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TOM TAT

Bai bdo dé cdp dén mét ham phi tuyén khéng kha vi thuong xudt hién trong cdc co cau mdy
cong nghiép: ro co khi. Chiing téi gidi thiéu mot gidi thudt sir dung ham ro nguoe va hé thong
diéu khién dép iing theo ham mau (MRAs) dé nhdn dang va diéu khién mét hé thong hop den
(bao gom ham truyén, ham ro va nhiéu). Tinh hiéu qua cia gidi thudt dwoc kiém tra trong mé
hinh héa 1y thuyét va thir nghiém bang mé hinh.

Tir khéa: Do ro, khir ro, ro nguoc, diéu khién déap img, MRAs, MRAC, nhdn dang hé thong.

ABSTRACT

This paper addresses one non-differentiable non-linearity which usually appears in industrial
mechanism: backlash. We introduce an algorithm including backlash-inverse function and
MRAs (Model reference adaptive system) to identify and control a black-box system (including
a transfer function, a backlash function and disturbances). The effect of the algorithm provided
is verified in theoretical simulation and in the experiment.

Key words: Backlash, anti-backlash, backlash-inverse, adaptive control, MRAs, MRAC,

system identification.

I. GIOI THIEU

D6 ro co khi rat thong dung va ludn ton tai
trong cac hé théng cong nghiép, dac biét tai
cac moi ndi co khi. DO ro 1a ham phi tuyén
khong kha vi anh huong dén chit luong cua
qué trinh gia céng va chat luong cua cac hé
théng diéu khién vong kin.

Nhiéu hé théng diéu khién khir ro di duoc
gidi thiéu va cong bd trén mot sd tap chi [1].
Tuy nhién, hau hét cac két qua di cong bd da
s6 1a cac két qua c6 dugce tir md phong ma it co
két qua tir mo hinh thyc nghiém. Mat khac, dé
dam bao cht lugng cua céc qué trinh gia cong
cong nghiép, cac nha san xuét luon thiét ké bo
diéu khién t6i uu cho cac thiét bi cong nghiép
v6i thong tin vé giéi han hoat dong cua céac
co cau co khi cho trude hodc bi chian. Do do,
cac may moc co khi luon c6 thoi han s dung
va can tranh sir dung khi c6 nhiing tac dong
lam anh hudng dén thong s6 ciia may. O Viét
Nam, mét sé luong 16n may céng nghiép da

hét han voi cac thong sb hoat dong di bi thay
d6i duge str dung kha nhidu. Do cac thong sd
hé thng bi thay doi va bo diéu khién gdc cua
may khong con dép tmg chinh xac nita nén
nguoi st dung bude phai udc lugng lai va hi¢u
chinh lai may dya theo kinh nghiém. Viéc nay
gy anh hudng 16n dén hiéu suit cia cic qua
trinh gia cong.

Bai bao dua ra mot giai thuat ¢ thé tinh
toan thong s6 d6 ro téng thé cua thiét bi, nhan
dang uéc luong ham truyén hé thong va giam
thiéu tac dong cua nhidu xuét hién trong qua
trinh gia cong. Giai thuat diéu khién sir dung
ham ro nguoc (Backlash Inverse), phuong
phap nhan dién hé thong theo s6 bac va sé zero
cho trudc va bo diéu khién dap ung. Ham ro
dugc gia thiét 1a ludn di kém theo ham truyén
hé thong véi cac hé s6 khong biét trude cliing
v6i b diéu khién phu hop c6 thé ap dung
duoc cho mé hinh thuc té.
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II. NOI DUNG NGHIEN CUU
Nghién ctru nhan dang va giam thiéu d6 ro dugc tién hanh 1an luot qua bbn bude (H.1).
Nhén dang Tinh toan ;Nhan danig ha@ SI,I dl:mg b? d.l ?u khfn
A X . tong (bao gom ham dap tng dé giam thiéu
thong so »  ham ro > . P a7 A
46 10 nguge 10, ham ro nguoc sai sO hé thon~g gay ra
; i va ham truyén) bdi nhicu
Hinh 1: Trinh ty qua trinh thiét ké giai thuat
1. Nhan dang théng s6 ham ro
Hé thong co ban duoc trinh bay nhu hinh:
Hop den A a . aa X
v u vY - Dau vao cua h¢ thong
Ham ro R Ham truyén > vy - Pau ra cua hé théng
B(.) G(.)

Hinh 2: H¢ thng 80 ban

Hé théng dugc coi nhu hop den bao gém
ham ro va ham truyén khong xac dinh trudc.
Bai bao gi6i thiéu mot phuong phap dé nhan
dién thong s6 do ro, sau do st dung cac thong
sd nay dé xay dung ham ro nguoc trén co so
cac nghién ctru cua Gang Tao [2, 3] vé ham ro.

- Ham ro co ban cua Gang Tao B(.) dugc
cho bdi cong thirc sau [2, 3]:

mv(t) néuv(t) > 0vault) = mv() —c,)

orv(t) < 0vau(t) = m(v(t) — ¢
0 khac

u(t) =

(1

Vi v(2) 1a tin hiéu dau vao; u(z) 1a tin hiéu
dau ra;m, ¢, ¢, la cac thong sb ctia ham ro.

- Céch xéc dinh thong s6 do ro: s dung
dau vao 1a tin hiéu bién do 1én dang soéng tam
giac, tin hiéu dau ra ctia hé thong (hinh 1) s&
c6 dang song hinh thang. Sai s vi tri xuat hién
do d6 ro khi dao chiéu quy dao. Pé khong lam
thay d6i nguyén 1y ctia cac hé truyén dong co
khi, ta c6 thé quy u6c rang m = I; c, =c,
sau d6 st dung tinh toan hinh hoc dé xac dinh
théng s6 d6 ro tai mdi vi tri dao chiéu cua quy
dao.

(c.— )2

H¢ s6 goc

Vit t, la khoang thoi gian gitra hai vi tri
gdy khuc cua tin hiéu dau ra.
Hinh 3: Tinh toan hinh hoc dé xac dinh
thong s do ro
2. Ham ro ngugc
Thong s6 cia ham ro d3 duoc nhéan

dién & trén dugc st dung dé xay dung ham ro
nguoc BI(.) sao cho:

BI(.) =B(.) =1 (V6ill la ma tran don vi)

3)

Hop den
uqg v u y
— BI() » B() » G() >

Hinh 4: Hé thong c6 thém ham ro nguoc
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- Ham ro nguoc BI(.) theo Gang Tao (2, 3]:

ug(t)

1 if ug(t).0vav(e) = +c,
Eﬁd : rflld(t}
or ug(t) < 0vav(®) = ——+¢
v(t) =40 néuug(t) =0
g(r.0) ifag(®) > 0vav(t) = 42 4 ¢
—g(r.0) ifug(t) < Ovav(D) =249 ¢ ¢,

m

3)

Véi u (2) 1a dau vao, v(t) 1a daura; m, ¢, c,
la b thong s6 cuia ham ro.
3. Nhén dang hé théng

Ham tong G,(.) bao gom G(.), BI(.), (B(.)
c6 thé dugc wdc luong twong dwong mot ham
bac n:

Ay + Ay + Az + o+ Ay ™ = u
(4)

Vi u, yla tin hi¢u vao, ra ciia ham, ta c6
thé nhan dang ham G () bang toolbox System
Identification cua phan mém Matlab.

Ham Gre/(.) udc lqug tr G() d}mc
dung nhu ham mong mudn cua hé thong.
N6 duoc dung dé tinh toan tin hiéu vao
u sao cho tin hiéu raye.r = Ger(u.)

rer = Grer(uc).  (Yrer — ¥) (Vrer — ¥)

ki (Gref(- ) — Gt(- )) (G'ref(- ) = G:(. ))

4. Diéu khién dap ting

Trong gi6i han nghién ctru dé dam bao phu
hop véi co ciu truyén dong thong thudng, ta
st dung ham truyén hé théng c6 dang bac 2,
bao gém cac thong s6 d6 loi, chuyén vi, dan
hoi.

Nhicu ngi | |Nhicu ngoai

U u
MRAc

A 4
A 4

Gu()

+ +

v

Grer(.)

A 4

Yref

Hinh 5: So d0 MRAS

Véi MRAS (Model reference adaptive
system) 1a h¢ thong diéu khién dép tng theo
ham mau, MRAc (Model reference adaptive
control) 12 ham diéu khién dap ung theo ham
mau.

Ham G(.)(v = G(s).u) twong duong voi
G,(.), nhung thong sé di bi anh huéng baoi
nhiéu.

Saisbe = Yref — yxuat hién tir sai s6
trong khau nhan dang hé thdng va do nhiéu.

Chung ta chon hé thng diéu khién dap ung
theo luat MIT [4-6] dé giai quyét van dé, theo
luat ham danh gia dugc dinh nghia nhu sau:

e

0) ==7(06) ==
J©) =Z70) ==
S))
Vi e 1a sai s6 giita tin hiéu dau ra va tin
hiéu mong mudn, va 86 1a hé sé higu chinh.
Hé sb q duoc diéu chinh sao cho ham danh
gia tién vé 0. Do d6 thong sb ¢ co dau nguoc
véi gradient cua J:

ﬁ — a_e , . aea_e \ \ ~
at V€3, (voi FYLT la dao ham do
nhay cia h¢ thong) (6)

Gia dinh rang hé 1a tuyén tinh voi ham
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truyén KG(s), voi K 1a thong sé khong biét
trude va G(s) 1a ham truyén bac 2. Muc dich 1a
diéu khién hé thong bam theo ham truyén mong
mudn Gm(s) = KoG(s)Gm(s) = KoG(s),
voi KoKo 12 hé s6 da biét.

E(s) = KG(s)U(s) — KoG(s)Uc(s)
(7)

Dinh nghia luat:

u(t) = 6.uc(8)

) — KGU(s) = g Yan(®)
° )

Tu (4) va (7), ta co:

% = —Ye%ym = —Y'eym (10)

Phuong trinh (10) 14 luat hiéu chinh thong sé

0a.

Bo diéu khién st dung luat MIT c6 thé
dua ra két qua tot nhung lai rat nhay cam véi
su thay ddi bién d6 cua tin hiéu dau vao. Do
do, giai thuat hi¢u chinh dugc stir dung.

Giai thuat hiéu chinh stra d6i luat dap
1rno nhir san:
dg yeq
E - ot

(11
L. de de
Véi @ =—¢ =Evaa(a = 0)
a(a > 0) gitp loai bé van dé chia cho
0 khi @ nho.

III. KET QUA
1. Mo hinh héa Iy thuyét

Hinh 6: So d6 mot hé truyén dong co
khi thong thuong
Co cau duoc sir dung dé mo phong dua trén
mot hé may CNC thong thuong. Co cdu bao
g@)m bd truyén vit me-dai oc, dong co, hop $0,
dai truyén. Ham truyén hé thong 13 tuyén tinh,

39

nhung bi 4nh hudng boi nhiéu ndi (giam chin
va dan hoi) va nhidu ngoai (ngiu nhién).

Dua vao sb liéu thuc té, ta dua ra cac thong
s6 mo phong nhu sau: bude vit p, = Smm, h¢
sb giam téc n = 80, hiéu suat hé thong &, =
0.9, h¢ so dan hoi K = 0.0005, h¢ sO giam
chén ¢ = 0.0005,hé s6 ddorom = 1, ¢ = Smm,
¢, = -Smm. ‘

Mo phong dugc thuc hién bang Matlab
script va Simulate Model.

a. Ham ro

- Tin hiéu vao dang séng tam gidc bién do
65 Rad, tan s6 0.145 Hz.

(mm)
60

50F

40

30

20r

10}

N f (ms)
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Hinh 7: D6 thi dap tng hé thong khi
khong 6 ro u, va khi c6 ro u,
(Tin hiéu vao dang song tam gidc)
- Tin hi€u vao dang séng sin:
v = 25sin(2.3t + m)
v = 25sin(2.3t + m) Rad

22 (mm)‘ u ‘

L _t(ms)
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Hinh 8: D6 thi dap tng hé thong khi
khong c6 ro uyuy va khi cé ro u,u,

(Tin hiéu vao dang song sin)
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b) Ham ro nguoc
Thong s6 md phong khong d6i véi u ,la

¢) Nhin dang ham truyén
Phuong phap nhan dang ham truyén G(,)

dau vao, y 1a dau ra hé théng. Ta mo6 phong
hé théng c6 ro va sau khi khir ro bang ham ro
nguoc.

pht hop bao gdm: wdc lwong ham truyén
dua vao sb cuc va sb zero cho trude, hodc
nhan dang ham truyén dgya theo mé hinh
Hammerstein-Wierner.

Dit liéu khong doi tir mo phong ctia phan
trudc, ta nhan dang ham truyén G(,) véi ¢ la
dau vao va x, la dau ra (hinh 10).

Tin hiéu ra hé théng v61 ham ro nguoc bi
tré 100ms nhung d6 chinh xac vé bién do dat
99.4% so v6i tin hiéu mong mudn (hinh 9).

11mn . . e . -
SRR ‘ T - —] s Tin hieu ra co khte ro
£y f £ b £a Khone 6 ki
m1f F Y f & Ft _ == == 111 hiéu ra khong co khit ro
f/\": FaN] /f : / i en T
al 4 \?ﬁ TH o 3 s | 1 16U T2 MoONE MUION
. :.l .:\ :J XJ K ];] ﬁ:;
l:' A oo don ]
st : 5 3 P ;' \1 A
3 iy 7 4 - 1 il
L b 'S R T S T
o g i O
b O WO b
bk h R Rk 4
Al l;' ]“.,I i i) i \'J E
el Ok i l, B it aF
\\’[J ﬂi_\/-: ﬁk\’f :\\./1
ATLE \\ } \ ; b
& o f \('“‘t (ms)
-22 .

L L I L ) I
0 1oo0 2000 3000 4000 s000 G000 7000 8000 S0OO L0000

Hinh 9: D6 thi dap ung hé thong khi c6 va khong c6 khir ro

Do chinh xdc cua phuong phap truyén rdi rac béi do chinh x4c ciia phuong
Hammerstein-Wierner 13 kha cao. Tuy nhién, phéap nay co6 thé kiém soat dugc, phu thudc
chung ta chon phuong phap wdc luong ham  vao sb cuc va sb zero cho trude (hinh 10).

(ll‘lll“l) _\‘
15 ." S . Hammerstein-Wierner
10 .'f | (Chinh xac 99.75%)
5 ’ | — — Discrete-time transfer
. i ! function 20 poles, 10
i | : ] ; zeros (Chinh xac
-5 ; | . ] 98.11%)
_ v o
10 - Vo Lo — OUTPUL X2
-15 \./ ’ e P
20 : —_— L6)
1 2 3 4 5 6 7 8§ 9 10 11

Hinh 10: D5 thi nhin dang ham truyén
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d) MRAC st dung ludt MIT Rule cho
hé bac 2

‘ Scope

10

Es2+Ta+13
G

10

i+
Bs2475+13 2y non
:

Band-Limited
White Noise

Hinh 11: M6 hinh héa hé thong diéu khién
dap ung theo luat MIT
Ching ta ap dung MRAC [4, 5] cho h¢
bac 2 voi,

y =05, Gref(S) eIy

L . (5 10

" Sstrsta’ e
g=0.5, u_1a tin hi€u song vudng voi bién do 2
tan s6 0.2Hz. Nhiéu ngu nhién bi chin trong
khoang [-0.1,0.1] tac dong t6i hé théng mdi
40s.

(b) M6 hinh thuc té

41

0 5000 10000 200
Vnon - Tin hiéu ra khong diéu khién
rer - Tin higu mong muén

- Tin hiéu da duoc diédu khién

Hinh 12: Két qua mo phong cia MRAC hiéu
chinh baéi luat MIT

Thong s6 y cang cao, tin hiéu ra cang dap
ung nhanh. Tuy nhién dg vot 16 tang 1én, sai
sO tin hiéu diéu khién giam sau mdi chu ky
lam viéc.

2. Thue nghiém

a. M6 hinh co khi thwe nghiém

Mot hé théng co khi str dung cho muc dich
thuc nghiém véi mot bd tao ro cho phép diéu
chinh thong s6 ¢ L, c 0 dén 3mm di duoc
thiét ké va ché tao (hinh 13).

(¢) Co ciu tao ro

Hinh 13 M6 hinh co khi thuc nghiém

Heé théng c6 mot dong co AC véi encoder
dugc din dong bang dong co servo. Co céu
truyén dong bao gom hop sb, dai truyén va
truc vit. Co cAu c6 thé thay ddi thanh phan cua

hé dé phuc vu céc yéu cAu thuc nghiém khac
nhau.

b. Hé thong diéu khién

Phan cimg diéu khién duoc xay dyng nhur
sau:
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PC

A
VUSB

DAQ card
USB-6343

v TTL

Servopack
SGDM

\ 4

A 4

Encoder

bong co

v
H¢ thong co
khi

\ 4

Thuéc quang A,B,Z

LS477z

Hinh 15: Co ciu phan ctng diéu khién
Card DAQ USB-6343 1a san pham ctia NI
duoc sir dung dé giao tiép gitra may tinh va
servopack, thudc quang. Phan mém duoc sir
dung dé 1ap trinh va giao tiép 13 Labview véi
toolbox DAQmx.
c. Két qua thye nghiém ban dau
- Nhan dang thong s6 do ro:
Tin hi€u vao dang tam giac bién do
11.2 Rad, tan s6 0.56Hz.
Thong s6 d ro tao ra bai bd tao ro: m

101

t (ms)

0 . . . . . . . .
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Hinh 16: Do thi dép tmg hé thong

Str dung phuong phap hinh hoc dua
trén hinh 3 tai cdc vi tri d6 ro xuét hién:
1800-2200, 2800-3200, 3800-4200, 4800-
5200, va 5800-6200ms. Thong s6 do ro

trung binh la: ¢, = 1.109mm,¢; = —¢,.
c. = 1.109mm, c; = —c,. Sai $b
1.109-1.1 1.109-1.1

- X4y dyng ham ro nguoc:

Trong phuong trinh (3), toc d6 dap tng dat
v cung trong khi d6 tré vé thoi gian bi chan.
Tuy nhién, trong thuc té phuong trinh (12) ¢6
tbc do dap tmg ctia ham ro ngugc phu thudce
vao toc do tbi da cua dai dc v6i thoi gian tré
1a rat nho. Phuong trinh (3) duoc hiéu chinh
thanh:

ug(t)

if ng(t).0and v(t) = +c
iild (t) Tdrt\ r
or ug(t) <0andv(t) =——+q
i’(t) = 0 lflld(t:] =0

ifiig(t) > 0and v(t) = ua(®) + ¢
(12) | daq( 2

oriy(t) < 0 and v(t) =

+ ¢

Hé s6 g6c d phu thube vao toc do tdi da cua
dai ¢, o diéu kién thuc nghiém 13 160mmy/s.

IV. KET LUAN

Muc ti€u bai bao 1a nhan dang va xay dung
bo diéu khién cho hé théng c6 ro. Bo diéu
khién duoc dya trén cac nghién ctru da co, bao
gdm: ham ro, ro nguoc va mé hinh diéu khién
dap ung. Tuy nhién, b didu khién dugc diéu
chinh theo mét trinh ty maoi. tinh hi¢u qua cua
giai thudt nay di duoc kiém tra thong qua mo
hinh héa Iy thuyét va trong thuc nghiém.

Mot mo hinh co khi thyc nghiém da duoc
ché tao co co ciu tao ro linh dong vdi cac
thanh phan c6 thé thay thé: dong co, hop toc
d6, thudc quang, card giao tiép va thong sd
ham ro. Do d6, md hinh co khi c6 thé dugc
su dung cho cac diéu kién thuc nghiém khac
nhau.

Két qua md hinh hoa 1y thuyét cho thay
sai sO hé thong sau khi diéu khién giam 13 rét
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so v6i khong diéu khién va bij chan. V& thuc xay dung ham ro ngugc da dugc kiém tra, cac

nghiém, phuong phap nhan dang ham ro va ph?m thuc nghiém véi cac thong s6 khac dang
duoc tién hanh.
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