng Servo and Simulation
STT | Thong sd Nha san xuat | Yéu cdu mé rong
1 | Tai trong 4500 (pounds)
2 | Gia toc Roll/Pitch/Yaw | 140%s?
3 | Van toc Roll/Pitch/Yaw | 30°s
4 Roll +13° +23°
5 Pitch +15° +23°
6 | Yaw +15° +20°

2. XAY DUNG PONG HQC NGUQC CHO BE STEWART
CO LIEN KET DANG CO CAU TAY QUAY-THANH TRUYEN

Muc dich qua trinh tinh toan dong hoc nguoc bé 6 truc co két cdu dang tay quay 1 tim mdi
lién h¢ gitra goc quay tay quay va vi tri tuong d6i cua mit cOng tac (mat tren) s0 v&i mét co so
(mat dudi). Phuorng phap tién hanh 13 xay dung mé hinh dang diém, x4c dinh vi tri cac diém trong
hé toa do khong gian.

Hinh 3. M6 hinh dang diém bé 6 truc va cdc hé truc toa dé .

Tham s6 bé dong: tim bé dong P(x"yPz®), P l1a diém lién két thir i trén bé dong, p,(x"y"z")
la toa do cua P trong h¢ toa d§ bé dong, khoang cach r, =PP goi la ban kinh bé dong, goc ¢, =
goc(P1PP2) goi la goc mat trén.

Tham sb bé tinh: tim bé tinh B(x°y°z"), B, la diém dau truc hop s thi i, b (x'y’z") 1a toa
d¢ B, trong hé toa do bé tinh, khoang cach r, =BB, goi la ban kinh mat dudi, goc ¢, = goc (B1BB»)
goi 1a goc mat dudi, J; 1a diém ndi tay quay-thanh truyén thir i, j,(x'y/z)) 1atoa do J, trong hé
toa d0 bé tinh.

Tay quay tao v6i truc hop sd goc 8, goc tao boi haiv truc hop sb ké nhau 14 o, do dai tay quay r1
= BiJi. Khi tay quay quay tao thanh hinh nén, goi diém tdm vong tron ddy non 1a O, c6 toa do

0,('y/z) trong hé toa df b tinh, khoang cach ¢ = OiBi. Chiéu dai khdp nbi 1a b, chiéu dai thanh
truyén s = JiP;.
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Khép lién két D; 1a véc to ndi diém O; dén diém P;, chiéu dai truc lién két 1a di.
Toa do diém O trong hé truc bé tinh

Oy

1 B, | B, 5

1O,

|
Hinh 4. Xdc dinh toa dé diém O; trong hé truc bé tinh.
Asi la goc tao boi BB va Xa:
Agi= 60*i — @g/2 voi i=1,3,5 va Agi= 60*(i -1) + @g/2 v&ii=2,4,6. Toa d6 Bi:
bi = [recos(Agi) resin(Agi) 0] (1)
Ban kinh quay Ji: a = ricos(d), khoang cach ¢ = risin(8) + b.
&ila goc tao boi BiO; va Xa:
& = 60*i — /2 voii=1,3,5 va & = 60*(i -1) + /2 voi i = 2,4,6. Toa do twong dbi ciia O; so voi
Bi: ﬁ= [ccos(si) csin(gi) 0].
Toa d6 Oi:
0i = [rscos(Agi) + ccos(si) rgsin(Agi) + csin(ei) 0] 2
Dong hoc nguoc bé tinh tién vdi truc lién két OiP;
Vi tri mat trén so véi mat dudi duge xac dinh thdong qua cac tham s6 vé do dich chuyén tinh
tién (surge, sway, heave) chinh 1a do dich tim P(x"y"z") va cac goc nghiéng (Roll, Pitch, Yaw)
dugc xac dinh boi ma tran quay Rg =R, (¥R, (-O)R, (-9).

Toa d6 cua diém P trong hé toa do bé dong:
pi = [rocos(Api) rpsin(Api) 0]
Trong d6: Api = 60*i — @p/2 vOii=1,3,5 va kpi= 60*(i -1) + @p/2 v6i i =2,4,6.
Toa do diém P; trong hé toa d6 bé tinh:
g =Ryp, +P ©)
Do dai cua lién két D, duoc x4c dinh nhu sau:
di:||qi—oi||=HRgpi+P—oiH (4)

Tinh toan géc quay tay quay firong g véi dé dai truc lién két di
Theo thir tw, cac tay quay 1, 3, 5 lam viéc ¢ cung 6 dén 12 gio, tay quay 2, 4, 6 1am viéc & cung
0 dén 6 gio. Goi H; 1a hinh chiéu cta Ji 1én mat phang bé tinh, goc tao bdi OiHi va Xg 1a eni:
eni=€i—90°v611=1,3,5vaegni=¢+90°voii=2,4,6.

Goéc quay tay quay thuri la .
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Do tinh chat ddi ximg ham luong giac, vi tri tuong ddi cua Ji so véi O; la:

OiJi = [acos(yi)sin(&i) -acos(yi)cos(si) asin(yi)] voii=1, 3, 5.
OiJi = [-acos(yi)sin(&i) acos(yi)cos(&i) asin(yi)] voii=2, 4, 6.
Vi tri Jj trong hé toa do bé tinh:
Ji=0i + OJj %)
g [
,l,_.gx(u‘ m':,{g/h

Yxa

Hinh 5. Tinh todn toa dé Ji trong hé toa do bé tinh. Hinh 6. Tinh toan gbc quay tay quay
twong ung do dai truc lién két d.
Dbi v6i bé Stewart §1"I dung lién két dang co ciu tay quay—than}} truyén, cong thirc (4) khong
chi ra d¢ dai cia lién két ma chi ra khodng cach gifra diém O, va diém P,. Khodng cach nay duogc
xac dinh theo cong thirc sau:
d; =(9,—0)
di2 :”(qi_oi)T (qi_oi)” (6)
Khoéng cach nay ciing c6 thé xac dinh theo hai véc to tay quay va thanh truyén. Goi S, &, d
thir tw 13 véc to cua thanh truyén, tay quay va véc to cua dudng nbi O, P.. Khi d6, nhiém vu dat ra
1a phai x4c dinh goc quay i sao cho thoa man ding thirc sau:

di=a+s; (7
Biéu dién chuan bac hai cua cac véc to trén ta co:
|d]f =(a, -0,)" (6, -0) (8)
&l =(i,—0)" (i, —0) ©)
I = (a = 5))" (6 - &) (10)

Trong 3 biéu thirc trén, chi c6 biéu thiic (9) va (10) chita cac an s6 j, & vé phai, con toan bo vé
trai 1a hang. Dé tranh giai phuong trinh lugng giac bac 2, bién d6i cac phwong trinh trén sao cho
loai bo dugc j; ? trong phuong trinh sau bién dbi. Lay phuong trinh (10) trir di phuong trinh (9)
nhan duoc:

2 2 . - . . . .
sl —llal” =a’ — 20 + J* = §i* + 20,5 -0 =0” — 20, + 20, ], -0 (11)
Tiép tuc 14y hai vé ctua phuong trinh (7) trir di hai vé cua phuong trinh (10) nhan duogc:
2 2 2 . .
”di ” - (”si ” _”ai ” ) =07 —20,0,+07° —(q,°~ 2, j, + 20,j, —0%) 12)
”di ”2 - (||5i ”2 _”ai ”2) =-20,0, +20,” + 2 j; — 20, j;

Tiép tuc bién ddi phwong trinh (12) nhéan duogc:
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" =ls I ~llal) = 2 —0)(@-0)) (13)
Bién d6i (13) c6 tinh dén (5) nhan duoc:

cosy;sing, | [q, -0,
il ~ s ~[la ) = 2a] ~cosycose | |, —o, (14)
sin 4 0, — 0,
bat: H, =||di||2 ~(|s, ”2 _"31”2) » B =2a(q, —0,),
K, =#2asin & /(q, —0,) ¥ 2acos (g, —0,) (dau +, - phu thudc vao th tw chan).
Khi d6, phuong trinh (14) v&i an s6 y, trd thanh:
H, =E siny; + K, cosy, (15)
Giai phuong trinh (15) nhan dugc:

. H.
y; =arcsin———arctan 2(K, ,E;) 16
'EiZ + Ki2 ( )
Nhu véy, dong hoc ngugc cua bé Stewart st dung lién k’ét dang co cdu tay quay-thanh truyér}
duoc xac dinh boi cac phuong trinh (2), (3), (16). Van de¢ ti€p theo 1a st dung dong hoc nguoc dé
danh gia khong gian lam viéc cua bé.

_ 3. PANH GIA KHONG GIAN LAM VIEC CUA BE STEWART
SU DUNG LIEN KET DANG CO CAU TAY QUAY-THANH TRUYEN

<y

Hinh 7. B¢ Stewart cua hang Servo and Simulation tai phong thi nghiém.
Bé Stewart tai PTN Vién TDH KTQS c6 cac théng sb nhu sau:
DPong co: 2,2 kW, 1705 rpm, dugc diéu khién bang bién tan, phan hdi vi tri truc hop sd.
Tham s6 mit trén bé: rp = 160 cm, @p = 115°.
Tham sé mit dudi bé: rg = 160 cm, os = 30°.
0=90%6=30°%r,=36cm,b=5cm,a=32cm, OB =23 cm, s= 160 cm.
Tai trong bé va cong suét:
Tai trong: 2000 kg, khdi lwong mit trén 1000 kg, tai trong tong: 3000 Kg.
Tai trong 1 truc: 3000/6 = 500 Kkg.
Do dai tay don a=32 cm = 0.32 m. M = 500%9.8%0.32 = 1600 Nm.
Masng co = 9.55*P/N = 9.55*2200/1705 = 12.3 Nm.
Gia thiét hop s6 co ti s6 truyén i = 150 > M = 1800 Nm.
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Danh gia khong gian lam viéc cua bé:
Tir két qua phan tich dong hoc nguoc, tién hanh xay dung cong cu tinh toan khong gian lam
viéc cua hé trén Excel:

Tinh todn

8 ol k:
@ a a 1 1 [} [
1 M o o 1 0 1 0
a 40 1 0 [} 1
- 3
v ¥ 2
[} [] 115
Y
i kinh mt durdd - 8 189 2w 4o e - sanasma 437 779 o
G it it - b ) 3d View 73,867 0
) 03 tryge i kit - 5 1 65574 0
B9 3 trye khusju - 11 3 (£ 0
©9) i kharp ni - b 5 6 3,866 0
Khodng chch BO - 12 n 7.2792 o
GoC tnge khrfu - & 30
Goctrye hip 35 - a %0 74183 o
Bdn kinhmt durd 010 200490708 50.792 o
B kinhquay I3 3LTe01454 3,377 o
33768 o
B kinh mjt trén - P 120 i 0.7918 o
Gdemittrin - P 115 115296 0
4 tac home b 116.7403548 - TN 45284 o
Khodng cich home - 00 1728351816 p - - q 2216 0
L = - 6.2635 0
H = L 126346 o
K 21629 o
E ASIE38 o
[T} -39.49331297 -0.636 0.77:
P2 -39.49331297 -0.636 0.77]
(E] -39.49331297 -0.636 0.77]
wa 1 -39.49331297 -0.636 0.771659 A_0a 1617078 0.313864 -0.94547
Y5 -39.49331297 -0.636 0.771693 05 78.29 0.9791%5 0.20292
6 -39.49331297 -0.636 0.771699 A_06 41.70778 0.665332 0.746548
K1 B 7906.137194 E1 7170.69 d1 171.6644 H1 1540.682
K2 b 7906.137194 E2 7170.69 dz 171.6644 H2 1540.683
K3 7906.137194 E3 7170.653 d3 171.6644 H3 1540.682
K4 7906.137194 E4 7170.69 da 1716644 H4 1540.683
K5 7906.137134 ES 7170.69 ds 171.6644 HS 1540.683
K6 7906.137194 E6 7170.69 d6 171.6644 H6 1540.682

Hinh 8. Céong cu tinh todn khong gian lam viéc bé:
1- Tham s6 kich thuéc; 2 — G6c Roll, Pitch, Yaw; 3 — Surge, Sway, Heave;
4 — Goc quay tay quay; 5 — Cdc gid tri H, K, E, d; 6 — M6 hinh diém ciia bé.

Bdng 2. Khong gian lam viéc bé trucc khi mo rong.
Vi tri i (d9) | di(cm) | h(cm) | @, 6, y(d9)

@=13° -39.90 | 160.18 | 110 13°,0,0
12.50 | 183.24
491 | 179.85
-95.72 | 137.80
-91.84 | 139.75
-44.67 | 158.01
0=15° -116.59 | 132.82 0,15°%0
-15.03 | 171.16
-4.96 | 176.53
-4.96 | 176.53
= e -15.03 | 171.16
. . -116.59 | 132.82
-94.47 | 132.04 0,0, 15°
23.56 | 190.17
-94.47 | 132.04
23.56 | 190.17
-94.47 | 132.04
23.56 | 190.17
Van toc Roll, Pitch, Yaw 16n nhat: 15 %/s

y=15°
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Bing 3. Khong gian lam viéc bé sau khi mé réng (tang dé dai tay quay 1.5 lan).

Vi tri yi (d0) | di (cm) | h(cm) | o, 6, y(dd)
@ =23° -40.43 | 158.36 | 105 23°,0,0
28.25 | 200.50
*e 14.59 | 191.88
-115.64 | 121.13
-100.17 | 130.04
. -46.32 | 154.70
0 =23° -118.75 | 122.13 0,23°, 0
-14.89 | 173.33
-3.19 | 183.98
-3.19 | 183.98
R -14.89 | 173.33
. . -118.75 | 122.13
v =20° -80.32 | 121.09 0,0, 20°
5.73 | 199.60
-80.32 | 121.09
5.73 | 199.60
-80.32 | 121.09
5.73 | 199.60
Van toc Roll, Pitch, Yaw 16n nhat: 23 °/s

C6 thé thay rang sau khi ting d6 dai tay quay 1én 1.5 lan (tir 36 cm I&n 54 cm) thi khdng gian
lam viéc va toc dd lam vi¢e dugc tang lén nhu mong mudn. Mot diém can luu ¥ 13 lac nay tai trong
bé s& bi giam Xuong do md men tac dong 1én dau truc thay doi, dé gitr nguyén duoc tai trong bé
can tang cong suét ddng co tuong ung.

Giai phap tiép theo c6 thé dugc xem xét d6 1a giam kich thuéc mit cong tac ctia bé, song diéu
nay con phu thudc vao dbi tuong thir nghiém va do cimg ving (trong tdm co thé bi 1éch ra ngoai
mat dé) va chua dugc dé cap dén trong khudn kho bai bao nay.

4. KET LUAN

Bang phuong phap phén tich tinh toan dong hoc ngugc cua bé Stewart sir dung lién két dang
co céu tay quay-thanh truyén, bao cdo da xac dinh dugc khong gian 1am viée ctia bé Stewart ctia
hang Servo&Simulation dang trang bi trong phong thi nghiém cua Vién TDH KTQS dong thoi dé
Xuat giai phap thay d6i kich thudc hinh hoc cua b¢ dé dap ung duoc khong gian 1am viéc theo yéu
cau. Pay 1a co so khoa hoc dé cai tién bé Stewart ctia hang Servo&Simulation trong thot gian sap
t6i va cling 1a co s¢ khoa hoc dé tinh toan cac bé Stewart sir dung lién két dang co cdu tay quay-
thanh truyén trong tuong lai.
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ABSTRACT

Research on building a solution to expand the working space
for the crank - rod stewart platform

The article addresses the issue of expanding the working space of the connecting rod-
cranked Stewart unit. By constructing the inverse kinematics of the rod-cranked Stewart
system precisely according to its parameters, the platform'’s responsiveness to the working
space can be tested. To expand the working space for the pedestal, the article proposed to
change some geometric dimensions of the pedestal. The results of the paper have been
verified by simulation.

Tur khéa: Stewart platform; Inverse dynamic; Working space.
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