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THIET KE CI"IE Ta0 CO TAY ROBOT cA4d
KIEJ TUAN HOAN CONG SUAT

DESIGN AND FABRICATION OF A SPHERICAL ROBOTIC WRIST
USING POWER CIRCULATION

Pham Thanh Long
Khoa Co khi, Trugng Dai hoc Ky thuat Cong nghiép - Dai hoc Thai Nguyén

TOM TAT

Truyén dén co khi cho robot cong nghiép theo hinh thiic tudn hoan cong sudt thiiong dudc ting

* dung cho robot lam viéc vdi tdi trong lgn, mé dun co tay robot co viing lam viéc mat cdu gém hai phan

chinh, phdn tric tiép tao ra ba duidng truc quay va phan déng mach cua cdu triic do tgo thanh ba mach

vong khép kin doc lap. Tong hop cdu tric dong hoc la d& dugc mot hép toc dg truyén ddn ca khi, co kich

- thubc phii hop, ¢6 khd ndng khit chuyén déng theo ciia co edu, va lao ra mét dong néng ligng khép kin

nhdm khit khe hd cho xich dong hoc ¢6 yéu cdu ddo chidu thudng xuyén. Phudng phdp thiét ké & day doi
héi xdy dung mot hé thong mé hinh todn hoc lam co s6 nhan dang so dé déng.

ABSTRACT

Mechanical drive using power circulation is often applied to the manipulators that work with
heavy loads, and have wrist modules with spherical workspace which includes two main parts, one directly
forms three rotation axes and the other close the circuil of that structure forming three independent closed
loops. The synthesis of kinematic structure makes a speed box which has suitable dimention, the ability of
eliminating the translational motion of the mechanism, and forms a closed power which can eliminate the
clearance of the kinematic chain with the permanent requirement of reverse. This design method requires
the buiding of a mathematical model that will be used to identify the kinematic diagram.

L. GIOI THIEU v6i két cdu cho phép tuan hoan cong sudt dp dung

cho khép ¢8 tay robot, trong d6 quan tam dén hai

Trong ky thujt robot d6 chinh xac truyén
déng déng mét vai tro quan trong va dé dat dugc
diéu nay ¢é nhiéu phuang dn, néu nhu ¢ céc robot
mang tdi vita va nhé cac khe hé co khi dugc khi
di dudi téc dung clia céc gidi phép diéu khién thi
Vv6i cic robot tai trong 16n, tudn hodn cong sudt
dé khit khe hé té ra la mét phuong an hiéu qud.
Trong bai bao nay dé cap dén truyén din co khi
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vin dé ca ban 1a thiét ké cdc co cdu vi sai d€ khit
chuyén déng theo va phan chia cudng bic truyén
déng ra hai huéng khdc nhau cia hai phén t bg
tri déng truc nhdm khit hoan toan khe hg trong
hé théng xich truyén luc clia co cdu. Bai bdo ciing
trinh bay hé théng mé hinh toan hoc dé nhan
dang lién két trén so d6 dong thuc, dya vio céc
quan hé dong hoc dic trung clia ¢g ciu vi sai.
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Kiém nghiém thiic 1& trén sin pham ché
120 & truéng DHKT Cong Nghicp duge gidi thigu
& cudi bai bio cho thiy mdi déng co tic dong dén
mol true chap hanh tong tng, khang co chuyén
dong theo khi cong sudt tuan hodn, dicu nay hoan
toan phi hop véi yéu cau dit ra.

2. TONG HQP CAU TRUC TRUYEN DAN
PONG HQC KHOP CO TAY

2.1 Mo 1a nhiém vu thiét ké

Gia st can 120 ra mot robot ¢d tay cau voi
ba duidmg tryc doi mot vudng goc, trong do mdi
truc duge trang bi mot dong co dan dong riéng.
Trong ciu tric ban ddu gia stf ring €6 10n tai khe
hd mat bén gitra cac bo truyén co khi, yéu cau dit
ra cia thiét ké dong hoc & day la cic truc phai
hoat dong doc lap va do chinh xéc khong bi dnh
hudng LEi cac khe hd cha bo truyén ngay cd &
teang thii dao chiéu.

Mbi mot bic ty do clia robot (hong thuang
c6 50 dé6 truyén din dang nhu sau:

Neguon Bo Khan
chnyen truyven chap
dong cor khi hanh

Hinh 1: Truyén dan dong hoc mot bic t do
kiéu khéng tudn hodn cong sudt

Véi ba bac tu do cua ¢ tay ciu vé can ban
sé gom ba xich dong hoc cling ciu trac nhii trén,
dé 16i uu vé kich thudce phin truyén dong co khi
dugc gop chung thanh mot hop 16¢ do co khi,
trong do ¢6 cac doan xich dong hoc diing chung
gilta cdc truc chap hanh. Diéu nay din dén kho
khin 16n khi lién két cdc nhom dong hoc véi nhau
dé dat dugc dong thai hai myc dich la khii khe ho
co khi va khit chuyén dong theo cha khau cudi.

xich truyén lyc

Nguon Khau
chuyén chap
dong xich kb ror hinh.

H.2a
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Hinh 2: Truyén dan déng kiéu tudn hoan cong sudt
cho mot bac 1u do
diidi dang nguyén ly (a) va két cdu (b)

(id sU toan bo ¢6 tay robot cdu cin thiél
ké chia ra hai phan la phan chdp hanh gom cd tay
ciu v&i ba bac ty do quay va phan khep kin mach
ctia n6 ké ca ngudn chuyén dong.

Nguon Phan [Co tay
chuyén khép [cau 3 bac
dong mach ftr do

Hinh 3: Truyén dan dong hoc voi ba bac tu do
€6 tudn hoan cong sudt

Nhi¢m vy thiét ké dit ra g day la néu xem
phan khép mach ¢6 chiic nang dong hoc nhu mot
13, ngudi thist k€ cin dua ra cac can i dé xdy
dung dugc so dé dong cu thé cha no.

2.2 Phuong phap va mé hinh thiét ké
Vé phiiong phdp thiét ké

Cic bé truyén hoac mat 6 hgp cac b
truyén theo nguyén tic nao dé déu cé thé mo ta
toan hoc dac trung cda nd, trong trudng hap s¢
d6 din dong c6 trude va méd hinh todn can el vio
d6 dé xay dung nén thi goi dé la quan hé thuin,
néu mod hinh toan c6 trudc va biét s6 lugng khau
cting nhu tinh chat chuyén déng yéu cau cé thé dé
xudt cac két cdu hgp ly thi goi 14 quan hé ngugc.

Trong bai todn vdi yéu cdu néu ra § muc
2.1 v8i chc yéu cdu cong tic ctia phan chip hanh
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da cho tru§c, néu xem phan khép mach nhu mét
hop den, ngudt thiét ké sé lam theo chidu nguge
lai, tdic la dya vao cdc dic trung clia bé truyén dé
xdc dinh ra s lugng va thit 1 t6 hgp cha ching
véi nhau, di€u d6 c6 nghia la cin c6 mot hé théng
cac md hinh toan hoc lam can ctf va ngudi thyc
hién cin ¢6 hiéu biél sau sdc vé cac quan hé thuan
va nghich khi suy dién.

VE mé hinh thiét ké

Trong truyén dong ca khi, dé lién két
chuyén ddng quay ciia ba truc quay 6 dudng tam
vudng goc véi nhau sé sti dung banh ring noén, cu
thé xét so do sau day:

Hinh 4: Co cdu cdu ba bac tu do véi bon khau nén

So d6 pay ling v6i mod dun c6 lay ciu &
hinh 3, phin déng mach d&i tiép véi no chua
dugc nhan dién. Xét cd cdu cd tay ba bac tu do
nhu trén hinh 4, diéu kién phu thudc dong hoc
cla chuyén dong chdp hanh  vao chuyén dong
clia ba dong ca didn dong dudic biéu dién nhu sau:

n

Trong A6 iy =iy.iy iy =iydy-vai,i, i la
cdc tl 56 truyén giifa truc dong ca va cac khau chi
Yéu dé 130 ra céc bac ty do chuyén dong cia cdu
tric.

Heé phuong trinh trén thiét 1ap cho co cdu

ba bic ty do chuyén déng, cac quan hé dong hoc
. clia né dugc suy ra tif cdc mé hinh co s6 bac ty

do béing hai sau khi chia cét thanh céc cdu tric c6
hai bac ty do nhu cdu tric sau:
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Hinh 5: Ca ciu vi sai hai bic ty do phang

H¢ phuong trinh dic trung clia co cdu ndy
sau rit gon ¢é dang

.=, -,

(2)

fap @y =0, =0

1y =1, (0, — ) =7

TisGtruyéni,, vai  la cdctisé truyén hién
két khau 2 va khau a véi khau 2’ khi cin vi sai 1 1a
diing yén. Xét hé vi sai phing c6 ba bac ty do nhu
Mnh vé:

Hinh 6: Cd cdu vi sai ba bic tu do phdng

Xem co cdu hai bac ty do gém cic khau
nén la (2, 3, B’) con banh vé tinh 1a 3, gidng co
ciu da xét § trén, phuong trinh lién két dong hoc
véi cd cdu nay tuong ty nhu co ciu da xét § trén
nén viét dugc:

[wy -y =iyp(@y - @)

3)

Iy Oy = @y — Oy

Do véy, hé phuong trinh mé ta dong hoc
clia co c4u ba bac ty do & hinh 4 Ja:
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Uil H iy dy = gty =iy ey + U

iy dy o = =y D, — iy .+ iy (0,

1y (0 = 0y — @,

T cac quan hé dong hoc cha <o tay hinh
4 viét dugc

= =i, =- va =i -
o s L3 g a it 83
Thay vio (4) va ti gidn hoa:
2w, —w.)=w, -,
w, — o,
0, =——-" (5)
#n
. — o,
W, =———
iy -

Ké ca cic quan hé khii ro ctia ban than cau

truc:
Wy =0y Wy =~ Wy
Céc quan hé dong hoc ma co ciu déi tiép

dong mach cdn thoa min la:
Oy = i).0),
0, =i(0, - o)
0, =-i(@, + 0,)
20,20, = @y, ~ Wy,
Do ¢6 ba bac tu do ttng v8i ba khau dau ra,

dé khép kin mach st dung b3n khau nén, 16ng s6
khiu cua ciu tric:

n,=3+4=7 7)

S6 bic tu do cia co cau w = 3, nén s mach
vong kin tuong ing p = 3. Nhu vay 6 lugng ca
cdu vi sai 181 thiéu cla toan bé cau tric:

7-3+1=5

- p
Ky=n—w+—=
w

(8)
Trong d6 c6 mot o cdu vi sai phin chip

o
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dy =gy YOy =Ty by @y yydy Oy

=0
C)

hanh, viy trong cau tric déng mach chi con laid
¢6 ciu, dé thuan uén cho lién két ki hiéu cac chin
clia co cdu vi sai:

A(3x.d3.2); B4, d1.d2); C(Bx, d3,4); D(2,d1,d2)

‘I'rong dé céc chan ki hi¢u dl, d2, d3 Ia
céc chan ndi ngudn chuyén dong, bién doi tuong
duong ¢ chi y dén cac quan h¢ dong hoc clia
truyén déng banh rang hanh tinh, sau khi rat gon
hé phuang trinh ma co cau déng mach phai thoi
man la:

Wy + 05 =20,

05 + W =20,

O, + 0y =205,

O, + 0y =20,

. ==20, @)
Qg = (I,

O = -0,

©» =0

Trong d6 bén phuong trinh dau biéu dién
bdn car cau vi sai., cac chin cling 1n clia cac ca cu
nay dugc lién két véi nhau, Bén phuang trinh ké
ti€p bidu thi cac tryc trung gian dio chiéu chuyén
dong trong ciu trdc va vi tri lién két ngudn chuyén
déng vao ciu tric. Can cif vao hé phuong trich
nay phai xac dinh dugc so do lién két cac co civ
vi sai véi nhau. Céc chan cling tén cla cac co ciu
khac nhau thi lién kél véi nhau dé tao thanh vong
win hoan cong suit. Ba dong co truyén din ndi
gid c6 dinh (hay néi véi khau cé w, =0) bén diu
chg cia cd cdu chdp hanh ba bac ty do gém:

Chan (1) lién két véi co ciu dan dong d

phan khép mach la d1 (theo quan hé @, =-0,)}
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Chan (2) dugc ndi véi 5 theo quan hé

o, =-20, ;
Chan (3) dugc néi vdi 3x theo quan hé

khitro @, = ~w;,:
Chan (B) dugc lién két véi Bx theo quan

hé khit ro @ =~y ;

So d6 dong va sa d6 nguyén i lién két nhu

Hinh 7: S0 dé lién két cic co cdu vi sai

Co thé kiém tra dugc riing cac mach vong
kin i=1 tuong ting luon xudt hién khi kich hoat
cdc ddng co luong Ung.

3. CHE TAO VA KIEM TRA

C3 tay robot cau néi trén da dugc ché tao
thanh cong tai tridng DHKT Céng nghiép, PH
Théi Nguyén, teén thyc té toan bé cau tric hoat
déng binh thudng, cdc thiét bi kiém tra chuyén
dung xic nhan ring:

- Hoan toan khong ¢6 chuyén dong theo
khi kich hoat bat ki mot trong ba déng co Roll,
pitch hoic Yaw;

- Dong ca va truc bj dan tao thanh tung
cip nhu sau (M-R)), (M,-R)), (M-R));

- Dii chi mét trong ba dong co hoat déng
hoc nhiéu déng co ciing hoat dong, bao gids truc
mang bénh ring Z5 va Z20 ciing quay vi trén truc
ndy dat 16 xo 120 sdic cing nhim khit khe ho mit
bén, ¢6 thé thdy dé Ia doan di chung cta c4 ba
xich dong hoc;
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- Néu thido 16 xo tao tai déng truc trén hinh
8, c6 the thiy ngay khe h mat bén anh hudng
trc ti€p dén dé ra cha khau cudi mot cich ré
rang néu cho bat cii mot dong ca nao hoat dong,
nhat [a & thai diém dao chiéu;

- Néu tryc R, va R, thing hang khi R, =0,
kich hoat cic dong co M, va M sao choR =-R

¢6 thé thdy ban kep giif nguyén dinh huéng, diéu
ndy hoan toan phi hgp vdi ly thuyét vé cdu hinh
dic bigt, hon nita c6 thé thdy cé tay da dugc diéu
chinh 6t nén hoan toan khong c6 chuyén dong R,
khi dao chiéu M, va M,

H.8(a)
Hinh 8: Sa do dng hoc hop gidm t6c cé tay hoan chinh (a)
va phuong dn tao goc xoay dong truc cho bénh rang 220 (b)

Duéi day la mét s8 hinh anh vé két cau

sau khi ché tao hoan chinh va cac thang s6 chinh
ca cd tay noi trén.
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Hinde 9: Mot so linth dnde ve mo dun od tay robot cau

4. KET LUAN

Kiéu cé tay robot dé cap trong bai bai bdo nay la mot két cdu dac biet, né dng dung mot nguyén
ly co hoc doc déo dé dat duoic hiéu qua cong tac ma khong can trang bi cac thanh phan co di¢n tir. Diy
14 hudng dng dung vao cac tay méy lam viéc v4i tdi trong lon hodc nhiing méi trudng kho khan trong
viéc bao veé cac linh kién dién .

Truyén dong tuan hoan cong suat }am cho do ciing xoiin co hoc ting lén, két ciu cha ¢4 tay cho
phép khii duge khe hé co khi, chuyén dong theo giita cic bic ty do va cho phép truyén dong xa tam,
tuy nhién két cdu phic tap mang tinh chuyén dung lam gid thanh tang cao trong khi hiéu suat nho vi
xich dong dai, day la vin dé cin can nhic khi ung dung.

Két qua thu dudgc trén mé hinh thuic cing cho thay cdc lién két dong hoc trén so do theo phuong phip
nhin dang dua vao mé hinh toan la ding dan. <&
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