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TINH TOAN PO GA ON PINH PONG HQC CO CAU TRUC ROBOT
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2Céng ty C6 phan 22, B¢ Quéc Phong

Bai bao nay trinh bay phuong phap luan dé thiét ké mot d6 ga dudi dang tay robot c6 chirc ning
6n dinh dong hoc cho vat ga trén d6 khi gia ¢6 cac di chuyén ngiu nhién. Do gi ¢ cau hinh mot
tay robot vdi n bac tu do téng quat, mot dau ndi gia, mot dau mang vat can 6n dinh dong hoc.
Thong thuong, gia ding yén va vat chuyén dong, tuy nhién trong mét s truong hop, khi gia
chuyén dong lam thay di vi tri va huéng cia vat s& gdy ra hu hai ndo d6 thi co cAu ga lai phai c6
chire ning khir di cac chuyén dong nay cua gia dé 6n dinh dong hoc cho vat, nhim giit cho né c6
vi tri va (hodc) hudng khong thay déi so véi ban ddu. Chung t6i dwa vao bai toan dong hoc robot
trén co s& phuong phap GRG dé thyc hién cac tinh toan nay, cac két qua dat dwoc cho thay tinh
toan 1y thuyét hoan toan chinh xac. Py 13 co sé toan hoc dé diéu khién cac tay robot c¢6 chirc ning

ddc biét thuoc nhom 6n dinh thé vat ga.

Tir khéa:On dinh dong hoc, do ga kiéu robot, GRG, Bdi todn dong hoc nguoc, ky thudt doi giad.

MO PAU

O cac robot thong thudng, gia s& ding yén
lam diém tya cho cac khau dong khac lién két
v6i n6 chuyén dong theo quy dao dinh trudc.
Tuy nhién, mot sé cdu trac lai co cach hoat
dong nguoc lai, tirc 1a khau cudi cung can gitr
nguyén tu thé cho du gia co chuyén dong bat
ky. Khi d6 cac khdop ciia no co6 chirc nang tao
ra cic chuyén dong khir di cac chuyén dong
clia gia c¢6 xu hudng lam cho khau cudi di
chuyén vi tri hodc hudng. Céc c6 cau cb chirc
ning nhu viy c6 thé co cdu trac chudi hodc
song song, dugc goi chung 1 ga 6n dinh thé.
Chung duoc umg dung rat nhidu trong quin
su, dac biét 1a & cac hé théng 6n dinh phéo xe
tang v6i tu cach 1a h¢ théng 6n dinh tam va
hudng [1], [2], [3]. Tuy nhién trén xe tang
thiét bi nay hoat dong dua vao con quay hdi
chuyén [4], [5], n6 tiéu hao ning lwong 16m,
két cau cong kénh va khong thich hop dé 6n
dinh vi tri, thuong chi ding 6n dinh huéng
nong phao khi di chuyén, day 1a nhuge diém
16n khi van dung thiét ké nay sang cac co ciu
khac yéu cau kich thudc nho gon. Y. G.
Martynenko [5] khi sir dung con quay hoi

“Tel: 0947 169291, Email: kalongkc@gmail.com

chuyén dé on dinh xe n6 khong phan biét
duogc tac dong chi dong clia nguoi lai voi tac
dong mét thing bang. Cac co cdu cong tac
yéu cau tac dong nhanh, truong van dong 16n
hodc ciu trac song song, yéu ciu on dinh ca
vi tri va hudng s& khong thé giai quyét theo
cach lam cua céac tai liu néu trén.

Véi dinh hudng giai bai toan téng quat, trong
bai bao nay ching t6i trinh bay phuong phap
tinh toan 6n dinh vat véi do ga n bac ty do
tong quat cdu trac chudi hodc song song,
thong qua bai toan dong hoc nguoc va ky
thuat d6i gia. Chung t6i ciing minh hoa y
tuong voi mot co cAu chudi va mot co ciu
song song. Két qua kiém tra trén phuong trinh
dong hoc thuan cho thiy kha ning émg dung
thyc tién ctia co ciu tot, co thé nang cong suat
dé co cac tmg dung cong nghiép doi hoi do
chinh xéc va tdc do tac dong cao.

MO TA BAI TOAN ON DINH PONG HQC
Xét mot tay robot tong quat gdbm n béc tu do
nhu hinh 1.

Dau gin v6i hé quy chiéu Oy 1a gia cua tay
robot, dau con lai gan ban kep mang vat thé
gan voi hé quy chiéu O,. Hé quy chiéu O, gin
voi vat co mét yéu cAu dac biét 1a du gia cia
robot chuyén dong nhu thé nao thi O, ciing
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phai gilra nguyén vi tri (hoac hudng, hodc ca
vi tri va hudéng) khong thay ddi. Tay robot
lam duoc viéc ndy nho c6 kha ning thay doi
cac gia tri bién khdp cua nd mét cach chu
dong dé bu trir cac chuyén dong ma gia tac
dong vao khau 1 sinh ra.
Gia st quy dao cua gia O cho trude can bam
theo phuong trinh mé ta trong Og boi (1):
f(xy,z)=0 @)
Trong khi vi tri va hudng cua Os mo ta trong
Oy dugc bicu dién bdi ma tran (2):
-l o ®
Thong thudng khi d6 ga & trang thai (qu, ..,
0s) = 0 no s& sao chép cac chuyén dong cia
O, sang Og. Dé 6n dinh thé cta vat trong ban
tay, lic ndy can tinh toan cac chuyén dong
(9, .., Qe) sao cho vat ding yén, tic la:

A5.O5 = f(x,y,2) (3)

Trudng hop dic biét néu chi yéu cu 6n dinh
huéng hodc vi tri ma khong yéu cau 6n dinh
ddng thoi hai thong sb trén thi s& ing véi cac
ma tran (2) khac nhau. Truong hop chi 6n
dinh vi tri:

6_10 0 0 p
45 = |o 0 0 1 )
Trudng hop chi 6n dinh hudng:

6 _In s a 0
Ag = 0 0 0 1 ®)

bé dat duoc muc dich on din}l d(f?ng hQ? vit,
Vi’éC giai phuong Frinh g3) de diéu khién co
cau cua gia do la can thiet.

TINH TOAN VOI PO GA TONG QUAT
Phwong phap déi gia

Zs

Oyl ys

Xs

Pbi voi mot robot téng quat néu cho trude
quy dao chuyén dong cua gia (1) luén xdy
dung duoc phuong trinh (3), bién ddi twong
duong phuong trinh nay sang dang:

floy,z)= (A~ =43 (6)
Bai toan duoc hiéu 1a giir ban tay ¢ dinh ca
vi tri va huéng, diéu khién gia di chuyén theo
quy dao cho trude, d6 1a phép ddi gia. Céc toa
dd suy rong tim duoc tir 101 gidi cua bai toan
nay vé ban chit tring voi 161 giai cua bai toan
(3) hodc (6). N6 dam bao rang khi khau dau
di dong v6i quy luat cho trude, cac khop sé tu
khir cac tac dong khong mong mudn dé giir
vat trong ban tay giir nguyén mot thé da chon.
Kiém tra bing mé hinh ddng hoc
Sau khi ¢6 quy dao thanh phan qj(t) viéc kiém
tra dap tng khir cic chuyén dong lam di
chuyén vat khoi thé da xac dinh coa d6 ga
duoc tién hanh trén phuong trinh dong hoc
thuan cia tay may. Cu thé 1a, néu goi Pi(qy,
..., Q) 1a mot diém thudc khong gian khép da
duogc anh xa tr Pi(X;, Vi, zj) twong tng thude
f(x,y,z) = 0 ctia khoéng gian cong tic qua bai
toan (3).

Viéc kiém tra twong Gng voi chay truy hodi

phuong trinh sau:

Pi(q1,..,96)-A5 = Oy B i

=1=+n @)

S6 lugng diém kiém tra can du day dé khang

dinh 101 giai la dang.

MINH HQA VOI CAC ROBOT KHAC NHAU

Robot chudi ba bac tw do

Qf Y

—_—
Xo

Hinh 1. Tay robot véi vai tro dé ga c6 chirc nang on dinh thé ciia vit ga
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Hinh 2. Robot 3 bdc tw do
Trong vi du nay lay: d; = 200 (mm); d, = 250 (mm) , a; = 165 (mm).
Tinh toan dugc thé ciia O so v&i chudn quy chiéu O; dudi dang 1y thuyét 1a:
—-S,5; —C,C,C; CS;+CSC, C8, —5(40cs, +33-50s,+40c,c.s;)
€S, +CS,C, —CCy+C,S5S; S,S, -50(—4c,c,+5C,+4C,8S,)

Oyt _ pd _ ®)
(A) o cS, S;S, —C, —200s;s,
0 0 0 1
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Hinh 3. Bdc tinh ciia ba bién khdp khi bam quy dao yéu cau

Gia st s& di chuyén gbc O theo quy dao la ~ Matran chuyén doi nguoc (8) c6 dang toa do

mdt duong tron trong mit phing xOz co tim thuc la:

& gbc O hién thoi va c6 ban kinh 1a r = 0.7370  0.6377 0.2241 -167.5327
45(mm). ,_|06260 —0.7690 0.1294 —62.7058| (19)
Chuyén phuong trinh biéu dién duong tron 02549 0.0449 -0.9659 -8.9887

f(x,y) trong hé quy chiéu O, vé biéu dién 0 0 0 1

trong h¢ quy chieu Os theo quan h¢ sau: Chu ¥ rang cac ma tran (10) va (11) 1 nghich

(A(s))fl- f(x,y,2)% = f(xy,2)%(9) dao ctia nhau.

Gia st tam ban tay O dugc dinh vi trong h¢ Xét cac phuong trinh chuyén dong thanh 1ap

quy chicu O ¢ toa do thye tmg voi bo toa do duoc dudi dang cung biéu dién trong hé quy
suy rong (10°,15°,30°: chiéu Og nhu (12):
0.7370  0.6260 0.2549 165.0143 f(x,y,2)% = (A) ™ (12)
po 0.6377 -0.7690 0.0449 59.0125 (10) L&i giai dong hoc nguoc bing phuong phép
0.2241 0.1294 -0.9659 36.9837 GRG [6] cho quy dao cac bién khép trong
0 0 0 1 hinh 3.
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Robot song song 6 bac tw do

tAm di dong

tam di dong tAm cb dinh

Hinh 4. Robot song song cdu triic SRS 6 bdc tir do triede va sau doi gia
Gia sir trén hinh 4, tim tdm ¢ dinh Oy di chuyén theo quy dao sau:
f(x y,2) = (Rot(x,7°).Trans(z,-22).(x* + y* = 30%)).0,(13)

Hinh 5. Quy dao tam gia Oy trong hé quy chiéu

Trong khi d6 can 6n dinh tim O cia tdm di

O, theo yéu cau

dong tai vi tri (14) so v6i Oq:

10

0 1
P=

0 0

0 0

Nhu vay néu doi gia sang O, dinh vi & (14),

0

0
1
0

5
-9
-115
1

quy dao (13) co6 dang:

f(x,y,z) = P™.(Rot(x,7°).Trans(z,-22).(x* + y*=

30%).0,
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(15)

(14)

Dé moé hinh hoa robot niy xét so db khai trién
chi tiét mot nhanh chan cua n6é nhu hinh 6, &
trang thai da doi gia.

ZiA h Cn -b.Cr2.Cs

b.si2

a.s»
el
[ve)
=1

a.cr.ty

Yi

Hinh 6. Khai trién chi tiét vong kin trén mot chdan
sau khi doi gia
Trong hinh 6, hai véc to r va h coi nhu chéo

nhau trong khéng gian trong khi a va b la
dong phang do lién két boi khop R.
ww U w U URAY
OP + Rppy .PC; - OAi = AB; + B,

w Uy u w w (16)
< OP = AB; +B,C, - RRPY .PC, + OAj

Phuong trinh chi tiét theo bién suy rong cho
mot chan c6 dang:
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cp.Cy sa.sp.Ccy —ca.Sy Ca.Sp.Cy+ Sa.Sy Xcj
—| cB.sy sa.sp.sy +ca.cy ca.sp.Sy—sa.cy Yei
-sp sa.cfl ca.cp Zi

Str dung phuong phap GRG [6], cac didc tinh 6 bién khép nhan duge khi diéu khién robot bam

quy dao yéu cau nhu thiy trén hinh 7.

5

& /

t22

—
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t25

21, 124

(rad)

t(s)

Hinh 7. Bdc tinh cdc bién khdp khi bam quy dao yéu cau

Sai s6 dap ung khi kiém tra vong kin bang
phuong trinh ddng hoc thuan cho cac robot
no6i trén vao khoang 10" dén 10 khi thiét
lap tuy chon tinh sai phan t6i (forward) trong
thuat toan GRG, gia tri nay khi don vi do st
dung 12 mm hoan toan chp nhan dugc.

KET LUAN

Viéc tinh toan va diéu khién ga on dinh thé
dang chudi hoidc song song hoan toan ¢ thé
sit dung phuong phap dbi gia néu trong bai.
Do tinh ngiu nhién cua chuyén dong ma gia
thuc hién, chi can 14y miu chuyén dong cua
gi4 bang cac cam bién gia tdc két hop véi ky
thuat trong bai dé xac dinh dic tinh bién
khép. Trong d6 tc do lay mau va tée do tac
dong diéu chinh cia dong co phai da nhanh.
Véi cac co ciu ma gia chuyén dong theo céc
quy dao biét trudc, hoan toan cé thé thiét 1ap
bai toan dong hoc dé lay 1oi giai diéu khién co
cAu nhu thuc hién trong bai nay. Viéc diéu
khién cac hé dan dong dién khong lién tuc,

ngoai tiét kiém ning luong so voi s dung
con quay hoi chuyén con 6n dinh dugc ca vi
tri thay vi chi 6n dinh hudng co cau.

Véi cac co ciu song song nén ddi gia ngay tir
dau thay vi st dung quan hé nghich dao dé
tim phuong trinh dong hoc d6i gia ciia nd. Du
1a co cau chudi hay song song, bai toan dong
hoc ca hai chiéu thuan nghich luén dugc
phuong phap GRG [6] xur Iy hoan hao.
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ABSTRACT
CALCULATING A KINEMATIC STABILIZING FIXTURE
WITH ROBOT STRUCTURE

Pham Thanh Long"", Le Thi Thu Thuy*, Pham Duc Duong?
University of Technology - TNU
2Joint Stock Company 22 - Ministry of Defense

This article presents the methodology for designing a fixture in the form of a manipulator. It has
the kinematic stabilization function for the workpiece when the jack-horse has random
movements. The fixture with the robot arm configuration-n generalized degrees of freedom has a
head connecting the jack and a head holding the work needed kinematic stabilization. Normally,
the stationary jack and the moving object, however, in some cases, when the moving jack changes
the position and direction of the object causing certain damage, the fixture mechanism must have
the function eliminating these movements of the jack to stabilize the kinematic of the object in
order to keep it in the position and (or) the orient unchanged from the original. We rely on the
robot kinematic problem based on the GRG method to perform these calculations. The results
show that the theoretical calculations are completely accurate. This is the mathematical basis to
control robot arms with special functions in the position stabilizing group of the object.

Keywords: kinematic stabilization, robotic- type fixture, GRG, Inverse kinematic problem, jack
conversion technique.
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