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MOQT GIAI PHAP TINH TOAN PAM BAO SAI SO KHAU CUOI ROBOT
NAM TRONG MIEN GIOI HAN PINH TRUGC

Pham Thanh Long’, Dwong Quéc Khanh, Lé Thi Thu Thiy
Truong Pai hoc Ky thudt Cong nghiép - PH Thai Nguyén

TOM TAT

Do chinh xé4c clia co ciu robot trudc hét 1a hé qua ciia nd luc thiét ké co khi, sau d6 1a diéu khién
va hiéu chinh co cdu. Trong pham vi bai bio ndy chung t6i tip trung trinh bay mét phuong phap
tinh dam bao chét lugng ban dau ciia co cau co khi theo yéu cau cho trude, cé ké dén anh huong
ctia dung sai bién suy rong, dung sai ciia khau (dung sai kich thudc Denavit-Hartenberg (D-H)) va
dung sai d§ di dong ty do cia toan bo 6 lan trong so dd dong. Phuong thirc tién hanh dinh luong
céc gia tri nay la xac dinh timg dai lugng riéng 1é trong cac bai toan nho lam xdp xi dau sau do
kiém tra phdi hop bang dap ing dong hoc thuan ciia robot. Trén thé gidi viéc nghién ctru dung sai
co céu robot c6 hai chidu hudng 14 nghién ctru dinh tinh bang quy hoach va nghién ctru dinh lwong
thong qua hiép phuong sai. Cac phuong phap nay hodc khong cho gia tri dung sai ché tao ma chi
cho chiéu huéng anh huong cua timg tham sé khao sat 1én dung sai hodc chi dam bao trong pham
vi d6 tin cdy nhat dinh. Phuong phap dé xuét trong bai bao nay 1a mot phuong phap s6, dam bao ra
soat hét cac kha nang c6 thé c6 khi ché tao nén vé phuong dién tin cdy nd vuot tréi cac phuong
phap truyén thong khéc.

Twr khéa: Do chinh xac robot; kich thuoc D-H; dung sai;sai 56 6 lin; bién suy rong.
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A COMPUTATIONAL SOLUTION TO ENSURE ROBOT END-EFFECTOR
ERROR WITHIN A PREDETERMINED LIMIT AREA

Pham Thanh Long", Duong Quoc Khanh, Le Thi Thu Thuy
University of Technology - TNU

ABSTRACT

The accuracy of manipulators is the result of processes of mechanical design, control and
structural calibration (adjustment). In this paper, we propose a method to calculate and ensure the
initial quality of mechanical structures as required, in which the influence of tolerances of joint
variables, links (tolerances of D-H parameters) and all bearings in the dynamic diagram is
considered. To find these values, we have to determine each quantity in small problems as the first
approximation and then put into forward kinematic responses to test. In the world, the study of the
tolerance of robot structure has two main trends: Qualitative research by planning and quantitative
research through covariance. These methods have some main disadvantages such asdo not show
manufacturing tolerances but only provide the effect of each survey parameter on tolerance or only
within a certain reliability range. The method proposed in this paper is a numerical method that can
assuredly check all possibilities so its reliability is superior to other traditional methods.
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1. Gi6i thiéu

Dung sai co khi khi ché tao co cau robot co
anh hudng lon dén d6 chinh xac dong hoc,
theo [1] dung sai kich thudc D-H va bién
dang dan hoi cia co cdu co khi chiém dén
70% sai sb cta co cAu. Trude khi ché tao co
céu co khi cho robot nguoi ta phai hoan thanh
viéc tinh toan dung sai cho ting khau hop
thanh dé dam bao co cau nay c6 do chinh xac
nam trong gii han cho phép.

Nghién ciru vé xac dinh dung sai ché tao khau
[2] cho ring khi qué trinh ché tao hoan tat,
kich thudc thyc cia khau khong phai 1a gia tri
ngiu nhién nita. Didu nay ching té viéc tinh
toan xac dinh anh hudng cua cac tham s
dong hoc trén khau cudi 1a ding dén. Béi véi
sai s6 khe hé hudng kinh, ngay ca khi qua
trinh ché tao hoan tat thi anh huoéng cua loai
sai sO nay dén do chinh xéc vi tri khau cudi
van 1a ngau nhién [3]. Theo do, vi tri clia tAm
chét trong long 6 1a ngiu nhién, do d6 né sinh
ra sai s6 vi tri ciia khau gin v6i nd. Tuy vay
hé qua ké tiép cua van dé nay 1a khe ho giita
truc va 6 con sinh ra géc xoay khong mong
mudn 1 sai sé kich thudc trong b tham sb
D-H. Sy phtc tap ¢ day 1a tai cac vi tri ngiu
nhién sé& sinh ra cac sai sd cua tham s D-H
cling ngdu nhién, cdn danh gi4d dugc anh
hudng cua sai s6 nay dén d6 chinh xac dinh vi
khau cudi, dic biét 1a can tinh toan duge sai
sd cho phép nay bang bao nhiéu ngay tir khau
thiét k& ma cac nghién ctru trude chua dé cép.
Chung toi gidi thiéu phuong phap s6 do nhom
tu phat trién, trong d6 d6 chinh xac diém cubi
cho trudc va c6 ké dén ba yéu té anh huong
ngiu nhién 1én két qua moé phong bao gdom
dung sai kich thudc D-H, dung sai d6 xé dich
tw do cua 6 da, dung sai bién suy rong theo do
phan giai dong co su dung trén tung khdop
dong. Pay 1a md hinh sat v6i thuc tidn va két
qua tinh truc tiép duoc st dung dé chon dong
co, ghi cac ban vé ché tao co khi cling nhu
chon 6 d& khi thiét ké co khi cho robot.

2. Mb hinh bai toan d$ chinh xic diém cudi
Theo quan diém ciia chiing t6i ciing nhur tong
két tir mot s6 nghién ctru [4-6], co ba yéu t6

can ké dén khi muon diém cuoi cua chudi dong
hoc dén dung vi tri mong muon, bao gom tham
s0 dong hoc D-H, 6 lan va bién suy rong.

Dung sai kich z
thuéc DH Co cdu i
e Robot Dung sai
Dung sai 6 lan Z | toa do
o diém cuoi
Dung sai bien
Suy rong

Hinh 1. Bai todn thudn dung sai toa do diém cudi
Viéc xac dinh mét co ché hai chiéu véi bai
toan nay trong qua trinh thiét ké 1a can thiét.
Theo hinh 1, bai toan thudn cho truéc dung
sai cac thanh ph?m, can xac dinh dung sai toa
dd diém cudi. O bai toan nguogc c6 dung sai
toa do diém cudi cho trudce, can xac dinh céc
dung sai thanh phan sao cho dam bao chét
luong ban dau theo yéu cau, dugc danh gia
quéa ba gia tri dung sai nhu trén hinh 2, v6i tat
ca céc td hop co thé co.

Dung sai kich
Cocdu [ thudc DH
Dung sai Robot
toa do |—— Dung sai 6 1an
diém cubi Z D C ok
ung sai bién
suy rong

A 4

Hinh 2. Bdi toan nguoc dung sai toa do diém cudi
Trong thiét ké, bai toan ngugc thuong dugc
giai trude dé so bo xac dinh gia tri cua cac
dung sai thanh phan Tlep do6, bai toan thuan
duoc sir dung dé kiém tra cac gia tri nhan
duoc va danh gia mirc d hop ly cua cac gia

tri nay, tir d6 co thé xac dinh ching c6 can
diéu chinh hay khong.

C6 thé xem co cdu robot trong tinh hudng nay
1a mot co cdu vi sai, ¢6 chirc ning tong hop
kénh & bai toan thuédn va chirc nang phan tach
kénh ¢ bai toan nguoc. Diém miu chdt ¢ day
1a cac dai lwong duoc tong hop khong clng
thr nguyén, ching co6 ca kich thudc dai (mm)
va kich thudc goc (rad).

Theo quy tic D-H, mé hinh dong hoc cua bai
toan khong ké dén dung sai s& c6 dang:

f(O;,a;,d;,q;) =p; i=1+n )

Trong do: Oy, &, di, Qi, Pi 1an luot 1a vi tri géc
toa do th i, kich thudc D-H, toa do suy rong
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va toa d6 diém cudi cia co cau dang khéo sat.
Néu nhin nhin dudi quan diém d6 chinh xéac
co ciu thuc, s& tdn tai céc dung sai thanh
phan, khi d6 phuong trinh (1) ¢6 dang (2).
f(O,t60,,8,t54,,d,+5d,,0,£5Q,)=p,£J )
i=1+n

Trong do 5 tuong trung cho ban kinh sai s0
mong muén ciia diém cudi. Bé khic phuc tinh
chdng chét khi giai bai toan nguoc (hinh 2),
viéc chia nhé bai todn (2) thanh céac trudong
hop riéng 13 can thiét. Tuy nhién diém doc
dao ¢ day la thay vi chia (2) thanh ba bai toan
con (tur sai léch khau cudi xac dinh dung sai
cac tham sb kich thuéc khau, dung sai khop
va dung sai bién suy rong), chiing téi chi chia
thanh hai bai todn con nhu sau:

- Chi xét anh huong cua kich thude D-H va
d0 xé dich tam 6 dd:

f(O,t00,,8,£04a,,d,tod,,q,)=p,£0

3
i=1+n G
- Chi xét anh hudng cua bién suy rong:
f(oi1ai7di’qii5qi) :pii5
(4)

i=1+n
RS rang bai toan (3) va (4) ¢ sb luong bién
nho hon bai toan gbe (2) s& cho ra 1oi giai dé
dang hon khi muén xac dinh mot bo gia tri

khoi xuat dé dua vao diéu chinh theo so do
trén hinh 3.

3. Phan tich djc 14p cac tham so thiét ké
V6i muc tiéu xac dinh bd gia tri xap xi ban
dau ctia dung sai, trong muc 2 da dé xuat chia
bai toan (2) thanh hai bai toan con la (3) va
(4) khao sat riéng r&. Trong muc nay sé& dé
cap chi tiét viéc giai hai phwong trinh (2,3)
nay nhu thé nao.

3.1.Chi xét danh hwéng ciia kich thwoc DH
va dp xé dich tim é di

Xé dich gdc ciia hé quy chiéu bat ky theo ca
ba phuong xuét hién khi tinh dén khe ho co
hoc ciia nd. Nha san xuét co cong bd thong sb
nay, tuy nhién dé chon duoc cap chinh xéac
ctia 6 can xac dinh dugc cac gia tri khe hd
lam can cir. M6 hinh x€ dich géc toa do O; sé
cho boi (5) nhu sau:

100 +5
+57

50,0 1 0 )
001 %5
000 1

Nhu vay xé dich gbc ciia hé quy chiéu O,
tinh ca dung sai kich thuéc D-H mo ta bdi (6):

1 0 0 %6 ||ca —sacf sasp (a+da).ca
. |0 1 0 %8)||sa cacB —casp (a*da)sa (6)
Aa=lg o 1 +53] 0 sp cB d, £ 5d.

000 1 0 0 0 1

3.2. Chi xét dnh hwéng ciia bién suy rong

Truong hop nay géc Oi:1 dugc xac dinh chi phu thudc vao do phan giai ciia dong co dan dong:

Cla, £oa;) —S(a, £oe;).cf  s(a, £a;).sp  a,.c(a; to,)
P S(a, £0¢;)  c(a, £0a;).cf —C(a, £e;).sp a,.S(a o) )
" 0 sp cf d,
0 0 0 1
Dé tién hanh phan tich dugc cAn mé hinh héa diy du toa thue diém cudi nhu (8):
f[ALl.oo <p;£s véi  j=1+n (8)
i=0

Vi s0 diém khdo sat j du 16n, s€ cho gia tri
dung sai so bd cua bai toan ngugc dugc xét
riéng r&. Céc gia tri nay khong phai 101 giai

cubi cung, no 1a xap xi ddu dé thuc hién bai
toan kiém tra thuan theo so do trén hinh 1.
Céc diéu chinh giam d6 rong mién dung sai la
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can thiét khi diém roi c6 ban kinh 16n hon gia
tri mong mudn O cho trude. Viée giai lap lai
cac phuong trinh (8) véi do chinh xac cao
duogc thuc hién nhu & [7].

3.3 Kiém tra két hop va hiéu chinh tham so
thieét ke

Cac gia tri dung sai tinh dugc & muc 2 chi la

dua trén thyuc hién kiém tra thyc té dép tng
ctia chudi dong tinh theo so d6 hinh 3. Ly do
cua viéc khong chép nhan gia tri xap xi dau
nay lam gia tri thiét ké 1a boi hé co tinh phi
tuyén nén dwong nhién khong thé cong céc
tac dong theo kiéu co hoc. Néi cach khac,
viéc phan tach hé (2) thanh hai h¢ (3) va (4) 1a
khong tuong duong.

xap xi dau, viéc tim gia tri dimg cua ching

—d 5 =09

Yy
O * Cocan
Robot
Dungssmiolin —» ¥
Dung sai bicn o

suy rone

e,

Hinh 3. So d6 kiém tra két hop ba tham s6 khdo sdt tai vi tri diém cudi

Nhu minh hoa trén Hinh 3, qua trinh hi¢u
chinh tham sé chi cin tac dong dén dung sai
kich thudc D-H. Dung sai 6 lan di dugc dinh
truéc boi nha san xuat. Dung sai bién suy
rong do tuy thuge dong co dan dong nén ciing
khong thuén tién cho viéc thay ddi. Nhu vay,
chi ¢6 dung sai Kich thuée D-H la lién quan
dén khau ché tao, dé dang diéu chinh dugc
trong truong hop nay.

4. Vi du minh hoa

Trong vi du nay ching t6i minh hoa viéc tinh
toan riéng r& va kiém tra dung sai gii han két
hop khi thiét ké robot S900w theo cac quan
diém trinh bay & trén.

Bang 1. Bdng théng s6 D-H ciia robot S900w

Khép R, T, T, R,
1 (@) d; a 90°
2 (o) 0 a 0
3 (0&3) 0 ds 90°
4 (o) da 0 -90°
5 (as) 0 0 90°
6 (OLG) d 5+d6 0 0

Céac kich thuéc cu thé cua robot néi trén sir
dung khi tinh todn nhu sau (mm):

d; = 335, a8, =75, a, = 270, a3 = 90, d4 = 295,

d5+d6 =80

Néu yéu cau do chinh xac khau cubi khong
vugt qua mot mat cau ban kinh R = 1mm.
Dua trén phuong phap Generalized Reduced
Gradient (GRG), giai doc lap cac bai toan tim

dung sai toa d0 suy rong va tim dung sai
chiéu dai khau nhu [8] cho két qua nhur sau:
01, 02, 3: 6 = 0,000786 rad

Chia déu hai bién mién dung sai, tirc 1:

8q = -0,000393+ 0,000393 (rad);

04, Us, ge: 6 = 0,000628 rad, hay:

8q =-0,000314+ 0,000314 (rad);

Theo [9] chon 6 lin ¢ khe hd hudng kinh cac
truc 1, 2,312 0.013 (mm);

Chon 6 13n c6 khe hé hudng kinh cac truc 4,
5, 6 12 0.007 (mm);

Dung sai céac kich thudc D-H tinh toan dugc
dudi dang doc lap la:

d; = 335 (mm) 6d; =-0,15+0,15
a;=75 (mm) 0a; =-0,1+0,1
a, = 270 (mm) da, =-0,15+ 0,15
a3 =90 (mm) 6a3=-0,1+0,1
ds =295 (mm) 6d,=-0,1+0,1

d5 + d5 =80 (mm) 8(d5+d5) =-0,1+0,1
Mot phan mém chuyén dung di dugc nhém
tac gia xdy dung va kiém chung, dua trén
quan h¢ bai toan dong hoc thuan robot, nham
kiém tra tinh 1ip 14n ngdu nhién cua tit ca cac
truong hop c6 kha ning xdy ra ddi voi timg
sai 1éch khau, khép thanh phan. Pua két qua
tinh vao kiém tra phdi hop trén phan mém cho
két qua tinh nhu hinh 4 va két qua mo phong
diém cubi trong mit cau sai s6 nhu hinh 5.
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Két qua kiém tra cho thdy, khong con diém
nao vuot ra ngoai mat ciu md ta chat luong
dinh vi khau cudi ma dau bai dvaralar =1
(mm). Toa do cac diém cudi thu dwoc hoan
toan ndm trong vung cau gidi han dinh trudc
nhu minh hoa trén hinh 5.

Hinh 5. M6 phong cac toa do diém cudi ciia robot
S900w trong mdt cau gioi han dinh truéc R=1mm
5. Két luan

Mot phuong phap dinh luwong dugc cac gia tri
dung sai cua cic chi tiét co khi hop thanh
robot 14 can thiét cho ngudi 1am cong tac thiét
ké. Cach tiép can cua chung toi & ddy 1a chia
bai toan lon thanh cac bai toan véi quy mod
nho hon. Sau khi céc tham sd duge khéo sat
doc lap, gia tri nhan duoc chi la xép xi dau.
Viéc dua ra mo hinh toa do thuc diém cudi
v6i ddy du cac anh huong két hop dé thu
nghiém vét can da chi ra day la moé hinh kha
toan dién. Vé&i quy trinh rd rang, dé van dung
trong thiét ké, cach lam ma chung t6i dé xudt
¢6 kha niang tmg dung thuc tién cao. Co ciu
co khi voi chat luong ban dau dung theo quy

Hinh 4. Két qua kiém tra sai s6 diém cudi két hop theo phirong dn vét can

hoach 13 co s& dé dat dd chinh xac mong
mudn khi tng dung thyc té.

Két qua tinh toan duogc thuc hién voi cac
thong sd ctia robot S900w trong goi dau tu
phong thi nghiém Co dién tir ctua cac tac gia
bai bao nay. Két qua tinh toan di duoc dbi
ching va twong ddng v6i kénh cua nha san
xuit. Giai phap di dé xuét trong bai bao do
vay c6 thé 1a mot phuong phap thuan tién va
chit ché& cho nhiing nghién ciru khac vé do
chinh x4c cta co céu co khi kiéu robot.

L1 cam on

Nhom tac gia xin cdm on sy tai trg kinh phi
cho nghién ctru nay cua truong Pai hoc Ky
thuat Cong Nghiép- Pai hoc Thai Nguyén
thong qua dé tai co so ma s6 T2019 — BO7.
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