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TOM TAT

Trong twong lai, viéc giam nang lwong tiéu thu cia thiét bi cong nghiép la rat quan trong. Hién
nay hdu hét cac robot lam viéc trong cong nghiép khong duroc toi wu nang lu"ong tiéu thuy. Tr rong
bai bdo nay, ning lwong tiéu thu ciia robot dwoc t0i wu dé gidi quyet van dé nang lwong bang
cdach thém vao mét hé thong cdn bang doi trong la mét 16 xo noz gitta truc quay va tay robot.
Chuyén dong ciia tay robot la chuyén déng xoay ciia mot vt rdn quanh mot diém cé dinh dwoc
mé ta bang géc giira truc hoanh va tay robot. Khi tay robot di chuyén xuéng, 16 xo bit mot phan
khéi lwong ciia robot va do dé giam bt tai dat trén déng co. M6 hinh todn va ham tiéu thu nang
luong duoc sur dung. Cdc tham $6 ctia 1o xo va diém két noi giita 16 xo va tay robot droe i uu
hod sir dung phirong phdp t6i wu hod todn hoc. Mé hinh that tay robot véi co cdu cdn bang doi
trong diwoc xdy dung cho viéc kiém tra. Két qua cho thdy téng nang leong tiéu thu ciia tay robot
phu thuéc manh mé vao chiéu dai va vi tri diém dét 16 xo. Vi gidi phdp nay, nang leong tiéu
thu ciia robot ¢6 thé giam xuong tir 10% dén 20% phu thuéc vao khoi lwong robot.

Tir khéa: Robot, t6i wu ning lwong, diéu khién kin, mé hinh robot.

ABSTRACT

Forreaching a sustainable energy, the reduction of consumed energy is very important. However,

almost robotics working in industry has not optimized energy. In this study, the consumed
energy of robots was optimized to solve about disadvantages by adding a counterbalancing
system that is a spring suspended between the rotating column and the link arm of the robot.

The motion of the robot arm is a rotation of a rigid body about the fixed point described by the
angle measured between the horizontal axis and the link arm. When the link arm is moved down

this spring compensates a part of the weight of the robot arm and thus reduces the load on the
motor actuating the second axis. The mathematical model and the consumed energy function of
the robot arm with the counterbalancing system were used. The parameters of spring and the
connection point between spring and link arm are to be optimized using numerical optimization

methods. The real model of the robot arm with the counterbalancing system was setup of testing.

The results show that total consumed energy of robot strongly depends on the undeflected length

I, and connected point between spring and link arm and between spring and based arm. The
optimal consumed energy by adding counterbalancing system is easily and efficiently and can

be solved for all kind of robot. At the optimal solution, the consumed energy of robot can be
reduced about 10% to 20% dependence on total mass of robot.

Keywords: Industrial robotic, optimal energy, feedback control, modeling robotic.
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I. GIOI THIEU

Robot duge tng dung rat rong rai trong cong
nghiép, va cling tiéu thy mot lwong ndng luong
dién rat 16n. D¢ giai quyét van dé nang luong,
rat nhidu loai robot can c6 hé thong can bang
dé giam nang luong tiéu thy. Robot nhu trong
hinh 1 dugc trang bi mot hé théng can bfmg
d6i trong. Hé thong can bang ddi trong dugc
ndi giita cot xoay va canh tay cua robot. Khi
canh tay di chuyén xubng (goc ciia truc robot
thir hai ¢ giam xudng) ddi trong nay bu mot
phan khdi lugng cua canh tay robot va do d6
giam tai trong dat lén dong co tac dong lén
truc thtr hai. Tuy nhién co cau cén bang dbi
trong dugc thiét ké va lap rap nhu thé nao dé
t6i wu nang luong dién st dung ctia canh tay la
rat can thiét. Trong nghién ctru nay trinh bay
cach thiét ké co cAu dbi trong nham giai quyét
yéu ciu trén.

hé théng
can bang
doi trong

Hinh 1. Robot véi hé thong can bang doi trong.

II. PHAN TICH VA GIAI QUYET VAN
DPE

Qua khao sat, goc quay thap nhét cia robot
t6n nhiéu ning lugng nhit do mang tong khbi
lwong 16n nhit va canh tay don dai nhat do d6
ta chon khdp trong cung cuia robot dé khao sat
nang lugng tiéu ton cho hé thong.

Tir déy ta tién hanh thiét ké mo hinh tay may
dé thuc nghi¢m.

O day c6 thé co nhidu phuong an giam ning

lugng tiéu thu & khop nay, vi du nhu:

- Su dung dong co phu

- Ung dung cac giai thuat diéu khién théng
minh cho robot

- Sir dung hé thong can bang 16 xo

Ta chon phuong 4n cudi ctng: hé thong can
bang bang 16 xo gin vao nhu hinh 2.

(b)
Hinh 2: M6 hinh tay may thuc nghiém (a),
mao hinh thuc (b).

Hinh 3 m6 hinh ddng hoc canh tay robot véi
co ciu can bang 1a 16 xo. Hé théng voi sau
bién: vi tri diém gbc 10 xo (diém A) trén hé
truc xoay la Xra, Yra; chiéu dai va do cung 10
xo 1, k; va vi tri diém dat 10 xo (diém B) toa do
r va goc B nhu trong hinh 3.

Mot vi trf toi uu ctia diém két ndi gita 10 xo va
canh tay dugc tinh todn st dung cac phuong
phap t6i vu hoa sb hoc.
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Hinh 3. M6 hinh dong hoc cua robot.

III. MO HINH TOAN CUA ROBOT

Chuyén dong cua tay robot dwgc xem la

chuyén dong xoay ctia mot vat ran quanh mot

diém cd dinh O m6 ta boi goc ¢ do dugc gitra

truc X nam ngang va tay robot nhu hinh 3.

Vi tri cda trong tam C duoc cho bdi khoang

cach d, va goc a.

Khdi luong cua toan b tay robot vai tai trong

m = 5kg,

Moment quan tinh theo truc xoay 1a 6 =0.27kg
2

m-.

Vi tri ctia diém B dugc mo ta boi p va r
Piém A duogc cho theo khung toa do {O,x,y}
béi vector r=[-0.085, 0.145, 0]" m,

Lo xo ¢6 chiéu dai la 7.

1.5x10°N

—

Do cting lo xo0 k=

X = d.cos(p - a)
Ve =d.sin(p—a)

a la hang s6: goc léch giita trong tam C va
goc quay @

Phuong trinh c4n bang dong hoc cta canh tay
robot dugc bi¢u dién nhu hinh 4, h¢ thong can
bang doi trong.

Toa d6 diém A va B:

Xz =r.cos(p+ f)
vy =r.sin(p+ )
ry = [XA 5 yA] L Vi tri cua diémA
ry =[xy 3 vy|: vitri ciia diém B
Khoang cach tir A t61 B

2 2
LAR =\/(x4 _XR) _:(yA _yR)

d e

Hinh 4. Hé théng cdn bang doi trong.

F,=—(r,—r,) kAl
k: do cung lo xo

l,: do dai lo xo

Al = Lu=h . do bién dang 16 xo

Moment Ag%y ra boi hé thdng can bang d6i
trong

M, =F xr

Moment gay ra boi khdi lwong m (hay trong
tam C) :

M, =mgd, cos(p—a)

Momen gy ra boi hé sd tit dan khép (vi du
ma sat nhot trong hop so)

M, = a’.a).(gearR)2 0

Momen gay ra bé1 moment quén tinh cua tay
robot

M,=0uw, .(gearR)2

1 .
Voi gearR = 9 la hé s khop
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Moment can bang trong robot
M=M,+M,+M,+M,

V61 dong co ta co:

M =Ci,

M: moment ngo ra cua robot

i dong dién phan img dong co
K hang s6 dong co

L, dién cam cudn day kich thich

i, dong kich thich

i = C=K.L,.i

Giai thuét tinh toan
Phuong trinh nang lugng tiéu thu cta canh tay

E
Y

M
3%
Khoang cach, luc

A B iic Lo xo
v \/ v v/
Xy )y Xp>Vp o Ik
r, B

Hinh 5: Luu do gidi thudt tinh todn.

So' d6 diéu khién

Robot duogc dan dong béi mot dong co. Pong
co dugc diéu khién boi mot bo diéu khién lién
tuc theo thoi gian (hinh 6) véi hai b diéu
khién ti 1& don gian. Bo diéu khién bén trong
dé diéu khién dién ap phan tng cua dong co
u va bd diéu khién bén ngoai tinh toan toc do
dong co yéu cau , tusai s6 bam vj tri.

Pd @__ P,

P~ P Y Robot

Hinh 6: Diéu khién hoi tiép.

IV. KET QUA

Pé danh gia chat lugng ciia mot diém B duoc
chon, tay robot di chuyén 1én xuong theo goc
@, mong muon trong hinh 7

ou radians

Hinh 7: Géc quay yéu cau.

Chuyén dong thuc cta tay robot chdm hon
hodc sém hon chuyén dong yéu cau phu thudce
vao chiéu chuyén dong cia robot (robot di
chuyén 1én hoic xubng)

Tai thoi diém t1 = 2s: phi — phiDemanded =
0.5 rad

Tai thoi diém t2 = 5.2s: phi — phiDemanded
=-0.5 rad

|
! J J T
; ——phi
oo ] —phiDerandad |

17
‘ /i

phi in rad

Hinh 8: Chuyén déng robot theo quy dao.
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Thyc hién mo6 phong theo mét chu ky quay
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Hinh 9: Nang lwong tiéu thu cua tay may khi
khéng c6 co cau can bang doi trong.
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Hinh 12. Céng sudt tiéu thu ciia ddng co trén tinh
toan va thuc té.

M0 phong tinh toan t6i wu hoa vi tri diém B
theo chuyén dong cho trudc véi cac gid tri
khoi tao ban dau lan lugt 1a fva r, ta dugc:

x 1
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Hinh 10: Nang luong tiéu thu cua tay may khi co
co cdu cdn bang doi trong.

Gidtriban | Gidtritinh | Nang lugng
dau toan tiéu thu
[rad, m] [rad, m] [J]
) [0.125;
[0.122;0.12] 0.13] 140
) [0.125;
[0.349;0.15] 0.13] 140

Mo phong tinh toan t6i uvu héa mo rong voi
bién chiéu dai 10 xo /;:

x 10
12 T T T
|
8k

Cosumed energy
@

Gi4 tri ban dau Gia tri tinh Nang
[rad, m, m] toan luong
[rad, m, m] | tiéu thu
[J]
] _ [0.349; 0.12;
[0.122;0.12;0.11] 0.10] 105
' ) [0.349; 0.12;
[0.30;0.15;0.10] 0.10] 105
' ) [0.349; 0.12;
[0.25;0.13;0.15] 0.10] 105

Hinh 11: Nang luong tiéu thu ciua tay may voi co
cdu cdn bang doi trong da tinh todn t6i wu.

Két qua thye nghiém

Tién hanh thuc nghiém kiém chimg két qua
md phong, ta thu dugc bang gia tri sau:
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Gia tri Cong sudt tiéu thu
[rad, m, m] Wi
[0.125,0.12, 0.08] 39.6
[0.225 0.13, 0.09] 33
[0.349; 0.12; 0.10] 254
[0.300, 0.15, 0.12] 35.2
[0.320, 0.14, 0.11] 33

ta thay voi
£ =0349;r=0.12; 1=0.10
Thi tay may tiéu thy ning lugng it nhét

V. KET LUAN
Két qua mod phong cho thay da xay dung dugc

TAI LIEU THAM KHAO

mo hinh toan ciia tay may véi co cau can bang
d6i trong dung 10 xo; dong thoi thiy duoc
nang lugng tiéu thu cia robot phu thuéc manh
mé& vao chiéu dai 10 xo va diém ndi gitra co
céu va than robot. Vi giai phap téi wu hoa
nay, nang luzong tiéu thu cua robot c6 thé
duoc giam xudng dang ké tir 10% dén 20%
tuy thudc vao tai trong.

Két qua thuc nghiém cho théy tinh dung dan
cua g1a1 phap Tir d6 ta c6 thé tién hanh tdi
vu nhiéu bién hon nhu vi tri diém dat A va do
climg 16 xo dé giam dén murc thip nhat ning
lugng ti€u thu cua robot.

VI. LOI CAM ON

Xin chan thanh cam on dén thdy, c6 trong
khoa Co khi ché tao may, truong Pai hoc Su
pham K¥ thuat Tp.HCM da hd tro tdi trong
sudt thoi gian hoan thanh nghién ciru nay.
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